*159159* Meghod and Apparatus for the Thermal Treatnent of Objects The
present invention relates to a nethod and an apparatus for the t

treatment of objects in a heating unit, especially 5 sem ¢ mmm@w

in a rapid heating unit, according to which the objects ar

treated with a prescribed tenperature course, and the terrperatww‘of t he
object is regulated with an appropriate tenperature regulation, a PID
regul ation and a forward-acting control that is based upon a si mJI atlon

model of heating apm&ﬁ{waﬁa%gégﬁaé?s}thes*rglanﬁsi*i'g%.;n?é]ﬂ&w Bldtiss are
known in the art.

manuf acture of electronic conponents, it is customary to thermally treat
di sk-shaped sem conductor substrates via heat | anps having high heating

rates of 15 nore than OC er _secon I S CO ction, the thernmal
treatment generally f Sﬁnbﬁ“¥§6€q"bé‘%a{9§rt8n%I”??Qﬁeglangeﬂﬁépﬁﬁtﬁtﬁs or
profile. To achlevethls tenperature profile, are%glatlon of the heating

power emtted fr&8 t hermahplieatmentc of s abjectssi irceat heatieat iung, | esprciallye

controlled with a prescribed power profile, the wafer tenperature 20
foll ows a specifi semicgretustar wafars vie.a Hapidvieatingnunit)i acoopdingctol whiohnthe nust
take care that between the radi ated power given off fromthe |anps and the

tP enper 8& 76?482 ]Ehéb}@;%fcﬁaré hhefmaly Mreadtéd &dth raeb?éscﬁaéblﬂ@mgderhfdreTédlﬁée of
iled 29 June 2001 - Werner Blersch - 306- Mattson
and the temperature of the object is regulated with an appropriate
temperature regulation, e.g. a PID regulation and a forward-acting
control that is based upon a simulation model of heating apparatus and
10 object.

Such methods and apparatus are known in the art. For
example, in the semiconductor industry for the manufacture of
electronic components, it is customary to thermally treat disk-shaped
semiconductor substrates via heat lamps having high heating rates of

15 more than 100°C per second. In this connection, the thermal treatment
generally follows a prescribed chronological temperature profile. To
achieve this temperature profile, a regulation of the heating power
emitted from the lamps is necessary. Since the heating lamps are
controlled with a prescribed power profile, the wafer temperature

20 follows a specific temperature curve. However, in this connection one

must take care that between the radiated power given off from the

lamps and the temperature of the wafer there is no linear relationship,
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Thermal Products GrbH +000002" which is attributable to different effects,
In particular the Stefan- Boltzmann principle, (as described, for exanple,
in US 4,761,538), but also, for exanple, the shape of a process chanber,
the arrangenent of various elenents within the process chanber, the
position of the wafer 5 relative to the heating |anps, etc. Therefore, a
sinple control of the tenperature profile via a prescribed control of the
lanps is not possible. For this reason, there is effected a constant

noni toring of theyp W.ZJT% éﬁ‘l”méﬁfe“rts affff?%}ﬁegﬁéﬁg tlhggaﬁlc?:”é} éhStefan-

simul taneous 10 re ust nent ther eof atron from a

theoretical tenpe th| tion, two.d Iatlng
processes are uti P%Ltg'fﬁ‘%”ﬁ%%}’% %%?frﬁgﬁp ra‘?’iﬂ"ﬁ'?g@?pgjﬁéqéqﬁ

e.g. a PID regulatjon,on the on nd, and a so-calle orwar d- acting
control on the ot HL‘P 3"1@31% Pec?l Rrasgss shamhesuthe arpanrgersent Fof
regulation if at | east one paraneter of a system should be brought to a
val ue (or within dariouselements atthin thenprooess obpmhberethebgosition op theamafer | s
conveyed back to a regulating apparatus so that the regul ati ng apparatus

can adfust the deslatieto gheiheatingamps| elc. aTheesiord) £ sifple Eontedli 6mthaf t he
observed 20 paraneter of the system In this connection, the paraneter can

be detected di refédwﬁeﬁamr%h%réﬂdétﬁl@ o ere@éﬁﬁﬂﬂ' oR¥oITEGFS é‘”iﬁm s fféztmugh
it can also result, for exanple, froma nodel that reproduces
possible.
For this reason, there is effected a constant monitoring of the
wafer temperature at any given time along with simultaneous

10 readjustment thereof if there is a deviation from a theoretical
temperature value. In this connection, two different regulating
processes are utilized, namely a closed temperature regulating circuit,
e.g. a PID regulation on the one hand, and a so-called forward-acting
control on the other hand.

15 In the following, one should speak of regulation if at least one
parameter of a system should be brought to a value (or within an
interval about this value), whereby this parameter is conveyed back to
a regulating apparatus so that the regulating apparatus can adjust the
desired value as optimally as possible as a function of the observed

20 parameter of the system. In this connection, the parameter can be

detected directly in the system, for example by measurement, although

it can aiso result, for example, from a model that reproduces the
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Lit Trnsl of PCT/EP01/07434 filed 29 June 2001 - Werner Blersch - AZ 3306-
Matt son Thermal Products GrbH systemin as good a nanner as possible. Here
one speaks of nodel- based regulation. Simlarly, with systens that are
regulated with regard to several paraneters, a conbination of nodel -based
and first- nmentioned return of the paraneters can be present. In general,
one 5 designates the return of such paraneters as feedback coupling. In
contrast to the regulation, with the control the paranmeters of the system

par amet or st hat _artoey BEa8 oRCs ridfir A pbetiflol b iebne SPRakE of itk
than the par amst P ASRAt 'S 5The COREPEH 1l WAleRS Brbsed redald Wl
Mo s compar ed FIHOHCHTRIBER RATAME! 0 AcATTENaGPN GEghadal BAsPdEN ft |
tine is conpared i 0 n i -Bapedeang first-

devi ations occur between the two values, a regul ating apparatus becones

ef fective and tak&entmnedorfeturn othedpatameters cantbee pragent.al lnegenyralimne or

| ess controlling, for exanple, the heating |anps. The greater the

regul atsi ng di f f er eesignates theaeturaaifeuchiparametars adjfoedivask couplimgbacks  of
this regulation are a) that the regulating device is not infornmed about

future changes of the |4 kepfrabi &Rihe’Addifatich) ith _tﬁé‘éérmélﬂstﬁ%%meters of .

characteristics are not taken 20 1 nto “consideration, can vary during

L o) a0 P SRSl ngth £\ BB, Bed 8 A BRes K hahGgh "
Vérner Blersch - '?%Vic%‘jgo'?ﬁe %%%r%gpers that are to be controlled are determined with
the control device, e.g. by a model, and/or are controlled via some
10 other parameter than the parameter that is to be controlled.

With a closed temperature regulating circuit, the actual value of
the wafer temperature at any given time is compared with a prescribed
theoretical or desired value. If deviations occur between the two
values, a regulating apparatus becomes effective and takes care of an

15 adjustment of the two values by more or less controlling, for example,
the heating lamps. The greater the regulating difference is, the greater
is the readjustment. Drawbacks of this regulation are a) that the
regulating device is not informed about future changes of the
theoretical value, and b) that the wafer characteristics are not taken

20 into consideration, which can vary during the regulating process, for

which reason such a regulation cannot react in an anticipatory manner.
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Thermal Products GrbH These drawbacks are conpensated for by a
forward-acting control that in addition to a previous devel opnent, nanely
the theoretical value and the actual value at any given tinme, also draws
in the future devel opnent of the theoretical value into the regulating 5
process. As a consequence, the adaptation of the actual value to the

t heoretical val ue becones nore precise, since the regulating apparatus
draws in future changes of the theoretical value into the regulation. For

an even nore precise r ?ﬂgkétaﬂﬂvb ggyg;.g %o%ﬁ@ﬁa&é/d q;h]t Pa ;flgg\tlé}agé&ﬁwigcal

value is calculated in advance, and in particular w of " a

si mul ati on nodel conpr,i sing.heating apparatus.and object or, wafer that is
to be treated. |n°?'m?%' 3@@ ,'noﬁgdg'gaa B PFor¥esis e-dq?%@'{]?%eﬂam%\ée@%s.
Since the thermal capacities of individual chanber conponents are known,
and it is known wHeFelicalyapimandthe pstyal yalitecat any givenctimraalser drawseinwaf er
tenperature, as well as its future developnent, can be estimated in
advance by the fothecddturefdevedoproentlohtthentheodeticahsvalué uintd itbe reguldiiag
progress of the profile of the heating power. This estimtion, which up to

now was ef fected ppmess. rAgiadcordeqaiente athecadapiaitdn of the Aew@Y 9blueVey the
difficult, since the different conponents in the process chanber,

i ncl udi ng the heatrigtgeidiI2analls badsmbse rﬁ@ﬂefecfljorg_lb isthde0 e trreggﬂ@gg‘]une

represent a non-linear system 4 Lit Trnsl o EPOI/ 07434 il

2001 - Veérner Bl eps6hahudMiransOf ik 2RBhges of the theoretical value into the

regulation.
For an even more precise regulation, a future property of the
10 theoretical value is calculated in advance, and in particular with the aid
of a simulation model comprising heating apparatus and object or
wafer that is to be treated. In this case, one speaks of forecast-
regulated processes. Since the thermal capacities of individual
chamber components are known, and it is known which lamp power is
15 radiated into the chamber, the wafer temperature, as well as its future
development, can be estimated in advance by the forecast of the
simulation model as a function of the progress of the profile of the
heating power.
This estimation, which up to now was effected upon a rigid
20 simulation model, is, however, very difficult, since the different
components in the process chamber, including the heating apparatus

and the object that is to be treated, represent a non-linear system.
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Thermal Products GrbH Despite these difficulties, with this nethod the
adapt ati on of the course of the wafer tenperature to the threshold profile
can be inproved. As already nentioned, such simulation nodels treat the
chanber with all of its individual conponents and the wafer together as 5
one system There is no distinction between individual system conponents.
Furthernore, the previously known sinulation nodels are established one
tine and are subsequently not altered, especially not during a process,

-e. while the obpeehiteXREdd 8ffditics, Wi rsaﬁié?ﬁ’od H'H:Edé%tﬁf} Hfthe course

Alteratlons wi thin the system Ttor éxa eat nment o

cannot be taken | Al BERRIATE Fr%qgﬂe'ioftﬁa?ﬁvesﬁﬁﬁem%%‘@ BinBkad,y "br ocess

progress and/or by agin such as, for exanple, the radiation given off by
a heating lanp or ot hef‘%alal@agb’l Shentignad nste sthgatien , modelot ([JFS@ t t tRen

I nto account. Changes caused by the 15 progress of the process are, for
exanpl e, heating apamber withplbefdtsindiicuea sompamnents and mlmlwafermogeﬂmmse of
quartz glass, and the thermal radiation that additionally results

t her ef 5om and t habnées system. wavdlees gish nos plistinctiont between dedridilal dsystems
fromthat of the |anp radiation. Proceeding fromthis state of the art, it

is therefore an obppbnghts. Zq:drménl?lb?éeﬂfe bRABSNISIP TkriovrP IsiiLIBG oA M%Heféd and

an apparatus for the thermal treatment of objects in a heating unit that

erabl oS 5 BELLE e ghenls e T SRl AR S,
Blersch - AZ 3306 ot Narmg a process, i.e. while the object experiences a temperature-
time treatment. Alterations within the system, for example during the
10 treatment of different wafers (objects) having different optical
characteristics, cannot be taken into account. In particular, alterations
caused by process progress and/or by aging, such as, for example, the
radiation given off by a heating lamp or other alterations within the
chamber, cannot be taken into account. Changes caused by the
15 progress of the process are, for example, heating up of the process
chamber, which is made, for example, of quartz glass, and the thermal
radiation that additionally results therefrom and that is in a wavelength

spectrum that in general differs from that of the lamp radiation.
Proceeding from this state of the art, it is therefore an object of
20 the present invention to provide a method and an apparatus for the

thermal treatment of objects in a heating unit that enables a better

regulation of a temperature profile of an object that is to be treated.
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Thermal Products GrbH Pursuant to the present invention, this object is
realized in that the sinulation nodel includes at |east one individual
nodel that includes conponents of the heating apparatus and/or of the
object, and in that at |east one paraneter of at |east one of the

i ndi vidual nodels is 5 nonitored during the thermal treatnment and in that
the simulation nodel is adapted to at |east one of the nonitored
parameters. This results in the advantage that the sinulation nodel can be

dynami cal |y adapted t@y&iaritng tﬂ@%r@%ér’i‘lgin%g%ﬁ,itﬂl’éso%jé%l;s Pe%lizéﬂrinﬁﬁé‘ﬂm
he | a ue , objects

| e,
alteration of the heating power of 'the np to ag aving 10

Si milati on nodel tf?ﬂ%ﬁ‘iﬁ%foi@ifﬂé@c?%'eﬁfﬁ%@é%téﬁa%ﬂio ?Sﬁﬁé&%ﬂler%fefatﬁl?ih?of
_ _ Feflif ot _ t
cason that  aovanAUHSRSYMRPDERAI e "BRLRS APRAHES FOORRET thaoghiesh Xt ne

process, such as, for exanple, the aforenentioned heating up of, 15 for
exanpl e, process dhHidbat lgass gaeiraramneiersef atHeasfirne of henpdivisivat magels isi ned
therein) can also be taken into consideration during the tenperature
regul atsi on. Thi s cmnitoeeditduringe dhadharmaldeashent famd irexthapltiee siowlation
reduction of the so-called "first wafer"” effect. This involves the

i nfluence of the picRAdS M to Lo MOS0 RE ©f UREMbMiforéd purafRisrs! eTHlst
during the processing of wafers if, for exanple, during ‘the processing of

the first wafer t'i‘é‘stﬂfsoiﬁﬁﬁiés‘ti%%%ﬂgﬂ? tﬂé’%irﬁﬁfatioﬁﬁ&{ij@?cd&rﬁ ﬁgﬁi@%ﬁﬂ@ally

"operating tenperature". ways occurs
PCT/ EPO1/ 07434 Ti la(agpé% ‘]tgn%a%%)gl bpg\%rtirr]ﬁr c%lnglrtl%%g, _supé%' ass“?’o?ér '\éb)‘(tatmsp?g,
alteration of the heating power of the lamp due to age, objects having
10 different optical characteristics, etc. Due to the adaptation of the
simulation model, a more precise regulation of the temperature curve
of the object that is to be treated is in particular also possible for the
reason that advantageously alterations that are due to the progress of
the process, such as, for example, the aforementioned heating up of,
15 for example, process chamber (especially also the quartz components
contained therein) can also be taken into consideration during the
temperature regulation. This can be utilized advantageously, for
example, for the reduction of the so-called “first wafer” effect. This
involves the influence of the process chamber temperature upon the
20 process result during the processing of wafers if, for example, during
the processing of the first wafer the process chamber has not yet

reached its average “operating temperature”. This effect always occurs
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Thermal Products GrbH at the beginning of, for exanple, a mass production,
or if between the processing of individual wafers there is so nuch tine
that the process chanber can cool off to tenperatures that are bel ow t hat
of, for exanple, mass production. As a result, due to the equipnment, the 5
process results can be a function of the throughput of the wafers, which

of course is not desired. Pursuant to one preferred enbodi nent of the

i nvention, the object is irradiated with at | east one heating lanp of a

heating device. AgtiHdpugidnilg OIS ekavip l&aaﬁwa%?éd@c‘ﬁ%n”‘yﬂ'lit B&@ften the 10

parameter is preferably provi ded for at |east one heating | anp of the

heating devi ce, Epo(ﬁ%gsf@t %ﬂggwmﬁéﬁs flerd @P{%gﬁu¢WQF{$afH%5 rlilllé] &ro%

particular the ir I'Ng power el

are nonitored in Q t o_di scover Iteratlos n necessar p the
ol 2t | on model . SPATDEARAN $081 it tRelT I RbrPahizsd: el Jhat R o

i nvention, an 15 individual nodel is provided for the object that is to be
treated, and par GK@Mple MASS HYodUFtian. tAm@ resullo due to dhe cenuipmeat thel v
optical characteristics thereof, are nonitored in order to undertake, if

necessary, an adaptadessnestilts tan berwﬂuactimmofrﬁmeﬂhro&ghmmotftthafers, which
significance are the absorption characteristics (or in general the optical

20 characteri sti caf sogfieds riot desired s iFulsuAI26Table reférfed eflretiment ofthet he
object that is to be treated or the coupling to the heat radiation at

O o eRSh s I BBt et Bl GEsLBRe g A, of gl
MR L heating device. An individual model having at least one monitored
parameter is preferably provided for at least one heating lamp of the
10 heating device, and operating parameters of the heating lamp, in
particular the irradiated heating power in relation to the control power,
are monitored in order to discover alterations and if necessary adapt

the simulation model.
Pursuant to a further preferred embodiment of the invention, an
15 individual model is provided for the object that is to be treated, and
parameters of the object that is to be treated, especially optical
characteristics thereof, are monitored in order to undertake, if
necessary, an adaptation of the simulation model. Of particular
significance are the absorption characteristics (or in general the optical
20 characteristics such as transmission, absorption or reflection) of the

object that is to be treated or the coupling to the heat radiation at

different temperatures, which can greatly influence the regulation,
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Thermal Products GrbH especially a forward-acting control, since these
characteristics are greatly tenperature dependent for, for exanple, S

waf ers. The paraneters are preferably separately determ ned from one

anot her on opposite sides of the object. 5 For a further optim zation of
the overall nodel, the data transm ssion tinmes and/or the conputing tines
are determ ned and individual nodels provided herefor are adapted to the
determ ned values. Wth sone nmeasuring devices, such as, for exanple,

pyroneters, a te”? %éiHl éj%ﬁﬁé(}’:dﬂ%tig@l”tc&}ﬁtr%lheslﬁéé %sés feﬁ’%ﬁb '§ne 10

or is only possib th great &l ow 40 ere ore,

Stage with the ai Bl anebfifte %%%gﬁﬁaﬁﬁ oL Ridmb ol e b 2

information is taken up in the re ati on. The object of the invention is
'so. real | 2ed i { RAERTIB(SHS AIR SCTBEADY BSDAIRIOH HARTINEAdERMIE BRODS] G0t s
especi ally sem conductor wafers, with a heating device, especially a rapid
heating device, aoOPpegiteasidag ofiffia objesli ng a tenmperature regul ator, and a
forward-acting control that utilizes a sinulation nodel of heating

appar atus and obj ect, Fortaafurthermoptitnzation wii the soyerali pedel,othé heata
sensi ng of paraneters of 20 conponents of the heating device and/or of the

obj ect, which pafraRsinfistortPnds lapdAst tHed Cofripiting Mithat i HBfé@hvméd)rathe
conparison of the neasured paraneters with the parameters of

simul ation nodel %&*ﬁe%&ﬁﬁdde@g SroVidERORER P 4rd! éc‘?éjptég e Zc%{ermm\éﬁr ner

Bl ersch - AZ. 3306-
values. With some measuring devices, such as, for example,

pyrometers, a temperature determination of the object is not possible,
10 or is only possible with great difficulty, below 400°C. Therefore, the
temperatures of the object under 400°C are preferably calculated at a
later stage with the aid of the simulation model, and this calculated
information is taken up in the regulation.
The object of the invention is also realized with an apparatus for
15 the thermal treatment of objects, especially semiconductor wafers, with
a heating device, especially a rapid heating device, a regulating unit
having a temperature regulator, and a forward-acting control that
utilizes a simulation model of heating apparatus and object, in that a
monitoring unit is provided for the sensing of parameters of
20 components of the heating device and/or of the object, which
parameters are relevant for the simulation model, for the comparison of

the measured parameters with the parameters of the simulation model

8
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Thermal Products GrbH and for the adaptation of the paranmeters of the
sinmul ati on nodel to the neasured paraneters. Wth this apparatus there
result the advantages already nentioned above with reference to the

met hod. The invention will be explained in greater detail subsequently 5
with the aid of the drawing; in the drawing there is shown: Fig. 1
Schematically the structure of a heating apparatus for the thernal
treatment of objects; Fig. 2 A graph of a theoretical and an actual

tenperature prof Fh&.f@r“fﬂe”é’dé’ptéﬂ%ﬁ gfﬁ&@%%@ﬁiﬁes gf e sﬁﬁma{i%d%y@{ W‘é‘@mfeer

with PID 10 regulation; Fig. p or t etermnation o

radi ati on genera s FHaga 4. A gra of ala de] ipn a

regul ating circui b%%s&f%@bgééﬁé%rhmstﬁﬁgﬂ%rﬁ% {hﬁée r%%ggt tE‘é(ﬂdé(?f‘%ge&uri ng
voltage 15 junps w thout radiation regulator during a heating up phase or

during a cool i ngam’?d\bmpnﬁ ghoveyithyreterepes ta the methed t hose of 5a and

b that show the power junps with radiation regulators; Fig. 7 A graph of a
prelimnary control unithe ipgertien avilh by eppladtedain greatadcetal subsequently
control unit. 9 Lit Trnsl of PCT/EP01/07434 filed 29 June 2001 - Werner
Bl erscli - AZ. 330@&ithNhé tad of thEhdraming; n tiekidtaviegitiverel ig shdwachemat i cal |y

shows the structure of a heating apparatus
Fig. 1 Schematically the structure of a heating apparatus
for the thermal treatment of objects;
Fig. 2 A graph of a theoretical and an actual temperature
profile during a thermal treatment of a semiconductor wafer with PID
10 regulation;
Fig. 3 A graph for the determination of the radiation
generated from a lamp;
Fig. 4 A graph of a lamp model in a regulating circuit;
Figs. 5a, b  Curves that show the lamp radiation during voltage
15 jumps without radiation regulator during a heating up phase or during a
cooling off phase.

Figs. 6a,b Curves similar to those of 5a and b that show the

power jumps with radiation reguiators;

Fig. 7 A graph of a preliminary control unit;
20 Fig 8 A graph of an expanded preliminary control unit.
9
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1 for the thermal treatnent of sem conductor wafers 2. The apparatus 5 1
has an inner process chanber 3 that is generally made of quartz glass and
is provided with support elenments 5 for receiving the sem conductor wafer
2. Provided above and bel ow the process chanber 3 are banks of [|anps 7 and
8 that are forned by a plurality of rod-shaped | anps, such 10 as, for
exanpl e, tungsten-hal ogen |anps or arc |lanps. However, it is also possible
to provide only a single bank of lanps, e.g. for heating an object on one
side. O course, other |anps can al so be used. For the thermal treatnent
of the wafer 2, the |anps are controlled in such a way that they give off
a specific electromagnetic radiation that can be 15 controlled not only
with regard to the spatial and/or spectral conposition thereof, but also

with regard to the intensi t her eof ring the thermal treatnent, the
tenperature of the waf gpg'i}%%dﬁ%”a@ ?@B’.SQEB'YS?’W stryctupR Ok 2 hedling,ARpAIAlISs are
provi ded, a | anp pf%/)rometer 10 on the one hand and a wafer pyroneter 11 on
the other 20 hand.] fohéhe thasma) treatment absemiponduetor meaferse2t riheaapraratus

radiation intensity to given off by at |east one |lanp, while the wafer

pyrometser 11 neaduhas anhinneadiratess) chambesi3 yhat, is génerallpihade @hdutanaf er
2 as well as 10 Lit Trnsl of PCT/EP01/ 07434 filed 29 June 2001 - \Werner

Blersch - AZ. 330@tad¥high80Rs CPTbeiaé_al withoduppsrt Blebhents a8 fri Pébémﬁggﬁiety I

reflected at the wafer 2, and possibly also a radiation transmtt

t hrough the wafer golf ,{Q%@it&t\kﬁ@rbntensity to given off by the lanps has a
certain nodulationthat Is either active, i.e. by

Provided above and below the process chamber 3 are banks of
lamps 7 and 8 that are formed by a plurality of rod-shaped lamps, such
10 as, for example, tungsten-halogen lamps or arc lamps. However, it is
also possible to provide only a single bank of lamps, e.g. for heating an
object on one side. Of course, other lamps can also be used. For the
thermal treatment of the wafer 2, the lamps are controlled in such a
way that they give off a specific electromagnetic radiation that can be
15 controlled not only with regard to the spatial and/or spectral
composition thereof, but also with regard to the intensity thereof.

During the thermal treatment, the temperature of the wafer is
measured. For this purpose, two pyrometers are provided, a lamp
pyrometer 10 on the one hand and a wafer pyrometer 11 on the other

20 hand. The lamp pyrometer 10 measures the electromagnetic radiation
intensity lo given off by at least one lamp, while the wafer pyrometer 11

measures the radiation intensity |, given off from the wafer 2 as well as
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directed, defined and/or controllable nodulation of the radiation, or 5
passive, i.e. achieved by utilization of systemdictated radiation
changes, that result, for exanple, fromthe frequency of the voltage
supply. This nodul ati on can al so be recognized in the radiation intensity
IR reflected at the wafer 2, and therefore that portion of the thernal
radi ati on neasured at the wafer pyroneter 11 that is actually 10 given off
fromthe wafer 2 can be determned in a signal analyzer 12 to which are

conveyed not onl yat%iﬁi&fﬂtén&ﬁyhﬁrht%ﬂb@fga BYrtﬁéT%ﬁ%r]QO B4 gggérﬁmgljsc} Pgr

waf er pyroneter 11. Detalls of I's measuri ng nethod are

exanple, in DE A- 5 | Ls.attributahle to.the . sane applicant,
and to which ref eg'agoﬁ%thsrf @gﬁﬁ’a‘ﬁ%"gﬁ}’ﬁﬁh g@&@'ﬁferi Ehber fpeiation F’ie%ﬁ}t@/ﬁﬂg'ven
repetition. The tepperature neasured in this nner is conpared with a
desired wafer tenﬁgp% ﬁ}%[%rﬂp%gﬁﬁ&pﬁaﬁlwﬁyﬂq%@n that isgitler activepi.e. by
regul ation, a regulation value for the banks of lanps 7,8 is determ ned,
and they are accofliiceigdy asdinedoand/ar qondrollablehoasiulation: loé dhet iackdtionr, or
desired tenperature curve A and 20 the actual tenperature curve B of a

waf er during a copassivéoria. achieved! byr edlligativn Jdhesydesheticthigie radiatenA
shows the desired or theoretical tenperature curve for the wafer, and the

solid-1ine curve Bhddgdd,tthat ResuleffoPEkaRipid/ RS thd i Z\ﬁﬁtja C
Werner Bl ersch - AZ. 3306- I\/t':lttli:ono Thermal Product Sﬂeg%ﬁg%#gaget e ggt ual

e ot oo sl Tk S TRSoH Sl ks e tbsteel e gBING, "
100C per second, in@eﬁsiw fTREreifIgtherdvg{ the wafer 2, and therefore that portion of the
thermal radiation measured at the wafer pyrometer 11 that is actually
10 given off from the wafer 2 can be determined in a signal analyzer 12 to
which are conveyed not only the signals of the lamp pyrometer 10 but
also of the wafer pyrometer 11. Details of this measuring method are
described, for example, in DE-A-198 55 683, which is attributable to the
same applicant, and to which reference is made to this extent in order
15 to avoid repetition. The temperature measured in this manner is
compared with a desired wafer temperature in connection with, for
example, a PID regulation, a regulation value for the banks of lamps
7,8 is determined, and they are accordingly controlled.
Fig. 2 shows the theoretical or desired temperature curve A and
20 the actual temperature curve B of a wafer during a conventional

thermal treatment. The dashed-line curve A shows the desired or

theoretical temperature curve for the wafer, and the solid-line curve B

11

Lit Trnsl of PCT/EP01/07434 filed 29 June 2001 — Werner Blersch — AZ. 3306- Mattson
Thermal Products GmbH



between to and t1 to a tenperature T1l, and subsequently remains 5 constant
at this tenperature. Wth the above-described regulation according to the
state of the art, e.g. with a pure PID regulation, the actual tenperature
curve of the wafer does not follow this linear curve. Rather, heating up
of the wafer starts only +7Xat a later point in tinme than is the case with
the theoretical curve. The heating up rate for the 10 actual curve is then
greater than that with the theoretical curve, and the actual curve goes

beyond the desire I S t gt the
desired final terrggg\gtg utﬂwgnaﬁfugk%rﬂgg@ﬂen%n@fe \tNgf ?ﬁ? r@%{ji ﬁT% _ndq%l%ﬁga}ff As
previously nmentioned, th ifferences between the 15 theqretical an

actual curves can®B&® %&%&eéi‘wst%e°°é‘&gﬁ'ﬁﬁ?ﬁ'§refat%§q)ﬂ?a§t iNGFeasesaat a f
forward-acting control that draws in or integrates a future devel opnent o
the theoretical v&PO¥aPhidte Hor eagimriei ofn 108 \Rar seqends dncal tipesinteyval
advance a future characteristic of the actual value with the aid of a

si nul ati on nodel . bEtvéean tuland én toraldempesatuce o armavsubse@@ently semains
connection is, as nmentioned a rigid sinulation nodel. Pursuant to the

presents i nventi oncohétansianihis itemperatate.t halithi the tdbdvbasdseribbdt fQulation
regulation is inproved in that an adaptation of the 12 Lit Trnsl "of

PCT/ EP01/ 07434 11 begordthe) tthe ke of et %geWﬁhFé;%LﬁéhP?D’;Q%?%lyﬁ%rﬁfsf&%” .

Thermal Products GrbH sinul ati on no rticu ada

Lo, 0G5S "0, SSEEP el B 08 P HETRE fob BTN BN o
at | east Rather, heating up of the wafer starts only +7Xat a later point in time than
is the case with the theoretical curve. The heating up rate for the
10 actual curve is then greater than that with the theoretical curve, and the
actual curve goes beyond the desired end temperature T, of the wafer
and levels out at the desired final temperature T, only sometime after
the point in time T; .
As previously mentioned, the differences between the
15 theoretical and actual curves can be improved by the additional
incorporation of a forward-acting control that draws in or integrates a
future development of the theoretical value into the regulation, as well
as calculates in advance a future characteristic of the actual value with
the aid of a simulation model. The simulation model used up to now in
20 this connection is, as mentioned a rigid simulation model.

Pursuant to the present invention, the simulation model that is

the basis of the regulation is improved in that an adaptation of the

12
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one, but also for each, conponent of the nodel a suitable single nodel 5 is
devel oped, and in that a neasurenent of at |east one paraneter of this

i ndi vi dual nodel or of the individual nodels, as well a subsequent
adaptation of parameters in the individual nodel, is effected during the
process. Due to this overall nodel, regulation paraneters can be 10
established for the individual conponents that are finally stored in a
regul ati on apparatus of the overall unit In this way, the tenperature

curve of a vafer canbgoGanbaal lind aRd Pl edidibre dBlifg Ovemqé%gwgv'a

t he indi vi dual el's and regul aton pararmeters del

can be adapted to var condi.ti ons ch.as, for e 15 ,va tlons
ond changes of ( nESTIEAGE &6 %M?@@e*’ems P RAS e LTl SRR Bt 1 he

i nvention, the Figures 3. to wi |l be subsequently consi dered Fi

shows a di agr anmaiha th?lﬂ"@é’ﬁ*'&ﬂl MRdebis st upeinde ﬁpﬁm”@ﬁt%fa%@rr%tgﬁaﬁ on
generated froma lanp via a conbination of nodel, neasurenent and adapted
model , with the zonenb@tgalaaifmeaotem@mmnenaoﬁthmwidnhas@itable single model
radi ati on-regulating circuit. A lanp nodel is initially established on a

basis af the specis devglopeeranein theft 4 hedsaramefher acleast he papameedt ofes of
a lanp to be used as nodel 13 Lit Trnsl of PCT/EP01/07434 filed 29 June

2001 - Veérner Bl efrﬁ&*’hdmeéal hefalt oP/BHr?é)mdﬂ&ﬁ‘élfmbd@gOQ G/fél %segﬁé‘ﬁwers

i nclude the current flow ng theret hrough the applie t age,

resistance, the rﬁ?ﬁéﬁé‘ﬁﬂn%ﬁ% ‘[snr‘? tfe ﬂ&l\ﬂguéﬁﬂo?%fgqﬁ gﬁ%@f% ddrhd e

static situation, receil ri ca power

process.
Due to this overall model, regulation parameters can be
10 established for the individual components that are finally stored in a
regulation apparatus of the overall unit. In this way, the temperature
curve of a wafer can be controlled and regulated in a precise manner
via the individual models and their regulation parameters. The overali
model can be adapted to varying conditions, such as, for example,
15 variations and changes of the measured parameters.

For the better understanding of the invention, the Figures 3 to 8
will be subsequently considered. Fig. 3 shows a diagrammatic
illustration for the determination of the radiation generated from a lamp
via a combination of model, measurement and adapted model, with the

20 integration thereof in a subordinated radiation-regulating circuit. A
lamp model is initially established on a basis of the specific properties

of the lamp. Characteristic properties of a lamp to be used as model

13
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I's the sane as the emtted power. In addition, the emtted radiated 5 power
of the lanp is correlated via the filanent tenperature directly wthits
resi stance. Based upon this interrelationship, one can establish the |anmp
nodel shown in Fig. 3, as it is also described, anong others, in J. U ban
et at. in the article "Thermal Mdel of Rapid Thermal Processing Systens”
in the 7th International Conference on Advanced 10 Thermal Processing of
Sem conductors - RTP' 99, which to this extent 1is made the subject matter

Of t he pr ese_nt inégp%rhg%r%nin‘a[wer tﬁé’ éﬁ’r‘?éﬁ't froﬁﬁﬁé We(?@th{élvg; es'@% ﬂfé@%%l 2

single lamp is spec e paraneters

characteristic R=f ct o I.ts tenpera sth I
capacity C (possi MP@F%? ais §5|§ AGhRct %ﬁeﬁ?'vﬁ% q%ert @ﬂ‘géﬁﬁt%ﬁng ﬁﬂ@%
constant c6A that determines the irradiation power. In this connectlon a
corresponds to t hBOWEhr & thg staticsiughontthe reé@'Védrﬂ%@BMQ@W@ ofitbe lamp
St ef an- Bol t zmann- constant and A corresponds to the surface area, i.e. the
ef fective surfaceisatheasefmet he thangmitiedapewer. Inpadditiort, thehemittetp radidield, as
the adjustnent value g, is the 20 voltage u applied to the |lanp. Fromthe

vol tagé and the rpewst afcheRampMy ebrrelated a/m)tHf@iﬁlamemOférﬁ;!Séﬁa‘m/reV\dﬁrébtlyt5
characteristic at a tenperature T, the magnitude of the current i flow ng

t hrough the | anp Mhh!stregfs@éﬁcéfBEgd EEQ#WEH&WEHU%HS%? QHQ%aa 5lisher ner
Bl ersch - AZ. 3306- Mattson Ther nal oducts GrbH te ur suant

ci'roul ates in tho T (G EhE allhlﬁé AT q%’%%&[#%%ﬁa"ﬁcﬁ%es%h@?' e

Stefan- Bol t zmann, in”)° Of réndgEerm nef\he article “Thermal Model of Rapid Thermal

Processing Systems” in the 7" International Conference on Advanced
10 Thermal Processing of Semiconductors — RTP'99, which to this extent
is made the subject matter of the present invention in order to avoid
repetition.  With this model, a single lamp is specified by three
parameters, namely its resistance characteristic R=f (T) as a function of
its temperature T, its thermal capacity C (possibly also as a function of
15 the temperature T), and a constant ecA that determines the irradiation
power. In this connection, € corresponds to the degree of emission, the
o corresponds to the Stefan-Boltzmann-constant and A corresponds to
the surface area, i.e. the effective surface area of the lamp filament.
Input into the lamp model, as the adjustment value g, is the
20 voltage u applied to the lamp. From the voltage and the resistance R,
which the lamp has in conformity with its characteristic at a
temperature T, the magnitude of the current i flowing through the lamp

14
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radi ati on power Pstr emtted fromthe lanp with the aid of the lanp 5
tenperature and the radiation constants (em ssion constants). The

radi ati on power is subtracted for the circulating electrical power, as a
consequence of which one obtains the portion of the power that was
converted in the lanp into heat, and that heated the filanment and the

| anp. By neans of the thermal capacity ¢ of the lanp, that is 10
essentially prescribed by the dinension of the filanent wire, a new

temperature of 't hafhnied: abGHIANPH PIIU 5. | trdrkl iU 3eidhifled ﬂgrgﬁ%th%v the

1/c and by the integral rrent new te

new filament resi f ther fromth vert

power Pel, is red [e%?rﬁqeq@?]o%% Ee' Wag%gcy{:}g% frhéﬁ%d??qboedwgrﬁghﬁ? a‘Efi

Pstr is redeterm In this panner, the_ influence of the adjustnent

val ue g upon the F%fﬁ?ﬁ?ﬁ‘ oRTRGIRIE PsiStetan-Bokemaram enee sapdetesming ethei ned,
in particular, the dynamc characteristic of the lanp is described. In a
foll owi ng step, tFRdiptemmomearsPiareitag fiom tthe lasappwithdtiie aRD of dhe damp
prescribed | anp are neasured. In this way, the nodel can be optimzed and

can beSest abl i sheterhperadurgpandfthe taaiigtion lcopetrahts:lqémissﬁm%ondﬁ@@s)de% of
the resistance upon the filanment tenperature, the 15 Lit Trnsl

PCT/ EP01/ 07434 fi tfflaftsh poner3d Lbtra¥dnfr tﬁé%‘&ﬁfbtmg@@ecﬁ%gpae%“%)%
Thermal Products GrbH thernmal capacity C of the fil , he

L oo " neoEPERE nHIS! 51 e Y S0 A et
the converted in the lamp into heat, and that heated the filament and the
lamp. By means of the thermal capacity ¢ of the lamp, that is
10 essentially prescribed by the dimension of the filament wire, a new
temperature of the lamp is calculated. This is illustrated in Fig. 3 by the
1/c and by the integral element. With the aid of the new temperature, a
new filament resistance R of the lamp, and therefrom the converted
lamp power Pe, is redetermined, and in addition the emitted lamp
15 radiation P is redetermined. In this manner, the influence of the
adjustment value g upon the radiation power Py, emitted from the lamp
is determined, in particular, the dynamic characteristic of the lamp is
described.
In a following step, the parameters taken up in the lamp model
20 for a prescribed lamp are measured. In this way, the model can be

optimized and can be established for a specific lamp. In particular, the

dependence of the resistance upon the filament temperature, the

15
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t-enperature. The determ ned paraneters are inserted into the lanp 5 nodel
resulting in a specific nodel for the | anps. The use of the | anp nodel of
Fig. 3is illustrated in a regulating circuit 20 in Fig. 4. In the
regulating circuit 20, the radi ated power Pstr (here as nonitored
paranmeter of the |lanp nodel) calculated on the basis of the |anp nodel 25
I's conpared one tine with the actual lanp 10 radi ation h neasured via a
pyronmeter 26. The difference between cal culated and neasured | anp

radi ation serves fyuridi&at %EW% onRéifn%rﬁah¢% Weﬁégetrk@%ng@ﬂﬂe_eéﬁ é{ﬂsa 2

nodel -optim zing unit 28 t° takes care of an adaptation of,

A or c. In additign, the calculated radiated power Pist (= Pstr) is,
conpared with a tagtﬁr@y'?%dalve]l%rebé{cﬂ'ét? 'A\/‘é@rﬂj@?sé’\,l\g%hgt?rﬁ'@gﬁ‘ar% ?zi'g!ﬁ'q'toinon is
regulated with the aid of the determned difference via a radiation

regul ator 30. Theohdfeidemparatutal (ptimaliyeh astlf Absan lésa hei adapded rtegtheat or
30, and which corresponds to an effective voltage, serves in addition to

the control of thterperureal Jbeadetermineduparameters are inerieanmtoabe! lamps
gl eaned fromthe above 20 description, the |anp nodel, which is used with

the regul ation of mduel, reeukiagan argpeeificomvaéefor M. dynam cal |y adapt ed
to varying conditions in that the radi ated power actually given off by the

lamps is 16 Lit Trnsl qheREE &% Igﬁﬁﬁé%f?bi Sﬁﬁiﬁq\%%ﬁg%ﬂ—m\g&@%{atﬁ ersch

- AZ. 3306- Mattson Thernmal Product H co e radratedpower

co ol 0 UM nhty Bl A9 Sl P2 e P
current or vol tagﬁw’er‘é‘ngs trrrmlc?nitored parameter of the lamp model) calculated on the
basis of the lamp model 25 is compared one time with the actual lamp

10 radiation h measured via a pyrometer 26. The difference between
calculated and measured lamp radiation serves for the further

optimization of the lamp model 25 via a model-optimizing unit 28 that

takes care of an adaptation of, e.g., R, €, A or ¢. In addition, the

calculated radiated power P (= Pgy) is compared with a theoretical

15 radiation value e, and the lamp radiation is regulated with the aid of the
determined difference via a radiation regulator 30. The adjustment

value g given off by the radiation regulator 30, and which corresponds

to an effective voltage, serves in addition to the control of the lamps

also as an input value for the lamp model. As gleaned from the above

20 description, the lamp model, which is used with the regulation of the
temperature of a wafer, can be dynamically adapted to varying

conditions in that the radiated power actually given off by the lamps is

16
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|.anp nmodel can be optimzed with the aid of the nmeasured paraneters. 5
However, it is also possible to initialize the |anp nodel at the begi nning
wi th the neasured paraneter values, and to di spense with a process-
acconpani ed optim zation of these values. Wth the above described net hod
it is of particular inportance that the adjustnent value g, which serves
for the lanmp control, no 10 |onger be determ ned, as was previously
customary, on the basis of a conparison between the theoretical radiation

value e and a nea L | LAt v t. . [ hts, from

the theoretical ?ggﬁ%tr?%ﬁﬁ'thaltﬁ%prgﬁﬂ%@t$e rrag%fgﬁgég%o%rﬁﬁggﬁr h;%gé&ullgt ed

fromthe lanp nod This l,eads.to an Lncrease of the re(ﬁul ati n(r;%s eed,
SS.

and 15 furtherno?gld?ié’\?\f G AETAely.  dALing e PReTeSSHane LN Masy

The effect and advantage of the above-described regulation is illustrated
in the oscill ogral@MPre@Eamsters MngUEH as. farexample; guirert oravoliage, snd thee

| anps were controlled in a conventional manner via the voltage as an

adj ust nent val ue &@mip wadel gande apfinizedwitrethd aitdof thé angastfedpaeametersp
nodel -optim zing unit). In this connection, Fig. 5a shows an increasing

radi at éd power, ahidwever, ibls sibowossibleewlinitiagze &tk RInGS mddRMaE thd PediRhmg
connection, the voltage was varied in a stepped 17 Lit Trnsl of

PCT/ EP01/ 07434 fi Lyl 1R8 miBSurdAMaram®EnaiuBl eakd o diddensd3fith a\Biokasd

Ther mal Products GrbH manner. As one can see fromthe oscillograminages,

t he power radi at Egcé ggmeg:ordtﬁrn@%@#gpﬁrh%g%ggﬁje% epped curve of the voltage

only in a greatly rndepen a stepped alteration of

the With the above described method it is of particular importance

that the adjustment value g, which serves for the lamp control, no
10 longer be determined, as was previously customary, on the basis of a

comparison between the theoretical radiation value e and a measured

real lamp radiation value, but rather results from the theoretical

radiation value e and the radiated power Py calculated from the lamp

model. This leads to an increase of the regulating speed, and
15 furthermore few disruptions result within the regulating process.

The effect and advantage of the above-described regulation is
illustrated in the oscillogram images 5a,b and 6a,b. In the Figures 5a
and 5b, the lamps were controlled in a conventional manner via the
voltage as an adjustment value and without a radiation regulator (lamp

20 model, lamp model-optimizing unit). In this connection, Fig. 5a shows
an increasing radiated power, and Fig. 5b shows a reducing radiated

power. In this connection, the voltage was varied in a stepped

17
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l-anp radiation intensity, a wave-shaped curve can be seen. 5 Figures 6a and
6b again show the chronol ogical curve of the emtted radiation of a |anp,
once during increase (Fig. 6a) and once during reduction (Fig. 6b) of the
|l anp power. In this case, the lanps were controlled via the regulating
circuit illustrated in Fig. 4. The curve of the radiation intensity shown
in Figures 6a and 6b shows a stepped 10 curve. A radiation regul ator was
utilized and the radiation intensity calculated fromthe nodel was

mges of Figs. a“"%ﬁ*éan’de””SVE*‘é‘e%an"e@éﬁoﬁ?@‘:ﬁﬂ??ﬁeg ha‘?ﬁ “i’f‘%e%iﬁ"%ﬁ&&owf"m
I f t
Furpe ¢ is real |Gt Pad w8 TR R STk ep el plnar R Bllpbe Bl *°

val ue, whereas with the power unps a theoretl cal value is prescribed for
the radiated powef.9'%€AtlyHadergnsdent mannsy. « lgtead ef actiepesd alfe(ation obthen)
via the regulating circuit illustrated in Fig. 4, represent adjustnent

el ements havi ng alarp éadiatianintensityacavaee-sbaped cWivercarhbenseehe t enper at ur e
curve of the wafer 20 can al so be adapted nore exactly to a prescribed

tenperature profile. 1&iduresBangindobb RGHIERHDNOTHES hidrictshie® dume E0Hhk -
Werner Blersch - AZ. 3306- Mattson Thermal Products GrbH During the

thermal treatnent effittéd Wadtion &FCd Iar’ﬂ§' bhdé'@iuri'n@”’ﬁcﬂafaset tFg ! 6§P§n8fon'—‘be
heating apparatus can be individually regulated™in this nanner. 7

shows a_pr el | i nayQIELd B! BuPOFME TS a&omeer BR85Sl e

waf er and incl ude I'mna control Ttegu
were controlled via the regulating circuit illustrated in Fig. 4. The curve

of the radiation intensity shown in Figures 6a and 6b shows a stepped
10 curve. A radiation regulator was utilized and the radiation intensity
calculated from the model was provided as the adjustment value.
During comparison of the oscillogram images of Figs. 5a,b and 6a,b,
one should note that the Y axes show different high values. This
results from the fact that during the voltage jumps it is really only the
15 voltage that is varied as an adjustment value, whereas with the power
jumps a theoretical value is prescribed for the radiated power. On the
whole, lamps that are controlled (Fig. 6a,b) via the regulating circuit
illustrated in Fig. 4, represent adjustment elements having a more
dynamic characteristic. With them, the temperature curve of the wafer

20 can also be adapted more exactly to a prescribed temperature profile.

18
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t.hat contains a nodel of the wafer. In the illustrated regul ation, the
coupling of the wafer to the lanp radiation is neasured, and with the aid
of the measured coupling a prelimnary control adapted to the wafer 10 is
produced. The prelimnary control regul ation generates an adjustnent val ue
for the individual |anps or banks of lanps that is a function of the
tenperature, the tenperature alteration, the wafer size, and possibly

ot her wafer characteristics Aradiation i emtted and reflected fromthe

vater s measured in  Buldenaafghhiedtfidn ¥ AldrdrSeblh iddiadudobntd st

cal cul ation of the wafer enperature | e radi [

meacured |anp 1 Al lADRE Bt o Beathd efBHPLS RaaHE oW tegiialel s o

to the lanp radiation can be determ ned. For the determ nation of the
coupling k of 20 'M@&fer to the lanp radiation, a broadband actively
nodul at ed neasurenent of the radiation emtted fromthe | anps and fromthe
wafer is utilized. The measurenent is effected with two pyroneters, as 19
Lit Trnsl of PCT/EP01/07434 filed 29 June 2001 - Werner Blersch - AZ. 3306-

Mat t sors Thermal Produfig @GrisHows kngrelirhinany Fontrol 9habbis68daptedib Cthe s
attributable to the sane applicant; this disclosure is to this extent nmade

the subj ect mitteEhQFactérheﬂchrcﬁ&ﬁé'RNdf@Né’ﬁ@ 'irﬁb'l'udék 8 g@ﬁfmﬁw@r)awht‘i‘olrr‘éﬁﬁfdtér‘ on.
The magni tude of the coupling bet ween wafer an radiationis

function of varioys, ccﬂﬂéﬁ'\'geé%éd%f&r HRGERLE 1 B Wﬂfswa%eoc 700 §4A5, Pthe

multiply coated and/or structure Various Mt erars

addition to the coupling of the wafer to the lamp radiation is measured, and with the

aid of the measured coupling a preliminary control adapted to the wafer
10 is produced. The preliminary control regulation generates an
adjustment value for the individual lamps or banks of lamps that is a
function of the temperature, the temperature alteration, the wafer size,
and possibly other wafer characteristics.
A radiation i emitted and reflected from the wafer is measured in
15 the measuring unit 40 and is utilized for the calculation of the wafer
temperature j. The radiation i emitted from the wafer is furthermore
compared in a coupling measuring unit 43 with a measured lamp
radiation h, as a result of which a coupling k of the wafer to the lamp
radiation can be determined. For the determination of the coupling k of
20 the wafer to the lamp radiation, a broadband actively modulated
measurement of the radiation emitted from the lamps and from the

wafer is utilized. The measurement is effected with two pyrometers, as

19
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probl em of different absorption properties and non- honogeneous tenperature
di stributions over the wafer surface, can also lead to interference
effects of the thermal radiation at these layers. It should 10 be noted
that the termthe coupling k between wafer and | anp radiation refers to
the degree of the alternating effect between the wafer and the radiation
field, in other words, its degree of absorption and em ssion over al
occurring wavel engths. At the point 45, the calculated waf er tenperature |

is conpared 15 V"'iéhnéwhhﬁ%ebECRHgtBegB%a%t?”W | 8 |btﬁagl'e {oewes gf om

t heoreti cal value and actual value is conveye urt er to a tenperature

(rjig 1l‘J le?te(rzzzel b dlet e%ﬁF h%”ttghﬂ:ﬁ%ﬁfctféﬁﬁqr%g?‘igay%ffreegtéhﬁ naaci%h 6% bﬁﬁgzm c?rﬁtféf t h:
the 1 anp. radi at | ot ePESEORTMERHON It &rdrdp IO IRPEIBRT s die TaguRut ot B,

whi ch delivers a prelimnary control value d as a functlon of the wafer
characteristic k. CoHpling & betwegnywatgitans lamap wadiatioard a function of vamiousl  of
PCT/ EPO1/ 07434 filed 29 June 2001 - Werner Blersch - AZ 3306- Mattson
Ther mal5 Products @ataineterput Fonlexamplaf thehwafespearatavee begulHipty coates
added at the point 54 to an adjustnent value e, so that the actual

adj ust ment val ue entRFUktrEctufs® Wit waticisi PREtetifial WRIER ﬁ\etarardrﬂdhe%omet he
basis of the last neasurement. In this connection, the basic nodel can

al so_contai n 5 ot BB ACLFictoRl dbiers mygg@g?e&.'ae Ao RR RHbaE L he

| anps, such as, exanpl e e quar ature, ot at ure,
temperature distributions over the wafer surface, can also lead to

interference effects of the thermal radiation at these layers. It should
10 be noted that the term the coupling k between wafer and lamp radiation
refers to the degree of the alternating effect between the wafer and the
radiation field, in other words, its degree of absorption and emission
over all occurring wavelengths.
At the point 45, the calculated wafer temperature j is compared
15 with a theoretical temperature value a. A difference from theoretical
value and actual value is conveyed further to a temperature regulator,
e.g. a PID temperature regulator 47, which on the basis of the
difference b determines a lamp control value ¢ in a known manner.
The theoretical value a and the calculated coupling k between the
20 wafer and the lamp radiation are conveyed to a preliminary control
regulator 50, which delivers a preliminary control value d as a function

of the wafer characteristic k. The preliminary control value d, and the
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etc. The adjustnent value e is conveyed further to the regulator 55a, 55b
for the upper and | ower bank of |anps. Al of the | anps di sposed above the
waf er are conmbined to the 10 upper bank of lanps 7, and the | anps di sposed
bel ow the wafer are conbined to the |ower bank of |anps 8. Each of the n

| anps of the upper and | ower bank of |anps has an individual regul ating
circuit (LCL) as was described in conjunction with Fig. 4. During the
heating up in a honogeneous lanp field, the edge regions of a disc-shaped

15 wafer heat up %E;ﬁjti\)&q@é‘é%fwhéhéﬁ}p&f@ﬁ gfgtgﬁfafr%reoéda&?aﬁ@bo%ng@4 the

achi evenment of a honobgeneous tenpera ution over the wafer,

I ndi vi dual | anps : f.la t QI § | at v
differently. For ?%?E%dﬁ%ﬁ@t%gbdn $g$o Itgé%@)d’c@ﬂ%ﬁ‘eﬁ& ggl"%egq?%@{%he

i ndi vidual lanps. Wth th id o he conirol tables, the 20 radiation
intensity of eachfﬁoﬁbiﬁlﬁ'ﬁﬁﬁom%ﬁbaf Ve yge PHeM?anaSﬂ% t ghtlastrne
adj ust ment devices required for this precede the regulating circuits of

| anps. They are coMtgssredgnti dntthis gemnnegtionithe pbasic maded|capr also contain
PCT/ EPO1/ 07434 filed 29 June 2001 - Werner Blersch - AZ 3306- Mattson
Ther mal5 Products Gited patameeters afidhe adtambere thé koldiegi devick aomp theadampson h.
Since the respective |anps exhibit a different dynam c characteristic in

di fferent situatisQps,agd,for exafipié CtHeabudrtadeaiperaree!S afbinte@piperatipe t h
the aid of its individual characteristic, be controlled with an indi vi dual

L0 1100 T EME TSI e & 1 Qrk s e BteltmaEasaLe
to the 55b for the upper and lower bank of lamps.
All of the lamps disposed above the wafer are combined to the
10 upper bank of lamps 7, and the lamps disposed below the wafer are
combined to the lower bank of lamps 8. Each of the n lamps of the
upper and lower bank of lamps has an individual regulating circuit
(LCL) as was described in conjunction with Fig. 4. During the heating
up in a homogeneous lamp field, the edge regions of a disc-shaped
15 wafer heat up more intensely than does the center of the wafer. For
the achievement of a homogeneous temperature distribution over the
wafer, individual lamps of the banks of lamps must therefore be
radiated very differently. For this purpose, control tables (LCT) are
provided for the individual lamps. With the aid of the control tables, the
20 radiation intensity of each individual lamp is set during a thermal

treatment. The adjustment devices required for this precede the

regulating circuits of lamps. They are controlled via the adjustment
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nmeasured paraneters h and I, which provide an indication about the
coupling of the wafer to the |anp radiation, one obtains information
concerning the nodel paraneters of the |anp nodel that can be 10 adapted
thereto. In particular if the |lanps are arc lanps, this nethod is very
advant ageous. It should be noted that the control tables (LCT) thenselves
can agai n be described by an individual nodel that in turn can be
nonitored and adapted via at |east one paraneter (e.g. the radial wafer

tenperature). 15 Ghpeeet 'R dapEi Gt hORedirdd 14MB Ka%iié't’}‘ofﬁ hat SipckotHee

regul ated, because it permts an i1ndication about the wafer tenperature,

qul 2 e erm ts . out "t he vt er "t e |
adi atton b, what TRvRIeTS, &b SOTRRIER Heinb A iafachate i MO "
I di ati h i Lf is .not r |ated in th der st h , . 20
wihits aid the sabaiens. frBpartSiinetiayhonsy i Srehdesrv R sibon

desired value. For this purpose, the lanp radiation h can_in principle
assune any course'tFHa@'Vlcg@(Hé?hﬁfﬁthéSttﬁr dsceomerlledayvite &ty indiedyal epasiatingz2
Lit Trnsl of PCT/EP01/07434 filed 29 June 2001 - Werner Blersch - AZ 3306-
Mattsord Thermal Riroditiptissuambtd Fig Matlnithistwapea megelhateatieneous heatihg ugn
auxiliary paraneter. In contrast, the wafer radiation j that is to be

regul ated is suppbf e wafehés aeRiRVEH NEspatially fHOthdletge dRgictRES Due’ ROtHeat i On
in the above-defined sense. Aging effects of |anps due to long service life

can be rapidly 5,compeasHeameRrs M bhgut vﬂfi?l"i‘f%%ggrﬁﬁirﬁ}fyc&ioﬂ 8Bat the

adaptation of their nodel” with new paranete nam c adaptation

of the lanp coupling of the wafer to the lamp radiation, one obtains information

concerning the model parameters of the lamp model that can be

10 adapted thereto. In particular if the lamps are arc lamps, this method is
very advantageous. It should be noted that the control tables (LCT)
themselves can again be described by an individual model that in turn
can be monitored and adapted via at least one parameter (e.g. the
radial wafer temperature).

15 Since the wafer radiation i is the value that is to be regulated,
because it permits an indication about the wafer temperature, and the
coupling measuring unit 43 compares this radiation i with the lamp
radiation h, what is involved is a control having feedback coupling. The
lamp radiation h itself is not regulated in the sense understood here,

20 with its aid the value i that is to be regulated is merely brought to a
desired value. For this purpose, the lamp radiation h can in principle

assume any course that leads to the prescribed value of the parameter
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parameters in a |lanp nodel with the aid of neasured paraneters is also
very advant ageous during a possi bl e exchange or replacenent of I|anps. Up
to now, in such a case a new nodel having appropriate 10 tables had to be
prepared. During the dynam c adaptation, however, the |anp can be
automatical ly measured and the nodel can automatically adapt itself. By
nmeans of such a nodel adaptation, the |anps can al so advantageously remain
in use for a longer period of tine. Furthernore, nonitored paraneters,

such as, for exanpkg,t ths Hér{gifl%tep;ﬁg% ﬂ aLB(illdrggJaYéﬁilﬁ?ér ?@?%ntra

t, .
paranmeters or nodel paraneter e er eon serve St oring

be. i natcated i ¢ R OPtRrRciisRiach AFERTRBiard ST RURGETIR P st or

adapted threshold 20 Wth the prelimnpary control illustrated in
B 7 only the LBl Haerecang heeyadeadation 5 T Abguer deiiie $9RS6. anp

radiation is taken into account. 23 Lit Trnsl of PCT/EP01l/07434 filed 29
June 2001 - Verner Bl efging effsgts gBimnpasstuestn lomhaenvice Bfeodanthe GapisliyFi g.
8 shows a systemw th which, in addition to the coupling of the underside

of theswafer, al soon*pensatqdl fongvithfout lgeeatpp@ense by akimple addptatiors of tHaer | anp
radiation is taken into account. In Fig. 8 the sanme reference synbols are

Conterned A Sophi RUENSTN ot itet FBuSETE: eymaic B et
parameters in a lamp model with the aid of measured parameters is
also very advantageous during a possible exchange or replacement of
lamps. Up to now, in such a case a new model having appropriate

10 tables had to be prepared. During the dynamic adaptation, however,
the lamp can be automatically measured and the model can
automatically adapt itself. By means of such a model adaptation, the
lamps can also advantageously remain in use for a longer period of
time. Furthermore, monitored parameters, such as, for example, the

15 Pstr from Fig. 4, or individual model parameters or model parameters
dependent thereon, can serve for monitoring the rapid heating unit, so
that, for example, a replacement of lamps can be indicated if individual
model parameters are outside of predefined or adapted threshold
ranges.

20 With the preliminary control illustrated in Fig. 7, only the coupling

of the underside of the wafer to the lamp radiation is taken into

account.
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advant ageous with wafers where the upper side and the underside have
different material coatings and therefore the optical characteristics of
the wafer are different on both sides. In particular in 10 the

sem conductor industry, in nmany cases the front sides of the wafer are
provided with one or nore |layers of different materials, while the back
sides of the wafer are not treated. In addition, one of the surfaces can
be provided with nicroscopic structures, while the other surface is flat.

f Kk h d'f ' els 15 for
the prel | m nar yeiﬁm o B oherousat SyRERPHIh wileh R S Eﬂfﬂ?@%‘m She

d | f th vvaf to the
o at fon resul 15 @@hﬁsﬁ 551 WO WGP 167 153,601 oEine Crest s O e
the prelimnary control value can be determned fromthe average val ue of

the two coupling WEiRUIHEMR Fadiatier is fakaretitr @ccorntontn Fiz & Reme As

Is illustrated in Fig. 8 the radiation h emtted fromthe upper and from
t he | ower banks ofefBEﬁﬁﬂe simaboletare iseddass inphiga7etoytheaandent tha thd_samerars!  of
PCT/ EPO1 /07434 filed 29 June 2001 - Werner Blersch - AZ. 3306- Mattson

Thernmals Products Eimildrietémedtsigrercdneerfediet er m nati on of the coupling
between |l anp radiation and wafer. Fromthese values there result different

adaptations of the fopwaggpaeid n%beee}dnahloa f e t ESUMWSEE‘“BE i&%ﬁir&me

| anp banks in the prellmnary control regulators 50a a

there results 5 aagbéﬁtﬁpsgntés Gt WfeR wWHfe YRBSpSYsiu8 " Ehd RREKSnddrsid@MPS

via a distribution uni
have different material coatings and therefore the optical

characteristics of the wafer are different on both sides. In particular in
10 the semiconductor industry, in many cases the front sides of the wafer
are provided with one or more layers of different materials, while the
back sides of the wafer are not treated. In addition, one of the surfaces
can be provided with microscopic structures, while the other surface is
flat. If one takes these differences into account in two different models
15 for the preliminary control, the regulation of the wafer temperature can
be improved still further. Since the coupling of the wafer to the lamp
radiation results from an average value of the front and the rear side,
the preliminary control value can be determined from the average value
of the two coupling measurements that are independent of one
20 another.
As is illustrated in Fig. 8, the radiation h emitted from the upper

and from the lower banks of lamps are determined separately, and are
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Due to the different determ nations for the adjustnment values of the |anp
radi ati on for the upper and | ower |anp banks, a nore uniform heating up of
the front and rear sides of the wafer 2 is ensured. This is 10

particul arly advantageous for very small structures. The invention has
previ ously been described with the aid of preferred enbodi nents of the

I nvention, wthout thereby being limted to these enbodi nents. For
exanpl e, pursuant to a further enbodi ment data transm ssion devices as

'm0 accont  and o 1) %“"%é?%ﬂ@i‘%t?@t ?K?*&fﬁ%?%@%%%ﬁ?ﬁ*@fﬁd@rﬁfnar y
. t a e no direc
el at fonshi p 1ot RO el fneliresR HeriEs, Mefe G5l dRteEentatasiEions,of the

anple, inpurities or cgntam nations of the quartz chanber that occur
g)l,(ll‘ irrﬁg t hemgour se?waé‘f‘ apﬁ@g ;5?9)@@&%’,‘ ?%mgetm@r;nﬂébe lower lanm banks invtheof

the lanp radiation, can be provided in the nodel by suitable paraneters

that are then depP&jineinanycortsdueguiators 50a gnd 5Pbr &f urterivane pthere aesutisssi on

25 Lit Trnsl of PCT/EPOL/ 07434 filed 29 June 2001 - Werner Blersch - AZ

3306- Mattson Ther differéntodontrel GfbtHeS upPed ) IdReBbanks of lamps via a
distribution unit 56.

Due to the different determinations for the adjustment values of
the lamp radiation for the upper and lower lamp banks, a more uniform
heating up of the front and rear sides of the wafer 2 is ensured. This is

10 particularly advantageous for very small structures.

The invention has previously been described with the aid of
preferred embodiments of the invention, without thereby being limited
to these embodiments. For example, pursuant to a further embodiment
data transmission devices as well as computing times of individual

15 system components can be taken into account and can flow as
parameters into the model for the preliminary control. The
measurement of unit parameters that have no direct relationship to the
adjustment value can also be advantageous. For example, impurities
or contaminations of the quartz chamber that occur during the course

20 of the process, and that affect the transmission of the lamp radiation,

can be provided in the model by suitable parameters that are then

detected by measurements, e.g. by reflection or transmission
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measutenents, and then affect the regulating circuit. For an ideal
tenperature control of the wafer, as many individual conponents of the
system as possi bl e should be taken into account, whereby here a conproni se
must be found between regul ati ng expense and success. Furthernore, as
above with the aid of the lanmp nodel or the (individual) nodels, system
nmoni toring functions such as, for exanple, nonitoring integrals can be
integrated. Finally, the individual features of the above-described

PCT! EPOL 07434 1 TS T0e s 70t e aREt 6P reBBjdnb GREl3E For g gl
(reatment of obj eStbpmesdtifeliet e walere 3n Sonrt gidi EOAiests GEer < 1 n
a rapid heating unit, w t objects are thermally treated with a

th whi, e
prescri bed tenper &YSER @@upgﬁs'ég‘d SRPH'Q PRnifKERt i@ ascount Whewby here a
regul ated with a tenperature regulation and a forward-acting control that
i s based upon a sicatipaemise Mot bedbund detwagn apgalating ©xpadse l@ndcsyccess.
characterized in that the simulation nodel includes at |east one
i ndi vi dual nodel Fheheimotejdas abovengiths thefaithef hgat ilaapapRedat gs ged/ or

of the object, and in that at |east one
(individual) models, system monitoring functions such as, for example,
monitoring integrals can be integrated. Finally, the individual features
of the above-described embodiments can be combined with one

another.
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paraneter of at |east one of the individual nodels is nonitored during the
thermal treatnent and in that the sinmulation nodel is adapted to at | east
one nonitored paraneter. 2. Method according to claiml, characterized in
that the object is irradiated with at | east one heating |anp. 3. Method
according to claim?2, characterized in that for at |east one heating |anp
an individual nodel is provided, and in that operating 27 Lit Trnsl of

PCT/ EPO1/ 07434 filed 29 June 2001 - Werner Blersch - AZ 3306- Mttson
Thermal Products GrbH paraneters, especially the irradiated heating power,
of the heating lanp are nonitored. 4. Method according to one of the
preceding clainms, characterized in that paraneters of the object that is
to be treated, especially the 5 optical characteristics thereof, are
nonitored. 5. Method according to claim4, characterized in that the
coupliﬁg of the object to the heat radiation is determ ned. 6. Method
according to claim4 or 5, characterized in that the paraneters on
opposite sides of the object are determ ned separately 10 from one
another. 7. Method according to one of the preceding clains, characterized
in that data transmi ssion tinmes and/or conputing tines are determ ned. 8.
Met hodoaccording to one of the precedi pateheClmmscharacterized in that
tenperatures of the object under 400C are calculated 15 subsequently.

1. Method for the thermal treatment of objects in a heating unit,
especially semiconductor wafers in a rapid heating unit, with which the
objects are thermally treated with a prescribed temperature course and

15 the temperature of the object is regulated with a temperature regulation
and a forward-acting control that is based upon a simulation model of
heating apparatus and object, characterized in that the simulation
model includes at least one individual model that includes components
of the heating apparatus and/or of the object, and in that at least one

20 parameter of at least one of the individual models is monitored during
the thermal treatment and in that the simulation model is adapted to at
least one monitored parameter.
2. Method according to claim 1, characterized in that the object is
irradiated with at least one heating lamp.

25 3. Method according to claim 2, characterized in that for at least

one heating lamp an individual model is provided, and in that operating
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9. Apparatus for the thermal treatnent of objects (2), especially

sem conductor wafers with a heating device (1), especially a rapid heating
device, a regulating unit having a PID regulator (47) and a forward-acting
regul ator (50) that utilizes a sinulation nodel of heating 20 device (1)
and object (2), characterized by at |east one nonitoring unit for the
sensing of paraneters of conponents of the heating device (1) and/or or
the object (2), which paraneters are relevant for the 28 Lit Trnsl of

Ther el Product s GabHSIottn SeroreihdiF. PRBIted Veing. PPush 8 e AL oo

paraneters with Iihe paranet.ers, of the sinmulation nodel and for the
adaptation of the arBBtaé?rggcg}lgor%q. the sinulation nodel to the neasured
paranmeters. 10. Apparatus according to claim9, characterized by at |east
one 5 heating |aflp. 1Methgdacspipingée enaiafghe presceding plrimshghatacterizesd i n
that the nonitoring unit is provided with at | east one sensor (10) for the
measur ement of opér dhatnparmmeters of she exyjecti thit ys ¢d behérelatedh desyiemibllyhthat i ng
power, of at |east one heating |anp. 10 12. Apparatus according to one of

the clainms 9 to lbpticslashacacterisiiud theredfhade mbaitoredi toring unit is provided
with at | east one sensor (11) for the neasurenent of paraneters of the

object (2) that is, to Watho@AcRErding S 4VohdicRhibadh FIPIRFLEIAIRE ©5

thereof. 13. Apparatus according to aim1 racteriz

sensors are provi geghd §@EFEnb helFHEBHAFis AfeRARAGET oS on opposi te

6. Method according to claim 4 or 5, characterized in that the
parameters on opposite sides of the object are determined separately
10 from one another.
7. Method according to one of the preceding claims, characterized
in that data transmission times and/or computing times are determined.
8. Method according to one of the preceding claims, characterized
in that temperatures of the object under 400°C are calculated
15 subsequently.
9. Apparatus for the thermal treatment of objects (2), especially
semiconductor wafers with a heating device (1), especially a rapid
heating device, a regulating unit having a PID regulator (47) and a
forward-acting regulator (50) that utilizes a simulation model of heating
20 device (1) and object (2), characterized by at least one monitoring unit
for the sensing of parameters of components of the heating device (1)

and/or or the object (2), which parameters are relevant for the
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sides. of the object (2). 20 29 Lit Trnsl of PCI/EP01/07434 filed 29 June
2001 - Werner Blersch - AZ. 3306- Mattson Thernal Products GrbH

simulation model, for the comparison of the measured parameters with
the parameters of the simulation model and for the adaptation of the
parameters of the simulation model to the measured parameters.

10.  Apparatus according to claim 9, characterized by at least one

5 heating lamp.

11.  Apparatus according to claim 10, characterized in that the
monitoring unit is provided with at least one sensor (10) for the
measurement of operating parameters, especially of the irradiated
heating power, of at least one heating lamp.

10 12.  Apparatus according to one of the claims 9 to 11, characterized
in that the monitoring unit is provided with at least one sensor (11) for
the measurement of parameters of the object (2) that is to be treated,
especially the optical characteristics thereof.

13.  Apparatus according to claim 12, characterized in that two

15 sensors are provided in order to determine the parameters on opposite

sides of the object (2).

20
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