;e3eP?~::; , =Lx=N>6>TP?Zf 7 METHOD FOR THE THERVAL TREATMENT OF SUBSTRATES
The pj 1 ion relates to a nethod for the thermal treatnent of
subst mmmmmmmmmjl ng to which the substrate is heated by a plurality of 5
separ at el A ntroll abl e heating el ements. Such apparatus are used, for
exanple, in e sem conductor industry subsequent to | acquering processes
of substrates, especially photonmasks, in order to thermally treat the
substrates for curing and 10 chem cal pretreatnment of the | ayers. During

t he t her mal eat TMETHOD kORI THD THERMAI TREATMENT QFUSUBSTRATES ty of the
sﬂmmmm%ﬁwmb% the applied | ayers be treated as unifornmly and

h as possible. In this connection, however, the problem occurs
t hat dweisttg uni form control of the heating el enents the substrates cannot

be uniformy treatedrésentinvehios cstestd 8eiethod foritife theanhaiftadmbAicyn to heat
the heating elenents less strongly in the edge region of the substrates at

the beginning of gyBstritBer4mRbrdifERIWRBA theSdubefales hBSte@DYtd AUrdh) éf On
initially a relatively greater nmass nust be heated. The heating el enents

are | ager heated Sgﬁg@tgf,ggm%wbiéhégﬁﬁg%%rggrti on of the substrates due to
the 20 increased thermal irradiation Tn these regions. -1 Lit Translation
of PCT/EPO1l 13905 filed 28 Novenber 2001 / Jakob Szekeresch, et al. | Steag
HamaTech AG / AZ. 3384 DE- A-199 07 497, which originates with this sane
appl i cant di scl OSS;ﬁzh § 0 | t ment of
substrates, accor mgéﬁbc??é\{/ﬁ?caﬁé gé %@E@ élglxér@b%f ﬁ&%&%@@?b@%b 8\5# bl e
heating el enents f

i at_a I dth str. j sposed 5
t hereon. The indis\lljlbégé{fe%?eg iA%%g%gﬁ@n%&%?’%Qegtegﬁ%eaﬁ%reeé‘g{a(g?'g}d by a
PID regul ator, whereby the.necessary desir.ed | ue, | rescribed in the
formof a desir e&i?g?’ﬁ%s'ﬁr Ut Pf‘%.rst? r{x?rmailyctgerﬁé&q ,S“B%tiﬁtg%ﬁqrv%rwg ?ﬂ fileis
under st.ood to nean the determ nati f desired yalues that, vary.with tine,
especi B Ly in ¢ e afeetmet ofife Ryefs”slito R o dBemighli ¥
tenperature distribution opn the substrate surface facjn fromthe
heating pl ate i s PR IRGHe-ApSSINEN, UBRAILY of e subsHatesdnalans agpLed
distribution on the substrate surface relative to the desired-val ue
profile, changed 'R¢¥s Pedrapied as Unorgi: apd npemegenpustyias pessiklie-ditihieat i ng
el ements and are conveyed on to the respective PID regulator. This provides
the possibility clonpaefan SRVA¥Erc ter Rrebleshacers thaé dydRg HBIERrTEEQMErohPbf i | es
during the treatnment process in order to achieve an inproved tenperature
honogenei ty over thedeatingelementssihersadstrates cpprgtiner unifornly trastedbdueites t he
problemthat it can always react only to already-occurring tenperature
i nhond@enei ti es ®@fgeneffastinsitriaithkerefre known émea{ henhegtingEiemeote 188005 il ed
28 Novenber 2001 ! Jakob Szekeresch, et al. | Steag HamaTech AG | AZ. 3384
surface in order stwnglybivethecsrdeyregnr ekthet subsirates at baheginning oféhe
desired-value profile of the individual heating elements. An anticipation
of future tenperdhemaali ieatmepbneincé ép theatenteal uportion iinifjaliyne relativelent i s

not possible. In addition, the problens that occur during one
greater mass must be heated. The heating elements are later heated

more strongly in the edge portion of the substrates due to the

20 increased thermal irradiation in these regions.

-
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5 treatnent, for exanple an increased tenperature inhonogeneity at a
specific tenperature value, are not taken into account during the treatnent
of .the next substrate, since the previously established desired-val ue
profile is again prescribed for the individual heating elenents. One can

t hus expect the same problens fromthe previous 10 treatnent to occur
during the next treatnent. Proceeding fromthis state of the art, is
therefore an object of the present invention to provide a nmethod for the

t hermal treat mentDBA-HSBT AQT ewhich atigimatds! with this shihe @pblicant idisglgsescess
control in order to 15 increase the tenperature honogeneity on the surface

of a substrate thatapparatastend aanéedd for e termap treBendnt W Hubsitateg he st at ed
object is realized with a nmethod for the thernmal treatnent of substrates,

according to whi gcémg?Qo Swhrhr at @lurglitpest %éﬂbﬁéte?y PEdrtdlIaklY Réathfypar at el y
control | abl e heating el'enments, each of which has a prescribed desired-val ue

profile, by the |lnGRéntsHistTRASURE 0 It i ubstrate
surface -3 Lit Transl attgi oﬁtrrgf %&%@g/ glgigéagn??ﬁﬁgg %851%?\5@%{)&3?%30%1 1 Jakob

neat i ng. ol ement & PR TR BT ey lefer B oo B R et ur e
| homogene 1 e GG Fddifbud viBFoti P dRb s Ry LEBREY ualGh s el yrew

dezi rﬁd-val ue profi ) ased on e de erlm m era onogenei ti es,
reatment. pr oces a8 el ARG AR BRIK" I BuF Skt Reo o ™S BRE cone o
ol erent s are new’y CHIFIRE o HeARIES Aeis iR tany o Ses B R el Yabiront

processes, so that..tenperat ur@ j[}hormgen ities occurring during the thermnal
10 treatnent are WHMERS§PECRANCG IV BREVAS t he definition of the new
desired-value profiles and are thus prevented during the subsequent
treatment. This results in a self-optimzation of the desired-val ue
profile, and hence a nore honobgeneous thernal treatnent of the sybstrates.
15 Pursuant to a PHINGI G IEAMST; Sfesess hmemPREreo HIRtIRHIORY BR: fh, 2
tenperature i nhom)%enei ty that occurs during the thermal treatnent is taken
into account in &uPakatectytacs fpcignaway fiom g&ﬁ heatng plate is determinadthe
definition of the new desired-value profiles. During the definition of 20
t he new desi r ed- \aldu@spaoinction of dpdempenature gdistabution: ke thenstiete y, whi ch
occur, for exanple, during a certain tenperature or at a certain point in
time in the treatswface relativerdo itk slesired-value quofile, phangedt desinedsvalues, i t
Transl ati on of PCTI EP01113905 fil ed 28 Novenber 2001 / Jakob Szekeresch, et
al . | 18t eag HanaTereldef@d fohdhe Blividual begtingaelementsrandharerconpeysd ertopoi nt i n
ti me being obtained, so that these tenperature inhonogeneities can al ready
be counteracted dhel mepectivergdibatragdstosr atfhieaptdvigespdihent possibility nef Thus,
al ready before they have occurred, one can begin to conpensate for the
det erm ned 5 tenpedattakiegi cbwectipaaeiof i the. dehired-walue c ppoditesr yduriagi the | nt o
account of inhonogeneities that occur at specific points in tinme or at
speci fi c tenper attteatmenh qisbeessaimgrazdén o | aghieecdnt éimproved uteenpeoatogenei ty
during the treatnent.

homogeneity over the substrate surface.

20
However, this method has the problem that it can always react only to
already-occurring temperature inhomogeneities on the substrate

-2-
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10 The tenperature of the substrate surface is preferably determ ned at
predeterm ned surface points in order to reduce the cal cul ati ng work
necessary relative to systens where all surface points are taken into
account. To increase the precision of the nmethod, the average val ue of al
measured tenperature values on a surface region associated with a 15
surface point is assigned to the surface points. In this connection, the
associ ation of the surface regions to the surface points remains constant
during at |east coffacedswrdérgtecgobsequently dorrettothelt alahauchdngenofr ¢ul ts over
the neasuring cycle. 20 Pursuant to a particularly preferred enbodi nent of

the invention, tleshed-uallbiproTiobr heandisualtmiatinglelericnts. PAR Bhliepatione!  ect ed
with the aid of a weighted association or coordination of the surface

points to the -5 dpiflturly RRfPeRatuR)inPonidgehéites! ks d8eur dlrRg (A8 thiaydeker 2001 |
Jakob Szekeresch, et al. | Steag HamaTech AG / AZ. 3384 ~ individual heating

elenents, as a resyd Wssi.Chint Baditibh," fHeS Probiéths URBE Scliir Bhﬁn?% ng

el enents to the various surface points is taken into account. Tn order to

opt oL NS or " GRS A TRRH g b iR RReE oL o0
during at 1east apgofEashiRrueyShe Hhe i RLATNASIORA SR pihe

i ndi vi dual heatin 0 thé surface polnts can, € varied
during the definigi f n desired-v rofile | raer al so
achi eve an opti m.trtzeg?ﬁ%rﬁ \R} Dﬁerg%r %ﬂs&rﬁ?%egihggolgpa“egf?_us%%sr%g)ﬁsﬁe%
desired-val ue profile rovi de desired-val ue changes i.n.certajn tine
terval s i n of adesrEyRLE RiEts B oAl Brastliord 300 Ran ifaided” biatiien

i nproved adaptation of t desired-val ue, durin e definjtion. of the new
ob! red-val ub. pr GiamELs: fine Faik i kPot e g Hebles Fom s plRidts changes
are prgferabl y nﬁvv{}/ sel ected. A new defi ni iripon of the desired-val ue

profi '8 is pref edaieRte oceW AUsiNG e PeXtAIEaLPERt r ¢ | nhonogenei ti es occur
above a prescribed threshold value, since with tenperature inhonogeneities
bel ow t he threshold 20 val ue one proceeds froman optimzed systemwhich to
the extent possible is no longer interfered with. During the thernal
treatnent the -6 Arpeeeding diom iths tatepefriherart; isstwsefore @i otieslodbt®er 2001 |
Jakob Szekeresch, et al | Steag HamaTech AG/ AZ 3384  substrate is
preferably di spoduesest iaveitignetodproyisieca metheddar the: thermal dtpadmentedt s and
the substrate. The inventive object is also realized with a nethod for the
optim zation 5 ofsubekatesdhataenables af s¢lbeptimiziagpprocess contestl is egsderatoel y
controll able heating elenents for the thermal treatnment of substrates,

wher eld$ t he heat iimereases thentesmperatune ioswgeneity ohdhaisdrfate 10é apadisiratel y
prescribed desiredvalue profiles, the tenperature of the substrate surface
faci ng away fromthétds keebe tregtedl enents is | ocally measured during the

heating and 10 tenperature inhonbgeneities occurring on the substrate
surface are

Pursuant to the invention, the stated object is realized with a method
for the thermal treatment of substrates, according to which the
20 substrate is heated by a plurality of separately controllable heating
elements, each of which has a prescribed desired-value profile, by the
localized measurement of the temperature of that substrate surface

-3-
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determ ned as a function of tinme, whereby new desired-value profiles are
defined during the treatnent process based on the tenperature

i nhonogeneities and are used for a subsequent heating process, and whereby
the aforenentioned steps are repeated until, at every point in 15 tine of
the heating, the tenperature inhonogeneities are bel ow a predeterm ned
threshold value. In this way, as already indicated above, an optim zed
desired-val ue profile can be established. The inventive nethod is
preferably utili fagingvanay fromn dinea bleating eleTirents dueimg ittuen theirinlal reatmepitai ned
subsequently wth the aid of a preferred enbodi nent in conjunction with the
drawi ngs; in thedeteaminagion -of tentpefatans| mhomogeheifssT| otdutriiBo6S fhel ed 28
Novenber 2001 | Jakob Szekeresch, et al. | Steag HamaTech AG/ AZ 3384
Fig. 1 shows a sshbstrite suFfacts defiationbf ABwidegired-valte Pysiliebased drthet her mal
treatnment of substrates; Fig. 2a shows a schematic illustration of a

substrate di sposeetedmireddteiparatin inhamegerditibs, dAd MWPrVRIGrAGH the inBat shows
the influence of individual heating elenents relative to certain surface

poi ntsson the sultied-QaluEl Profifess FersuBdedueht Stdatrhe M pPdcelsBés. chrmaRol ogi cal
change of the |ocal desired-value distribution for individual zones of a

zone- control | ed HetigdlchagleB! seitoptitizingBRIcbS cBRRAS Kindlthe Wekliga-cour se  of
a thermal treatnment of a substrate; Fig. 4a shows a table of a
desi r ed- val di ' i ¢ P [ ; ' th I
Croat ment havi ng anCondCEREarrBRa T 1o iAaR, nRy Bdhe i By o
shows a_graphi ¢ ideihied TaAbi ARgE avaikHle fordsiisehten2teifmBne biddBssdd, %o 5 Shovs
a schematic illustration of an iteration cycl'e for an automafic

timzati f ' desy - file. Fi h
optim zation of % Ar93hELAfGeIoRIGsrRliE REBlihS diify thefMmd

schematic side view n apparat us rthe trea

bstrates. ' ' f PCI/EPOL/ filed 28 2001 !
S 8L S5 52 Ve 3 i, o AP RTE M e iR oL BRRL, 20
has a zone-contro]l ed, heatin |late 2 that is c rised,of uadrati c base
Diate 3 having adestedHaia MianBs hi.Arg BE oreeatebai oralbsHBens) Ly o 3
has a first planar er side 5 and a se nt ed undersjde 6. By ans of
f_ogr rgspect}vtehﬁr@ﬁgﬁ? 'ofﬁ%s g?ﬂ'@?ﬁg' ba Z%ESP%Q‘FEVRP ﬁértbégﬁ%ﬁg?’laﬂ{%ott[lel f
si de edges o e heatin at e, e underside 6 .is vided into a total o
25 square segrrentp_é°f§‘?' ‘?Hg hao’f‘oieng‘Oﬁ\oQS\)%%“S_?t"l%’f“?leé’ﬁamﬁma?fpm?xi mat el y
to half of the thickness of the base plate 3. Di sposed upon the square
segnents 8 of théuﬁété@tﬁﬁ-g plate 2 are respective square heating el enments
10, 10 which are connected with the segnents 8 of the base plate 3 in a

sui t aBPe manner) such as by being adhesively joined thereto, and which form
correspondi ng heating zones with the segnents. Due to the arrangenents of

the heating el endlirsuand tapadrpariicularygpiefereeds emilediorendref thesipuentionelay
separated by the grooves 7, the segnents are

temperature inhomogeneity that occurs during the thermal treatment is

taken into account in an anticipatory manner, in terms of time, during

the definition of the new desired-value profiles. During the definition of

20 the new desired-value profiles, jumps with regard to the homogeneity,

which occur, for example, during a certain temperature or at a certain

point in time in the treatment, can be taken into account prior to this

-4-
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15 thermal |y separated from one another so that they do not nutually

i nfluence one another, i.e. that no significant thermal cross talk occurs
between the heating el enents. However, via the base plate 3 the heating

el ements 10 are adequately thermally coupled with one another, so that on
the upper side 5 of the base plate 3 a 20 honpbgeneous tenperature
distribution is achieved without a thermal definition of the individual
heating el enents in the thermal pattern of the upper side 5. Associated

wi th each heati nderopenature arothesrespaetive goint in timeaheingt okiaingd, pCTth&EP01/ 13905
filed 28 Novenber 2001 / Jakob Szekeresch, et al. ! Steag HamaTech AG t
AZ. 3384 il ust rixesed terapgretune unkorsegeneitiesncarh alreadynbef ceuntéractedcatupl e

el enent, which nmeasures the actual tenperature of the heating el enents 10.
I n place of the tidwemzenpephtaresl ematnéearlien points ial tswe.pdbsis bhleeady befereot her ,
e.g. optical, tenperature sensors. 5 Although the heating plate 2 was
descri bed as a onkeyha&eeobasredplont&ad tegin ttoconpensate Torfthe mieterivesdei n f or
the segnentation of the upper side 6 of the base plate 3, it should be

noted ghat the bas@pefadire isheodehditiest OTH® Anttipatos) takMganty accdnft bhe
heating el enents 10 could be 10 connected with the base plate 3 directly or
via spacer el enenioméderichtRsSHAE dEBIMAE spbéific | goirfs tih Oiné Sorngtt spédiid ed to

t he shape and nunmber of the segnents 8 and of the heating el enents 10. The
pl anar upper si dge@pgfatihrds Q?a‘-’o%sobabl%aﬁg( QinprdlRdNRAIIRSUR Fofhobehsityl ©

di sposed adjacent to a substrate 12 that 1s to be treated, e.g. wth a
spaci ng bet ween Qiug'ing'mege nt.The substrate is held over the heating plate
1, for exanple on folr non-1llustrated hol ding neans. A

t enper at ure-neasuring device 17 in the formof an infrared canera is

di sposed above the heating plate 1 and the substrate 12. The infrared 20

camergols is dir eeféngtfbggtg@ p\"fﬂ'ﬁeggutgftr%e Jsgrfé’ e Pshﬁrei#gtzlg;ﬂ%i@mﬁﬁe& gt faces

away fromthe heating rntrared camera ains a
non-illustrated s NG devi Wels ] (1.0 I8 W -10 Lit
Transi ation of POTPERETSE kiRt BYE i gHREE Hegud e baouBnll Ublke L 0 o
al. | Steag HamaTech AG I . 3384 he ihe r f t he
substrate 12 is srée&ﬁa?ﬁrvJF%V%g%ﬁK%Sﬁ‘SM%ﬂ'SSW? kPé’?@éaaﬁgﬁ%‘ée%d@Eﬂ ce, a

| ocal i zed pattern of the. tenperature distribution of.the upper side 18 of
the substrate 12 ?@OH?%&PC@E'%% SRRPCISIOR %fR*E? P‘@ﬂm f'}?C%V%rEE%X%{H%Q , for
exanpl e, once 5 every second. The infrared canpra 17 is connected via a
data line 20 wit FAlkmeasksad tergreraiure values onas$ %Pfﬁg'%aﬁﬁc'é}@aw 3 he PC,

t he neasured val ues obtained fromthe IR canera are processed and a spati al
10 teriPerat ure disHrfacemoiniis aptanadhio hpserfage peinte Nethisicannectiodig ate i s
determ ned and is processed, as will be described in greater detail

subsequent | y. | n ¥ssgciation@f then spfpehdrgions 19 Heo SHEace RAINS| remaiPRini sm 24,

as well 15 as a PPID regulator 26 that is connected with the individual
heat i ng constant during at least one measuring cycle in order to obtain uniform

results over the measuring cycle.

20 Pursuant to a particularly preferred embodiment of the invention, the
definition of the new desired-value profile is effected with the aid of a
weighted association or coordination of the surface points to the

5.
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el ements 10 and the non-illustrated tenperature sensors, and fornms a
control loop with them The PID regul ator regul ates the heating capacity of
the individual heating elenents 10 with the aid of a desiredvalue profile
that is prescribed by the process control nechanism i.e. a 20 series of
desired tenperature values) especially tine intervals, that vary with tine,
and the actual tenperature values neasured by the tenperature sensors. -11
Lit Translation of PCTI EPO1ll 13905 filed 28 Novenber 2001 | Jakob
Szekeresch, et alindividaliealingrgtirmenta@s a resut ;g whichthg differepbiRduencechemat i ¢
pl an view upon the heating plate 1 with a substrate 12, such as, for

exanpl e, a phot o®hdRe headipe lementsrothe Yajiousesirfacg poRtssist takgadNley t he
heating el enents 10 and the 5 segnents 8 are schematically indicated and
are nunmbered 1 t @ceaunt| ndiardercty olfein unitorrauesultsawishinza meassiing syee.poi nts 1
to 13 which, as will be described in greater detail subsequently, are used
as coordi nati on e weighted associatiomeofrtheoigdivickil iheating: elerhemtat focthel an vi ew
of Fig. 2, the substrate covers the central nine of the entire 25 heating
zones 6f the heatsurfgcelpaings BEemdihercehstant duhing atleast by measuriepcyaet of the
substrate mainly these nine zones are involved, although the renaining
zones al so have dimel wkightstt assgniationhef theeindhlidual dwatimgtelerhenthe thaebl e of
Fig. 2b shows an association of the individual heating zones to the surface
poi nts on the sulsifaéd poinlcarnsvAevErl ibervafied dufing e aefirntichvoftnd new Fig. 2
is not exact and should nerely indicate the principal of a weighting. For

exanpl e, the healdeBPed-3BRE! profikein \bedbr2fd hisBMaéhievd @l bpimZatiéh lvind
reaching the substrate 12 influences exclusively the tenperature of the
substrate 12 in tBhgyediadocilisnsur face point 1. Thus, the heating zone
is associated 100%to the -12 Lit Transl ation of PCTIEPO1l 13905 filed 28
Novermgr 2001 1 Jakob Szekeresch, et at. | Steag HamaTech AG 1 AZ 3384
surface point 1. In contrast hereto, the heating capacity derived fromthe

heating zone 2, & H%ﬁ@&-@ué Rf?ﬁée@ﬁé\ﬁ&? d%%i@c%%lhé‘%@éeé‘% Qi the

tenperature of the substrate | egion o e surfa point 1, but also

f th f i nt - 1 hi ' ; j i f 5b
O ot he siriace DA foryh® ih Bl O BRRREL U pddie o BEOTS, Sovsae ! S by
than th f ' T : j: ] ' jth th
su?? aceep?)iu;n Sci dgﬁh{b %O\l?(:'fr?J %&ﬁzétfoh%gftﬂggé%g'%?td éﬁd’it@z&gﬁg@&t (ﬁéﬁg\/\ei ght gd

for all 25 zones of the. heati ng te,1. .10 Fig. 3 sh four instantaneous
plottings of the Wﬁ&\"&%ﬁ'&? B’I%h% ethgf t"é‘el g'(t,%f’alaeiof (r)tﬁg-%ﬁ'r&g' %t ribution
for tH i ndi vi dualh zones of %éﬁnecoptr | Led heating plate having 5 x 5

heat i § zones dur9"R§ItHECHRE bW S5 * treatment of a substrate, and

are grouped about a central graph. The central graph shows the
chronol ogi cal devel opnent of the 15 average val ue of neasured tenperature

val ues on the substrate _surface, ereby the perpendi cyl ar,_ |ines rk the
points in tine atAﬁﬁW&?ﬁf"ﬁ@”SE&er(gg'r9§1"%@§pfr ey ef%ﬁﬁi\//iegﬁgﬁ R8¥'t ng zones
are varied. In the central _graph, the vertical axes show the te ature t
in C while the HEMPSEAYR INfeMOdeneiies  a5GUE APRYe: iAmprasciihedt; ROk ng
seconds. Wth 20 the four instantaneous plottings of the |ocal

desi red- val ue det'\@yf, ndb¢eydth tereresalire dehqraoganelties rkelew theethrestigltti ve
heating zones in Cis indicated on the vertical axis. The two ot her axes
-13 Lid0 Transl at | @i PnpaIPesesds] oo gntentistizeds skeeenwbichatsothe exterbp

Szekeresch, et al. | Steag HamaTech AG | AZ. 3384
possible is no longer interfered with. During the thermal treatment the
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represent the 5 x 5 basic pattern of the heating zones. The upper |eft
graph shows the desired-value distribution of the individual zones of the
heating plate 1 at the beginning of the thernal treatnent, i.e. in a tine
interval fromO seconds to approximtely 1 mnute. The graph 5 di sposed
next to it at the right shows the desired-value distribution of the
zone-control l ed heating plate at the point in tinme of approximately 2

m nutes 5 seconds, which is maintained in the third tine interval of
approxi mately 2 uhsHaig isopreferablyt disposade on odvtiatecdispesash hetasns thene
desired-value distribution at the point in tinme of approximtely 5 10

m nutes for the dierting elementsand the/substiatet he graph di sposed next to it to
the right shows the desired-value distributionin a final time interval,
whi ch begins at approximately 11 m nutes. As can be recognized by the upper
| eft graph, at the beginning of the 15 thermal treatnment the central zone
i s heating nore dthednggntive lohiechiscalshcealized withaneethosl foc the optiniizatianegi on
initially a relatively large nass nust be heated. Fromthe graph disposed
next t6 it at thefdesihed-ealee peofilesofoypiurality bibdepahatelyaontrallatte heating heat ed
| ess strongly, which is attributed to the greater thernmal radiation in the
edge region of t leterdénts dtrstheathermdltreatraemti dfasubstrates whereby dizen hahting
recogni ze fromthe | ower graphs that the edge zones of the heating plate
are heated at | eatémenststdral Heatetbwithsthe aiid)lof réespuetively tprescriead rddsirégne. - 14
Lit Translation of PCTIEP01113905 filed 28 Novenber 2001 | Jakob

Szekeresch, et alvalle SicRS, taneekAgdtatiie /of Ale 38Bétrate uBfacéd fabingsaviayt Ypi cal

profile for a thernmal treatnent of a mask, according to which an end _
tenperature of 1k¥m tfe heatly E6MeRSSH 166hIIl iReduirdPa6riIRY t@%aﬁﬁ%ﬁrﬁi- In this
connection, Fig. 4a shows a table for 5 a desired-value distribution for

the zgges of the t&ft?é?a’ﬁﬂeﬁhﬁéﬁogéﬁ%ﬁ?&?ﬁc&@riﬁ n! Rkt sdtRfdteColitab: biae | engths

of the individual me 1 nterval e respective tenperature step are

091 caLed 19, Spaine AR TRIBNEIGhofl Nl SSRER B e
0, G, 4 10,550 i i e o BGRRA i s PcR e 1oL 0

zones 1 to 25, and'the axis oward e tine

R REE S g At et T R
e e e
i ndi vidual heat 1" Shebeofeathg: 13 PRSP iompRedsites, ol ARY 3,
e Y R REa S Aok VAR S R RRFCEE' Gl afikiarf! ve 1o

above, an optimized desired-value profile can be established.

The inventive method is preferably utilized with photomasks.

20
The invention will be explained subsequently with the aid of a preferred
embodiment in conjunction with the drawings; in the drawings:

-7-

Lit Translation of PCT/EP01/13905 filed 28 November 2001 / Jakob Szekeresch, et al. / Steag
HamaTech AG / AZ 3384



of the heating plate 1. The desired-value profiles that are used next can
have any desired form e.g. they can all be the sanme, or they can -15 Lit
Transl ati on of PCTI EP01113905 filed 28 Novenber 2001 | Jakob Szekeresch, et
al | Steag HamaTech AG | AZ. 3384 represent normalized starting profiles,
as wll be explained subsequently. The desired-value profiles are designed
for the thermal treatnent of a specific substrate, as well as being
designed for achieving a prescribed end tenperature value. 5 During the
thermal treatnment, by neans of the infrared camera 17 the tenperature on
the surface 18 of the substrate 12 facing away fromthe heating el enments 10
i s measured and iHlg.cdrshopnsdaschematit eside niew oh@nuinvent2. syister Her dhenput i ng
unit 22, the average value of all neasured 10 values from one surface

regi on associ at edheaindi tiehtmentrdf adlestradés)t i s respectively associated with

t he previously nentioned surface points on the surface of the substrate.

Thi s associ ati on Fg.nphishoas & sehembtiedluetratiorabt al substrateolispesediesia ed- val ue
profiles. 15 In the block 34, at each point in tine of the thernmal
treatnmgnt, the teaigtingpuite difference between the surface points on the
substrate surface is determned and is conpared with a predeterm ned

threshol d val ue. Fi§. bH&HoREPE tata tRatddHdwdy BRCARBENCRAGNINARIdYal heafiigre of the
thermal treatnment 1Is below the threshold val ue, the process contro

proceeds to 20 thgembRBkefive Witdtain SGHRigtnts BAtthaSurssHatdn zed

desired-value is present and no further adaptation is necessary. -16 Lit

Transi ati on of PGEEBOHGAAORS sk sdor?br MY @FRMpIOERAH charlgp 17 Rl esch. et

al. | Steag HanmaTech AG However, e tenperature ference

at | east someti ”Erfég?é&-%@ﬁr%i EE&L@RRS@P'iﬂdNBhHonE{? o?ré’“{‘a?ﬂ%-c?dﬁ%ﬁéﬁ

proceeds to the the desired-value profiles are

ueea 1 thi s connsarnB it (488 WERNG Do TR nE Eofad ot MR of "t e

surface points o Q the zones of the heating surface. The
new y cal cul at edqﬁéﬁﬁﬁé{é&\s/éa%%}es?ﬁage'transm’tted to the start block 30 and is

specified in pla of, the previgus stayt. profile. Wth this new

cal cul at ed desi rg"ﬁgvﬁ? f@oﬁlgo?it?@? %{S? é{?&g‘%\’?m%r%}{%?tfoé‘aflweﬁr%@ess is
now carried out, while i N the 10 IockI t32tt he rt,e. er at ua? di st@iﬁbuhi on on
the substrate surlfeaigdiplate.duringa therpaltreatpat haying.9a pRA fempIglie O ynt i |
the tenperature d{ﬂf fc,&rence litl)étween the surface points on the substrate
surface at each pbitht FPhasHRsirate) | s pel ow the prescribed threshol d val ue.
At this point in tinme, an optim zed desjired-value profile is established,
whi ch Teed no 15 Tignffeshows a granhicilesirafiop of syeh %dsgquwamp@&q:red-vm ue
profile is used for subsequent thermal_ treatnment processes with substrates
havi ng the same pdParetBPYs o FChRMENC Jlistiagon ofhan ilgratien cyelesfreanng
tenperature value. 20 During the recal cul ation of the desired-val ue
profiles) it is pRidemplieopimization efn piesribadgesiredyalugtrip@ledet er ni nat i ons
during prescribed tine -17

Fig. 1 shows a schematic side view of an apparatus 1 for the thermal

20 treatment of substrates.
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Lit Translation of PCTI EP01113905 filed 28 Novenber 2001 | Jakob
Szekeresch, et al. | Steag HamaTech AG | AZ. 3384 intervals. Rather, the
|l ength of individual tinme intervals can al so be adapted. The coordi nation
of the surface regions of the sanple to the surface 5 points, or the

coordi nation of the surface points to the zones of the heating surface, can
simlarly be varied. Pursuant to the preferred enbodi nent of the invention,
during the recal culation of the desired-value profiles the tenperature 10

i nhonogenei ti es tThat appaiatusat! daspacizpne-cpafolled; healinge plate 2akkat isnt o
account in an anticipatory manner in order to achieve a uniformand early
adapt ati on of th&ompised ©f a fquagitaticelragepplate & havipgian espentiafhe ripht 50
seconds a tenperature i nhonobgeneity occurs at a specific surface point,
with the new y canglgdaaress-geation! dherbaseipidterdbl@maifirst planasiupparisida t aken
into account at an earlier point intine) e.g. T = 30 seconds) in that the
desi r ed- val ue pr @hdlaesegmerited aadersided. hiBynmeags ef foue nespestivenrotgiees aruch t hat
already at this point intine a locally stronger or |esser heating is
effect 8d. Thus, tgneoviespéiattextend perpemdicular to the side edgepodtelheatingr w t hout
tenperature junps of the heating elenments and 20 greater junps during the
desired-val ue detppste) haturierdicd Beedivided intoda totduef 25 séearealegments38.Li t
Transl ati on of PCTI EPO1l 13905 fil ed 28 Novenber 2001 | Jakob Szekeresch, et
al . | Steag HanaTehddth lof Ade 3rdtves 7T BErrés)oneas EpPEdxANSEIOR! half 8AtHeON Must

be carried out for each different substrate as well as for each end
tenperature val ugyicliessafhé haBe Pitd RY MiBSostRAN §SdH fﬁétdq‘t’har@&e*ﬁ&ﬂh@em
desired-value profile for thermal treatnments having different end
tenperatures, inideigkl ; | L ze = : hng this
cal cul ation the gsfstﬁlrerp%{?%rqai @Q(r?ggeé%h%gaté ﬁtie\)et E%‘#ar?rgfﬁ%:ﬂgpgéltg ﬁei‘P P{s,gflﬁ?: of the
subst gt e type i i : i r r

Theref1gre, t he n&@f%@%ﬁbb%ﬁ%#@vlﬁ[@o?&& éétg%%mthé %EE@_;ﬂétg sha

roman optinmzed profile in

that Tt T's di vi dedlifelni 2R LAY Al HiEnAby 0B, Bha Shigy of 1€ 11

order to 10 obtain a norna profri r rther desire nd
tenperature, the j fi i | td Pl i.t h e, N end
val ue. The thus Cfgrf?ri@gieég&ﬁlyrﬂggﬁrﬁﬁggg%ﬂ% Fﬂgggg@et en Dtlﬁjgetg gnsg a start

rofile during t i LO | e, 1.0, I i nher of

!Ot erlati onuclyclgesmg?élnggh%b{sa htﬁé\ﬁeﬁgﬁiﬁéh%ﬂt‘%l%ggoﬁm%géi}g%rﬁtg%’ P@mg‘an be 15
consi der abl reduced. Profiles optimzed,in such a can_be nmade

Cva | gl o o o outEotaspertyely 3ePRiaid 5 e Gtdips” 7orthes ShmeEntS A

combi nation with the t hod kn from DE- A-199 07 497) which to thi

oot & ade. t HACEIAY ARPASR e Tar oGt anafher sa<Brt (EYNES hat Makivaly or der o
avoid repetition., ternativelﬁ/, the optim zation cycle can al so be

of fect ed by cust JeDFe dhe aiater ke, dhalce S9pHRRMtINeNIal SRS talk oGRS, sel f

optim zed over tinme. -19 Lit Translation of PCI/EP01113905 filed 28
Novenber 2001 | JXgtueersig deating elespents. Howevarg ViaaHieThase RlBt¢ thessss

heating elements 10 are adequately thermally coupled with one
another, so that on the upper side 5 of the base plate 3 a
20 homogeneous temperature distribution is achieved without a thermal
definition of the individual heating elements in the thermal pattern of

the upper side 5. Associated with each heating element 10 is a non-
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The invention was previously described with the aid of a preferred

enbodi nent of the invention w thout, however, being [imted to the specific
enbodi ment. For exanple, the heating plate could al so have 5 sone ot her
shape, such as, for exanple, a round shape, with round heating el enments or
heating el ements fornmed of circular segnents. Instead of an infrared
canera, another, l|ocalized tenperature neasuring device could al so be used.
--20Lit Translation of PCT/EP01113905 filed 28 Novenber 2001 | Jakob
Szekeresch, et alillystrateshigmaenatwes: pensor in fe foem4of a ther@gcoumleielament, Met hod
for the thermal treatnent of substrates, according to 5 which the substrate
is heating by a pyhielmeagures tb@pghuat@n;petaiuter@ﬂtha(ﬂqaeetimgaaleme@t%i%nﬁms, each
of which has a prescribed desired-value profile, with the follow ng nethod
steps: a. | ocal i péatenehther ihegmodouple eteorgids, at isr alsofpashibles tdhese athersur f ace
facing away fromthe heating elenments during the 10 thermal treatnent; b.
determ nati on of egmpdicalt teneperatucarsersoes.t i es occurring on the substrate
surface; c. definition of new desired-value profiles based on the
deternbned t enperature i nhonbgeneities; and 15 d. provision of the new
desired-val ue profiles for subsequent treatnent processes. 2. Method
accordi ng to cl aiAfthbugl ltiee heating Flate 2 wakdescibddcag aroriewpiece baswplateenei ty
occurring during the thernmal treatnent is taken 20 into account in an

antici patory manrghaving grésves P forkedetherditi fatahé fse;;ﬁ'ﬁﬁ'tdﬁbhid?rth@fulpbéﬁ
desired-value profiles. -21Lit Translation of PCI/EP01113905 filed 28

Noverber 2001 | kol Sz@kasschlatees, AlsholidSheaBted T 95 A loidiE 8384 3.

Met hod according to claim1l or 2, characterized in that the tenperature of

the substrat e SUTdGRfens Tt elF Biehlar HRAHE RS Welis RETCELR b

Met hod according to claim racterize at” the average val ue of all

ot 5 ace) gnod ey Rd VAR e RS pbte SUECTH 18 PEERDAnERS BT s or

e surtace pol accor (0] aim3 or

4, characterized di,d Q%‘hn&ﬁ?helﬂw%ﬁﬁ&?isau’idt‘ﬁﬂwit% tb ¥ SHASSGAd hERLBPSF L0 the

surface points remain
the segments 8 and of the heating elements 10.

The planar upper side 5 of the base plate 3 of the heating plate 1 is
15 disposed adjacent to a substrate 12 that is to be treated, e.g. with a
spacing between 0.1 and 0.5mm. The substrate is held over the
heating plate 1, for example on four non-illustrated holding means. A
temperature-measuring device 17 in the form of an infrared camera is
disposed above the heating plate 1 and the substrate 12. The infrared
20 camera 17 is directed onto an upper side 18 of the substrate 12 that
faces away from the heating plate 1. The infrared camera 17 contains
a non-illustrated scanning device having a moveable mirror via which
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constant during at |east one neasurenent cycle. 6. Method according to one
of the clainms 3 to 5, characterized in that the definition of the new
desired-value profile is effected 15 with the aid of a weighted associ ation
of the individual surface points to the heating elenments 7. Method
according to claim6, characterized in that the weighted association
remai ns constant during at | east one neasurenent 20 cycle. -22Lit
Transl ati on of PCTI EPO1/ 13905 filed 28 Novenber 2001 / Jakob Szekeresch, et
al. / Steag HamaTeeRnive upparsaEse 18 of thiisuhstratad@ds dequentiollyscanmed. or 7,
characterized in that the weighted association is changed during the
definition of thdyhavneakrsiofedhe asaanningofdeviee, 5a localizedopattermoradi the t 0 one
of the preceding clains, characterized in that the tinme intervals for

desi red-val ue chdempserature distnbyticoreloédthedpger sidg thof ded isobstrate 1 ig he new
desired-val ue profiles. 10. Method according to one of the preceding

cl ai ms, char act ergraéutet) wherddyatheaemtw stefaceiis scanreld, foreextsple ednosal ue
profile is effected only if tenperature inhonpbgeneities occur above a
prescrigbed threshalef ¥edowd: 11. Method according to one of the preceding
clainms, characterized 15 in that during the thermal treatnent, the
substrate is disposed on a plate arranged between the heating el enents and
the substrate. 12. Method according to one of the preceding cl ai s,

characterized 20 fp ﬁﬁ?@éreé‘scirrgﬁaowgiis”é’éndé%réd Gl 2 ?Fa MheT 54 &Fith Pr mal i zed

desired value profiles are that are calculated froman op tlmze

Noverber 2001 | JAROEG APHh G HF| BEp ¥ 2, T e

13. Method for ttc}ﬁ&%l g% | ABnCihdIg8! & er\éaH']éep c%fsgé n(af tgrality of

separately contr eati ng eI ement s erma reat nt of

subst rat es, Wtht&&%g?a‘iy e RBuf Vie}ﬁéjn @tee erasugggggwtmut%w

el enent’s with the Ay respec SCri esi red-val ue proflles

R T S ey TR

function of tine, L{bﬁ erature 10 i nhonpbgeneities occurring on the substrate
surface; d. defi N g& %?]ynew desired-val ue profiles during the treatnent
process based on the tenperature i nhonogeneities; e. using the new
desired-value profiles for a subsequent heating process; 15 f. repetition

of the steps a to a until, at every point in time of the heating, [he
t enper at ure i nhonBdddel PI"%§aarf'é'ﬂP%I5@ﬁ/ HPIGCEsR CUMR! Mashapisas b as Well ue
16 as a PID regulator 26 that is connected with the individual heating

elements 10 and the non-illustrated temperature sensors, and forms a
control loop with them. The PID regulator regulates the heating
capacity of the individual heating elements 10 with the aid of a desired-
value profile that is prescribed by the process control mechanism, i.e. a

20 series of desired temperature values, especially time intervals, that
vary with time, and the actual temperature values measured by the
temperature sensors.
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14. Method according to claim 13, characterized in that the 20 optim zation
is carried out for different substrates and different end tenperatures of
the thermal treatnent. -24Lit Translation of PCT/EP091 13905 filed 28
Novenber 2001 | Jakob Szekeresch, et al. | Steag HamaTech AG | AZ. 3384

15. Method according to claim14, characterized in that the originally
prescribed desired-value profiles are normalized desired-value profiles
that were cal cul ated based on previously optim zed desired-val ue profiles.
-25 Lit Transl ation of PCTI EP01113905 filed 28 Novenmber 2001 | Jakob
Szekeresch, et al. | Steag HamaTech AG / AZ. 3384 ) _

. Al S9. Al % A5% A5FINo2 ABPWAS sehiamatic plan view [upan the heating jiate Aswithra AH. AHr . A
@. ASs. AH. Al . A. A@3z3p ix$1zy | A E _

N{ vl gb] X] ca] ca] @@P@tﬁ?téa]%aqt@é] asa)feapxamela] aaphoigroasks lisposed]tbereon] caj ca] ca
] ca] ca] ca] ca] ca] ca] caU] ca] c™a] ca] c: a! byl L\ *2@ #kXz

OS} xsni d_Z] ] ca] cdlneahealing|zoaps aforagd apy: ahe aheatingaplealjentg cH) @apcitieca] ca] cal
cal ca] ca]ca] ca]ca]ca] ca]calca]ca]cal! S& !!." X" &#i ###H##S

$) $$39BO&LE ' S( (()sednentsoBearg\§aheadipally] ind]catdd ahd dre ajunaijered claloc@bca] caV] ca
] caV] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]calcaV]calcaV]lcalcalWY)r)t)z))))):*K
*Y++4\ , , & k- - - . /| Rindioatéd upddAhe sibkbatet 19 ard Sirfagecpdint] T &d d3]wiitls,adscal cal ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calU] ca] cal] ca] caV] ca] caV] ca! K6
66 7P778869{9999948; be described in greater detail subsequently, are used as

;5 <N<K<K<>] >>>>>77-?222@ vpke [ V] cal ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca]calcalc
a] ca] ca] ca] caV] calprihsrihglimal cal ca] cal ca] ca] ca] ca] ca] ca! 2@a\BB( G CCCDEEF
FHBH | 1 #J(JaJcJ| J~JIJKLMIMWNeN} O vgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca
] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! O<PAPzP
| PPPPP<QQQR+Sr SSSCTATTT=UUUWQVSVKVMW~WAK{ upj e [ V] ca] ca] ca] caV] ca] caV]ca] c

Ll o5l ol entan e ssbamgahs el gt oo

cal ca] cal cal bc| COUETT R FPIT TP (TSR T 1 RO o Uoal cal ca
cal cal caV ca] caVlgakialeal o2l ksl LA S e Hhsmlen il sidag oal ol ca

]ca] ca]ca] ca]ca]c annnnhnn;

gﬁ p]"pq]“i{{w{ {} j:@%“‘"éﬁ AR TR PRI R el AR TR 2PhEF L T el b
}{XYLM vgkf a\ W d* {'&f{ %ré]nélg?r&%%o&\] tgg\t}]\%rg}a&gf%tg]e@&] ca] ca] ca] ca] ca] ca] cal]

ca] calf caV] ca] caU] caV] calU] ca] ca] ca]ca]ca]calcalca {{{,{1{9{<{{]|
}}~!'LKMvgkfa\Wd_ZU] ] ca] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal]

Tovsa ()1 210%6& (1" (A8 GIgds 38 FDhHR VS S iTo oo uak 6aing () - 3p
[ 3" 10968 ()- @ L0795%) B APEONIEcE ) Rale 4 o aybolistp-uThg 2s3eatoR 199 105
105 weighting provided in Fig. 2 is not exact and should merely indicate the
principal of a weighting. For example, the heating capacity derived
20 from the heating zone 1 and reaching the substrate 12 influences

exclusively the temperature of the substrate 12 in the region of the

surface point 1. Thus, the heating zone is associated 100% to the
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105f 371096& () - Yy5 109B& ()-.:109%& ()-zy | dEbC. 10% U& () - @10%

U& ()-$3"10% U& ()- @0% U& ()-y10% U& ()-, 10% U& ()-A E bCSF! 10%
U& ()- 10% U& ()- 10 U 10 U 10 USF7 10% U& ()-Z5 10% U& ()-SO 10%

U& () - NoydEbC@ 10%

surface point 1. In contrast hereto, the heating capacity derived from
the heating zone 2, and reaching the substrate 12, influences not only
the temperature of the substrate in the region of the surface point 1, but
also of the surface point 2. In this connection, the heat being given off
5 by the heating zone 2 influences the surface point 1 three times more
greatly than the surface point 2. Thus, the heating zone 2 is
associated with the surface points 1 and 2 in a ratio of 75:25. The

table 2b show the weighted for all 25 zones of the heating plate 1.

10 Fig. 3 shows four instantaneous plottings of the chronological change
of a local desired-value distribution for the individual zones of a zone-
controlled heating plate having 5 x 5 heating zones during the course
of a thermal treatment of a substrate, and are grouped about a central
graph. The central graph shows the chronological development of the

15 average value of measured temperature values on the substrate
surface, whereby the perpendicular lines mark the points in time at
which the desired values for the individual heating zones are varied. In
the central graph, the vertical axes show the temperature tin °C, while
the horizontal axis illustrates the time T in minutes and seconds. With

20 the four instantaneous plottings of the local desired-value
determinations, the desired temperature of the respective heating
zones in °C is indicated on the vertical axis. The two other axes
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U&' ()- @10% U& ()-$F"10% U&' ()- @ 0% U& ()-10% U& ()-, 10% U& ()-11JIKL\ xnmbC
10% h& ()- 10 U 10 U 10 USF710% U& ()-2Z5 10% U&' ()- @10% U& ()-.F"10%
U& ()-\dEmbC@10% h& ()- $10% h& ()-,! 10% h& ()-fF"'10% h& ()-9 10% h& () -
S3!'10% h&' ()-*/012@nbC, 109B& ()- 10 h 10 h 10 hS3710% h& ()-VYy5 10%
h& ()- @10% h& ()-.F'10% h& () - @ #kdEnbCSF 109B& () -
SF"109B& () - @, 109B& ()-, @109B& () - @L09YB& ()-f !109B& () - Xz
dEnbCf 0109B&' ()-. G'109B& () -f*109B&' () -f (109B& (t) -fy&109B& () -s$3"109B& () -
0S& bCS! 10% U&' ( yepresent the s x 5 basic pattern of the heating Zones. The upper left
graph shows the desired-value distribution of the individual zones of
the heating plate 1 at the beginning of the thermal treatment, i.e. in a
time interval from O seconds to approximately 1 minute. The graph
5 disposed next to it at the right shows the desired-value distribution of
the zone-controlled heating plate at the point in time of approximately 2
minutes 5 seconds, which is maintained in the third time interval of
approximately 2 minutes to 3 minutes. The lower left graph shows the
desired-value distribution at the point in time of approximately 5
10 minutes for the sixth time interval, and the graph disposed next to it to
the right shows the desired-value distribution in a final time interval,

which begins at approximately 11 minutes.

As can be recognized by the upper left graph, at the beginning of the
15 thermal treatment the central zone is heating more strongly than are
the other zones, since in this region initially a relatively large mass
must be heated. From the graph disposed next to it at the right one
can recognize that the central zone is heated less strongly, which is
attributed to the greater thermal radiation in the edge region of the
20 substrate. In a similar manner, one can also recognize from the lower
graphs that the edge zones of the heating plate are heated at least

partially more strongly than is the central zone.
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10B 10B 10By 71098& ()-1f5 1098& ()-f2 109B& ()- &
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U& ()-, 10% U& ()- i###&S' $($) $$$bC, 10% U& ()-, 10% U& ()- 10 U 10 U 10
UF 610% U& ()-Z@ 10% U& () - Ss010% U& () - $98M&& ' S( dEbC@B&10%

10

15

20

Fig. 4 shows a typical profile for a thermal treatment of a mask,
according to which an end temperature of 110°C is to be achieved on
the surface of the sample. In this connection, Fig. 4a shows a table for
a desired-value distribution for the zones of the heating plate, whereby
in the left hand column the lengths of the individual time intervals for
the respective temperature step are indicated. Fig. 4b shows a three-
dimensional graphic representation of the desired-value profile,
whereby the vertical axis presents the temperature t in °C, the
essentially horizontally extending axis indicates the heating zones 1 to
25, and the axis that extends toward the rear shows the time intervals
R1 to R9. From this three-dimensional illustration, one can cleariy
recognize the different control of the respective heating zones 1 to 25,
whereby at the beginning of the treatment the central heating zones

are heated the most strongly.

Fig. 5 shows an iteration cycle that during an automated optimization of
a desired-value profile is used for the individual heating zones of the
heating plate 1. In the block 30, a treatment cycle begins according to
which a specified desired-value is prescribed for each of the 25 zones
of the heating plate 1. The desired-value profiles that are used next

can have any desired form, e.g. they can all be the same, or they can
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U& ()-.%$3"10% U& ()-,3 10% U& ()- ,F'10% U& ()-,10% U& ()- S!'10%
U& ()-S((())))))dYNC 10 U 10 U 10 US610% U&' ()-Z@ 10% U&' ()-Ss010%
U& ()-.10% U&' ()- @, 10% U&' ()-)): *K**Y++dEYNC

S3"10% & ()- P10% & ()- P®L0% & () -y

10% & ()- @O0% & ()-@0% & ()-++\,, & k--dEYNC

10% & ()-F,10% & ()-fy&LOYW & ()-$ 104 & ()-SY 10% & ()-SY 10%

& ()------ ./ R/ cObC, 10% U& ()- S'10% U& ()- 10% U& ()- 10/ _
represent normalized starting ‘profiles, as will be explained
subsequently. The desired-value profiles are designed for the thermal
treatment of a specific substrate, as well as being designed for

achieving a prescribed end temperature value.

During the thermal treatment, by means of the infrared camera 17 the
temperature on the surface 18 of the substrate 12 facing away from the
heating elements 10 is measured and is conveyed on to the computing
unit 22. In the computing unit 22, the average value of all measured
10 values from one surface region associated with the surface point is
respectively associated with the previously mentioned surface points
on the surface of the substrate. This association simplifies the

subsequent calculation of new desired-value profiles.

15 in the block 34, at each point in time of the thermal treatment, the
temperature difference between the surface points on the substrate
surface is determined and is compared with a predetermined threshold
value. If the temperature difference at each point in time of the thermal
treatment is below the threshold value, the process control proceeds to

20 the block 36, which indicates that an optimized desired-value is present

and no further adaptation is necessary.
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109B& () - <<>] >>Howeyend he temperature difference at least sometimes exceeds the

threshold value, the process control proceeds to the block 38, in which

the desired-value profiles are recalculated for the individual heating

elements. The algorithm that is used in this connection includes a

5 precise and rated coordination of the surface points on the substrate to
the zones of the heating surface. The newly calculated desired-value

is transmitted to the start block 30 and is specified in place of the

previous start profile. With this newly calculated desired-value profile,

a renewed thermal treatment process is now carried out, while in the

10 block 32 the temperature distribution on the substrate surface is
measured. This iteration cycle is repeated until the temperature

difference between the surface points on the substrate surface at each

point in time falls below the prescribed threshold value. At this point in

time, an optimized desired-value profile is established, which need no

15 longer be interfered with. This optimized desired-value profile is used
for subsequent thermal treatment processes with substrates having the

same parameters and which are to be heated to the same end

temperature value.

20 During the recalculation of the desired-value profiles, it is possible to

vary not only the temperature determinations during prescribed time
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intervals. Rather, the length of individual time intervals can also be

adapted.

The coordination of the surface regions of the sample to the surface
points, or the coordination of the surface points to the zones of the

heating surface, can similarly be varied.

Pursuant to the preferred embodiment of the invention, during the
recalculation of the desired-value profiles the temperature
inhomogeneities that occur at a specific point in time are taken into
account in an anticipatory manner in order to achieve a uniform and
early adaptation of the profile. If, for example, at a point in time T = 50
seconds a temperature inhomogeneity occurs at a specific surface
point, with the newly calculated profile this inhomogeneity is already
taken into account at an earlier point in time, e.g. T = 30 seconds, in
that the desired-value profile of at least one heating element is
changed such that already at this point in time a locally stronger or
lesser heating is effected. Thus, the temperature inhomogeneities can
be provided for without temperature jumps of the heating elements and

greater jumps during the desired-value determination between the

individual intervals.
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The above-mentioned optimization must be carried out for each
different substrate as well as for each end temperature value. To save
time during the determination of the ideal desired-value profile for
thermal treatments having different end temperatures, initially a
5 normalized profile is calculated. During this calculation the assumption
is made that the thermal characteristic of the substrate type is
essentially the same at different temperatures. Therefore, the
normalized profile is formed from an optimized profile in that it is
divided by the end temperature value of the optimized profile in order to
10 obtain a normalized profile. For each further desired end temperature,
the normalized profile is now multiplied with the new end value. The
thus calculated desired-value profiles are then used as a start profile
during the iteration cycle of Fig. 5. In so doing the number of iteration
cycles prior to achieving an optimized process profile can be

15 considerably reduced.

Profiles optimized in such a way can be made available to a customer
in order to be then used, for example, in combination with the method
known from DE-A-199 07 497, which to this extent is made the subject

20 matter of the present application in order to avoid repetition.
Alternatively, the optimization cycle can also be effected by customers,
so that the process control is automatically self-optimized over time.
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The invention was previously described with the aid of a preferred
embodiment of the invention without, however, being limited to the
specific embodiment. For example, the heating plate could also have
5 some other shape, such as, for example, a round shape, with round
heating elements or heating elements formed of circular segments.
Instead of an infrared camera, another, localized temperature

measuring device could also be used.
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Patent Claims

1. Method for the thermal treatment of substrates, according to
5 which the substrate is heating by a plurality of separately
controllable heating elements, each of which has a prescribed
desired-value profile, with the following method steps:
a. localized measuring of the temperature of the substrate
surface facing away from the heating elements during the
10 thermal treatment;
b. determination of temperature inhomogeneities occurring on
the substrate surface;
c. definition of new desired-value profiles based on the
determined temperature inhomogeneities; and
15 d. provision of the new desired-value profiles for subsequent

treatment processes.

2, Method according to claim 1, characterized in that a temperature
in homogeneity occurring during the thermal treatment is taken
20 into account in an anticipatory manner, in terms of time, during

the definition of the desired-value profiles.
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temperature of the substrate surface is determined at prescribed

surface points.

5 4. Method according to claim 3, characterized in that the average
value of all measured temperature values from a surface region

associated with a surface point is assigned to the surface points.

5. Method according to claim 3 or 4, characterized in that the
10 association of the surface regions to the surface points remains

constant during at least one measurement cycle.

6. Method according to one of the claims 3 to 5, characterized in
that the definition of the new desired-value profile is effected
15 with the aid of a weighted association of the individual surface

points to the heating elements

7. Method according to claim 6, characterized in that the weighted
association remains constant during at least one measurement

20 cycle.
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8. Method according to claim 6 or 7, characterized in that the
weighted association is changed during the definition of the new

desired-value profile.

5 9. Method according to one of the preceding claims, characterized
in that the time intervals for desired-value changes are newly

selected during the definition of the new desired-value profiles.

10. Method according to one of the preceding claims, characterized
10 in that a new definition of the desired-value profile is effected
only if temperature inhomogeneities occur above a prescribed

threshold value.

11.  Method according to one of the preceding claims, characterized
15 in that during the thermal treatment, the substrate is disposed on
a plate arranged between the heating elements and the

substrate.

12.  Method according to one of the preceding claims, characterized
20 in that as the original desired-value profiles, normalized desired-
value profiles are used that are calculated from an optimized

desired-value profile.

-23-

Lit Translation of PCT/EP01/13905 filed 28 November 2001 / Jakob Szekeresch, et al. / Steag
HamaTech AG / AZ.3384



U& ()-![y, F"10% U U& ()-!1"3"10080U& ()-'LI"3"10% U U& ()-;:{<{{]]]] }D}H K 4
Z"10% #& ()- cZ10% F & ()-"10% U& ()-1y ! 100JU& ()-!y !10% U

U& ()-![ @O%JU& ()- 10 U UD}}}~~!LwiB, 4 9010% U& ()-!s,, Y"10% U U& ()-!<
G'10% Ul U& ()-!F G'10%8USU& ()-!P G'109%]& ()-!Z" 109JU& () - LKuV7,

109& () -, Z10%& () - 3@10% ()- 10% ()-F 10 U U

10

15

20

13. Method for the optimization of desired-value profiles of a
plurality of separately controllable heating elements for the
thermal treatment of substrates, with the following method steps:
a. heating the heating elements with the aid of respectively

prescribed desired-value profiles;

b. localized measuring of the temperature of the substrate
surface facing away from the heating elements during the
heating;

c. determining, as a function of time, temperature
inhomogeneities occurring on the substrate surface;

d. definition of new desired-value profiles during the treatment
process based on the temperature inhomogeneities;

e. using the new desired-value profiles for a subsequent
heating process;

f. repetition of the steps a to e until, at every point in time of the
heating, the temperature inhomogeneities are below a

predetermined threshold value.

14. Method according to claim 13, characterized in that the
optimization is carried out for different substrates and different

end temperatures of the thermal treatment.
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profiles that were calculated based on previously optimized

desired-value profiles.
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