;e3eqcq~""_, a"a2c6hcTcziF 5 10 15 20 METHED--FOR 'f HE THERMAL TREATMENT
OF SUBSTRATES The present invention relates to a nethod for the thermal
greatnment of substrates, according to ‘mﬂmlm,mmmmmstrate is heated by a
plurality of separately controllable h ts Such apparatus are
used) for exanple, in the sem conductor induskdy subsequent to |acquering
processes of substrates) especially photomasks, in order to thernally treat
the substrates for MEFHOD FOR FHE THERMALETREATMENT OF SUBd™RATESS Duri ng
the thermal treatnment, it is inportant for the subsequent usabiTrty of the

substrates that the applied |layers be treated as uniformy and -
honogeneousl y as possible. In this connection, however, the problemoccurs

be-uni for 'yt eapadrang fyelioh PEpREIbld WefdiRep s befal QEBRR S  hont t he
begi nning of t heSURRAEr Sepaiaing i WhEN RS SRETHE T Breted DR PIITBAY R 11 al 'y
a relatively greater pass nust be heated. The heating elenents are |ater

eated nore stro tely cortirallagie heatinoslementsie substr e
ek sasea theral |11 atton on {hese regrors: 1.1 (UM

increased thermal irradiation in these regions. -1 | _| n of
PCTI EPO 1/13905 filed 28 Novormber 2001 | Jakob Saekeresch,, ; | Steag
WemaTech AG / AZ. 3394 DE- A-199 07 497, which originates WP this sane

appl i cant di scl oSaesh apparatpsiard use@Ntbrexapigiodinf we ddigicbheuddt iddugayment of
substrates, according to which a plurality of separately controllable

heating el enent seftischiiohfalo aidiaabling Rirdbessaad Sesibmtbiet raeclipposed 5

t hereon. The individual heating elenents are respectively regulated by a

Form of o dost r oaBE B o1 T 17 ey, foat e Sudrdef 7 bl B ' | o
copedpal ly in 11 aerisECyEPathad osife fayeis FullPaife imal leatipln Wi 11T

tenmperature distribution opn the substrate surface facing away fromthe
heating plate i sMRY ﬁ{%éﬁeaf-l%ewrﬁ@ah@fw Qfﬁﬁst“Pﬁ@aﬁeéﬁjﬁ%tr e anplied

di stribution on the substrate surface relative to the desired-val ue
profile, changedayessibetreatedasunibraty agdiomeyansousiyeas palisibidudh thisat i ng

el enents and are conveyed on to the respective PID regulator. This provides
the possibility cdnnectient xwenerciiver mobleomecotrstthat dierng ediforel centrolalfi | es
during the treatnent process in order to achieve an inproved tenperature

honmogenei ty overthelteating siembetsshefsabetraide ddpnwey be unifbirflyresied daasot he
problemthat it can always react only to al ready-occurring tenperature

i nhorggenei ti es gdyd BRestdb st idierefdre khbwnt toaisdtaht Heathg RidmERRY lelss 3905
filed 28 Novenber 2001 | Jakob Szekeresch, et al. |I Stoag HamaTach AG /

AZ. 3394 surf acgd f u ' of the
desi red-val ue pr%fﬁbel)p(l) ‘ffh%ﬂp%ﬂfé@ﬁdﬂ!ugﬁmé’eggﬁﬁéﬁ%% eatrtr::}ﬁ?]sﬁ.egi‘\?lrﬁg ?’?gﬁ%ati on
of future 'tenpegature.inho eneiti.es,that _occur durin he treatnent is
not possible. | n{hghﬁﬁfit@%?mgﬁg %P%%I'erg'et ﬁ&f‘ﬁ'aﬁ(?aft'%r"?'ﬂﬁﬁyoﬁe rglaﬁYQgt nent ,
for exanple an increased tenperature inhonogeneity at a specific
tenperature val udrealgrdnass mushbeheated Jé\?oh@ﬂt'r@ﬁﬁmfnﬁéﬁ laéen heatedof t he
next substrate) since the previously established desired-value profile is
agai n prescri bedmose atrandihdn viheu gdgee ortinp «f ethentssibsttalesc duet trushexpect
the sane problens fromthe previous

20 increased thermal irradiation in these regions.
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10 treatnment to occur during the next treatnent. Proceeding fromthis state
of the art, is therefore an object of the present invention to provide a
Jrethod for the thernmal treatnment of substrates that enables a

self-optim zing process control in order to 15 increase the tenperature
honogeneity on the surface of a substrate that Is to be treated. Pursuant
to the invention, the stated object is realized with a nmethod for the

thermal treat menDEsA-19906T 48T ewhichCoryintes vith tiid shmblebpiRastaistiosbs i S
heated by a plurality of separately controllable heating el enents, each

(0}
which has a_presr i diadrates  deia eI b Shelal [lealril o Schdmasyr ement

of the tenperature of that substrate surface - ransl ati

PC r1 EPO1/ 13805 §{j . 2B er, 2001 .1 Jakob Sakeresc ~ | . .| Steag
NaneTech AG / Azgé’l\?ggma F@lg?{’ﬁgpa\ﬁafqﬁ?’%%t esﬂ%%{?rq‘i\ﬁ %‘PVQF%H%PLG ?hﬁ%t'ﬁg t he
thermal treatnent, deter)nnation of tenperature jnhonobgeneities occurring
on the substrate®® ef',rStdg??tn?t ﬁ%ﬁt"?ﬁ G G’éiithéﬂ-@aﬁ"@@trﬁtﬂ)fﬁﬁ%edased on
the determned tenperature inhonogeneities, and the provision of the new 5
desi r 8d- val ue priherees Th@ﬂndw@gaig‘waningteiemensmrepeepem'evey reGistednbyhod
enabl es a self-optim zing process control, since the desired value profiles
prescribed for ta®lDreigulatiorawHeeslty tip récessansdesicedeaily isleresribeand nade
avai l abl e for subsequent treatnent processes, so that tenperature

i nhorogenei ti es thedtrhiola dbslredvallepioniey. Ml thikQcdrit@at BsireRiAubYFSlei Nt O
account during 'the definition of the new desired-value profiles and are

thus prevented dférﬂr?&r%%gd%bﬁﬁgﬂecﬂé &ét@ﬁfpiﬁ?ﬁ{)ré o??ne%irﬁgss}glﬁés itﬁhtgvary

self-optim zation o desired-val ue nce a nor
honobgeneous t her tre f .1 he. rates. 15 Pursuant to a
particularly pr e@ ;ﬂé{ '%%‘g%%%” 'rqtt}'%%rﬁ%&%fsnventi on, a tenperature

i nhogrgeneity that occurs during the thermal treatnment is taken into
accouht in an anticipatory manner, in terns of time, during the definition
of the new desirgd-value profiles. During the definition of 20 the new

desi red- val ue pri8fiingsa jragigent; PFPqeégartget teroperatiygo gistdbuytion o dheoccur,
for exanple, during a certain tenperature or at a certain point intinme in
the treatment, csubstate sudace facingcawantframitbe heating platel isidetdmainetat i on
of PCTI EPO1/ 13905 filed 28 Novenbor 2001 | Jakob Szekeresch, et al. | Steag
HamaTech AG / AZaifi8ds a femgtienabiutiee dembbrtes gistibutnpehnthei Bubdtraebei ng
obt ai ned, so that these tenperature i nhonbgeneities can already be

counteracted at dvfe iR &) e YelredaRl pidfile, RN %d'&eéi}éﬁe]\gal—ﬂ@ﬁs’
al ready before they have occurred, one can begin to cOnpensate for the

det eqgi ned 5t enger dirited for (MYTRERRARIE hE3ting BletndHib ‘2R UohvbFld B th"* ©
the respective PID regulator. This provides the possibility of
undertaking corrections of the desired-value profiles during the
treatment process in order to achieve an improved temperature
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
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| nhonbgeneities that occur at specific points in tinme or at specific
tenperatures enables a greatly inproved tenperature honogeneity during the
treatnment. 10 The tenperature of the substrate surface is preferably
determ ned at predeterm ned surface points in order to reduce the

cal cul ating work necessary relative to systens where all surface points are
taken into account. To increase the precision of the nethod, the average

val ue of all neasurface tiengrdentorsubsaluemtyoBoRresl tHeH Sy 08 MAngSSAC iy ed
with a 15 surface point is assigned to the surface points. In“this

connecton, the SBSAE-abkATrSedh e ARSI BN AchES AYARAGEARALM S

remai ns constant during at | east one neasuring c pt ai n

uniformresults | j 20 Pursuant tq a particularly
preferred enbodi %ﬁtu{#}&tﬂ%}?%g R&?%ﬁ?&%ﬁ%g%%ﬁ"%qchhdgﬁng H}ge ﬁ'@\ﬁ%"'e”{
desired-value profile is effected w.th the aid of a weighted association or
coordi nati on of f%é’ogtﬂqséﬁ’ée'posmt%agﬂt&?”a Hige. groglems; that| egGusndying one

PC rl EPO1/ 13905 tl 1 od 28 Novombor 2001 | Jakob Siakarosch, et al. | SteaD
Hama' Pech AG | Alreatment, forexamplg-an incieasad terapenatwre inbomogeneky abfa whi ch
the different influence of the heating elenents to the various surface
points is taken specfiademperatulen valuker ateo nobttaken untd @icabuRts dutipg Whehi N a
measuring cycle, the weighted association of the individual heating

el ements to the featmdrtcef tabnhext %!]BE'MtG?@ﬁé@%_ed\éfé\ﬂ&x@* eftaslhisteac
measuring cycle. The wei ghted association of the individual heating

elenents to the gusifereallei Pickies 3 addveyBEeritisy af itﬁ? ﬂH[\)idl%ltﬁ@ati\pg an

definition of the new desired-value profile in order to also achie

T s R o L S Y AR R R L
t . t at t
2P0, 5, o BB SRR o BN 0o o e

time intervals 'for the desired-value 15 changes are preferably newy
selected. A new definition of the desired-value profile is preferably
effected only if tenperature inhonogeneities occur above a prescri bed
t hreshol d val ue, PEaeeding fram énpestateuoé therartoigetheirefioes drelobject of thier eshol d
20 val ue one proceeds froman optim zed systemwhich to the extent possible
(s no | onger i ntpresentdhvantion tBupiavitle hemidiesdrdbr thie dbammdl trégtment! ofl t
Transl ati on of PCTJEP01113905 filed 28 Novenber 2001 | Jakob Szekeresch, et

al, | Stesg H ~ngubistefles\thdt éfaiddh selfeBEiiANG drocddCEARG ¥ Hiddhased on a
pl at e di sposed between the heating el enents and the substrate. The

i nveRrii ve obj ect Shal i i im I 5 of
desi Irﬂiéid-val ue pr’c‘)'l'ﬁel%g ngfe %ﬂﬁ?ﬂﬂ'ﬂ%@ﬁﬂ?ﬂ} fgfgy s‘é‘(&ﬁ??%l%ﬁﬁgyﬁggti ng

el enents for the . ment of substrates, whereby the heating

el enents are hea&hteagﬁsrgﬁ]e l{ré%t@ id of respectively prescribed desiredval ue
profiles, '"the tenperature of the substrate surface facing away fromthe
heating elenments is locally neasured during the heating and 10 tenperature
i nhonogenei tl es qQccurring on the substrate surface are determ ned as a
function of tinmePulgvantly theelnvestion chevsinted phisrt isctealized weth adaetedi ng t he
treatment process based on the tenperature i nhonogeneities and are used for
a subsequent heafarnthepriberaal, trgatmenie of byubgiates,oaeremningied vdtiepsthar e
repeated until, at every point in '15 tine of the heating, the tenperature
i nho@0genei ti es sulestiate dsv egted dst ar pluradity tdir ssparhidly gongolldble theatingay, as
al ready indi cated above, an optim zed desired-value profile can be

establ i shed. Theefefiamé, eehn@t WEIEh iHashd precABbY délsirbdZatlebidild It pEasks.

localized measurement of the temperature of that substrate surface
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20 The invention wll be explained subsequently with the aid of a preferred
enbodi nent in conjunction with the drawings; in the drawings: 7 Lit
Jransl ation of PC f/EPO1l 13905 filod 28 Novenber 2001 1 Jakob S=ekeresch,
et al, I Steag hlamaTech AD | A2.3394 Fig. 1 shows a schematic side view
of an inventive system'For the thermal treatnent of substrates; Fig. 2a
shows a schematic illustration of a substrate di sposed on a 5 heating

plate; Fig. 2b sl awaybfremt ihet hedtngs elehteritd idudng e thetrhgi Méﬁwéntheatl ng
el enents relative to certain surface points on the substrate; Flg s ows

an illustration ggtet,ﬁ\%égwno%| QEh‘b@katEF@”ﬁhﬁom %EHS\tIFQC%fSHﬁﬂg[I i1 g" e (5

di stribution for 1 ndivi Zzones of a zone-co

Fi o hi?;“'sEgmé°QG?QB%J%%"%E%&%M%% STl aed o e ©

heati ng pl at e, tregt ment hayi ng n end tenperature of 110C
for a substrate %"bedtgﬂ"%qﬁ%e Pagneitqy, go rtﬁ?l%ﬂV‘ﬁ*P"sQfdheélew
desi red-val ue profll Fig. 5 shows a schematic illustration of an

iteraon cycle Pelfedxnalaet orefiles fopt suhsequpoh tedatmept cprocessas.  This
desired-value profile. Fig. 1 shows a schematic side view of an apparatus 1
for the thernal dethodznables afsedfudptimiaingsprocgss lcontrdl, asisdsathe desired-
f*C f/EP01113905 filed 28 Novenber 2001 / Jakob Saekeresch, et el, / 5teag

HamaTeCh AG | AZya@@4rofiiE8rasgitiert 165 tHe hﬁﬁwaualqwmnéléﬁién%ﬂakbeaéwrw plate
2 that is conprised of a quadratic base plate 3 having an essentially

right- ' angled gefissd %ﬁﬁéﬂnrgge dﬁ%@ag%s%ﬁgéat%tgﬁggeﬁeﬁtngéﬂt?roEE?éE%r dypper

side 5 and a segnented un res tive notches or
5 grooves 7 that t ndi the side. ed S. of he heating ~
pl ate, the under she% ?%ﬁ:g?%ﬁ@ d'bﬁgf'ﬁgg}’g't'%t SECHINgs "Hﬁ'gr eghg HEHT'@I 8. The
dept of the gropves 7 corr onds, appr oxi.mat e o hal f. of the thickness
of tH& base pl at §e§?m?9tsﬁ%za£%dﬂtot EE g&'é”%%éh%n %lrgt:qﬂ Afhiben88W ng
plate 2 are respectjve square heating el ements 10, '10 which are connected
with the segment desiras-valHe pailesand are thys prevented daring fhersubsegreats by

bei ng adhesively Joi ned thereto, and which
treatment. This results in a self-optimization of the desired-value

profile, and hence a more homogeneous thermal treatment of the
substrates.
15
Pursuant to a particularly preferred embodiment of the invention, a
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

paint in time in the treatment, can be taken into account prior to this
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form correspondi ng heating zones with the segnents. Due to 'the
arrangenents of the heating elenents 10 upon the segnents 8, which are
srespectively separated by the grooves 7, the segments are 15 thermally
separated from one another so that they do not nutually Influence one
another, i.e. that no significant thermal cross talk occurs between the
heating el enents. However, via the base piste 3 the heating elenents 10 are

adequat el y t her n@hiperatatplopdhiei idspettiveaneirian. tiha bélag shitained, eePgiatsi de 5
of the base plate 3 a 20 honbgeneous tenperature distribution is achieved

wi thout a ther maheglef EHiprtUré’ﬁnAL&i‘@oééH&tYé@'éﬁh QWBS%&H@%@%“L Qﬁe o

t
thermal pattern of the upper si Assocl ated wt

10 is a non _g_ i 0, - ; 9 fi 2 r 2001 |
Jakob Szekar aschlgj‘;q%{ Téz'ﬂp éﬂaﬁjﬁge%éggtkg%&%g%&ﬁ% ﬂﬁ’EZ gggﬁ glré\#)%ggfoé? ed
tenperature senspr in the formof a thernocouple el epent, whjch nmeasures
e’ actual -t enpdhay (AKe Feck Redahe £y BAGEnEomEEnSaIp 105itas dlearined

t hermocoupl e el enents, it is also possible to use other, e.g. optical,

t enpePat ure sendgmperaupg inhomagengdieseat hiaanticipatory talisgdatocacansmt o a

one- pi ece base plate 3 having grooves 7 forned therein for the segnmentation
of the upper si deh@mogeneitedhdsat pteureaB spetifishpoints be tinwe edl athspetifie base
plate 3 could be forned entirely planar, and the heating el enents 10 could
be ' 10 connect ¢dmperdtutese ehables Pa agreafly dimpesvdd/ témnpeiauedAbRIogeheRgnts. I n
t he same manner, the invention is not limted to the shape and nunber of
the segments 8 afiffindfthé/h@alifi@st. N9 el ements 10. -the pl anar upper side 5 of
the base plate 3 of 'the heating plate 1 is 15 di sposed adj acent 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 exanple on four

non-j Ll ustrated Jol din ans. te rature-neasurin evice 17 in the
For it "an fnf r a iR QOARPITP o dfe S ERG 2t, SUEAER & RESIETat) GelaTied Y | he
substrate 12. The infrared 20 canera 17 is directed onto an u?per side 18
of the substrat ere¢detefainedglwrtacanpginig bnerdes teiadupg tpe akculating, warlkf r ar ed
canera 17 contains a non-illustrated scanni ng device having a noveabl e
mrror via whi cinecessanyirefativertol systems swherealEpafacespokity aredaled Mwenber
2001 ! Jakob Szekereseh, et al. | Steag WanmaTeCh AG/ Al1l.3394 the entire
upper surface l8asbubhels intseasstthe ktecisioparfibameathdy, the mveeahe Baluewéins of
the scanning device, a |localized pattern of the tenperature distribution of

the upper side Idll pbasiredtompbradtiR Valués oRr20sUHss r a436cidiad aiithi 4 €

surface i s scanned, for exanple, once 5 every second. The infrared canera

17 | Ced i L e . N ;
'ZE?CO””EC € §Url%8§ ;f&tﬁ’r?]fgs r?'gg@nég t¥ithé sBrfal Bﬁdt@.gw%& c’oﬂgéft%nf,‘?ﬁé’“o a

PC 2 Wthin the PC, ured val ues obtained fromt canera are

processed and a j 1 tur isiributio n' surface
5 ot the subst raeacielbnc 1 alificd! oo cloc dhe Lt pplrtE eBBEhs Tocu™
greater detail subsga%_lent.l . Iln 'l:i 9' 1 one, can further see {31 rogess
control mechani SGANSH guring af 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
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15 as a PID regulator 28 that is connected with the individual heating

el enents 10 and the non-Illustrated tenperature sensors, and 'forns a
.control loop with them The PID regulator regul ates the heating capacity of
the individual heating elenments 10 with '"the aid of a desiredval ue profile
that is prescribed by the process control nmechanism i.e. a 20 series of
desired tenperature values, especially tine intervals, that vary with tine,

and the actual tppsd iMal aski : ; s. -11
Lit Transl ati on of P%Ig%%g%%eﬁél gg %%sﬁgv&éﬁﬁ'e'é %?%@Q@@Eﬁ%

Szekeresch, et a ! h,AG | Az 3394 Fig..2 sh a.schemati-c
pl an vi ew upon thfe “'r‘m%i"i%ﬂﬁg \#gﬁéﬁfﬁ t?/ﬁ[’?l Va?r'ggﬁswrgﬂc@ %9’,”&&%&2‘\2@? IRy

exanpl e, a phot onask, . disposed, t hereon. The heating zones formed by the
heating el ement s84¢PUltq IRHRIder g dngoum ée%'%wghi"cﬁlm?a?rwmgc@!% and
are nunbered 1 to 25. Indicated upon the substrate 12 are surface points 1
to 13 which, as the weightedsassosiaionnofytheatiedivideahiheatiog selgments yto thee used
as coordination points. 10 As can be recogni zed in the schematic plan view
of Fi§. 2, the ssifaceapeintsoremains foonetart rdaringi ateleaét dhe medsuring2bydieat i ng
zones of the heating plate 2. Therefore, during a thermal treatnment of the

substrate nainl yThé_eﬁeiFﬁtemeaamiow of Itnthumauaﬁlﬁéaﬂhghelbh%n&@ffai theng
zones al so have an influence upon the thermal treatnment. 15 The tabl e of

Fig. 2b shows ang@$secChaht fhowWeket s Vi ] i surface
poi nts on the suf)strat%aht?ﬁ%rggsoci St'{%gnviﬁé@fa%mﬁ%geﬁ@@?%% ﬁg‘gl g. 2
is not exact and r i ndi e,th rinci pal of weighting. For
exanpl e, the hea ?ﬂ%tgég%g%iﬁﬁﬁ@er \Pg‘gérZ(Séﬁq%%%%gé e HaﬁT&?é%T ﬁ'ﬂ

reachi ng the substra(ﬁ €h2 infltal?nces exclusively the tenperature of the ~
substrate 12 in 898" g‘b GASPCHRR surface paint 1. Thus, the heating zone
is aggociated 100% to the -12_ Lit Translation of PCTIEP01113908 ~tlled 28
Noverder 2001 J Jakob Szekresch, et al. | Steag Hanp roch AG | AZ. 3394
surface point 1. In contrast hereto, the heating capacity derived fromthe
heating zone 2) &hel deskedivaiue peofiled qrrovide desiredrialue ahemgest inonégainhe
tenperature of the substrate in the region of the surface point 1, but also

of the surface pimetintgrvdisirt bider ¢o predideoa spebific iheating ProflegiTkeanable 5 by
the heating zone 2 influences the surface point 1 three tines nore greatly

than the Surfacearmrhﬁr?v_ad aﬁab&tiphf&]ctﬁl?gééif&-&ﬂﬂé, durirty S @Irticifofthbh the

surface points 1 and inaratio o ;' Z5. The tabl e 2b show t he wei ght ed

for all 25 zonespgf, §dGriedi é'gprahl%tsefhje .ti?ne? irg?glalsq’ 'I‘Bf'oc\g@l ég%fed-value

i nst ant aneous plottings of the ‘chronol ogica ange o

desi ggd- val ue di Ut the indjvi | zones of a zone controlled
heatﬁ%g pl at e ha@?#éég d)%'g%r%]fggﬁq%gevzv(@néee\s{é‘%ﬁi ng the course of a thernal
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 measured tenperature val ues on the substrate surface, whereby the

per pendi cul ar | i Adewgefiniianeoidbe dlesired-vajuecrrafile isipseferatly efferiedpnivifues for
t he individual heating zones are varied. In the central graph, the verti cal
axes show t he t ctepperaiwre homo@enaities eoctier laboie oat aresexibedi tHresholdt es t he
time T in mnutes and seconds. Wth 20 the 'four instantaneous plottings of
the | ocal desiredhlual sincdewith ferderatuse ihhemdgeneities thaipwr thieu treesholthe
respective heating zones in Cis indicated on the vertical axis. The two

ot hepgaxes -13 value one proceeds from an optimized system which to the extent

possible is no longer interfered with. During the thermal treatment the
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Lkt Transl ation of PCTI EPO1/ 13805 filed 28 Novenbr 2001 I Jakob Szekeresch,
et al. | Steag HamaTech AG | AZ. 3394 represent the 5 x 5 basic pattern of
the heating zones. The upper |eft graph shows the desired-val ue
distribution of the individual zones of the heating plate 1 at the
begi nning of the thermal treatnent, i.e. in atime interval fromO seconds
to approximately 1 mnute. The graph 5 disposed next to it at the right
shows the desiregniyatae idi slefdrplyi E&Ip@fse& heh Zé)few’atéoﬂitsg%éd&doé?mﬁ%h“&epl Sl

f y S onds, Ich s

at 'the point in time of approximte 2 m nut 5 se

mai ntained in th I Jﬁ?ﬁ val pproxi mately 2 mnutes to 3 -
m nutes. The | omg?éti}g%eédr ap éﬁ]g{\/ﬁs?‘f%sg'fa&%si red-val ue distribution at the

point in tinme of approximately 5 10 mnutes for the sixth tine interval,
and the graph disposed next to it to the right shows the desired-val ue
distribution in a final tinme interval, which begins at approximtely 11
minutes. As can baeiresyMe sbiechis alse raplirad with @ methed fosthe netimézstioni ng of
the 15 thermal treatnment the central zone is heating nore strongly than are
t he ofher zones, okdesited-value peofiegoba plurality aif iseparatelyatantrellsblecheptingas s
must be heated. Fromthe graph disposed next to it at the right one can
recogni ze that teéemenis farl theahermal thetnedt besabstiates viieralfyi ok Héatinﬁ
attributed to the greater thermal radiation in the edge region of the 20

substrate. In a glefdmd af@Megted Wi fRNaid éprés%emlﬁréé d"Besifdg
graphs that the edge zones of the heating plate are heated at [ east

partially nore s rtRagpd t =14 T .,on of
PCT/ 6P01/ 13905 f?é'gg%iéf"ﬁgv@rﬁ)ger@%@%ﬁ? é@*@%g@gsetkaé‘%essdgt ,cee{a%g@ Ba eag
HBmaTech AO / 9 Fi.g. h , ical profile far thermal, =~ ~
treat nent of aAﬁEg%éﬁc@%ﬂtﬂ'pn%e&g%ﬁlsﬁﬂaé@ g}?@sﬁfﬁ?{)g‘r’%%ﬁé‘s %Fa@l%é"ﬁs to be
achi z}sed on the surface of the saml e. In this connection, Fig. 4a shows a
tabl d% or 5 a de@MRAIAL4E jehemegeneties SRcwING: PR thewbshate eMAcaarAg
plate, whereby in the left hand colum 'the I engths of the individual tine
interval s for thdetesvinedtay e fusaiien af time, swhereby @emhdesiradualugi pyofiels shows
a three dinensional graphic representation of the desired-value profile,
wher eby the vertamabefined dprirg d¢he srédtmente ppecassubaséd ion (Be tdmpdiature
essentially horizontally extending axis indicates the heating zones 1 to
25, and the axi sinhbaiogenbiiad andoyver Gsddforr£aiibsdiient heatind Prodddsearal s R1
to R9. Fromthis three-dinensional illustration, one can clearly recognize

(Lhe di fferent cqLicbl ik diemicHIRAEY Yepd 8R! IcbalN Rt af 8y paifiSReDY at

t he begi nning of the freatnent e central heating zones '’ re heated the
nost 4gtrongly, K i i ted
opt i r%‘lgzati on of %’qgegfl ?‘E%M@eéﬁ%ﬂ% t;:t)l“r?émft %h&g{%%ész@%ég héﬁ%cﬂql €i %‘é&nﬁeati ng
zones of the heatin | at e I he bl ock 3Q.. a treatngnt cl eqgi ns
recording to 20 MRt dniesBeld daliend tpattin wel.pRecareadi e Bl o
the 25 zones . . . )

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 / Jakok Szakerssch, et al, / Steag
tlamaTech AG / AZ.3394



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 sane, or they can -15
Lit'rranslatlon of PC rlEPO t113905 filed 28 Novenber 2001 I Jakob
Szekeresch, of af. | Staag Hama'rech AG/ AZ. 3394 represent normalized
starting profiles, as wll be explained subsequently. The desired-val ue
profiles are designed for the thernmal treatnent of a specific substrate, as
wel | as bei ng designed for achieving a prescribed end tenperature value. 5
During the thermal treatnment, by neans of the infrared camera 17 the

tenperature on t u 1 ] [ at ; L.hg a f, he -
heati ng el enent sﬁqoﬁi ésﬁd}gsgéu?%Igég%@giszdéggt?\y‘gfzg%m\%g'lﬂf'%es‘)é%u@?%éuni t
22. In the compytin nit 22 h verage val ue of all measured 10 val ues
from one surfac%?'@@?%ﬁ%@?ﬁ&?&@&%ﬁ?@m 'the surface point is respectively
associated with the _previously nmentioned surface points on the surface of
the substrate. THIs2asHWWSa8j FrheEnatia [liustsatiam of A subsfratat dispeead gnian of
new desired-value profiles. 15 In the block 34) at each point in tinme of
the thernal tredieaing platee tenperature difference between the surface
points on the substrate surface is determined and is conpared with a

predet erm ned t HF¥igsPblghows! aetablef tHatesHowsptheatnfiuengé fdfangnRiaftheffifg POI Nt
intinme of the thermal treatnment is below the threshold val ue, the process

cont rol  pr oceeduié oA rehivalio B suthice poildicfthg s baphtean opti mi zed

desired-value is present and no 'furt aptation 1s necessary. -16 Ltt

Transl ati on of | &P, 3 f 2 Y Jakoh. szekeresch, et
al. | Steag Hane 'CE %vfs %gﬁg%ﬂhﬁ %nl §i g%e?ﬁ%?@@?%eéqa@%e?%&ﬁ Eoca?
difference at |east _so [ .exceeds the threshold value, the process ~
control pr Oceedsaae[sgeﬁwgﬁ{ﬂ g@%in%@oq g"%’?‘ﬁﬁ'd{"ﬂg Z&Q?Fr%ﬁ-@&l"ﬂ@‘cﬁpﬁpﬁ?is are
reca‘{ ulated for the i)‘ﬂdi vguaé heati ng el enents. The algorithmthat 1s
used'@n this collsating Rlatenld Xqasheptingptenes) dying the courssopliantharmal of t he
surface points on the substrate to the zones of the heating surface. The
new y cal cul at edregémientof-a aubsirate; transnitted to the start block 30 and is
specified In place of the previous start profile. Wth this newy

cal cul at ed desi riigl- 4alshowsr aftable ofi ar desivetivalner distributieatfoerbngs afess i s
now carried out) while in the 10 block 32 'the tenperature distribution on
the substrate swiea@iAg pidte "@dmY &eherhil SrdatReat haANnG ¥hléhd ermRRaakedsunt i |
the tenperature difference between the surface points on the substrate
surface at each a@ratiof & stbstatbal | s bel ow the prescribed threshold val ue.
At this point in time, an optinized desired-value profile is established,
whi need no 1%:lQ [ : W ' L[ i red-val ue
profile is usedfﬁ"%r&g%qb%vg%ag%a{'%g{u%ﬁ% gg?%ﬂn% d%?@%éé’é@% ’g&%ﬂ?'substrat es
havi ng the sane paraneters and, whi ch e.tp be heated to the s end

t enperat ure val Lfgg Os%ﬁ‘fy? n9 ?W@m%@aﬁ@ﬁfrﬁﬁ?%noﬂﬁnt ﬁ%"%@@i FYRie igr (@D
profiles, it is possiple to vary not only the tenperature determ nations
during prescri b@ytematc OEW“‘Z?WWP&ESH@W%‘?C'&ESI“@W%EEPQ@K)S filed 28
Novenber 2001 | Jakob Szekeresch, et al. | Steag WemaTech AG ! AZ, 3394
intervals. Rather, the length of individual tine intervals can al so be
adapted. The coordination of the surface regions of the sanple to the
surface Fig. 1 shows a schematic side view of an apparatus 1 for the thermal

20 treatment of substrates.
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S points) or the coordination of the surface points to 'the zones of 'the

heating surface, can simlarly be varied. Pursuant to the preferred

enbodi rent of the invention, during 'the recal culation of the desired-val ue

profiles the tenperature '10 | nhonogeneities that occur at a specific point

intine are taken into account in an anticipatory nmanner in order to

achieve a uniformand early adaptation of the profile. If, for exanple, at

a point in time The gbarawsnds hast enenhatdontroliéd ORBRE Sldte0 G Uhat 48 a

specific surface point, with the newy calculated profile this

i nhonogeneity i y i~N n i ekt AR n time)
ScohprRed oﬁ%t htﬁﬁg&éfc Bﬁsé‘fp@% 8 ﬁéw@@lée‘r?‘ éﬁ%‘f‘“?@aﬂém

e.g. T = 30 seconds, int esired-val ue prof ( . . one
'ocal 1y st rongerd BHeq ERBBSRYGH, 3% b FRY aas:a)lifet WA st ol P

i nhonogeneities cap be proyided for wthout te ature | s of the
heating el enent sa"!SEﬂ sﬁg%ﬂﬁwdﬁrﬁwg-dayirﬂ@aqggﬁé%f‘?s@&-"&‘g)ﬂﬁt"hes or
determ nati on between the |ndividual Intervals. -18 Lit 'rr8n5latl on o~P
PCTI P01/ 13905 fgrreved thigl extead peypendiculek do tee side edges ofthelheatingt ead
Hanti roch AG! AZ 3394 The above-nentioned optim zation nust be carried
out for each di fplatecttie snterside @ insivided ims of talaai@5 squbrecsggenents®e val ue.
To save tine during the determ nation of the ideal desired-value profile

for thermal treafigegbpthhay tHROgfcvES 7 brressbid RSERKIMARly i hal dflthed 5
normal i zed profile is calculated. During this calculation the assunption is

mde that the {NARREsS BAIRCbSL Bloté 207 DispBsdd Bpbhahe solffe seafBARNs! al | v

the same at different tenperatures. Therefore, e nor Ized profile is

formed froman qptjm fille it (N VI ;

t enperature val u‘% {cl;‘? ﬁggﬂ'ﬁ%?’llérﬁgz%dé}ﬁr E?asfﬁeg{".’éns%‘g‘é)éér qfe%“% %lgﬁ]aeﬁ"ﬁggo’

nor ized profile., For each further desired end t erat ur t pe

nor 01 sed pr of 1WHoh STR SRSt IBGt srOFRat . pEHE bape et d Tohas

cal cul ated desired-value profiles are then used as a start profile during
the iteration cyiitablgrmanger such asdy keinggdbesivelydeiaed drerete @adivinicy cl es
prior to achieving an optim zed process profile can be 15 considerably
reduced. Profil derropearrespedding besting 2anes cwith Bbe nsefmentai | &lecta dha
custoner in order to be then used, for exanple, in conbination with the

met hod known ' Frarrarigerferit® 9f 4he h@dting\elenterntts 10hiporetHeesdégmentses]evhibie
subject 20 matter of the present application in order to avoid repetition.

Alternatively) tdig ppdstivalyi Séparstdd® Khanha! ?ﬁbo@és??f Qfb ededimeptsstapger s, So
that the process control is automatically self-optim zed over tine. -19 LIt

Trengketion of L J nesch, et
sl I$ tolog Fbm?ggé@%lﬁééz%g%%zﬂow%%e%%@%ﬁﬁooﬁ%gbgr%?&ﬁﬁg@g cri bed
with the aid of referre di | Lon Wt ver,
being | mted t d TR QU8 AnGan s f8 SHS‘%“’&E‘X%’@%’ P B P#Q}R%fat e

coul d al so have 5 sone other shape, sych as, for e l e, a rqun hape,

Wi th round he\a/tti‘?FdWSP%n'BﬁtEe%}rnghE&ﬂ“ﬂ?{gs-e| Rlusver. 1 7 08 'B?S%ipr‘%%grtﬁe P
segnents. Instead of an infrared canera, another, |ocalized tenperature
measuri ng devi cehagdingd elgmentse 10sate adesiuately thermally aceunleds with one

PGTI EP01113905 fiid 28 NovenbQ 2001 | Jakob Szekoresch, et al. | Steag
Hama' rech A~ / rahB&4 so that on the upper side § 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-

-9-
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Patent Cainms 1. Method for the thermal treatnment of substrates, according
to 5 which the substrate is heating by a plurality of separately
control |l abl e heating el enments, each of which has a prescribed desired-val ue
profile, with the follow ng nethod steps: a. l|ocalized nmeasuring of the
tenperature of the substrate surface facing away fromthe heating el ements
during the 10 thermal treatnent; b. determ nation of tenperature

i nhonogenei ti es itastrated tegmperative sensorimtke foni af @ thermdedupie telemeot, new
desired-val ue profiles based on the determ ned tenperature inhonogeneities;

and 15 d. provi siKighPheddifed te detaal Rnparatife Rf Hd hestirigelemenied0enh -
treatnent processes. 2. Method according to claiml, characterized in that

a tenperature in,homgepeithyr pld BRrAbrts A i§ Nsd pe&SBle d 22k BAkr s

taken 20 into a count in an anticipatory manner, in terns of time, during
the definition o iles. -21 LI ~t Transl ati on of

PCT/ EPO1/ 13805 f% peﬁ%?%@z’%ﬁ%a%giﬁg&%akob Szekerasch, at al, | Steag
WenmeTech AG/ AZ. 3384 3. Method according to claiml1l or 2, characterized
in that the tenperature of the substrate surface is determned at
prescribed surface points. 5 4. Method accordi n to claim3, characterized
in that the averAifougs Jﬁb@ hgatiag) plateas wasHessbed as.a sneniees base platesur f ace
region associated with a surface point is assigned to the surface points.

5. Method accor d3 hgving gricaves 3 forméd tbkeimdorcther segrhantatian afitbe upper
association of 'the surtace regions to the surface points remai ns constant

during at |east gige 6rohdhe eagotpisiecheit shoulebbotbtadanatltve base \piateod t he
claine 3 to 5, characterized in that the definition of the new

desired-val ue prfild 8eifsrrhéd @ﬁt.ﬁeqy plaaWi 4t freenadtihgoélemendd 9DIRAId be

associ ation of the individual surface points to the heating elements 7.

Met h accordin R ciation
remas. const antAeCieal Wi g BAEFEIdRS w*Gfoctl of Vil spater Sy ke

Trensl etl on of PCTI EP011139 fil V, ar,.2R01 a r sCh et
2 1 Steag Homa AT QAT Azf?@g@xegt% AR BT o stianes S8 nERET 7
characterized in that th ht ed associ afl on i s _changed during the
definition of tHbesegments 8 an 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-llustrated scanning device having a moveable mirror via which

-10-
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desired-value profile. 5 9. Method according to one of the preceding
clains, characterized in that the tinme intervals for desired-val ue changes
-are newy selected during the definition of the new desired-val ue profiles.
10. Method according to one of the preceding clainms, characterized 10 in
that a new definition of the desired-value profile is effected only if

t enper at ure i nhonogeneiti es occur above a prescribed threshold value. 11.

Vet hod acoor i natieoefiie b SEriBE T8 S e SlIRe 121858GLEAGYchnEA. (et

durirfg the thermal treatnent, e substrate i s di spos

arranged betweenpth ting e t ng t.he substrate. 1 Met ho -
according to oneB&f%E pr‘gccﬁ% ng)&@]nzri‘qam,ge\hﬁ%ra?ct@f:?%@ ﬁ%‘eﬁntﬂgtg@s t he
original desired-value profiles, nornalized desired value profiles are used
that are cal cul afeé'ﬁ’?rﬁgﬁﬁa‘i’is*é‘gf'f'% ﬁgﬁﬁe@%ds' a| 1% 9frthejsubstrate 42 |s;

Transl ation of PCT/ EP01/13905 filed 28 Novenber 2001 / Jakob Szekeresch, et
al . | Steag Har nfmstisedonhereby3tigsentire3surkacenisds¢annedndooprxamipleatirme of
desired-value profiles of a plurality of separately controllable heating

el enebts for theevéryrsesbndreat nent of substrates, with the Follow ng nethod
steps; a. heating the heating elenments with the aid of respectively 5
prescribed desired-value profiles; b. localized nmeasuring of the
tenperature of the substrate surface facing away fromthe heating el enents

during the healinde ffrafiel Uamdtandy RS Bnhedtell 08 & datdThe! OBPRIA! U e 10

i nhonbgenei ties occurring on the substrate surface,; definition of new

desi red-val ue profi i taal5,20 .0 bas on_the
tenperature i nho%@éﬁ@?éjﬁég ?Héﬁgﬁ%ﬁgﬁ%ﬁanze%\/ gg@?'ﬁéﬁgﬁcﬁ -JZ’%"?’%PFW&Q for_a
subsepuent heatin rocess; ,f, repetition of the steps a,to until , at
every point i n t PGS SHABeHcpdre e CRERR B PIRRRATEN EPaUAlr ¢
bel ow a predeterm ned threshol d value. 14. Method according to claim 13,
chard@terized i ntamparatuie disitibyticaepem the upper sedacsd 8 afrtheisubstrate: is
substrates and different end "tenperatures of the thermal treatnment. -24LIt
Transl ati on of PdEterprdEd-agdds protesserd asowdhber desmiber hageatér detailesch,
of al. | Steag HamaTech AG / AZ. 3394

subsequently.

in Fig. 1 one can further see a process control mechanism 24, as well
15 as a PID regulator 28 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.

11-
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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-value profiles.
-25 LIt Transl ati on of PCT/EPO1/ 13905 filed 28 Novombor 2001 / Jakob
Szekorosch, of al. / Staag WamaTech AG | AZ, 3394 . AY. A3. A33. A3( .A3.AF. A
aF. As. A3. A .A aY.A . AF. AlYI.Al.ASN|.A alE. A aE. Al Y. AluY. AY. AN Y. AYl . AuY. A
aF ?(5~ T} E I

zupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV]ca] caV]ca]ca]ca]c

ﬂ/f/;?]q(;?{/? gigsg}ﬁ '?t/]%?]g]wc@af ?gﬁ g%]c@g cvzii cu o(? a%ecgl?%tz‘ir]fc fgiaé%]‘!cgfsg aﬁ caj ca]-c
cal cal cal cal ca CHPUFRLT 2o pOut 28 B SiARe) B.nf et debapesTodRE cafec c

a] ca] ca) ca] ca]cgl.cal ] a6 )

! }#! ?']' i " ]7#2;###1%%%3%985}@&@@5( jforped; by dhevheating1@lemenisc dfc Andatha) ca] ca)
ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] caEyca] ca] ca] ca] ca] caV] ca] caV] ca] ca] ca! ((
1) 5) )47 *Txex*x tsegmenty 8 are schemptically indicated xasidi arezhuaibesdd ] tm28a) ca] cal
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
ca] ca! AO00101113nRdidated dpotCitiel sdbistfEe 5125 afer 66602 pwints 3{ toqll §Imhith,cad ca] ca] c
a]J ca] ca] ca] 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] cahilil 988: deseribed in greater detail subsequently, are used as

; He<<' =A>>>>B?[ ? @@ AABDBWCCHD( vgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] i ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca! D- Ex
EE FHFFF@%W%P@&%@ﬁ%@?KSLLL MVIVIVM

NSN{ vgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ¢a]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! SNNOO@r PWPPP. Q@ QQRPRRRSCcSSS8T| TTT/ U
wuuwv| xsnj ch cal caV] cal.ca]l cal calcal cal cal ca] ca] calLca] calca]calca
o] M ca] ca] ba] 648 GANc AP IH-CUPERECRY 439 cMAIALR! DA PWSIZbE7 0 118 [ [\1\ (\
B] ] " R " 3awa| aa{vql gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV] ca
] ca] ca] ca] ca] cajseeptrateceqvess i eanical]iag cAthapotitecdd fHeatinsBAnes IR cdSddd&
e:f~fffghihxiijjklll1{vqglgb] X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] calheatiog]ptate @a] Thérefdreallerng ajtbearal dieaivipotiof thel substrate
nnmmm”~nnnnoooo>oLooop@{ pppaq{ vagl gb] Xl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] c"a
] \3\2\/] ca{ caV] ca] aniinfy] thebeajina]zomke adreahoalved Uaktiadutteaferadinild eatesV] ca
gwjqqqgr\rrr

sS(s*slssst\tttiHave AN WHIERYE Whoh YR thdrviaf #kafmémY] ca] caV] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! {ww
V
\x(y?(]yyy. z9z| zz{{{{{S||)}e}h}}}}}~6y}xsnid_Z] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c

S I3 henni o)) —eoitEcHitte HfcE 2B Sl i oS Rl of re nduBal BERL T
Sobel] Shiohekrshoabi shsaherts o Bk enbscabiaone SdeobblBelbine
S109& () - 3109%& ()-  10%& (c? - 109%& ()-  f109& ()-  109%& () - 3%& $5~

ed in Fig. 2 is not exact and should merely indicate the

weighting provi
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
12-
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bC6 10%& S10%<& ()- @O%& ()-f#10%& ()- 3 10%& ()- 10 10 10 8@LO%& () -

T} dEbCE 10%& 9' f10%<& ()-Z %#10%& ()- S10%& ()- yl0%& ()- " 10%& ()-
FS10%& ()- E | dYNC6 109%& 10< 10< 10< 8@LO%& ()-6 10%& ()-

3S10%<& ()- 1@O0%& ()-/ 10%& ()- \%EYNC6 109%& OT10%& ()-3 T109%& ()-3
T10%& ()- T109%& ()- T#109%&' ()-3 3 10% & () - W/S$j dEYNCE 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 reglon 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 t in °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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&-109%&' ()-3%10%& ()- "S109& ()-  glO%& ()- T10%& ()- FS10%& ()- QJEYNCG
109 63109& ()- 3@L0% ()- 1@L0% ()- 3/ #109& ()- - S109%& () -

| +@O0% () - STUVF 6bC6 109& S109& ()- SI109& ()- g#HLO%& ()- y 10% & () -

10

10 10 8T10% ()- 6x@EbC6 109& gl0%&' ()- gl0%& ()- glO9%& ()- Fy#10%& ()-
“T10%&' () - 3@L0%& ()- ]dEbCE 10%& - gl0% ()- +T10% ()- S)T10%&' () -
9' @OY%& ()-F YA0%& ()- #10%& ()-8=>?@YNC6 10%& 10 10 10 8S10%& ()-6

109 () - 3S10% (ypretdAHE § k- Ph4diWtiels QINSRINRR 20%6s. Y RO ket et

10

15

20

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 0 seconds to approximately 1 minute. The graph
disposed next to it at the right shows the desired-value distribution of
the zone-controlied 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

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
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
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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-10% & () - 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

5 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

10 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 clearly

recognize the different control of the respective heating zones 1 to 25,

whereby at the beginning of the treatment the central heating zones

15 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. [n the block 30, a treatment cycle begins according to
20 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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10b @O0%& () - T #LQYedrit) nori?8& (karting profiles, as will be explained

subsequently. The desired-value profiles are designed for the thermal
treatment of a specific substrate, as well as belng 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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10%<& ()- 3f 10%& ()-485[ 5] 555+6dELC 10b S10% & ()- S10% & ()-
f109% & ()-10% & ()- | 10% & ()- @AL0% & ()-+6566727y77dEDC 10b $#10% & () -
S10% & () - However, if the temperature differenice 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 s 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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The coordination of the surface regions of the sample to the surface
5 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
10 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
15 taken into account at an earlier point in time, e.9. 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
20 greater jumps during the desired-value determination between the

individual Intervals.
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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 muitiplied 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.

-19-

LIt Translation of PCT/EP01/13905 filed 28 November 2001 / Jakob Szekeresch, et al / Steag
HamaTech AG / AZ.3394



y10%& ()- f10%& ()- @O%& ()- 10 10 108@0%& () - 710%&' () - QRPRRRSCSUEDC
10(#109%& ()- sf10%& ()- VYSI0%& ()- @109 ()-F f10%& ()- f#H10%& () -
.cSSS8T| TTTAELC 10( y)f10%& () - F% 10%& ()- #S10%& ()- ! S10%& ()-
f10%& ()- S10%& ()- T/ UMWUUWWM/RVAEDC 10(s710%& ()- 4S10%& () -

2S109%& () -/ #10%& ()- - S10%& ()- +f 10%& ()- RAMVVVWAKYDC 10( 3#109& () -

&F 109& ()-Fs10%&' ()- 12z10%&' ()-m 10< 10< 10< 8S10%& ()-Y YYYZbZZdEbC 10(
f)S10%&' ()- ' glO%&' ()-33%t10%&' ()- ! 10%&' ()- f10%& ()-

The invention was previously described with the ald 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,
¢. definition of new desired-value profiles based on the
determined temperature inhomogeneities; and
15 d. provision of the new desired-value profiles for subsequent

freatment 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 reglons 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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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 accarding 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.
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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;

¢. 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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desired-value profiles.
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