; e3ea®@R6TBL ; APPARATUS AND METHOD FOR THE THERVAL TREATMENT OF

SUBSTRATES The present i nvent| elates to met hods fidr JUM003
thermal treatnment of stmmmm m ﬂnd i ncl udeqmﬁﬂ‘%&ﬁ@m ﬂ late having a 5 ~
plurality of separatel Ie heat i ng d a localizing

t enper at ure neasuring devi U@l@‘hat is directed updf®fe surface of the
substrate that faces away fromthe heating plate. Such apparatus are used,
for- exanple, in the sem co t ocesses for
coating substrates, espemgm%-rugwﬂ %mélgnrﬁger.'e?Et%H%ﬁy%nal ly treat
the substrates for the curing a'REk'ﬁMEN:'EDFpSUES'RATE@ of the Iayers
During the thernal trq%tprrent, "I IS é)for the su sea’k;l at us |I|ty
of the substrates that I"%reéﬁﬁ ineﬁn"%@/é?lﬁ%?r aPRaAIHE aad Metgrs:for
honbgeneously as ﬂ&ﬁ?dl"t‘}e%t ﬁ@f’@& strdted Nakd HRINIESE h%attnhgrﬁlé@bh% %CUVS
that due to 15 an I ncrease erma radiation, a uniform ther at ment
in the corger reglmahtyocbf sepﬁrataiyugﬂoetroﬂatbietmeatm elemente, anch a dogajiangof
round substrates ?z not Eosm ble tao for t r eat ment

e A 04 230120 gteppeEluie SHAnG Agyice F I dirRip P C&,pf the

substrates usi ngsgpéteateitAat RAkas awdyarornnd prbbAg PYate. Si ngl e 20 heating
spiral that can be differently confrolled in segnents thereof. The

apparatus further hasBSushrapparatyso are dises: for example.pisy the septiconduaier,, a

of the. subst 1 at o T EREHERAGh FRK s BresBl o7 cLefifE bEESIRRR, efbeddll, °Cr
appar at us jpas t hphptooasks! rabrddr tbSthleqhabmmaloltHe tsubdfratessforethe euringor m

thermal treatnment of the substrate g parti cul ﬁf-l thjs g aratus has t he
probl em that t hea@nddih@neical Predgerikiasobthe: RyerseaPLRpd dpe thermaldreataiambng | v

| oaded ne t
ot el e onacq tHR R e S0 hie SpSeqidiR (Al Arane AR b g1 1O
t enper at ur e neasapplied diayerse.aréhdreated eas t beifermiyabhyg thequugendobsiyt |asg
t t i t.ant | hot d d the d
segnonts of the RESHPIRy HWeer. [3n eifiosspn aheryoletn okgyts el iR « ne

thermal treat nenbnofncﬁeésehstﬁ@heﬁ raaihtidfnclamtﬁﬁfoﬁnl MHeemalarddti@nlint s si de
heati ng pl ates, and tenperature sensors nmeasuri ng the tenperature of

the heating pl at 88rnerHegiongef W%%’!Q'%és‘bﬁ%t%’y of fee trknyesigns: @f wiRdor s
are conveyed to te the heating
capacity of the ﬁe %ﬁ%ggrgﬂg@% élgg %g?] #’Dﬂﬁc?rrﬁ 9'egﬁ'%'l""fsl which are - -
10 known in the i ndust)PyA-Ode%&Q‘rﬂﬂ disolmsesr ,arpeapparatus aﬂnpttaei c¢hemhalt he
heating device to the sub ra er at e and is therefore suitable to
onty a1 i ted olteeRTeRoR SVALRS FoR0 HERUMBBIRIS Hhal REsk Bl Ausngle

US- A-57153@1 di Sﬁbﬁﬁl‘i’% s%tréﬁl?hé’t Bﬁﬁtﬂéﬁalfféﬁéﬁtlﬁ %bnﬁ@l@@%@é@hﬁ&nt%h@fe‘bf The
waf ers are heated eatlng nps and the ter‘rﬁerature of the wafer is
deternined by a Ehamnawtug uﬁpebm,mwsmnttth emtf@dw:t@w portonsf glaimAs a

function of dete _—
i ndi vi dual heati ﬁg‘a l’\ggalz?rg)gérgégfa‘?uﬁél%gﬁaﬁﬁgtdgg%ér a ﬂigét%ﬁ%ogrﬁg i
probl ens as occususfatd ofhitte cSubsBatd 4hat Faces .awdy U&arﬁ- the/ Aedlihg plate.
furthernore ShOWE' a tenper ahure control l ed subs ate hol der, on the rear

side of which ar apapParatus has thedpr %Fé’é?tr'&'%ﬁehl’@%s"?lﬁalp are
lied th d

Spon the Sarf aﬁitﬁ%“*er a2 RoRfMemastfedtmelt of M4 Sl C e or Bedlef aib°!,

order to measureapparadls hasiiee groblermothat thélmchudﬁabsegrhentseoﬁ/\memeatfﬁge

nmeasured t erature distgibution is co ed to,a control it tha
control s thgppomép'r§uﬁ5?yFrﬁg”%nt&JrR§‘ﬁr gﬁgyﬁ'h‘@et Q?ﬂ)e'F%ﬂmge%F?é’ir?%u Pon in

order to achi evesgpyipateddd Bedoby tY hahtihd dpirBFis SerReRCoRly Gdith %D@étlayfbyZ 3
0 JUN 2003 US- A-5, 635,409 describes an apparatus for the thernmal

treat ment of senlconductor waf ers, according to which a wafer is heated by
a plurality of lanps. A null-zoned sensor npasures the tenperature of the
waf er at different points, and conveys the results of 5 . the tenperature
measurenent to a control unit. The individual |anps of the plurality of

| anps are variably controlled as a function of the tenperature distribution
in order to obtain a honogeneous tenperature distribution on the wafer
surface. It is therefore an object of the present invention to provide an
10 i nproved honogeneity during a thermal treatnent of substrates.

Pursuant to the present invention, the stated objective is realized for an
apparatus for the thermal treatnment of substrates via a heating plate by
the following features: a plurality of separately controllabl e heating

el enments on that side of the heating plate renpte 15 fromthe substrate) at
Ieast one tenperature sensor for sen5|ng the tenperature of the heatlng

- v o, o o ~ e~ g, T 1 1 1 4



is connected to the conputing unit and that determ nes desired or set
values for the individual heating elenents as a function of the tenpgr WNUIEB
~' "distribution and further conveys these desired or set values to the 2a

3 U JUN 2U0 apparatus has the sane problens as occur with that of JP-Ar
04-239120. It is therefore an object of the present invention to provide an
| nproved honogeneity during a thermal treatnent of substrates. 5 Pursuant
to the present invention, the stated objective is realized for an apparatus

for the thernmal treatnent of substrates via a heatin Iatfe by, t he
fol | owi ng feat ur e§€ localiging 1EMpET A& MeRPAING ?‘ﬁ/‘cé'o%{'g%ﬂel e, ih?n?&t‘i‘%'&'
elements on thal SuifednddifioNeddigre X BonaiRlP dveAict bf URUBRHOAUBe tol

| east one 10 tenperature senSor tor sensing t enperature of the heating
el ements, at | easthedifferenDsegmenty dithethestingspirahnect ed with the heating

| t d wth th t t t t , ti '
Chat 1s connect cd wi LE-Ardt-DBOBE! SNOVE ABAPARIa1YS dehiHed gl HaePURRIGFm nes
the t ' ' ' ; t
cont ol uni t nat-TEVESn et (o Aet R38AETRE g nlfer B8 o R, BRce™

desired or set vaemgmeréture tdenhsiorsfer aheasuriny thddempdirgiuleadf treathezging
el enents as a functjon ?_f the tenperature di ryi &ution and further conveys
I e

these desired or @%ﬁe_sva nedermperalires BB DI € W’_"H%’?ﬁ‘éreﬁeréﬁ?r%rﬁf&r at us
having the af 0re%vb8@§%“@&ﬁr8fzﬁ§te GhtAdlunte iﬁd@rgbattbqagefat@@ﬁé Helatidg

paranmeters of a closed loop control circuit is nade possible with the aid
of external neaswapacity of dbeilhesting plateat Juoh awostrohtiad, mesyitwhichadeto a

@03 vl ued ¢ her CPRL I e Pl Bt Bl TRV, PERE AR} Sbfdtondrtnee
surface, from whirdatinGededt RiPtHead BisYratd airagéradie ot Iecthetaord Beitable to
tenperature for the heating el enents can be determ ned. These
only a limited extent for providing a homogeneous thermal treatment.
US-A-571§136"1 discloses a rapid heating unit for semiconductor
wafers. The wafers are heated by heating lamps and the temperature

15 of the wafer is determined by a plurality of pyrometers on the surface of -
the wafer. As a function of determined temperature values on the
wafer surface, the individual heating lamps are controlled. This
apparatus has the same problems as occur with that of JP-A-
04-239120.

20 US-A-5,740,016 furthermore shows a temperature-controlied
substrate holder, on the rear side of which are provided a plurality of
thermo electro modules that are supplied with power from a power
supply. An infrared camera is directed upon the surface of a wafer that
faces away from the substrate holder in order to measure the

25 temperature over the surface of the wafer. The measured temperature
distribution is conveyed to a control unit that controls the power supply
as a function of the temperature distribution in order to achieve a

variable control of the thermo electrical modules



-values are stored in the control circuit formed by the PID controller) the
5 heating el ements and the tenperature sensor. As a result, it is pd8siUNIZ80I
to set the individual heating elenments in such a way that the uniform
tenperature distribution is achieved within the substrate. In particular, a
hi gher tenperature can be prescribed for the heating elenents in the

probl ematic rimand edge regions. 10 To prevent a thermal induction

di stur bance between the ,iQd ¥i eat i ement t hegt,i ng.el
S0 Ao B0 S TR e R e AL

are spaced from one anot hé 'hedting pl ate t'hat T's

renpte fromthe suladdtmedt dinsémicktdi@tort Rafdreatddtarghgmntwhiaheapiefar adl y
di sposed on projections of the heating plate. The shape and nunber of

heating 15 pl ates ihcaiethpyed plorality afHapwsof A meulsabred HENSOf HAEagWESt hieve
treated, so that the vant ously extend alon h f & he
substrates that ar e%ngaéuH §€1 d‘.”a% %ti(ﬁﬁ?riew%ggrﬁ%‘r%rl‘(?tééﬁ(’egg?@%gé%%%t?ftng

el ements prefgerabl Xh@@é’rﬁfbf"ﬁuﬁeiﬁ%@u@ékﬂeﬁﬂcb i gntrdfarnien Teet indwlids#t iaipg of
the heating elenents that take part in 20 the heati ng’ of thewprobl emat i cal
[

rimportions, the pdsheirHralty 1hdagpsseravaripblyacprisolias egea Heaction qfl thee
. forom . 25 _ e
b nene ol e, 38Berdfure bl RS R R Rin bR G gR AL R TheRae |

a PID controller Thistaomgui bhghelWafer $urtager ocess control unit, and/or the

PID controller are preferably conbined in a _single unit. 5 Pursuant to a
further preferred specifi & digseidraent obiect pé the syeaent invertipgno pPravide an

tenperature jEasur ipgriy ﬁ&nbée@éi@’&@% E‘;ﬁ%rrﬁalstf?@é}me‘?ﬁ of SlbSfafedr the

sequential scanning of that side of the — substrate that faces away from
the heating plate, in oftssuant &bt then nresantstinvgnfian, f thewestatethnokjective is

I lized : t t f il
thi e comnectton) t RESZEG R 8y SRRl b P8 Brahlir B B S S RET VAR o
mrror in order toheatiad! plated bypvthet fedlohirg) deafurkesi en piirdlibe dfegpparitelye
measuring device over the substrate surface without the necessity of having

to move the entirecapipaiaRiadiaslion eRmenty PA.thehsidecabliicabartingrpidiariempte

device is 151fsprefemm Yhé s bRirhed et [ oreMRIfperlafuRNSeRES /" SchsiREGhE! C
enbodi ment of the apparatus) the :

temperature of the heating elements, at least one PID controller that is

connected with the heating elements and with the at least one

temperature sensor, a computing unit that is connected with the

temperature measuring device and that determines the temperature

20 distribution on the surface of the substrate, a process control unit that
! is connected to the computing unit and that determines desired or set values for

‘the individual heating elements as a function of the temperature

" distribution and further conveys these desired or set values to the

2a



substrate is a photo nmask. The object of the present invention is realized
with a nethod for the thermal treatnment of substrates, according to which
the substrate is 20 heated with a heating plate and the terrperaturew)fJUW@tj
surface of the substrate that faces away fromthe heating plate is locally
measured, by the follow ng process steps: 5 3 0 JUN 2003 heating the
heating plate by neans of a plurality of separately controll able heating
el ements, neasuring the tenperature of the heating elenments, regulating the
heating process w sppara®iD cent thal |same detoblarhai ag obeurt evitberthelured JP-A-

di stribution on the substrate surface as a function of the neasured
tenperatures, detepgpigygiggdesired or set values for the tenperature for the
i ndi vi dual heating elenents, and conveying the desired or set values for

h h / |l er., Wththi l:
af or cnonti oned advant aghelSch i RoraeARBRGS! et RfSalal bl 1 erfuoe

substrate are achieved by active feedback. In this 10 connection, the

i ndi vi dual heat i ngirepr@vedthorapgensitr during 3 thesgial Heatmsyt absibstigies.

i ndi vidual |y associated PID controllers. Pursuant to one preferred specific
embodi ngént of the preseRursuardntd othe tiveserdi drevenmtionhetheulstatedt ebjestivef sces
away fromthe heating plate is sequentially scanned during the tenperature

measurenment in 15 piligedtfer enadsarhiusaios th@itgeriien tvedtchemeion substeates oaa iaz ed
tenperature nmeasurenent. In this connection, the scanning is preferably

achi eved by novi nghgam%{)%e bg%é‘fé‘lmwiﬁgfé’atﬁﬂs@i cularly preferred specific

enbodi nent of the prese I nvention, t tenperature of that side of the
camera. The mventive: nBcHBiP % 5 tEr Bl <RrPISUE AT RRR L A TR
0 JUN 2003 side of the heating plate remote from the substrate, at least one
10 temperature sensor for sensing the temperature of the heating
elements, at least one PID controller that is connected with the heating
elements and with’ the at least one temperature sensor, a computing
unit that is connected with the temperature measuring device and that
determines the temperature distribution on the surface of the substrate,
15 a process control unit that is connected to the computing unit and that

determines desired or set values for the temperature for the individual heating
elements as a function of the temperature distribution and further

conveys these desired or set values to the PID controller. By means of an

apparatus having the aforementioned features, an active adaptation of control

20 parameters of a closed loop control circuit is made possible with the aid of

external measurement results, so that the substrates are subjected to a

homogeneous thermal treatment. From the measured temperature



-The present invention wIl| subsequently be explained with the aid of a )
~preferred specific enbodinent in conjunction with the drawi ngs; in 3B&eUN 2003
drawings: Fig. 1 ais a view from bel ow upon a heating plate 5 pursuant to
the present invention; and Fig. 1 b is a side view of the heating plate;
Fig. 2 is a view fromabove upon the heating plate of Fig. 1 with a
substrate di sposed thereabove; Fig. 3 is a schematic view of the inventive

apparatus for 10 the ther trea bst . s:  Fi i ematic
i lustration of YAU&H Eﬁﬁg? hﬁé"@pég?%B‘g@@%dfdﬁéﬁ{’&E?“ Qe ﬁ\?e%l“ﬁ\?@g&
apparatus for the thermal treatnment of substrates; Fig. 5 is a djagrammtic
illustration of §W§a¢ﬁeggpﬁb whigheth @PProRIEAtelC E?Qﬁﬂg %d"@f&'@?r{% B set

values for the tenperature of different zones of the heating plate. Figs. 1
a and 1 b show atempevatyrenfasetiay heatingl elementsscar be detefmiged. These
zone-control l ed heating plate 1 of the present invention. The heating plate

1 conprises a squalues lane steredtin the tcbatroheiscuinfolBied yethiei RID gomtesiternthe ar
cross-sectional configuration. The base plate 3 has a first planar surface

5 andsa second, ﬁsawt&smwst% Qhe Hathputafud6 Sséndor. diAg dedebit Oitaig ot al
of 25 square _ 7 3 JUN 2003 segnents 8 by neans of two groups of four

gr ooves o Nt ohessdk LAl RN IRERRBINRls [0S 102 a7 1FAER, O

t he heating pl at e Jrooves I's appr oxi m equal to one
hal f of the thickness of the base.plate 3. Square heat.i el nts 10 are
respectively di sﬂ%'g%'ﬂ" gergnefq;gr%&ﬁg@u%&ﬁ?élegegfw@ﬂgr}ﬂgaw [#eatld 3: in
a suitable manner, such as by gluing, the heating el enents are connected

with the segnentBagicH@ar; R NigheX tamaperaturg,gan Hennieasnibey Jomdhe theating
correspond to the base plate 8. By means of the arrangenent.of the heating
el ements 10 uponelementeimthe problematic dmeand eggeregiony. 10 separated by the
grooves 7, the heating elenents are thernally separated from one another so

t hat jphey do not affeTb @reventotadhethermak. indlactidrat disturbaecarabetwesbret thee
di sturbances occur between the heating el ements. However, the heating

teLg”EQtSZ é?a?;e&ﬁnﬁg\}é&lﬁ!g{étdghgt&émﬂ,Xhé‘h‘éﬂ{iﬁé’ eYérhént8nfe HpRLBE frdh Jmeans of
another on that side of the heating plate that is remote from the
substrate. In so doing, the heating elements are preferably disposed
on projections of the heating plate. The shape and number of heating
15 plates is adapted to the shape of the substrates that are to be treated,
so that they advantageously extend along the outer contours of the
substrates that are to be treated. To simpiify control, all of the heating
elements preferably have the same shape and size.
For an optimal setting of the heating elements that take part in

20 the heating of the problematical rim portions, the position of the

substrate relative to the heating plate is preferably variable.



15 honpbgeneous tenperature distribution is achieved on the surface 5 of the
base plate 3 without a thermal distinction of the individual heatin

el ements in the thermal pattern of the surface 5. Associated with é%cJHJN 2003
heating element 10 is a non-illustrated tenperature sensor in the formof a
t her nocoupl e that neasures the 20 actual tenperature of the heating

el enments 10. In place of the thernocouples, it would al so be possible to

use ot her tenperature SEensors i cal te erat Senso
TON 2005 1 £ oo A TRRREr 1S ofle, PRETES Srepll Goberiten ok e @rﬁgs%’?‘ece

base plate 3, in which grooves 7 are for rred for segnent i n&)the out er
surface 6 of the hmsentmrateach, hdating relemenbis paveted with a RED isestropeat éhg can
have an entirely planar configuration, and the heating elenments 10 5 can be

connected direct! yeopfipitiry §mcme3pf¢té§s icbetrbREsit PAd/Br The IMDL dntEsiee are
manner, the present |nvent| onis not limted to the shape and nunber of the

sggments 8 and of %rgﬁgtéf%v\ﬁere ‘%}% FI g. 2 shows a schematic top

vi ew of the heati grooves 7 and t he heati ng el enent s

10, which are not reco i zable .10 i he to |nd| C

schemai’i cal | y. Above t HOABAES g ?n&n%% pidfertd i dnstio, STRESTMETL PhtE8 i n
two different positions relative to the heating plate. In the first,
centered position RSESEMdN¥eMian: Meterpertyesnsasuing devise|iapsoviaed vdt #al 9
of the total of 2~ heating zones of the heating plate 1. Therefore, during
a thernmal treat nerscaohinghaeyidestforattee s&qearstant searninn@nodly thate séded aforiks
take part and are of interest. In the second position of the substrate 12,
t hi s. substrat e mubsirateshattfacessavay omahe heating sibtenfin dfdeh tmobtaiyn inEnstsaight- t he
heating plate 1, so that during a thermal treatnment of the substrate 12
these 1 fi heati ngforwaes mairerpldceatindd anea sdireinmé etr afsthe tEmperehse
illustration of these two positions, it is 20 clear that by nmeans of the

sel ectjjpon of the peshbi Qbsthtd @arrée@strrairﬁs éob\%eew#e{heo ge@éo.&g is
e va can

el enents that take part during the thermal treatnent can ied an
be optimally adaptedeerfhy profddiWNit83novable mirror in order to be able to move

the field of vision of the temperature measuring device over the
substrate surface without the necessity of having to move the entire
apparatus back and forth. The temperature measuring device is
15 preferably an infrared (iR) camera.
In one preferred specific embodiment of the apparatus, the
substrate is a photo mask.
The object of the present invention is realized with a method for
the thermal treatment of substrates, according to which the substrate is
20 heated with a heating plate and the temperature of that surface of the

substrate that faces away from the heating plate is locally measured,

by the following process steps:



F.A ~9g,h,~n,"g a c~homa_ti~ ills ictra_ttnn ~f an a~Inaratu$ 1 ~ fOF the
thermal treatnent of the substrate 12 The thermal treatnent apparat u.a 1@2003
i ncludes the heating plate 1, illustrated in Figs 1 and 2, for the t Qr I
treatment of the substrate 12. The planar surface 5 ~ of the base plate 3
of the heating plate 1 is adjacent to a substrate 12 that is to be treated,
for exanpl e being spaced between 0.1 and 0.5 mmtherefrom The substrate is
supported over the heatjng. plate b fo xanmpl e, four, nop-ilJustr
supports. Di sposed abov'ée@fh'g’s’ %“e%t‘"le%)éinﬁl E:Il?éa Eyaﬂga?%gffuﬁgir?g‘%’eo 13P74 ?’;Ie%q
tenperature neasuring device 17 in 10 the formof an infrared canera. The
infrared canera l7corsraliabéet keltingrelamants acecasiring tthe emperaive 1¢f theat
faces away fromthe heating plate 1. The infrared canera 17 contains a

non-illustrated SCﬁé‘é‘ﬂirﬂ?e@ﬁYérﬁ@ Ryl ah tHEDHadligy Prddedt, witty anEsonfroNdri ch
the entire surface 18 of the substrate 12 is sequentially scanned. By 15'

means of the scann é"t%rﬁjlﬁ%g??%ge@grﬁféth@%sjtﬂg@ﬂﬁ]rpén RRL tebBtrafe EDBace as a

tenperature distribution o ace e substrate 12 1s produced;

wh b h i ur f . h .
The © nts ar ed camiiih ot £88a0Ed16ARERTures et AR s 0 8- S86AERTRT B
in the formof a, PC 22. Wthin the PC the nmeasured val ues obtained from

the IR camera ar EMReSEkug i thaindyidyah healing @apiepts: ane canvaynaine 455789 oF Sehe
surface 18 of the substrate 12 is determned 10 3 0 JUN 2003 ~n~~th the
ai d of this tenperealues fofi thertempsraturede ahe P centrolieur iNdh teisivethed. the a
process control 24, desired or set values for the tenperature for the
heati.ng el ements lélready defoesmientidned hedeanimgesedfor Seimugénesud othermal
tenperature are conveyed further to a 5 PID controller 26, which is

connected wi th theréahattdsratheheabstistecbrimerhevi Bndctihe feegpetiat Unethis
sensors and together with themforns a closed | oop control circuit. The PID

controfd er control éoii&ggﬁgm@ﬂdmiﬁ%tﬁgsé@@rehﬁga@' Eﬁ@érawaégwa@HQﬂBnt S

10 with the aid of t sired or set v e tenperaturée prescribed
by the process Conrlhgagl'xs oﬂhddiw'dbglly associated PID controllers.

Pursuant to one preferred specific embodiment of the present
invention, that side of the substrate that faces away from the heating
plate is sequentially scanned during the temperature measurement in

15 order to enable in a straightforward ménner. a localized temperature
measurement. In this connection, the scanning is preferably achieved
by moving a mirror.

Pursuant to a particularly preferred specific embodiment of the
present invention, the temperature of that side of the substrate that

20 faces away from the heating plate is measured with an IR camera. The

inventive method is preferably utilized with photo masks.



10 the aid of the actual tenperature val ues neasured by the tenperature
sensors. Thus, it is acted upon the closed | oop control circuit conprisin
the PID controller 26) the heating elenents 10, and the tenperature @@n@ﬁ%&l
in a specified regulated manner by setting the desired tenperature val ues
whi ch are obtained in response to the tenperature distribution over the i 5
substrate surface. To this extent, there exists a superinposed cl osed | oop
control circuit to the closed loop control circuit of the PID controller

26, . the heating el enenthe poesenidinvaetier il sabsrausetis dies exapinedawtin the
regulation (i.e. closed loop control) is carried out during the entire

thermal treatment ofiqtbe subsdfeped bpecific 2hbstitnest! mr @drjondan ngith hehe
heati ng phase, whereby the i1ndividual heating elenments are each controlled

in such a way that cﬁawi@wgra&ﬂh%ﬁrm tenperature distribution is
' J

achi eved over the surta 2003 of the substrate 12. The

i ndi vidual heating ele ts,are infinitely r |lated, faor_ex l.e over a

t enperature range of ZSE'?'% 11%)0 C. 'ﬁiagY'ew fi%'g%lf%\ﬁ Y97 ﬁgﬁﬁvigg‘}lr%odi ment of
t he apparatus 15, whereby the single difference between the enbodi nent of
Fig 3 i that 5 each heating el emePH S¥BNHRLNG LIBRERLIBYERIRIEERCt h its own
PID controller 26. Fig. 5 shows a diagrammatic illustration of the heating
plate 1, whereby the redpgcthvel y ineasdesievact the heatngpkater es of the
heating el ements are indicated within a first |light box 28. The desired or

set values 10 that are rrgpecti velig gvieackrohesbae adnitied heatirf plate of Fig.
tenperature distribution upon the surface 18 of the substrate 12 by the

process control are indicated in bpysah LubdFaté isddedidheraibdieat i ng
el ements. The present invention has been described in conjunction with a I

5 prefer r ed specific gnpogli ment . sifliautc IANRYShe HRAAEl JBELS R

such a speci al design. exanpl e, t ating plate cou

di fferent shape, for exanple, ar | r ing elenments or
heat i ng%el enments that form porti oﬁgggPé%ﬁFecﬁ%%nf ﬂggggﬁpaggg’usi ng an
infrared canera, it would al so be possible to use a different, | ocalizjing
20 tenperature neasurin '%‘e‘{/i ce. thrac pehisraRie '”i‘*‘?”?go%loé@“p‘i')'?srl"ﬁ{’\ée ggecific

provi de the conputer, the process control and the P1D controller within
embodiment of the inventive apparatus for the

thermal treatment of substrates;
Fig. 5 is a diagrammatic illustration of the heating plate

15 with inserted actual and desired or set values for the
temperature of different zones of the heating plate.
Figs. 1a and 1b show a view from below as well as a side view
of a zone-controlled heating plate 1 of the present invention.
The heating plate 1 comprises a square base plate 3 that has an
20 essentially rectangular cross-sectional configuration. The base plate 3

has a first planar surface 5 and a second, segmented

surface 6. The surface 6 is divided into a total of 25 square



a single unit. - 12 3 0 JUN 2003 A'r@JT r*~ n Wic . ) ~r..... ~1
Apparatus (15) for the thermal treatnent of substrates (12) vmth a heating
plate (1), which has a plurality of separately controllable heating 30 JUN 2003
el ements (10) on a side (6) of the heating plate (1 ) 5 that faces away
fromthe substrate (12), and a localizing tenperature neasuring device (17)
that is directed upon that surface (18) of the substrate( 12) that faces

away fromthe heat| 1 har act er i ) at | east one

t enperature sensor 5%%}’%%?2@){@@%‘%0 tﬁ’otgéﬂ%%é?}t’ @r@qveﬂgg npishes ¥ dhateaqbaxtend
(10), - at least one PID controller that is connected to the heating

el enents (10) and tgependicerstodne sidepeges of theskestorg plate ddwpdepingoiuthiet
(22) that is connected to the i5 tenperature neasuring device (17) and

det ernines the tenr_e%%?té% g ﬁ ShbidxithaRy @BubNe %Hésﬁélﬁw therthakAesgnd thed
ni at

process control Is connected to the corrputl ng unit (22) and

that as a function g t@gﬁé aepALl egt.ﬁg;“;&y%mgnwgré B SURRKIP LR RUERaCe

(18) 20 determ nes eS| ues e tenpera ure

om0 Bt AR IS 13 e

characterized in that the heating el enents are spaced from one anot her
on that side (6) ofStEhe2helYi @lying. athe (hrsa}lngha meesa@vEPINEBIAG: fyath the
substrate (12). 3. Apparatus (15) according to claim1l or 2, characterized
in that the heati ngeghwmmant 8 elOhearbmsei iatee® @ndpriofractheatisg ( @pnes the
heating plate (1 ). | 4. Apparatus (15) according to one of the preceding
claimg, characteri zegrespohtiab thedakaplatea8d By MeinObf e aheayentertl et s

(10) are adapted to the shape of the substrate (12) that is to be treated.
heating elements 10 upon the segments 8 that are respectively
10 separated by the grooves 7, the heating elements are thermally
separated from one another so that they do not affect one another, i.e.
so that no thermal inductive disturbances occur between the heating
elements. However, the heating elements 10 are sufficiently thermally
coupled with one another by means of the base plate 3, so that a
homogeneous temperature distribution is achieved on the surface
5 of the base plate 3 without a thermal distinction of the individual
heating elements in the thermal pattern of the surface 5.
Associated with each heating element 10 is a non-illustrated
temperature sensor in the form of a thermocouple that measures the
20 actual temperature of the heating elements 10. In place of the

thermocouples, it would also be possible to use other temperature

sensors, e.g. optical temperature sensors.



5. Apparatus (15) according to one of the preceding clains, characterized
in that the heating elements (10) all have the same shape and si ze. 236%J 20
Appar atus (15) according to one of the preceding clains) characteri Pm] 3
that the position of the substrate (12) can be altered relative to the
heating plate (1). 7. Apparatus (15) according to one of the preceding
clains, characterized by a PID controller (26) for each heating el enent
(10). 8. Apparatus (15) cording .to.one he rece cl ai Ims,
characterized in that th@&cm?g'utthgnhpaﬁ'ﬁ’ﬁtp?g‘?q ‘g @a%g%o?n%'ﬁiefce
(24) andlor the PID controller (26) are conbi ned |nto a si ngl e. unit.

Appar at us ( 15) accch’c?@ﬁn@iatﬁﬁoﬁbwacﬁQ@Wﬁéc%éfﬁ@fm%ﬂfﬁ;’sﬁﬂﬁ‘aﬁ%ﬁt@@ﬁhQéﬂitﬁ?Vn
that the tenperature neasuring device (17) has a scanning device for the
sequenti al scanni nguofackltof thalbasé pldte Jubshoaldebd hd)ed that thedeseapiaye Br om
the heating plate (1). 14 3 0 JUN 2003 1n Apparatus (157 according to
claim9, characterizgpthdve dhdh &é)g AR (??ﬁggﬁ‘éﬂoﬁeaha tHé(h\é'a‘ﬁ%@ ebierits 10

novable mrror. 11. Apparatus to one of the preceding

f'{%”ﬁaéé? 2 ZZt ekh%‘éﬁa%%hggﬁi‘%st‘fﬁﬁdé%ﬁg? B <BREEGY 29%?% kil 4l JI”E%@”
] 13.
or the ther mal t SATHeATeRIEra Herare aytol i SRUIRg AP ErEnaRe Sne

substrate is heated with a heating plate ( , by ~ means of a plurality
of separately cont WM%I@*B@&?QH\?“@ ér?é\ﬁ’t%f1{’96&?“&9@@!‘1@“{%%‘2}& ature of
that surface (18) of the substrate (12) that faces away fromthe heating
plate (1 ) is locally neasyrzehowhasaoereatictop vigw ohthefrdatiogiplade rewhedeby
steps: - measuring the actual tenperature of the heating 1 ~ elenents (10),

- regul ating the hesé ghsbvisor ans thé heatin@lelraents 10, veiich arél@bereddyriigatibe
tenperature distribution on the substrate surface as a function of the

measur @@ tenper at Uieie toiGibRr Brdintlicaleal JchEniticafy. A(@é\}éeﬁwef REafilt® plate 1,
tenperature for the 20 individual heating el enents (10) as a function of

the tenperature digt 51'.1[?%’(1’5@”1?% LREStRHES tih 3k %gf%?@?poglﬂgns RRINRY kgnt he

desired or set values for the terrperature to th
heating plate. In the first, ‘centered position of the substrate 12, the

substrate overlaps the central 9 of the total of 25 heating zones of the
heating plate 1. Therefore, during a thermal treatment of the substrate,
essentially only these S zones take part and are of interest. In the
'second position of the substrate 12, this substrate overlaps at least in
part a total of 16 heating zones of the heating plate 1, so that during a
thermal treatment of the substrate 12 these 16 heating zones take part
and are of interest. From the illustration of these two positions, it is
20 clear that by means of the selection of the position of the substrate, the

number of the heating elements that take part during the thermal

treatment can be varied and can be optimally adapted.

\O



controller. 14. Method according to claim 13, characterized in that the 15

3 0 JUN 2003 individual heating elenents (10) are regul ated by individually
associated PID controllers (26). 15. Method according to one of the Gl0ajuns)on;
13'or 14, characterized in that the surface (18) of the substrate (12) that
faces 5 away fromthe heating plate (1) is sequentially scanned during the
t enperature neasur errent 16. Method according to claim 15, charact er| zed by
noving a - - mrror. t hod according.t he cl ai 1 6, 10
characterized in that t Nt%a%ﬁ"é“r'sa?u@"ﬁ?gf*h@”%u?ffoa'bg @T%ppc?l"gf"‘l’?e JW E{’]ﬁate
(12) that faces away fromthe heating plate (1) is neasured with an IR
camera (17). 18. Nbetoa dmadméinhgot dhensubstraise t2 ai nkha thesmer, treatment
characterized in that the substrate (12) is a photo mask. 15 16 . A,

AL @A . AF. AF. A. AaphardRisAMS inftfudd ths h@adeg phite. A lludt@tédInFrigs 1 and 2,

nr ZAP_9| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] Ca] %)Fﬁ']é:lglé?ﬁf]aqﬂé‘a&hﬂeﬁﬂ]df the 49bk¥ike 12. The planar surface

S5Ixirre"| Xsni U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca ca]ca]ca

L 0(aCa (@) ?L‘? L P ETHAER R By Rltng Bl e G i

ca] caLca] ca] ca] ca] ca; Ca}g)géct?éaﬁgli(:%r >]<§r%!>l cal ca gcap]a calcaleal bt o d 05

11 11162N2[ 22273233}xsn| d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] ca] ca] ca] canEaihesgicenca b@]%@FH&}%éﬁ suprelleth 038 e, BESERG 28887277, 7788
8F8 88839/ 999::::;];

-} xsni d Z] ] ca] ca] o‘a] exdroples Hwajaallosireddcsyma]risa] DEpoakd @pboapdak dadatiagca) ¢
a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca!;

, 7<\ ===! >&>3>>>’>E%?&@@%Aﬁé%y@w@ama}]éﬁaawd-j]e]a@ahﬁg]@a]us@hvahca] c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a] ca! 3PDDDOEXEEF iEEBG AP #Thn infrared. camera. The infrared camera 17 is directed
[TT1T1?2JIJIKBKQKKKY. ] LLL} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca]yrircalseafacel th bt e alibsiratd ¢althal fdesad wh ¢ idm the
NRNNN) C8O@DMO Or PQRKQQQOR. SNSSSSSTWITT{ vgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca]

A oL R RSB L A B Bl e bahel bl alighee)
d_Z

8y é:]”::g] EL] ca] aFEaPeRpiSH FAYAH MoyRhkahEror B TRy %aﬁéwa%%ca ! o

Ll ta cal oal ca] cajscatrca) thpEH< & 63kER %]’gﬁkﬁﬁawféﬁx ]ca 760 Bhog zal(;a]:.a]

| 110% (& ()-z,! 1110% (& ( L z,! 1110%& ()-z, @10% & ()-mB4 6 7 8 9 WXVB7

10( 10% 10( 6MLO% gp%qns of |the (sgan@ing dgwca 1a dogqliged) | tnzage lar1psgre of thel |

1110% (& ()-2,9 F
temperature distribution of the surface 18 of the substrate 12 is

produced, whereby the entire surface can be scanned, for example,
once each second.
The infrared camera 17 is connected via a data line 20 with a
20 computer in the form of a PC 22. Within the PC, the measured values

obtained from the IR camera are processed and a spatial temperature

distribution over the surface 18 of the substrate 12 is determined

10



-{ LzX7MB7 (10%&' )-@!'>(10%2& ()-@! E(10% & ()-@'(10%<& ()-@'.
(0% <"<& ()-@"' AO0¥%& ()-frmopgr{\: ! s10% ()- '10% & ()- 10< 10<
10<I 7t 109%x& ()- T(10% ' & ()-@!'-(10%&' ()- @ Z} xV4A{\: ! JF&L0%&' ()-"! F&Jg(ﬂ%&m 2003
1 F&LOYh& ()-' F&LIOW (& ()-''i9" 109%& ()-'!s9" 10%& ()-'~=z[PE:! 10: 10:
10 y610% & ()-'@ #10965& ()-! @, #10% & ()- @, #10% & ()-! @, #10%
& ()-"7?PE:! 10&$10%& ()-!. ylO0%& ()-Gs10%& ()- Y
109&' ()-!>109%& ()
1010%& () - @10% ’}"*’15“%@ ?éF) ﬁg(jf%@O/&QTPerﬂff‘O/«é itioytione dafa. vgyehgs, further
10*10%&' ()-' "109& ()- , %10%& ()-#109& ()-!109& () - YlO%&'é1 - Gd9; <dB4:
10! f 8' 109&' () - 4- 1@OBVEYRAY@A PIGEEES cootmﬁ_émsor)?dw sefoxelyes-fap e demperaturefon g H
10! 109& ()- 109%&' ()- 10%& ()- 10%&k ()-s'10%& ()- 10 10Y(kdEH
10! F$109%& () - 10%hé hebtidd &&nfants 10%Fe(determined.
These desired or set values for the temperature are conveyed further to a
5 PID controlier 26, which is connected with the individual heating
elements 10 and the temperature sensors and together with them

forms a closed loop control circuit. The PID controller controls the heating
capacity of the individual heating elements 10 with the aid of the desired or set
values for the temperature prescribed by the process control, and with
10 the aid of the actual temperature values measured by the temperature

sensors. Thus, it is acted upon the closed loop control circuit comprising the PID

controller 26, ihe heating elements 10, and the temperature sensors in a
specified regulated manner by setting the desired temperature values
which are obtained in response to the temperature distribution over the g
i5 substrate surface. To this extent, there exists a superimposed closed
’Ioop control circuit to the closed loop control circuit of the PID controller 26, .
the heating elements 10, and the temperature sensors.
This active regulation (i.e. closed loop control) is
carried out during the entire thermal treatment of the substrate 12, in
20 particular also during the heating phase, whereby the individual heating
elements are each controlled in such a way that a homogeneous

uniform temperature distribution is achieved over the surface 18

11



S10%&' () - F$10%&' () - 50 x! dEH: 10! ' 109%&' () - F% $109%&' ()- y#10%& () -
1109 ()- FLO09& ()- , 109& ()-x!!!6"|"""""dE / 10 10810%& ()-

f210%& ()- FO0s$10%& ()- . 109& ()- +10%& ()- y) @ 10%& ()-Z"" " #Re#EHxBN 2003
10y: $109%& () - f 10%<& () - 910%& () - 109x& ()- 10%& ()- ' 10%& () -

10#D$$$% % &aB: /| 10@0%& () - FO$10%<& ()- 10%<& ()-! &10%<& ()- 10%& () -
10%<& ()-f &&&_&I n' ' dE:/ 100$10%& ()- y- 10%<& ()- S+10%<& () -

)
10%& ()-f' 10%<& () 407 | ; .
T0 101 yB10v& (3 -y HobEe P31 3%, 1Boief Wg‘ﬁ’d% e hbnis S e

10% () - 11 YF%O%requ’te@T%?/%;(g)np}e over(g temperature range of 20° to 400° C.

Fig. 4 shows an alternative embodiment of the apparatus 15,
whereby the single difference between the embodiment of Fig 3 is that
5 each heating element 10 has associated therewith its own PID
controller 26.
Fig. 5 shows a diagrammatic illustration of the heating plate 1,
whereby the respectively measured actual temperatures of the heating
elements are indicated within a first light box 28. The desired or set values
10 that are respectively prescribed as a function of the temperature
distribution upon the surface 18 of the substrate 12 by the
process control are indicated in boxes 29 for the individual heating
elements.
The present invention has been described in conjunction with a
15 preferred specific embodiment without, however, being limited to such
a special design. For example, the heating plate could have a different
shape, for example, a round shape, with round heating elements or
heating elements that form portions of a circle. Instead of using an
infrared camera, it would also be possible to use a different, localizing
20 temperature measuring device. Furthermore, it is also possible to

provide the computer, the process control and the PID controller within

a single unit.

12
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L 98 1098 ()-y#10%& ()- -b-------- bC 10&s109& ()- (109%& ()- 10 10
.108s109%& ()-f 210%& () - &0$10%&' ()- -,.Gz../4/}7?2bC

10@ 0% () - & 10%& ()-110%& ()-' 1 Ls10%& ()-Ls10% & ()-L3 : 10%& ()-

4/ n/ 1 0#00 1°<bC 10! Q s10%8&" ()-! LM/#$10% & ()-'Y

109& ()-!VOL109%& ()-s' 109& ()- FMLOY% ()- 1l 111G2K2L2M2N2dYNC 10! Q 10 10
10L.S8' 109%& ()-Ly2 10%& ()-, SO$10%&! () - FPEIPENT)CLAIMEYE () - N2[ 22273233dEYNC
10! Q L$10% & ()- 9yl0%& ()-99' 10%& ()- L '10%& ()- @ 10%& ()-

(s10%& ()- 34=444515d YNC % th atment of substrates
f10%& ()-yL$10% & ()- i ool s (00 P71 %I5ERR [PaleRk 8 Ul 66

EYNC 10! Q ) 10% & 10%
5%10%&9(3-#1%%@ )Ws“io@/aé é‘;’lglo%‘& (1 e¥hiepydias a plurality of separately

controliable heating elements (10) on a side (6) of the heating plate (1)

that faces away from the substrate (12), and a localizing temperature

(V4]

measuring device (17) that is directed upon that surface (18) of the
substrate (12) that faces away from the heating plate (1), characterized
.- by
- at least one temperature sensor for sensing the
10 temperature of the heating elements (10),
- at least one PID controller that is connected to the
heating elements (10) and the at least one temperature
SENSOT,
- a computing unit (22) that is connected to the
15 temperature measuring device (17) and determines the
temperature distribution on the substrate surface, and
- a process control unit (24) that is connected to the
computing unit (22) and that as a function of the
temperature distribution on the substrate surface (18)
20 determines desired or set values for the temperature for the
individual heating elements (10) and conveys these

values to the PID controller.
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888dE:/ 10z 10z@ 10%& ()-4:10%n& ()-y210%& ()-LO0$10%& () -

" 3.10%& ()-,10%& ()-888_88839| 9xY:/ 30 JUN 2003
1071 s$10%&' ()-9@ 109&' ()-9: 10%& ()-L:10%& ()-s10%& ()-' 10%& () -

-10z2]999::::; ;aB: / 102 &10%& (0)- &$10%& ()-&&109%& ()-!kY¥XdOY& () -
9109%&' () 9 100/& ()-:2;;; 7Awearg@key (15) according to claim 1, characterized in that

10z, 0$109&' ()-' " 109& () - Zf %10%& ()- Y#109& ()- ! 109& () - &FL109%& () - ==! >#>$>%

>&>3>>uV7 10zL iBeb)ing 3(dbests((10) atd spBced from one another on that side (6)
10! 8t 109& () - 410%& () - @10%& ()- >>’>E’>’>’>@1Euv7

10zL10% () - &1

109 () - (é Q’Kﬁ‘é hediitd Dide )1{)%2%@?%@1%‘%' ?r)o/%lg%?&w?ﬂg?ﬁ -

109 () -1 YnoaO%EES!

107 . 5&)10%& ()- +10%&( 1‘5@%’"%‘? Hgg/&%?“&%l‘b%"@ﬂ P fobharacterized in
RO Ebe 1028 LW ()- 10 10 10S, 810%' () - 4MLO%’ () - S210%& () -
90$10%: () - C3Dbmothecheai stenmentsel10) -aridisneseq pn praieses () 1twha: () -
10%8& ()- &L0%&' ()- XEEFAFFFBGaBNHC

102f 310%& () - ,Heetibgplate £H100m& () - L0%E& () - ! 8%40%DRLE () -

ML0%& () - BGGGHHH | dEMbC 10z- 10%& () - + 10%& ()-

S 10%& % 109&' #1 | 4fl thiel |
1021 as F&(lz)%&o (- (1)04(%‘ (?%’p‘%réiussdﬂ@}%"é’@&rdlhg to bhkl dfl thel prée&@ing claims,

characterized in that the shape and number of the heating elements
(10) are adapted to the shape of the substrate (12) that is to be treated.

5. Apparatus (15) according to one of the preceding claims,
characterized in that the heating elements (10) all have the same
shapeland size.

B. Apparatus (15) according to one of the preceding claims,
characterized in that the position of the substrate (12) can be altered
relative to the heating plate (1).

7. Apparatus (15) according to one of the preceding claims,

characterized by a PID controller (26) for each heating element (10).

" 8. Apparatus (15) according to one of the preceding claims,
characterized in that the computing unit (22), the process control unit
(24) and/or the PID controller (26) are combined into a single unit.

9. Apparatus (15) according to one of the preceding claims,
characterized in that the temperature measuring device (17) has a
scanning device for the sequential scanning of that side of the

substrate (12) that faces away from the heating plate (1).
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12.  Apparatus (15) according to one of the preceding claims,
characterized in that the substrate (12) is a photo mask.
.- 13. Method for the thermal treatment of substrates (12),
according to which the substrate is heated with a heating plate (1), by
10 means of a plurality of separately controllable heating elements (10),
and the temperature of that surface (18) of the substrate (12) that faces
away from the heating pléte- (1) is Iéacally measured, characterized by
the following method steps:
- measuring the actual temperature of the heating
15 elements (10),
- regulating the heating process with a PID controlier,
- determining the temperature distribution on the substrate
surface as a function of the measured temperatures;
- determining desired or set values for the temperature for the

20 individual heating elements (10) as a function of the

temperature distribution on the substrate surface, and

- conveying the desired or set values for the temperature to the PID

controller.

14.  Method accordipg to claim 13, characterized in that the
15
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16. Method according to claim 15, characterized by moving a
.- mirror.
17. Method according to one of the claims 13 to 16,
10 characterized in that the temperature of the surface (18) of the
substrate (12) that faces away from the heating plate (1) is measured
with an IR camera (17).
18. Method according to one of the claims 13 to 17,

characterized in that the substrate (12) is a photo mask.
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