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ANNEX 4 Met hod and Device for the The t of
Substrates This invention relates to mmmmummmmmmmWa
device for the thermal treatnment of substnates, in
particular flat substrates imn the production of
sem conduct ors. Wen produci ng conponents in the field
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treatnents, in particular for photonmasks of the next

cenfener ati on (65 nm node) .

Although the known device and the known-control method bring good results, there is still the
need to further increase the temperature homogeneity during thermal treatments, in particular for

photomasks of the next generation (65 nm node).

Starting from the known prior art, the object therefore forms the basis of the present invention is
to provide a method and a device for the thermal treatment of substrates with which improved

homogeneity of a thermal treatment can be achieved.
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Starting fromthe known prior art, the object
therefore fornms the basis of the present invention is
to provide a nethod and a device for the thernal
treatnment of substrates with which inproved
honogeneity of a thermal treatnment can be achi eved.
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- 2- According to the invention, this object is
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between 0 and 5 mm, and in particular between 1 and 5 mm.
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For good conveyance of the gas, it is preferably diverted by a deflection element before entering
the gap in order to provide specific cooling in the region of the edge of a heating plate. In a
particularly preferred embodiment of the invention, the gas is ambient air. Because the ambient

air is guided through the gap, the structure of the device is particularly simple. Because the above



cooling in this region. By neans of this, a specific
asymmetrical cooling of edge regions of the heating
pl ate can be achieved in order to for exanple even out
asymmetries in the heating behaviour of the heating
device. In so doing, the width is changed locally,
preferably in a range between 0 and 5 nm and in
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possi ble to control not only the quantity of gas
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andttlm1 e%érath!e%?gﬂﬁ 'ﬂEath lelln 1sqgg6|!1?atteidtu¥ing]; PID regulation algorithm in
which the measured temperature of the heating element is entered as an actual value, and a
desired value profile of the temperature for the PID regulation algorithm determined before the
thermal treatment is changed in accordance with the temperature measured on the substrate, if the
temperature differences between different locations on the surface of the substrate exceed a

threshold value.



gas conveyed through the gap, the gap width and/or the
tenperature of the gas is preferably stored, and used
as a newy established profile for a subsequent
treatment in order to nake possible an anticipatory
control and self-optimsatign of the predeterm ned
profile. Alternatively, or in addition, the
tenperature is neasured | ocation-specific on the side
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cooling profile along at least one edge of the heating plate may be achieved to counter
asymmetrical heating of the heating plate. Preferably, the gap can be adjusted locally between 0

and 5 mm, and in particular between 1 and 5 mm.
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formng at | east one gap between the frame and at

| east one edge of the heating plate, and at |east one
devi ce for conveying gas through the gap, the device
controlling the quantity and/or the tenperature of
the gas conveyed through theg gap, and wherein neans
are provided for conveying the gas such that it does
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he bottomwall which is connected to the gap, the
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control the controllable device for conveying gas through the gap in accordance with the
temperature distribution. This enables the adaptation of the cooling to a temperature distribution

on a substrate surface during a thermal treatment process.

For good control of the individual heating elements, a temperature sensor is preferably allocated

to each heating element in order to measure its temperature, and furthermore at least one PID



facilitated. For a sinple structure of the device, the
gap is in contact wwth anbient air so that anbient air
can be conveyed through the gap for cooling. In order
to achi eve even better cooling or cooling control, in
an al ternative enbodi ment the gap forms part of a
substantially closed flow circuit in which a cooling
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forhaazbymggaeltlemhttlse @0 iH pﬂefh@blpesdo@bm&dncs edicbnfot adainple, sucks
Thus lLation of all heating elenments is possible
ammﬂ ahﬂ“ %% F g]D regul at or, however, during intervals
spaced out over tinme. Preferably, the process contro
With dar o PRRRE Pl irteRPorhin bt B Qb athlibvice
lg H%gk&aﬁ?&% dep endent 5hnfﬁe tenp erat ur e vice for conveying
gasthrongh thaugap das -'owntrhlemg ub@tierraq justthe a'@etlty@é gdsiceqyeyed through the
gagﬁ%ﬁ{hggmp@ra\@g M8 gaf.Or the individual heating
el ements, and connunlcates these to the PID
regulator(s) In this way, an external intervention
In thEfdPoring, tAdipradalihdntifis 8dsciited i@ &dtdr Qetail BIMEhSdWRgs; the
val ues for the individual PID regul at ors upon the
drapyings shoyt 5 tenperature distribution on the substrate
surface is nade possible, by means of which the

ion of te arur ene|t C i_nproved.
Fign OB PR 0P He AT PR Bt BP CHBEH GSEAD CGents have
t hebéenwaitted dmordérhe simphfiyniad ill@sirhttondevi ce for  conveyi ng
gas through the gap is disposed centrally bel ow t he
heating plate in order to facilitate
Fig. 2 aschematic cross-sectional view of the device according to Fig. 1;

Fig. 3 aschematic sectional view of an alternative embodiment of a heating device according to

the invention along line IH-III in Fig. 4;



even conveyance of gas relative to the side edge(s) of
the heating plate. This controllable device for
conveying gas through the gap is preferably a suction
devi ce which, for exanple, sucks anbient air through
the gap. Wth a particularly preferred enbodi nent of
the invention, the controllable device for conveying

F 1gg qs aE&HeBE&%SsQ Sedhhl 01 ofthE gmé’e(y:co llll to 'F[F rder to
adj ust t quantity of gas conveye gh the gap
and/ or the tenperature of the gas. In the foll ow ng,
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usi ng draw ngs; the ~draw ngs show 1
sc hé*w«a{*ql ére%ﬂaeﬂtweod"aﬂfto thiiaeantiongnd é%ofﬁelgéP aﬁwearable method;
i nvention, mhereln certain elenments have been omtted
in order to sinp the illustration;
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aItern%tlve enbod% %f a heating device according
to REMEIQRRITRIF “6%‘2;0 fine 111-111 in Fig. 4 -7-
Fig. 4 a schematic cross-sectional view of the device
Flgo? ?Ih ﬁilug{l%tlgn OfFf’lf.?fe U%étlon cﬁcrmt?%rﬁh%augognra#lc optlml?an?x?](t_)fraq‘;[egt%%
subsmgamewdurlng a thernal treatnment according to
this invention and according to a conparabl e nmet hod;
Fig. 6 a graphical illustration of |ocal tenperature
Figg v amtlienatveoHustrasangd a reguiatien gifcpit ©r thie bptomaticraptinrightion of a
tr eﬁéaﬁﬁ%‘&ro@%ﬁ% dtth @ debbuft 1hQYE R AR WIS QHRR LA R;
er mal tre ment according to a conparable
nethod Fig. 7 an illustration of the regulation
FigChr & lg}abhléeﬂ) (bRt ﬁ%ﬁin%ed)&taﬂlﬂ'ﬁ ﬁ@%rén@ Ebc@rfdm% t@atrvBion;
progranme; Fig. 8 an alternativ ustration of a
regulation circuit for the autonmatic optimsation of a
Fighe@b sdhgm@lcQgy dtwef arl ad¢inagycihedtiag a6.0@Wwhthe idvetloas
structure widths on the substrate; Fig. 9 a graphica
illustration of an optim sed heating program accordi ng
Figl bl b behematicaoy view pf thE-hepting @vime schedimgtto Eigt Mpwith edjnstableziements
al t Y fkdle invention; Fig. 11 a
Chgﬁ@g&%mgggﬁg&ku% €§¥ﬁ%£ﬂ§°?£ng devi ce accordlng to
Fig. 10, mﬁth adj ustabl e el enents of the device being
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Figures 1 and 2 show a schematic top view of a device 1 for the treatment of substrates 2 and a
cross-sectional view of the same according to a first example of an embodiment of the invention.
In the top view of Figure 1, certain elements, which can be seen in Figure 2, however, have been

omitted in order to clarify the present invention.

The device 1 has a flat, in the top view square heating plate 4 with an upper side 6 and a rear side
7. On the rear side 7, heating elements 9 are mounted, a total of 25 heating elements 9 being
provided, as shown in the top view according to Figure 1. In or on the heating plate, supporting

elements 11 are provided which are either fixed or height-adjustable in order to raise or lower a



el ements of the device again being shown in different
positions. Figures 1 and 2 show a schematic top view
of a device | for the treatnent of substrates 2 and a
cross-sectional view of the sane according to a first
exanpl e of an embodi nent of the invention. 1In the top
view of Fi gure 1, certain el®%nents, which can be seen
subs rate bg'mgtetpleréonr e\gg:gl}e lge.‘ slggnaiv eg?R v1e|vh%tr¥d%{ﬁ:e g é'll t{)‘talgogg %l;nptor?ing
elefnk:at 11 armm pltoh@ed elhouplevf ®osg ik @unba diffegpnpb atiecad alsb béipranided.
upper side 6 and a rear side 7. On the rear side 7,
heating el enents 9 are nounted, a total of 25 heating
As ghrebppsatnsin Ghelsedtingpl viswawdodding todisgustPobelow thethbating elementehan
1nsf'-illca\t‘;:ﬁ--ér ]ﬁdt@ﬁb i Broﬁdg@{vﬁlcllls sé&ra?erd 3t thgﬁea 1 énﬂ:gts%# qtngn“o air gap
supportin el ement are provid i'ch afe elther
15.¢ Theerdr g8p I hesrghes %@F%@@%Preelchc(mi@retq &r eeritroBing the heating
eleﬁ:eﬁt§9 _ Alihsdik @l Boweved kHeGnstRBK enf'S SR aRE bSERRMY I bt
view of Figure 1, a total of 8 supporting
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in the sectional view according to Figure 2,

is abté‘ﬁﬁ%f?rﬁéarﬁ@%tt“? ‘?’lffareﬁl‘@ﬁ’éﬁ‘icg heatiggel e’f’ﬁ'gul ating plate 13

is provided which is separated fromthe heating
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each heati I’]gq el ement a enper aturé sensor is a
forfpiRisgppre framey {inpanrigper ewb?f tescideptadls 23, @ tgal pf fye dgnepats@ft, which are

adjBsdbl iR aRhbASnRl 8FRMN, arerebPRitPAIrbgedPiha ficton df MBich will be
heati ng el enents 9 and the insul at i ng elenment 13 are

des&%??ﬁé’b%’%"de’tdﬁtaﬁﬁ’ethe HB¥H& in a known manner so as to
forma heating plate unit 17. The heati ng pI ate unit
7 1.S .acco dated within an ou nt 19,
T featiep 6 DT et e R Sy G o e RS Yo
adjsdmbWB)emeﬂfh @4 tuwrearrengel emenheidld oS thb Béating plate U ywvitalnstiesting elzfnents
91 b{h ter}1/\/all 20 and corresponding side walls 22.
Wgt "he“&nbodi nent shown, four side walls 22 are
provi ded which forma square frane. On an upper end
.t ' | .24 :
T.hél)\{%cljec\ﬂa?lg ?%Qﬁh Sﬁistéﬁe elanén shﬁ s %{ulnzlz c?}}é %eaﬁ%lngpﬁ ?1't iﬁ'fn t%xler réldlal
dirgeierp euchithabl gapp‘k pJorded bettvh@ thedreetin goptateofniniffianththeside whlks 22. By

mezg@ %f‘:{hl:: Q(ﬁgstdbna @Jn%{s%ﬁ tﬁ@&ﬁikﬂ of’ 'ng A Qﬁl lIeQ:thn%Wl anlly-mg ran%e of

heating plate unit 17 is disposed centrally w
betwpen Pemia pech A, 19 thegae e bs fyllyeclosedipendly ameéO@lnénsEtmbg przxuded

alo ﬁl e@éé' RE6E dl'lgﬁga‘bt&ﬁ)sm@ Oty Révidedgholedt, iR theRllsadiend PAdttbly
however ad?t?s%nllerr]lgofet{le? grg?) w1dth only takes place in a range of between 1 and 5 mm, as will
be described in greater detail below. A pre-setting of the elements 24 is chosen here such that the
gap A in the region of the corners of the square heating plate is greater than in the other regions,
as can be seen in the top view according to Fig. 1. Furthermore, between the bottom wall 22 of
the frame element and the lower side of the heating plate unit, a flow space 23 is formed which

adjoins the gap A.



9 lying below them The side walls 22 wth the
adj ustabl e el enents 24 surround the heating plate unit
17 in the radial direction, such that a gap Ais
formed between the heating plate unit 17 and the side
wal s 22. By neans of the adjustable elenents 24, the
wi dth of gap A can be changed locally in a range of
between O M and 5 mMm i.e. the gap can be fully
closed locally if no cooling is to be provided along
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treg¢dde of the heating plate unit, a fIOM/space 23 is
formed which adjoins the gap A -9- As part of the
frame, a deflection elenment 26 is provided, which is
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23,@h@RApel itAougd thd AWioRAfpiRI I passing through the flow
opening B towards the gap A is deflected and a flow of
air emerging upwards through the gap A is deflected
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furthernore has a cover 36 which, in a closed state,

In th&follBwing, ARY chefatidM difihd R&tidsRIBAE. ﬁéc@@rdi‘ﬂé td BurEe13dnli AGs described in
plate, and forms an accommodation space 37 for the

gm@ﬁﬁ??fate 2. The cover 36 is novable, in an
approprlate may, relative to the frame el enent 22 and

.the h it 17 d
Fir ST SRP PREPY & Sieb Ut oA B ReE 87 BEp b cover

36 is then closed so as to form the substantially closed accommodation space 37, as shown in

Figure 2.

Next, the heating elements 9 are controlled according to a predetermined heating profile, and the
blower according to a predetermined blower profile which were established, for example, during
a calibration process for the desired thermal treatment process. A corresponding process

programme with heating and blower profiles is shown schematically in Figure 9. Fig. 9 shows



the upper side 6 of the heating plate 4 and the cover
36. On the cover 36, a tenperature nmeasurenent device
(not shown in detail) is provided which undertakes
| ocation-specific tenperature neasurenents on an
upper side of the substrate 2. The results of this
type of tenperature neasuréﬂent are supplled to a
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treatment. From the measurement results, which originate from different location points on the

upper side of the substrate, a homogeneity of the temperature distribution is calculated,

represented by 8. The homogeneity 8 is given by the coefficient:
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Al t hough the process programme established once for

t he subsequent processes could be used wthout any
change, in the enbodi mrent shown, nonitoring of the
process results and, if appropriate, adaptation of
the process programe are prpvided. As an exanpl e of
this type of nonitoring and adaptation, Figure 7 shows

In Ad&GRHAMRICK 64, theRRIERRAhethd ki fis cemfpliremvﬁmﬁﬁmfnaﬁl homogeneity
aut omat ed optim sation of a process

valae whichyrepigsents 2 mggnunyallqwgd [ﬁnwerpetuzmﬂegla{? S‘h‘ﬁ? hqrpoggReifx Ads less
tha@theanaxths fIRf@d hémSdeadity @alutl§ ], ) the hResp pRgRMATeN? ﬂﬂadcommued

. progr.a . . Then, i,n_block 42, the te
iR ST et PSE SRSeT ey FoBRie phgonol
of the aidiviyalfleating elegnen® Qand efdhd Woedr 3o B-esdecinditien the. s&bstraﬂe 2 is
umoaegerqq{ Iocatlon poi nts, during the thernal
' "F0Mm t he measurement results, which
originate fromdifferent |ocation points on the upper
1
1, B O PR HOEh bk £ ae Rar TRARREAYs Beedal e iy fowec
hopgeessity Fhkie Bansberie stey 48he grogisvemerpyme iﬁee@t@erafeﬁmnéﬁte ‘heating
prdﬁTe(Jn)i/oplthe bl-(l)-(vEr) proé{g-ls/al'é’bhgngg@ ol o?‘éle?ﬂ) Jehlg&e‘% ke e\tfehef‘emperature

cal cul ated honogeneity 1 s conpared with a maxi mum
dishibHingeyer thesubssegfey anurewcvlméchgsswrwm HheRrdvewey

detbreme ldadindd GalGEMbAL fanthe Inkividag RRFR9RREht ?z’ansin|p§rt1|cﬁ§rsbe
t han the maxi num al | owed _honogeneity val ue 6

chapgeslouthresped &t Bpiperigieal frﬁ‘@ﬂcaélam Thitivee of P{ﬁ?&%ﬁéﬂ‘é@éls dafi‘ff'P?d for

exdntple, B eheicBntfo® aﬁthéﬁbatlﬁ elén'ﬂﬁts@meEQF9 0'hff3)7m2(16 QARkh reference is made
e contro )

ramre, i.n the. individ
in (A A rretiloris T8 e ODFoERE B AT S Simpitr et Agerare
horhépeneityloa tieubice af e 2ubstsate 21Nl oaded i n a known nmanner.

If, however, it is determned in block 44 that the
honogeneity 6 exceeds the maxi mum all owed honopgeneity
Altgrahbtivel ySmenxadditinetv this, ted @ptrel 8f thk glopenidess alpy egrhamgee with respect
0 fEGRIRHLE o AR RRPL e gAA] b e 8l HEing lae s
or gfihecexteyratly pestivaedlicating clafiests Pioblgssi ropnovneed cqofjpg of the same. It is
alséh&%l%@& &anééﬁﬁ‘é%ﬁ@n%%&d% aloh@e Eé?ﬁih&ﬁl%@?es tl&rlfégtfr@ﬂﬁ?e 4 or the

revi ousl C determ ned desired ro il f or
extfrnam PReitioned b%ﬁtm& eamPmiYY- el hevrbares ofthe gan \wdﬁm Pecmp\aiied e

Juse:Jha REAL MbrizReverss BOLE, abh®aldd Wy in Phrtiflirékddns SPRG EleCifitdIQRhange
This type of process control is described, for

theéﬁ%{ﬁ‘ﬁ Ia%}‘“‘i“ BVidpd by BR piF Bew Brthe Kgionwhre ngadétlslé?@h‘ﬁ grovidede
199 07 497 C2 to which reference is made in order to
av0|d r roeeszﬁcontrol (ﬁrves

TS Witk VT SRt fE aER fuarer Bl E R I e G

tenﬁ)Hﬂ’afu&Qﬁ) thd sutfhe o8'tHastitssahte 22.

The recalculated and changed process program is stored in block 46 after the end of the thermal
treatment, and prepared as a new process program for a subsequent thermal treatment. In this
way, during the thermal treatment a plurality of substrates 2 can achieve self-optimisation of the

system.

Figure 8 shows an alternative flow chart for automatic optimisation of the heating programme,

wherein section C according to Fig. 8 substantially corresponds to the previously described flow



Alternatively or in addition to this, the control of
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which a substantially constant temperature should be provided, substantially the same in both

processes, so that this invention provides in particular an improvement of homogeneity, for
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AT(t) on a substrate surface between a thermal
treatnment with controlled air suction according to

t he exanpl e of an enbodi nent descri bed above, and a
thermal treatment w thout controlled air suction. In
Figure 5, the curve 55 shows;the average tenperature
T(t) on the substrate surface dependent upon tine

exadiple iRG hdattup 9521?@'1 el dufiAl AR Mperd@RQUNEHP Ittt dakhk Svay, an improvement
inventjon, i.e. with controlled air suction, and

in hoflogReR L H8 AEOTIE Phge tedg e ?"QFF;S“é‘r ature T(t) on the
surface of the substrate during the course of a

. progess, wi thout controlled air suction, Curves 55 and
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corresponding | ocation points on a substrate during a
thermal treatnent w thout controlled air suction.
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the heating plate unit 17 whlch is illustrated by several flow arrows in Fig. 4. A cooling/heating
device 70 is disposed in the region of the suction pipe 32 in order to bring air circulated through
the circuit to a desired temperature. The air is preferably cooled during circulation to a

predetermined temperature in order to provide specific cooling in the region of the gap A in the



/'l The heating device | has substantially the sane
structure as the heating device according to Figures
1 and 2 with regard to a heating plate unit 17 having
a heating plate 4, heating elenents 9 and an
insulation plate 13. Once again, supporting elements 1
| are provided for holding a substrate 2, at a
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means of the mddle opening 307i'n the bottom wall
CHQW of the frane elenent 19, a. fIOM/space 23 forned
between the | ower side of the heating plate wunit 17
and the bottomwall 20 of the frame elenment 19 is
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iR Aisat %ﬁﬁplate unit 17 which is illustrated by
several flow arrows in Fig. 4. A cooling/heating
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field, the flow direction shown in Figure 4 could

I";’%‘B\ﬂously al so be inverted, i.e. the blower 34 sucks
inair fromthe rom;chanber 68, and conveys

Furthermore, the device 1 has a frame element 19 which surrounds the heating plate unit 17 in a
radial direction and on its rear side. In a floor wall (not shown in detail) of the frame unit 19, a
middle opening is once again provided which is connected to a suction pipe and a blower

disposed therein.



it into the flow chanber 23. Instead of air, another
cooling gas could also be used in the flow circuit.
Figures 10 to 12 show different top views of a heating
device 1 according to a further enbodi nent of the
present invention, wth adjystable elenments of the
device | being showmn in different positions. In the
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a he g plate unit 17 which in the top view of

1 has
adPﬁ@ﬁFﬂFﬂgF? ed enbodi ment is round, and is provided
for the thermal treatnent of round substrates. The

subst ant i
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adBlé:th@ntHth theglements 34 lslpgﬁrbée aQvdihas an adestragnd ingips.| Amexample of a
setdi H?oﬂ tﬁ'éje{ dsf&Ul@lelen@ﬁE ngltﬁl&'ﬁ@ﬁ:@&@m% g‘ﬁﬁﬂzés@kﬁe 9ﬂ8v1ded in the
ferent forms, and any nunber of heatin el enent s
mr@aﬁferap% disestieh g ERammR RSy ROt loprl teatrprahERaRaaIogs e tehds shown in
rigeating elenents 9 should if at all possible have
circular symretry. According to the exanple of an
enbodi nent shown, a plurality of ring segnent shaped
Ofee@bh atgheelheaﬁﬁgneslc& aJcerdmgwmtieﬂ«ehﬁbn&mtdneﬁ1yaaxdes§mls toer
conce trlc ri g eg gn FurthEQpD the device 1
OPFAHon:p f‘]ﬁé‘ﬁ%é“"‘e‘f e ort6° piRTERE sNPITHGs t he heating
plate uni t 17 in a radial dlrectlon and on its rear
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enﬁ’)lo& fits Pﬁlnsfgloe?k?rq 18 ‘89 fr@é])g om'bgréa axgla-xt:}niﬁ Jdrm%ng Lr%'fﬂ%pﬁs fhrhs they
a plurality o 8d dj ust % el ements 224 are once again
arqomppichde] Kurthermorsy differept forms of e hraing plta ynis engrieafragne unit are of
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adj ust abl e between a maxi num outwardly noved position
a“é@@%?%?%@”“?B Figure 10 and a maxi num inwardly noved
position according to Figure 11, in order to change a
gap A formed between the frame el enent 19 and the
heating plate unit 17. Individua
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‘t he

adj ustnment of the elenents 24 is possible, as well as
an adjustnent in groups. An exanple of a setting of
the adjustable elenments 24 with which different gap
sizes A are provided in the circunferentia
direction, for exanple to evgn out |ocal tenperature
i nhonogeneities, is showmn in Fig. 12. C_ Qperation of
the heating device 1 according to this invention
substantially corresponds to operation of the device
according to the precedi ng enbodi nents. The invention
was descri bed above in deitaitlCldids ng preferred

enbodi ments of the invention wthout, however, being
limted to the specific enbodi nents shown. The

. f eatAimetsodfor thk ¢hecndl treatmertt of eiiatts merhish thasubftotes escdrldlie
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t he ?as conve ed rou? ap Ais, fo exagr
al sPlavebyp Erpl@e wa@qﬁl apHb @ﬁ%@h%@mpl%@w g r‘fgcotlY?Y ipHghsa gap
1 angdiwZeyMd8 Rratb end & Rt 9 dBe bﬁhe et theloBs BrirEaBnve ed such

sour ce mhlch makes possible tenperature control  of t
gas,thay it dpesmobseaieinte cepract with the %’atirﬂtt? 8l thgaudty apd/or th °16

Pat Qéht)pegtlﬂrb Uﬁthé—gdsmoWﬁigrﬂlﬂdugﬂlQﬁld gheveebniled naderRiThil@hce the
substrates ip ﬁ% F sub trates are held in
cont"RRETATE AT BF c4ge SHAF “ﬂ?% dfice away from a heating

pl ate which is heated by a plurallty of separately
Cont’lrﬁl()l l Eld gcclgzj?ntg tgggérP Emﬁarac erls ﬁ]é wsl’dd% hﬁhesé %10% at least
charoae bzemlse@bnl af ab kdee of dhe heheag platg lspvhaiged bagore ad/ay dnriieech

in H&nmmﬁ%%ﬂﬁnRX gmLﬁgge spaced apart from said

heati ng plate gas i s conveyed through a gap

between the frame and at | east one edge of the heating

Pl at@e nefifd Qél:%rd?r%’ DB 15RNYELY hhrsbeiled ih AL the viddPFShd b is

cone into contact with the substrate, and the quantity
and/Btneehiocallydirpeangt P8GR @ 49 5938 f 1 owi ng t hr ough
said gap being controlled in order to influence the

tenperature of the edge_of the heating pl. 2. Th
msthod ReforiNE: e C@%Prﬁhiracttfﬁaf '&é‘faéﬁﬁeé”é%}‘ Pihe apys Ghapsed

Wi dtlb\:aﬂﬁ intdeng@apbavesng aat skeast one partial region of
an edge of the heating plate is changed before and/or
during a thermal treatnment of a substrate.

The method according to any of the preceding claims, characterised in that the flow of

gas is deflected by a deflection element before entering the gap.

The method according to any of the preceding claims, characterised in that the gas is

ambient air.

The method according to any of the preceding claims, characterised in that the gas is a

cooling gas which circulates in a closed cooling circuit.

The method according to any of the preceding claims, characterised in that the

temperature of the gas is controlled before entering into the gap.



3. The nmethod according to Claiml or 2, characterised
inthat the wwdth of the gap is changed locally in a
range of between 0 and 5 mm 4. The nethod accordi ng
to Caim3, characterised in that the width of the gap
is changed locally in a ranﬂe of between | and 5 mm
5. The nethod according to y of the preceding
clainms, characterised in that the flow of gas is
defl ected by a deflection el enent before entering the

9. gap.Theé mefFlog asretdirgdo avadridiprgeding daims, ohargdueispl ie tetithaguantity of
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gas which circulates in a closed cooling circuit. 8.
The nethod according to any of the preceding clains,
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est &B1F %edw‘ﬂb‘PﬁFé‘P?rﬁté’et"i‘Fé? onihesapyvatst It Hféempfﬁé"e differences
met hegveat ditfe@ntngcatien (dirdd o1 the sueflirofl tHeRiibsg &l excaed dhiesHoltevalue.
tenperature is neasured |ocation-specific on the side
of the substrate facing away fromthe heating plate,

11and Thheethod adcotdingwh Clahm W shasteaisdd is Hheth fyefile mbich Ines changed

ther g %ﬁgg}aﬂﬁ&{,?%?{or %uﬁg@mfg ofleyEfifron PRV EEle eop

rou g
of tvhidth gadfori tbe t@haﬂger@ Of ﬂne gade perddanciaised asl nt:\Mle establlshed profile

ten‘gglraasw;eguené}e?%%e%g on the substrate, if the

t enper at ur erences between different |ocation
poi nts on the surface of the substrate exceed a

12t hr a8 alethol 8dcdRlingkd any It ehePRIEDIE REHO CRrtGeri& l@daﬂ&n]-Q)emﬁc
characterised in that a profijile_whi .chan

h wa
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t enper at ure the.gas 1 s stor ahd. uUs a.
oot dBTreaofret et e M ddn SRp T e s
The tl’f@h&@lﬂe@&ﬁl@érﬁﬂui‘b@f the haaiyig elemerh & qﬁt‘e&(ded amngtual aluesand a
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points on the surface of the substrate exceed a threshold value.

13. The method according to Claim 12, characterised in that a desired profile which was
changed during a thermal treatment is stored and used for a subsequent treatment as a

newly established desired profile.

14, The method according to any of the preceding claims, characterised in that a structure
width, in particular a lacquer structure width, is measured location-specific on the surface
of the substrate after a thermal treatment of the substrate, by means of the measurement, a

location-specific temperature profile is calculated for the surface of the substrate, and the



tenperature of each heating elenment using a PID

regul ation algorithmin which the neasured tenperature
of the heating elenent is entered as an actual val ue,
and a desired profile of the tenperature for the PID
regul ation al gorithm which;pas determ ned before the
thermal treatnent, is changed in accordance with the
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;j EZI ;;f gtccg E{B for tl?ei the:zl'rﬁnal t-rleg?naegtgotg:s]tg)rstr%eg 391 Sal{] %V{ce hav11¥g aq'featmg plate
st r ot meams (lvin) & holdml apebstrate(2) mrcoutadt it wer sredlkdigange @vay from
wi d . A% h
ot ek e TERSHS 5 | A6AKS BREBRAED bt RESRHILARR () on e
subside af tée hmnmatﬂ@)é#cmgt@eahﬁes thesnbstiate, sgid device being

| oc %Edr&'ﬂerﬁ&)e&l d ﬁﬁnet(qsmcﬁts%&n@sr o héaﬁnét plat€ ?4{ %Jlltsaﬁlﬁng the frame
for the surface of the substrate,

quant?) bineragedsapEb e fhedeatine platg4) #d ag!;gpt ORggap (A} peing formed

W dipbiwedd e HEAPAOPANEIeRE oreRBgOFShe h@ﬁ’tmg(ﬂfateamp @NtdsOdne device
proflle for the heatlﬁg el enents are set

sub ¥ {RE P vEHaE R throy b, OF daVIsedB@tCP%tfoé“'tgﬁhe quantity
acceﬁdanﬁeetewbtrhtutetwtrtegﬁmseﬁ&tywteropgmb g@ (Qa,|a6dlhtazln€ﬁ)r66hveying
t he . subst &%1 ét J é E her mal

t r edteEE DY aglutt%ef P%ﬁ%@e “é‘)““ iddeSA e avi ng a

heating plate (4), neans (11) for holding a substrate

16( 2) T]hn gv?ﬁ%téﬁcz}cio\i\%&g to(%,gatm 1% m?larafterlséé ng é‘t‘?ea%"éé%é( ele&tgrm(245)he

heatin plura separ at
contadjo$thtdbfigedratt thaiganed (é?befﬂrt lgcaf g;lustment hfehe snddte)fdfe geher)-
heating plate (4) facing away fromthe substrate sai d
devi ce being characterised by a frame (19) whic

17sur MbaAyicet Reacepsdipg ted lgmdder {Qt);hqr%tei"’é%i iprhatiee Wtdrteof the gap (A)
fr ang, gjsdhBik 1&§1I1ﬂsu»$&ﬁ@eﬁd apayt fromthe heating plate
(4), and at |east one gap (A) being formed between
the frame (19) and at |east one edge of the heating

18P! att@e Gé)oe (ﬁ)tac&ﬁéﬁ% to@E8mA8Gt €6 chadradfb}isddQh tHAORY @IEHHET tI@aSp (A)
through the gap (A), the devi ce (34) controlling the
quantity and/or the tenperature of the gas conveyed
t hr auighatidiBcgBDefAdn 1 &G mmans for conveying the gas
such that it does not cone into contact with the
substrate. 16. The device (1) according to C aim 15,

19c harTae iemideg kel diag tol aep st Claime 16 toelpceitarat@rdell by a plurality of said

elements (24) along one edge of the heating plate (4).

20. The device (1) according to Claim 17 or 18, characterised in that a contour of the element
(24) facing towards the heating plate (4) is complementary to a contour of an opposite

edge of the heating plate (4).

21, The device (1) according to any of Claims 15 to 20, characterised in that the frame (19)
has a bottom wall (20) and at least one side wall (22), the at least one side wall (22)



23

24

26.

27.

adjustably fitted onto the frane (19) for |oca

adj ustnent of the wdth of the gap (A). 17. The device
(1) according to Caim115 or 16, characterised in that
the width of the gap (A) is adjustable locally

between 0 and 5 nm 18. The gevice (1) according to
Caim15 or 16, characterised in that the wwdth of the
gap s&rﬁ)undthéth@%ek‘t%é QQ{eGM)l iRGAIANE, p@&vy\%ﬁ&: (b3)acféd1g50rﬂi€(\i abb9e said

devi ce é@ according to an to
Cha PR LG 5% oS PRIRSIZSL b RSoSsPE ol B AR SqE3h device

al onen) @Jieorwégleg gats tm’aeghhleagab 04) Helntcenred}d to2A opehlig (30) in the
device (1 Claim17 or 18, characterised

in OA%EM ”&@% ﬂﬁ g%“ﬁﬁ%’elenent (24) facing towards

the heating plate (4) is conplenentary to a contour of
d evi gge(vic)e?l Cagcgogg In o{o a%xgg aelrants I1 g % tareait%rlll%eg bg%:deﬂ-lelat?on element
c hamachéy inseadt with Itt&theetting pfateam)sn (ti@:)ge rdgios oa ith opppenyide, and

wal l r(nzg)ﬂoarlgan%gl allt ?r%séggﬂﬁe d@ngwal l (.22)’ the at

Ieas? one 'si rroundi ng the heating
plate (4) inits plane a flow space (23) being forned

abov[(l?te 5@10‘2 (1 )bag dotrgmé t’(@iln;' oi(ézlg)n’s l§ﬁ3'a% &Jaf%\é‘fet%&@?nethgtg@ a5> (A)isin

bei ng connect e (A, devi ce
forC@ﬁﬁWthﬁ@b@@smthrough t he gap (Ao belng connected
to an opening (30) in the bottomwall (22) of the
frane (19). 22. The device (1) according to any

a aiTig deveq( ) avqordipgierany plefrlpige d S 2 2acharerierised .Hbﬁhafé‘i*ee%tew

WNi Gtrs Part Bf LAGKERDEW VirduRt irt WRicH@edolifPanRloahetifgdevict (704 B/are
edge, reglon on its upper side, and forns a flow
chaffB9°4t one end of the gap (A). 23. The device (1)
according to any of Claims 15 to 22, characterised in

tha A) s in nt a ami.e
Thetl"&gsev&%%ﬁﬁ(: ()rdle% dl.n}[] ap(ﬂglmgﬁ])g/ to 24, %ara.cterxse?%y ?Ilocgg)%%pemﬁc
c hanemteemurs edasurmiehtaievitdwiggalgo (hA)surfafcc)pﬁtBe pastated®) facing away
cl ose n
L0550 P FLYILD Ly i b

ac c cbmherﬂglrc megsnsemeit deVied and thesleyiee (34) fomavea(mgeﬁt @@aglbstze gap

3 o?cﬁr %&blﬁs‘h Qhe t&rﬁﬁ%&r@ﬁl%lgutmﬁ 31 tHeSIBRRhte AEMEERing
aI| to the surface of the substrate (2) facing

avvayneatqf%mnt q&g@a fiiem thie pepatifingspeci fiaympesaere mepiuEsgsatyevice, and to
conteh@hol HRIdbvivd o £Ebnb&/ifzQRN@HuBIhE Bapt (R in accordance with the

temperature distribution in order to control the quantity and/or the temperature of the gas

conveyed through the gap (A).

The device (1) according to any of Claims 15 to 25, characterised in that a temperature
sensor is allocated to each heating element (9) in order to measure its temperature, and
that at least one PID regulator is provide which is connected to the heating elements (9)

and the allocated temperature sensors.

The device (1) according to Claim 26, characterised in that a PID regulator is provided

for each heating element (9).



t enper ature neasurenent device and the device (34) for
conveying gas through the gap (A) in order to
establish the tenperature distribution on the
substrate surface using neasurenent data fromthe
| ocati on-specific tenperatung. measurenent device, and
to control the device for conveying gas through the
28gap T&A)ievilcﬁ: (B.)C&Gfrﬁiﬁ@tb&jl%tj& ot be chdrz&t”éﬁ@erdaﬁ thtiethe process control unit
di stribut | contr t he quant ity
e 1t senpiedrn e Pl REebTuse e usivy dy S5 Pies Huh " Freraure
gap d(sﬂi)bumﬁﬁon th@ibsiee soﬁ”ac(e Hcirgaeay filom ¢hetheatimg placf (4 CHaireds
|1§ ;%)r?p%,gafé re’y El‘reg?oerg}g: 1§?e1v1d al héaﬂ@% elgnenfr{?) g%%r%undc%‘?ers] 2Le to the
nea§u36%uh®ﬂﬁbnperature and that at |east one PID
regul ator is provide which is connected to the heating
elements (9) and the allocated tenperature sensor
2927 Thp éev@‘@@pqp@dqu]_t)) a@c@f&l@mﬁ@S tog8gharaptersgd in that the dev1ce (34) for
chargalghk §£qm’0 httff@éa SAPE @sﬁcﬁ&%e%z@lk bbl%w@ﬁech\éhtq%‘%laté or
each heatiRg el emrent e device (1)
according to Claim26 or 27, characterised in that the
30PT 088 §eVvGRAbEdAdindBiahy bCIGMNE R Hha@ctbAed Rl thit the device (34) for
reg uIatorésg Lélglestabllshes |n accordance with a
t emaPRY e 8% P S LERP (ONS BRI (SBst rat e surface

faC|ng away fromthe heating plate (4) desired

ture val.ues for.the i el ere
g 9§mf§ﬁ SRR P er T DA MR R PR pep U B for
cEFxIneyndggasalaoa;ham ghip 114) Ha® a atnyrobdnit@h eiderso AGudt the 28antity and/or
character| hat t he .devi 34) for conveying
gas tlfe’ntr 0 g ure ﬁhhe §as Cf’%eyed tgra“%h 0% %ag centrally bel ow
t he heating pIate 30. The deV|ce according to any of
32CI alﬁ@ derl\ﬁce agco%ﬁn M t%laﬁ){]@f(‘élﬁhls §ﬁg) 3|0nchlan?a£rns%9 gy g@é(/lic% ?or(thoé4)
or conveying gas t’hr oug I'S a suction
devilesationzspeciffhmeagurginen 0&%%}619@%}(1 gn aﬁy%frr ofp RrEqHsT strycture
t 0 2Qdth (hakhShtBlelFechbstad hat the device (34) for
conveying gas through the gap (A) has a control unit
in order to adjust the quantity and/or the
tenperature of the gas conveyed through the gap. 32.
The device according to any of Clains 15 to 30,
characterised by a device for the |location-specific
nmeasurenent of a structure width, in particular of a
| acquer structure wdth, on the surface of a
substrate.



