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Such apparatus are used, for example, in the semiconductor industry

subsequent to lacquering processes of substrates, especially
photomasks, in order to thermally treat the substrates for curing and
chemical pretreatment of the layers. During the thermal treatment, it is
important for the subsequent usability of the substrates that the applied
layers be treated as uniformly and homogeneously as possible. In this
connection, however, the problem occurs that during uniform control of
the heating elements the substrates cannot be uniformly treated due to
edge effects. It is- therefore known to heat the heating elements less
strongly in the edge region of the substrates at the beginning of the
thermal treatment, since in the central portion initially. a relatively
greater mass must be heated. The heating elements are later heated
more strongly in the edge portion of the substrates due to the

increased thermal irradiation in these regions.



DE- A-199 07 497, which originates with this sane applicant discloses, an
-apparatus and a nethod for the thermal treatnent of substrates, according
to which a plurality of separately controllable heating .eLméﬁuﬁi rst heat
a heating plate and then a substrate disposed 5 thereon. GT dual
‘heating elenents are respectively regulated by a PID regulator, whereby the
necessary desired value is prescribed in the formof a desired-val ue
profile. In this context, desired-value profile is understood to nmean the

determ nation of pgegi1bgbVAI Ui BhgINAEY withithi8 seiBapfieRtcigdidsgsi n ti me
intervals. 10 During a treatnment process, the tenperature distribution on

the substrate suifAperfackng FRndd RIhESHHERN 1RGRLAL S dibsiger M ned

and, as a function e tenperature distr on on the su rate surface
For the. i ndi vi aultcRine: 1 UieReds LU o S8 o OB BB Brdielepecti e
the dooi  ad-val USSR T8 et g PoNRD A BB, FoRlsEeln5PERIA (o achi ove
an inproved tenperature_ honpgenejty over the substrate surface. 20 However,
this method has YREEHY obleindivithial Peadtingilementy sre easpectbielyregyated by
 aPID regulator, whereby the necessary desired value is prescribed in
the form of a desired-value profile. In this context, desired-value profile
is‘ understood to mean the determination of desired values that vary
with time, especially in time intervals.
10
During a treatment process, the temperature distribution on the
substrate surface facing away from the heating plate is determined
and, as a function of the temperature distribution on the substrate
surface relative to the desired-value profile, changed desired values
15 are defined for the individual heating elements and are conveyed on to
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 éubstrate 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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al ready-occurring tenperature inhonogeneities on the substrate -2 0 1 JUN
2005 surface in order to subsequently correct themvia a change of the

desi red-val ue profile of the individual heating elenments. An anticipation of
future tenperature, inhonogeneities that occur during the treatnent is not
possible. In addition, the problens that occur during one 051Rr ng?t, for
exanpl e an increased tenperature i nhonogeneity at a specific téﬁg ure

val ue, are not taken into account during the treatnent of the next
substrate, -since the previously established desired-value profile is again
prescribed for theurfach Vi deir tbhesubisequerdlyecmrics thebhevig an chimge ekphect t he
sane problens fromthe previous 10 treatnent to occur during the next

treatment. Proceedegited-vane phifife &t MdpfiddanBedting eldrBertbenefmticipgtinobj ect of
the present invention to provide a nmethod for the thermal treatnent of

substrates that egphlige t@ﬂ@%?d‘m@%b@ﬂ]g%éﬁtleﬁl%%ﬁséccﬁpg%ﬁr‘?é tHetrdtent to 15

i ncrease the tenperature nogenel e surface a substrate that is

to be treated. Pugss“%p':%)fsgpfehe Ihn%‘fd?%%n?gﬂ%tsé}%b@%t ﬂ"gt O@Sgptduiriﬁ%r&@ ized with

a method for the ther reatme rates, 1nc I ng e steps of:

20 heaténg the Su%ﬁfn‘?‘én‘?, R)Y e§a|91|p|’ér§rl1i’iﬁéfeaosfedstg%%él%tn?rlennﬁgr%ééﬂelit?%ltea
specific temperature value, are not taken into account during the
treatment of the next substrate, since the previously established
desired-value profile is again prescribed for the individual heating
elements. lOne can thus expect the same problems from the previous

10 - treatment to occur during the next treatment.

Proceeding from this state of the art, is therefore an object of the
present invention to provide a method for the thermal treatment of
substrates that enables a self-optimizing process control in order to
15 increase the temperature homogeneity on the surface of a substrate

that is to be treated.

Pursuant to the invention, the stated object is realized with a method

for the thermal treatment of substrates, including the steps of:
20 heating the substrate by a plurality of separately controllable
heating elements, each of which has a prescribed desired-value
profile, localized measuring of the temperature of that substrate

surface



heati ng el enents, each of which has a prescribed desired-value profile,

| ocal i zed nmeasuring of the tenperature of that substrate surface 0 1 JUN
2005 facing away fromthe heating el ements during the th@rimdUNt 2085t nent |
determ ni ng tenperature i nhonogeneities occurring on the substrate surface,
defining new desired-val ue profiles based on the determ ned tenperature

i nhonogeneities, and providing the new 5 desired-value profiles for
subsequent treatnent processes. This nethod enables a self-optimzing

process control, Sfiaaﬁgrfitél\%& ﬁgﬁithé%\%{ayﬁd dient r?g%hgn mee&%mqaet?%%m@mt he

i ndi vi dual heating e S are ne made “avai I'e for
subsequent treat rren(ietgr Qcesses, rature i nhonogeneit,jes

occurring during th HEW 1otﬁsrﬁ%%{% a?tﬂ ?n EE’%?%T(% PS5 MGYUHEEo fht t ring the
the Subsequent ¢ rURERERETRRTs JRBUIS SPH GEEGl TaIpOIEoER OBt he
desired-value profile, and hence a nore honbgeneous thermal treatnent of
the substrates. TSIEYHRIRMRSHHRMOMEYRRITSH, BReT ePTMPIBGHoHITEN of the
nvent! gn, 2 desired-value profiles for subsequent treatment processes.  This
method enables a self-optimizing process control, since the desired-
value profiles prescribed for the individual heating elements are newly
defined and made available for subsequent treatment processes, so
that temperature inhomogeneities obcurring during the thermal
10 treatment are taken into account during the definition of the new
desired-value profiles and are thus prevented during the subsequent
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 antjcipatory manner, in terms of time, during
the definition of the new desired-value profiles. buring the definition of
20 ‘ the new desired-value profiles, jumps with regard to the homogeneity,

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

point in time in the treatment, can be taken into account prior to this
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tenperature i nhonogeneity that occurs during the thermal treatnent is taken
into account in an anticipatory manner, in terns of time, during the
definition of the new desired-value profiles. During the definition of 20
the new desired-value profiles, junps with regard to thd tghotldhei ty, which
occur, for exanple, during a certain tenperature or at a certain point in
time in the treatnent, can be taken into account prior to this 4 0 1 JUN
2005 tenperature or the respective point in tine being obtained, so that

t hese tenperature inho eneities can al ready. be counteracted a | ower
t enper at HPES or m%%[pﬁ?%ror PriEsPre 'VFiF??é’% 'ﬁ%ﬂg? %'W%Qggﬁ"t?&r&f’ tﬁ1a{ hey have

occurred, one can begin to conpensate for the determned 5 tenperature

i nhormogenei ti es. NESEsCHIRET AP IMBINNQIEREIHES iCAD RlEEadY PR coENteraskshBhenei ti es
that occur at specific points in time or at specific tenperatures enables a
great|y i nprovedlanaigemaeiateen ormjaasier yoinduin et hEnus; @iieadhbefone0 The
tenperature of the substrate surface is preferably determ ned at

pr edet er mi ned sutifeyclraveodarugred nome dam beginrtedoopenbate dal thel deténrinator k
necessary relative to systens where all surface points are taken into
accound. To i ncr easgerbfuee Prheaicgensitiof. The anticipatbry tdiéngints agounablie of  al |

nmeasured tenperature values on a surface region associated with a
inhomogeneities that occur at specific points in time or at specific
temperatures enables a greatly improved temperature homogeneity

during the treatment.

10 The temperature of the substrate surface is preferably determined at
predetermined surface points in order to reduce the calculating work
necessary relative to systems where all surface points are taken into
account. To increase the precision of the method, the average value of
all measured temperature values on a surface region associated with a

15 surface point is assigned to the surface points. In this connection, the
association of the surface regions to the surface points remains
constant during at least one measuring cycle in order to obtain uniform

results over the measuring cycle.

20 Pursuant to a particularly preferred embodiment of the invention, the
definition of the new desired-value profile is effected with the aid of a

weighted association or coordination of the surface points to the
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- 15 surface point is assigned to the surface points. In this connection, the

‘ associ ation of the surface regions to the surface points renmains constant
during at |east one neasuring cycle in order to obtain uniform results over
the measuring cycle. 20 Pursuant to a particularly pref&rtel/Ned?blfdi mrent of

N the invention, the definition of the new desired-value profile is effected
with the aid of a weighted association or coordination of the surface
points to the -5 01 JUN 2005 individual heating elenents, as a result of

which the di fferpatvidu hegiiPeleffentd)@serkiINGf RhRARAE YiffePerlt iFULAEL OUS
surface points is taken into account. In order to obtain uniformresults

within a measuri oy fbsing Wik A0URY AIRACIRHEED Rini e i pirdlual

heating el enents to the surface points remains co ant during at | east

TRy L e

- elements to the “surtdce pe \ _ _
 optimization wit e PR SRR S d S haiold R RBPaE R “prof 11 e
- Drovide desired-valle ChangeRn SLLA huh T LA S AhEad g g, L Produce
The weighted association of the individual heating elements to the
surface points can, however, be varied during the definition of the new
desired-value profile in order to also achieve an optimization with
regard to the association.
10
The desired-value profiles provide desired-value changes in certain
time intervals in order to produce a specific heating pfdﬁle. To enable
an improved adaptation of the desired-value, during the definition of the

new desired-value profiles the time intervals for the desired-value

15 changes are preferably newly selected.

A new definition of the desired-value profile is preferably effected only if
temperature inhomogeneities occur above a prescribed threshold
value, since with temperature inhomogeneities below the threshold
20 value one proceeds from an optimized system which to the extent

possible is no longer interfered with. During the thermal treatment the



an i nproved adaptation of the desired-value, during the definition of the
new desired-value profiles the tine intervals for the desired-value 15
changes are preferably newy selected. A new definition of the desired-val ue
profile is preferably effected only if tenperature inh%ﬂﬁgﬁﬂﬁhmhgs occur
above a prescribed threshold value, since with tenperat i geneities
bel ow t he threshold 20 val ue one proceeds froman optim zed systemwhich to
the extent possible is no longer interfered with. During the thermal

treatment the -6s@diraldNs 208RrariyRiddo3E& drS aPpBILURBbYeAbe R a plate

di sposed between the heating elenments and the substrate. The Inventive
object is also realli 1 the optim zation 5 of

desi red-val ue pr O?F%@%%&H%ﬁaﬁ@ﬁ??@b%&%epar ately control |l able heating
el ements for the thermal treatnment of substrates, whereby the heating

el ements are heated with the aid of respectively prescribed desired- val ue

files, the t t f 1he substrat I f faci f th
heating el erents 1l SeITBIAYS oRisEatap absesig ihe Msad 1o 40P H0Z#iiber at ur e

FUncti on of ¢ i me, CRHENE0y AP aaSs g P U Shrehd Fey CoateIas PREMSbased on
the tenperature | glrtla%wné)n s??oeri tthie ?hsérm%(l:ﬁg;urnierr]\?of substrates, whereby the heating
elements are heated with the aid of respectively prescribed desired-
value profiles, the temperature of the substrate surface facing aWay
from the heating elements is locally measured during the heating and
10 temperature inhomdgeneities occurring on the substrate surface are
determined as a function of time, whereby new desired-value profiles
are defined based on the temperature inhomogenéities.occurring
during the treatment process and are used for a subsequent heating
process, and whereby the aforementioned steps are repeated until,
15 at every point in time of the heating, the temperature
inhomogeneities are below a predetermined threshold value. In this
way, as already indicated 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:
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during the treatnent process and are used for a subsequent heating process,
and whereby the aforenentioned steps are repeated until, 15 at every point
intinme of the heating, the tenperature inhonogeneities are bel ow a
predeterm ned threshold value. In this way, as already indjcated above, an
optim zed desired-value profile can be established. The Unlebii ¢@05met hod is
preferably utilized with photomasks. 20 The invention will be explai ned
subsequently with the aid of a preferred enbodinment in conjunction with the
drawings; in the drawings: -7 0 1 JUN 2005 Fig. 1 shows a schematic side
view of an inventive systemfor the thermal treatnent of substrates; Fig.

2a shows a schenflg. ¢l shdwstar sdHepmtiof side sAdws tof areindesties eghtemn far te heat i ng
plate; Fig. 2b shows a table that shows the influence of individual heating

el enments rel ati veyeb@acRsdiRkbnt FWibagsepoi Nts on the substrate; Fig. 3 shows
an illustration of the chronol ogical change of the | ocal desired-value

dirstributi on for pndiovd i ﬁzéb'i‘l%ﬁwa% IRyskaigT SP saldtrat akBotiRrbhne Plate (5

x 5 heating zones uring the course of a therma
5 heating plate;

Fig. 2b shows a table that shows the influence of individual heating
elements relative to certain surface points on the substrate;
Fig. 3 shows an illustration of the chronological change of the local
desired-value distribution for individual zones of a zone-controlled
10 heating plate (5 x 5 heating zones) during the course of a thermal
treatment of a substrate;
Fig. 4a shows a table of a desired-value distribution for zones of a
heating plate, during a thermal treatment having an end temperature of
110°C for a substrate;
15 Fig. 4b shows a graphic illustration of such a desired-value profile;
Fig. 5 shows a schematic illustration of an iteration cycle for an

automatic optimization of a prescribed desired-value profile.

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

20 treatment of substrates.



treatment of a substrate; Fig. 4a shows a table of a desi r ed- val ue
distribution for zones of a heating plate, during a thernmal treatnent
having an end tenperature of 110C for a substrate; 15 Fig. 4b shows a

graphic illustration of such a desired-value profile; Fig. 5 shows a
schematic illustration of an iteration cycle for an autor’r&;{[c op%i m zation
of a prescribed desired-value profile. Fig. 1 shows a sche WUNs208 vi ew of

an apparatus 1 for the thermal 20 treatnent of substrates. -8 0 1 JUN 2005

The apparatus | Tigs a?gér‘éﬂj%' GOTHaE Ok %Qnélééﬁtiqﬂlgd phé’étﬁPZ pldtét2 1 fat GONTPri sed of

a quadratic base plate 3 having an essentially rig angl ed cross-section.

The base plate 3, hasisé&y fdirst ugh%er?}éé@p@%tesédgar\g%@%g gsst%ﬁg?ﬁgﬁ@q_under si de

6. By nmeans of four respective notches end

G vi dod into a COPSE SRSRURR TR LagR oRE S o ePhEnet e E 61 coves 7
D sposed upon | O e net WSO8 6. Y mRe e T geprave PotERg o ecpect | ve
suare heat 119 el enents, 10 e A S WS Uil o S RS 8
plate, the underside 6 is divided into a total of 25 square segments 8.
The depth of the grooves 7 corresponds approximately to half.of the
thickness of the base plate 3. Disposed upon the square segments 8
of the heating plate 2 are respective square heating elements 10,
10 which are connected with the segments 8 of the base plate 3 in a
suitable manner, such as by being adhesively joined thereto, and which
form corresponding heating zones with the segments. Due to the
arrangements of the heating elements 10 upon the segments 8, which
are respectively separated by the grooves 7, the segments are
15 thermally separated from one another so that they do not mutually
influence one another, i.e. that no significant thermal cross talk occurs
between the heating elements. However, via the base plate 3 the
heating elements 10 are adequately thermally coupled with one
another, sb that on the upper side 5 of the base plate 3 a
20 homoggneous temperature distribution is achieved without a thermal

definition of the individual heating elements in the thermal pattern of

the upper side 5. Associated with each heating element 10 is a non-
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sui t abl e manner, such as by being adhesively joined thereto,

correspondi ng heating zones with the segnents. Due to the

t he heating el enents 10 upon the segnents 8, which

are re;i
separated by the grooves 7, the segnents are 15 thermally
anot her so that they do not nutually influence one another,
significant thermal cross talk occurs between the heating el enents.

However, via the base plate 3 the heating elenents 10 are adequately
thermal | y coupl eildustiatéd temeperatuiot hemsor s thehtormaoof & thermppeupls ettendhtof t he base
plate 3 a 20 honogeneous tenperature distribution is achieved without a
thermal defi ni twiioh afeasheesi theiacivdliEmpeesttiiengf ted dseirgselementse1a. hier mal
pattern of the upper side 5. Associated with each heating elenent 10 is a

non- -9 0 1 JUN @865 of tHd tietrmatasbld enpeindd, ur B e 3REsibie thesd eterof a
t her nocoupl e el ement, which neasures the actual tenperature of the heating

elements 10. In ¢pl @tRaPterhpaiiesemepipl e el ements, it is also possible to
use other, e.g. optical, tenperature sensors. 5 Although the heating plate
2 was gdescribed as a one-piece base plate 3 having grooves 7 fornmed therein

for the segnentation of the upper

Although the heating plate 2 was described as a one-piece base plate
3 having grooves 7 formed therein for the segmentation of the upper
side 6 of the base plate 3, it should be noted that the base plate 3
could be formed entirely planar, and the heating elements 10 could be
10 connected with the base plate 3 directly or via spacer elements. In the

same manner, the invention is not limited to the shape and number of

the segments 8 and of the heating elements 10.

The planar upper side 5 of the base plate 3 of the heating plate 1 is
15 disposed adjacent to a substrate 12 that is to be treated, e.g. with a
spacing between 0.1 and 0.5mm. The substrate is held over‘the
heating plate 1, for example on four non-illustrated holding means. A
temperature-measuring device 17 in the form of an infrared camera is
disposed above the heating plate 1 and the substrate 12. The infrared
20 camera 17 is directed onto an upper side 18 of the substrate 12 that
faces away from the heating plate 1. The infrared camera 17 contains

a non-illustrated scanning device having a moveable mirror via which

-10-
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side 6 of the base plate 3, it should be noted that the base plate 3 could
be-formed entirely planar, and the heating elenents 10 could be 10 connected
with the base plate 3 directly or via spacer elenents. In the same nanner,
the invention is not linited to the shape and number of the s€% n§® 8 and
of the heating elenments 10. The pl anar upper side 5 of the bgs gﬁa 33 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 ik 8herehipokPLudi@im & (A0S {IMad19 1 dddishaty iRl ng

means. A tenperature-neasuring device 17 1n orm-of an infrared camera

: di d ab : | A ) : _ ' d 20
camera 17 15 diredted Sas G Moparaiac iyt o HaRER Frdde ot Rl 20 o
away fromthe heat, n%? | at e

1. The ipfrared caner 7..contain ,
non-illustrated sc§h Ur&e%té'guﬂ%{bpﬂ eauﬂ%e\;e%{g;é%n‘?rpjgrs%sha%ﬂgﬁs 10 0 1
JUN 2005 the entire upper surface 18 of the substrate 12 is sequentially
scanned. By neans %Pdlfd??éi'é"ﬁ‘ﬁfﬁﬁyng’eo’éﬁ‘f%éyﬁ%{:q BcHEN2e fioﬁﬁé%mB% gaf‘? ern of
the tenperature distribution of the upper side 18 of the substrate 12 is

produced, whereby 888 ¥f%fe surface is scanned, for exanple, once 5 every
second.

The infrared camera 17 is connected via a data line 20 with a
computing unit in the form of a PC 22. Within the PC, the measured
values obtained from the IR camera are processed and a spatial
10 temperature distribution upon the upper surface 18 of the substrate is
determined and is processed, as will be described in greater detail

subsequently.

In Fig. 1 one can further see a process control mechanism 24, as well
15 as a PID regulator 26 that is connected with the individual heating
elements 10 and the non-illustrated temperature sensors, and forms a
closed control loop with thém. The PID regulator regulates the heating
capacity of the individual heating elements 10 with the aid of a desired-
value profile that is prescribed by the process control mechanism, i.e. a
20 series of desired temperature values, especially time intervals, that
vary with time, and the actual temperature values measured by the

temperature sensors.
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The infrared canera 17 is connected via a data line 20 with a conputing
unit in the formof a PC 22. Wthin the PC, the measured val ues obtained
fromthe IR canmera are processed and a spatial 10 tenperature distribution
upon the upper surface 18 of the substrate is determned and is processed,

as wll be described in greater detail subsequently. I n Fi g\mL can
further see a process control nechanism 24, as well ibiaj g egul at or
26 that is connected with the individual heating el errent s 10 and the

non-illustrated tenperature sensors, and forns a closed control loop with
them The PID regul ator regul ates the heating capacity of the individual

heating el enents @ig widfowshe s@h&n@tfc Blafi 8w €fhon Re WeafiPplales 11UABY al S
prescri bed by the process control nechanism i.e. a 20 series of desired

temperature val ueg,pcfapeghabio 54 M bMMALDhoidiisk WRRNsH ifbréde, and the

actual tenperature es neasured by t t'enper at Ur e sensors -11 01 JUN

NN Fig, 2 shoverq, SRHARRL Gl amdhey URem Lioheghichd Ababfy Tnei th

substrate 12, suc sed thereon.
heati ng zones forpmed by the heatin nd the 5 s 8are
schemagl cal 'y i ndi Rt Sﬁareaf’ L?g‘ﬁ@'i fafeéjlﬁg? e hifore® 98 s
Indicated upon the substrate 12 are surface points 1 to 13 which, as
will be described in greater detail subsequently, are used as

association or coordination points.

10 As can be recognized in the schematic plan view of Fig. 2, the
substrate covers the central nine of the entire 25 heating zones of the

~heating plate 2. Therefore, during a thermal treatment of the substrate

mainly these nine zones are involved, although the remaining zones

also have an influence upon the thermal treatment.

15
The table of Fig. 2b shows an association of the individual heating
zones to the surface points on the substrate. Tlﬁe association and
weighting provided in Fig. 2 is not exact and should.merely indicate fhe
principal of a weighting. For exsmple, the heating capacity derived
20 from the heating zone 1 and reaching the substrate 12 influences

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

surface point 1. Thus, the heating zone is associated 100% to the
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I ndi cat ed upon the substrate 12 are surface points 1 to 13 which, as wll
be described in greater detail subsequently, are used as association or
coordi nation points. 10 As can be recognized in the schematic plan view of
Fig. 2, the substrate covers the central nine of the entifel 28M@dls ng
zones of the heating plate 2. Therefore, during a thermal treatnent of the
substrate nmainly these nine zones are involved, although the remnaining
zones al so have an influence upon the thermal treatnent. 15 The table of
Fig. 2b shows ansufaoecpeint bnlmtontrast ihetite, tadieatiegcaparity zsmniged front he sur f ace
poi nts on the substrate. The association and weighting provided in Fig. 2
i s not exact andthehwadtidgrenel2y anddeachirg theesubptratacli2paifiuehces meticgpht i ng. For
exanpl e, the heating capacity derived 20 fromthe heating zone 1 and

reachi ng the subgiertatm@efaturentttienarsatedn ehaisigicd! of thérsufasmnsistiybet of the
substrate 12 in the region of the surface point 1. Thus, the heating zone

s associ at ed_L0G% o tidurfactboht, I3 R8Anectdh MehaebBhg bivebiront r ast
hereto, the heating capacity derived fromthe heating zone 2, and reaching

the supstrate 12, iy bé‘ﬁﬂ@%n@oé T%U%%c:testtﬁé shRIREPGhHY GnRE ks MRSt rate in

t he region of the surtace”pol nt
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 thé 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 plottingé 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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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 tines nore
greatly than the surface point 2. Thus, the heating zone %zis léﬁ;@ﬁéiated
with the surface points 1 and 2 in a ratio of 75:25. The JbJ how t he
wei ghted for all 25 zones of the heating plate 1. 10 Fig. 3 shows four

i nst ant aneous plottings of the chronol ogi cal change of a | ocal
desired-val ue distribution for the individual zones of a zone- controlled
heati ng pl at e harepreseht thesh kembasig patierasofdioe hegtinghsonesure uppler &ft her mal
treatment of a substrate, and are grouped about a central graph. The

central graph shgraphtdhewshtherddshgivaluedgistebotorest thef indivieiubb zewey age val ue of
nmeasured tenperature values on the substrate surface, whereby the

per pendi cul ar | i in@sheBih pldie 1Pt tﬂb%égmnﬁng@f Ak thavRidt rebbigerfiend rigg val ues for
t he individual heating zones are varied. In the central graph, the vertical

axes show t he te{mgrl%gveaggrﬁgp O%ﬁ WEU%SO EEEFOKP‘%E opt-ghu@Xxi ‘Fhé' . rates t he

time T in mnutes and our nstant aneous p ottings of

the | qcal desiregeyaldiene A8l arlaLiANShod BRI LAY RIBERBLHNESP! Lhe

respective heating . zone The two

ouher axes 13 11U 2005 s KSRASSANL o BE it ohBSH SoBRRIIR, Y (P

heati ng zones.

minutes 5 seconds, which is maintained in the third time interval of
approximately 2 minutes to 3 minutes. The lower left graph shows the
desired-value distribution at the point in time of approximately 5
10 ' minutes for the sixth time interval, and the graph disposed next to it to
the right shows the desired-value distribution in a final time interval,

»WhiCh begins at approximately 11 minutes.

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

-14-



graph shows the desired-value distribution of the individual zones of the
heating plate 1 at the beginning of the thernmal treatnent, i.e. ina tine
interval fromO seconds to approximately 1 m nute. The graph 5 di sposed next
toit at the right shows the desired-value distribution of

zone-control | ed heating plate at the point in time of appr&('inﬁiNaIZQU@

m nutes 5 seconds, which is maintained in the third time interval of

approxi mately 2 mnutes to 3 minutes. The |ower |eft graph shows the
desired-value distribution at the point in tinme of approximately 5 10
mnutes for the sixth tinme interval, and the graph di sposed next to it to

the right shows the i red-val ue d| ributi final tinme interval,
whi ch gegl ns at ‘gﬁ%HWFe? y@'fa'rﬁohﬁ'ﬁ or ﬁst?‘ bge‘?t&egt)rﬂfzaecfnw t he upper

left graph, at the begi nni ng of the 15 thermal treatnent the central zone
i s heating nore §F¢Q5ﬁ@9>f0t"ﬂh‘ﬁf‘ ap @”dttﬁ@péﬁﬂéﬁ of JABLE issionk aphievad @ r egi on
initially a relatively large nass nust be heated. Fromthe %@aph di sposed
next to it at théesyhacesiéne sampleedadins senneastien, tfie 4eeshomg @ BOIeOl s heat ed
| ess strongly, which is attributed to the greater thermal radiation in the
edge r¥gi on of t halezedwbkierdistdbution far tierdonas ofithenkaating méateamheiklyo recogni ze
fromthe |lower graphs that the edge zones of the heating plate are heated
at |least parti aifd theneftenasidr cohghy thdrdangits dhithededividadl troadéntervalé 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 hoﬁzontally 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. In 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

-15-



01 JUN 2005 Fig. 4 shows a typical profile for a thermal treatnent of a
mask, according to which an end tenperature of 110C is to be achieved on
the surface of the sanple. In this connection, Fig. 4a sho a ta&h@ for 5
a desired-value distribution for the zones of the heating g?ﬁtéu Eeby in
the left hand columm the lengths of the individual time intervals for the
respective tenperature step are indicated. Fig. 4b shows a three-

di mensi onal graphic representation of the desired-value profile, whereby

the vertical axis r@jr@wﬁtt SndriIiE RIP Sfafinigr eﬂrtoﬁie_g, Cast bl 1@eeSegihéd | ¥
hori zontal ly extending axis indicates the heating zones 1 to 25, and the

axi s Lhat ext ends shOuefdnfie ThE B FIPALS BRorldsre ILERKA Y 1nBdrhaR®: From

this three-dinmension stration, one Can clear recogni ze
di fferent control ,of [ i.ye h i.ng .zo tQ. 25, ! at the
begi nni ng of the ttrggg}wrr@nf)?tsqgggéééﬁ rséi'ﬁ%éggt iaégm'%gngess b%fé gfalﬁfﬁgtﬁaﬁg% t he nost
strongly. Fig. 5 shg.ws. an iter%tidon (i%/cl e hatnlduri ng an aut omat ed
optim zation of &CAENOSRIGRREYSNEAFTRERLIGYRHEE or t he i ndi vi dual heati ng
zones of the heating plate 1. In the block 30, a treatnent 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 hakragythedagrmadtredment dygneamnegf barnfared samefe 16dMe, or t hey
can '

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 profile is present

and no further adaptation is necessary.
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-15 0 1 JUN 2005 represent nornalized starting profiles, as will be

expl ai ned subsequently. The desired-value profiles are designed for the
thermal treatment of a specific substrate, as well as being designed for
achieving a prescribed end tenperature value. 5 During thit%h rrrﬁl
treatnment, by neans of the infrared canera 17 the tenperatur Nor08he
surface 18 of the substrate 12 facing away fromthe heating elenents 10 is
measured and is conveyed on to the conputing wunit 22. In the conputing unit
22, the average value of all neasured 10 values from qgne surface region
associ ated with tHVeEHihPe tepratetyrs diffeseprecatiicrst poreiBer &Xerediitit t he
previously nentioned surface points on the surface of the substrate. This
associ ati on si nplthieskeldivaie, fignyegessneontal pioceedsole tbe binsly 8ewiwhieh val ue
profiles. 15 In the block 34, at each point in tine of the thernmal
treatnent, the tleepmesatdweludifrbfieserme rbedlowatndtfoe tisanfdidéugddientisg on t he
substrate surface is determned and is conpared'with a predeterm ned

threshol d val ue.eldrhefitte TaREIOAtHN ahsli kf Goegnipethal ceawetipintudes & i ne of the
thermal treatnment is below the threshold value, the process control

proceeds to 20 tNgedakofl wihhieWtsSdiahdAdr CRbERaibN@F tRNsUMRS: Foikeeh ¢S red-val ue

. profile is present
substrate to the zones of the heating surface. The newly calculated desired-value profile

is transmitted to the start block 30 and is specified in place of the
previous start profile.  With this newly calculated desired-value profile,
a renewed thermal treatment process is now carried 6ut, while in the
10 block 32 the temperature disiribution 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 pointin
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

A7



and no further adaptation is necessary. -16 0 1 JUN 2005 However, if the
tenperature difference at | east sonetines exceeds the threshold value, the
process control proceeds to the block 38, in which the desired-val ue
profiles are recal culated for the individual heating elenments. The
algorithmthat is used in this connection includes a 5 precise and wei ghted
associ ation or coordination of the surface points on tHgj ﬂﬂ%éﬂﬁ&te to the
zones of the heating surface. The newy cal cul ated desired-value profile is

transmtted to the star | ock 30 and js specified in place of the previous
start profile. WER@h ?aﬂaﬁm i(heclﬁp%’l %‘Jt Bdivigual V'@@-'U@f‘@& ﬁ?%fq?qoel?ea r enewed
thermal treatnent process is now carried out, while in the 10 block 32 the
tenperature di staddaptRd- on on the substrate surface is neasured. This
iteration cycle is repeated until the tenperature difference between the

surface points on the substrate surface at each point in time falls bel ow
the prescribed threshold value. At this point in time, an optim zed

desi red-val ue profd dotististsbradordimgidn oMtiecsurfaee degionsLof thengaipld® i nterfered
with. This optim zed desired-value profile is used for subsequent thernmal

treatgent procesagsuideboid of thaladSoditioh B8 cddiGinatfoh Bt tiaE ERE Bbiftsand whi ch
are to be heated to the sane end tenperature val ue.

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.g. T = 30 seconds, in
that the desired-value profile of at least one heating element is
changed such that already at this point in time a locally stronger or
lesser heating is effected. Thus, the temperature inhomogeneities can
be provided for without temperature jumps of the heating elements and
20 greater jumps during the desired-value determination between the

individual intervals.

..16..



20 During the recal culation of the desired-value profiles, it is possible to
vary not only the tenperature determ nations during prescribed tine -17 0t
JUN 2005 intervals. Rather, the length of individual tine intervals can

al so be adapted. The association or coordination of the surface regions of
the sanple to 5 the surface points, or the associati @ni %Dyc?@ﬁdi nation of
the surface points to the zones of the heating surfate n mlarly be
vari ed. Pursuant to the preferred enbodi ment of the invention, during the

recal cul ati on of Thdeasireimestionatiueptnightidresmiidte bk ebaeat siite forl@ach
i nhompgenei ties that occur at a specific point in time are taken into

account in an andieichRSass IR E8 Wl 16F St &Rl RATHPHE AN 96 Buand_ early
adaptation of the profil If, for exanple, at a point in tine = 50

seconds a temper gLur @, anggmggggﬁ@@sneﬁw eded) %B??Fécfveﬂu?‘ﬂr&@@ef%po' nt,

with the newy ca hi's 1 nhonogenerty 1s rea t aken

into account at @\? rﬁ%r |t,l r%nk?w tblﬁgre[n? gnel e ?atﬁr%%orﬁﬂ ld}}st hat the

desi red-val ue prori I 'eas uch that
already at this 0|n i n ser hea@ongls

o footbd. Thus. W@%‘éﬁ%@%"é‘ﬂ%‘ﬁ&a}%‘r‘%@% DRERE PSR tasE B s BB or i ¢ nout
tenperature jurrpiss %adteh?haqe%e r?hqermla?nc‘:?\aracteris(illc of the substrate type is

essentially the same at different temperatures. Therefore, the
normalized profile is formed from an optimized profile in that it is
divided by the end temperature value of the optimized profile in order to
10 obtain a normalized profile. For each further desired end temperature,
the normalized profile is now multiplied with the new end value. The
thus calculated desired-value profiles are then used as a start profile
during the iteration cycle of Fig. 5. In so doing the number of iteration
cycles prior to achieving an optimized process profile can be

15 considerably reduced.

Profiles optimized in such a way can be made available to a customer
in order to be then used, for example, in combination with the method
known from DE-A-199 07 497, which to this extent is made the subject
20 matter of the present application in order to avoid repetition.
Alternatively, the optimization cycle can aiso be effected by customers,

so that the process control is automatically self-optimized over time.

-10-



20 greater junps during the desired-value determ nati on between the
individual intervals. -18 0 1 JUN 2005 The above-nentioned optim zation
must be carried out for each different substrate as well as for each end
tenperature value. To save tine during the determ nation of the idea
desired-value profile for thermal treatnents having di feﬁmf@@ﬁf
tenperatures, initially a 5 normalized profile is cal culFa ng this
cal culation the assunption is nmade that the thernmal characteristic of the
substrate type is essentially the same at different tenperatures.
Therefore, the normalized profile is formed froman optim zed profile in

that Tt Vs i vi ded byd e osh LATRAISY Hertel el By 0P Bfstharofile in

order to 10 obtain nor ma |zed or eac urt end

temperature, - thepgpaald ey dtnaom oh SRl TR Bt iHdde e end

val ue. The thus esire vaI ue pro es are en used as a start

profile during the | era e of oin unber of
iteration cycl ess%‘?ql bocﬁ gv*:ﬂr e)é‘ﬁn%%’t hﬁ]@gﬁn @2%58&8 %?Q F %an be 15
consi derably reduced. P ofiles OE'[I mzed in s can Wgh made, avai l abl e

to a cwltomer inSgPaet ?rosrt?é’etﬁ th gge ferampéiéniﬂua ShaPBoWER F3¥3%n wi t h

t he met hod ) )
~ 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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known from DE-A-199 07 497, which to this extent is nmade the subject 20
matter of the present application in order to avoid repetition.
Alternatively, the optim zation cycle can also be effected by custoners, so
that the process control is automatically self-optiniﬂfﬁ SVﬁr time. 19 01
JUN 2005 The invention was previously described with eJUN2085 a preferred
enbodi nent of the invention w thout, however, being [imted to the specific
enbodi ment. For exanple, the heating plate could al so have 5 sone ot her
shape, such as, for exanple, a round shape, with round heating elenents or
heating el ements fornmed of circular segnents, |Instead of an infrared
canera, another, |ocalized tenperatuPetent€éamei ng device coul d al so be used.
-20 Q9 JUN 2005 Patent Clains 1. Method for the thermal treatnent of
substrates, according to 5 which the substrate is heated by a plurality of
separately control | ableghdieadri the tBkenEnteatmencbf alibsthited) dmsrdingptescri bed
desired-value profile, with the follow ng nethod steps: a. |ocalized

measurgng of the tempghathuffe QlbéthRe Sbisddted eby 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. determining temperature inhomogeneities occurring on
the substrate surface;
c. defining new desired-value profiles based on the
determined temperature inhomogeneities; and
15 \ d. providing the new desired-value profiles for subsequent

treatment processes.

2. Method according to claim 1, characterized in that a temperature
inhomogeneity 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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surface facing away fromthe heating elements during the 10 thernal
treatnent; b. determ ning tenperature inhonbgeneities occurring on the
substrate surface; c. defining new desired-value profiles based on the

det ermi ned tenperature inhonogeneities; and 15 d. provi d dgJUbellBew
desired-val ue profiles for subsequent treatnent processes. 2. Method
according to claiml1, characterized in that a tenperature inhonogeneity
occurring during the thernmal treatnent is taken 20 into account in an
antici patory manher, Nethoérateoafing itoreclaichurti org 2, tcharadedrizedt inothadfthé he
desired-value profiles. -21 0 1 JUN 2005 3. Method according to claim1l1 or

2, characterized in ttbapetaf@etof tresuistrate Qirfachés geteshinatieat pradcabed i s
determ ned at prescribed surface points. 5 4. Method according to claim 3,

characterized in thatsytfage pyiitsage val ue of all neasured tenperature val ues
froma surface region associated with a surface point is assigned to the
surface points. 5. Method according to claim3 or 4, characterized in that
t he

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. Met‘hod according to claim 3 or 4, characterized in that the
10 association of the surface regions to the surface points remains

constant during at least one measurement cycle.

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

points to the heating elements
7. Method according to claim 6, characterized in that the weighted

association remains constant during at least one measurement

20 cycle.
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10 association of the surface regions to the surface points renains
constant during at |east one neasurenent cycle. 6. Method according to one
of the clains 3 to 5, characterized in that the definition of the new
desired-value profile is effected 15 with the aid of a (i ¢l eMlimssoci ation
of the individual surface points to the heating elenents 7. Method
according to claim®6, characterized in that the weighted association
remai ns- constant during at | east one nmeasurenent 20 cycle. -22 O 1 JUN 2005
8. Method accordjng té\g tﬁl aim GCﬁr 7, characterized in that the weighted
associ ation is chang a¢ i 3fgofdieg dersiaim Pofr o chARCHEFed dBsiREddg al ue
profile. 5 9. Method according to one of the preceding clains, characterized
inthat the time int é’l’@)@ﬂ‘@dﬁéﬁo@@%qméd?hﬁ%g%dl@mr@ééje pidon ehing naye| ect ed
during the definition of the new desired-value profiles. 10. Method
according to one of tdesirpd-wakigipigfilel ai ms, characterized 10 in that a new
definition of the desired-value profile is effected only if tenperature
i nhonogenei ties occur above a prescribed threshold val ue.

5 9. Method according to one of the preceding claims, characterized

in that the time intervals for desired-value changes are newly

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

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

threshold value.

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

substrate.

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

desired-value profile.
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11. Method according to one of the preceding clains, characterized 15 in
that during the thernmal treatnent, the substrate is disposed on a plate
arranged between the heating elenents and the substrate. 12. Mt hod

according to one of the preceding clains, characterized 28'13 Nhg@Sas t he
original desired-value profiles, normalized desired- val ue pr P I are used
that are calculated froman optim zed desired-value profile. -23 0 1 JUN
2005 13. Method for the optim zation of desired-value profiles of a

plurality of separ¢del ywe@pdr k! sl @Fhﬁ%h&g & aeBRlasvA frdfest bermal
treatnment of substrates, with the follow ng nethod steps: a. heating the

heating el ements wth thg, dopfsebgr%ﬁﬁygtd.o\‘l%ﬁ’able'a @aﬁﬁgr%lﬁﬁ@nge%rr gf- val ue

. R
profiles; b. localized measzrl ng o tenperature o e substrate

gurtace facing_avey o g O5FHLS ShRTEILE) LA A BB

determ ning, as a function enpera genel
oceurring on the Substr 8t fo ' AEChedting ShRhRIWIR heCsh" §rapbitfely of 1 es
5 prescribed desired-value profiles;
b. localized measuring of the temperature of the substrate
surface facing away from the heating elements during the
heating;
c. determining, as a function of time, temperature

10 inhomogeneities occurring on the substrate surface;

d. defining new desired-value profiles based on the temperature

inhomogeneities occurring during the treatment process;

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

heating process;
15 f. repeating 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

20 optimization is carried out for different substrates and different

end temperatures of the thermal treatment.
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i nhonogeneities occurring during the treatnent process; e. using the new
desired-value profiles for a subsequent heating process; 15 f. repeating
the steps ato e until, at every point in time of the heating, the
tenperature inhonogeneities are below a predeterm ned ghr 88“0%@ val ue. 14.
Met hod according to claim 13, characterized in that the 20 optiimzation is
carried out for different substrates and different end tenperatures of the
thermal treatnment. -24 C 1 JUN 2005 15. Method according to claim 14,

characterized i n1ghat Meb®dadcoidi®] toyclBRESE dhBRGtiRed it taY Bleugrigmali | es are
normal i zed desired-value profiles that were cal cul ated based on previously

optim zed desired-vahi8citedf Héfied-vale profiles are normalized desired-value
profiles that were calculated based on previously optimized

desired-value profiles.
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