
ANNEX 4 Method and Device for the Thermal Treatment of Substrates This
invention relates to a method and a device for the thermal treatment of
substrates, in  particular flat substrates in the production of
semiconductors. When producing components in the field of the semiconductor
industry, it is known to treat  substrates thermally in a heating device, as
is known, for example, from DE 100 59 665 Cl,  which derives from the
applicant of the present application, or from DE 199 07 497 C, which also
derives from the applicant. A common process step is, for example, the
hardening of a lacquer  after lacquering, and the so-called "Post-Exposure
Bake" (PEB) for fixing "Chemically  Amplified Resists" (CAR) after an
exposure. For the quality of the structures and the result of the  thermal
treatment, an even, homogenous supply of heat into the substrate, in
particular into a  layer thereon, is of decisive significance. This is not
easily possible in particular with angular  substrates with a great material
thickness, such as for example photomasks, because during the  heating of
the substrate there is more mass to be heated in the centre relative to the
edges, and the  centre therefore warms up more slowly relative to the edges.
On the other hand, after reaching a  final temperature, the edges radiate
more heat relative to the centre due to the greater surface such  that they
cool down more quickly after reaching the final temperature. This same
problem also  occurs of course with round semiconductor substrates. In order
to overcome this problem, in the past a heating device with several actively
regulated  zones was used, as is known from the aforementioned DE 199 07 497
C, as was a self-optimising  control method according to DE 100 59 665 Cl.
By means of these heating devices it was  possible to heat the centre of a
substrate during the heat-up phase more strongly relative to the  C edges,
and after reaching the final temperature, to heat the edges more strongly
relative to the  centre. 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 rim 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. -2-
According to the invention, this object is fulfilled by a method for the
thermal treatment of  substrates, in which the substrates are held in
contact with or a small distance away from a  heating plate which is heated
by a plurality of separately controllable heating elements on the side  of
the heating plate facing away from the substrate, wherein the heating plate
is surrounded, at  least in its plane, i.e. radially by a frame spaced apart
from said heating plate, wherein a gas is  conveyed through a gap between
the frame and at least one edge of the heating plate, the gas  being
conveyed such that it does not come into contact with the substrate, and
wherein the flow- through quantity and/or the temperature of the gas is
controlled to influence the temperature of  the edge of the heating plate.
By producing a gap between a frame and a heating plate and by  means of the
controlled conveyance of gas through this gap, active cooling of edge
regions of the  heating plate is possible to thereby enable improved
homogeneity of a thermal treatment of a  substrate. The controlled
conveyance of gas through a gap makes possible, in addition to other
control parameters, specific cooling of an edge region of a heating plate in
order, for example, to  heat the substrate less relative to the centre
during a heat-up phase. The active cooling makes  possible a fast change, in
particular reduction of the temperature of the edge region of the heating
plate. A reduction of the temperature in the edge region of the heating
plate is achieved  substantially faster than could be achieved, for example,
by a reduction in the supply of energy to  one of the heating elements in
the edge region. The method according to the invention thus makes possible a
thermal treatment of substrates with  improved temperature homogeneity.
According to a preferred embodiment of the invention, the width of the gap
along at least one  partial region of an edge of the heating plate is
changed before and/or during a thermal treatment  of a substrate in order to
adjust the flow rates in the region of the gap, and to thereby change the
cooling in this region. By means of this, a specific asymmetrical cooling of
edge regions of the  heating plate can be achieved in order to for example
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 mm, and in particular between 1 and 5 mm. 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 -3- method generally takes place in clean rooms in which
climatised air is provided, good and even  cooling can be achieved with the
ambient air because the temperature of the ambient air is  generally known
and constant. In an alternative embodiment, the gas is a cooling gas which
circulates in a substantially closed  cooling circuit. The use of a cooling
gas, which can also be air, and which circulates in a  substantially closed
cooling circuit, makes it possible to control not only the quantity of gas
flowing through the gap, but also the temperature of the gas, by means of
which the cooling in the  edge region of the heating plate can be controlled
even better. Advantageously, the quantity of gas conveyed through the gap,
the gap width and/or the  temperature of the gas are controlled by means of
a profile established before the thermal  treatment in order to provide a
respective predetermined cooling of an edge region of the heating  plate
during different process sections. In a further embodiment of the invention,
the temperature is measured location-specific on the  side of the substrate
facing away from the heating plate, and the profile for the quantity of gas
conveyed through the gap established before the thermal treatment, the gap
width and/or the  temperature of the gas is changed in accordance with the
temperature distribution measured on  the substrate, if temperature
differences between different location points on the surface of the
substrate exceed a threshold value. In this way, rapid control and
regulation of the temperature of  an edge region of a heating plate is
possible in accordance with a temperature distribution on the  substrate.
Preferably, a profile which is changed during a thermal treatment for the
quantity of  gas conveyed through the gap, the gap width and/or the
temperature of the gas is preferably  stored, and used as a newly
established profile for a subsequent treatment in order to make  possible an
anticipatory control and self-optimisation of the predetermined profile. 



Alternatively, or in addition, the temperature is measured location-specific
on the side of the  substrate facing away from the heating plate, the
temperature of each heating element is measured  and the temperature of each
heating element is regulated using a 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. -4- In order to provide a self-optimising process
control, an desired value profile changed during a  thermal treatment is
preferably stored, and used for a subsequent treatment as a new established
desired value profile. According to a further embodiment of this invention,
a structure width, in particular a lacquer  structure width is measured
location-specific on the surface of a substrate after a thermal  treatment,
and by means of the measurement, a location-specific temperature profile is
calculated  for the surface of the substrate which occurred during the
thermal treatment, wherein the quantity  of gas conveyed through the gap,
the gap width and/or the temperature of the gas being set in  accordance
with the temperature profile calculated on the substrate for a subsequent
thermal  treatment process. In this way, once again a self-optimisation of
the process is possible because  the inhomogeneities occurring in a previous
treatment process can be taken into account by  changing a control profile
for a subsequent treatment. The object which forms the basis of the
invention is also fulfilled with a device for the thermal  treatment of
substrates , comprising a heating plate, means for holding a substrate in
contact with  or a small distance away from the heating plate, a plurality
of separately controllable heating  elements on the side of the heating
plate facing away from the substrate, a frame which surrounds  the heating
plate in its plane, i.e. radially, the frame being spaced apart from the
heating plate and  forming at least one gap between the frame and at least
one edge of the heating plate, and at least  one device for conveying gas
through the gap, the device controlling the quantity and/or the  temperature
of the gas conveyed through the gap, and wherein means are provided for
conveying  



the gas such that it does not come into contact with the substrate. The
above device once again  enables a quick response temperature control of an
edge region of a heating plate by controllably  conveyed gas through a gap
between an edge of a heating plate and a frame. In order to be able to
control the cooling of individual edge regions, preferably at least one
element, which is adjustably mounted to the frame, is provided for local
adjustment of the width  of the gap. In this way, the cooling profile can be
adjusted, and in particular also an asymmetrical  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. -5- According to
a preferred embodiment of the invention, a plurality of elements are
provided along  one edge of the heating plate in order to provide different
cooling profiles along the edge. A  contour of the element facing towards
the heating plate is preferably complementary to a contour  of the opposite
edge of the heating plate so as to produce a substantially constant gap in
the  region of a respective element. For a simple structure of this
invention, the frame preferably has a bottom wall and at least one  side
wall, the at least one side wall radially surrounding the heating plate. A
flow space being  formed above the bottom wall which is connected to the
gap, the controllable device for  conveying gas through the gap being
connected to an opening in the bottom wall of the frame.  By means of this,
air can be sucked or pushed through the gap in a simple manner by means of a
flow space formed below the heating plate, wherein a space between the
bottom wall of the frame  and the heating plate serves as a distribution
space which facilitates even sucking-in and blowing- out of air through the
gap. Preferably, a deflection element is provided which is in contact with
the heating plate in an edge  region on its upper side, and forms a flow
channel at one end of the gap. In this way, controlled  conveyance of gas
through the gap and controlled cooling of the heating plate at its edge
region is  facilitated. For a simple structure of the device, the gap is in
contact with ambient air so that ambient air can  be conveyed through the
gap for cooling. In order to achieve even better cooling or cooling  



control, in an alternative embodiment the gap forms part of a substantially
closed flow circuit in  which a cooling and/or heating device is disposed.
Preferably, a location-specific temperature measurement device directed onto
the surface of the  substrate facing away from the heating plate and a
process control unit, which is connected to the  temperature measurement
device and the controllable device for conveying gas through the gap  are
provided, in order to establish the temperature distribution on the
substrate surface, and to  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 -6- regulator is provided which is connected to
the heating elements and the allocated temperature  sensors in order to
enable temperature regulation of the individual heating elements during a
thermal treatment. Preferably, a PID regulator is provided here for each
heating element in order  to guarantee constant real time regulation. If
just one PID regulator is provided, regulation of the  individual heating
elements could be performed sequentially. Thus, regulation of all heating
elements is possible with a single PID regulator, however, during intervals
spaced out over time.  Preferably, the process control unit is connected to
the PID regulator(s) and establishes,  dependent upon the temperature
distribution on the substrate surface, desired temperature values  for the
individual heating elements, and communicates these to the PID regulator(s).
In this way,  an external intervention into and an adaptation of the desired
temperature values for the  individual PID regulators upon the basis of a
temperature distribution on the substrate surface is ~/ made possible, by
means of which the regulation of temperature homogeneity can be improved.
According to a particularly preferred embodiment of the invention, the
controllable device for  conveying gas through the gap is disposed centrally
below the heating plate in order to facilitate  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 device which, for
example, sucks  ambient air through the gap. 



With a particularly preferred embodiment of the invention, the controllable
device for conveying  gas through the gap has a control unit in order to
adjust the quantity of gas conveyed through the  gap and/or the temperature
of the gas. In the following, the present invention is described in greater
detail using the drawings; the  drawings show: Fig. I a schematic top view
of a heating device of this invention, wherein certain elements have  been
omitted in order to simplify the illustration; Fig. 2 a schematic
cross-sectional view of the device according to Fig. 1; Fig. 3 a schematic
sectional view of an alternative embodiment of a heating device according to
the invention along line 111-Ill in Fig. 4; -7- Fig. 4 a schematic
cross-sectional view of the device according to Fig. 3; Fig. 5 a graphical
illustration of the average temperature on a surface of the substrate during
a  thermal treatment according to this invention and according to a
comparable method;  Fig. 6 a graphical illustration of local temperature
deviations on a substrate surface with a thermal treatment according to this
invention in comparison with a thermal treatment  according to a comparable
method; Fig. 7 an illustration of the regulation circuit for the automatic
optimisation of a heating  programme; a Fig. 8 an alternative illustration
of a regulation circuit for the automatic optimisation of a  heating
programme, taking into account lacquer structure widths on the substrate;
Fig. 9 a graphical illustration of an optimised heating program according to
the invention;  Fig. 10 a schematic top view of an alternative heating
device of the invention; Fig. 11 a schematic top view of the heating device
according to Fig. 10, with adjustable elements  of the device being shown in
a different position; Fig. 12 a further schematic top view of a heating
device according to Fig. 10, with adjustable  elements of the device again
being shown in different positions. Figures 1 and 2 show a schematic top
view of a device I 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 -8- substrate 2
lying thereon. As can be seen in the top view of Figure 1, a total of 8
supporting  elements 11 are provided, although of course, a number different
to this can also be provided.  As can be seen in the sectional view
according to Figure 2, below the heating elements 9 an  insulating plate 13
is provided which is separated from the heating elements by a narrow air gap
15. The air gap 15 serves as a feed space for electric cables etc. for
controlling the heating  elements 9. Alternatively however, the insulating
element 13 could also be directly in contact  with the rear side of the
heating elements 9 provided corresponding feed lines are provided in the
insulation element. Furthermore, to each heating element a temperature
sensor is allocated which  is attached, for example, to a rear side of each
heating element. The heating plate 4, the heating elements 9, and the
insulating element 13 are connected to one  another in a known manner so as
to form a heating plate unit 17. The heating plate unit 17 is  accommodated
within an outer frame element 19, and is supported within this by holding
elements (not shown). The frame element 19 substantially consists of a
bottom wall 20 and  corresponding side walls 22. With the embodiment shown,
four side walls 22 are provided which  form a square frame. On an upper end
of the side walls 22, a total of five elements 24, which are  adjustable in
the horizontal direction, are respectively provided, the function of which
will be  described in greater detail in the following. The heating plate
unit 17 is disposed centrally within the frame element 19, wherein the
adjustable elements 24 are arranged on the height of the heating plate 4
with the heating elements  9 lying below them. The side walls 22 with the
adjustable elements 24 surround the heating plate unit 17 in the radial  



direction, such that a gap A is formed between the heating plate unit 17 and
the side walls 22. By  means of the adjustable elements 24, the width of gap
A can be changed locally in a range of  between 0 mm and 5 mm, i.e. the gap
can be fully closed locally if no cooling is to be provided  along an edge
region. This gap closure is only provided, however, in local sections.
Preferably  however, adjustment of the gap width only takes place in a range
of between I 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- As part of the frame, a deflection element 26 is provided, which
is in contact with the heating  plate 4 on its upper side 6. Between the
deflection element 26 and an upper side of the side wall  22, a flow opening
B is provided. By means of an inclined section 28 of the deflection element
26, a flow of air 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
radially outwards. Of course, the deflection  element 26 can also be
provided separately from the frame 18. The effect of the deflection  element
is that the air flowing through the gap does not come into contact with the
substrate to be  treated. The bottom wall 20 of the frame element 19 has a
centered middle opening 30 to which a suction  CD pipe 32 adjoins. In the
region of the suction pipe 32, a regulatable blower 34 is provided in order
to suck in gas, preferably ambient air, through the flow opening B, the gap
A and the flow space  23, and to expel it through the suction pipe. As can
be seen in Figure 2, the device 1 furthermore has a cover 36 which, in a
closed state, is in  contact with the upper side of the heating plate, and
forms an accommodation space 37 for the  substrate 2. The cover 36 is
movable, in an appropriate way, relative to the frame element 22 and  the
heating plate unit 17 in order to form a substantially closed accommodation
space 37 between  the upper side 6 of the heating plate 4 and the cover 36.
On the cover 36, a temperature measurement device (not shown in detail) is
provided which undertakes location-specific  



temperature measurements on an upper side of the substrate 2. The results of
this type of  temperature measurement are supplied to a control device (not
shown in detail). In the following, the operation of the heating device 1
according to Figures 1 and 2 is described in  greater detail. First of all,
with the cover 36 open, a substrate 2 is laid on the supporting elements 11.
The 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 -10- the temperature to be
reached for individual heating elements during different phases of the
thermal treatment and a corresponding blower setting during the different
phases. The heating profile of the individual heating elements 9 is designed
such that the most even  temperature distribution possible is achieved on an
upper side of the substrate 2 facing away from  the heating plate 4. The
individual heating elements 9 are controlled by means of a PID  regulation
algorithm in which the measurement results of the temperature sensors
allocated to the  respective heating elements 9 are entered as actual
values, whereas the predetermined  temperatures shown in Fig. 9 for the
different phases of the thermal treatment represent desired  values.
Correspondingly, the blower 34 is controlled according to the predetermined
blower profile in  order to suck in ambient air via the flow channel B and
the gap A, which air thus flows along the  outer edges of the heating plate
4 and the externally positioned heating elements 9. The blower is  also
controlled according to the previously established programme in the
predetermined way in  order to achieve corresponding edge cooling of the
heating plate 4 and the externally positioned  heating elements 9. Although
the process programme established once for the subsequent processes could be
used  without any change, in the embodiment shown, monitoring of the process
results and, if  



appropriate, adaptation of the process programme are provided. As an example
of this type of monitoring and adaptation, Figure 7 shows a schematic
representation of a flow chart for automated optimisation of a process
programme. According to  Fig. 7, in block 40 a thermal treatment of a
substrate is started using the predetermined process  programme. Then, in
block 42, the temperature on the surface of the substrate facing away from
the heating plate is measured location-specific, i.e. at different location
points, during the thermal  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 S. The homogeneity S is given by the coefficient:  I AT (t)
/At [err] -11- In a decision block 44, the calculated homogeneity is
compared with a maximum homogeneity  value which represents a maximum
allowed temperature deviation. If the homogeneity S is less  than the
maximum allowed homogeneity value 8max, the process programme is then
continued,  unchanged, until the end is reached. At the end of the process
programme, in step 46 the control  of the individual heating elements 9 and
of the blower 34 is ended, and then the substrate 2 is  unloaded in a known
manner. If, however, it is determined in block 44 that the homogeneity S
exceeds the maximum allowed  homogeneity value Smax, then in step 48 the
process programme is recalculated, and the heating  profile and/or the
blower profile is/are changed in order to achieve a more even temperature
distribution over the substrate. When recalculating the process programme,
the previously ti determined desired value profiles for the individual
heating elements can, in particular, be  changed with respect to their
original specification. This type of process control is described, for
example, for the control of the heating elements in DE 199 07 497 C2 to
which reference is made  in order to avoid repetitions. This type of process
control serves to achieve improved temperature  homogeneity on the surface
of the substrate 2. Alternatively or in addition to this, the control of the
blower 34 can also be changed with respect  to the predetermined blower
profile in order to provide rapid edge cooling of the heating plate 4  



or of the externally positioned heating elements 9 or less pronounced
cooling of the same. It is  also possible to change the width of gap A along
the peripheral edge of the heating plate 4 or the  externally positioned
heating elements 9. This change of the gap width can be provided along  just
one or also along several edges, and also only in partial regions so as to
specifically change  the cooling activity provided by the air flow in the
region where an adjustment is provided.  Thus, a wide variety of
possibilities are offered in order to achieve homogenisation of the
temperature on the surface of the substrate 2. 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 -12- chart. In section C the same reference
numbers are used as in Fig. 7. An optical measurement of  the lacquer
structure width on a previously treated substrate is, however, added
upstream of  section C. This optical measurement is, once again,
location-specific in order to establish local  differences with regard to
the lacquer structure width on the substrate which, once again, allows  an
inference with regard to the local temperature profile on the surface of the
substrate during the  thermal treatment, as described, for example, in US 6
235 439 B. The optical measurement of the  lacquer structure width takes
place in block 50. In the following step 52, the temperature profile  is
calculated location-specific during the previous thermal treatment, and an
optimised process  program is established using the temperature profile, the
aim of which is to achieve more  homogenous temperature distribution on the
substrate. This process programme optimised in this  way is then used in
block 40 as the start programme which, if so required, is changed once
again, } as described above, during the thermal treatment, and then stored.
Figures 5 and 6 show a comparison of an average temperature T(t) or of a
temperature deviation  AT(t) on a substrate surface between a thermal
treatment with controlled air suction according to  the example of an
embodiment described above, and a thermal treatment without controlled air  



suction. In Figure 5, the curve 55 shows the average temperature T(t) on the
substrate surface  dependent upon time during a thermal treatment according
to this invention, i.e. with controlled  air suction, and curve 56 shows the
average temperature T(t) on the surface of the. substrate  during the course
of a process without controlled air suction. Curves 55 and 56 hardly differ,
and  it can therefore be seen that the controlled air suction only has a
small influence upon the average  temperature T(t) on a substrate surface.
In Figure 6, the curve 58 shows a temperature deviation AT(t) between
different location points  on a surface of a substrate during a thermal
treatment according to this invention, i.e. with  controlled air suction. On
the other hand, curve 59 shows a temperature deviation AT(t) between
corresponding location points on a substrate during a thermal treatment
without controlled air  suction. Figure 6 clearly shows that the temperature
homogeneity, in particular at the start of the  thermal treatment during a
process according to this invention is clearly better than during the
comparison process. This is due, among other things, to the fact that by
means of the controlled  air suction, a faster influence upon the
temperature in the edge region of the heating plate and of  the externally
positioned heating elements is possible such that edge effects can be
quickly  evened out. Furthermore, as can be seen in Figure 6, the
temperature deviation is in a region in  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 -13- example in a heat-up phase, i.e. during a temperature change. In
the same way, an improvement  in homogeneity during a cooling phase is to be
expected. Figures 3 and 4 show an alternative heating device I according to
this invention. In Figures 3 and  4, the same reference numbers are used in
so far as the same or similar elements are being  indicated. Fig. 3 shows a
sectional view of a heating device 1 along line III-III in Fig. 4. and Fig.
4 shows a cross-sectional view of the heating device 1. In order to simplify
the illustration, a cover, like the cover 36 according to Figure 2, is not
shown  in Figures 3 and 4. The heating device 1 has substantially the same
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 elements 9  



and an insulation plate 13. Once again, supporting elements 11 are provided
for holding a  substrate 2, at a distance, over the heating plate 4. A frame
element 19 with a bottom wall 20 and side walls 22, as well as elements 24
disposed  adjustably on the same, are also provided. However, the frame
element 19 is surrounded by a  further frame element 60 having a bottom wall
62, side walls 64 and an upper wall 66. The upper  wall 66 is positioned in
contact with the upper side of the heating plate 4 at its edge region, as
shown in Figures 3 and 4, and has substantially the same function as the
deflection element 26  according to the first embodiment. Between the frame
element 19 and the frame element 60 a  flow chamber 68 is formed which is
connected by a gap C to gap A formed between the frame  element 19 and the
heating plate unit 17. By means of the middle opening 30 in the bottom wall
20 of the frame element 19, a flow space 23 formed between the lower side of
the heating plate  unit 17 and the bottom wall 20 of the frame element 19 is
connected to the flow chamber 68. In the region of the middle opening 30, a
suction pipe 32 is once again provided in which a  blower 34 is disposed in
order to suck out air from the flow space 23 and convey it into the flow
chamber 68. In this way, a closed flow circuit is provided between the two
frame elements and  the heating plate unit 17 which 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 -14- edge region of the heating
plate 4 and cooling in the edge region of the externally positioned  heating
elements 9. Operation of this invention substantially corresponds to the
previously described operation, it  being possible, as an additional control
parameter, to control the temperature of the air conveyed  through the gap
A. As is clearly evident to an expert in the field, the flow direction shown
in Figure 4 could  obviously also be inverted, i.e. the blower 34 sucks in
air from the flow chamber 68, and conveys  it into the flow chamber 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  embodiment of the present invention, with adjustable elements of
the device 1 being shown in  different positions. In the description of the
embodiment according to Figures 10 to 12, the same  reference numbers as in
the previous embodiments are used in so far as identical or equivalent
elements are indicated. The heating device 1 has a heating plate unit 17
which in the top view of the illustrated  embodiment is round, and is
provided for the thermal treatment of round substrates. The heating  plate
unit 17 has substantially the same structure as the heating plate unit 17
according to the  preceding embodiments, consisting of an upper heating
plate and individual heating elements 9  positioned below these, which are
illustrated schematically in Figure 10 by a dot and dash line.  The
individual heating elements 9 can take on different forms, and any number of
heating  elements can also be chosen. However, the arrangement of the
heating elements 9 should if at all  possible have circular symmetry.
According to the example of an embodiment shown, a plurality  of ring
segment shaped heating elements 9 are provided in smaller and smaller
concentric ring  regions. Furthermore, the device I 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. -15- On the frame element 19, a plurality of
adjustable elements 24 are once again provided which are  in the form of
ring segments. Between the respective adjustable elements 24 a fixed part 74
of  the frame element 19 is provided which is of a height which corresponds
to the height of the  adjustable elements 24. The adjustable elements are
adjustable between a maximum outwardly moved position according  to Figure
10 and a maximum inwardly moved position according to Figure 11, in order to
change  a gap A formed between the frame element 19 and the heating plate
unit 17. Individual adjustment of the elements 24 is possible, as well as an
adjustment in groups. An example of a  setting of the adjustable elements 24
with which different gap sizes A are provided in the  



circumferential direction, for example to even out local temperature
inhomogeneities, is shown in  Fig. 12. Operation of the heating device 1
according to this invention substantially corresponds to  operation of the
device according to the preceding embodiments. The invention was described
above in detail using preferred embodiments of the invention  without,
however, being limited to the specific embodiments shown. The features of
the different  embodiments can for example be freely combined and exchanged
with one another as far as they  are compatible. Furthermore, different
forms of the heating plate unit and the frame unit are of  course also
conceivable. Temperature control of the gas conveyed through the gap A is,
for  example, also possible with the embodiment according to Figures 1 and 2
when the flow gap B is  connected to a gas source which makes possible
temperature control of the gas, as for example an  air conditioning system.
-16- Patent Claims 1. A method for the thermal treatment of substrates in
which the substrates are held in  contact with or a small distance away from
a heating plate which is heated by a plurality  of separately controllable
heating elements arranged on the side of the heating plate  facing away from
the substrate, characterised in that the heating plate is surrounded in its
plane by a frame spaced apart from said heating plate, and gas is conveyed
through a gap  between the frame and at least one edge of the heating plate,
the gas being conveyed such  that it does not come into contact with the
substrate, and the quantity and/or the  temperature of the gas flowing
through said gap being controlled in order to influence the  temperature of
the edge of the heating plate. 2. The method according to Claim 1,
characterised in that the width of the gap along at least  one partial
region of an edge of the heating plate is changed before and/or during a
thermal treatment of a substrate. 3. The method according to Claim 1 or 2,
characterised in that the width of the gap is  changed locally in a range of
between 0 and 5 mm. 4. The method according to Claim 3, characterised in
that the width of the gap is changed  



locally in a range of between I and 5 mm. C") 5. 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. 6. The method according to
any of the preceding claims, characterised in that the gas is  ambient air.
7. 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.
8. The method according to any of the preceding claims, characterised in
that the  temperature of the gas is controlled before entering into the gap.
-17- 9. The method according to any of the preceding claims, characterised
in that the quantity of gas conveyed through the gap, the gap width and/or
the temperature of the gas are  controlled by means of a profile established
before the thermal treatment. 10. The method according to Claim 9,
characterised in that the temperature is measured  location-specific on the
side of the substrate facing away from the heating plate, and the  profile
which was established before the thermal treatment for the quantity of gas
conveyed through the gap, the gap width and/or the temperature of the gas is
changed in  accordance with the temperature measured on the substrate, if
the temperature differences  between different location points on the
surface of the substrate exceed a threshold value. 11. The method according
to Claim 10, characterised in that a profile which was changed  during a
thermal treatment for the quantity of gas conveyed through the gap, the gap
width and/or the temperature of the gas is stored and used as a newly
established profile  for a subsequent treatment. 12. The method according to
any of the preceding claims, characterised by location-specific  measurement
of the temperature on the side of the substrate facing away from the heating
plate, measurement of the temperature of each heating element, and
regulation of the  temperature of each heating element using a PID
regulation algorithm in which the measured temperature of the heating
element is entered as an actual value, and a  desired profile of the
temperature for the PID regulation algorithm, which was  



determined before the thermal treatment, is changed in accordance with the
temperature  measured on the substrate, if the temperature differences
between different location  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 .18_  quantity of gas conveyed through the gap, the gap
width, the temperature of the gas  and/or a control profile for the heating
elements are set for a subsequent thermal  treatment of a substrate in
accordance with the temperature profile calculated on the  substrate. 15. A
device (1) for the thermal treatment of substrates (2), said device having a
heating plate  (4), means (11) for holding a substrate (2) in contact with
or a small distance away from  the heating plate (4), and a plurality of
separately controllable heating elements (9) on the  side of the heating
plate (4) facing away from the substrate, said device being characterised by
a frame (19) which surrounds the heating plate (4) in its plane, the frame
(19) being spaced apart from the heating plate (4), and at least one gap (A)
being formed  between the frame (19) and at least one edge of the heating
plate (4), at least one device  (34) for conveying gas through the gap (A),
the device (34) controlling the quantity  and/or the temperature of the gas
conveyed through the gap (A), and means for conveying  the gas such that it
does not come into contact with the substrate. 16. The device (1) according
to Claim 15, characterised by at least one element (24))  adjustably fitted
onto the frame (19) for local adjustment of the width of the gap (A). 17.
The device (1) according to Claim 15 or 16, characterised in that the width
of the gap (A)  is adjustable locally between 0 and 5 mm. 



18. The device (1) according to Claim 15 or 16, characterised in that the
width of the gap (A)  is adjustable locally between 1 and 5 mm. 19. The
device (1) according to any of Claims 16 to 18, characterised 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) -19- surrounding the heating plate (4) in its plane, a flow
space (23) being formed above said  bottom wall (20), said flow space (23)
being connected to the gap (A), and the device  (34) for conveying gas
through the gap (A) being connected to an opening (30) in the  bottom wall
(22) of the frame (19). 22. The device (1) according to any of Claims 15 to
21, characterised by a deflection element  which is in contact with the
heating plate (4) in its edge region on its upper side, and  forms a flow
channel at one end of the gap (A). 23. The device (1) according to any of
Claims 15 to 22, characterised in that the gap (A) is in  contact with
ambient air. 24. The device (1) according to any of Claims 15 to 22,
characterised in that the gap (A)  forms part of a closed flow circuit in
which a cooling and/or heating device (70) is/are  disposed. 25. The device
(1) according to any of Claims 15 to 24, characterised by a
location-specific  temperature measurement device aligned to the surface of
the substrate (2) facing away  from the heating plate (4), and a process
control unit which is connected to the temperature measurement device and
the device (34) for conveying gas through the gap  (A) in order to establish
the temperature distribution on the substrate surface using  measurement
data from the location-specific temperature measurement device, and to  



control the device for conveying gas through the gap (A) in accordance with
the  temperature distribution in order to control the quantity and/or the
temperature of the gas  conveyed through the gap (A). 26. 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. 27. The device (1) according to Claim 26, characterised in that a
PID regulator is provided  for each heating element (9). -20- 28. The device
(1) according to Claim 26 or 27, characterised in that the process control
unit is connected to the PID regulator(s), and establishes, in accordance
with a temperature  distribution on the substrate surface facing away from
the heating plate (4), desired  temperature values for the individual
heating elements (9) and communicates these to the  PID regulator(s). 29.
The device according to any of Claims 15 to 28, characterised in that the
device (34) for  conveying gas through the gap (A) is disposed centrally
below the heating plate. 30. The device according to any of Claims 15 to 29,
characterised in that the device (34) for  conveying gas through the gap (A)
is a suction device. 31. The device according to any of Claims 15 to 29,
characterised in that the device (34) for  conveying gas through the gap (A)
has a control unit in order to adjust the quantity and/or  the temperature
of the gas conveyed through the gap. 32. The device according to any of
Claims 15 to 30, characterised by a device for the  location-specific
measurement of a structure width, in particular of a lacquer structure
width, on the surface of a substrate. 


