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a next step to remove solvent bound in the polymer solution.  A part of the 

solvent volatalises directly during the spinning-off. The remaining solvent 

concentration is reduced approximately towards zero in a time -intensive 

manner by subsequent baking-out (engl.: soft bake).  This takes place by 

means of a two-dimensional and one-piece heating zone which extends 

over the entire area of the sample holder and at least has the size of the 

substrate to be treated or is slightly larger.  The potentially very good 

homogeneity of the film layer thickness and the short cycle times that are 

made possible make spin-coating in microelectronics into the method of 

producing a film layer that is by far the most frequently used.  

 

The substrate is spin-coated with a polymer solution in which a high 

proportion of solvent has been dissolved.  In order to produce a stable film 

layer, it  is first  necessary to distribute the film layer material uniformly.  

 

In order to distribute the solvent uniformly, the sample holder on which 

the substrate to be processed is located is put into a rotational motion. 

This brings about a distribution of the film layer material over the entire 

surface of the substrate.  The concentric centre  of the sample holder forms 

the radial rotational axis for the substrate.  

 

The distribution of the film layer material is influenced in particular by 

the viscosity of  the polymer solution and the solvent proportion contained 

therein, the acceleration, the rotational speed and the process duration of 

the spin-coating. In principle, it  can be said that the rotational speed must 

increase accordingly with increasing viscos ity in order to achieve an 

optimum distribution of the film layer material.  

 

In spin-coating, more film layer material basically has to be used than 

would actually be required to produce the film layer.  The effect of spin-
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coating, as it  is used at the present time, is that there is an increased spin-

off of the film layer material present in the radially symmetrical edge 

region of the substrate.  Depending on the solvent proportion and the 

viscosity resulting therefrom, an additional use of film layer materia l has 

to be reckoned with, which in the most favourable case leads to the need 

for a doubling of the film layer material used.  In particular cases, 

however, a fourfold or higher use of the film layer material may also be 

necessary, which represents a cost factor that cannot be underestimated.  

 

The spun-off film layer material cannot be reused, since contamination 

cannot be ruled out.  Since the high proportion of solvent in the film layer 

would disrupt the bonding process, i t  is necessary to reduce the latte r.  

This can take place by an additional increase in the rotational speed as 

well as by an increase in the baking temperature or a combination of the 

two. The increase in the rotational speed, however, leads to a further 

increase in the part of the film layer material spun off  over the substrate 

edge, as well as a change in the layer thickness.  

 

In principle, it  is the case that, during the spin -coating, the remaining 

solvent concentration at first  falls rapidly and then saturates at a value 

which depends in particular on the film layer thickness and which can 

only be removed further at higher temperatures.  To achieve this,  baking-

out takes place during which the solvent can be further reduced.  The 

baking-out as such is l ikewise not trivial,  since this proces s has to be 

carried out in different temperature steps.  The different temperature steps  

are necessary in order to prevent bubble formation - which would arise in 

the case of excessively rapid heating. Since the quantity of solvent to be 

baked out is determined primarily by the film layer thickness, it  remains 

the case that,  with an increasing film layer thickness, the amount of time 
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importance is attached especially in the high-volume manufacturing 

sector.  

 

By using an application means, in particular an extruder device, which is 

in particular independent according to the inv ention, the thermoplastic 

can be delivered in a metered manner onto the substrate surface a s 

required, in particular in a previously defined quantity required for the 

production of the given film layer.  By means of annular and/or mutually 

independently heatable heating elements or heating zones, it  is possible to 

heat the radial edge region of the substrate less intensively, which has a 

direct influence on the viscosity of the film layer material during 

application.  Accordingly, an increase in the viscosity  in the in particular 

radially symmetrical edge region of the substrate arises and, as a result of 

this,  a reduction in the film layer material sp un out over the edge of the 

substrate.  

 

In a development of the heating means  for heating the substrate, in 

particular integrated into the sample holder, and of the application means, 

in particular the extruder device, the heating means and the application 

means, in particular the extruder device, are  operated/controlled 

independently of one another.  In this way, thermal inputs of the 

application means, in particular of the extruder, and of the heatable 

sample holder can diverge from one another.  In particular,  the temperature 

of the thermoplastic to be deposited via the application means, in 

particular the extruder, can be markedly above the temperature of the 

substrate holder in order to achieve a low viscosity.  In particular,  the 

temperature also lies above the temperature required for a bonding 

process.  
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when the thermoplastic, as a result of reaching a specific temperature 

range, can be deformed thermoplastically.  The flowability is in particular 

not achieved by the addition of a solvent, but preferably exclusively by 

the heating of the thermoplastic.  The aim, therefore, is that the  

thermoplastic is brought into a molten state and kept in this molten state 

until  the completed application on the substrate.  A temperature range is 

preferably selected, wherein the phase change is reversible.  Overheating 

of the thermoplastic is accordingly preferably avoided.  In the event of 

overheating, a disadvantageous thermal decomposition of the 

thermoplastic would result .  

 

This application of the film layer material takes place in particular by 

means of an extruder (extruder device), wherein an extru sion opening of 

the extruder is preferably located in the X -plane (substrate surface or 

parallel thereto) approximately in the concentric centre  of the sample 

holder and in the Z-direction close to the substrate surface.  The 

application point is located in  the X-plane also directly in the region of 

the concentric centre  of the sample holder and in the Z-direction on the 

substrate surface.  Similarly, this also applies to a rod-like application of 

the film layer material.  

 

In order that the thermoplastic cool s down as li ttle as possible during the 

transfer  from the extruder onto the surface of the sample holder, the 

extrusion opening is arranged in particular as close as possible to the 

surface of the substrate.  The distance between the extrusion opening and  

the surface of the substrate  is in particular less than 100 mm, more 

preferably less than 50 mm, most preferably less than 25 mm, most 

preferably less than 10 mm, with utmost  preference less than 1 mm.  The 

same also applies to a rod-like application of the  film layer material.  
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The sample holder can already be in a rotational motion (rotation) when 

the application of the film layer material takes place on the substrate 

surface, in order to achieve a planar distribution of the film layer material 

over the entire substrate.  A rotational motion that only starts  when the 

application of the film layer material on the substrate has taken place is 

however also conceivable.  In this regard, it  is advantageous to control the 

deposition process in such a way that the q uantity of the film layer 

material delivered to the surface of the substrate is related to the 

rotational speed of the centre point  rotating around the radially 

symmetrical centre of the substrate and that a distribution towards the 

radially symmetrical edge of the substrate can take place.  The rotational 

speed is given in revolutions per minute (engl.:  rounds per minute, rpm).  

The rotational speed is in particularly greater than 1 rpm, preferably 

greater than 10 rpm, still  more preferably greater than 100 rpm, most 

preferably greater than 1000 rpm, with utmost  preference greater than 

10000 rpm. The rotational acceleration is given in revolutions per minute 

per second (engl.:  rounds per minute per second, rpm/s).  The rotational 

acceleration is in particularly greater than 1 rpm/s, preferably greater than 

10 rpm/s, still  more preferably greater than 100  rpm/s, most preferably 

greater than 1000 rpm/s, with the utmost preference greater than 5000  

rpm/s. 

 

The viscosity is a physical property which is temperature -dependent.  The 

viscosity of the film layer material preferably diminishes with increasing 

temperature.  The viscosity of the film layer material lies particularly at 

room temperature between 10e
6
Pa*s and 1Pa*s, preferably between  

10e
5
Pa*s and 1Pa*s, sti ll  more preferably between 10e

4
Pa*s and 1Pa*s, 

most preferably between 10e
3
Pa*s and 1Pa*s.  
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The thermal input at the sample holder is in particular controlled in such a 

way that the latter diminishes from the concentric centre  of the sample 

holder towards the  radially symmetrical edge region of the sample holder.  

The viscosity (physical magnitude dependent on the temperature) of the 

film layer material,  therefore, is lower close to the concentric centre  of 

the substrate/sample holder than in the radially symme trical edge region 

of the substrate/sample holder.  

 

The thermal input with which the heating elements are heated lies in 

particular in a range from 25  °C to max. 500 °C, preferably between 

100 °C and 500 °C, still  more preferably between 250  °C and 500 °C, with 

utmost preference between 300 °C and 500 °C. Each heating element is 

preferably individually controllable, i .e.  heatable and/or individually 

regulatable and/or actively coolable.  The heat input is advantageously 

guided in particular by the known/spec ified material properties of the 

employed film layer material and/or of the already known temperature 

range of the film layer material (difference between an upper and lower 

limiting temperature of the respectively used film layer material, in 

particular a thermoplastic).  The temperature difference from one heating 

element, in particular heating ring, to an adjacent heating element 

preferably amounts to less than 10  °C, still  more preferably less than 

5 °C. Furthermore, there is the possibility of linking t ogether a plurality 

of heating elements, in particular heating rings, and thus of forming 

heating zones comprising a plurality of heating rings.  The temperature of 

the heating element or at least of the substrate remains at all times below 

the critical temperature value for the film layer material,  in particular 

below 300 °C, because otherwise thermal decomposition of the film layer 

material could occur.  
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In a fourth process step, the in particular solvent -free thermoplastic is 

deposited by the application means on the surface of the substrate facing 

away from the sample holder.  

 

The sample holder is held still  in a fourth step.  

 

In a fifth process step, the thermoplastic applied on the substrate is cured, 

in particular by cooling of the coated substrate.  The cooling takes place in 

particular  either by a gas introduced into the chamber and/or by active 

cooling of the sample holder.  

 

Further advantages, features and details of the invention emerge from the 

description of preferred examples of the embodiment and on the basis of 

the drawings.  In the figures:  

 

Figure 1  shows a diagrammatic cross -sectional view of an embodiment 

of a device according to  the invention,  

 

Figure 2  shows a plan view of the embodiment according to figure 1,  

 

Figure 3  shows a diagrammatic cross -sectional view of an embodiment 

of a device according to the invention after the distribution of 

the thermoplastic,  

 

Figure 4  shows a diagrammatic cross-sectional representation of a 

further embodiment of a device according to the invention 

and 

Figure 5  shows a diagrammatic cross -sectional representation (not true 

to scale) of a preferred pad geometry.  
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Figure 1 shows an application means 1 with a heating 2 and an associated 

delivery region 3 for delivering a film layer material 4 through an opening  

12, in particular a nozzle.  Application means  1 is preferably constituted 

as an extruder and then has corresponding extruder -typical components 

such as screws, which liquefy the thermoplastic, which is present in 

particular as a granulate, by means of temperature and or pressure.  In a 

further embodiment according to the invention, application means 1, in 

particular constituted as a glue gun, can be constituted in such a way that 

the thermoplastic, in particular in rod form, is moved through heating 

means 2 and/or the delivery region.  In a further embodiment according to 

the invention, a plurality of materials,  in particular different 

thermoplastics or thermoplastics with additives, can be mixed in 

particular in delivery region 3.  

 

Furthermore, a sample holder 7 for receiving and temporarily fixing a 

substrate 6 on a receiving surface 7o of sample holder 7 is shown, said 

sample holder being rotatable by rotation means.  Substrate 6 is preferably 

aligned concentrically on sample holder 7.  Sample holder 7 comprises , on 

its receiving surface 7o, in particular concentrically running and/or 

spaced-apart and/or mutually isolated heating elements 9 fo r heating 

substrate 6.  

 

Opening 12 is or can be arranged above a substrate surface 6o of substrate 

6 with as small a distance as possible from substrate surface 6o.  With 

reference to an X-plane (parallel to substrate surface 6o), opening 12 is 

arranged approximately over concentric centre  5 of substrate 6 and 

likewise the concentric centre  of sample holder 7.  
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A combined control unit  8 controls application means  1 and annular 

heating elements 9 and/or the alignment and temporary fixing of substrate 

6 on sample holder 7.  

 

Substrate 6 is first  aligned, applied and temporarily fixed, with its side 

facing away from substrate surface 6o, on receiving surface 7o.  

Concentric centre  5 both of substrate 6 and also sample holder 7 thus 

coincide in the X-plane. 

 

Film layer material 4, here a thermoplastic, is applied through opening 12 

of application means 1 onto concentric centre  5 of substrate 6.  

 

Film layer material 4 on substrate surface 6o is then accelerated by the 

rotation means of sample holder 7 from concentric centre 5 towards an 

edge region 11, wherein heating elements 9 are controlled in such a way 

that the viscosity of the film layer material continuously diminishes from 

concentric centre  5 up to edge region 11. The rotational speed remains 

constant,  in part icular before the application of film layer material 4 until  

edge region 11 is reached.  The viscosity is controlled by the temperature 

of heating elements 9 in heating zones 10 in such a way that film layer 

material 4’ is distributed on substrate 6 for the  formation of a film layer 

with a constant thickness (see figure 3).  

 

Figure 4 shows an alternative application means  1’ according to the 

invention, wherein ready-made pads 14 formed from the film layer 

material are centred by means of a holding device 14 over substrate 6 and 

then placed on substrate surface 6o of substrate 6.  Heating of ready-made 

pads 14 by heating means 2 via holding device 13 is also conceivable, so 

that the thermoplastic of pad 14 flows to the centre of the substrate, in 

particular continuously and without droplet formation.  
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According to an, in particular independent , embodiment, pads 14 are 

constituted with a plane seating surface and a concave upper side lying 

opposite the seating surface (see figure 5).  As a result,  peaks, in  

particular in the centre of substrate surface 6o, are avoided during the 

formation, in particular distribution, of the coating.  

 

Method and device for coating substrates 

 

Reference list 

 

1, 1‘   application means 

2  heating means 

3  delivery region 

4, 4‘   fi lm layer material  

5  concentric centre  

6  substrate 

6o  substrate surface 

7o  receiving surface 

7  sample holder 

8  control unit  

9  heating elements 

10  heating zones 

11  edge region 

12  opening 

13  holding device 

14  pad 

 




