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(57) ABSTRACT 

An apparatus for depositing thin layers on a Substrate in a 
process chamber arranged in a reactor housing, the bottom of 
the process chamber consisting of a temperable Substrate 
holder which can be rotatably driven about its vertical axis, 
and the cover of the chamber consisting of a gas inlet element. 
The cover extends parallel to the bottom and forms, together 
with its gas outlets arranged in a sieve-type manner, a gas exit 
surface which extends over the entire substrate bearing sur 
face of the Substrate holder, the process gas being introduced 
into the process chamber through the gas exit surface. The 
height of the process chamber is variable before the beginning 
of the deposition process and/or during the deposition pro 
cess, which height is defined by the distance between the 
Substrate bearing Surface and the gas exit surface. 
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PROCESS FOR DEPOSITING THNLAYERS 
ON A SUBSTRATE IN A PROCESS CHAMBER 

OF ADJUSTABLE HEIGHT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a divisional of U.S. application 
Ser. No. 10/967,776, filed Oct. 18, 2004, which is a continu 
ation of International Patent Application No. PCT/EP2003/ 
003953 filed on Apr. 16, 2003 which designates the United 
States and claims priority to pending German Patent Appli 
cation No. 102 17806.2 filed on Apr. 22, 2002. The entirety of 
these applications is hereby incorporated by reference herein. 

FIELD OF THE INVENTION 

0002 The invention relates to a process and an apparatus 
for depositing thin layers on a Substrate, having a process 
chamber which is disposed in a reactor housing and the base 
of which is formed by a temperature-controllable substrate 
holder that can be driven in rotation about its vertical axis and 
the cover of which is formed by a gas outlet member, the cover 
extending parallel to the base and, by means of its gas outlet 
openings which are disposed in the manner of a sieve, form 
ing a gas inlet Surface which extends over the entire Substrate 
support surface of the substrate holder. 

BACKGROUND OF THE INVENTION 

0003. An apparatus of this type, and a process which can 
be carried out on Such an apparatus, are described, interalia, 
in U.S. Pat. No. 5,871,586. This apparatus has a reactor hous 
ing. Inside the reactor housing there is a Substrate holder 
which is driven in rotation. This substrate holder is located in 
the horizontal plane and can rotate about its central, Vertically 
positioned axis. A gas inlet member is located at a spacing 
above the substrate holder which is considerably less than the 
diameter of the substrate holder. A large number of gas outlet 
openings, which are disposed in the manner of a sieve, are 
provided on that side of the gas inlet member which faces the 
substrate holder. This surface, which is formed in the manner 
of a showerhead, forms a gas inlet Surface through which the 
process gas, which is Supplied to the gas inlet member by 
means of a feed line, can flow into the process chamber. The 
reactive molecules of the process gas arrive at the Substrate 
surface substantially through diffusion. If an MOCVD pro 
cess is carried out in the apparatus, the metalorganic starting 
Substances or the hydrides may decompose within the vapor 
phase after they have left the gas inlet surface. To prevent 
decomposition ahead of the outlet openings of the gas inlet 
member, the gas inlet Surface may be cooled. The Substrate 
holder is heated from below by means of a heating device. 
This heating device may be an induction coil operated with 
radiofrequency. 
0004. The Journal of Crystal Growth, volume 195 (1998), 
pages 725-732, describes theoretical considerations based on 
model calculations as to how the layer properties of the layers 
deposited on Substrates resting on the Substrate holder can be 
improved qualitatively if the process chamber height, i.e. the 
spacing between the Substrate Support Surface and the gas 
inlet Surface, is reduced. In this article, the optimum results 
are surmised to be in a range between 16 and 25 mm. How 
ever, these Suppositions apply only for certain process con 
ditions, such as for example the type of reactive gases, the 
process chamber pressure and the overall gas flow. 
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0005. Furthermore, variously configured gas inlet mem 
bers, interalia likewise having gas outlet openings disposed 
in the form of a sieve, are known from U.S. Pat. No. 5,781, 
693, WO99/42638 and U.S. Pat. No. 6,086,677, U.S. Pat. No. 
5,595,606, U.S. Pat. No. 5,709,757 and U.S. Pat. No. 5,422, 
139. 
0006. The invention is based on the object, working on the 
basis of the apparatus or process described in the introduc 
tion, of taking measures which, by widening the range of 
process parameters which can be influenced, can improve the 
layer qualities in terms of homogeneity of the composition 
and homogeneity of the layer thickness. 

SUMMARY OF THE INVENTION 

0007. The object is achieved by the invention specified in 
the claims. The process proposed in claim 1 provides for the 
process chamber height, which is defined by the spacing 
between the Substrate holder Support Surface and the gas 
outlet surface, to be adjustable before the deposition process 
commences and/or during the process. 
0008. The apparatus described in claim 2 differs from the 
prior art by virtue of the fact that the process chamber height 
is adjustable. 
0009. According to the invention, the process can be car 
ried out at process chamber heights of less than 75 mm, 60 
mm, 50 mm, 40 mm, 35 mm, 30 mm, 25 mm, 20 mm, 16 mm 
or less than 11 mm. By actuation of a spacer means associated 
with the reactor housing, the process chamber height can be 
varied. This variation in the process chamber height is pos 
sible in particular with a closed reactor housing. According to 
the invention, the variation is also carried out in situ, i.e. 
during a process sequence. This possibility of varying the 
process chamber height with the reactor housing closed 
allows the process chamber height to be changed during a 
deposition process, for example between two process steps. 
This allows the process chamber height in each case to be 
matched to the other process parameters. By way of example, 
if the process steps used have to be carried out at different 
overall pressures or at different overall gas flow rates, the 
process chamber height can be adjusted each time to the value 
which is optimum for these parameters. Of course, the same 
also applies to different substrate holder temperatures. By 
varying the process chamber height, it is possible to optimize 
the isotherm profile above the substrate holder. In a refine 
ment of the invention, it is provided that the substrate holder 
be displaceable with respect to the base and/or the side wall of 
the reactor housing. This is advantageous in particular if the 
reactor housing is pot-shaped in form. The cylindrical cavity 
formed as a result can be closed offby a cover to which the gas 
inlet member is fixedly connected. Then, when the reactor 
housing is opened, the process chamber is also opened at the 
same time and can be loaded and unloaded from the top. The 
spacer means may in this case be associated with the base 
and/or the side wall of the reactor housing. For example, a 
variant of the invention proposes that the spacer means be a 
spindle drive. This spindle drive may be associated with the 
base of the reactor housing. An externally actuable spindle 
drive which can adjust the height of the spindle-actuated 
spindle head may be seated on the base. This spindle head 
supports the substrate holder or a carrier plate which carries 
the Substrate holder. This carrier plate may also carry a gas 
outlet ring which Surrounds the process chamber in the form 
of a ring and provides a cavity which collects the process gas 
flowing out of the process chamber. For this purpose, the gas 
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outlet ring has openings which face toward the center of the 
process chamber. However, it is advantageous not only if the 
gas outlet ring is vertically displaced together with the Sub 
strate holder, but also if the heating element is vertically 
displaced together with the substrate holder. In this way, there 
always results a uniform transmission of heating power to the 
substrate holder. In a variant of the invention, it is provided 
that the substrate holder, optionally together with the heating 
apparatus and/or the gas outlet ring, be supported by springs 
which are prestressed in the direction of the reactor housing 
opening, which opening can be closed off by the cover, and 
the substrate holder is vertically displaced when the cover is 
being closed by adjustable spacer means associated with the 
cover. In this case, in particular the wall of the reactor housing 
may form a stop against which the Substrate holder or a carrier 
plate that can be displaced together with the substrate holder 
butts. This configuration has the advantage that when the 
reactor housing cover is open, the Substrate holder always 
adopts the same height level, thereby simplifying loading and 
unloading of the reactor. For this purpose, it is then possible to 
use an automated unit which always works at the same Sub 
strate holder height, irrespective of the height adjustment of 
the Substrate holder during the process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

00.10 Exemplary embodiments of the invention are 
explained below with reference to accompanying drawings, 
in which: 

0011 FIG. 1 shows, in highly diagrammatic illustration, a 
first exemplary embodiment of the invention, in which the 
spacer means is formed as a spindle drive, 
0012 FIG. 2 shows a second, likewise highly diagram 
matically illustrated, exemplary embodiment, in which the 
spacer means is formed as a spacer ring which is fixedly 
mounted on the cover of the reactor housing, and 
0013 FIG. 3 shows a third exemplary embodiment, like 
wise in highly diagrammatic illustration, in which the spacer 
means is likewise associated with the cover of the reactor 
housing and the spacer means can be adjusted from outside 
the reactor housing. 

DETAILED DESCRIPTION OF THE INVENTION 

0014. The apparatuses described in the exemplary 
embodiments have a pot-shaped reactor housing which com 
prises a side wall 2, Surrounding the reactor interior in the 
shape of a ring, and a horizontal base 3. The reactor housing 
can be closed by the cover 1. A feed line 25 for the process 
gases leads through the cover 1. This feed line opens out in a 
hollow body which is secured to the inner side of the cover 1 
and forms a gas inlet member 7. The gas inlet member 7 is 
fixedly connected to the cover 1 by means which are not 
illustrated. Inside the cavity of the gas inlet member 7 there is 
a gas distribution plate 30, so that the process gas flowing out 
of the feed line 25 can flow in a uniform distribution into the 
process chamber 4 through the outlet openings 8 which are 
disposed in the form of a sieve and are associated with the 
base of the gas inlet member 7. The surface, which is perfo 
rated by the outlet openings 8, of the abovementioned base of 
the gas inlet member 7 forms a gas inlet surface 10 located 
opposite the Substrate Support Surface 9 at a constant spacing 
H. 
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0015 The substrate holder support surface 9 is formed by 
the surface of a substrate holder 5, made in particular from 
graphite. 
0016. This substrate holder 5 can be driven in rotation by 
means of a drive shaft which is rotatable about the axis of 
rotation 6. 
0017 Beneath the substrate holder 5 there is a carrier 
plate, which is denoted by reference numeral 17. This carrier 
plate 17 need not be solid in form. It may also have spokes in 
the region of the substrate holder 5. At any rate, it is ensured 
that the energy released by the heating element 15 heats the 
substrate holder 5. In a preferred configuration, the heating 
element 15 is formed by a radiofrequency coil which, inside 
the substrate holder 5, generates heat by induction of eddy 
currents in order to heat the substrate holder 5 to process 
temperature. 
0018. The process chamber 4 is surrounded annularly by a 
gas outlet ring 16. This gas outlet ring 16 has a multiplicity of 
openings 28 which are approximately at the level of the sub 
strate holder Support Surface, so that the gas which has entered 
the process chamber 4 through the outlet openings 8, after 
Suitable vapor-phase reactions or Surface reactions on the 
substrates 29, can be discharged from the process chamber 4. 
In the exemplary embodiments, this gas outlet ring 16 rests on 
a carrier plate 17. The heating element 15 is also fixedly 
connected to the carrier plate 17, with the result that in the 
event of a vertical displacement of the carrier plate 17, not 
only the substrate holder 5 and the gas outlet ring 16, but also 
the heating element 15 are displaced with it. 
0019. The exemplary embodiments show, by way of 
example, a number of spacer means 11 of various forms for 
varying the height position of the substrate holder 5, in par 
ticular of the Substrate Support Surface, i.e. the spacing H 
between Substrate Support Surface and gas inlet Surface 10. In 
variants which are not illustrated, this spacing may also be 
effected by axial displacement of the drive shaft for the sub 
strate holder 5 or by drive members configured in other forms, 
for example by Scissor mechanisms. 
0020. In the exemplary embodiment illustrated in FIG. 1, 
a plurality of spindle carriers 13 are seated on the base 3 of the 
reactor housing. Spindle drive motors which can be driven 
externally or electrically by means of a motor disposed there 
are located in these spindle carriers 13. These spindle drive 
motors can drive a threaded spindle 12, the spindle nut of 
which is disposed in a spindle bearing 14 located beneath the 
carrier plate 17. Synchronous rotation of the spindles 12 
therefore allows the level of the carrier plate 17 and therefore 
the spacing H (process chamber height) to be adjusted. The 
height of the gas outlet ring 16 is such that the gas outlet ring 
16 laterally delimits the process chamber in all process cham 
ber heights H which can be set. 
0021. In the exemplary embodiment illustrated in FIG. 2, 
the carrier plate 17 or the substrate holder 5 is mounted on 
springs 20 which are supported on the base 3 of the reactor 
housing. The springs 20 are prestressed in the direction of the 
cover 1 of the reactor housing. In the exemplary embodiment, 
the carrier plate has a stop shoulder 18 which, with the reactor 
housing cover 1 open, butts against a stop 19 of the reactor 
housing wall 2. In this position, with the reactor housing 
cover 1 open, the substrate holder 5 can be loaded with one or 
more substrates 29 or unloaded. 
0022. An exchangeable spacer ring 21 is positioned on 
that surface of the cover 1 of the reactor housing which faces 
toward the inside of the housing. The width of the ring 21 may 
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be varied and defines the process chamber height H. For this 
purpose, the spacer ring 21 is Supported on the carrier plate 17 
or on the gas outlet ring 16 held by the carrier plate 17 and 
displaces the substrate holder 5 downward when the cover 1 
is being closed, so that the height H is adjusted. 
0023. In the exemplary embodiment illustrated in FIG. 3, 
the spacer means 11 are likewise associated with the reactor 
housing cover 1. In this exemplary embodiment, however, the 
height of the spacer means 11 can be adjusted. FIG.3 shows 
the simplest variant for height adjustability, by virtue of a 
threaded pin or a threaded spindle 22 pressing on a pressure 
ring 23, which has a similar function to the spacer ring 21. 
This threaded pin 22 can be screwed into a threaded bore 26 
in the reactor housing cover 1. Turning the threaded pin 22 
allows the height position of the pressure ring 23 or the 
process chamber height H to be adjusted. The rotational posi 
tion of the threaded rod 22 is fixed by a locking nut 27. 
0024. It is possible for a plurality of spacer means 11 of 

this type to be associated with the reactor housing cover 1. In 
particular, there is provision for these spacer means 11 to be 
motor-controlled. It is conceivable for the threaded rods 22 to 
be provided with spindle drives, so that the process chamber 
height H can be varied during the process or at least after the 
reactor housing has been closed. 
0025. The diameter of the circular substrate holder 5 may 
be more than 10 cm, more than 30 cm, more than 35 cm, more 
than 40 cm or more than 45 cm. The diameter of the substrate 
holder 5 substantially corresponds to the diameter of the 
circular gas inlet surface 10. The process chamber height H is 
significantly smaller than the diameter of the substrate holder 
5 and may be less than 75 mm, less than 60 mm, less than 50 
mm, less than 40 mm, less than 35 mm, less than 30 mm, less 
than 25 mm, less than 20 mm, less than 16 mm and even less 
than 11 mm. The adjustment of the process chamber height H 
may take place during the coating process and in particular 
during a purge phase between two process steps. As the pro 
cess for the deposition of thin layers, an MOCVD process is 
preferably used, in which the elements belonging to main 
group III are passed to the gas inlet member 7through the feed 
line 25 in the form of metalorganic compounds. The elements 
belonging to main group V are fed to the gas inlet member 7 
through the feed line 25 in the form of hydrides. As a result of 
cooling of the region of the base plate of the gas inlet member 
7 which Surrounds the gas outlet openings 8, premature 
decomposition of these gaseous starting Substances is 
avoided. The process chamber height can be adjusted depend 
ing on the process parameters, such as total gas flow rate, total 
pressure and rotational speed of the substrate holder. The 
lifting device which is associated with the reactor housing and 
can be used to displace in particular the gas inlet member 7 or 
the substrate holder 5 forming the base 3, may be a ferroflu 
idic lifting device. A helium-tightlifting device of this type is 
particularly suitable for acting in the Z direction. 
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0026. All features disclosed are (inherently) pertinent to 
the invention. The disclosure content of the associated/ap 
pended priority documents (copy of the prior application) is 
hereby incorporated in its entirety in the disclosure of the 
application, partly with a view to incorporating features of 
these documents in claims of the present application. 
What is claimed is: 
1. Apparatus for depositing thin layers on a Substrate, com 

prising: 
a process chamber which is disposed in a reactor housing 
which can be closed in a gastight manner, and the base of 
which is formed by a temperature-controllable substrate 
holder that can be driven in rotation about its vertical 
axis and the cover of which is formed by a gas inlet 
member, the cover extending parallel to the base and, by 
means of its gas outlet openings which are disposed in 
the manner of a sieve, forming a gas outlet Surface which 
extends over an entire Substrate Support Surface of a 
Substrate holder; 

wherein the process chamber height, which is defined by 
the spacing between the Substrate Support Surface and 
the gas outlet Surface, is adjustable by spacers that are 
associated with the reactor housing for adjusting the 
process chamber height in order to displace the Substrate 
holder with respect to the base of the reactor housing: 

wherein the spacers are formed by a spindle drive; 
wherein the height of a heating element disposed beneath 

the substrate holder and carrier plate to which the heat 
ing element is fixedly connected, is adjustable together 
with the substrate holder; 

wherein a plurality of threaded spindles are synchronous 
rotatable by means of a motor; and 

wherein spindle bearings are disposed beneath the carrier 
plate. 

2. Apparatus according to claim 1, characterized in that the 
process chamber is Surrounded annularly by a gas outlet ring, 
having a multiplicity of openings, which are approximately at 
the level of the substrate holder support surface, wherein said 
outlet ring rests on the carrier plate and is vertically displaced 
together with the carrier plate. 

3. Apparatus according to claim 2, characterized in that 
spindle nuts are disposed in the spindle bearings located 
beneath the carrier plate. 

4. Apparatus according to claim3, characterized in that the 
heating element is formed by a radiofrequency coil, which, 
inside the substrate holder, generates heat by induction of 
eddy currents. 

5. Apparatus according to claim 4, characterized in that the 
carrier plate is disposed between said heating element and 
said substrate holder. 


