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erm[err]chtigate [err]bersetzerin
(3162 - 1219)                Device for the production of powerful
microwave plasmas               Microwave plasmas are employed in technical
fields     such as, for example, the manufacture or processing of  5
components,  in microelectronics,  during coating,  in the
decomposition of gases, synthesis or cleaning of materials.
In the devices, the microwaves are fed by means of     coupling points into
the plasma chamber, together with the 10  container, i.e. working space,
which it may optionally     contain, from a microwave generator optionally
via a feed     to a waveguide resonator around the plasma chamber. It is 



customary, in particular, to use ring resonators, i.e.     waveguide
resonators which are designed as a ring and have 15  a short length along
their axis in comparison with the     relatively large cross-sectional
diameter of the resonator     ring. It is common for the axis of the ring
resonator and     the axis of the plasma chamber, in this case for example
designed as a tube, to have the same or a common z axis. 20
According to DE 196 00 223.0 - 33, the resonator     ring has a rectangular
cross-section, and the coupling     points are, for example, in the form of
slots in the short     cross-sectional side. Devices of this type for the
25  production  of microwave  plasmas  have  high  efficiency.     However,
there is a need for more uniform and more powerful     plasma chambers and
more simply configured devices.               The  invention  relates  to
a  device  for  the 30  production  of  microwave  plasmas,  whose
resonator  is     designed as a coaxial resonator with inner and outer
conductors. Insofar as the conductors fully or partially     form the inner
and outer boundaries of the resonator, the     shape of the latter and the
shape of the conductors is 35  arbitrary. It is preferable if the two
conductors have an     axial direction which is similar,  of the same type
or 



identical, or if they have a common z axis. Surprisingly, a
-2-      vacuum is not absolutely necessary during operation of the
device.               It is made from hollow sections, preferably for  5
example rolled sections, of the elongate type which are     arranged inside
one another as a coaxial conductor and may     be closed or open at their
ends. Two tubes or cylinders     with an arbitrary, including angular base
face, which are     arranged inside one another, represent examples which
are 10  easy to form. It is preferred to have a wire or solid     cylinder
as the inner conductor if coupling takes place     only via the outer
conductor. 



The resonator might have essentially the same axis 15 in the z direction as
the plasma chamber and, along the z     direction, the resonator and plasma
chamber may be designed     with equal length or unequal length.
It is also possible for the apparatus to contain 20  several of all the
components.               The invention thus departs from a narrow-designed
resonator ring with differing cross-section, which fits     around the
plasma chamber, for example designed as a 25  resonator, as a ring fits
round the finger of a hand.     Instead of this, the coaxial resonator is,
according to the     invention, elongate and may, for example, be designed
as a     sleeve, like the space in the finger of a glove around the
finger of a hand, over essentially the full length in the 30  direction of
the z axis. According to the invention, the     plasma chamber and
resonator are not restricted to a     specific shape of the cavities. It is
highly preferable for     the inner and outer conductors of the coaxial
resonator     essentially to have the same direction essentially for 



35 their long or longest axis, referred to as the z axis.
-3-      Preferably, the corresponding direction of the axes of the
chamber and coaxial resonator is a common or parallel axis,     although it
is also possible to have a small angle or a     tilt of up to 90[err]
between the axes of the two components.  5             It is possible to
have coaxial conductors made of     flexible metal tubes, for example in
the form of coiled     strips or interlocking rings, the resonator being
formed by     two tubes arranged inside one another, or one tube wound 10
around, for example, a tubular or ovoid chamber as one of     the
conductors. The wall of the plasma chamber may     constitute one of the
conductors, the shape of the plasma     chamber being arbitrary, but design
in the form of a tube, 



sphere or cylinder being always preferable. 15             In all cases,
the chamber and resonator may be of     equal or unequal length, it being
possible to form one or     even more chambers, one or more coaxial
resonators or     divided chambers or coaxial resonators, for example 20
perpendicular to the preferential direction.               Coupling points,
for example in the form of     antennas or, preferably, in the form of
slots or gaps, may     be arranged on the walls of the coaxial resonator,
that is 25 to say on the walls common with the chamber, in an     arbitrary
number, preferably with the number, geometry and     arrangement needed for
the respectively chosen plasma mode.               Coupling points with
small dimensions do not 30 substantial perturb the resonance in the coaxial
resonator.     Coupling points of this type, and a relatively large number
of coupling points, permit the frequently preferred     homogeneous
formation of the plasma in the plasma chamber,     and resonance in the
chamber in the case of suitable 35 dimensions.  



-4-                The microwave source may be arranged directly, via
an optionally controlled feed or via a further resonator,     at an
arbitrary point on the coaxial resonator, including  5 on the inner
boundary, and may couple into one or more     plasma chambers. The plasma
chamber, as well as the coaxial     resonator, may fully or partially
contain a dielectric     material such as, for example, ceramic, quartz
glass or     Teflon. 10             According to this invention, there is
no longer the     need to arrange the chamber only inside the resonator. It
is possible to have an inner chamber arranged fully or     partially in the
inner conductor, as well as an outer 



15 chamber and, optionally, both one or more outer chambers     and one or
more inner chambers, with a respective working     space or container
arranged therein with dielectric walls     of arbitrary configuration.   20
The coaxial resonator of the invention thus makes     it possible to have a
wide variety of configurations and     designs. The plasma chamber may be
an additional resonator     or part thereof. It is in this case preferred
to design the     plasma chamber as a cylinder resonator and to have the 25
associated form of particular modes. It is possible to form     a plurality
of microwave feeds to one or more coaxial     resonators.
Particular technical and geometrical designs of the 30 device are
particularly suitable for the modes of the     respective type. The
preferred coaxial modes TEM or TM[err]     are formed optimally in the
coaxial resonator between two     preferably cylindrical electrically
conducting tubes with     different diameters. It is also possible to have
any of the 35 TE[err] or TM[err] field distributions in them. The length of
the   



-5-      two tubes is preferably equal to a multiple of half the
propagation wavelength of the microwave which is used. The     two ends of
the tubes then have electrically conducting     terminations, for example
using a wall, gas-permeable grid  5  or short-circuit disc.
The container or containers, as usual made of     dielectric material, may
according to the invention have a     large volume and, when divided, serve
several purposes. In 10  the case of a large externally arranged container,
it is     not absolutely necessary to have a metallic closure wall.
--  Permanent magnets or coil arrangements, for example     according to
Helmholz, around the respective outer tube or 



15  the metal outer wall, permit the conditions for electron     cyclotron
resonance plasmas in the chamber. It is likewise     possible to have an
arrangement of magnets in the inner     conductor of the coaxial resonator.
20          Fig.  1 shows,  in Fig. 1a,  a section through a     device
along the z axis, and in Fig. 1b the associated plan     view. A device is
represented with an inner wall 2 and     outer wall 3 of a tubular coaxial
resonator with a micro-     wave source 4, which couples into the resonator
between 2 25  and 3, and a container 1. In Fig. 1, two coupling slots 5
are formed as circumferential slots in the inner wall 2;     they are
therefore perpendicular to the z axis of the     device. The coaxial
resonator and the plasma chamber, which     lies inside and is designed as
a cylinder resonator, have 30  equal  length  in  the  z direction in  this
illustrative     embodiment. 10 is an optional, for example metallic, grid
which divides the plasma chamber into two chambers.     Openings 6 for
feeding and discharging process gases, for     example, are indicated in
the upper and lower closure walls 35  of the plasma chamber.    



-6-            Fig. 2 shows a similar device to Fig. 1, but in     this
case the coupling points 5 are arranged in the form of     longitudinal
slots in the wall of the inner coaxial  5  conductor, and therefore run
parallel to the z axis of the     device. Furthermore, Fig. 2 includes a
few examples of     possibilities for tuning the coaxial resonator and
plasma     chamber. The closure disc 7 is used for tuning the coaxial
resonator. The tuning pin or screw 8 serves the same 10  purpose. The
position and number of tuning elements of this     type may be varied as
required. The tuning pin 9 represents     a possibility for tuning the
plasma chamber. A closure disc     (not shown here) which varies the length
of the plasma     chamber also has a similar function. The arrows in the 15
figure indicate the direction in which the tuning elements     move. 



Fig. 3 shows a detail of a device with an external     plasma chamber, not
fully represented here. The microwave 20  generator  4  is  fitted  in  the
interior  of  the  inner     conductor 2 of the coaxial resonator. The
coupling points 5     are designed as three azimuthal, partially
circumferential     coupling slots in the outer wall of the coaxial
resonator.   25         Fig. 4 outlines further illustrative embodiments of
the invention, Fig. 4a representing a section through a     device having
both an inner plasma chamber 11 and an     external plasma chamber 12. If
required, the plasma     chambers 11, 12 may be equipped with containers.
30            Fig. 4b shows a section through a device in which     the
microwave is coupled directly into a cylinder resonator     13, and this
resonator is coupled via a circumferential     azimuthal slot with the
coaxial resonator. Coupling into 35 the plasma chamber 11, designed as a
further cylinder     



-7-      resonator, with the container 1 takes place via further
coupling slots.               Fig. 4c shows a section through a device, in
which  5 a for example helically coiled coaxial resonator with an     outer
conductor 3, and a similarly coiled inner conductor     2, for example
formed as a wire, lies inside a cylindrical     chamber 12. It is likewise
possible to have a structure in     which the coaxial resonator, in coiled
or wound form, fully 10  or partially encloses a chamber with the outer
conductor,     that is to say is wound around a chamber in the manner, for
example, of a tape or cord.               Fig. 4d shows a section through a
device with a 15 spherical plasma chamber 11. The antenna of the microwave
generator 4 is directly connected to the inner conductor 2 



of the coaxial resonator. The outer conductor 3 is tapered     conically
towards the microwave generator 4. The microwave     power is coupled into
the plasma chamber via an azimuthal 20 coupling slot 5.
-8-                             Patent Claims        1.     Device for the
production of microwave plasmas,      having a microwave generator, a
feeding resonator with  5  coupling  points,  a  plasma   chamber  and
optionally     containers, consisting of a resonator whose outer and inner
boundaries are designed as the outer and inner conductors     of a coaxial
resonator with or without preferential     geometrical direction. 



10     2.     Device according to Claim 1, characterized in that     the
plasma chamber is fully or partially surrounded by the     resonator.   15
3.      Device according to Claim 1, characterized in that     the
resonator is fully or partially surrounded by the     plasma chamber.
4.     Device according to Claim 1, characterized in that 20  one or more
chambers are arranged inside and/or outside the     resonator, or the
plasma chamber is divided.       5.     Device according to Claim 1,
characterized in that     the coaxial resonator and the plasma chamber are
designed 25  with  equal  length  or  different  length  in  the  same
preferential direction.       6.     Device according to one of the
preceding claims,     characterized in that the coupling points for
coupling the 30  microwaves into or out of the resonator are arranged in or



on the walls of the coaxial resonator, or in or on the     common wall of
the chamber and resonator.                                     -9-  7.
Device according to one of the preceding claims, characterized in that the
coupling points are rod antennas and/or loops and/or slots and/or gaps.    


