
Device for the production of plasmas using microwaves               Various
types of plasmas are produced using a wide  5 variety of methods and are
used, for example, for the     modification of substrates. Plasma treatment
is used, for 



example, for coating, cleaning and etching substrates, in     medicine for
the treatment of implants and in technology     for purifying waste gases.
The geometry of the workpieces 10  to be treated ranges from flat
substrates, fibre bundles or     materials in web form, to any
configuration of shaped     articles. High efficiency and ready
availability of     microwave  generators   have  given   microwave
plasmas     considerable importance. 15             A variety of types of
plasma treatment apparatus      are known. In them, microwaves are injected
into a plasma      chamber via a feed and, optionally, a coupler. Different
plasmas are used for various applications. Amongst other 20 things,
waveguides and coaxial cables are used for feeding 



the microwaves, and amongst other things antennas and slots      are used
for the coupling (DE 4235914).               A wide variety of different
types of devices are 25  used for the production of microwave plasmas.
According to      the prior art, the devices contain a plasma chamber, a
container or working space contained therein, and a feeding      waveguide
which can be coupled thereto, of ten designed in      the form of a
surrounding waveguide resonator. It is 30  expedient for these to be
arranged on a common axis of      rotation. Through input coupling, the
microwaves emerge      from   the    resonator   into   the   plasma
chamber      (FR-A2 26 68 676, EP-Al 0 593 931). However, it has been 



shown that the known type of input coupling, for example 35  through slots
parallel to the axis of rotation and the      design  of  the  resonator,
is  not  advantageous.   A      disadvantageous effect in this case is
that, depending on                                         -2- 



the arrangement of the coupling points, it is not possible      to excite
particular field patterns, for example TH01n      modes. This rules out
important applications. There is  5  therefore a need to provide a device
for the uniform      excitation of as many modes as possible and/or for the
production of a large-scale particularly uniform plasma,      the device
operating in a wide pressure range of from      10[err] mbar to, in
particular, more than 1 bar. 10             The invention is therefore
based on a device for      the production of microwave plasmas, with a
microwave      generator 1, coupling 9 of the microwave generator to the
resonator, a plasma chamber 1 with a container 8 contained 15  therein, and
at least one waveguide resonator 5 enclosing 



this chamber.               The invention relates to a device for the
production of microwave plasmas of the said type, in which,  20  according
to the invention, the short cross-sectional side      of the resonator 5
lies parallel to the axis of the device,      or parallel to the axis of
the plasma chamber 7, and the      microwave power is coupled from the
waveguide resonator 5      into the plasma chamber 7. The resonator 5
encloses the 25 chamber 7 and has a common wall with the chamber, the
resonator partially or fully enclosing the preferably      cylindrical
chamber, preferably in the form of a ring. It      is also possible to
design the resonator 5 in the form of a 



waveguide with matched termination. 30             A symmetrical
arrangement of 5, 7 and 8 about a      common axis z is expedient, the
design not necessarily      neeiing to involve rotational symmetry. If
necessary, it is      possible to depart from the symmetrical simplest
design. 35  The resonator is preferably a ring resonator, and may have
an oval or approximately rectangular shape, or a circular      shape. What
is essential is an elongate design of the      



-3-     cross-section of 5, and the design of the wall common with     the
chamber 7 as the narrowest cross-sectional side of the     resonator 5. It
is very preferable for the resonator 5 to 5 form a ring of rectangular
cross-section with the narrow,     short rectangle side facing the chamber
7 and being     designed as a common wall with the latter.
However, it is also possible to design the 



10 resonator 5 as a waveguide which encloses the chamber wall     with, for
example, an essentially circular cross-section.              It is possible
to have a plurality of resonators 5     with  common  or  separate
microwave  generators,  such 15  resonators making it possible to have
chambers 7 with large     dimensions. The coupling points are preferably
slots, and     very preferably narrow slots, although it is also possible
for antennas,  loops or junctions  to form the coupling     points. If the
coupling points are formed in the narrow or 20 narrowest side, then the
coupling may lie at arbitrary     points on the common wall of the
resonator 5 and chamber 7,     about the z axis or parallel thereto.
According to the 



invention, simplified input coupling with increased energy     density
takes place in the plasma chamber. This allows 25 improved coating of large
work pieces, and increased     capacity in the case of chemical reactions
for example for     the purification of waste gases.              It  is
expedient  and  preferable  to  have  a 30 rectangular cross-section, or
optionally even a circular     cross-section, for the resonator 5. It is
also preferable     for the design of the waveguide resonator 5 to be
toroidal     or essentially annular.   



35         According to Claim 2, it is very preferable for the     coupling
points 6 to be formed as azimuthally oriented slot     couplers, that is to
say perpendicular to the z axis. As a
-4- 



result, in the direction of their long side, the slots lie     exactly or
approximately on a circle around the z axis,     perpendicular thereto. It
is also possible for the slots to  5 lie on parallel circles, or at an
angle of, for example,     45 thereto.              According to the
invention, in the case when the     ring resonator 5 has a rectangular
cross-section, the short 10  cross-sectional  side  is  perpendicular  to
the  radial     direction of this resonator and parallel to the axis of
rotation of the plasma chamber 7. Coupling the microwaves     via the short
rectangle side of 5 has the result that when     coupling slots are used in
the wall between 5 and 7, they 



15  need not extend parallel to the axis of rotation z of the     plasma
chamber. In the case when azimuthal slots are used     in the wall between
5 and 7, the ring resonator has     parallel admittances.   20          In
the  resonator  5,  the  coupling  points  6     preferably lie at the
points of the electric field maxima     of the standing wave. Although the
length and separation of     the coupling points ought to be uniform, there
is an     advantage in that exact uniformity is not required. 25
It is preferable for the coupling points to lie at     the points of the
in-phase E field maxima of the standing 



wave.   30         The length of a coupling point, preferably of the
slots, may correspond to the full length of an E field     half-wave.
Coupling may take place using a circulator, tuning 35  unit,  feed  and
input microwave  coupler,  preferably  H     junctions and E junctions,
loops, antennas or the like. The     microwave coupling from 1 to 5 may be
tuned, for example,   



5  by three-pin tuners, a magic T piece, termination discs or other tuning
elements, even on the opposite side of the  input microwave coupling from
5. 



The plasma chamber 7, and accordingly the waveguide  resonator 5 around it,
is designed for example as a ring resonator for the excitation of
particular modes, and may  accordingly be designed in the form of a
cylinder, in  particular with circular cross-section, or alternatively in
the form of a cube, a square or rectangular column or the like,  even  with
an  irregular  shape.    The  toroidal  



rectangular waveguide resonators 5 may also be fed by a  plurality of
microwave generators.        The chamber 7 may be designed with the
diameter and  height needed for the excitation of a TMO10 mode, or with
dimensions for the excitation of TM01n,  (n = 1,2,3,...)  modes.    On
account,  for  example,  of  the  dielectric  properties of the container
8, the field distribution may  



differ  from  the  ideal  TM01n  (n  =  0,1,2,...)  field distribution of
the unperturbed resonator 5.        Through additional electric coils or
permanent magnets  10, it is possible to produce a magnetic field in the
chamber 7, by means of which it is possible to achieve electron cyclotron
resonance for the generation of high ion densities at low container
pressures, of about < l0[err] hPa.        Depending on the design of the
container 8,  for example made of quartz glass, which is used in the plasma
chamber, 



5 a  it is possible, on the one hand, for the near field of the  



input coupling pints, for example in the form of slot  antennas or rod
antennas, or when the plasma chamber is  correspondingly dimensioned, a
resonator mode desired for  the application case, for example TM01n with n
= 0,1,2... in  the case of cylinder resonators, to be      



-6-     employed for the plasma production. In the case of the     TM010
mode of the cylinder resonator, an extended plasma     along the z axis is
produced. In the case of TM01n with 5  n>0, the diameters may be selected
as a function of the     length of the resonator, and large plasma volumes
can be     achieved.              The microwave generator has, for example,
a 



10  magnetron vacuum tube of frequency: 2.45 GHz.              In the case
of exciting microwave modes in the     plasma chamber, for example the
cylinder modes TM01n with n     = 0,1,2 ..., the slots should be chosen in
such a way that 15  they are arranged in front of the in-phase maxima of
the     ring resonator mode. However, in the case when the near     field
of the slot couplers  is used for producing the     plasma, it is also
possible to arrange the slots at every     maximum. The length of the
coupling slots should not exceed 20  the in-phase regions, and for maximum
input power coupling     the length should exactly cover the half-waves.  



It is also possible for the device to contain     several of all the
components. 25            The invention will be explained by illustrative
embodiments in the drawing.               Fig. 1 shows a device according
to the invention in 30  section, with the x and z axes lying therein.
Fig. 2 shows a plan view of this device in the     direction of the z axis,
and 



35         Fig. 3 shows the section of a device according to     the
invention, with the coupling of three resonators 5 to a     common
microwave generator 1 and a common plasma chamber 7.          



7            In Fig. 1, an annular waveguide resonator 5 has the     short
side of its rectangular cross-section in the cylinder     wall of the
plasma chamber 7, and is supplied with 5 microwaves from a microwave
generator 1 via a coupling     system 2, 3, 4, 9 consisting of a circulator
2, tuning unit     3, for example 3-pin tuner, feed 4 and input microwave
coupling point 9, for example in the form of a H junction     or E
junction. The arrow in the drawing indicates the 10  direction of the E
field, and x and z denote the axes. On     the short side of the
rectangular cross-section of the ring     resonator 5, the coupling slots 6
indicated in the     projection pass through the wall of this resonator
common 



with the plasma chamber 7. In this case, magnet coils 10 15  lead to
electron cyclotron resonance excitation.              In Fig. 2, in
accordance with the slots 6 shown in     Fig. 1 in the annular wall of the
resonator 5, the     microwaves couple into the chamber 7 with container 8.
In 20  the ring resonator 5, the E field vectors are perpendicular     to
the plane of the drawing.              In Fig. 3, via the feed through the
delivery     resonator 11, there is triple, preferably in-phase coupling 25
of toroidal rectangular waveguide resonators 5 to a plasma 



chamber 7. A short-circuit disc 12 is used for tuning the     delivery
resonator. Resonators 5 are tuned using the pin     tuners 3. The arrows
indicate the orientation of the E     field in the ring resonator, which
according to the 30  invention is parallel to the z axis and perpendicular
to     the microwave coupling slots.            -8-  



PATENT CLAIMS     1.    Device for the production of microwave plasmas with
a plasma chamber and a resonator, characterized in that the  5 short
cross-sectional side of the resonator 5 lies facing     the common axis z
in the wall between the resonator 5 and     the plasma chamber 7, and the
microwave power is coupled     from the resonator 5 into the chamber 7 via
coupling points     6 in the short side of the cross-section of the
resonator 10 5.   



2.     Device according to Claim 1, characterized in that     the coupling
points 6 are formed as azimuthally oriented     slot couplers in the common
wall of 5 and 7. 15     3.     Device according to Claim 1, characterized
in that     the coupling points 6 axe formed as antennas or loops in
the common wall of 5 and 7.   20  4.     Device  according  to  one  of
Claims  1  to  3,     characterized in that the plasma chamber 7 is
designed as a     microwave resonator in the form of a cube, cuboid, a
square     or rectangular column, a cylinder or the like.  



25  5.     Device  according  to  one  of  Claims  1  to  4,
characterized in that a magnetic field is produced in the  chamber 7 by
additional electrical coils or permanent     magnets (10).   30  6.
Device  according  to  one  of  Claims  1  or  3,     characterized in that
the resonator 5 encloses the chamber     7.    






