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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. 
··ts 

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 va:ious applications. Amongst othe: 

20 things, waveguides and coaxial cables are used for feeding 

·the microwaves, and amongst othe~ 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 mi.crowave plasmas. According to 

the prior art, the d•vices contain a plasma chamber, a 
container or working space contained therein, and a feeding 

waveguide which can be coupled thereto, often 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 
disadvantaqeous effect in this case is that, depending on 
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the arranqement 8£ the couplinq points; it is not possible 

to excite particular fi.el.d patterns, for example '?MOln 

modes. This rules out important applications. Tb.ere is 

5 therefore a need to provide a device for the uniform 

excitation of as many mod.es a.s possible and/or for the 

production of a la.rqe-scal.e particularly uniform plasma, 

the device operatinq in a wide pressure range of from 

10-5 mbar to, in particular, more than l bar. 

10 
The invention is therefore based on a device for 

the production of microwave plasmas, with a microwave 

qenerator 1, couplinq 9 of the microwave generator to the 

resonator, a pl.asma chamber l with a container 8 contained 

15 therein, and at least one· waveguide . resonator 5 enclosinq 

this chamber. 

The invention rel.ates 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 

cyl.indrical 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 desiqn. 

35 The resonator is preferably a ring resonator, and may have 

an oval or approximately rectangular shape, or a circular 

shape. What i.s essenti.a1 i.s an elonqate design of the 
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cross-section of S, and the design of t:h• wall common with 
the chamber 7 as the narrowest cross-sectional side of the 

resonator 5. Xt is very preferable for the resonator 5 to 

5 fo:r:m 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 possib1e 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 p1urality of resonators 5 

with comm.on or separate microwave generators, such 

15 ~ .· resonators making it· possible to have chambers 7 with large · 

dimensions. The co~pling 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. '?his al.lows 

. 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 optional.ly even a circular 

cross-section, for the resonator 5. It is also preferabl.e 
for the desiqn of the waveguide resonator 5 to be toroida1 

or essentially annu:"..ar. 

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 ax.is. As a 



'· 

.. ·- .;..: .. .., _____ ::-~ ............ ~.=~-.. -·. -··.: .... ~--~:~.:.;..;.-_.......;_~..:. .. 

- 4 -
resu1t, in the diraction of their long •ide, the slots lie 

exactly or approximately on a circle around the z axis, 

perpendicular thereto. It is also possible for the s1ots to 

5 lie on parallel circles, or at an angle of, for example, 

45° thereto. 

According to the invention, in the case when the 

rinq resonator 5 has a rectangular cross-section, the short 

10 cross-sectional side is perpendicular to the radial 

direction of this resonator and para1lel 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 ~re used in the wall between 5 and 7, they 

15 need not extend para11el 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 

. 25 

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 • 

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 B 

junctions and E junctions, loops, antennas or the like. The 

microwave coupling from 1 to 5 may be tuned, for example, 



5 

- 5 -

THIS SHEET HAS BEEN 
REPLACED 

by three-pin tuners, a magic T piece, tei:mination discs or 
other tuning e1ements, 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 

10 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 al.so be fed by a 

plurality of microwave generators • 
. 15· 

The chamber 7 may be designed with the diameter and 
height needed for the excitation of a TMOlO mode, or with 

dimensions for the excitation of TMOln, (n = 1,2,3, ... ) 

modes. On account, for example, of the dielectric 
- 20 properties of the container 8, the field distribution may 

differ from the ideal TMOln (n = 0, 1, 2, ••• ) fiel.d 
distribution of the unperturbed resonator 5. 

Through additional electric coils or pe.i:manent 
.25 magnets 8, it is possible to produce a magnetic field in 

the chamber 7, by means of which it is possible to achieve 
electron cycl.otron re·sonance for ·the qenexation of high ion 
densities at low containex pressures, of about < 10-2 hPa. 

30 Depending on the design of the container 8, for 

example made of quaxtz glass, which is used in the plasma 
chamber, it is possib1e, on the one hand, for the near 

fiel.d of the input coupling points, for example in the fo.i:m 

of slot antennas or rod antennas, or when the plasma 

35 chamber is correspondingly dimensioned, a resonator mode 

desired for the application case, for example D!Oln with n 
= 0,1,2 •.• in the case of cylinder resonators, to be 

..-.... · ....... . 
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emp1oyed for the p1asma production. Xn the case of the 

TM010 mode of· the cylinder resonator, an extended plasma 

along the z axis is produced. :In the case of TMOln with 

5 n>O, the diameters may be selected as a function of the 

length of the resonator, and large p1asma vo1umes can be 

achieved-. 

The microwave generator has, for example, a 

10 magnetron vacuum tube of frequency: 2.45 GHz. 

J:n the case of exciting microwave modes in the 

plasma chamber, for example the cyl.inder modes TMOln 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 maxim.a 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 shou1d exactly cover the half-waves. 

. 25 

:It is al.so possibl.e for the device to contain 

several. of all the components . 

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. 

35 

Fig. 2 shows a plan view of this device ·in the 

direction of the z axis, and 

Fig. 3 shows th~ section of a device according to 

the invention, with the coupling of three resonators 5 to a 

common miCX'owave generator 1 and a common plasm.a chamber 7. 
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In Fiq. 1, an annu1ar wavequide resonator 5 has the 

short side of its rectangular cross-section in the cylinder 

wall of the plasma chamber 7, and is supplied with 

S microwaves from a microwave generator 1 via a coup1ing 

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 examp1e in the form of a B junction 

or E junction. The arrow in the drawing indicates the 

10 direction of the E fie1d, 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 wal1 of this resonator common 

with the plasma chamber 7. '.In this case, maqnet coils 10 

:·,15 ·_.lead ·to· electron cyclotron resonance excitation. 

20 

In Fig. 2, in accordance with the s1ots 6 shown in 

Fig. 1 in the annular wa11 of the resonator 5, the 

microwaves couple into the chamber 7 with container 8. In 

the ring resonator 5, the E field vectors are perpendicular 

to the plane of the drawing. 

:tn Fig. 3, via the feed through. the delivery 

resonator 11, there is triple, preferably in-phase coup1:ing 

.25 of toroidal rectanqular wavequide 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 couplinq slots. 

:. : ~· .; .. ~-: : 



I ~IUJ Hll~ lllH U/I R 11 
H S * 

- 8 -

PATENT CLAIMS 
1. Device for the p~oduction 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. 

. 15 

20 

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 S and 7 • 

3. ·Device according to Claim 1, characterized in that 

the coupling points 6 are fo:cn.ed as antennas or loops in 

the comm.on wall of 5 and 7. 

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 fo:cn. 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. electJ:i.cal. coil.a 8 or permanent 

magnets. 

30. 6. Device according to one of Claims 1 or 3, 

characterized in that the resonator 5 encloses the chamber 

7. 


