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Flerr]r den Bezi rﬂthf eay plasmas are employed in technical fields

Cber | andesgerichts Klerr .
. 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 resonatox
ring has a rectangular cross-section, and the .coupling
peints 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 zresonator with inner and outer
conductors. Insofar as the conductors fully or partially
form the inner and outer bouncaries 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



ernferr]chtigate [err]bersetzerin

(3162 - 1219) Devi ce for the production of powerful

.m crowave pl asmas M crowave plasmas are enpl oyed in technical
fields such as, for exanple, the manufacture or processing of 5
conmponents, in mcroelectronics, ddr2ng coating, 1in the

deconposition of gases, synthesis or cleaning of materials.

In the deyi e, JkC e T A pphats into
t he pl asre;yaéc anbje'?,n?}):gé?%g;"ﬁv%\ne?% tnl%ggf%‘zﬁnt allna 1op|e. e. V\orﬂtlgfnga;pace_,
Wwhich it dewiesiionally contain, froma m crowave generator optionally
via a feed to a wavegui de resonator around the plasma chanber. It is

: 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.

e

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.



customary, in particular, to use ring resonators, i.e. wavegui de
‘resonators which are designed as a ring and have 15 a short |ength al ong

fheir axis in conparison with the relatively |arge cross-sectiona
dr anmeter of the resonator ring. It is common for the axis of the ring
resonator and the axis of the plagrme- chanber, in this case for exanple

desi gned as a tube, to have the sane or a conmopn z axis. 2

0
Accordi ng.t lea 2 - i{pg i_n r angul ar
cr oss-se%trle(%ne, an§'6't g%gco%%?fensgggn p i%fggggé,gﬁf S:rf é:)i?grr% e%si'%t eéfor m of
8l ots i n cHambsm@and coagigss rasanatax is de.camaon cor @andklel \anrigor t he

25 prpdlaqtémgxpfim GLOVIBiGy pbasiBSe HdVehath Ul &I 8HGYe or dOvever,
there is a need for nore uniformand nore | asma_chanbers and

f ul
more si miittc &F Rkl Ry Ratween the axedp%v%e_rmlg? ™R entfates to

‘a degice for the 30 production of mcrowave plasnmas, whose

resonator is desi a axial r r W Laper out er
conduct ors. InsoerFr s §g8§% u%?o?’saq'feulﬁ?‘?/g’g:r%%afp%gpfyogg x'%(r)&rlm e i nner
and out efliexifds imetal ttwbesgsofex opxampde in sithpe fidrm hof| maidkedind t he

shape of dh8 LORAUGHSTctidhg AiRidd 2lthe Idedchd¥dy BHUS £dridif By'©
conductors have an axi al (% rection which is simlar, ~ of the sane type
or 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
chaiiber 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 exampie 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 perturdb 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.



identical, or if they have a common z axis. Surprisingly, a

F-2- vacuumis not absolutely necessary during operation of the

.devi ce. It is made from hol |l ow sections, preferably for 5
exanple roll ed sections, of the elongate type which are arranged i nside
one another as a coaxial conductor andg ray be cl osed or open at their
ends. Two tubes or cylinders with an arbitrary, including angular base
face, which are arranged i nside one another, represent exanples which
are 10 easy to form |t is preferred to have a wire or_solid cyl i nder
as the inner cond®RR JRIFFOVRYS| PARTFRLRAY pPgc @rrangad \directlyy oitdr

‘conduct oran optionally controlled feed or via a further resonator,

- at an arbitrary point on the coaxial resonator, including

i 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 oxr 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 ’i:ossible to have an inner chamber arranged fully ox
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,:

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 TEp, or ™™, field distributions in them. The length of the



The resonator m ght have essentially the sane axis 15 in the z direction as
‘the pl asnma chanber and, along the z direction, the resonator and plasma
.chanber may be designed wi th equal |ength or unequal |ength.

If is also possible for the apparatus to contain 20 several of all the
conponents. The invent+ @& 4 hus departs froma narrow desi gned
resonator ring with differing cross-section, which fits around t he

pl asma chlg?g)e r fnﬁéﬂﬁ S ' its
round the n%‘eﬂr:gg 1@(@%£eg%i?nsgg§§ e?gt ﬁl S coag?a rEeEIS(r;%é%or IS,
accor di nPAPagRtion yavelength ef okbar BisnavaRp, whéchedmmted HTRsi gned
as a iceeads! ide the spasés | ehehe ﬁameamat&;ehu adsndect ey

finger of_a hand,. over ssent aI the full | gthlnt 3 dlreC|on of
The s axi SEEBUARLATAR, (50T EXRARAN PARRS( Ao wall) m#& 4

T esonét oronarshoxt~gigxtuitttdibeo a specific shape of the caV|t|es. It is
hi ghly preferable for the inner and outer conductors of the coaxi al

resonat or essentially to have the sanme direction essentially for
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 ox

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. la, 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 1length in the 2z direction in +this illustrative
embodiment. 10 is an optional, for example metallié, grid
which divides the plasma chamber into two chambers.
Openings 6 for feeding and discharging -pracess gases, for
example, are indicated in the upper and lower closure walls

35 of the plasma chamber.



35 their long or longest axis, referred to as the z axis.

*-3- Preferably, the corresponding direction of the axes of the
chanber and coaxial resonator is a common or parallel axis, al t hough it
1s also possible to have a small angle or a tilt of up to 90[err]

bet ween the axes of the two conponentsg -5 It is possible to
have coaxi al conductors nade of flexible nmetal tubes, for exanple in
the formof coiled strips or interlocking rings, the resonator being
formed by two tubes arranged inside one another, or one tube wound 10

around, for exanpFag.a2t ghowa ar simjilax hdewiceatonEigi 1, huke in

.conduct of gp53 hsazeal knef cBﬁﬁlﬂh?sﬁaxﬁhﬂr@eErKHKrrangEﬁnih' tHberobR BF
conductors, the shape of asmg, E ti‘ng arbitrar bu

in the foiﬁ?ﬁ%t’é"%ﬂﬁ% slots 'in the wa inner coaxi
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
(nd‘t': 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

t he
desi gn



1

sphere or cylinder being always preferable. 15 In all cases,

* the chanber and resonator may be of equal or unequal length, it being’
.possible to formone or even nore chanbers, one or nore coaxi al
resonators or di vided chanbers or coaxial resonators, for exanple 20
perpendi cular to the preferential di+ezrt+on. Coupl i ng points,
for exanple in the form of antennas or, preferably, in the form of
slots or gps%, : +f1e a h vv@hkg of c i asgpator,
that is to?s‘ga@’y'onw%"ﬁieq V\%H sggg%%ﬁev&vi ?h t he ghapr%)Ie'% ?%‘a#uf arbitrary
nunber, RIANT \BI@%% t he nunber, georetry and arrangenment needed for
*the respectively chosen plasma node. Coupling points with

.smal | di nensi onscd?clo noy 3 substantigl ge éurb he |E:%s"onance. i n.the coaxi al
resonat or . i WML Bf SPRFEC y% TORAR & FEVACSRreldP |‘§Pg°§" number
“of coBpl iangEeoi exampler haelidwl Xy eqodbety grasdialr edesonatonpyditbousmn
for mal | offifesd NS | 8 ! BEAP! 2 TP ENEPRPT coiled Lhnleds WML (N
chanber iQ’n t ehcg%se 0 su?fa e £ I mensi o s.cel © <
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 1l1. 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.



< 4- The m crowave source nmay be arranged di rlmﬂmllmnmnll”“m
‘an optionally controlled feed or via a further resonator,
arbitrary point on the coaxial resonator, including 5 on tHe innér *

b0undary, and may couple into one or nore pl asma chanbers. The plasm
chanmber, as well as the coaxial regonator, may fully or partially
contain a dielectric mat erial such as, for exanple, ceramc, quartz

gl ass or Teflon. 10 : ! AgcgégLng to this invention, there is
no | onger the need to arrang 2 only inside the resonator. It
s possible to have an inner chanber arranged fully or partially in the

i nner conguctor, Agvigbl ASranY'! Bloduction 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 pa.rt:.a.lly 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 1length 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.



15 chanber and, optionally, both one or nore outer chanber

nore i nner chanbers, with a respective working space oﬂ'“ﬂl’tm;'m”mmm
arranged therein with dielectric walls of arbitrary configdratioh. s 20
The coaxi al resonator of the invention thus nakes it possible to have a
wi de variety of configurations and ~ gdesigns. The plasma chanber may be
an additional resonator or part thereof. It is in this case preferred
to designthe DRva SR 2S i nder .resonator _.and tqo have the 25
associ at ed, f orm of ., ar%t@ii,cul ar o es?gl Eaﬁlés ?)gssﬁhrﬁ PTBCPIHRF claimg,rality
of mcr omﬁ%’?&&‘s’* 82 dhatythe roupling poisbtsmaaresrod antennas

Parti cul arndéoknlloapsaadddeeeietsahndgsirdgapsf the 30 device are
particularly suitable for the nodes of the respective type. The
preferred coaxial nodes TEMor TM err] are formed optinmally in the
coaxi al resonator between two preferably cylindrical electrically
conducting tubes with different dianeters. It is also possible to have
any of the 35 TE[err] or TMerr] field distributions in them The |ength of
t he



-4 -
-5- two tubes is preferably equal to a multiple of half the

*propagati on wavel ength of the mcrowave which is used. The two ends of
Jhe tubes then have electrically conducting term nations, for exanple
using a wall, gas-perneable grid 5 or short-circuit disc.

The contai ner or containers, as usual qgpde of dielectric material, may
according to the invention have a | arge vol unme and, when divi ded, serve

several purposes. In 10 the case 2@ agggéﬁeexternally arranged cont ai ner
it is not absol utely necessary a netallic closure wall

¢- Permanent nmagnets or coil arrangements, for exanple according to
Hel mhol z, around jhe,r RRATE WoXUike p¥BAuStion of powerful micro-

wave plasmas, the resonator is designed as a coaxial
resonator with inner and outer conductors. The microwaves
are coupled into the plasma chamber via the boundaries of
‘the coaxial resonator.



15 the nmetal outer wall,

resonance plasmas in the chanber

arrangeneRyo9hzsmgnets in the inner
20 ' in Fig.

Fig. 1 shows,

along the z axis,

resonator with a mcro-

and in Fig.
represented with an i nner wall

It is |likew se
1a,
1b the associated pla
2 and 1/4 outer wall

n

permt the conditions for electron

cyclotron

possi bl e to have an

3 of a tubular
wave source 4, which couples into the resonator

conduct or of the cogpgrmtporgsagat or.
a section through a '

devi ce
view. A device is
coaxi al

hetween 2 25 and 3, and a container 1. In fg. 1, two coupling slots 5

are formed as circunferential slots in the g nner wall 2; they are
fherefore perpendicular to the z axis of t devi g&. The coaxi al
resonat or and the plasnma chanber, which lies insij and i s designed as
a cylinder resonator, have 30 equal |[engt in e z direction in this
“illustrative enbodi ment. 10 is an optignal, for exanple netallic, grid

whi ch divides the plasma chanber

into two dhanhers.
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-6- Fig. 2 shows a simlar device to Fig. 1, but in this

case the coupling points 5 are arranged in the form of | ongi t udi nal
slots in wWieonsshe of the inner coaxial 5 conductor, and tpefgsiposer114n
parallel to the z axis of the device. Furthernore, Fig. 2 includes a
f ew exanpl es of possibilities for $yning the coaxial resonator and
pl asma clanber .NThe cﬂosur disc 7 is usedgior tuning the coaxial
resonator. TR tuni pi nor ew 8 serves the&Jsanme 10 purpose. The
posi ti on and nupber of tunipg elenents Zf this type may be varied as

requi red. The tining\pin 9 kepregents a posskbility for tuning the

«pl asnma chanber. cl ogure diisc (notffyhown hene) which varies the length
ef the plasm chanper also has\a sitffilar funcyiion. The arrows in the 15
figure indicate the dikectioh in whNch fhe tuni ng\ehements nove.
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Fig. 3 shows a detail of a device with an external pl asma chanber, not
“fully represerited here. The microwave 20 generator 4 is fitted in the

tnterior wéo7bives i nner conductor 2 of the coaxial resecaEr7/oltie
coupling points 5 are designed as three azinuthal, partially
circunferenti al coupling slots in the outer wall of the coaxi al
resonat or. 25 Fig. 4 outlinegyurther illustrative enbodi ments of
the invention, Fig. 4a representing a section through a devi ce havi ng
both an inner plasma chanber 11 and an external plasma chanber 12. |f
Fequired t he pl asma chanbers 11, iz:nay be equi pped with containers.
Fig. mb sho sectlon t hr ough algeV|ce I n which t he
n1cromave 13 coupl dlrec into a cxﬂ&nder r eSonat or 13, and this
resonator is coupled via a circunferentijal azi muthal slot with the

'boaxial resonat or. upling ito 35 thejlplasma ghanber 11, designed as a
further cylinyger
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-7- resonator, with the container 1 takes place via further

coupling slots. Fig. 4c shows a section th&eaﬁﬁ,%nﬂsyice, I n
which 5 a“for exanple helically coiled coaxial resonato H an out er
conductyahofisszend a simlarly coiled inner conductor 2, for exanple
formed as a wire, lies inside a cyli&thical chanmber 12. It is |Iikew se
possible to have a structure in whi ch the coaxial resonator, in coiled
or wound form fully 10 or partially encloses a chanber with the oguter
conduct or, that is to saylis wound afound a c nberir1té;enaﬁier, for

' 0 a section through a

exanpl e, of i:ﬁgyegﬁ cord.
device with 5p i cal plas
generator 4 is directly connect gdsi®

£ m crowave
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Qotez-q

of the coaxial resonator. The outer conductor 3 is tapered coni calgymy's
towards the m crowave generator 4. The nm crowave power is coupled iaﬁq.

t he plasna chanber via an azinmuthal 20 coupling slot 5.
- 8- Patent C ains 1. Device for the
havi ng a m crowave geperator, a

production of m crowave pl asnas,
feeding resonator with 5 coupling points, a plasnma C qq;
optionally cont ai ners, consisting éf4a resonator whose Pty

boundari es are designed as the outer and inn conductors
resonator with or wi thout preferenti al metrical dirg
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10

Devi ce according to daim1, characterized in that

the

2.
pl asma chanber is fully or partially surrounded by the resonat or. 15
3. Device according to Claiml1, characterized in that t he
resonator is fully or partially surrounded by the pl as -£§£E§EEQL§EEET
4. Device according to Caiml1, characterized in that ‘ .
chambers are arranged inside and/or o®/$ide the resonatjorf, or the
pl asma chanb@ is Pvi dedl 5. Devi cegccordi ng tq ¢ of SNOV 1998
characterized in tTt t he oaxi al rgsonator” and the pl gsia_chanber are
desi gned 25 nt h ual hengt or ferent ylength i the sane
preferenti al ecti on. 6. | ce accohding to o
precedi ng cl ai ns charagterizkd in at the upling points for

coupling the 30 veslinto oN out jof the ref§onator are

arranged in or
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in that the

sl ot s| ahd/203 NGY 7998

zed

char act er

in or on the
| oops and/ or

or

resonat or,
4/4

and resonator. .
Devi ce according to one of the preceding clains,

on the walls of the coaxial
coupling points are rod antennas and/ or

t he chanber
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