Device for generating honogeneous m crowave plasnas Various types of

pl asmas are generated using a wide variety of nethods and the nost varied
devices. Plasma treatnent is used, for exanple, for coating, cleaning,
nDdeylng and et ching substrates, for treating medical inplants, for

i nverting gases and in technology for purifying waste gases. The geonetry
of *t he workpi eces to be treated ranges fromflat substrates, fibres and

webs, to any cogglgura i on of shag grtlcles The ,size of t | asma
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of shaped articles. The size of the plasma chamber, and

thus of the workpieces is limited. Materials in web form
87 and fibre bundles can be processed only with difficulty.

Known devices have, for example, outer rings which can be
constructed as a resonator. To feed the microwaves, use is
made, inter alia, of waveguides and coaxial cables and,
inter alia, of antennas, for example slots, as coupling
points in the wall of the plasma chamber.

A digadvantage of the known devices are the formations of
inhgmbgéneities in the plasma, particularly at high
pressures and in relatively large plasma chambers and/or
substrates.

The task therefore existed of generating a homogeneous
plasma and rendering possible homogeneous plasma treatment.

It is proposed according to the invention to introduce the
microwaves homogeneously into the plasma chamber serving
the purpose of processing via a cylindrical chamber and via
coupling points in the cylindrical wall of this. chamber
(2) . The plasma chamber is then to be constructed on the
outside completely or partially covering the cylindrical
wall of the chamber (2).
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I nhonogeneities in the plasma, particularly at high pressures and in
relsati vely | arge pl asna chanbers and/ or substrates.

REPLACEVENT SHEET - 2- The task
ther'efore existed to generate the plasﬁazhdnngeneously, also in |arge

pl asma chanbers and/or substrates, and to. generate honpgeneous pl asma in
di fferent nDdes in the plasnma chanber and by neans of feeding. It is

d h ]
Pombgeneouctse | TRt RE BREERE “OF . Fhe, ZokPokAgE Ae' B AREES R4, ocessi ng via
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hanb 2 t.h n ints (6 | “between the feeding
hanber (2)1rtPef Jhe BHGHDERvE 5 obaiay ChaRPeE] () LHapE: Fyindzical

m cr owave- fadestigmw. chanber (2) is of cylindrical design. The end faces of
the chanber (2) are preferably not covered by the plasma chanber (3), the

pl asma chanber n& conpletely or partially covering the cylindrical wall of
t he chanberThe)e faces of the chamber (2) are preferably not covered

by the plasma chamber (3), the plasma chamber (3)
completely or partially covering the cylindrical wall of
oY the chamber (2).

The common wall between the chamber (2) and chamber (3) is
preferably to be constructed completely, partially or
substantially in a cylindrical fashion. The configuration
of the outer wall of the plasma chamber (3) is of
cylindrical or arbitrary configuration, for example,
adapted to the type of processing. As resonator, the plasma
chamber (3) can be constructed, for example, as a resonator
of coaxial, rectangular or annular shape. As an annular
resonator, the plasma chamber (3) can, given a rectangular
cross section, form the common wall with the chamber (2)

_ with the short or long side. The plasma chamber can also be

- constructed as a segment of the said shapes.

The plasma chamber (3) and the cylindrical chamber (2)
preferably have a common preferred direction and, in the
simplest, much preferred case, a common z-axis. It is also
pfeferred for the chamber (2) to be of rotational
symmetrical construction, at least in parts, particularly
the parts near the end faces. Two tubes arranged inside omne
another and having a common z-axis are structurally the
simplest, surprising and much preferred arrangement of the
chamber (2) and (3).
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The. coomon wal | between the chanber (2) and chanber (3) is preferably to be
constructed conpletely, partially or substantlally in a cylindrical

fashi on. The configuration of the outer W? of the plasma chanber (3) is
of eylindrical or arbitrary configuration] Tor exanple, adapted to the type
of *processing. As resonator, the plasma chanber (3) can be constructed, for
exdanpl e, as a resonator of coaxial, rectangul ar or annul ar shape. As an
.annul ar resonator, the plasma chanmber (3) can, given a rectangular cross
section, formthe conmon wall with the chanber (2)

-3-  with The shembexs |2 andid 3 )Tiran ke ReRskrveted Withbhgsame

const ruct ed o3s g FFRFENY 1engtHe WAiche e prefdited! asreceionber akisand
the cylindrical chanber (2) preferably have a common preferred direction

and, in the sinplest, nmuch preferred case, a conmopn z-axis. It is also
preferred f ahe Iaglcimrﬂ.efa:l( Zhdpe of he ctlanlven| (2) npetmita) adaetruction,
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si npl est, suqitflos:mg.vamf feleh mircxiowawel kaunching andfsimplehanber (2) and
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different |engths along the preferred _direction or_axis. he cylindrical
shape of th&Yef é-Fa(J-Z)Shﬁé’iemqfs the chanber (2 a“%ﬂ’?r@%r'ﬂéﬁﬁe?rl cal
confi gurati previeRsdyedmpossible variation, variability and

adjustabiling of the configuration and the effectiveness of
the chamber (2) and also of the plasma chamber (3). For
this purpose, at least one of the end faces of the chamber
(2) can be arranged moveably and/or displaceably.
Furthermore, at least one of the end faces of the plasma
chamber (3) can be arranged moveably and/or displaceably.
Displacement in the preferred direction and/or rotation of
the end faces (4) and (5) is possible in a particularly
simple way. For this purpose, the end faces have exciting
holders, tube stubs or the like at the cylinder wall. The
tube stubs can have cutouts and be constructed over small
or substantial parts of the cylinder wall in a fashion
bearing against the cylinder wall. The coupling points can
then be arranged variably, moveably and settably and be
configured so that they can be covered or be switched in by
opening. The cylinder wall is then thereby completely or
partially of two-fold or three-fold structure.

Moveable coupling points can be arranged moveably with the
aid of the end faces or by means of handles, for example,
independently of the end faces. In many cases, the feeding
and/or feeding chamber (2) preferably has an ideal or
substantially cylindrical shape and azimuthal slots, for
example, as coupling péints. The end faces are then
circular, or the contact surface with the cylinder wall is
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uniformty of the m crowave | aunching and sinple construction of the
chanbers (2) and (3) as resonators. The cylindrical shape of the chanber
(2) al so permits a previously inpossible variation, variability and

adj ust abi | i.ng of the configuration and=tfe- effectlveness of the chanber (2)
and al so of the plasma chanber (3). For this purpose, at |east one of the
entd faces of the chanmber (2) can be arranged noveabl y and/ or di spl aceably.

Furthernore, aj |least gne of fhe en es of , t he chanber can be
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particularly sinple way. For this purpose, the end faces have hol ders, tube

stubs or the like at the cylinder wall. The tube stubs can have cutouts and
be constructhel faedingrethawberub2) a@na&lparﬂsva#tshérew thecddgall in a

fashion begghige 398 as yifsaey! 'féfr eX@ihble TheveOuR! bP9ipRERRI &27 then be

-4- arranged vari abl’y, noveab and settably and be configured so that
they can beARBWR®Bd %?rb%*%$P¥%he +§nﬁﬁlﬁﬁeﬁ9nbex¥ﬁ8né}lPF&@P wal | is then
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as couplingp aces are then C|r ntact surface
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The plasma chamber can have a feed for gases and a device
for the evacuation. The device of the invention can be used
in a versatile fashion, but the treatment of materials in
web form and of virtually arbitrary width is possible, in

particular.

In order to generate a vacuum, the plasma chamber can
include a receptacle (5) which consists completely or
partially of a dielectric material with preferably low
dielectric losses, for example silica glass or aluminium
oxide ceramic. In the case of the construction of the
plasma chamber as a coaxial resonator, the receptacle can
be designed with the aid of a dielectric tube, for example
made from silica glass, which is pushed over the cylinder
resonator. In this case, the dielectric tube forms the
vacuum receptacle (5) together with the outer conductor of
the coaxial resonator and the end faces thereof. In the
case when the device is operated at higher pressures, for
example atmosphere, the receptacle prevents the formation
of a plasma at the coupling points and/or in the feeding
cylindrical chamber, the supply lead thereof, or else on
the microwave generator itself. However, by introducing
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The feeding chanber (2) can also deviate fromthe ideal shape of a
cylsinder, for exanple have an elliptical or angular, for exanple,
triangul ar to hexagonal cross section, conpletely or partially. A shape
curving around the z-direction is al so=p8ssible. The cylinder of the
chanber (2) can be curved. The two end faces can touch one another or be

el rm nated and the chanber can have an angularly closed structure. The
rection i s nuch

shape of the, chanber ( etched Iinearly along the_z
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dielectrlc osses e silica ass or al um ni um oxi
- 5- cerdﬂ?@d“GHi?heOEaSePBPsPﬁeiéoﬁ iPu€Pﬂéﬁnof t he plasna chanber as a
coaxi al resonator, the receptacle can be designed with the aid of a

dielectric be exa de, fr n1si|i a gl ass I ¢ch is pushed over
t he cylindeigrﬁkﬁ B?Nana 8T i8¢ e?ﬁﬂ“&&echFrFe £ BAF rvacuum
recept acl e 1ogishprefierablcconseructeduasoa TEM fresonatiorl. Besa@vairgr and

t?gsgﬂfe‘;accﬁ&éﬁ%g&Ls Llch §sC2EE6r "IRANBIE, IR £8aed QRCR Ghadls UaWe
P also possible. In a case of treatment of materials in web
form such as, for example, plastic or material webs, the
material to be treated can be fed and/or removed through
slots in the outer conductor of the TEM coaxial resonator,
for example along the z-axis, without being coupled

outwards owing to this microwave power. Designing the
cylindrical chamber to be fed as an TM010 resonator with
azimuthal slot couplers is preferred in this case. The

o,
ety

spacing of the slot couplers in the z-direction is in this
case preferably a wavelength of the microwave used.
Likewise possible are a plurality of slots which are
distributed around the circumference of the cylinder
resonator and tilted out of the azimuthal direction in the
direction of the z-axis by, for example, 45 degrees. It is
also possible in this case to design an arrangement of rows
of slots at a spacin§ of half the wavelength, in which case
the tilting direction of the slots should be opposite from
one row of slots to the mnext.

It is also possible to construct the chamber (3) as feeding
and the chamber (2) as a plasma chamber.

Moveable coupling points and/or end faces lead, if
appropriate, to assigning the function of conduction to the
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exanpl e atnosphere, the receptacle prevents the formation of a plasnma at
the coupling points and/or in the feeding cylindrical chanber, the supply

| ead thereof, or else on the mcrowave generator itself. However, by
introducing dielectric material the plas®a=region of the device can

| i kewi se be specifically limted to the desired regions. Thus, for exanple,
by “cl addi ng t he region around t he coupling poi nt and the coupling points

t hensel ves wi h di tri t eLi t 055|bl preven

producti on 9F ?fp?éﬁefnf?ﬂﬂ S‘*’gnk F’]" 8fplt &a‘arng’elfeﬁ‘?gned
as a coaxi atheeinmer ochambers (R)ef erably constructed as a TEM r esonat or.
However, other nobdes such as, for exanple, TE nodes or TM nobdes are al so

possible. In a case of treatment of materials in web formsuch as, for
exanpl e pl baunching nthe rnicrowavest intanthei plaspahsourest canche be fed

and/ or rm%( éﬂﬁé’&'g'&sfﬁetEhé”kﬁbﬁnoﬁﬁﬁéaﬁiadﬂﬁbgiyoiehﬁ% prel %0%161

r esonat or exanpl e al ong the z-axis, ,w thout being coupled_ outward
owing to t HPE WP% %ﬁ%@ﬁ%m@re&a’gm n§19h§n09pfinUPF-iaPrcmz’t 0 be f ed
as an Thl\/DlOwaBBpthé\rt%hihigadbeablﬁbﬁi eﬁuebeg Eeﬁ.igpb%frEUﬁ:ﬁiéd n this
case. The the s c S the z-direc case
preferably %%g%%ﬁt%ro?afﬁﬁa#’g %Wi HiBg 1P %b’ EI é’ ef
plurality ofakl otTheltuhing ccansalsdubedparformetiheiai thanimnmtmn‘;ﬁdle
cylinder r and tilted out of the azinuthal direction in the

- 6- di rection o? the z-axis by, for exanple, 45 degrees. It is also
possible in this case to design an arrangenent of rows of slots at a

spaci ng of Aml feRdpaewe! Sn0the dévibéscaRsBe! BRebbhti B0 Huitdpaen of the
slots shouléi tile oxg)posMe from

In the drawing, Fig. 1 shows a device having a cylindrical
feeding chamber (2) surrounded by the plasma chamber (3)
with a microwave generator in an end face of the chamber
{2) . The end faces (4) of the chamber (2) and the end faces
(5) of the plasma chamber (3) lie in one plane in this

case.

Fig. 2 shows developments of the lateral surfaces of the
cylindrical chamber (2) with coupling points in the wall
with the plasma chamber (3). Fig. 2a shows azimuthally
circulating slot couplers with a spacing D of preferably
one or half a wavelength at resonance. Fig. 2b shows
azimuthal slot couplers with a spacing D of equal phase,
which cover the circumference of the cylindrical surface
only partially. Fig. 2c¢ shows two pairs of azimuthal slot
couplers with a spacing D, which are displaced relative to
one another by D’ of, for example, a quarter wavelength. By
mechanically displacing the end faces (4) and/or (5) by D’
in the direction of the z-axis, coupling is produced by
both or only one pair of slots. The slots need not also be
displaced. In the case of only one slot row, end faces and
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one row of slots to the next. It is also possible to construct the
chanber (3) as feeding and the chanber (2) as a plasnma chanber. Moveabl e
coupling points and/or end faces lead, if appropriate, to assigning the
function of conduction to the outer chan¥er-(3) and the function of the

pl asma chanber to the inner chanber (2). . Launching the mcrowaves into
the"plasna source can be perforned using t he known tuneabl e supply Ie?ds ]
via a wall he ch refer Vi en | | chanber wa t he
t uni-ng of tﬁé‘ %Isaw %éﬁl(ﬂﬁ%f qiﬁnﬁc& O‘?h?)art ially by
setting in mwbmugltiamhmwvddzr 'Elsadannerq;:edartmlm bendefdms ned vi a
t he known “{%’)n%.%he%%t %id d&ll % lér& A& ntﬂ)g present I n

f
mul tiple fashion draW|n 1g. shows algewce V|n

cylindrical zf'ééél‘ﬁﬂgl%Werth@md@w%Pﬁ-héﬂfﬁ anth Mefqiﬂfw th a

m crovave gepar %hﬁ.inbb& 32)cRdd A% aéd@uﬁﬁrlb%éc?aan@q@%ﬁmw) of
t he chanber é.; and the end faces (5)_ of | asma chanb (3) lie1n one
pl ane in t hFigcadd shows,twe pajxs @f & slgt t‘r%"l?laﬁ"e? BEEIRT aces of

the cylindr bppbsehgrraeﬁ:ee%)wust Dfc @il R HIia ighddind o f\atdspédtivdby

pl asma chan‘Be ﬁSiml %f %%e Q%Vaﬁu%%' thP c ¥>ne another, as a result
of which use is made of co-phasal launching into the plasma
chamber, that is to say the opposite flow direction of the
wall flows through opposing coupling of the rows of slots

©) at a spacing of, for example, half the resonator
wavelength. Additional rows of slots at a spacing of, for
example, a quarter wavelength are possible. Rows of slots
can be displaced, as in Fig. 2c.

Fig. 2e and Fig. 2f show a plurality of coupling slots
which run parallel to the z-axis and can be changed, for
example, by rotating and/or displacing the end face (5).
The slots are interrupted in Fig. 2f. Other coupling
elements can be used instead of slots.

Fig. 3 shows a device having a plasma chamber (3) in the
preferred construction as an annular resonator of
rectangular cross section, the microwave launching from (2)
being performed via a short rectangular side (3A) or a long
rectangular side (3B).

Fig. 4 is the same as Fig. 3, but the chamber (2) is
enclosed by a plasma chamber (3) which is constructed as a
180° cylinder segment.

Fig. 5 shows the feeding chamber (2), enclosed by the
plasma chamber (3), which is constructed with the same

—
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-7- - circulating slot couplers with a spacing D of preferably one or half
a wavel ength at resonance. Fig. 2b shows azinuthal slot couplers with a
spaei ng D of equal phase, which cover the circunference of the cylindrical
surface only partially. Fig. 2c shows tw® pairs of azinmuthal slot couplers
with a spacing D, which are displaced relative to one another by D of, for
exanpl e, a quarter wavel ength. By nechanically displacing the end faces (4)

and/ or (5) D,int difection the z-axis,, C ling i roduced by
ot h or onl §eBRERAe; e chanbetT(d) o5 thec s isectias had i HEe
t he case of seghgntue sl ot row, end faces and slots nust be displaced in
order to achieve the honogenization. A slot pair is connected to the end
face (5) with the aid of a holder and is displaced in the z-direction by
t he novenenFighefeshowsha deugf abswber) (2) encloseddy @ )chambed s(daced
unt i resOn@nEen! $5266hBKEHotbaIto Be” BT RHAH ° 180’ Yipiine g
tift with a 0

coupl ers havi ng QﬁpOSégg glrectlons of spaci ng respectively
g

D and hal f BRrrenghsyhd D"ePofbeReda AubRErates (31)e&q beptrgatad ik s

made of co-mbeedl cbavdalibagliynthrblighptasalekanien.. wha et Glcty fde
opposite flowedirection of the wall flows through opposing coupling of the
rows of slote afegrgﬁgffﬁ *of, for exanple, half the resonator wavel ength.
Addi tional rows of slots at a spacing of, for exanple, a quarter wavel ength

are possi blgs 4R I dis ced, | | : Fi and
Fi g. Io2f shol\%'%' Oﬁ?gﬁ'?yeﬁ? @gﬂ% |SﬁgL s%?s.mv\hfl%ﬁ t!r%nﬁp%%ﬁe‘rel? oél?mg&;- axi s
and can be %ﬁ%ﬂ@éﬂ?efbl vaing| eptionadly: idgnsigad: o ddiffenentt he end face
(5% The slmé€heds, | théerwebLlsHab8dFkibstate! BeingOuRlinad FedFnies 4421, be

used inste of ots. Fi g. sho a devi ce _having a plasma chanber (3)
in the pre?g??%ﬂg dﬁ%?rﬁ%%?gﬁtigeaﬁﬁgﬁﬁquF FEQOEQPG? ofp

Fig. 8 shows a device for continuous processing of tubes
(11) which are guided continuously through the plasma
chamber (3) at right angles to the plane of the drawing of
Fig. 8a through annular slots (10). The tube to be
processed always has the same spacing from the coupling
elements (not shown) of the annular feeding chamber (2),
whose centre line (4) is produced in the form of a circle
by imaginary constant curvature of the cylindrical axis. In
Fig. 8a, the chamber (2) has a circular cross section, but
it can also have a curved oval cross section or else an
angular one. Fig. 8b shows a section through the devices in
accordance with the line of section AB in Fig. 8a. The
plasma chamber (3) is arranged as a 180° segment of a
circular ring outside around the ring of the chamber (2),
'such that the outer 180° segment of the chamber (2) can be
provided with coupling elements. The semicircle of the
cross section of the chamber (3) can also be constructed as
a rectangle.

Fig. 9 shows a device having coaxial chambers (2) and (3),
which follow a curved axis (not shown) in being
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-8- - rectangul ar cross section, the mcrowave | aunching from (2) being
perfarnmed via a short rectangular side (3A) or a |long rectangul ar side
(3B)-. Fig. 4 is the sanme as Fig. 3, but the chanber (2) is enclosed by a
pl asma chanber (3) which is constructed=a® =a 180[err] cylinder segnent.

Fig. 5 shows the feeding chanber (2), enclosed by the plasma chanber (3),
whith is constructed with the sane | ength as the chanber (2) in the
z-direction and as ,a nent Fi 6 shows a | ong chanber (2)
enclosed by 9% jl(%?g st‘?;o?%t?? £08¢ TPE PXAERLS: hiR shesgo[err] .
segm;nt andpmanwl gif\dhsraﬁme&hﬂ\am( 10)s¢WTh1ﬁe (6&? the bérbésgated is N
noved conti t e_exit. sl ot epresepte
Fig. 7 sho r;%t%lé%'%’ Vi c% % i1'5)r°"t"r e%\?f nﬁ‘%ﬁ' S ﬁ%ﬁﬁgiﬁﬁi gﬁ& g

usi ng opti ocenstante o cwin-gronditfanyy aliamaeten dslond cthe bestwped dagiibst r at e
bei ng gui ded sequentially through the respective slots 10a and 10b. Fi g.
8 shows a device for continuous processing of tubes (11) which are guided
continuously through the plasnma chanber (3) at right angles to the plane of
the drawi ng of Fig. 8a through annular slots (10). The tube to be processed
al ways has the sanme spacing fromthe coupling elenments (not shown) of the
annul ar feedi ng chanber (2),

laced
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whose centre line (4) is produced in the formof a circle by inaginary
const-ant curvature of the cylindrical axis. In Fig. 8a, the chanber (2) has™

a crrcular cross section, but it can also have a curved ov’j lmwmﬂ'ﬂﬁm,,ﬁm
or else an angular one. Fig. 8b shows @ ¥&ction through th

- O- accordance wth the line of section ABin Fig. 8a. The plasnﬁ s
chanmber (3) is arranged as a 180[err] segnent of a circular ring outside

around ‘the ring of the chanber (2) the outer 180[err] segment of
t he -chanber (2) can be provided mn? iggg kgﬁém§$enents. The semicircle of
the cross section of the chanber (3) can also be constructedzas ad (3.
rect angl e. Fi 0 Y an
whi ch foll ow a gﬂrgléggaﬁlég %kgﬁi%ﬁ illEgr%g’gng %%gg? §|a1(v ted to
substrates, for @i«w@velnemgapoanélm ahfeadingt khambeat (aoupw:e:hs (6),
the cross secti o8supPin ?%Biﬁﬁﬂ' #6)Chn t8b F3TPbBewRbh' Rhie® Hoetlihe"

n

constant or non- consta di ameter _al on curve

- 10 - and plasmagchamber (3), as well as, if
appropriate, receptacles, characterized in that the
microwave-feeding chamber (2) is of cylindrical

design.

2. Device according to Claim 1, characterized in that the
plasma chamber (3) completely or partially encloses
the feeding cylindrical chambers (2).

3. Device according to Claims 1 or 2, characterized in
that the chamber (2) and chamber (3) have a common
preferred direction.

4. Device according to Claims 1 to 3, characterized in
that chambers (2) and chambers (3) are constructed
with the same or different lengths along a common
preferred direction or in a rotational symmetrical
fashion relative to a common axis.

5. Device according to at least one of the preceding
claims 1 to 4, characterized in that at least one of
the end faces of the chamber (2) and/or chamber (3) is
arranged d;splaceably or / and rotatably in a variable
fashion.

6. Device according to at least one of the preceding
claims, characterized in that the wall between the
chamber (2) and plgsma chamber (3) is constructed
completely or paréially in a multiple fashion, and the
wall or at least one of the walls with the coupling
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PATENT CLAIMS 1. Device for generating m crowave pLasﬁas-havrﬁ§‘EF"~—
m crawave generator (1), a feeding chanber (2) with ﬂﬁln““
(6)-in the wall between the feeding chanber (2) an angnm 'ﬂm
(3), characterized in that the nitrbhave-feeding chanbar ¢2)"iss of*
cylindrical design. 2. Device according to Caim1, characterized in
thdt the pl asma chanber (3) conpletely or partially encloses t he
f eedi ng cyllndrlcal res nator (2 . 3. . _Device accgrding . t ,
characterized i POiRES, ﬁt‘Eﬁ&%ﬁéﬁsd%??lﬁﬁﬂa%ﬁXnﬁgr2 5F§ag%ﬁ9??dﬂfed
with the same oradvattablhée Easgﬁba withgthecaddonf an ead face 6xr Device
according to at Le st o C n clainms 1 to 3-4,

zed | ribRgpeRienlly, OF, Bher 8" 2pces,

characterized in* € end faces of the chanber (2)

and/ or chanber (3) |s arranged di splaceably or / and rotatably in a
vari abl e fasﬁé@ﬂce ScorBEuGCe aéiﬂ 'BgoEOGatcbﬁiith&ﬁz%h.EHP
pr ecedi ng characterrze bet ween t he

chanber (2) and EhaﬁnﬁhEhﬁhﬂﬁPeFSXZP5150ﬁ§FFEEP§das a pdpsma Shamher,

partially in a nyhdighé &éRshbe#, (85dibkh@esigneéd hsOh @hambast whieldf the
walls with the c g% 3 go ints is arranged dlsplaceably or / and
rotatably in B rPLBrewrEeRron with an end face.

8. Device according to at least one of the preceding
claims, characterized in that the microwave generator
(1) is arranged in or near an end face or a wall, and
the setting of the resonance is performed in and
through a chamber.
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