10

15

20

25

WO 2006/050632 PCT/CH2005/000669 1 CAPACITIVELY COUPLED
RF-PLASMA REACTOR This application claims the benefit of U.S.
Provisional Patent Application No. 60/627,784 filed on November 12,
WIDHASB¥E) D OF THE INVENTION The present invention BSIA{EH3pp5/000669
general to RF capacitive coupled plasma reactors for processing a very
large area display. More specifically, the present invention relates to
improvements in the coupling efficiéncy of the RF power delivered to
plasma typically at a frequency of 13.56MHz or less. 10 BACKGROUND
OF THE INVENTION The present invention is based on problems and
requirements that have arisen in depositing semi-conductive layers on

very larg t ' o] anuf ring industries.
The resu%‘%?‘émgo%ﬁgv&%%ﬁﬁﬁ ﬁ%@gﬁﬁg&f@ﬁ:mions.
~ Thus, even though the present invention will be described relating to
This splpatorsclaisetdbs feripid tha/ Bn RapicegehBairsal Anpbisrtivapieitd627,784
filed ol RiaGY DL SYystems. for very large area display processing, the present
invention can also be applied to other applications relating to plasma
Mk the.development of PECVD for very large area display
FIELI{)?%%E&ES%g S e in U.S. Pat. No. 6,281,469, the contents of which

Y m LR
dISCIO
are herein_incorporated by reference. 20 FIGURE 1 shows a conventional
Ths PREHFUE RCOHSRREC AP (aBFREr PR AR BF <SPt i JRPls PRl Estern, for
processhi}e seagtpnaystensal Qilptlivdenar R-pmuasuRB!hrbde MAGRINO relates to
) network 14, a reagtor chamber 16, and a vacuum chamber 18. The
ImpTOV e BHA M BRPESI FEIGFBS b e BhIR DTSt Btrres e piigeatically at a
frequerparalle’ sSoMoOBedt iasa. metallic-reactor casing 24. The first metallic plate
22 is electrically connected to the RF power supply 12 via a 25 feeding
BACKElenRNBOaNthiferesichipgngtwork 14 and the first metallic plate 22 is,
thus, a live electrode. The second metallic plate 20 is connected to
roungsargdhils etwaH:)S' a gégs%gdogle%t)% de. I%HrinI% th.eedee ?Sitt}if){] process a .
subStrateis placed on the Second metatic pﬁla\te Ggrements that have arisen in
depositing  semi-conductive layers on very large glass areas for the display and solar
manufacturing industries.  The resulting solution, however, can be applied to other
applications. Thus, even though the present invention will be described relating to plasma
reactors for Plasma Enbanced Chemical Vapor Deposition (PECVD) systems for very large
area display processing, the present invention can also be applied to other applications relating
to plasma reactors. Further, the development of PECVD for very large area display
processing 18 disclosed in U.S. Pat. No. 6,281,469, the contents of which are herein

incorporated by reference.

FIGURE 1 shows a conventional capacitively-coupled, RF-plasma reactor system 10 for
a PECVD system. The reactor system 10 includes an RF power supply 12, a matching
neiwork 14, a reactor chamber 16, and a vacuum chamber 18. The reactor chamber 16
includes two metallic plates 20, 22 arranged in parallel enclosed in a metallic-reactor casing
24. The first metaliic plate 22 is electrically connected to the RF power supply 12 via a
feeding element 26 and the matching network 14 and the first metallic plate 22 is, thus, a live

electrode. The second metallic plate 20 is connected to ground and is, thus, a ground

electrode. During the deposition process a substrate is placed on the second metallic plate 20

BESTATIGUNGSKOPIE



10

15

20

25

ae

- BESTATIGUNGSKOPIE WO 2006/050632 PCT/CH2005/000669 2 for
processing. The feeding element 26 is shielded with a grounding shield 28
and can be any type of electrical feeding element known in the art, such

VWAL PsRM&REipline, RF ribbon, or a triplate stripline. A plasmecdisairang®oocss
region 30 is defined in between the two metallic plates 20, 22. As shown
in FIGURE 1, the RF power supply 12 and matching network 14 are 5
located outside the vacuum chamber 18 and the reactor chamber 16 and

~__feeding ei ment 26 are located inside the vacuum chamber 18. Thus, '
for PrOgE g th BB ATIASELLS HBRER IR EUPBAD BiR RS F b 2ay
type ohelbvorkal &aliageiai-atrasphancieondiions anshthe rRASINE, WRMRR16: 4
riplat asqd Il?uF feed Iline 28 ar?éunder vac$é1m ofnditiqns. A typical gas used for

Plate SHIRI o bIAGTR R YRR €591 0t 6 detiase bRttt Sie giskeltismisttes
20, 22gasesscommionifGUBENLINGHO Rye e uener Maydbe s dNathisdines are

f lication such as organgmetallics, hydrides and _halides. FIGURE 2
ot B e AR L SHomiodd e Sy, St 20
are locgleding ifvetide positiorcbi Bt aBd Tillshéuimedte dbpsitdte: he@isathariggsver

JOf cenventional RE-plasma reactor system 10. The dotted line hoxes
SHPPIS %%trlé%sde f%ga%%{ﬁ%éﬁgoﬁwgc%%%% Aventional RE-praama Tt %1&%1}55% e%ﬂefﬁacm
chambeys] inaicaiteti e thiee R¥erencdarumbiers condingrtheA dgpositian srddes Soiming

i -nl I \ | kiloyatts of RF power ata .
ol 1 b M s ol A
the art, Jupyaver tHeyRscessddny tee pmsitid noplicatinn mdirainzaneasoliasidiydrides and
halidesthroughput. A disadvantage to this process in large area parallel plate
reactors is that a very large parasitic-reactor capacitance CR, 20 typically

\ r than 5000pF, forms between the live electrode 22 and the

R T e e, R EEGYD system
during cpabipoitiemdihgdéryddrgelRBcurehts |Hitypicalgréntavihane of the
conver8RA BRI BECHIRIS TRAUIE AR Wide spline desion, which,

leads to secon(§3 paras tic-feed-line capacﬂance% betwean %goﬁ%rb\ﬂfé ©
convengipiab Réeplnrg ceternons 2ecantithe igdautdihy Siretdc28icT herfded:-liMaring the

deposimpg_ﬂ&@&c%ﬁeiééy@ﬁaum &a&@a&ag&?&??@&%ﬂ&%&e%@&f £R,809, 4t

fee i

) line CF capacitance transform a plasma impedance Zp to a
radio frequency of 13.56 MHz must be delivered to the plasma in order to achieve the

necessary deposition rate and maintain a reasonable throughput. A disadvantage to this
precess in large area parallel plate reactors is that a very large parasitic-reactor capacitance Cg,
typically greater than 5000pF, forms between the ive electrode 22 and the grounded reactor
casing 24. Thus, the feeding element 26 must be capable of handling very large RF currents
Ir, typically greater than 300A. The large RF currents require a very wide stripline design,
which leads to a second parasitic-feed-line capacitance Cr between the live wire of the feeding
element 26 and the grounding shield 28. The feed-line capacitance Cy is typically greater than
3000pF. The reactor Cg and feed-line Cr capacitance transform a plasma impedance Zp to a
feed-through impedance Re(Zg) having a very small value, typically less than 0.05 ohms. The
feed-through impedance Re(Zp) is the impedance as seen at the entrance of the vacuum
chamber 18 whefe the feeding element 26 enters the vacuum chamber 18. The feed-through
impedance Re(Zp) in turn creates a larger RF current g, typically greater than 400A, which
now must be accommodated by the matching network 14 and the feeding element 26. As a

result, most of the power delivered by the RF power supply is dissipated in the lossy elements
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feed-through impedance Re(ZF) having a very small value, typically less
than 0.05 ohms. The feed-through impedance Re(ZF) is the impedance
as seen at the entrance of the vacuum chamber 18 where the feeding
element 26 enters the vacuum chamber 18. The feed-through impedance
Re(ZF) in turn creates a larger RF current IF, typically greater than 400A,
which 30 now must be accommodated by the matching network 14 and
the feeding element 26. As a result, most of the power delivered by the
Ry, RFREf ﬁ@’%ﬁﬂﬂﬁlé’ Sfizsipated,in the I?&?Mrﬁgle&@ﬂéﬁt%g%s tRfeﬁ?e Thus, the
matching network 14 and the feeding element 26 respectively. Thus, the
efficierafficiéniy s;j‘sﬂhms:ysstem iy hosar} Ly piceiy rlsm&ﬂmméawwwrgem@ve RF
eer sive RF (fn wer.s l%‘Iles are eq/uw%i in é)créjstger1 I?ﬁfhlege Wor density and
POWET 8 gég%r@l%lé% u%{epower ens Sna aepos o rate ther"adthe S|zety
depositibiihete) aﬁmmre%ﬂ&tlﬁeeecﬁﬁcl&ng})am ithecplasniz pdiveeh coliginglasma power

fficiency d to values | 20% at an RF f
couplnga AN TG RASE VAR CoodP GO GH 1S BB B

mentioned problem but each have addltlonal disadvantages. For
Tlmrarm)re I pevasitisoddpasitarseiCR teh B esuldtisasédrdddrbyut each have

addltmig ng é%.npag% pg%?tevgé %ﬁl&h? ﬁap%ﬁﬁt Eg é@i‘? ¥g é'e&&"c?ﬁe ggu?cpge reduced

e grou parts I.e. the réactor casing 2
by incramdirth éhgrgambeshiteld (A8 lmh@msadvaﬁmageel@ﬁmtbﬁs %Iamd)rﬁﬁ:dd@mwgment 26,

and th :f;;?&rtlégglﬁ%rg ma b&twee(%p CaS TR Fid lg %ﬁg It?oz'ff'}r&Otﬁzelicf %U tl?ﬂe I&l %vantage

er coo Steactor. |s howe In'a vacuum system an
to this watetceoblivg:vdaes tat signifieamnt|peneancketiyerplasnid ipnitplingnother solution
Another s Pedance -transfo matloar[} circuit

ti ddin
5 10 ARG oA or ) irh 10U IoCeg A SR TR ool

does neleipifisaRM, it heepRiching Beliveo Bfideang. 15 the feeding element
26 respectively can be reduced by decreasing the RF current IF.

t Fh
Ano UCI fﬁlﬁﬁ%’lwn %grr%l%?r%]dpe X r#i?g%%@éﬁ%&ﬂ&%ﬁ%m?@%eﬁﬁ?algﬁla reactor

accomp ormation circuit, which increases
systemth@.fBedxthiossgh tmpegance ReZHymanth&eryReonrnbetingtdnngdettork 14 and

the feegm (Zleglcta?l?i%/ee%ec v & gr%‘éuce Iblﬁfc'ij fg%%s%si e RF current I. Reducing
&e ance- tran rma CII’CUI'[ ut an iImpedance=transtormation circuit

the Rléoéalydmad}e ofi2@ oneiimduntgr tscinpracticabforsenerdiaeasonylsbed with an
example,.the inductor nee be a low- loss inductor, there is nothi
e DR B UOAGE oR SRS oSt a4 it foredined T 1
theory, connecting an inductor between the live electrode and ground will suffice as an
impedance-transformation circuit. But an impedance-transformation circuit solely made of
one inductor is impractical for several reasons. For example, the inductor needs to be a low-

loss inductor, there is nothing to prevent the DC voltage from shorting to ground, and there is

no tuning capability.

Thus, what is desired is a practical impedance-transformation circuit for an RF
capacitive coupled plasma reactor for processing very large substrates that overcomes the

above mentioned disadvantages.

BRIEF SUMMARY OF THE INVENTION
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no tuning capability. Thus, what is desired is a practical
impedance-transformation circuit for an RF capacitive coupled plasma
reactor for processing very large substrates that overcomes the 25 above
mentioned disadvantages. BRIEF SUMMARY OF THE INVENTION 4
One aspect of the present invention provides an RF plasma reactor
comprising: a vacuum chamber; a RF power supply; a matching network;
a first metallic late and a second metallic plate located inside the vacuum
chamber; a plasma-discharge region defined between the first and
(secospienetéllibeplatiesna feedingreiprmedtelectrRiallyleonneetetbto dhafinsing: a
5 metallic pl the matching network and the RF pewer supply: and, an
v G A BH S8 S Aot Sovrib BT I it ond
metalliplpteahdaednprisiagha visansioriratiber cirplitfieediachatemepiceldetiicallyetween

connected tq the first metallic plate,and a blocking-tunable capacitqr CBT
the firgy 0 SShond IRREIBE RIAFO U Aot RS oG SR AT SR g the firs
metallitrapiafermatiomoictlif fertinglelanienheariogateek insigig theavacutmimpedance-
chamber and the 1Q blocking-tunaple capacijtor CBT is located outside
transfopmAlan. GHFREh &PRB IS A RS HEF 5 En St -3%%%?&@%@%@%@9&}&%@ 2

transfolvetios willibeame apprrent dertbase akillediéa toelatieswhighlile plate and a
. pertains upon a reading and_understandi%%of the following detailed

blocking; Bt BIIER DESERBTICRIBIE T O ERWING ST rReeeding element
and thdnvenfiomaay tokeitplaysicaldermann eertaiteparticasnd nsrasgemetizpiber and the

blockind2fHSni@ cRFafREred smbadimantof which.will bedescribed in detail in this

specification and illustrated in the accompanying drawings that form a

r%oft SIE)efc{ificatc'lon WO 2006/020632 P(’%TJCHZ{OOS/O f) 69 5
%Sﬂ %6 efits And advanlages o1 t ?.5)1‘6 Cnl MMvention wl e&(Ene ag%arent to

IS a schematic of & conventional capacitor-coupled, RF-plasma
those skebetan gystemo FEURER isian wopivalead wigcarit! ofrihesteadiog sysherfolibwing

detailag ,Is%égzgi%a%ibn.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may take physical form in certain parts and arrangement of parts, a
preferred embodiment of which will be described in detail in this specification and iliustrated

in  the accompanying drawings that form a part of the specification.
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FIGURE 3 is a schematic of a capacitor-coupled, RF-plasma reactor
system with an 5 impedance-transformation circuit in accordance with the
present invention. FIGURE 4 is an equivalent circuit of the reactor system
Vit FIRGRE23. FIGURE 5 is a graph showing the comparisorP6T#i82005/000669
impedance transformation between the conventional circuit of FIGURE 2
and circuit with the impedance-transformation circuit of FIGURE 4.t o
DETAILED DESCRIPTION OF THE INVENTION Referring now to
14:#?;{%,%? 3 and 4, a more _practical impedance-transformation circuit is
SHOUirt e SCHERRARIE IV FIGURESIGHY i ronnbithifliaHEw i ditactor
st URE 4. All components described in FIGURES 1 and 2 above that
are the same in FIGURES 3 and 4 will not be repeated. 15 FIGURE 3
G5 %%@%M@Méﬁ?&?ﬂ&ﬂ oﬁ%é@&%mﬁsﬁ?&%ﬁﬁfﬁé?.(here'r,‘after
“transformed RF-plasma reactor system") for a PECVD system having an
g nee- graé éomrgﬂati%n circuit_t42: showg igf_l URE 4, in accordance
With the prasetvantion. TR AEaRmIe MsRrtisrdTt g Witk a
iinplddes drirafsfoatiationcoitduisdesdingeclarheht dbamithinaegtnding
shield 46 and a tuneable-blocking capacitor CBT. 20 Referring to FIGURE
FiGtrBeGoRd dgerinsnelementAddsapiesamtad dnithe ggtiyalent circuit

- as having parasitic capacitance CT, a lossy element RT, and an low-loss
ﬁf@aﬁt@%gaé@ tr ga;‘%rmﬂti n ircuit fe§ ing_element 44 is. located
inside the va ud?rhn (;ﬂharh er 1§ én%grfgo%gng%ﬁrgg ?g%%ﬁ% Sv?gl?ﬁtelon between
thgnesaratinoekieicre pacitsF AT 2 Tind ssiveitht tstaduitiopedaive-transformation
dmpgdarsadrpsformation circuit 42, the transformed RF-plasma reactor
~ system 40 now 25 includes the feeding element 26 and the transformation
ireyit ' é 4 bot, %@% e electrically connected to the
DETA% fmémiggﬁgp e U DIt g capacitor CBT is located
outside the vacuum chamber 18 and can be integrated into the matching

Refes 0050638 BREFCHDA 05 /mob8e 9T B ik isiedanaeansfryirmtion circuit
is shovaie Bgedmatehing meiweRaldd(fY « Rhulhe dHnsaRe- PIGKINgFREPRSIRr An

CBT can increase the feed-through impedance Re(ZF') theretizE '
compoagg%dggﬁli@?ﬁéntgggmﬁs 1 and 2 above that are the same In FIS'}U S 3 and 4 will

not be repeated.

FIGURE 3 shows a capacitively-coupled, RF-plasma reactor system 40 (hereinafter
“transformed RF-plasma reactor system™) for a PECVD system having an impedance-
transformation circuit 42, shown in FIGURE 4, in accordance with the present invention. The
impedance-transformation circuit 42 includes a transformation circuit feeding element 44 with

a grounding shield 46 and a tuneable-blocking capacitor Cpr.

Referring to FIGURE 4, the second feeding eiement 44 is represented in the equivalent
circuit as having parasitic capacitance Cr, a lossy element Ry, and an low-loss inductor Ly.
The transformation circuit feeding element 44 is located inside the vacuum chamber 18 and is
connected t0 ground via the tuneable-blocking capacitor Cgr. Thus, with the addition of the
impedance-transformation circuit 42, the tramsformed RF-plasma reactor system 40 now
includes the feeding element 26 and the transformation circuit feeding element 44 both of
which are electrically connected to the first metallic plate 22. The tuneable-blocking capacitor

Cpr is located outside the vacuum chamber 18 and can be integrated into the matching



10

18

20

25

RF current IF' during the deposition process. Further, the

tuneable-blocking capacitor CBT can balance the current between the

two feeding elements 26, 44 without venting the system. 5 The following

W deonsRtustrate the effect of the impedance-transformati®a Ticaizio4 200669

relating to power loss. First, in the conventional RF plasma reactor system

10, the current IF flowing out of the matching network 14 and through the

feeding element 26 with no impedance-transformation circuit 42, as

shown in FIGURES 1 and 2, is approximately: (1) IF = sgrt[PF/Re(ZF)7 10
networky 1 4o ireRLER &1 HE0RIg S iRivehErg e rekictdth ARien S i dhe tepertlisedblocking
capacitlecioes andangentharedha.fagdinglingaadwhere &i&-é%;lhﬁ&%ﬁlﬁ ahdhBtal

output of the matching network 14, which is dissipated through the lossy
RE curggafle OB PR HP IR ISEin e &t B SARirthlopiigeapagifs Cor can
balancPwentast tuough thedassoeglenments M and REHpINEABICHO G stem.

network 14 and feeding element 26 is defined by the following equation:
. = IE2(R » ici . ' twork.14 .i
) Tgll gfﬁ%ﬁ%ﬁ% uﬁ(lj\/lgé ILMI%L%?FS%;%%Z&?:%? Ig&yl\}l]lﬁ{ urther%ﬁ%ﬁ%%l%%ﬁ%% o %ﬁéﬁ
relating 1/pewsE Ttyp&imatihihe ertveatiens!giieplammutsacte pdtenQl(Qu e@teht Ir

fiowing bWhereiduris dhgrdnipaded. apalifyfacianaf lumpgd HRANIREHE 1o

. the loaded quality factor of the lumped elements. With the addition of the

impedipspdRaHcEpEREehHHtith 8t ShprainFIGHBRS hapfSuURES D EREY the
current IF' flowing out of the matching network 14 and through the feeding
element 26 idPartially compensated bylthescani@HdRETAlpwing through the
transformation circuit 25 element 44 and tuneable-blocking capacitor CBT.

for an RheigRiimalibglanss heivaendianthhkiradaRR@AMIRb NN ger than
neable-blocking capacitor CBT and depends on the balance between
te feoi BoRg

SRR T PLIBBSII6DEBY 7 thd'p R B tirthHodigh is

dissipaeiénhenigh(Ric kRM) Qéithederdinglelome i feafid MAERIND O 880 K flsma.
The pof g 11 A3 el L AR R 100 S e ol el

element 26 is defined by the following equation:
@) © Prow = Rur+Rp)
The efficiency of the matching network 14 is defined by:
3) e = Re(Zr)/[Re(Zp)+Ru]

Further, the efficiency of an L-type or T-type matching network is given through:

(#) 1 = Qu/(Qu+Qy)

where Qu is the unloaded quality factor of lumped elements and Qy is the loaded quality factor

of the lumped elements.

With the addition of the impedance-transformation circuit 42, as shown in FIGURES 3
and 4, the current I’ flowing out of the matching network 14 and through the feeding element
26 is partially compensated by the current It flowing through the transformation circuit
element 44 and funeable-blocking capacitor Cgr. The optimal balance between I’ and It can

be adjusted through the tuneable-blocking capacitor Cpr and depends on the balance between
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total losses in the matching network 14 and the feeding element 26 and
transformation circuit feeding element 44 is defined as: 5 (5) PLOss2 = IF'
2(RM+ RF'") + IT2RT for an RF signal having a wavelength greater than
WheWiEaEr of the electrode or longer than the feeding linePdfith#2665/000669
tuneable-blocking capacitor CBT is adjusted such that the currents IF', IT
are equal then IF'=IT=IF/2. Further, if the currents IF', IT are equal and if
the lossy elements RM, RF', RT, ahd RF are also equal, thus,
RM=RF'=RT=RF. Thus, if IF', IT are equal PLOSSI 10 becomes: (6) .
the PowFOO8Fes REARRNPERFS SR R AR P8 95 unfdmer) PO sedomatching
networkF2(BM tRAYstyl ERREE K3/ 41 ERfansFhustibe dassiratiednelwrerihas, The
conventional RF-plasma.reactor. system.10 (no impegance- 15 L
otal g g B R A el SHIPR SO R AP P ey i
feedingdf)envitht heisidyieddnce-transformation circuit 42 is: (6) PLossi /P1, 2 =
(2IF2RF)/(3/4)IF2RF = 8/3. As these equations illustrate, the power lost

through the qu§y elements RM, RF in tﬁ@osgogygqm _-Fpilqaﬁr,pa

¥
reactor system 10 (no impedance-transformation circuit 4 ) are more 20

n twice as much as the power lost through the | lements RM, RF,,
roran g e b YO e ot ot e
the feedimgdtien dé-iransicrhiahbrekinguitdRitF{lig, bechusedthechtwerHossments I,
ir are <A AAIGP I, Ligrangiainad R cpiasma FeRclal SSIPM AR IR0 temonts
impedance-transformation circuit 42, the power delivered to thé pfagma 0
Ry Remdimtandifie garmealepositibnsokesB fv& cotwertionaliRiF-plasmeacnsalitikss:
becomaystem 10 (no impedance 25 transformation circuit 42) can be reduced.
Thus, a smaller RF power supply can be used to achieve the same

deposition ratg, On the other hand, if thg same size RE power, supply is
used the dep@gition rate will increase tI?éf@bV }ﬁézﬁé‘éﬁﬁfg'ﬂ%%@%put WO

2006/050632 PCT/CH2005/000669 8 FIGURE 5 shows a graph that
and Prqyp BERBEShow the impedance-transformation circuit 42

(7) Prose = IF “(Ra+Rr) + IRy = (34 R,

Thus, the loss ratio between the conventional RF-plasma reactor system 10 (no impedance-
transformation circuit 42) and the transformed RF-plasma reactor system 40 with the

impedance-iransformation circuit 42 is:
(6) Piosst /Prosy = (IR} (3/4)E Ry = 8/3.

As these equations illusirate, the power lost through the lossy elements Ry, Rp in the
conventional RF-plasma reactor system 10 (no impedance-transformation circuit 42) are more
than twice as much as the power lost through the lossy elements Ry, Ry, Ry in the
transformed RF-plasma reactor system 40 with the impedance-transformation circuit 42.
Thus, because the power loss decreases in the transformed RF-plasma reactor system 40 with
the impedance-transformation circuit 42, the power delivered to the plasma to maintain the
same deposition rate as the conventional RF-plasma reactor system 10 (no impedance-
transformation circuit 42) can be reduced. Thus, a smaller RF power supply can be used to
achieve the same deposition rate. On the other hand, if the same size RF power supply is used

the deposition rate will increase thereby increasing throughput.
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transforms the feed-through impedance Re(ZF) to thereby decrease the
power lost through the lossy elements. In the conventional RF-plasma
reactor system 10 the plasma impedance Zp is transformed by a reactor
VW ptsitane®d CR and a reactor inductance LR to a reactor impetiarcess @ees
located at the end of the feeding element 26. The feeding element 26 then
transforms the reactor impedance ZR to a feed-through impedance
designated as Zr. In the transformé&d RF- plasma reactor system 40 the
lasma impedance Zp is transformed to the reactor impedance ZR just as

Fiff oo e mticrarrr b SHaist i s fatemury 2dserransformation Circuit 42

transfoiApeRapeeHRNsIoRICREUL 4 2% hRwBYyldransiaunsihe Rasifiush the
edance ZR to an intermediate impedance ZR', 10 The feeding element

lossy elﬁef Al IRERMHERRP AR TRt K the kst apBttce 2 is
transfoimgetancedesignaidthas L0y, Ad usitate dhitobl@bkiRE % thesactor Impedance

d throu ce Z has h rre |st|ve al nd a
7 oo AR SR 6 GGy Ll AN LB orms t
reactor impedianeeZ ko infethdrngid énRelie) ﬁeﬁg(ﬁ%}iaﬁ @I By xrém{@ined RE-

Mor eC|f|c real. art of th feed-throu h| dance Re(ZE
plasmaé%%r&f& ately % gl%s RS regrs g’?@a partol tha ™ (P ehide 7

just as fgedhth m@nﬁn@@ﬁg@ﬁm{@ﬁ@apw@m@elﬂ@@ fodhnobinssTdrenation
circuit @a%@[%w P%&%%Hﬁsf%%%ﬂ%‘%%mgg%‘?g%%e ”%12 &5 acPB{eo%"mgéerX:e 7R’

ms wWhereas the imaginary roug iImpedance
The feafiZRl9sepptoximmiciesdngs HishinisBedibier impedance Zx’ to a feed-through

lmpedaim&ﬁgﬁg&geﬁapz;ormemﬁwhﬂﬁz@m@é Intended 0, cCOmPENSAE U7, has

reactivé impedance or cancel out phase shifts. The more inductive the

both a haghptiipsisgrc 20 RIbeAAREE ZRigswactine RassiTedmpeiadsy eyl theg. the
feed-thiBdRe MptahiRg PetWorkhASRrasUleih8 gw&mfa&t@m@gbﬂ%ﬂ@wmmm

can be enhanced even more because the RF power losses are mainl

specificlly, thsap Ntk mﬁﬁ%ee&e%ﬁefm@ﬁ@gm%@ﬁd%&%é PRI remRASp B to 0.2

ohms M&éas&a@@&cml@@meﬂﬁaﬁrﬁfdhgﬂ RygpliaRhRYEZDERNSIRSGHRAAI A0D o 0.1
strated, it is to und od that these embodiments are provided b%/
ohms, Vﬁ§ Tg—:‘; 03

SFERIRTBIEh S HHEU S VB MGt 1o baREeH GHbRak
ohms “bemgslumatmhgaeﬁ@tpahmmw&edprﬁmgﬁm@fcmm@}bmu@g@ﬁm@ 3 to
gA IS LAIMED IS: I. A lasma re%&tor com rlsang
1 ohms. Fu ¢ impedance-trans orma 1cn circuit 42 1s not intended to compensate for
reactive impedance or cancel out phase shifts. The more inductive the feed-through
impedance Zg, however, the less inductance is required in the matching network. As a result,
the quality of the matching network can be enhanced even more because the RF power losses

are mainly associated with lumped elements such as inductors made from copper.

While specific embodiments of the invention have been described and illustrated, it is to
be understood that these embodiments are provided by way of example only and that the
invention is not to be construed as being limited thereto but only by proper scope of the

following claims.
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a vacuum chamber; 5 a RF power supply; a matching network; a first
metallic plate and a second metallic plate located inside the vacuum
chamber; a plasma-discharge region defined between the first and second
metallic plates; 10 a feeding element electrically connected to the first
metallic plate, the matching networls and the RF power supply; and, an
impedance-transformation circuit electrically connected to the first metallic
late and comprising a transformation circuit feeding element electrically

_ WHATEHREARYED Be first metallic plate and a blocking-tunable capacitor CBT

electrically connected to 15 ground; wherein the feeding element and the
transformation circuit feeding element, are located inside the vacuum
¢haRiberaamd teeoloakingitimable capacitor CBT is located outside the
vacuum chamber. 2. The plasma reactor according to claim 1, wherein the
first metathicuptatehisdlectrically 20 connected to an RF power supply, the
second metallic plate is electrically connected to ground, and the
impedanBé-premefonpidion circuit is electrically connected to ground. 3.
The plasma reactor of claim 2, wherein the capacitor is a blocking-tunable
capacitdmaciring ptasek; reactor according to one of claims 2 or 3,
wherein the feeding element is electrically connected to an RF power
supply arftitheetahisfariaiatan circeitcfeedimia 2§ elemdntised|éntiitallye vacoum
gg&%g@d to ground and the second metallic plate is electrically
connected to ground.

a plasma-discharge region defined between the first and second metallic plates;

a feeding element electrically connected to the first metallic plate, the matching

network and the RF power supply; and,

an impedance-transformation circuit electrically connected to the first metallic
plate and comprising a transformation circuit feeding element electrically connected to
the first metallic plate and a blocking-tunable capacitor Cpy electrically connected to

ground;

wherein the feeding element and the transformation circuit feeding element, are
located inside the vacuum chamber and the blocking-tunable capacitor Cpr is located

outside the vacuum chamber.

The plasma reactor according to claim 1, wherein the first metallic plate is electrically
connected to an RF power supply, the second metallic plate is electrically connected to

ground, and the impedance-transformation circuit is electrically connected to ground.
The plasma reactor of claim 2, wherein the capacitor is a blocking-tunable capacitor.

The plasma reactor according to one of claims 2 or 3, wherein the feeding element is
electrically connected to an RF power supply and the transformation circuit feeding
element is electrically connected to ground and the second metallic plate is electrically

connected to ground.



