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CAPACI Tl VELY COUPLED RF- PLASMA REACTOR Thi s
application clains the benefit of U S. Provisiona
WE@2106/05068ppl i cati on No. 60/ 627,784 filed on NoRP€MaER005/000669

12, 2004. FIELD OF THE I NVENTI ON The present invention
relates in general to RF capacitive coupled plasma
reactors for processing a gery | arge area displ ay.
More specifically, the preSent invention relates to
i mprovenents in the coupling efficiency of the RF
power delivered to plasma typically at a frequency of
13.56MHz or | ess. BACKGROUND OF THE | NVENTI ON The
present invention is based on problens and
r equi r EAMACITRARLYLNQURLEIERFPLASMA REAGTOR
sem -conductive | ayers on very |large glass areas for

This aé;glcaﬁ{ﬁ 8 a%%s S s bed bésn%lfl? f W.%r%‘&fs%%t;ﬁath&d@@ aF ion h%0/627 784

u RoweVer, ' can be app

fﬂedon@pﬁbm@a;tumem,Thus, even though the present |nvent| on
will be described relating to plasma reactors for

Pl aspa_ em cal Vapor Deposition (PECVD)
FIELDQ}’;[ Fﬁgﬁm&ﬁar ge area display processing, the
present invention can also be applied to other
THRPREdHE bihv@RGoh e¢lales M fgéﬁbrﬂ tBSRIB. chRRAIVRS Soupled! f1Aeka rdab@rs for
devel opnent of PECVD for very |arge area display

processmg(mggg/ i ggd gre@ displagedMpre spesificpldy,. theigpregnp gavengon relates to

1mprovepéef%és$ Dnilg nctoﬁp fleg%ﬁgtl}geéﬁ :p\ggh{] ﬁ% rda to &asrXa typically at a

frequen&PERIS. 36MHEL Yr 4Pl ed, RF-plasnma reactor system 10 for
a PECVD system The reactor system 10 includes an RF

‘ wer supply 12. a matchl ng network 14, a reactor
BACK‘E (gﬁﬁﬂﬁ IQN chamber 18. The reactor
chanber 16 i ncl udes two netallic plates 20, 22
TRE ROGRd idvanféd 3l |b%£ed68§|;9§tﬁ€’m's rhn@ &gﬁﬁérhérﬁﬁ BACARAE arisen in
casing 24. The first netallic plate 22 is electrically

depositipg nyeautcedduaive hlayRF powery dugpl glask2anehs far flhediisplpy and solar

manufaﬁ;{,‘.;,li.uré%e Pl%lgl% 1%? g rgmhcm n Ug{eoltn ! KN&%grcta {:]agldi)he fl {eat to other

applicatfe O MEhRE b !h%uQA ﬂieeprggént %nv‘éﬁﬁ&? GLE ‘ﬂ)etd%s&[&ﬂriglaﬁﬁg to plasma
is, thus, a ground el’'ectrode. During the deposition

reactorsmoo PlasmacEshased Ghemicsl Fheaddemnitiohe PEEYINdsynietm| foi gery large

area disgfaﬁafl tp?oc%é)sing, 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 is 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
network 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 metallic 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
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BESTATI GUNGSKOPI Ef or processi ng. The feedi ng el enent

26 is shielded with a grounding shield 28 and can be
wa@aryetyeae2 of el ectrical feeding el enent known PET/CHR005/000669

ait, such as an RF stripline, RF ribbon, or a triplate

stripline. A plasma-discharge region 30 is defined in

between the two netallic pLates 20, 22. As shown in

FI GURE 1, the RF povver sup ly 12 and mat chi ng networ k

re m e
o uoch Syt PhERRIEY bk I8 USIGEAT, SRR ARGy e
type of bI@Stln@lﬁ ﬂeaﬁng kM kﬁ@sﬂb@ﬁ t}ﬂe8an Bhets as 6 RENGriptge, RF ribbon, or a
deposi tion process, the RF power supply 12 and the

triplate peiphing. ny phesmGdiRChRIZeesionidds dafinasisiprheiweendbe éve imstailic plates

20. 2. SR OGu B ORICUR A TR RF oy §2dd ey Fefiork 14 are

located b@fsidetBe dadud® BRarhBer ti8eand G/ R2aplo? @:ﬁ@rﬁbérsléﬁarﬁi feb@l‘ﬁ@ element 26
nitride SiN gas. O her gases conmon fvi known in th

are locamdtmmdm@mweeuurmlgamleer d§e dhiy during th O@fwlapmw&ﬁathﬁ&F power

supply g’f gﬂ%&i nomet aI l I gauz}r%éng?{t et&ols&f:r{]cal élS an%e reactor

chambe€ @@HﬁlRF%@i hrFéEEQ\/QeSM&éIGJEbﬁHﬁ chetititnes. deBpidal b usell f& fbkmmg
and wll be used to illustrate the di sadvantage of the

a plasme gnihe MECOHA IPraves pis asviliconauizide SiN ges .e@theo gaseh eomatonbknown in
the art, fliel R G0 & B e R tp Rich el By BEPAGFRG RIS hyarides and

halides.r €f er ence nunbers. Duri ng the deposition process, in
t he conventional RF-plasma reactor, several ki I ovvatts
of RF power at.  a_radio frequency of 13.

be
FIGLRE er v simplified saquivialenb Fegtit b ﬂbecwné%uqq@b BECVE system
during {ﬁﬁec %(%Eﬁond %%O%fl\fs D8 A S edT8 MRkdhd Hhe a&?@%@ge of the

put a vanta e to thrs process

conventiin@BRPafladnieteagtbat gtone &01 dms dosted Itlat: baxaserepresaitgeportion of the
parasitic-reactor capacitance CR, typically greater

conventiarghR Eqdesgre repgpiniysiset weéwnfl}?éteﬂ.bv %reé%r@awnzbzsrsﬂ nguring the
deposﬁﬁe)F gﬁcg:%?sﬁ‘ Elrg&lg oft 1%5a1 gé?lacyg;‘@'veltahﬁﬂgﬁ JngFRa.ower at a

must e ca g very

radio frequenented 1356 MHE Qﬁhdtybegdﬁatewd tohdre BlSAa ﬁEhSidJ:Iafcg chﬁ&ze the
currents requg@i a very wde stripline design, whic
necessafys deROsHioNaraks At dngatals ptieesonaie -thioyghputpn a b fha%\'@n@ge to this

pocess PR B o i o e pSh SRS it
typically grefatepitica 5@009Feﬁirms betvesen 306 [Dpd-eledinader 2R atd the@romitidd reactor
feed-line capacitance transform a _pl asnma i npedance

casing A ?}%}lsat}*ee%ﬁh%? t Pongunhbi eaprBle A hananayrery large RF currents
Ir, typicallfcrea¥éd! tHin 360R! CRle! Mrde G chlddfls CefdBre ANy WHE 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 Cr 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 where the feeding element 26 enters the vacuum chamber 18. The feed-through
impedance Re(Zp) in turn creates a larger RF current Ig, 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 i npedance Re(Zp) is the inpedance as seen
at the entrance of the vacuum chanber 18 where the

wo e@dioy3El emrent 26 enters the vacuum chanber RET/CHR@35/000669
feed-through i npedance Re(Zp) in turn creates a | arger
RF current Ip, typically greater than 400A, which now
must be accommobdated by thg matchi ng network 14 and
the feeding el enent 26. As a result nost of the power

Rum, Rr %? the/ “?ﬁzﬁcﬂu tn%&&rglr\}ép &‘r(@ 'i:l}1 élémgﬁt ?6’ Q%Q%h\}e .t b[?ms, the

hi'ng

efflclenéyh@f fh%es@'lst@ﬂl Bl1e6® Wpl%lyr@sﬁd@eﬁt fI‘id@ﬂefore T‘J;B#? 1aﬁﬁ8 Qnd expensive RF
ef ficiency of t he ys(éstemls | ow, typical s<0. 3.

power sPhplicsf ge eequitadyin e t@rﬁéh@X@élﬁﬁsnwsﬂFy ppdfmxa Bcwpﬂ density and

..are re red chi eve t cessar
depositif, fut bty 55 izt ohs eininpisaes s AFRERS Lo power
couphngseﬁieleﬁ&y 88880 al RS IR 8RA 20t RICHENRYCPES 191$6MHz.
| asma power coupling efficiency decreases to val ues

Iess than 20% at an RF frequency of 13.56MHz. There
Thergnave)been S@W@rsalut@aﬁ tR pdsess thee dhoue @?@u@%i piBblgm but each have

addltlong?&]lg%c\%ﬂlﬁtgggrezi%r ﬁﬁ%reﬁflﬁz C g&'&i{ah& and C %ﬂd be reduced

ar asl

by incre@fingitd gab beoudedl tl@eehfreeﬁme dle laye line éleaﬁcbdegm ahﬁl iE@cIing element 26,
between the live parts, i.e. the live el ectrode 22

and the grwaetpaiseherihe ppctos gepinm ¥ ghdihssorngdzshicld 28, dhe @rﬁggvantage

he
o i BEhKu S 160 R e M S b o Eagtcr soin
is to wapdr @86MEthd edave.n Thisehoweeer Cio difficilg i 4 facubtndyiem sl whteOBooling
is to water_ cool the reactor. This, however, is
does notyignifieantly enhange fheplasma gaipling sHiFisuster cool i ng does
not significantly enhance the plasma coupling

AfSthdrGbRIGY is AR go‘%fmn?ﬁhéﬁde QPnbRrARHINGr AR to the RF rTglasma reactor

I npedance-trans ion circuit to the RF-plas
system l@d?tawnr lesged tmouigh. thPdewsy eleoentsRithRp igthetrthachiog sigtwork 14 and

nts M RF.i .the matchi tvvork 4 d the
the feedrrage Iﬁﬁmégéﬁsé’ﬁfu‘ﬁ‘é‘/ F%lzfeeﬁwggv givatiae ?@ﬁ Sy ey Ir. Reducing
the RFdﬁﬁ{e%@Sﬁ: NGhiid %ﬁgtaﬁh'ﬁ ﬂlfsma g%@ﬂ 1RGN tttee a&%n’?ﬂlfsfl&{‘twnh an

I e mai nt ai ni ng t I"fasma power can
1mpedam1eeicanpf0|rmh1terd1 war¢uit, awhlclnmnm‘easee {lter ﬁmd#ﬂmougt |1mpecta|ncc RetZy). In

whi ch i ncreases the feed:throu nce
theory, CRERGEIIE @B RELE P JeRifer b A0 SBRATB AL Foupy ygl sufice as an
impedaifleQEdns RPRa @R cBERL N Buah linPHAdrcE- ?raﬁssfoﬁﬂatmn circuit solely made of
I npedance-transformation circuit. But an
one mducrtp:exs ampeactica fer saval rasorsi ko |et<amplleethy indhtorafeed® be a low-

ductor . is |1?lgr actica ver r asons For

loss indp39H Y it iR i Btesfih ae BC 1 toge e fo, gigipch gpd there is

notunlﬁg:;l%pﬁ)lh ~nothing to prevent the DC voI tage from
shofting 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

In accordance with one aspect of the present invention, a plasma reactor is provided
comprising, a vacuum chamber, a first metallic plate and a second metallic plate located

inside the vacuum chamber, an RF power supply, a matching network, a plasma-discharge
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Thus, what is desired is a practical

i npedance-transformation circuit for an RF capacitive
w@eowplos®3pl asma reactor for processing very | aP@ECH2005/000669

substrates that overcones the above nentioned

di sadvant ages. BRI EF SUMVARY OF THE | NVENTION I n

accordance with one aspect, of the present invention, a

pl asma reactor is provi ded" conpri sing, a vacuum

. chamber, fi | Licapl e . i Ce..q:
eeion IOPREE el AT e R A B0 B RN TB b e
element SsldBlidallyocoiBét g (HRefiWD nketalHe plas naddis ehpédaaéeghiformation

_containing plasma defined between the first and second
circuit elegtrigilly eonplegted 60 thg fraastallic dlasdrent el ectrical ly
connected to the first netallic plate, and an
i -Lhr i i L.t: ri . .
in SERESE0S St ORBLOGIRL S Sl b AL sy rovidec
comprisisigt la wcotmeshambpe ah RF polver pugdend matchémg networla Fiess naetallic
reactor is pé,ovi ded conprising, a vacuym chanbe

, an,
plate andra seeoed wetgpicyplaty legatedhiitifien Rumachapber, rglssmpdischarge
. . i | i i .
egion (8, R 056 AL KRl S OGRS i
element Gidttadatily gnipdcasing thie first edktddbe piage) ahimpbdanse-tansfoseatmmceircuit

. netallic plates,  a feeo{i,ng el ement electrjcally .
electricallysenmeetgd 1tg thy eﬁqst; mgtallie (plate, EOTBPLiYIRS agnlsolatmn capacitor, later
referred%%?o%ﬁﬁ‘%ﬁ:hﬁi&@ﬁf or _mati on cCi rc_ui t electricall y

connect o the first nmetallic plate, conprising an
i sol ation capacitor, later referred as bl ocking N
In gapardancerwith yetaanothed aspsst of the pretenhinyehiéon agptieed of depositing
. t@e iorgsent. i nvention a m&*t od of .depositi nog i 1
sem1-Copdytive AN 1 & ¥AGULTR PO GULRINNG Bei e Gelfoviding a plasma

reactor RPHBF in%iuﬁs}lg]t RIS pSREr s‘ﬁEplyPﬁ Q¥dulbehathtiel, 3SERct6:18@HMEr, having a
further including an RF power supply, a vacuum

reactor ¢thpedsacs, lacatedhdnsade disavdsenm ehambey a firstagndpecond metallic plate

L dance, | ocated inside the vacuum chanber., .a first .
tocated ile B SAGPREIAIE HPAVES FSEIATERTEHE 190 CoRanikylaTa defined
betweerL HRMAGT anPsdebAS PRtAliS phads 08 rERM OB eieht SedkiadIR dfinected to the

pl asma defined between the first  and second netallic

first megslllie plete, and e ithprglanteemansformiation cireut elyctrioa heesmagctedto the first
.the first netallic plate, and an.,. ..

metalliq e e T ASraE Bt PerieeRiomeplls Hate fgiferipe RF pover (o the

plasma,C ¥RAGEHERAg! thel Boactdr! shpdmh@d ItbCal! At@me@aRC iifPedance with the

substrate on the second netallic plate, delivering RF
impedapeweansfoymiatien girewitregndt wansédroving iy intermediate gnpedance to a feed-

trough ARGHERGE 1 P (PGPS GTCTaT VBT Rniiet FTAPSHRR dpmefiee i

increasddnt er medi at e i npedance to a feedthrough

Additional benefits and advantages of the present invention will become apparent to
those skilled in the art to which it pertains upon a reading and understanding of the following

detailed specification.
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 illustrated

in the accompanying drawings that form a part of the specification.
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i npedance with the feeding el enent, whereby the
feed-through i npedance is increased. Additional

whewe5t632 and advant ages of the present i nventPGHCHRINS/000669
becone apparent to those skilled in the art to which
it pertains upon a reading and understandi ng of the
foll ow ng detail ed speci figati on. BRI EF DESCRI PTI ON OF
THE DRAW NGS The invention nmay take physical formin

RS £ P e FORER BRI PR P o

syslelhrs specification and illustrated in the acconpanying
drawi ngs that forma part of the specification.Fl GURE

' .schematic of a conventional ca Liar-coupl ed,
F@‘%‘f‘ géﬁﬁn PRYAleH caput eﬁ%@%ﬂpﬁfﬁ@%& Val ent
circuit of the reactor systemof FIGURE 1. FIGURE 3 is

FIGTHN SRt & GclmadicCaFPAchfaoltorC&ipledd R HFiaith@ $etdr @96EA with an
systemw th an inpedance-transtormation circuit in

impedanagaransiopination ¢iecugirie seqordanag withi theprepenGisREnton.s an
equivalent circuit of the reactor system of FIGURE 3.

P . . fth
FIIGRER 0o Sl BbARTRR Ot Roe LR oS OMRRE HIQORR S | O
circuit of FIGQURE 2 and circuit with the

FIGHRE &ris e-graphrsbbwingethé comparisoniof thefinfpeGURE trns{DETMonERtween

DESCRI PTI OF. T Ref . to Fl GURES .
th§ Someniond] Figuds B BICYEE 2 P S 2 A i Saur GTormation

cifdulitOfHIGURESHOWN i n the schematic in FIGURE 3 and the
el ectrical equivalent circuit in FIGURE 4. Al
conponents described in FIGURES 1 and 2 above that are

DETA DESRCRIPHONQESTHEINVENTAION not be repeat ed.
FI GURE 3 shows a capacitively-coupl ed, RF-plasm

Réf@ag%%v@ xﬁﬁﬁmﬁ% ghaael Rahde @;5&1%@%@&;3&5&%@4%@&9&% circuit

reactor system) for a PECVD system I'ng an
is shown g tetanloarb atwns FIGURE amdathe electricdsquitabem circniFhGURERE 4. All
[ i nvention. .

i n cor.danc ' t.he present T .
comporieys Sestga i SHSVBES gL SHovE At HEAnE G HUBGHRES 3 and 4 will

not be rtbpe@RRf or mation circuit feeding el ement 44 with

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 Cgr.

Referring to FIGURE 4, the second feeding element 44 is represented in the equivalent
circuit as having parasitic capacitance Cr, a lossy element Rr, and an low-loss inductor L.
The transformation circuit feeding element 44 is located inside the vacuum chamber 18 and is
connected to ground via the tuneable-blocking capacitor Cgr. Thus, with the addition of the
impedance-transformation circuit 42, the transformed 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
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a grounding shield 46 and a tuneabl e- bl ocki ng
capacitor CBT. Referring to FIGURE 4, the second

wo e@diony3el enent 44 is represented in the equiRPEl/€HR005/000669
circuit as having parasitic capacitance CI, a | ossy
el ement RT, and an |l owloss inductor L . The
transformation circuit feeding elenment 44 is | ocated
i nsi de the vacuum chanber 718 and is connect ed to

grpund .via.the t abl e-.bl oc r
networlﬁ/ﬁ hre§%8n%dlalame&ﬁ (gfm?tfﬁ % rlﬁfi ce- t@‘%a%sgor et | neab'lje blocking
capacitof i0p¢ Wah ifcdeask Be Téed&ﬁfcﬂ%ﬁ&ﬂp&ﬂ:anbé () &@fdb@rdeﬁbéﬁilﬁg'ﬂthe total
40 now i ncludes the fee el ement 26 and t

RF current &n stiingrehe depogition ptqceSSe é’@rthg" &eém@bledlmbd@n& C%ﬂacﬂor Cgr can
are.electri caII nec |r ta
balance mjactugeﬁtzbewfﬁeél ﬁﬁ‘g%gff m§| e&qnh gﬁj(’c A 06‘ gr@e foteht

| ocat ed outside the vacuum chanber 18 and can be

ThierfoBowRlgeduatidm itlieramathe leiffiegneft the ikpddhnce-aandfoinmgion ircuit 42
amended matchi ng network 14' (Fig. 3). The
relatmg fuRews losh| BiEwi Wghe spaventippal @%rple%ma FectaB gggepQ, the current Ip

0 EE0Y,
roving, G5 B HRALIP SEARSE £ ducl B0 2008 30 0o
impedarfog tidnsformativn <t1wu&a1t2L g5 dhloomkin FIGURESCH drak2,@ Hlproximately:
bal ance the current between the two feeding el enents

26, 44 w t{lﬁm venting the sys em r{fﬂgkf& ovm ng
equations Wlustrate the effec ©
I npedance-transformation circuit 42 relating to power

for an RIFOSignal hbvigs a Wd%eleh@th@éﬁt&ﬁhduﬂ&@dﬁﬁ?etﬁi faf@ eleetdder longer than
system 10, the current Ip flow ng out of the nmatching

the feedm limer dad Thesp Br ishihe pg¥et Hehe edanief the amsiineeetwpinly thlCh Is
d1ss1patgp‘§&%n§0§1 tlosg?rffle | és]ﬁ%a Bo Paélx: rﬂ’a#le ﬁdfg?dil?i F%Hl%\ﬁp,?.é Ind the plasma.

The pova&ibdt Bﬁb the Abbsyf edémeéts Rz 28 Rpah tHeamaoling ne@xek engadfeeding
greater an the dianmeter of the el ectrode or |onger
elememt%ahdﬁﬁh@dﬂé’éb?ffélqwlﬂ&e%wﬁ(’%ere PF is the power at the

out put of the matching network 14, which is dissipated

through thg,yl ossy elenents R M Ry e feeding
el enent 26@2z2md the plasma. The %og\erlﬂpf ost 113hr ough the

| ossy elements R Mand RF in the matching network 14
The effigisdcy efethi mptehirgwaiworksl4 is dglinedisy by the fol | owi ng
equation: (2) PLCSSI = | F2(RWRF) The efficiency of

t he mat chi network 14 is defjned 5 Re(Z
F)/[Re(Zp)gr% M Further, the e ]QI m%%l;)ﬁ[g%(ﬁwi@type

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

“4) N = Qu/(Qu+Qr)

where Qu is the unloaded quality factor of lumped elements and Q. 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 Iy flowing through the transformation circuit
element 44 and tuneable-blocking capacitor Cgr. The optimal balance between Iz’and Ir can

be adjusted through the tuneable-blocking capacitor Cpr and depends on the balance between
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(4) h = Q/(Q+Q L) where Qu is the unloaded quality
factor of lunped elenents and QL is the | oaded quality
wo awb05066f t he | unped el ements. Wth the addi t POTYCER005/000669

the i npedance-transformation circuit 42, as shown in
FIGURES 3 and 4, the current Ip'" flow ng out of the
mat chi ng network 14 and th;ough the feeding el enent 26
is partially conpensated by the current IT fl ow ng

h tHhON RCh I GU .
the powpLRURY B8 161 AEHE (RPIRSN bt LG Bnibf: 38 fad patching
network et meiethe l1&ssy @Iindnl Reaof the tadifughaibnt difcattgBedifi@ element 44. The

t uneabl e- bl ocki ng capaci tor CBT and degends on the

total losgpg|in Heempiehing astvrak ddvimd thefesding slenpans 20 3ad (rapifarppatios circuit

. 'R the feeding elenent 26 and mat chi ng
feedlngélghﬁ%trlé 1%e§x§]eél¥he | ossy el enent Rx of the

transformation circuit feeding elenment 44. The total
| osses in (Bhe mat chi ng net wor kPrid =k (Rire Ribedi Ry
el ement 26 and transformation circuit feeding el ement

| fi ned as: P 2 = LF RVt RF'). + I T2R T

for an REGjdii) FREbEF Sl Popdl e 0 e Wlamelris g el of fipetr than

the feeddHgAiRe aF t1ef tuhéidlebiReking d8pRitot CRYRIadjidedl SulbR thR@H Afrents Iy,
line. If the tuneabl e-Dbl ocking capacitor CBT is

It are equd then &Flsule?- tHather, Hbtheuurrents dr | I are equab ped ddbelosshelpments
JE "= T=1F 2. Further, jf the currents I&, T are
R, R Bira iR ¢ 2BR el Qe RofmBreamiler ik, prle g bl Pros

become@f € al so equal, thus, RMRF' =RT=RF- Thus, if IF, IT
are equal PLCSSI becones: (6) PLOSSI = | F2(RWRF) = 2
IF 2R F and PLOSS2 becones: (711 PLOSS2 = | F' 2GRWRF')
+ IT2R T 4903/ 4)1 F 2RF. Thus, Presie= frodiin) @ lbBF ween
t he conventional RF-plasma reactor system 10 (no

and P, Resagcet ransformation circuit 42) and the
transforned RF-plasnma reactor system 40 with the
i npedance-transformation circuit 42 IZS(R 3_6) PLOSSI /1W

M

=21 F O Prossy = I’ Ry) + IRy = 3/4) 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-transformation circuit 42 is:
©) PLosst Prossz = (I°Re)/(3/4)15"Rr = 8/3.

As these equations illustrate, the power lost through the lossy elements Ry, Rg 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, Rg, Rr 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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2RF)/ (3/4)1 F 2RF = 8/3. As these equations

illustrate, the power |ost through the | ossy el enents
WOR2M6/0R6B2 i N t he conventi onal RF-pl asna react oPCEHZHR@FI000669

10 (no inpedance-transformation circuit 42) are nore

than twi ce as nmuch as the power |ost through the |ossy

elements RM RF |, RT |esn the transforned RF-plasna

reactor system 40 with the inpedance-transformtion

LLeuit, 42, Thus,, hegayse th ower |
FIGHRES Mch bR MRy U5 Y Flosd PR3, GRS CRRRTR, b 42
transforrh R IBAE @rduehNimbeddieé Re(¥:Oi tb Chbiréby decrdabiethp @over lost through the
delivered to the plasma to naintain the sane

lossy eletieptss i Initoncanyertions]l RFwlasomusattpioiystenRid feplasmer igwedace Zp is
anstor 4P £ SabTRRLPES S LSRG | B BB

Zgr locatét$ 8Ctht @na@eh iRVBediRe cleRIFRt 2& PUEE Fdelihg drfent @8 théiirish@ins the
hand, if the same size RF power supply is used the

reactor ithppdarice iZprio rdeed-thirpughi impedanre debignatby 23 Ber Butherggnsformed RF-

h h E 5.sh h th || h
plasma refRuSh B AL PR PR PEAP b e o e e gile 2
just as fe@R- Ednvenhal RIPEsiAnEL rédRiof FsybtetnO 10.NeTIRPMnSEIGH@AGMsEdimation

_ power lost through the |ossy elenents. In the ,
circuit 42 pheeenerr.oranisforms phearpasior énpedances s te m igemrdigse dmpaance Zg'.

e TS A AR B R s
impedar%gdbﬁglﬂt&ﬂasalp’.t ReilRRHaed it FRFURES] 1 fed eilbdtich 3peddhe Z has

feedi hg el ement 26 then transforns the reactor
both a highse tesrrtize BRread part fapé d-ltigikes dndnciing expghveoisedginray part fnn the

ZF. In the tyansfornmed RF | I or S 4
feed i PPRE ncl S SOk SRATE0 FeBods PHEITEadropnizes. More
specificd [P ALARGEp#Rof HigtfedB ttirbudhBnedMY@MRE@AREs IFprodiastsly 0.1 to 0.2
reactor system 10. The inpedance-transformation
ohms whéreasuthe red pat ofvéheciced-throwglf isrpedandedRe(dads epproripeatiln & to 0.1

obms. - § % i@aEa R T dret BPRIEH RebeoAtcs: WSdF it Solpamaig 1 o

hms wkdeas the iadi®@¢ phrd bP e Fed IS RAGRPISHICE Nl AY isappdximatbly -3 to
T T Ustr at eggl igpFl GURE 5, the feeg-thr oug%zjf?npaazjgance z

1 ohms.h&srther theaintpedinse-traasfosmatian eircuitedd ispwt interdeddo [spmipensate for

. inductive reactive or .inagjnar art than the
reactiver JERAFR, 9 A G PL=Fr ST offfermSf LIRS Y food-through
impedarREZFhowd\ir, th &8s IndiictaidedR kequMet 8n SRaahtthiaaMedvorkN@s a result,
real part of the feed-through inpedance Re(Zp) is

the qualityof the metcleing network sap be eattansedwienaneretbiseause die Rl power losses
are maix%lg %@s%%%{je_dtmt}{holﬂ%%e(ll gfé(rende%{]scs%cﬁgs( 1%1% ctofs TRAdR £Eo rcrgﬁp%lr.y 0.0

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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ohnms. The imaginary part of the feed-through inpedance
Im(Zp) is approximately 1 to 5 ohns whereas the

w0 pgiosmsy part of the feed-through i npedance POT/ZHR00S5H00669

approximately -3 to 1 ohnms. Further, the

I npedance-transformation circuit 42 is not intended to
conpensate for reactive |W?edance or cancel out phase
shifts. The nore inductive”the feed-through inpedance
ZF, however, the |less inductance is required in the

“qixrﬂﬁggapﬂgLnﬁ;mork As a result, the quality of the
T

etwor k can be enhanced even nore because the
RF power | osses are mainly associated with | unped
el ements such as inductors made from copper. Wile
ApBEiplismaswbaoli coerprisingf t he i nventi on have been
described and illustrated, it is to be understood that
d nwesemehhatem@B);s are provi ded by way of exanple only
and that the invention is not to be construed as being
éﬂg@b@@m; F@k@qﬁut only by proper scope of the
followng clains. WHAT IS CLAIMED I S: 1. An RF pl asna

Jﬁ%f‘%(’%%@kéﬂ&at;ha vacuum chanber (18); an RF power

supply i ng netmork (14); a first netallic

PR G 0 R R Bl B ol A 5 B v

dhdfbedef i ned between the fi rst and second netallic
pl ates; a feeding elenent (26) electrically connected

4 151ﬂ4§1£‘§ d%bﬁaﬁ% fégkfﬁ' (3OLadPinel ﬁet(w%gﬂ thetfli}§t ﬁﬁ%@&d&%&&l‘h@%ﬁ&&s

power supp y )

O HETHRG, F 4F) Pl @, e

1RhIRBINE ne®ask 014)@hd ﬁieamp&wewmppgn (m2); gd,
i rrpedance transformation circuit (42) corrpri ses a

dahe@iARRoralatiod ickchie @4)NQeEi8NRNEornédd to the first metallic
ele rically connected to the first 'netallic plate

gl22)22nd a bl ocki ng-tuneabl e capacitor electrically
connected to ground.

The plasma reactor of claim 1, wherein the impedance-transformation circuit (42)
comprises a transformation circuit feeding element (44) electrically connected to the
first metallic plate (22) and a blocking-tuneable capacitor electrically connected to

ground.

The plasma reactor of claims 1-2 further comprising a reactor chamber (24), having a

reactor impedance, located inside the vacuum chamber (18),

wherein the impedance-transformation circuit (42) comprises a low-loss inductor and

transforms the reactor impedance to an intermediate impedance,

wherein the feeding element (26) transforms the intermediate impedance to a feed-

through impedance, and,

whereby the feed-through impedance is increased.
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3. The plasma reactor of clains 1-2 further conprising
a reactor chanber (24), having a reactor inpedance,

wo owas@3t nsi de t he vacuum chanber (18), wher eP@T/CHR005/000669

i npedance-transformation circuit (42) conprises a

| ow- 1 oss inductor and transforns the reactor inpedance
to an internediate irrpedar]' e, wherein the feeding

el enent (26) transforns the internedi ate i npedance to

feedt hro [ nce,...and, ,where th ed-.t.hr .
The RN LT ARG AR 13 NEERRY el il BTS2 i
diectridadly redndected Whai RIMpdh@ sippist(10BtRd kécond nadtalic %mze (20) is
is electrically connected to an RF power supply (12), _
qlwgl@élafocmnﬁ@w};lw iggoyidataad (the )impsdasicedtapsfornation circuit (42) is

onnect e 0, ground, .and the inpedance-transfornmation
egelc réc&ﬁycg&éf)ctq%stggro&@ﬂ cally connected to ground. 5.

The plasma reactor according to clains 1-4, wherein
Theeplamha heaetpr neetodide (ol dhinhss 1440 Gralieesin alw siathiddheetwork (14) is
vacuum chanber (18) and el ectrically connected to the

lpeatet AYiside dhe ecuyh shamher He) png aleciicallyroapecied to the feeding
[ Js ISy t chi t. .

G485 Wt bt ke o o ROBEHORE e pacting

neheorki(dHhe feeding el ement (26) and the

transformation circuit feeding elenment (44) are

e e R Brongfind e PR T W Fe i e 7R PR 26 and the
tFRBforRhtibcifnitREEiHhy/ HleRASTR) &8 %ﬂ%%-inﬁde e VR b 8iber.

reactor conprising: a vacuum chanber (18); an RF power
supply (12); a matching network (14); a first netallic
Theaplasma agactys qacgorsling iy claitps 119, vhsreindhe phasmeoieagieriis an RF-

Sy m chanber; a pl asnma-di scharge region
P(%%Yﬂf%ﬁsﬁ% r%?é‘tbw !

or ‘containing plasna defined between the first
and second netallic plates;
An RF plasma reactor comprising:

a vacuum chamber (18);
an RF power supply (12);
a matching network (14);

a first metallic plate (22) and a second metallic plate (20) located inside the vacuum

chamber;

a plasma-discharge region (30) for containing plasma defined between the first and

second metallic plates;

a feeding element (26) electrically connected to the first metallic plate (22), the
matching network (14) and the RF power supply (12) and

an impedance-transformation circuit (42) electrically connected to the first metallic

plate (22), comprising a blocking capacitor.
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10.

11.

12.

13.

14.

15.

a feeding elenent (26) electrically connected to the
first netallic plate (22), the matching network (14)

wae@otbws3RF power supply (12) and an PCT/CH2005/000669

i npedance-transformation circuit (42) electrically
connected to the first netallic plate (22), conprising
a bl ocki ng capacitor.9. qu pl asma reactor of claim8
further conprising a reactor chanber (16), having a

eagt or eda d i nsi Moo
UiRaruile (ECH AR . S TFHER R e PR g PAEIEF o o
b6l i@ Sdandel Uséabdd i@@ﬂe‘tﬁe&%ﬁtﬁﬁ@ﬁarﬁb@ reactor | rmedance

to an i nternedi ate i npedance, wherein the feeding

el ement (26) transfornms the inter ngg)yate [ edance to

veherein gther é@@?ﬁlmﬁ%a%ﬁe@laﬁgﬁd g (&Y 1§ he 1P eléPS% HRdeeer an
t{i g grée\%er ern [:gtcl) I’fplé1 angce}ﬁterala” ?or I;ef;.: |O£)no

ci rcwt (42) conprises a transformation circuit
wiemeinrthe deeaiimneleten) (26) dunsfoons Ithe itermediatalimpedanes to a feed-

i rst. Ilic plate (22) and a bl ocki ng capacitor
t&ﬁc’é‘@l‘ E‘?ﬂaapﬁf éﬁ‘ﬁnect ed to ground. 11. The pl asm

reactor of clains 8-10, wherein the capacitor is a

Wheaetki the fdedtBaRNILR mp@ﬁm:é RrincrdRed. The pl asma reactor
according to clainms 8-11, wherein the feeding el enent

is electric onnected to a
f@é lasgiy rwrtqfaqi‘@f%ﬁ?ea FPIE i e dpiad PR b e fouit (42
?r %ssa %laﬁfﬁ)frh&tﬁ;ﬂ &ﬁr&ﬂnﬁ&ﬁhg dlenfnd (Y e A1y @nnected to the
netallic plate ( I'S electrically cohnected
ﬂmst metaliicghlatd 822) Bhnd aﬂilm qapagitoo eleatticallyicongpetted td gromsd.
8 12 wherein the matching network (14') is |ocated

U Sl e RS HEREIB AR ELC Kbl % SORBEEREhncae

Qbastok.Ng- tuneabl e capacitor is located inside the
mat chi ng network. 14. The plasma reactor of cl ai m

accordlngto claing 8-12, wherein the f n
Tl plagima te#rdon RETBS factaims & Heuvhersia P?fjeecgil fent (26) is

e | h
L
feaditig elenenp (443 iin glettniealdy epmecttd to ground and the second metallic plate

(20) is electrically connected to ground.

The plasma reactor according to claims 8-12, wherein the matching network (14°) is
located outside the vacuum chamber and electrically connected to the feeding element

(26), wherein the blocking-tuneable capacitor is located inside the matching network.

The plasma reactor of claim according to claims 8-12, wherein the feeding element
(26) and the transformation circuit feeding element (44) are located inside the vacuum
chamber (18).

A method of depositing semi-conductive layers in a vacuum comprising the steps of:
providing a plasma reactor with an RF power supply (12), a vacaum chamber (18), a
matching network (14), a reactor chamber (16), having a reactor impedance, located
inside the vacuum chamber, a first (22) and second (20) metallic plate located inside

the vacuum chamber; a plasma-discharge region (30) for containing plasma defined
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16.

17.

18.

19.

providing a plasma reactor with an RF power supply
(12), a vacuum chanber (18), a matching network (14),

wW@2006a81662 chanber (16), having a reactor i npeP&rnCH2005/000669

| ocated i nside the vacuum chanber, a first (22) and
second (20) netallic plate | ocated inside the vacuum
chanber; a plasna-discharq? region (30) for containing
pl asma def i nedbet ween the first and second netallic
S edjn I n t

‘tRelt\@%f% | Pgs? E%%it gﬁﬁ%h& nfﬁf:}t«élthé%?étfg g%&‘hﬁ% d¥mER 0] e%i:tncally
dofpedahetht fiadshadiliiaplan(22),rand iah ifpedanet-aahsfommdtion circuit (42)
connected to the first netallic glate (22); placing a
dlepideallyconpgetedie thetishmellicnlpte 420 at e (20) ;
delivering RF power to the plasm; transformng the
1{)1@&1&& Q5ubHRERAAGSE st@ndmddiCpraRAREY,€ | npedance with

he Tnpedancetransformation circuit (42); and,
transformng the internedi ate i npedance to a
ddivgrinh REpghver tp@gatas®aini t h t he feeding el enment (26),
wher eby the feed-through i npedance is increased. 16.
BT e acPeftog Lo AR AR el 1P AmBlaance
tnatsfoathatibn ciraiin@ 2} 5nd6, wherein the
inpedance transformation circuit (42) conprises a

L BRRRRRETIN S FhbAHE GG PR g it e
1@8&}1 emheﬁt Ble Gl diehyt 1B ERB tBroG 2P Afpddahcesls hdréds6d! | Y

connected to ground 18. The nethod according to
cl ai ns 17, wherein the blocking-tuneabl e ca aci_tor

The llns@afl @é claailaefurther cempHsingthe qurslepq%tn} 1 filpp gn to the

HF$@£9 according to clainms 15-18, wherein the feedlng
enent (26) and the transformation circuit feeding

el enent (44) are located inside the vacuum chanber
The3)method of claims 15-16, wherein the impedance-transformation circuit (42)

comprises a transformation circuit feeding element (44) electrically connected to the
first metallic plate (22) and a blocking-tuneable capacitor electrically connected to

ground.

The method according to claims 15-17, wherein the blocking-tuneable capacitor is

located inside the matching network (14°).

The method according to claims 15-18, wherein the feeding element (26) and the
transformation circuit feeding element (44) are located inside the vacuum chamber

(18).



