METHOD FOR DELI VERI NG RF PONER TO A PLASMA PROCESSI NG CHAMB

of the Invention 1. Field of the Invention The present invention relates to
t he manuf acture of sem conductor devices. Mire specifically, the present

i nvention relates to plasma processing systens which deliver RF 10 power to
a plasma processing chanber. 2. Descriptijon of the Related Art

Sem conduct or processing systens are used to process sen conductor wafers
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processes are typically carried out by nmeans of plasma processing systens

and gener ally include a pl asrraggr!gﬁgﬁﬂ Bpt!%'iﬁ@ﬁf Sfo0 pr ovide a controlled
setting” Figure 1 illustrates gram of an exenpl ary
conventional plasnma processing system 100 used for processing a

sem conduct or wafer 102. The plasma 20 processing system 100 includes a

pl asma pr dedSieldraf the bisyeationo4, a shield box 106, a network match box 108,
and an RF generst.o . r | the: pat

net wor k box 108’1&}%}5 rgs"ei‘nggnggﬁtz?ﬁ%é ?sgf%l Ef?ﬁaf]%gagtsdﬁiég?%&ﬁ@@%@)rid@@gr@?aﬁgﬁ to
house or shtelichlly, G- peckant ivaitien tdldes wWhplabme pryzessing fstemat whichaleliverkRBox
108 to the plasma processing chamber 104. A helium box 124, which is

mount ed0 orPOsH I PLasmea PEPCESIEIh8MbEs 25 ysed for supplying heliumto the
pl asma processi ng chanber 104. The plasma processi ng chanber 104 includes a
shower head 116 and an el ectrostatic chuck 118. The shower head 116 is
adapt ed t @.rPésesiption of the ReaggdsArtnt o t he chanber 104 for generating plasm

over the wafer 102. The ESC 118 includes one,or nore diel ecéri C
emiconductor processing systems are used to process semiconductor wafers for
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fabrication of integrated circuits. In particular, plasma-based semiconductor processes are
15 commonly used in etching, oxidation, chemical vapor deposition (CVD), etc. The plasma-
based semiconductor processes are typically carried out by means of plasma processing
systems and generally include a plasma processing chamber to provide a controlled setting.
Figure 1 illustrates a schematic block diagram of an exemplary conventional plasma
processing system 100 used for processing a semiconductor wafer 102. The plasma
20 processing system 100 includes a plasma processing chamber 104, a shield box 106, a
network match box 108, and an RF generator 110. The RF generator 110 is coupled to the
match network box 108 by a co-axial cable 112. The shield box 106 is arranged to house or
shield a co-axial cable 114, which couples the match network box 108 to the plasma
processing chamber 104. A helium box 124, which is mounted on top of shield box 106, is
25 used for supplying helium to the plasma processing chamber 104,
The plasma processing chamber 104 includes a shower head 116 and an electrostatic
chuck 118. The shower head 116 is adapted to release a source gas into the chamber 104
for generating plasma over the wafer 102. The ESC 118 includes one or more dielectric
layers 120 disposed over an electrode 122. The electrostatic chuck 118 functions to hold
30 the wafer 102 in place for processing. The helium from the helium box 124 is provided
through a port 140 to control the temperature of the wafer 102. The plasma processing
system 100 also includes an ESC power supply (not shown) for supplying power to the
ESC.



| ayers 120 di sposed over an el ectrode 122. The el ectrostatiﬁ ﬁguck 13%%{)
functions to hold 30 the wafer 102 in place for processing. ‘FHsHEPSIAP? r om
the helium box 124 is provided through a port 140 to control the
tenperature of the wafer 102. The plasma processing system 100 al so

i ncl udes an ESC power supply (not shown) for supplying power to the ESC.

16 Decenber 2003 2 Electrostatic chucks are well known in the art and are
anply described, for ex le, in nmonl y, owned, U. S. Pat ent. <. D, 789, 904
by Francois GJ)FA?“%’E@“%EEP@‘P &t W?IFEIP‘%III&PG #if apg ?%s@ﬁ’i’ %esﬁﬂﬁ%ﬁ fQrsApTRlS: -
U.S. Pat egﬁ ;?I}Hﬁdxﬁgtd\z%d 851 Patelp NoOF ARH0ASE, FYantBRESu RSt ald- erAflidd eMiph | ed
"Dynam ¢ Feedback El ectrostatic Wafer Chuck,"™ U S. Patent 5 plication
Serial No.Pod&t FecimsatibyCloaktContat,”al).S, Patedt ApplicimwmeberiahdNo. J)8763,9882bhy
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waf er processing, the RF generator” 110 provides RF power to t he plasma 10
pr ocessi ngt ahandentitled4McShadsi dnid o%iplasatust e CRInpjeg endiboelamping geyemtigensiy ciRE

, which is t itted tq the . k. nat 108 the co-axi al
Cabl ¢ 112 WHRE ek ST HEDIROTD TIBLSLONa e oh DR ABeFaE e O PRL e 126,

whi ch prodjegsbprefti@p&dance match between the plasma processing chanber 104
and the RF generator 110 during wafer processing. The network match box 108
transnits RF pdieerwafeepradessing-thsiRE gerdshter 110 prevides Riepeivess ita thsr BEEBa| ng

hanber _104. The mat chi tWokk i [CUiE | ' .
genar atBr PR M P I kRl VSR Pkt wlen s
of RF powefanbihRibdtth eddhaw ok ME0R 8% 108 ocdrahbes-akidkicabld 112 pligatdtyoiknaitokies

two or nore variabl e i npedance el enents _(e%g. , capacitors, jinductors). RF
mat ch net ioxk1Q8 heuses ¢ matching petwaBwaireut die which peducee ap ey, matsh

05" Pat erfErsl E5bRRhe SRR sRipbY, 18 ald ok Rl WAyl Bt TG
on Decenbgirockdsia@98he htrevoek Satchbok 498 efandhiesRF pover evie el a-sxialrabledddas ed

herein by reference. In high and nedi um densi té%f#asna et ching
g

sen cor@udheplaysn prosessingeshembsy 4 cbie maichigs sp@ark ceHt is Paeracdhatwegn the o
such as t j I ' I . itor
the pl as rraq?% oc%é@? %ggia%a?g%?ﬁg Inhgﬁo%g?ﬁ%Egﬂﬁb?%?ogqggﬂ%@g%ﬁ?‘gw%&gﬁggI |y
devel oped pwer flonetheglasmald@ceasidg ahqmawk -104- faghicalbl inelydesctmm drenore avarialdel
fromthe el ectrode 122 d:zri ng the operati orsuof&‘j he (gl: asmaglgrocessi ng system
100. ThesdMPPLICE | LPEYS (& Re tBPLIGFe 1BFMSIS I BYNGE e CUgHEP prewe

necessary, krdoQnl RS b Rhd bREJREAIBLRTRERPR, IOUAS %ﬁMﬁAggﬁéaﬁsﬁl N, 33188454
processi ng. These el ectrical paranmeters are }S{]pl cal | hi ghly sensitive
As NP

not onl2p thy EpldingehalrandibnSiRajent ApppcatiomeSedinb Noi BU21%H3 b Addur Ab Howalda

hamb 04 il . : .
out ai de 1 S pEDEgecder 22030 ks il ShdsP RerBlend Tt BRI 3R T °
RF del i veryy sfséme) and the chassis of the RF matching network.

Decenber 2003 3 For exanple, the plasnma processing system 100 of Figure 1
del i vers forwar® Hehsodenedigm densiy gdaspsgeiching, amiepridusior mangfagiugess haygi al
cable 114 iadi : Lo -.el ode
192, “uii oo Sn R REC Rl piedhh Bitahhrs SR e PICLEIEHESER e BSbEALLETS
The wal2bs 3B voltagehte mpbmtmahgplasms protgssiigantreal tiflel Poroaxiachple; a" D@ tvoltage ipat hs
for RF currentlatdo etHrn t th{g chrgpet rk b% 1?8 and eventually to
the RF gendPUpbY d9vFdpPefiQIeLly Ffm%ga & peakelg-Repk vltage @B RFeMETSUIRY OB or
processi Nohg Yé@ithe L AR Gdfidgy tHer @%!érﬁkﬁ)rﬁ%f C iR ahrobQsikB Shteft!1H@C eTRQRT act
to maximze RFE current return paths fromthe plasma processing chanber 104
to the natdectrieal \poramakrss atoefterrusedtasliagnose, anthaf pecassary, ¢bantbreupt 1bel plasimael d
box 106, : .nat 08 are typlcal formed of  a.netal
(o ol chiBedsiio pSniElE SRS ity BEesslt § 1ok USRI  palr RS o WY T o
t he waldos Highlyodenditiee pbtasiiy t@lﬂw@emalﬁélnsﬁz and Pleatacdisteipuasd Mekic 4B p¥@a any
netal -to-netal cqntact paths | eadi ,ng to. the match network box 108.

Provi di ng SembseHOMebyll 215Q tondhe; spatishdistuitutiogofy e RE rpfyem suirents puisideothdance
W th indus t.an , i I

pr ocessi ngﬁlé%/{gf;el'%nﬁqﬁrgg%ﬂ %’q’{@%l&ég a%ri?[éh togg{(]: itielggﬁt(%gg{%v\sggstfﬂi ?r%éer@lgnce
for RF retdhssigof the RF. mathking oveatk.i npedance i s usual |y achi eved by

provi ding as much netal -to-netal contact in the plasnma processing systens.
One of the main RF current return paths originates fromthe walls 130 to
the match network box 108 al ong the coaxial cable 114 as indicated by
arrows 134. In this case, the 20 RF return currents travel along the
surface of an outer conductor of the coaxial cable 114.



In addition, RF currents also travel along other return patag over

metal -to-metal surfaces of the plasma processing chamber 1040 Derembes;2903
box, and the match network box 108. In this manner, the plasm processing
system 100 is designed to provide as many return paths for RF currents as
possible to capture as much stray currents as possible to ensure their
return to 25 the match network 126. For high wafer yield, it is desirable

to nmaintain con5|stent a ni form RF, return r S | he
processi ng systEOmexyoP °UHF0$1€‘%P@°9SSI%%WH} E&E)Pgﬁgﬂ“?\ i‘illlé’ﬁ‘p forwatd RF
metal -t o- g,%%!r toctﬂeteee& Jﬁzmﬁ% Esmlﬁk;vfa%%ﬁm REB1D1 14 80mARER d B9 faslow 128.

processi ng over or exanpl e, the match network box 108 i$ securely
att ached t’KhetRiépmher&lndr@mx theOdearoide 422, vadclpattracth ptaym@ﬁoﬂsdd)\vyd theweles 102t c.

through a netal plate (e.g al u | at e) di sposed. bet,we boxes 108
and 106. O0F Pw@m@reoqu%égoleewaﬁ% A3 e RlasEian Brogssingrs & i miavd

net wor kg boxe 18 p'aﬁls%lt ﬁp n%ﬁ@fﬁé’ ﬁ:dreﬂfrﬁ"fﬂ fh@@naﬁ&ﬂ Rt oRBox11UB afngrevéﬁm&ll}nﬁp the

mai nt enance or dification. After the mainténance,

the match Riegmrakorbldﬁl tlmebg(fmmnng(alcbsattuamhed to the shield box by neans of
an alumn | ate and.netal holts The re;att ¢ f t he
mat oh et dgrReAnat Bate RIREIRRE SEiRY Hnvly Fudvind e R TaRSOTRRM Skt e
met al - t o- n@hakt iamiR X bitdnPetithipaths $@ni e p le@ﬂﬁ\p?éeesdf@%cwmm toahé he
bolts or screws nmay not be screwed On exactly as before the renoval. Thus,

t he changerdatnlemaﬂwwbbnmlﬁﬁ diontiestancenthe plasmai chamber 11% Shwédwgex B aue the
current ret at h, charagt eri st.i hein_ t dto n he
over al 10 b a8 sk SRR B8 RS o€t ade (B oy Bl P SEedfing
charact er Ie‘iédtﬁéityof HER®, W @irreRisORARE ffdeh theNw AR 30 éMihe tPi@miS€Ehaafben 0aiagum
for the plasma chanber walls 103 and the boxes 106 and 108 often lead to

oxi dati on lowcathebyremrews 13)2 gvarfany eelnldp-meitahsontrel pathsdeading tgdhq mplch sewiyk f or m
on the met aI Iz)gr fPar 1d1n S e%ﬂ%&?lntglrﬂgalt &%ta\llgdj I?Pfeét?rﬁéngg'lgéyﬁpac%&tdgnce wit

characterlsof{l egoln I'S an apparat us

and met hOdnﬂ@try@fz@dhﬁlrﬁE of einenist Entexmgleudesi@em dRipldseialprdcessing SRtesns Have
pl asma processi ng . glstemto enhance the precision_and uniformty of wafer

pr ocesdfngypisally tided 16 ashiene the dPWFﬁelmR?@élPﬁel En BF okt <peaki nghe dowest
t
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appr eci at qﬁo&dsahgsjmcmsr esent |nvent| on can be |rrpl enent ed |n nurrerous ways,

i ncluding 20 as_a cess, .an appar at us, em a net hod, . or a
conput er readatP®® ﬁg{atgi: ALl 5%\)%‘1“&?‘ eHYR RFF"@@“ Vi Frﬁﬁh&’é ‘Yf"ﬁlstlﬁﬁ to thegrmaich

I nvention ghGoMasx’ 1088HoMEMhe Yoadil) ﬁﬁﬁolrlqadQ.QEdlE‘Atéd’bf'ﬂﬁ'o@g@@ﬂ' i MHis cdsBeihe
present invention provides a plasma processing systemfor delivering RF
power 20 aRIfJtretsmq@re@tsetwnhgong]alwtﬁelrfacahéarpbetsquncioegéthqgtogyst eabld hid. udes
an RF gen a first 25 cable, a
2econd canraddiion REARHs AR TRgEaitha b B PR ovR Sneplomp il R0
The RF genge gta%aﬁmoagsﬁ@gmedlbkplmnersmmﬁ’& ,RAdVEHe thAEh h&tROBBSSI(B) Th@hik he
pl asma chanber e plasma chanber is configured to receive the RF o

for proces®pmygrttAe plasmaprogespingsysieat 404 irdesigpedlp piavida s muay retpepd

during th Las for
returni nge%ég curreps{&%s% 1B % J‘% % E‘)%Fglﬁggaé} a @g?%?&g%otpg%\éﬁﬁnﬁa t he
RF cur regnt the arutch etwadkfli2gur ed to generate an |rrpedance t hat matches the

i nternal inpedance .of the plasm chanber to an.inpedance of {he RE
generator. The Fqr/igh é"’é‘gﬂr e'!p Flg EdﬁlﬂF%gBl‘}e‘lov@%‘ﬂtal“hgg RIS dB¢ ApdpTm RE fehun
mat ch net vefr}eneom {herpiawﬁmoagsi sy%np@wr BiabM&ERk1], hﬁo‘%eﬂe;s}%ai rs@Hd

the match network box. The secoﬂgg le is coupled “'16 Decenber 2
bet ween t haetghtcimerabeonbadts fmxnaarruumﬂﬁ’ lptwm pathe Hegrisdes Wader processing DWrrtngF

power between, th tch | asma, . c e cabl e
provi des \fre‘?‘a‘“ le ?tgﬁ V}ﬁm&: ?’é ehit® ?‘F@%aftﬁ(gl g‘q%gﬁas E:ﬁ‘éf’r% ﬁ&{’jBSlPﬁé

mat ch ryst vslutaliboot. boTtI@ esceavepétu thedulgl airehiaALE . geaaﬁmﬁineﬁrafd) aapbstdivebRhes
the match network box fromelectrical contacts with the plasma 5 chanber

such that GaIbpxent0% ardA0p.c Mriag fhelifejelsthe pdasme: progespiagsystem 108 trAmaighr ent
fromthe plaASHR 602BE"s bited PEnoRUCHoMGHIRELIPLBE% 106 for routine maintenance or



I n anot her enbodi nent, the present invention provides an apparatus for
suppl yi ng RF power to a plasma processing chanmber. The appadftl§semper28as
an RF generator, a plasnma chanber, nmeans for housing a match network
circuit, first and second neans for 10 transmtting RF power, neans for
electrically isolating the match network box, and neans for shielding the
second neans for transmtting RF power. The RF generator generates RF power

for transm ssion and is characterized by4an i npedance. Th(f pl asma chapber

i s arr angauodificationeAfe themRintgRgnes: theomatsh ek hgx dhsechrghite-ailaghgdsto the
characteri IW' I I ui”?@gﬂ ofllay cessing. The plasm
chanber haséi%gdntgélxor m%)élies%rvf\g?fﬂs g’?ﬁfgt ur%t?g%& curdr?é%f s. The match

net wor k housi ndriresratablanise sofatheainatch netwarkkbaxi 108)i howdvat, gememily advgedot o

generate an i_nPedanpe, whi ch rratch?s the internal i dance of _the Iflsrra
chanber t Predi¥ely fyrlisatedee Bretalfermepe GRMarts FEs e OT R ! e_nremé’tv\ﬂ,grﬁorcqx % is
capabl eg of .t §GR of Bt B, yRlot By Eér@‘%émkéryﬁ%ﬂf’ h{ BdfolRAORemioval OFtRls Sfle BRINgEEN

the RF generator and the “match networ ousing nmeans for transmtting RF
power bet weeaal-tbheetRFcogpeaneclatraterRicsamdy ChengertitedRF owtend rddutnqash elgravteansics, The

second neans j s coupl ed between, the mat ch net.war k sing neans and the
o Chateh T i drah e e yigbe SyaE BaGR of RS b TRE R ai e i
and the plae%r,g?c RIID&E risti gesb. qAklSitieh SBe RSO H8midink S4rURS
path for an F%Erren%ﬁ%ﬁ%?ﬁg@%ﬂg&gﬁa cﬁigrrbeia tlg t’heematch netlvvork lrhousi ng

means. Theplasswd ctaimbgr wets $0khmtthe iboatd 106 adl WedtenHeadnataxidation wortke mstai ng
means from 25 electric contacts with t | as chanber such.that anly
e sedBd RS QVes B o it dhcondss o B Hiord om e gl QUPssn herspg ppenE
pl asma chafgbRF diftehiiBrubPpaih chRRbMEdicousi ng nmeans. The shi el ding neans is
coupl ed between the plasma chanber and the match network box for shiel ding

t he second nears vior of thenfordgoinignyhahis rREdgdoigan apiraratus god meathog ioe @reyidingcks
all return paths of, the RF currents fromthe shielding means to the tch
30 net wor RRGHSTR BT RE Uil SHEriom ApsTar g R 4o suRtieq
for delivefrbdgoRndORImit9 off wakapideeNiReRS8isng chanmber. The net hod
includes: (a) providing a wafer in a plasma processing chanber that is

charactléri zed by an internal inpedance during wafer processing; 16
Decenber 2003 6 (b) generating mRRNE o VIR Bufitly J€Ner at or, for use in the
pl asma processing chanber; (c) 1 wer over a first cable

and produci ng aBrohdipespaikifg, theipdsenmingbetiont fills titbemeals hyrprotiae aofystche

pl asma chanmber to an i npedance of the RF generator; (d) transmtti ng t he RF
pover overaPRadBisothy wahod ferdelivering RE paWsT iockBlasHY PEICaTPHIE chapiber; K sBaddsi ng
t he wafer,,t L i i I L&

curr ent o SRSy RS] TablHeRESh (M CRRLah bp EhpRn Rl (PR S R IR i
fromti2e psaspmcessonesyiangus hayitem, odevict,remsthodnor € adrhputerAdtedabicamedusi. y,

t he prese inyention elimnates.all RF current return paths except the

i ' RE oUTSYEH TV ERaTA ARGy of Bt prese it nilh ra e el BBy of the RF
mat ching 10 netmoideofdaafR tWith eh@smbbdthert, theRpresdht Sneer?@n - provides R Blagkhed
enbodi nent, a nonconducting plate is provided between the matchi ng network
box and t HaoRmssiggisgstemyfox delivedng RE pevedrity a plasmaa procersinRchambeni ihe plasmer k
box. The ngn- I I C bs i all 11 [ ret.urn
currents WPPEORE PO eGP PR b it R RO 8 Pt

r et ur n 2gat dubleBy stdund dableyardl mgard 61 elgdteicdly ieolatimihe medteh fet@atibox. MERePRES ENt
15 invention enhances precision and uniformty of wafer processing results.

These and SROBEMOTHS HAREHLS asperalseRE pawen foritiapiRispign tQvthe Plawed samlivha ldat
upon readi i . i i L i VALl QuUS
figures ofﬂ? ?1%51%%%%%%68?@%%@&2%? ﬂ%tsﬁﬁ (E)g&f)? Q?ﬁre dpar\tj‘w‘t'ér%g)s{é gge %aﬁgerpa?lgslgnt

i nventi on chiardctdrized bpd lintemadienpetiamed doying e flonlaqwocegsidgt The psme shamigtri on

in conjunction wWwth the acconpanyin rawi ngs,. and lLike reference nuneral s
desi gnat e qusk(é“es?rr‘HEfeuWQﬁS Ergrﬁlé‘ﬂillgg %‘—F?‘é‘ﬁfeé‘ts? The H?lt‘fha’ﬂeé‘éloﬁ‘ L BrneaPele fifock
di agr amoof reaélvis B F¥F Yu oy ang i@ laaihfi@!raﬁ R g BHcPAE 28 iffpedth AN UREEhdOthe
processing a sem conductor wafer. 25 Figure 2 shows a flowchart of an

exenpl ary ¥ duopedange pf therplasgnaRrhapbaeto anoimpegines red ther BE snératgr.c Mheriest i n

accordance_\ t odi toef _the presegnt inventign, FiLqure 3. ..

T st £t 20 SRR BRGVELTY RF eeh 0GR bt B O oM popt e dfefpiing R
sem conducpaweriafvedenhie R¥i gegerfor podvile mitchaemiogiabee Thé fecone caitbadiowpri of
t he present invention. 30 Figure 4 shows a perspective view of the

exenpl ary plasma processing systemw th a network match box and a plate
detached froma shield box. Detail ed Description of the Preferred

Enbodi ment s 16 Decenber 2003 7 An invention is described herein for a
system apparatus, and nethod for delivering



RF power to a plasma processing chanber. In the follow ng d riptio
numer ous specific details are set forth in order to provi deﬁgheﬁ&%&nm

understanding of the present invention. It will be obvious, however, to one
skilled in the art, that the present invention nay be 5 practiced w thout
sone or all of these specific details. In other instances, well known

process steps have not been descri bed in5det ail in order not to

il b th t i ti“on. Th o ti
ol | mi nat eeENqen AR weich @H R Do FRCLF RIEER Slisebt i et BE TRt Bereeth n
path by eltﬁe%%rn%{cﬁ@'ek{ork SRk Flﬁ' pE%)I(ﬁa P8y Bie BhdabFRir6NUE RAINDRM fof & t he

10 chassis o shie . Providing only a single current return
path in aRE asmmt fironc degilasmnasghaivder i the andich tawerkabos t She elacteinallyoisalating

t eachi f i ding. th ible. In a.pref d
rponi mommeags HBHricag ol it Hetw Bk R 2o Bl tisal Sy BRI SHrBE or o
box  andg t b, BEeStick |tﬁlast fbglsyt {ne s@écﬁllﬁtdabﬁfﬁrb‘yidkssﬂk%ﬁrﬂ p&n fbr Rt bigerd FonPr K

box. In thi's manner, su antrally all” stray return RF currents are

el i m nat edhenpliatrea dfanebes kanidpe enaRfh megworkttoxr et urn path is provided to the

mat chi ng network through a.,coaxial cable. By thus.providing a single.RF
current return Iy appthey %‘@bﬁqlgﬁ%fﬁq PRoasht i“?)vr‘?né%gf?é’é SSP&PP%']'%W @ﬁ&'ﬂjp?ymg
uni f or m tYR}@Eméubﬁtdf\@f sl POES&SinBLhaMbeY. t The BpStht@s 2ndiReSnaREF | RNeRE ! a Of
an exenpl ary nethod for delivering RF power to a plasma processing chanber
i n accor dgiasmangtambeneneams ddi heusingd mateh petesdneirquity dinsti apd . scomdmmeanseiohod

i d fer. | | i h i t 02. .Th
D] et 1 Jeadaring REeBisr PEBIar SecurL OB e e AP EEh 20e 205  ng
waf er proggsgiflging theSecbid Refvfor ansthiftingkF power. Tie RIEReicdtetgdmRrat¢sSREF i n

the plasma processing chanmber. Next, a match network receives the RF power
and produqmavearfoi trpeseisdien apghii kharagtetiged Wyhan jimpedanes. (T cRlasmee chmbesds

pl asma processi chanher tg-the |nppe . of . i

operation aﬂ%_ge({:—ﬂoe THatYe htﬁlﬁeI?F\A@Pwe{ thrng ]fb? éésgg] tthé h%ggggﬁdsbgsg? l(q)l‘ﬁ%ﬁ'ger%fja@rrgn
processi ngnehanfpedaficeoPda ! plasnaHBcessing. Wak Iptasala chBRbEY IS D [oF @S Sially
chanber function as return paths for RF currents to return to the match

net wor RS The setpming) RFagurisatsp 16he smich epiwori-housing means huses adnairch gaepko pe
transmtte i nal n I ' r

patna.of sty hes s ERef 1 herklhc Slmbethlis AR it BE Sl TbELLE,
return patthe phstd@hambeotoatke dmpedante of hetRE gamestds The ntaathcietwetknairdaittio t he

pl asma processi ng chamber. The nethod then termnates .in opeg%h%on 212.
Fi gure 3 i9apalde phiessiving ths Biptuaeptsp | The fstineans &ssavgledyhsiwsendbp RF generator

processi N, {eM &fﬂr}féw&rﬁrho\eﬁﬁgﬁlé&%obmmi&& REF POVE betRe AGROREYAE I t N
one enbodi nent ofa t he 16 Decénber 2003 8 present invention. The plasm

pr oces 2P npndythe emat@0fetvord belsingamednas fthe secwelsmeany is kosded b8®4¢n theshiteh d
box 306, a network match box ,308, . and an RF eqerat . 31Q. The .RF gener at or
370 i3 collPEk hoHE Hes rdnelamastashy By naniins 5T ponix SOKTEa e box
306 is ar rangkrdefdrR Rirdliflamd GRQJISmH Ehartbt. Ciihé SecBh@tehHadll bR dlicdpdvidadhe.
The cables 314 and 5 316 are preferably coaxial cables having inner
conduct or seBBO patdi@p RFeapsisat ifigl yhe plasme chambesoladihetrarish 3gtvathdoggieg
Cegpect v ehbns! e REAHP e SRS oS 52 Bk KA REBLBLAR fork o'
chanbers 30dedifEal @ehtasts WithgthRiplamacthamber suehUkdionty Re seedndr mednsprévitles the

hel i um box 324 is di sgosed over the shield box 306 for supﬁ)l ying heliumto

t he pl asmerepus@adsfosdhe Rdhpeirent drom 4hs, plasma cbpmbes 9othe matgh netyeork dioysing ox
as used h nr Sy Is 1.ngy | i ntse

cemonts Sngiy ThE'Hickding Reaht i 2bApd W8 ch e MAHY el for BTt
cont ai ner , natwatkehoxcfoe shigldirgy the B3¢cand angnadbretranamittihg thel RB powbe Phassohting

processi ng chanler 304 incl udes a.s r head 318 and an electrostatic
chuck 320.%{1@@?«%@% Féya @%&? ?fsthegf#?gm%g%l therbielding eat & thsaatcht o
the chagbeget?k Hbasih@medgfer ati ng pl asma over the wafer 302. The ESC 320

i ncludes one or nore dielectric layers 322 di sposed over an el ectrode 326.
The el ect r ost atlncyes ranethe8 2obiodimeant, o gesthadois cpravided tier delivering@RF powpl tice f or
processin The heljum fromthe.hel iumbox, 324 is used to coptr.ol the

t enper at ur lasipar p Oeceé/\slér%gefﬁ r'dﬁpil%awh%l Wﬁ?ﬁ?s'&igé%véﬁﬂ%.a YRS dP o5 HE:sma

pr ocessi ngpreyatiagcBifibalta ipclRviciezed b an inemndligigeashce datifg Jhfr prodedingen

t he shield box 306 and the match network box 308 for electrically isolating
the match network box 308 such that nmetal -to-netal surface contacts with
the shield box 306 or the plasna chanber 304 are elimnated. The
non-conducting plate 312 is preferably a nmounting plate for the match
networ k box and made of non-conducting or insulating material such as

.= 1 T



10 not limted to any particular type of wafer processing a at u r
system and may be adapted for use in any suitable wafer proggzief:%gfgégp%ns,

including but not limted to those adapted for deposition, oxidation,
etching (including dry etching, plasnma etching, reactive ion etching (R E),
magnetical ly enhanced reactive ion etching (MERIE), electron cyclotron
resonance (ECR)), or the like. 15 The pl ?sma processi ng chanber 304 has
wal | s 344 that provide "return” gat hs for, RF cugrents to ret.urn toqt_h

mat ch net Bk ZeNBEHIng B pavrer RLAR RE rRyor, T w5 dRytheiRlasa, Pro<ssupg Fham eIr%,%)the
RF curren o i hicel BAichUhAtORR tBf a
net al bar t@%&g%ﬁ#en%ﬁg ggvg{j&gs; aﬁoﬁb%ﬁg&%@ﬁ%%ﬁﬁﬂ%g?ﬁcghs ic? secur el
nmount ed orinamaESGpedimsé rof t8S Plashwt clopahreattp vanl ymprsiaess of like m@wt%c{di

ortion of coaxi.al cabhle 316. 20 The ESC housi i,S securely at h 0 an
Pt o1 el EFPARIE 4 RECPRYT- AT A SEoeT Al CoR b st PYsEialng b AN ol o
344 of kh @éeeﬁﬁg 1B A itHbQFIﬁElﬁﬁfgﬁéc&Qﬂg hEmbét BERARIcoRBIBER 0 CAREMAIEIRI t h

t he ESC hg)GSI ng hin the ESC housing 352, the cl anp 350 fastens one
end of theuoentaxam (o) ablowinglenly one RF mesuml cuseent 1 Be tiBasmitted Heonp ghe pagnand

t he clanp 350, .ar refera mad a 25 nmetal such as silver-coated
brass (i .é’.r?ceﬁijg%gl%‘{{g‘ét&)'OY‘H%%?“F&BWFC%E'CWrent. The metal bar 348 is in
cl osed contact AivaftabbGush, #¥pr3R@t AREntidicelAfatbBO S RIFcusRAR! fefurd lphiiy/ except

transm ssion of RF return currents. Hence, the RF currents fromthe walls
344 are rehummdn RE comentmatuch padt W clecisellsoplaing: the Hody efethe R duelRe 336

of the cable 316,.via,the nmetal. .bar, 348 t hep.C . i r
return 1§atq??‘?’%rkp§r8’flepiﬁb? Sy & otﬁ? >FP§GEIF gd‘nﬁ O’f)'atlﬁ1 é%&ég@t%ng&gﬁ?%g’né%{b%} RF
return curdoffddink pam idIeroR]ded erwien GBS fanbinghamberk Rdandaht RE shild bored wor k

circuit 328 and eventually to the RF generator 310. On the other hand, the
non- conduct¢atrically aiselat) thee REC magching petvawk doxs {ihe Aea-eandpeing plte blockes so

to bl ock i I t f
75 Decennet PORBRITGN flevlefiin A Afenfih il MonfE HTRF REGR bilenti bl O
currents ahiigBF agfemt st@tpathl (B pthadipeividihg a BinglecR B curent retent paath, alxgpekemt

outer conductor of the coaxial cable 316. The consistent and_predi ¢table RF
r et ur n 1Buripesntionjeghanges, pregisionandgimitermity, pb walesipreresting aasultss Whesh agd oihgh
degree of L S0 d Lty ray:di i e RF
return curiuifigiselr BRpieCBRAhAbh Wi Becobfe AMRY dpol 1AL 18 TR
reduce t halebiikd dpsaiptibns pelakudytlg the eancusifignes of therdrawingsich as 150 nv out  of
1.5 Vto less than 30 nV out of 1.5 V and the DC bias voltage variance from
nore than 80 V out of 350 V to 20V out of 350 V. These reduced vari ances

al l ow higher yield on wafers gierMiWipiisioPthR THAHinglegr ee of precision in
nonitoring real tine plasm processing of waters in a plasma processing
chanber?0 Fi gur The phesert anvysatiemeril be taadily omdarstasdehyp| ey fohlosdng detailed
processin em 300 w h . 308 t t

det ached ?dr%%{ﬁ%}%l %hcl%équdltcg%é( Wgttslgt% \‘%ﬁéeé(mpé@gﬁlg %fg‘ggl g’sﬁnﬁgﬂsey% cerfgﬁll(%olﬁl Igc;rglghom
t o i ncl udedeaipnE®GikbotiGitial dememst ached to a wall 344 of the plasm

processi ng chanber 304. The shield box 306 is attached to the other side 15
of the wal | 344Figeretlnidlugratesschematicbliopk diegmabel ampemplare cogvegtonal alasmaz 10

is couple d Q;e% VA | e 314. As shown, the

plate 312 rgges%ﬂg(%g%énlﬁﬁa 4 gﬁ{olgeééﬁégs# &%ﬂn@gﬁtﬁiwgi? to pass through for

transmast i ng RAigomel sho 5) 0 e ary36a chie RFgowepeming
125t i i Wiea fotalark ofrai exe had $@r dehioérn g [

404, which allows the cable 316 to,be coupled to.the ch network circuit
328 di sposkaTHt PREFSIngGhR Crip Apcordanse Wi one 5?1@)9‘#*&@& S3be BERN OBl d box
306 and the matpgyRetwWikirhiex aﬁogxempia@rﬁl@ﬁﬁ@qn&&sﬁhgggs@él 63 pROEdSRIRL a
return paths via the shield box 306. Accordingly, the RF return current is
al | oned t osepdcandapionivates 8y aging Rihpaweyhin eererdsncewith onel embodimsht ofhibe preiserd
316. The p{nggrﬁ% invention, a system apparatus, and nethod for delivering
RF power toO a "pl asma processing chanber, is thus described. Wile this

i nventizn has bEgoredesitishestripectivs view of tiess@idlarp pRis@b peste Shispeam wsth
there are alterations, pernutations, and equivalents which fall within the
scope of thREWORKBAIchbeX apd a gha dedacked Home higldBoX-hat there are many
alternative ways of inplenenting the nethods and apparatuses of the present
invention. It is therefore intended that the foll owi ng appended cl ai ns be
interpreted as includi mMetsiled BescHpfion af therPriefernal Embodith@its ons, and

equi valents as fall within the true spirit and scope of the present

i nventi on. 16 Decenber 2003 11 CLAIMS What is clained is: 5 1. A plasm
processi ng systemfor delivering RF power to a plasna processi ng chanber
for processing a wafer, conprising:




an RF generator for generating RF power; a plasnma chanber arranged t
receivg the RF pomergfor procgssing t he mafgr, the pl asna cﬁéﬁﬁgwnwaﬁwa3
characterized by an internal inpedance during the plasma 10 processing, the
pl asma chanber having one or nore walls for returning RF currents; a match
networ k box for generating an inpedance that matches the internal inpedance
of the plasnma chanber to an inpedance of _the RF generator, the match

twork b ble of receiving the RE ¢ ts: a first | l.ed
Dot en the e ARHEEROE S SRtIORS e AGTYanateysy phd: Enefipd 18y SBHEE e
pover Dbet yge o&éﬁﬂ e@ﬁ)rlr%tﬁ%ﬁfr@ée%in?@ﬂmﬁ%? TR ol R Hgs%igﬁbn,ﬁluﬁﬁm%p&ﬁﬁ& e

coupl ed between t network box and the plasm anber for
t ransmi t t ideqilRBrepeniarthdetovdes to plogideattbdrongh wdekstanding dfdhgprgsams invhatderl! t he

second cable providing a return path for an RF retuyrn current f.romth

pl asma_chafie?® £ VLPH%QI?PMecYFi" ﬁgt‘ﬂgrﬁi‘rﬁ n Q’r‘?dar Ot[hﬂteﬂﬁsprf:{‘)cpt é?‘@@b?lil &5 y©

| sol ati gg lﬁrﬁ&ic@@%ﬁmﬁ?%&ﬁé lor BOXoff fHefR §peRfflc’ dQals. CONbaERE SnsMrchs, WAl Rh@si®
chanber such that only the second cable provides the return path for the RF

return curpresess Stepsrhaveengs| trenslescnibathén detgiltinordritnoh to anpasessatlbyxobsgure the
system as recited itn claim11, further including a shield box coupled 25
bet ween t HECSSPHOXE M anber and the match network box for shiel ding the

second cabl e, WIRS Sefnt Mfvehoh Bfimihd¥BANRFOLLRKE radirAcatkiseéitepr PatMsnRE t he
RF return currents fromthe shield box to the match network box. 3. The

syst em as queteit wthirh patd byi etegtricallyciselpting the body of thenRF seatehving setyrdsiramghgo

coaxi al, .cahbl es chy,of Kch h an.lnner co (o n t.er
conduct18r .C%assl%oﬁ)gbee esih\{%%%gx'l rgyﬂlﬂgeorgl S glﬁggés&?%g?? ég%ﬁ'i %ﬁgllgianp ]§?ma
wher ei n t hRoéREIBE s§de Wileotys caiftratiftes édnveiticaabieacingacofqrbigmgtasansary feturir

forward current and forwar ower and the outer conductors of the first and
second calftadhs asrpeasibiet [nweprelerred embpdigignt arfon-oonducting plate is provided between

the matching network box and the RF shield box to electrically isolate the RF matching
network box. In this manner, substantially all stray return RF currents are eliminated while
15 a single RF current return path is provided to the matching network through a coaxial cable.
By thus providing a single RF current return path, the present invention enhances precision
and uniformity of the wafer processing results.
Figure 2 shows a flowchart of an exemplary method for delivering RF power to a
plasma processing chamber in accordance with one embodiment of the present invention.
20 The method provides a wafer in a plasma processing chamber in operation 202. The plasma
processing chamber is characterized by an internal impedance during wafer processing.
Then in operation 204, RF power is generated for use in the plasma processing chamber.
Next, a match network receives the RF power and produces an impedance, which matches
the internal impedance of the plasma processing chamber to the impedance of the RF
25 generator in operation 206. The match network then transmits RF power to the plasma
processing chamber in operation 208. The walls of the plasma processing chamber function
as return paths for RF currents to return to the match network. Then in operation 210, only
one RF return current is allowed to be transmitted over a single RF current return path by
blocking all return paths of the other RF return currents. Preferably, the single RF current
30 return path is over a co-axial cable that connects the match network to the plasma
processing chamber. The method then terminates in operation 212.
Figure 3 illustrates an exemplary plasma processing system 300 for processing a

semiconductor wafer 302 by using RF power in accordance with one embodiment of the



5. The systemas recited in claim3, wherein the second cable is a rigid
coaxial cable. 6. The systemas recited in claim2, wherei nlﬁﬂ?ﬁcﬂﬁg‘iﬂzg’p?ng
nmeans is a plate 10 di sposed between the match network box and the shield
box, the plate having an opening to allow the second cable to transmt RF
forward current, RF forward power, and the RF return current between the

pl asma chanber and the match network box. 7. The systemas recited in claim

6, wherein the plate is fornmed of one or *nore 15 n,on-éonducti ng mater.ials.
8. The syduessntinveadon edlhe, plasERnPIOCesiIRgr Bisiem B0 pingludes @ PIGFAL Pregessing

The syd SERPCESe s
el naes aRaB TR RRERE phE 06 bk Jofk MEh box A0ET Bl by RE R0 RROT > PO TRE

chu clanping the wafer, wherein the
pover is Usegderetatart 3T0ais icoupled td the imchadteorkftmx 3D8dyessibleg3141 OTheAvhicdg pax at us

for supplying RF power to a plas processin hanpber, .conprising.. .25 an RF
gener at or ¥%6ns g‘é‘ﬁ@eﬁ_ﬂ? el CﬁBlﬁegrq,%’ ‘ghﬁﬁé%ﬂrﬁfeg?éﬁﬁé@é?arb%g "Eabﬂ’gé&%iaﬁ t he
RF powep T e ﬁ%?&é%blﬁgco%gﬁl W&y hayk inRbASIHRLEDRRS af¥ei 110 r&RaEACTS ahd €d
by an inteérna npedance during plas processi ng, the plasna chanber

havi ng onepunsr comdectuml 332 4mir 336 trempactivglyRFoc carryang RF eremés. f Ohe leahlsiddg ia

tch net ircujt that i dt t 30, i nped whi ch
mat ches. t HEC TPl A2 fbuapd e NS AV EHCHB TR § ek TGt b
the RF genghaber304 3 adiRkhilg Wé%ﬁfek aﬂ@féﬁrgﬁgrma&ﬁlrﬁ@m&u.c APwediufh KYx 324 is

receiving the RF currents; 16 Decenber 2003 13 first neans coupl ed
bet ween t hisspeSedyeveerthe shickinhbx: 316 foatsupplyioghelikmHoubé plgsme precessorg chamber

hous: ndoreRitshe 8 EHE ARBoAG: USHFED Wt dBned PRCr R ROTkOPLATOHEFR Oheans
and the plR3eReGRaMeaIal Elemehts 208 Myl eNBeRntGroNiige ity WeNefnkiSsudR b Rowaigror k
circuit and thé plasma
container, crate, chest, carton, receptacle, or the like.
The plasma processing chamber 304 includes a shower head 318 and an electrostatic
chuck 320. The shower head 318 is configured to release a source gas into the chamber 304
15 for generating plasma over the wafer 302. The ESC 320 includes one or more dielectric
layers 322 disposed over an electrode 326. The electrostatic chuck 320 is arranged to clamp
the wafer 302 in place for processing. The helium from the helium box 324 is used to
control the temperature of the wafer 302 during the wafer processing.
The plasma processing system 300 also provides a non-conducting plate 312
20 between the shield box 306 and the match network box 308 for electrically isolating the
match network box 308 such that metal-to-metal surface contacts with the shield box 306 or
the plasma chamber 304 are eliminated. The non-conducting plate 312 is preferably a
mounting plate for the match network box and made of non-conducting or insulating
material such as Delrin™, polymers, plastics, nylons, or the like.
25 In this arrangement, the RF generator 310 generates and transmits forward RF power
and current to the network match box 308 over the inner conductor 330 of the cable 314 as
indicated by arrow 338. The network match box 308 houses a matching network circuit 328
for generating an impedance which matches the internal impedance of the plasma
processing chamber 304 to the impedance of the RF generator. The matching network
30 circuit 328 is provided between the RF generator 306 and the plasma processing chamber
304 to minimize reflection of RF power from the plasma processing chambers 304. It

typically includes two or more variable impedance elements (e.g., capacitors, inductors).



5 chanber, the second nmeans providing a return path for an RE current_from
the plasma chanmber to the match network housing means; meand6l¥scember 2003
electrically isolating the nmatch network housi ng neans fromel ectri cal
contacts with the plasma chanmber such that only the second neans provides
the return path for the RF current fromthe plasma chanber to the match
net wor k housi ng neans; and 10 neans coupled bet ween the pl asnma chanber and
the match network housi ng nmeans for shi el i ng_ the second neans for
transmitting t ﬁlaleﬂmtvp@matcm & ransmitsdorvard Re' newes and coreed oxqrythe dangr n
pat hs of t i el

ousi ng. miAngUorcS st e ol LA Gl 8 B0 IRP Mo Bab 1P T lEbRtife
first and csleﬁlbéld3mar'&)eaif3a]ﬂy,rfhé EFl(jJ()BﬁP,ﬁ(llnd o, ais indichied, by espec3diyeby,

hner _condlsbrers ie rhnSIEose-Sothe T L T RS
out er Cen%ﬁpﬁa%ewe%ﬂ | L1ediftfie 396 Yha 1 hﬁ@r"ﬁond&%rlﬁﬂ ﬁn%@eﬁﬁr Heltedtivde

recited in ctarm re|nthe secon ble Is arigrd coaxial cable. 13.
The appar ai?.lﬂsattmtsrlﬂammaenms rovardihewialer Méoeuhn plakma ipsarkessing, g hiahamay inglude

pl ate di sposed bet tch tmork I n d shi el.di ng
means, t hEiGHEg X ﬂ%m i e epgiias GRITBIOE HE Tokeo R aould e SRy SeipER S v
the RF powg d}l 6&&#15@ sSrk't%ﬁle@bobf‘st \ﬂ%@ﬁb&&‘emmd@t%ilaheﬂeﬁm@rfa%ﬂﬂat& he
mat ch netvvork Sl ng ans he apparatus as recited in claim13,

wher ei n t hmdptstndingoffthe atbdlntagesmiatherprmntemmmonor}ﬂlmtvmghmtvemtlcml ieselfde 15.

T D A L B Bk ] B ot SIS SRR of Sy TR Ry Be

ol ymer:

o adapted for use in any suitable wafer processing systems, including but not limited to those
adapted for deposition, oxidation, etching (including dry etching, plasma etching, reactive
ion etching (RIE), magnetically enhanced reactive ion etching (MERIE), electron cyclotron
resonance (ECR)), or the like.

15 The plasma processing chamber 304 has walls 344 that provide “return” paths for

RF currents to return to the match network box 308, thereby forming a closed circuit.
Specifically, the RF currents travel to a clamp 350 from the walls 344 via the surface of a
metal bar 348 as indicated by arrows 346. The metal bar 348 is securely mounted on an
ESC housing 352 that operatively houses the ESC 320 and a portion of coaxial cable 316.
20 The ESC housing is securely attached to an internal wall 344 of the plasma processing
chamber 304. Hence, the walls 344 of the plasma processing chamber 304 are in metal-to-
metal contact with the ESC housing 352.
Within the ESC housing 352, the clamp 350 fastens one end of the co-axial cable
316 to the metal bar 348. Both, the bar 348 and the clamp 350, are preferably made of a
25 metal such as silver-coated brass {i.e., Ag-coated) to conduct RF current. The metal bar 348
is in closed contact with the clamp 350 and the ESC housing 352 to allow transmission of
RF return currents. Hence, the RF currents from the walls 344 are returned to the match
network box 308 over the outer conductor 336 of the cable 316 via the metal bar 348 and
the clamp 350. This current return path is preferably the only current path allowed to
30 transmit RF return currents from the plasma processing chamber 304 to the match network
circuit 328 and eventually to the RF generator 310.
On the other hand, the non-conducting plate 312 electrically isolates the match

network box 308 so as to block substantially all other stray RF currents from the surface of



14 16. A nethod for delivery RF power to a plasma processin anber,
conprising: providing a wafer in a plasma processing chanbea6§ﬂ§9n&§2003
characterized by an 5 internal inpedance during wafer processing;
generating RF power, by an RF generator, for use in the plasnma processing
chanber; receiving the RF power over a first cable and produci ng an

| npedance whi ch mat ches the internal inpqﬂance of the plasnma chanber to an

i npedance of the RF generator; 10 transmtting the RF power over a. ond
cabl e to ttheshirlddes 38’60@@ 1 Yodifidpe sty ‘b‘r"_%eté PHS CB?Fémﬁ%faBE,pre?dﬁ‘i&gf asna
processi n%e hapielurRfl Nns ARf btk &dhQot bS FohxiFcabW SN The asMbistdnk @d NY

only one return current to be transmtted fromthe plasm processing
chamber oveedictable SRE getgrc giuirent, 60, allkives plastho @repssyieg: iof achférn wiltajanhigh,

wherein th onefRF returr& curfaﬁqt is allowed to be transnmitted over the
second calffe8™H P BIeSISINAPITER3A B4t hs of all other RF return currents from

the plagm proggskifple@abRIng 28nd8 RFRAIABERGH path Wik diBtinatingCdtBiritrdy ,
wherein the one RF re]?urn current Ts transnmitted fromthe plasma processing
chamber oweturn heregcmayi resiabd thetiasapenketa peaketoliegkvasiance from avmeuchas 160 m¥

recited in_clai wherein.t ope et urn rent..is 2 |l to be
{ransim Ut gbdn Y elebe B R0 m a8ht 5 of i g I BEPhdsd e RUF

net wor k bak,286 Vi if o338 VB0 WeL&SRI0T350 Nambiise rddieedVAadcdsallonchighergigdi ng
to allow the second cable to transmt RF forward current, RF forward power,

and t he R aafers byuprogiding @t higher degseqof precisiom b aporiginghieahngimeh plasmaor k
box. 1& 6 p[r)gge%%g of \%%:l?’s 2 plasma processing chamber.

Figure 4 shows a perspective view of an exemplary plasma processing system 300
with the network match box 308 and the plate 312 detached from the shield box 306. The
plasma processing system 300 is shown to include an ESC housing 352 attached to a wall
344 of the plasma processing chamber 304. The shield box 306 is attached to the other side

15  of the wall 344 of the plasma processing chamber 304. The RF generator 310 is coupled to
the match network box 310 via the cable 314.

As shown, the plate 312 has an opening 402 to allow the cable 316 to pass through
for transmitting RF power. The network match box 308 also includes an opening 404,
which allows the cable 316 to be coupled to the match network circuit 328 disposed within.

20 The plate 312, when provided between the shield box 306 and the match network box 308,
is arranged to block all RF current return paths via the shield box 306. Accordingly, the RF
return current is allowed to be transmitted only through the outer conductor of the cable
316.

The present invention, a system, apparatus, and method for delivering RF power to a

25 plasma processing chamber, is thus described. While this invention has been described in
terms of several preferred embodiments, there are alterations, permutations, and equivalents
which fall within the scope of this invention. It should also be noted that there are many
alternative ways of implementing the methods and apparatuses of the present invention. It
is therefore intended that the following appended claims be interpreted as including all such

30 alterations, permutations, and equivalents as fall within the true spirit and scope of the

present invention.



20. The nmethod as recited in claim19, wherein the plate is fqrned of
or nore insulating nmaterials to electrically isolate the rratléﬁ)eﬁ%‘il%ragggrom
the plasma processing chanber. 5 21. The nethod as recited in claim 20,
wherein the plate is forned of a pol yner

/ Ng$/ N N Ng/ ' N N/ Ng/ Ng/ Ng~ / Ng/ Ng/ Ng/ Ng/ Ng#=z| \ Q VZGM

Xzupkf " [V] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] (ia] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]
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Vo o1 & FEORRN é’z‘#‘aﬂ 3@4 birchot WA TR R crens
n'10% c& ()-!| %M&e@mﬂcﬁiﬁ' |f630 BEkPMng 4o -impedance that matches the internal
.10% & () --S10% & g)-lI+n1'10%&'()-l)n1'10%&' g)-l m10%4 & ()-M  UVWK PB4
impedance of the plasma chamber to an impedance of the RF generator, the match network
box capable of receiving the RF currents;
a first cable coupled between the RF generator and the match network box for
15 transmitting RF power between the RF generator and the match network box;

a second cable coupled between the match network box and the plasma chamber for
transmitting RF power between the match network and the plasma chamber, the second
cable providing a return path for an RF return current from the plasma chamber to the match
network box; and

20 means for electrically isolating the match network box from electrical contacts with

the plasma chamber such that only the second cable provides the return path for the RF

return current from the plasma chamber to the match network box.

2. The system as recited in claim 1, further including a shield box coupled
25 between the plasma chamber and the match network box for shielding the second cable,
wherein the isolating means blocks other return paths of the RF return currents from the

shield box to the match network box.

3. The system as recited in claim 2, wherein the first and second cables are

30 coaxial cables, each of which has an inner conductor and an outer conductor.
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5. The system as recited in claim 3, wherein the second cable is a rigid coaxial

cable.

6. The system as recited in claim 2, wherein the insulating means is a plate
10 disposed between the match network box and the shield box, the plate having an opening to
allow the second cable to transmit RF forward current, RF forward power, and the RF return

current between the plasma chamber and the match network box.

7. The system as recited in claim 6, wherein the plate is formed of one or more

15 non-conducting materials.
8. The system as recited in claim 6, wherein the plate is formed of a polymer.

9. The system as recited in claim 1, wherein the plasma chamber includes an
20 electrostatic chuck for clamping the wafer, wherein the RF power is used to attract ions to

the wafer for processing.

10.  An apparatus for supplying RF power to a plasma processing chamber,
comprising:

25 an RF generator for generating RF power;

a plasma chamber arranged to receive the RF power for processing the wafer, the
plasma chamber being characterized by an internal impedance during plasma processing,
the plasma chamber having one or more walls for returning RF currents;

means for housing a match network circuit that is arranged to generate an

30 impedance, which matches the internal impedance of the plasma chamber to the impedance
of the RF generator, the match network housing means being capable of receiving the RF

currents;
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for shielding the second means for transmitting the RF power, wherein the isolating means
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blocks all return paths of the RF currents from the shielding means to the match network

housing means.

15 11.  The apparatus as recited in claim 10, wherein the first and second means are
first and second coaxial cables, respectively, each of which has an inner conductor and an
outer conductor, wherein the inner conductors transmit RF forward current and RF forward

power and the outer conductors transmit the return curtent.

20 12.  The apparatus as recited in claim 11, wherein the second cable is a rigid

coaxial cable,

13, The apparatus as recited in claim 10, wherein the isolating means is a plate
disposed between the match network housing means and the shielding means, the plate
25 having an opening to allow the second cable to transmit the RF power and the RF return

current between the plasma chamber and the match network housing means.

14.  The apparatus as recited in claim 13, wherein the plate is formed of one or
more non-conducting materials.
30
15.  The apparatus as recited in claim 13, wherein the plate is formed of a

polymer.
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10 transmitting the RF power over a second cable to the plasma processing chamber for
processing the wafer, the plasma processing chamber being configured to transmit RF
currents; and
allowing only one RF return current to be transmitted from the plasma processing
chamber over the second cable.
15
17. The method as recited in claim 16, wherein the one RF return current is
allowed to be transmitted over the second cable by blocking return paths of all other RF

return currents from the plasma processing chamber.

20 18. The method as recited in claim 17, wherein the one RF return current is
transmitted from the plasma processing chamber over the second cable to a match network

box.

19. The method as recited in claim 18, wherein the one RF return current is

25 allowed to be transmitted over the second cable by providing a plate between the match
network box and the plasma processing chamber, the plate having an opening to allow the
second cable to transmit RF forward current, RF forward power, and the RF return current

between the plasma chamber and the match network box.



s10% & ()- 10% & ()-p#l0% & ()- 10" 10" 10" : 10% & ()-vVv

y810% & () - ~~~, $zaBbCl s109$10% & ()-1m 10% & ()-! | nt 109%90& (pDecombe 2003
10% & ()- | @10% & ()-z-LOJEbC! s10< f 10% & ()-10% & ()-1#10% & ()-<

s10% & ()-110% & ()-10mM' 10% & ()-(w zdEbC! s10. 9%$10% & ()-Y

9-10% & ()-lc(mM10% & ()-]1&9%10% & ()-1#10% & ()-1!mM 10% & () - z+abcduxbCl s1
010% R&' () - p##10% R& ()- 10" 10

10°3C10% & () -2 10% & ()-| Ont 10% & () - x-PdbCl s1010% R& ()-< *10%

R& ()-s10% R& ()-P10% R& ()-P@"10% R& ()- 10% R& ()- Normal" "Headi ng

13] c" "Headi ng 23] C"1y. i L [ T ' Py i ng
63] c" "Headi ng 73] c"Thﬁlle‘g@f)ﬁgs 3%%1@&‘1 " ﬁ@%‘l % ‘g%}%n,&h@?é a{l}lgltt{)?lﬁ]é(‘r;ggp g%?l)g
Font W' 2; Rfabre, fikeIMisg4naterials to electrically isolate the match network from the plasma

| u_~RSTUVWWKDeO" %) , A373<>Cl MT4Yf _c, i j kKYnpqgr 4t uvbyz|}~zzxXYZ[\]~_" abcdef ghij
Kl rmopqr stRIQWRSARE F amgbenes New RomanAri al Courier New'h Root

Ent r yWop dDocunent J " #$9&' () *+,-./0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|}~

21.  The method as recited in claim 20, wherein the plate is formed of a polymer.



