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BACKGROUND OF THE INVENTION

The present invention relates to apparatus and methods for processing substrates
20 such as semiconductor substrates for use in IC fabrication or panels (e.g., glass, plastic, or
the like) for use in flat panel display applications. More particularly, the present invention
relates to improved plasma processing systems that are capable of processing substrates with

a high degree of processing uniformity across the substrate surface.

Plasma processing systems have been around for some time. Over the years, plasma
25 processing systems utilizing inductively coupled plasma sources, electron cyclotron
resonance (ECR) sources, capacitive sources, and the like, have been introduced and

employed to various degrees to process semiconductor substrates and display panels.
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In a typical plasma processing application, the processing sour ce,E ?aﬁ’gi
(such as the etchant gases or the deposition source gases) are i'‘ntr c@glf

into the chanber. Energy is then provided to ignite a plasma in the
processi ng source gases. After the plasma is ignited, it is sustained with
addi ti onal energy, which may be coupled to the plasma in various well -
known wa¥Qo¥7d14 " capacitively, inductively, through nPEFUNEBE2 and t he

| i ke. The plasma is then enployed in the processing task, e.g., to

sel ectively ehahyfal fleRsirbeedidd dpPliQhod, B r&ggﬁ%rs rEe e@%sa(ﬁgﬁ aBHRCESSI NG
systens in general are well knownh in the aPrt and the rererence literature
i s repl ettehapt gasesde theideposision setires gages) @e iemoihans intomerehaibet. | Bneaydi | abl e

syst ens. . eral i nciples pertaining to plaspa processing will not
he di scu%%‘*‘e’ﬁ'%?ﬂﬁaﬁ@é%?‘eaﬁaaﬁn? "ﬁh‘? Brobogiing JouFec sy gﬁeréhfs%g@auﬁlgﬁﬂ zessing t he
subst r at &, su@#fifedoFith d’ﬁﬁitioﬁ@@ﬁér%ﬂtwhﬂfﬁrn@a?%E Féfi}@léﬂ{]@%}]e@ia@&ﬁﬁﬂaﬁgg_& \foqgr s strive

: e etc

to inprove is processing uniformty n nvironnent, for exanple,
et ch? unfPoBRHTaYy ¢igs cepaciiivgn induntivelie theough maerbwave, sridahellikel The plaamAisgh | evel

of etch i ] .0 _iqmprove the percentage. of_ defect-free
process eﬁ&s%n%gﬁegyne%;% & ffsit’:‘ﬁg s S gcf S@Lec ‘Y#yoet&bmg%ﬁ afilpendhs { he
manuf actsuberate. Riasth proceiny bsteaizin Baned] 416 &Il Rnovil i helhi 00 WHE E¥rd&f €rs to the
uniformity of the entire etch process across the substrate surface

i ncl udi igeraPters Falels, withdeiails pesteingfo vanmik cemmerstally pyajlable adenisafens
l ectivj i ' trol .. ofile. ch istics lik
o doval 12ondkapEhLpIcE a0 BleC SPB: st RL oGS inErB R R excanpl .

it il eXpelotwg 'stshlat the etch rates at different points on the substrate

tend to be substantially 20 equal. In this case, it is less likely that one
area of the Pubstrate wi |l be unduly over-etched while other areas remain

I
i nadequat el y Bt .gq’%SUQEFEﬁ“iSi‘BﬁPfﬂﬁlwmaWﬂﬁ%ﬁi ihaipsoqebrespginesss r i ngent
process%gegcﬁwc;v_@rpgeﬁ}g%ssi@lm%nﬁgptmg]glee&bgﬁ‘%ﬁwgﬁleﬁl }Ofr ?Eagﬂrll%cr g{:ﬁﬁges during the

substrate processing. nthis-is presenc ltiple filmns
that nusnifgyeity pravompereuit datermimneofateld; at.) yhigh feh @rof blch phidsiRy RHESESSI NY
requirenments " For exarrﬁ%f, t he gas pressure, %l asma density and chem stry
may he PBYOTS BEPTENiES Rbdafeckites Prasesssy subnhntese Whish rarsdaiesigiodovsdiragiie substrat e
to arhi eyehdhamdRmtd:e ' § : . Yy to processing
uniformty, ther eﬁlglrsgs g%?ﬁﬁ%%ﬂg?&?ggﬁfeén@g?gj@%&\@%ﬁ%@é{%{oﬁﬁ% process

engi neebiformyippf the pndiré etpoproeast adress the sulisorawamtica diclidipstchsaté,he cost  of

owner shij f ..the progcessing tool, i.ch includes, for exanple, the cost of
acqui ri ﬁ'gcr@ﬂ%ih’_lr?af"ﬁg‘aﬁeﬁfth"dwt ef%%%?@%wy frisalibreension conted, apA arile ¢l eani ng
requi r echatatcHBR iR SdSmIAGHE RIABLENERY & thOftch is highly uniform, for example,

it is expected that the etch rates at different points on the substrate tend to be substantially

20 equal. In this case, it is less likely that one area of the substrate will be unduly over-etched
while other areas remain inadequately etched. In addition, in many applications these
stringent processing requirements may be contradictory at different stages during the
substrate processing. Often this is due to the presence of multiple films that must be
processed with dramatically different plasma processing requirements. For example, the gas

25 pressure, plasma density and chemistry may be required to dramatically change while

processing a single substrate to achieve the desired processing performance.

In addition to processing uniformity, there also exist other issues of concern to the
process engineers. Among the important issues to manufacturers is the cost of ownership of
the processing tool, which includes, for example, the cost of acquiring and maintaining the

30 system, the frequency of chamber cleaning required to maintain an acceptable level of

processing performance, the longevity of the system components, and the like. Thus a
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processi ng performance, the |longevity of the system conponents, ‘ﬂ'ﬁd,h@?e
like. Thus a 2 MAY 2004 WD 01/ 37314 PCT/US00/ 31229 desirabl e et ch piMiteddl
is often one that strikes the right bal ance between the different cost-

of - owner shi p and process paraneters in such a way that results in a higher
qualityvm‘ﬁ es5 at a lower cost. Further, as the fea];cl.i.r o8B0t he substrate
becone smaller and the process becones nore demanding (€.g.. smaller
critical dinmensions, higher aspect ratios, faster throughput, and the
like), pleoedisetdmgpasssds sitarme duhstikntheyrigheliabt gwéarthadfferamtcbads and

appar at uses to .achieve higher qualit rocessjing results at |ower costs.
SUMVARY W@'Pmﬁw%ﬁ%mm %ﬁ%@ﬁéﬁ%@% i BIEHIGTE, to a
pl asma pf ek Guibes 8 M Rliurd oPh OGBS Hh Wb AnS RIIF Mdnib&dds | ncl udes a
si ngl e chanber. substantially azinmuthally symmetric plasnma processing

chanber bgFarpgsmoghienanging (g mmaller doigedh dingmiiowdhigha aspesttraiiosefistbor  t he

pr ocessi processing chanmber has no separate pl.as generation
chanber .tﬂgﬂ%-gntgﬁlgdstﬁiﬁ% e LSS} er‘?ém%ﬁ%%%?nsﬁﬁ ysﬁﬁmﬁﬁ%&? DEW getiogs rElaower end.
The pl aspparpies @SRhive: hi%ﬁbﬁfrﬁhﬂ?ﬁy procebsitgessufts iBbWEcadts. t hat does not
substantially react wwth the reactive gas chem stries 15 that are delivered

into the plasnma processing chanber. In addition, the reactant gases that
are flown into the plasma processing chanber are disclosed. The plasna

processi ng system i ncl ude%@wwloipnrﬂ;# g@glg&sposed at an Lipper end of

t he plasma processing cha arrangenent di sposed above
a plane defined by the substrate when the substrate is disposed within the
pl asma pr ocesls ingentibrartngas, iROné anbddimenpnod plashagocedding Phasifar pr ocessi ng

system al so incluydes an. el.ectromagnet. arrangenent di sposed above the pl ane
defs ed PBYePHE S ?tF_é‘l‘SEE ‘%@T@%ﬁ?@ﬁﬁ’ﬁﬁef“b%ﬁ?ﬁﬁﬁﬁﬁéﬁww YIRS gured so
as to r?ﬁbljni rofesding Sdkkr Widlid @vhi‘cﬁg fabind 119 ﬁqw{eggﬁ@ﬁgtﬁing@g}p%' c field

wi thin the p?asma processing cha gr I'n tﬂe egi on proximate the coupling

wi ndow gredessiagt Ererpdaswiagrocassingehshbeohes miseq@edte wlasmiacRherasonshpiabdreThet 0 t he

el ectro net arrangenent.. The radial variatign is effective to affect
processf WP?%?W%?H@%“ YRRE" L B’é‘{?}é’f"ér.e“ﬁh RIBERLTYESEESSi ng syst em

addi ti opakdb¥r hélGded d SfatediaDBatB¥E ot Mﬁél]??&é&l\ﬁ thOrchfifve ofd Bl QimRanet
arrangenent. The dc power supply has a controller to vargy a magni tude of at
| eakt otat ai¢ ddivered intq e plasmyproedssingthambem dn digionatie sdactastigpses ithanare n t he

control hg‘prl: %toqﬁggl%ﬁacprocessing chamber are disclosed.

The plasma processing system includes a coupling window disposed at an upper end
of the plasma proeessing chamber and an RF antenna arrangement disposed above a plane
defined by the substrate when the substrate is disposed within the plasma processing chamber

20 for the processing. The plasma processing system also includes an electromagnet
arrangement disposed above the plane defined by the substrate. The electromagnet
arrangement 1s configured so as to result in a radial variation in the controllable magnetic
field within the plasma processing chamber in the region proximate the coupling window and
antenna when at least one direct current is supplied to the electromagnet arrangement. The

25 radial vanation is effective to affect processing uniformity across the substrate.

The plasma processing system additionally includes a de power supply coupled to the
electromagnet arrangement. The dc power supply has a controller to vary a magnitude of at

least one direct current, thereby changing the radial variation in the controllable magnetic
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1 2 MAY 2004 WO 01/37314 PCT/ US00/ 31224 field within the plasma Brzcg ?Ij‘hﬂ
chanber in the region proximate the antenna to inprove the processi B %
uniformty across the substrate. In another enbodi nent, the invention
relates to a nethod for controlling processing uniformty while processing
a substr 6§1 gi ng a pl asma-enhanced process. The nmethod 5 i ncl udes

provi di n‘g /33 sma processing chamber haying a si ngl ePEHESMER29
substantially azimuthally symetric configuration within which a plasma is

bot h i gniitlédithindhesplanai piedssindlehhriiber il e RREGISiMAe O b3y REhbat €. the
pl asma pr. ocessmggchanber havi ng no separatée plasnma generati‘on chanber.

The pl astaPRFOEEE UIfEmEY agiprsihe sebstigites a materi al that does not
substantially react with the reactive gas chem stries that are delivered

into the pl aggenoliftr BLBSESSI 3 Ltihon, the.reactant gases that
are flown into therpl asna 6’?%%%2%{6%3&]%%2%%%%&39gorﬁf’rg{ﬂ%%e"&‘.’ce% net hod

al so i ncinifgenitysrhsieipdooagsing acobytlaierginye pioma-eBRe@a pebcals. ARe MPMEE end of the
pl aspa Qkaﬁqeegs} ngl1i sgx?ztéem and providing an RF antenna arrangenent di sposed
above a Pl ané defisfetr By e SUgratrRe Bavipsersingiechambert substantiady di sposed
i 0 ook e 6 65:8ig0id W NRTARS of ot AR 9669500 TRG, Tt O

addi tionally includes providing an el ectronagnet rrangene sposed
above t KBripg tiaErogessing efithb yubstiase. sheydassmtpeocesing chirsiet hOiRORakpar@E r angement i s
tion in the controllable

fi t |t i di al. iati, \
R L R W KR il
pr oxi matsebstaneallyaeet WitE theiredew g%@ehenﬁaﬁ&mam%gé%&?%}ﬁ;a g direct current

is supplied to the el ectromagnet arrangenent. variation is

ef f 48t i PEOcpssing rhaseher. pingdditien, thy reartahtgasesttiat acrfzss inth ehesplagiarpadcessing

Addi ti ong lps arEﬁSEI‘Sseids i ncl uded providing a dc power supply coupled to the
el ect romagnef arrangenent, placing the substrate into the plasma processing
chanber, flow ng reactant gases into the plasma processing chanber,

striking theTlplmshal aotindidet PRvidiRACMling SAHEH di@@@kd%h%ﬂ@dg:aﬂmm? radi al

variatign &n the control |l able magnetic field within the asha processing

chanber YRR PIOSEHHI8 SYstcaxandewr e idipgandhll amenaa emangampen dispeshéalpveaess
uni f or mybye &SH thd SibSi t et ,anot her. e ?Pgi ment, the invention
rel at ersTb to a qug@;rra prb %ﬁ%ﬁ%&ﬁg?é %he ? gpposﬁ‘ﬁ]gg@g?e PEASIEETHE e, whi ch
I ncloudeshambei fogthe proesingr Thesti@BdBadditiohdil iAdiddl blddkiing 25 ¥HBRIhdofer
arrangement disposed above the plane defined by the substrate. The electromagnet
arrangement ts configured so as to result in a radial variation in the controllable magnetic
freld within the plasma processing chamber in the region proximate the coupling window and

anterma when at least one direct current is supplied to the electromagnet arrangement. The

20 radial vanation is effective to affect processing uniformity across the substrate.

Additionally, there is included ‘providing a de power supply coupled to the
electromagnet arrangement, placing the substrate into the plasma processing chamber,
flowing reactant gases into the plasma processing chamber, striking the plasma out of the
reactant gases, and changing the radial variation in the controllable magnetic field within the

25 plasma processing chamber in the region proximate the antenna to improve the process

uniformity across the substrate.

In yet another embodiment, the invention relates to a plasma processing system for
processing a substrate, which inctudes a single chamber, substantially azimuthally symmetric

plasma processing chamber within which a plasma is both ignited and sustained for the



pl asma processi ng chanber within which a plasma is both ignited a?dMAY %ﬂr[]]l'
sustained fir the 1 2 MAY 2004 WO 01/17314 PCT/ US00/ 31229 proceés e
pl asma processi ng chanmber has no separate plasma generation chanber- The

pl asma processing chanber has an upper end and a | ower end. The plasna
processiyiggmysikem i ncl udes a coupling w ndow di sposedy @ty g%per end of
the plasnma processing chanber, and an RF antenna arrangene % i sposed above
a plane defined by the substrate when the substrate is di sposed within the
pl asma pPeeEyng. n@e@fﬁm@emceﬂsmg chawdeninas oe sepanty. pl&argeneratonfchantizer i ncl uded a

first RF ntenna, ,and a first magnet
arrangerre%tp\’f% gscf}%ﬁg?f‘gbefH@aﬂluaﬁ’?éeﬁ?q%ﬁéﬁwﬁ)?mﬁl he substrate. The nagnet
arrangenent is conflgured so as to result in a radial variation in the
control | abl e Tha@hehi prodddsihd Sls@mihdlitich a LAHRY AHABw RIsPERE 8i MApphapher in the
region proximate the cougl | ng wi ndow and antenna due to magnhetic field
lines endfinl ‘i‘?ﬁ‘a‘fﬂf"l?ﬁﬁsﬂgé %‘@ﬁéﬂdaﬂ{ﬁﬁ@@n@ﬁmﬂmmr@@ﬂ@ﬂ abepgripdanE on i s

ff ) b
a0 or T3 O e o PROFRRTHAR A CHE N SRR AR PR bR bt 1 gur e

to suppcﬁotthepimeessmpstrate wi thin the plasma processing chanber during the
processi ng, and a second RF 15 power suppl y coupled to the substrate

t Th | trol | abl
ndependont | ) FFF BYRPEIRE TR - RE! RORBYESupsbl Guplst e R SPRBReATSS | ncl uded
eans - UisiilgHetahinge A Asp¥ bt AL didhe bl B0 QLbMAC THEARSE] © T el d

within the pllasnma processing chanb egi on proxinmate the antenna
to i npr wengehenios ombgeich gp asno fesulnintayadidrvesation iethe sorhsllalde ma@@ndhese and

th f t t Il be d bed det ai |
S | SR i BRI S FEr AT LR o
the f 0| | atehiQine td Sibnese fdARlikds e%@ﬁé Byn%\l: 1% nzdalﬁ %E?\%W N%IOCPS present

invention is illustrated by way of exanple, y way limtation,
i n whi chyarigiosyeifectds @1 prag3sivg uniformity across the substrate.

Additionally, there is included a substrate support arrangement configured to support
the substrate within the plasma processing chamber during the processing, and a second RF
15 power supply coupled to the substrate support arrangement. The second RF power supply is
controllable independently from the first RF power supply. Further, there is included means
to vary the radial varration in the controllable magnetic field within the plasma processing
chamber in the region proximate the antenna to improve the processing uniformity across the

substrate.

20 "These and other features of the present invention will be described in more detail
below in the detailed description of the invention and in conjunction with the following

figures.

BRIEF DESCRIPTION OF THE DRAWINGS

25 The present invention is illustrated by way of example, and not by way of limitation,

1n which:



PCT/ US00/ 31229 Fig. | illustrates. in accordance with one enbodih@nMASf 280ke
present invention, a plasma processing system including an exenplary RF
antenna arrangenent and an exenplary tipper nagnet arrangenent. Fig. 2A
shows sone exenplary magnetic field |ines that nay be created within the
chanber of Fig. | to facilitate a radial variation in the controllable
magnet i CW?PET’g”st rength and topology within the pl ashEI’B$8888%i ng chanber .
Fig. 2C shows a typical topography of the radial variation in the

control | abl e Figapiiebtatesf in@kdbrdahtcREt dhe cFibSdimeR df ok i1 lustration
of anot hes radi al |y divergent magnetic fi elngi] 10 tc pgﬁggrgl%bﬁ%{army he

gener at ed"3 B ACEFHENG EYSEEny imehidingjan exdmplasy BE antomagnegenont sad of exdigplarpl asnma

processi %Epe?*‘%%mf%gjﬁg? 1 are manipul ated. Figs. 3A-3H show various RF
antenna arrangénents-that may be enployed with the inventive plasm

processing system in accordance w th enbodi nents of the present invention
15 Fig. 4A- AFFighidwsheas souscemghst mignedchiEnes 80mafhd @RE&NBRisH:hat may be

enpl ayed , wi,t h e .inyentive plasma processing system in accordance wth
embodi neﬁtfa?b(?‘foéﬁjﬁ% I t%%laﬁ@@ﬁ‘ia’iaﬁk?&ﬂ’?@ﬁﬂm ﬁ%@lﬁfffglﬂ\b%@agmﬁwirﬁtrowh magnet i c.
bucket anfEBERSEWithil a8 pladRY ﬁ&sﬁﬁ?&ﬁ}ﬁgg with the inventive plasma

i t

processi ng system in accordance enbodi nents of the present 20
invention. figs. 6A-6C show various nmagnetization patterns that may be
enpl oyed wi t H1§RE shpwyeapicaldonsizeyhpofthodisisianigtiamyis therpntillablecor dance wi t h
enbodi nept§,.6f sent invention. Fig. 7 illustrates, in accordance
with one e eod?%g%{&g@' the present invention a sinplified flowhart
illustrating the steps involved in controlling process uniformty by

al tering the Fig@Bas anvaxeinplaiyGiuserbtidn of apaind kadid g bR ROk e fidi@! d strength
and/ Q" togql o9y 1 % MAY 2004 WOO /37314 ‘
I topologythat may be generated when the de currents in the electromagnet coils of the

plasma processing system of Fig. 1 are manipulated.

Figs. 3A-3H show various RF antenna arrangements that may be employed with the

inventive plasma processing system, in accordance with embodiments of the present

invention

15 Fig. 4A-4F show various magnet field generator arrangements that may be employcd.

with the inventive plasma processing system, in accordance with embodiments of the

present invention.

Figs. 5A-5C show various magnetic bucket arrangements that may be employed with

the inventive plasma processing system, in accordance with embodiments of the present

20 invention.

Figs. 6A-6C show various magnetization patterns that may be employed with the
inventive plasma processing system, in accordance with embodiments of the present

mvention.

Fig. 7 tllustrates, in accordance with one embodiment of the present invention, a
25 simplified flowchart illustrating the steps involved in controlling process uniformity by

altering the radial variation of the controllable magnetic field strength and/or topology.



PCT/ US00/ 33229 DETAI LED DESCRI PTI ON OF Tl LE PREFERRED EMBODI MENTIS?TRRAY 2004
present invention will now be described in detail with reference to a few
preferred enbodi nents thereof as illustrated in the acconpanyi ng draw ngs.
In the follow ng description, nunerous specific details are set forth in
order tgy i§e a thorough understandi ng of the pres‘ecr.pm' tion. It wll
be appar e(g({ﬁ,%yjﬁgwever, to one skilled in the art, that SJ(g‘mpl)lr%(-‘}sent
invention may be practiced without some or all of these specific details.
I'n other instag . SS, structures have not
been descri bed e : . S FERRd2 EMBADI cure the present
i nvention. The invention relates, in one enbodinent, to an inproved plasma
processi ng sYisteesentifvehiiat willho®ARANALQS in et Fin 18GLEE 9f rRI-0CESSI Ng

The exenpl ary i nproved plasma processing system

uniforrrit‘%({3 cgnt ol. _ !
i ncl ude8THFER AgPEtimenitibereo! asilbistrated inabd agcampanying dlabvingsylmed ri c, i.e., each

ol asma oo RRphoEhubdobe e EhaiR a0 4% b ule i mbvide aberee pi asmm and
t o cont aiderstanding bhserpresdhoinvérion Pk SGIEBSApDEreh@BdwevdN® dndREAVEH up) asma

pr ocess;u,ggl? Zﬁlstemfurther i ncl udes an upper 15 magnet arrangenment and an RF
ant enna’ ar FaNGEFErY "YPL98 se baprgiced mithpitseree of all dighessspositic d¢tailsdur i ng

B ange e R e S B AR R e 26 sl a1 “var1 at i on
in the d&mltinordenloinet wmgeesdatily obseiethe pletean@tdniand t opol ogy within the plasma
processi ng chanber sufficiently far above the substrate that the induced
variation i %anggﬁ%%ié]% uni forg’bt [ S achi eved while sinmultaneously
ensuring the nagnetl & f el CMapYmAntale ap faprevislasare@rdcsssingwystanm t he

pr dber rigal is capibheld MEAdh debRE 8 Frackkhe WAHhAY @RurbinThd rol | able magnetic
field strength and topol ogy Iigs‘ prgl marhﬁllrt (?)ﬂ"{)lhgﬂevﬁig(gll%ﬁgbﬁmgfovf e regi on of
power PR PHgeTi@8 systefeinRBdesatsmgleababracubmantialiy @4hadsly sfheetrrdi al

vari ati;qn_j trollabl.e neti¢c field strength and topology is such
Chat it af 625%02? <% patalicrd fhﬁd”r%%i agf ﬁ‘?stay"ePr ‘éimﬁlﬁhfq?apw)hlﬁmvvay. By

pur pos efaskdsingdbanignitags eRpR@iLEBoR LAREISIHRYI - pattern of
radi al iation in _the cgn%(rol I ablge nagngtaﬁ%é%'ﬁe{})é&gﬁgﬁﬁﬁggnd t opol ogy

Y
that i £rBppTcesng tasks Tbe imprgvadinbasma gioaessing systen furthyr, incmtds ait fygar pr ovi di ng a
ways t 0 ni4gh i riation, a uni,formty dial is provided to allow
process en%i ne %rg&tﬁghﬁjnn%ﬁ?rﬁem EPE@@%’EG@S‘SB%S% ngvﬁﬂ}eé‘@ﬁé‘eﬂﬁhForm ty.

substrate during processing,

The RF antenna arrangement and the upper magnet arrangement are arranged such
that there would be a nontrivial amount of radial variation in the controllable magnetic field
strength and topology within the plasma processing chamber sufficiently far above the

20 substrate that the induced variation in processing uniformity is achieved while
simultaneously ensuring the magnetic field strength at the substrate is low. In the preferred
embodiment, this radial variation in the controllable magnetic field strength and topology is
primarily in the vicinity of the region of power coupling near the RF antennae /vacuum
interface. The radial variation in the controllable magnetic field strength and topology is

25 such that it affects the processing uniformity in 2 nontrivial way. By purposefully designing
a plasma processing system to create a pattern of radial variation in the controliable
magnetic field strength and topology that is capable of affecting processing uniformity, and
then providing a way to vary that radial variation, a uniformity dial is provided to allow

process engineers to tune the process so as to improve uniformity.



MAY 2 0 O 4 WO 01/37313 PCT/ US00/ 31229 I n one exanple. the afor eﬂm%tM@{ngﬂmf
radial variation in the controllable magnetic field strength and topol ogy
is created by nmaki ng the RF antenna arrangenent iron-coplanar wth the
upper magnet arrangenent. Alternatively or additionally. the radial
variatiqgn in _the controllable magnetic. field strength and topol ogy may be
creat ed BYY678%i di ng, an upper nmgnet arrangenent tRETVNEPEHes two or
nore el ectromagnet coils, which may be coplanar or non-coplanar relative

to each ot herpn oﬂ_d&mﬂ‘ﬁlblth@éfﬁreﬁkﬁﬁné@fﬁﬁﬁﬂ@riaﬁ&j ih $heBMird1Bble oIt T equi red

to be) furnished with dc currents having opposite directions to induce the
af or enenfigldiieasth ged @pologw i enchtohby maitikethe BRantetraairhegemegirenicoplazal d st rengt h

dt f factur.i .sinplicity. of o ion, th
o s, oY Lt ubiltt mEB5Pu R RO Rfcin 7 aE i Buih: b ridle Pt Yo
restri ctwdtréliapletnagh@icdichi sighoth ﬁfﬁ&ﬂ%gynﬁa?@@%ﬁ&%& By ﬂarﬁviﬂﬁigtaﬂ dal l'y
e

symmetric plasma processing chanber. [n other words, t pl'asma processing
chanber TBIENEtFEapgemsRYihatingingps twerpr o dlgcpingenetredls.syhichohaybegiopigha chanber
that both.ge LES] t.al ns I for substrate processing (and
therefore eP‘ﬁﬁnz?l nat es t g%rpllé%l(fgf %ﬁeﬁﬁul@%ggiggt%n % egﬁ%'zsrm Por ( llltggﬁa

gener at iroqujred wrig) Adnsshed sith db siradtsihalihy oposieezditebimt fathliyceshegrmetric to

promote yniformty.. By way of exanple and not by way of Ilimtation, the
chamber Vﬂg@g{}ﬁ%ﬁt{lﬁg a’%‘ﬁéﬁé“ the cayolable @%“if’%lﬁ?% strength agd tapoloRBped chanber .
In a preferred enbodi ment, the chanber assumes the shape of a single

cylindrical Fanau@maMiBidy b Simligs/ e obsall e bBShS contai ned for
t he grocessi ng task vvithoutI%ZO tlkl%{eﬁlr g{q%fio i?lg fhg use fcisgjg%par at e chanber

f or 1| ashambye roreferadn cenfigurad §bpahavigesthasbie) tofber singlc@baslsirng. | n one
exenpl ary, | npLove ma_processi ng system. there is further provided a
magnet i 39{%5%1&(13[’{%3 aﬁ@?’"ﬁ@@H@H@“f‘ﬁﬁ?ﬁﬂg?@%%ﬁ‘@&%@@g?o?’f Btﬁ?:rewcﬁé% ﬁ'ﬁst anti al

nunber  gfashi fropds@nFEhanBenTitiapr&eRdhRMich freeBG YonsBNaf a0 hilRhs ubst r at e.

In one preferred enbodi ment, the 25 magnetic bucket arrangenent is di sposed

about t Het bk peewtey anst contains theepiasmagorsobstisicpepeeshigfertheréforf er abl y but  not

A t] ket t _incl lurality of
per mano siratet BF oG b e B Bree o AR B i B b8 oo BPPARIAY of ©he
pl apa  agithenemly HEnmeduRdI@Fomdé fkiRimity) SByWayQst eRathsié 801 Mk by Wey ghanber wal |'s.

Irrespective of the _
Limitation, the chamber may assume the shape of single cylindrical or dome-shaped

chamber.

In a preferred embodiment, the chamber assumes the shape of a single cylindrical
chamber wherein the plasma is both ignited and contained for the processing task without
20 the requiring the use of a separate chamber for plasma generation and a separate chamber for

processing.

In one exemplary improved plasma processing system, there is further provided a
magnetic bucket arrangement that is configured to force a substantial number of the plasma
density gradients to occur away from the substrate. In one preferred embodiment, the

25  magnetic bucket arrangement is disposed about the periphery of the plasma processing
chamber. Preferably but not necessarily, the magnetic bucket arrangement includes a
plurality of permanent magnets that are axially oriented about the periphery of the plasma
processing chamber, either inside or outside of the chamber walls. Irrespective of the
specific implementation, the magnetic bucket arrangement is configured to force the plasma

30 density gradients to concentrate near the chamber walls away from the substrate. In this



specific inplenentation the magneti c bucket arrangenent is confi g%@g \tN&'
Force the plasma 30 density gradients to concentrate near the cﬂa Y il s
away fromthe substrate. In this 1 2 MAY 2004 WO 01/ 37314 PCT/ US00/ 31229
manner, uniformty is further enhanced as the plasma density gradient

change aghps¥lyhe substrate is mnimzed or substantjally reduced. In
conbination with the aforenentioned controll able radial variation of

magnetic field strength and topol ogy, process uniformty is inproved to a
much gr eswarcrdwifpreatyinfurther dnhpcolmsdhaqyllasndemite gadshimhapyg atrosathhian i s

possi bl e_i.n ny .exi.stin | as ocessi ng.systens. The magnetic bucket

t ends t 0408t u%g){?]ﬂlémfﬁdé’é ?’r’ﬁ%%%@&%%@ E’é"%g]‘ a}/‘%&ﬁg@etaﬁ)éem%&%eﬂl ary

i npr oved cqlt@Bame ﬂaﬂi@pﬂmﬁ@goﬁﬂégg@mﬁ@mtr@ﬂgﬁkﬁmﬁﬁa‘;ﬂo@dgirﬁrbaésml@foﬁﬁ?y@' asm
created by the source. Accordingly, for a given Source power,” nore density

can genel@iTpyedia myphgreyerdiegmain thaimpypied plasme woessiggsieysharis, whi ch in
turn of f AN sing 10.wi ndow. In many cases the desired
proces(s)siﬁ%&g%ﬁﬁnt ?rxg{’ﬁgggséné%ﬁrpgles%{%?yg\%& yet in the exenplary inproved
system | ess source power is typically required to generate the density,

As can be apprhemaghait boyket teodsgo sddudd telplasmat Ibgestb the wallchdnovvie setting of the
source power . tends (Iglo reduce possi bl e wafer damnage nechani sns and furt her
wi dens t HEMRIEDFIREP VST BB PraeEsSINg Aot "o maseef&igientbiise W5 plasma figalshal yses of

react or spyl§dr@s Akﬂﬁ@iﬁgl??{%ﬁé’%@& Bk BBvdr ARb2 @Eﬂsﬂf' cﬁ%ﬁ%&l O by Bohm|osses

to the walls) also predict that the electron tenperat I a given power
deposi t i ashievgd tharpbie typamliprectsbiye systems,iwidchtiherpbfiasmwides prosgsgiag This i S

acc lished, in one e di.ment, hy incorporating the magnetic bucket.
Sucﬁlrég_ r 8%%‘{’1 i&‘r{mfnﬁ C@ﬁeég‘?gﬁ’l’g&f’@ﬁﬁé‘ﬁ%ﬁ’ﬁ‘é" é@h@r"‘&fﬂ WAchigydsYet 8 hewer

pot ent i alxemPBrydmproded §5@ml R& MR podt AltyGieil JeLRUSH gehdratt HIRAS,O L he

el ectronic circuits being processed. Elimnatihg this root cause of plasnma
i nduced Aevadeappeerintcd by thosgkiflédoa titel ayt, tanhaec ectiipef dpeoate pgvenitandow of t he

tool. It _h al s, .bee bserved that ip.sone depgsitin | asma chem stries,
e buckePedtioRRe Safky S5 il and’ @Fg?rvﬁg?"frﬁ’éﬁhaﬁ PESBRE on the wal | s
t her eby windbsediiBe fyRmchanber clean times expected fromthe increased

surface areas required in chanbers suitable for 25 increasingly |arge

waf ers. The average density across the wafer also nay play a large role in
det ¢ i ni ng flagma analyses of reactors (such as those based on volume ionization balanced by

Bohm losses to the walls) also predict that the electron temperature for a given power
deposition will be reduced by reducing the plasma loss area. This is accomplished, in one
embediment, by incorporating the magnetic bucket. Such a reduction in electron
temperature generally leads to Jower potentials on and across the wafer that could cause
20  damage to the electronic circuits being processed. Eliminating this root cause of plasma

induced damage tends to significantly enhance the operating window of the tool.

It has also been observed that in some depositing plasma chemistries, the bucket
fields tend to reduce the total polymer deposition on the walls thereby reducing the chamber
clean times expected from the increased surface areas required in chambers suitable for

25 increasigly large wafers.

The average density across the wafer also may play a large role in determining the
resulting process result. By reducing the plasma loss to the walls using the magnetic bucket.
the uniformity control mechanism disclosed here is substantially independent of the average

density.



resulting process result. By reducing the plasma | oss to the malﬂszdﬁﬁkgmm
the magnetic bucket. the uniformty control nmechani sm disclosed here is
substantially i ndependent of the average density. 1 2 MAY 2004 WO 01/ 37314
PCTI USOQ' 312-29 In addition, the disclosed uniformty control invention is
facilitaf, 42 very low nmgnetic field at the wafe

preferentraV?& achi eved by | ocating the higher nagnet?gnﬂgi P%§reg|ons away
fromthe wafer. Using the magnetic bucket to efficiently use the density
created by thb additipeahs @S{sﬁdscﬂsunibrryitme@li igvealion i5 fatheatédat aveesioand

advant ages o ese enti bet.t under od with
ref er encéﬂaﬁ%entckg fE\Pg’U & a‘?‘l}H FB@%é xrsac g bﬂ’i?‘iaBW ﬁ?ﬁlégerlmqgf“ftifst rat es,
i N accor gierGeimstalvay Boa terbge U8R e thabhsc Bﬁ&%ﬁa i8R delsiBl - AS TR
processi ng gstenrloo i ncluding an exenplary RF antenna arrangenent 102
and an eg@aHt by e sQmeers thag resy bepeficilgenent 104. In the exanple of Fig. 1,
RF ant enna arrangenent 102 and upper magnet arrangenent 104 10 are shown
di sposed abov s ssed | ater
her e?fr ot herﬁg ggﬁl?%ér@ ag{r;ag& sdg e gés}?rg?ﬁer“}&%r?ﬁéﬁ n gg)egsrt?%d?r&%h ment 102
and u pperefermg;nei the Aguresyd rdtsnﬁssrﬂ:Mhatmﬂloant}Egl rlalhastrﬁamgleﬁﬁaﬂﬁdaﬂ(ﬁ Zamhs shown

y 112, which nmay s RF ant enna arrangenent

coupled to 0 u
102 wit horspenﬂwérn&@ ‘\?qeé{‘fi 540 gt IF‘reéa%ﬁ@&ﬁsmﬁP@PréS%W@TémolfOOfsﬂla%&%n 0.4 Mz to

about  50¢Mi1arnMRE SotBia R Ynt 165 to about
30 MHz. Fn the preferred nglgrne%FF ggggﬁgﬁihg?g?ﬁgﬁﬁgg%requency supplied
to RF ahtthmmmalreroﬁﬁgeh;mﬂ anlDfa arsangasmefneﬂmnyl uppEduiagdet biriihgembipio4 magnet
arrangenent, 104.of th ?drnent of Fig i ncl udes two concentric

magn i carg v dispgseq a aéwaeaorcrirmaehﬂezher Mt Spe H@crrsrrddﬁsros. te
di recti ORein lelﬂﬁ?fwos?tﬁmgrﬁg @%E p@é’sfbmglelﬂﬁgﬁterﬂngﬂrr enBRWE:2 ta variabl e
direct current power supply 114, which Is co frgured to ary e magni t ude

and/ or dérraggamephl®f the direct current(s) supplied to the el ectromagnet
coil (s) of upper magnet arrangenent 104 to vary the radial variation in

the controll netic f reng n pol o on 110 to
achi eve the gggﬁF% i L ﬁhd?§€3@§rwg‘ﬁﬂ %§FWWF3% 5@2%@W@ substrate
sur f ace heysupplg R¥ehtepiatRbfemeft RORSHTE &eﬂg@ havifg SHEWMenEiid BRIAGedPOVe a
substrate support arrangenent 124. which
15 about 0.4 MHz to about 50 MHz. More preferably, the frequency range is about 1 MHz to
about 30 MHz. In the preferred embodiment for etching, the RF frequency supplied to RF

antenna arrangement 102 1s preferably about 4 MHz.

Upper magnet arrangement 104 of the embodiment of Fig. 1 includes two concentric
magnetic coils, both of which carry dc currents running in opposite directions. Upper
20 magnet arrangement 104 is shown coupled to a variable direct current power supply 114,
which is configured to vary the magnitude and/or direction of the direct current(s) supplied
to the'electrom_agnet coil(s) of upper magnet arrangement 104 to vary the radial variation in
the controllable magnetic field strength and topology in region 110 to achieve the desired

level of processing uniformity across the substrate surface for a given process.

25 A substrate 122 1s shown disposed above a substrate support arrangement 124, which
is coupled to a bias RF power supply system 128 to independently control the energies of the
charged particles impinging on the wafer. Bias RF power supply 128 may supply RF energy
having a periodic, but not necessarily sinusoidal, frequency range of about 0.3 MHz to about

50 MHz, more preferably about 2 MHz to about 30 MHz, and preferably at about 13.5 MHz.

10



is coupled to a bias RF power supply system 128 to independently%%nrt“%l?ﬂmf
the energies of the charged particles inpinging on the wafer. Bias RF
power supply 128 may supply RF energy having a periodic, but not
necessarily sinusoidal, frequency range of about 0.3 .MHz to about 50 N
111z, erably about ? Nil 17 to about 30 N P-; ferably at
about W@]%L 10 1 2 MAY 2004 W01/ 37314 PCT/ US00/ é’fﬂ%g‘%ﬁ%?uate 122
represents the workpiece to be processed, which nay represent, fir exanple,
a sem cumemee bY repressnts theavorkpidse todiegherdssed] eyharinaydepresentofon examse apr ocessed

di I d i fl | di.splay. Pref bl
R i R R I e T T v

necessarty prdcbgedintisd fld bahel &MY Prdle8Y BPGR RGoMaL uhilSihe e hBEndRuest
portion of the magnetic bucket to avoid any axial gradients in the plasm

pr oces siPHERe! Ritaoy pesotutelit negesyany desubstegtet sheul bosipparteyt vetl itdide thhangi ng | evel

of cenfineEBM; ' transition fromth netic bucket portion
to a non-nma etlﬂ%e&ﬁ%ggﬁc %g]%g}oaa(‘f @rainﬁaxl&egﬁadhcgké? ﬁ‘ﬁg%g@f' gNeyM8et er mi ne
t he act weiktuexhamayotcur hehaprgriatity of theWhd@ing ad] drebsteent P&addaan of the

substrate dur.i.ng, processing. 10 As shown in Fig. 1, plasna processing
chanber BFGBENFEOLEM theppepeiFduskes poripreto agieparandty pesioh nilamefadturiigape. | n

ot her wekdlgst &Fﬁtsﬁféﬁ&e&ﬂni‘ﬁg it Q&uﬁ!e%%f%e%%%ﬁ?%%cl&?gn r%fa‘ﬂ*«fclo6 that is

enpl oyed to bo te and sustain a plas processing the substrate
pr ef er ablegtianod hesibstrafe darisg prodessimghanber t hough t he t echni ques di scussed
could he inplenented into a nulti-chanber reactor. Advantageously, there

i's need fQr .a separate, 15 plasma generation_ chanber, which conplicates

t hem)rranuf apt’g?%'ﬁ?’vf’i"?sigta)]}’ P{aﬂﬂa&ﬂﬁﬁ?ﬂﬁg o Rt Bave dshaaasrimial pl asme

t r anspogdnelal UAEdLi€al Shape. N8 ?ﬁﬁﬁh&:@&,'tﬁ@po@ﬁdﬁ%ﬁ *ﬁﬁ’}a!la%ﬁ‘]h i’ﬁm%ﬁ)’? %ﬁir)éber transport
anber an

the generated plasma out of the plasma generation Into the
pr ocessi¥ghatdhempiered tobothigniteandisngain hplasub&r pate)ing Mesobsthilee subst anti al |y

vertic i | l. th ch er ove,the substrate and the sinple
cyl i ndr rg%p%@‘é%g%ﬁ? gffnadsénrgge_ ﬁh_ﬂlgg%ﬁﬁ’ﬁﬁ@%ewwlgmﬁélsﬁlﬁ%i Cé’é\’é‘ﬁﬁ_ey manuf act ur ed,
| ess  suigphpidntdentd @ nth@PEifiibbBactlr. RAVAntEubhAlehERES RS el GRegiBYe 1 ake
of f-eventually to contam nate the substrate, and sinplifies chanber

cl ani mRjesmegsaarationichamber. avhyshsiomplientestibe memfastugabilita b {the chambehandwal | s.
al t hougt 4Gt ] ign of , the reactor., may also be used and may
nave T oy ERare AR Bt SR e Der RGP 1 ronSy

transport the generated plasma out of the plasma generation chamber and into the processing

chamber for processing the substrate). Also, the substantially vertical sidewalls of the
chamber above the substrate and the simple cylindrical shape renders the chamber walls

20 more easily manufactured, less susceptible to deposition of particulate matters which may
flake off eventually to contaminate the substrate, and simplifies chamber cleaning issues. It
is envisioned that some curvature in the walls, although complicating the design of the
reactor, may also be used and may have further advantages regarding chamber cleaning and -
handling. The exact design and shape of the single chamber, substantially azithmuthally

25  symmetnc plasma processing chamber may depend on a balance between cost, ease of

service and manufacturability for a particular manufacturer.

In the drawing of Fig. I, RF antenna arrangement 102 and upper magnet arrangement
104 are non-coplanar, i.e., they are offset spatially along the axis 108 of the plasma
processing chamber so as to induce a radial variation in the controllable magnetic field
30 strength and topology within the plasma processing chamber in the region 110 proximate RF

antenna, coupling window/vacuum interface arrangement 102, Fig. 2A shows some

11



handl i ng. The exact design and shape of the single chanber, subst&rtijg\ Vi
azithnuthally ?5 symmetric plasnma processi ng chanber nmay depend on a

bal ance between cost, ease of service and manufacturability for a

particul ar manufacturer. In the drawing of Fig. |I. RF antenna arrangenent
102 and (gﬁzr magnet arrangenent 104 are non-coplanar, i.e., they are

of f set svg W31y "al ong the axis 108 o the plasma proREEEPNEIRNanber so as
to induce a radial variation in the controllable. nagnetic field 30

st r engt h examplarp pakegy fieldtintdthitigaybearaRd MiBELhEh RS 1068MBEM tbhcdifife r €gi on |
10 proximate |l a' . antenna, coupling w ndow vacuum interface arrangenent

102. Fi g? T8R! $aistien edhecqnfrolable mpenetoiclieragihand opolbgT Misaaicdagn exenpl ary
nmagnet i ¢ pfoe@kide Li@sy t hat may be created within chanber 106 of Fig. Ito
facili taFe a radial variation in the controllable nagnetic field strength
and topology within the plasma processing chanber. Advantageously, there

i s now a nontf&¢vpniageonsiylitbdre isawivatrioomiviahraiheyaraont mahd @alélldbieragnetic fiel d

trength 1 apal ich i osef ul | ted in the | d pl
or ocess: Lyt i el POES RFp bl o s v pramestomaving o
nont ri vi ploceafifi@stednd Pb@oﬁ&“ﬂ%%@?ﬁgﬁ??dga ibéz ellgfgﬂfggg}?agwg\%ﬁogﬁ’#m EffdcPorpur face.

For exanple the field [ines 1 n Iverging from an
annul us Y PRCERNEHBHEIIE af thehubsteate emiged Ror ttanepler thelfield lineadOhaFik. 24 he radi us

144 of t her .14 roviding a nec ismfor varying thi

pur posef%ﬁ%%% %?:fnr%ééli% gfu\éi?gl‘”iggmaéﬁuic ﬁgﬂ:‘?ge‘l%lhi’“}‘%iﬂ Fa)gl}’lsg‘ewlﬁﬁeti c field

st r engt htheradius 0pObLGY chatrber mogg%vimaﬁémiym%rmﬁtmp&@ shpgte surface
pri

can Be fine tuc?ed to a greater degree than possible’i r art plasm

pr odds si Al radialiariation iy the genteilalsie miagnetis fitkdstrengteant3opmbigy sthapecabout 0 t o
about 1.@,@@%%% rabl out t o about 200 Gauss aqr optimally
about 0 to about gﬁ)gﬁgosstrga{é%ﬁggar%bg%%gng‘g}oa[gﬁ%al%%%ﬁ%f%}?‘%mfﬁ‘aei‘%terface.
Fi g. 2B prer amplaxeapbenssing dyktambr at ion of another radially divergent
magnetic field topology that may he generated when the do currents in the

el ectromagnet_ coil s f Fig. 1 are mani pul ated. For exanple in Fig. 2B
the field Ii %’a”a‘??}gé@&ﬁ%ﬁﬁ%?cglﬁalreiaéwwrt@gbthl,éwamssme conpared to

Lo Py eV 5050 iy TR OO ol 1
near the window/vacuum interface. Fig. 2B is an exemplary illustration of another radially
divergent magnetic field topology that may be generated when the dc currents in the
efectromagnet coils 104 of Fig. 1 are manipulated. For example in Fig. 2B the field lines
diverge from a high field region on axis as compared to those in Fig. 1. The exact topology
of closed and open flux lines is controllable using coils 104 of Fig. 1. Additionally, the

20 range of variation and absolute magnitude of the angle of said field lines is determined by
the exact design of the magnetic coils. For example the magnets may be made non-coplanar
to provide an example of field lines pointing more towards the axis than those shown in Fig.
1. The optimal b-coil design is interdependent on the chamber diameter, presence and
strength of the magnetic bucket, the antenna and plasma processing regimes for which the

25 reactor is designed. The design can be determined in accordance with principles of the
present invention. Typical topographies of radial variation are shown in Fig 2C. The B field
strength i case 1000 has a single local maximum on axis whereas in case 1002 there are
two symmetrically positioned local maxima at finite radius and also a local maxima on axis.
In the present invention these types of variations in topography can be controlled using the

30  electromagnet assembly.
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2(} range of variation and absol ute nmagnitude of the angle of said fi PIAY 20
lines is determ ned by the exact design of the nagnetic coils. For exanple
t he magnets nmay be nade non-coplanar to provide an exanple of field Iines
poi nting nore towards the axis than those showmn in Fig. | _ The opti nal
b-coil design. is interdependent on the chanber dianeter, presence and
strengt hWBf"%f?ﬁ'é magneti ¢ bucket, the antenna and pl ashel'B¥8EE3%i ng regi nes
for which the 25 reactor is designed. The design can be determned in
accordance wi Therpisiahwisphasin®ig. 1 RenagRER 88 et AfEShdnP M2, EKQB%'!udEﬁPOQV aphi es
of radial variation arc shown in Fig 2C. '| he B field strength in case
1000 has p&“@ft}ﬁ RETREERl magasts aiaHYoricaird eroviehepssiphery ofithe plb892 t here are two
synmmet ri ; lbilepn ' at, finite radi.us and also a | ocal
maxi ma O%?dgi?ég@%ﬁﬂe{? h%g%%rg%g%ﬁ’ ﬁlﬁgﬂ\;/egzﬁp 'ilct(l)(ﬁt at”ﬁg%e@ef@&gés fﬂ“rtl‘%‘éﬂf‘i!] ®tions in

t opogr apligepshaplbmnanisndity grddedt ey fgni he subsk£EWHRRA N ASF SR inink ? 12 MAY
20 W)§Jl/ 37314 PCT/ USQO/ 3%22 There is also shown in Fig [ a magnetic bucket
ar r angermént? 4% magneiie field aihe yaler. oln th exemplppembpdipentaiéand, megriét s axi al | y
ori ent ed badketddndcARn IRk r SSi chanber. As

ment i oned, rragn_eéfi c ﬁﬁzéetl a%l%jé)t eé’i’%%ﬁfﬁl%%g%“?@ tféagn?‘fedg‘%ér dlf‘lgb keep the

pl asnma dewgietigatign fgtosyrltcenating drowxhitdrdanbdr$é g NS NB| &e). Sisahvtangous! y

mai nt ai nj vVer mal | netic field at the wafer. In the exenpl ar’
enmbodi ne%r’n‘?‘%éf’%ﬁ“g‘?ey‘i‘,sc“ﬁéaﬁﬁg@gﬂwR’é"t‘/ aggordipgylertsntpeaBodssigniofiersh 32

per manenplasigpredess: sethhat have their radial magnetization factors
alternating around the chanber (e.g., .N, S N S, etc.). However, the actual

of nLénber of cusps per chanber nmay vary according to the specific design of
eacht! pl asnm pesews shamymbpsefemsps suldbegeffeieally highe mumbent ttredusps shoul d

be suffigi i t re that there ig a strong plasma density

gr adi entél\“:'gﬁ é[la%é?%an%g %\HegQ as“ﬁ%i%‘?%tféqm h&ﬂg:{?g?‘e'a OVRE" ‘T‘Sdg‘”sg’éseé?réz rehdyative to

the resttodfe rehef mbaimater Rudkd SHighebti gihe Shspatoo Higy E&%?Pma}tf @%éﬂl@rﬁ}é cusps nay
nple, a

degrade {he density enhancenment. By way of exa ghetic field
st r engt HEBY Y £BREemant. 1By of cauple, aimaghesiofteblwengibf ationt B¢ 1,50 may be

sui t abl ¢) o pr.ef.erabl 15 t he netic field
st rengt ﬁ}e{gﬁi ?tﬁgr%%%ﬁﬁgg\gm?fa?%éﬁ?g%bﬁ%ﬁ PRYREER ]gg%lﬂmjiré@y@auss and
abouf 1.tBOG2gBaticSeld Rreafiraniht yacuthevalEgRRide Gndyibe betwetd Rat modtauishe

vacuumwall, in ce
and about },Séé'gauss. Preferably, the magnetic field strength at the vacuum-wall interface

may be about 800 Gauss. It should be understood that the use of magnetic bucket
arrangement 102 enhances the plasma uniformity across the wafer surface and may not be
required for all processes. However, if a high degree of uniformity is critical, the inclusion

20 of a magnetic bucket arrangement can be quite beneficial.

In the preferred embodiments. the RF antenna arrangement is preferably disposed
above the RF coupling window to advantageousty simplify the design and construction of
the chamber and/or the RF coupling window and/or the magnetic bucket arrangement.
However, it 1s contemplated that the desired controllable radial variation in magnetic field

25 strength and topology may also be achieved by placing the RF antenna arrangement in other
positions on the chamber. By way of example, Fig. 3A shows a plasma processing system
designed in accordance with principles of the present invention that has a RF antenna
arrangement 102 disposed around the periphery of a coupling window 120. It is preferable,
however, to position the RF antenna arrangement so that it is above the plane formed by the

30 substrate when the substrate is disposed within the plasma processing chamber for

processing. Further. the RF antenna should be sufficiently close to the upper magnet

-
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12 MAY 2004
may be about 800 Gauss. It should be understood that the use of nagnetic
bucket arrangenent 102 enhances the plasma uniformty across the wafer
surface and nay not be required for all processes. However, if a high
degree of uniformty is critical, the inclusion 20 of a nagnetic bucket
arrangenent can he quite beneficial. In the preferred enbodi nents. the RF
ant enna P M8 J&nent is preferably disposed above thePGWUSIHEIY ng Wi ndow t o
advant ageously sinplify the design and construction of the chanber and/or

t he RF compdnpg@ifenittofdaiftarned ﬁfm&tﬁhﬁ oﬂ?-?ﬁls%aj ik BW%QI dIIO gfer}\ﬂ;%-gﬁﬁ%@fd' However, it

is contenplated that the desired controllable r lation in magnetic
field 25 EfPEhRPPH gortmbabie tpdiahvayiatdrsiv Bofeldstenstuand topolpgyaci ng t he RF
antenna arrangenent in other positions on the chanber. By way of exanple,

Fig. 3A shows I@tmlemgﬁ{e%&ﬁ% %fFi%%’ﬁtaEﬂFagge%%iu n?n%ﬁiﬁgla?éa%géfance W t h

principles of the pres I nvention at h rangenent 102
di sposed eoofiguationas geployedes yrombieazitonphallp gy aeiovoubiRe, Wiichiisinfcabar abl e,
hovvevgr, ‘;[Y)g pQsi tli Orl'lgéohe RE antenna arrangenent so that ii is above the

pl ane”f i r & ag\iﬁht R SoPrassung Wilarmpiyasrophibe subssaty widesired. Hiskpudd Buthewi t hi n t he
pl asme prieaRea] Hveshalhahis 55 I .- .the, Rl : antenna shoul d
he sufficiently cleose to ltshe ’atggg?%na Hfétgoﬁg%{\ﬁ&"f%ﬁﬁms%li%%ﬁ

PCT/ USOO/3se2:2be iaheren geittemtthal eyniraatii¢ éoupling dhivacibvionf sueh a0inténnigsora i n
proximty . hi gher field  strength region of controllable radial
vari ati onnelgér%s'@q?'ﬁ'ef"gm%etgﬁv rﬁtaﬁceﬂﬁhleP@E@%ﬁbﬁﬁ.ﬁrﬁfiy@ﬁ]@e\@b@ﬁﬁﬂ’aﬂ%ﬁ%@i ment of
Fig. 1, aioRbt it NRBerbd Wil Ahad syhmah S L e aLdnan 4 | oyed to
pronmote azithmuthally s rrlmet ri csléqg{ljpl i ng,ﬁﬂﬁ@gﬁ&kgﬁﬁc%dg%?gﬁfm%en a high
| evell® of Sﬁﬁ%é@wahgﬁﬁ?mp%' eg ofiilteynativr R snt¢rine asaripemenns thai maydesniphded | t shoul d

further h r, that this 3- stacked configuration is not
requi r ed n?‘ﬁ bg?%egg%gl 5 %ﬁmﬁtﬁﬁﬁ 2](’8@)3&@; 33@5??"%‘8? et hayye e Ferent ARmbSf et i ¢
coupl i ng of hepsaedchbf whick mAY hekahli BReRMERAR). Fh. 6 31 e.g., in
cases where acceptabl e un?form’t]y_ ?s al rea)dyrcgachit(%eglgﬁgﬁ\?m&t?h&%% ennas t hat
do not h&ifreahnymhcepidpepsarmageduetieally’s Figndk (R caupling songpe chraprasdiger i sti ¢ such

as a pla : j enna)., Ex I of alternative RF antenna
arrangemﬂﬁgtﬁqﬂgg fd‘r:‘r%i %&E%%ﬁ?%ga/%’c?ngﬁ&yﬁigog’éiﬁmf’waiﬂiﬂﬁ?h ey bed Sipgle  spir al

coi 1)5  Fegl as3fowir maytinvohe mdiiple Bewidigerio ki 8P it ¥ pRhedlity &f | oops, each of
whi ch ma ha\é%@a di fferent thickness), Fig. 3D (RF anterina coil having

di f f er entMIFRSATREF suppligsy Jpather: the R eatepes ariangdnien) mayhaye o®Er fdRFxsoupl | Ng sour ce

conpri st Bftircling configuration of different types such as D-shape, multiple antennas, and the like.

With respect to the RF frequency employed, as a general gnideline, a lower RF
frequency, e.g., <13 MHz with typical dielectric constants and physical dimensions found en
20 these tools, tends to make any inherent azimuthally asymmetric coupling characteristic of an
antenna less pronounced. Accordingly, a wider array of antenna configurations may be
employed at a lower RF frequency. By way of example, a planar spiral antenna may be
employed to achieve high quality etches in the improved plasma processing chamber when
the RF frequency is low, e.g., 4MHz. At a relatively high RF frequency, e.g., 13 MHz and
25  above, the inherent azithmuthally asymmetric coupling characteristic of an antenna can
become more pronounced and can affect the process uniformity in a negative way. |
Accordingly, antennas that are inherently azithmuthally asymmetric in their coupling
characteristics (e.g., simple spiral antennas) may be unsuitable for some processes that
require 2 high level of process uniformity. In these cases, the use of antennas that have

30 inherent azithmuthally symmetric coupling characteristics may be warranted.
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mul tiple individually driven antennas), and Fig. 3F (domed antenng, 2 Waikg(
may be a single 15 coil as shown or nmay involve nultiple coils driven
together or with a plurality of independent supplies). Further. the U
"ant enna arrangenent may have other non axis encircling configuration of
different types such as D-shape, multiple antennas, and the like. Wth
respect WOPPHE4RFE. frequency enpl oyed, as a general gURAEISHH22% | oner RF
frequency, e.g.. <13 Mz with typical dielectric constants and physi cal

di mensi ons fol%ﬁhie 26! witesiman0 HeRF dneRes artMoinisdRfeh i1 P 6460k vagf mut hal |'y
asymtrbﬁhﬁ%@&ir@g chara te]irli stic of an antenna less pronounced,
Accordingly, a W ?gnﬁ?crcé‘ésﬁ ¢ iFB R s Ichyuheatand the sulmyratbeHoeepk oyed at a
| ower RFsichétpie BEabsolB & e | anar spiral antenna may be

enpl oyed to achieve hi gﬁﬁgﬁgﬁtl 5@%§gg’@?sﬁesglﬁagnﬁaﬁg?td\?%aaﬁg}ég?%eemf ocessi ng
chanber RREsSS vpifoaniRrpoyider leyrtby cd-sxidl RF, an@ngh arrafiperkhild in Hlanfbefs@hpt | Vel y high
RF fr@qug&g&,as Ql'em'c%?’ VHz tgniquS above, the inherent azithmuthally
asymretric cougﬁnl Ng Charaet'ar i's ARlgs Arrahecment &y e offpet fbmahimeo-axinle

pr onouncediignationas adifdse e atyiendd Q8 B2 Shithi ht YiolR,2 Jpegati ve way.
Accor di nﬂﬂé/ antennas that ar ed@l?nher ent figgzsl h¥rr13f'v‘é ’Itgelg’ég’/%ﬁ@{ri c intheir
coupl i nd" q’:‘ﬁ%‘?"&ﬁt‘ rPBYleBle s3digh veriasipi canltrobat enagslic Ay sigmnsyi t abl e for
SONE Pr Q6R3&HSnd s j a high |level of process uniformty. In these
cases, the use o?@ggl%léﬁﬁg&sl{@hs&cg FF%%"%‘@“%W&P%‘F&”@?maamﬂywaldl y symetric
coupl i ngtrerpth andttepolay ite Bndvaye fHeccAH Bt iR thcroké ,%gm W01/ 37314
PCT/bJS '31;é ]29 In the preferred enbodi rrle%%!tcr %tﬁés énf%%%%’sgﬁ angenent is

preflera §’ §-axial with both the electromagnetic coils, the plasma
processi ng chanber. and the substrate. However, such is not an absolute

requi rement . Wiilresp&i® BE QSE, not 'need a high degree of
process uni forn‘irft:s; provi ded by 't %ﬂ%ngg%%iem%‘ HEEM, llyé’F‘?f%fﬂ efht or in

chanber §otzhelutely apqshsary) tossjaertiet RF et Rirdigembit & RN baRRALALLANgeMENt  may
i configuration to address the asymetry in the

be of fset... this,co axial

chanber g%gés]{%;&]e %SWBVé? order g keqprthrrlesma congentratertindhe regionfibavhehecont r ol | abl e
radi al subktr¢ andno sRAdH Bhdua bl i ield strengt.h .and topology and the
abi Jéi ty.to cont roF such ragiagrpé@‘g@:ég %&%é(ﬁlﬁmge&rmﬁﬁ’l 1'5‘31 e magnetic field

str f ngt #isadieniagsprsiioeguineandre pver tnepepraneplasmi b @bdd ystaha$s the substrate
sur f aceinb8ass! Whil erosion. In the exemplary improved plasma processing system of Fig. ]

wherein the magnetic bucket arrangement is disposed outside of the chamber, the footprint
of the RF antenna arrangement is preferably kept inside the region defined by the magnetic
bucket arrangement to reduce plasma diffusion to the chamber walls. If the magnetic bucket
20 arrangement is disposed within the chamber interior (in the form of either a plurality of
magnet structures proximate the interior walls or a magnetic structure located near the
substrate axis to push the plasma density gradient toward the chamber walls), the footprint

of the RF antenna arrangement is preferably kept inside the high plasma density gradient

region that is proximate the chamber walls.

25 In Fig. 1, the RF coupling window is shown to be planar. However, it is
contemplated that the RF coupling window may also have other shapes, such as in the
exemplary Fig. 3A wherein the coupling window material also extends downward to form a
cap or in the exemplary Fig. 3G wherein the window is domed. Fig. 3H shows a
combination of the domed window with domed antenna. Note that there is no requirement

30 that the radius of the RF coupling window be equal to the radius of the plasma processing

chamber.
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10 desirable, Wth respect to the size of the RF antenna arrangellfe%thY tZUD’g
generally preferable (but not absolutely necessary) to size the RF antenna
arrangenent to be smaller than the cross- section of the chanber in order
to keep the plasma concentrated in the regi on above the substrate and to
prevent wigghisspl asma diffusion to the chanber walls. whi 0/%1:3 0

di sadvant ageously require nore power to operate the pla %cessing
system and , ncreases wall erosion. In the exenplary inproved pl asma
processi ng @§§%"fﬁr freragency (e-anphes dian alicwe | hiigiap thecaprsitive towptinangenent i s

di sposeaftaidh HeQdBicRia dn g}]m%g“g r..the footprin f .the RF antenna

ar r angenent s pre efaergg]e epfﬁas ernugfagév hfcﬁég({%ﬁitb{iﬁgﬂngWé’éI}B)FO‘EW@%magneti c
bucket vandamihekith teducee bunkurdihas iBs Pbskiblesh Ohinfnte LRGGhRRREsYal | s. I the
magnet i 20 me is disposed within the chanmber interior (in

sEmRYGKeL, 20430 a@ge LS " . .
the form or er Ch¥PI8Yer tF 455 ol ¢ Faradayshigifetn &ct, ilds eontempiataitharat e t he interi or

wal bs ebuplinfRgiei 180 $ia the upstrate axis to push the
pl asma de}:glm ty radi_en?gi@%\‘j\ggegh?%gé%ﬂ%%ﬁ@m%ef%?’,e eftﬁlgn?abe(.r)’la&”f’}ht of the RF
ant enn&s §Hcr€§rti’d€grlémsl¥?§y,p\d®hmmalsy bk eided néth §EC fohendsi @B cRlpBggra density

gradi egt 411 'rggm}]hazhl IS %O}ﬁi mate the chamher walls. In Fig. 1, the RF
coupl i ng W nagw TEPURIS wAththe Resm cavizgrmepioykyr the chambes,  cont enpl at ed t hat
the RF coupling wi ndow nay al so have ot her shapes, such as in the

exenpl ar y Fiig.| 2 shies @i bt Unbidheltl R BBS GLiBlc RO extends
downward to forma cap or in the exenplary fig. § Wharei'n the window is

L C
doned, “ISHogRsHREC s0tlse dibpwdbs aricdshowdver. tmhmert tnrierowlevirdrhagdarnceils ant enna.

Nofee t i:9. N0, I i I nt hat .t he radi ys of the RF coupling

o ow e o ided e S T vl Wit P St A 153 2 W
201] * 1 ADIOC6GY g BT SRAAAARDE: it i OUBELIEGT ARG O- | ess than
about 13 W%\'}F‘ﬂ t.he caﬁam tive coupling between the antenna and the plasma
i s reddtBdagHIndR comgtlelie mpgnstiafiddatrngdfand pologuplen mdien iendow 130. W t h

I educegecRORRHHIEN arrahdendest iple to elimnate the requirement of a
seni conduct ogr%hr W nplowaoée teﬁeé?lngge }%11‘ R YNGR ?@Icﬂﬁmﬁ‘iﬂf‘%}b'ts noft js
cont erpglaksadule ndragsity. As mentioned, such radial variation in controllable magnetic field

I5  strength and topology may also be obtained when the electromagnetic coil arrangement and

the RF antenna arrangement are non-coplanar along the axis of the chamber irrespective of

the number of coils involved.

In general, the radially divergent magnetic field topology may be varied by changing

the magnitude and/or direction of the dc current(s) that is/are supplied to the electromagnet

20 coil(s). If there are multiple electromagnet coils involved. as is the case in the example of
Fig. 1, the magnitude and/or direction of one or more of the direct currents supplied to the
multiple electromagnet coils involved may be manipulated to have the desired uniformity
effect on the substrate surface. Of course the radial variation in the controllable magnetic
field strength and topology may also be manipulated in other ways. By way of example, the

25 radially varying magnetic field topology may also be varied by physically moving the upper
magnet arrangement, either by rotating it about an axis different from 108, moving it along
the chamber axis, moving it in the same plane and/or tilting the upper magnet arrangement.
As a further example, the introduction and movement of a magnetic flux plate material

around the magnetic coiis may also adjust the field topology.

16



coupling window 1 30 may advant ageously he formed fromeither a di €l g4AY 280
material such as SiC or AlxNv or SixNy. which nmay al so be bonded with Si C
to render the coupling w ndow nore conpatible with the plasma environnent
within the chanber. Fig. | also shows an upper magnet arrangenent that

i ncl ude%@% concentric electromagnetic coils. It should be noted,

however , ?3%ore than two el ectromagnet coils 10 neRCTAISEOBIRY provi ded,
particularly if a fine level of uniformty control is desired. Although

thi's mul ti- Soick usininliguraiol R AxalNANAIERNE tleadill Sheidton o pgapabl  of
creatin theéj ired radial variation in controllable nmagnetic field
st r engt PEARF %‘E?Heﬂ%‘b 2 lgpologyehat ingenerated pimaitpgribt vicintwbf region angement  and

t he RF RtENNFerith copl anar uch, is riot.  an absol ute
necessity. As @%%@%eg, g%%gh%rd%ga%g Qe\?‘g?eflz]iei%hmiaﬁ aBgﬂFr’JBPffré’Eﬂgéetrragneti c
field Paegemenigs im ianpdriaro parkagyr. MBS i8b&eudd ehabésab HRIa M RBmbARnt of

el egtrqll{‘rearﬁnettL Cfﬁi il arrangenent and the RF antenna arrangenent are

non> copt anar =i 8 ﬂgt"f’%‘&gy josmppct thgaxiahepmpenent.r Prefpbdlyt theenaghetictfiell nunber of
coi | s isnMpihaeilie préted \ i.yer gent nagnet.i i el d topol ogy
may he Svi’étﬁrgi ed 5ﬂéhéné@ﬁ%@“i‘ﬁ%ﬁ%‘%ﬁ?%ﬁ@ Vgeﬁ}éfeogﬁﬁ?sﬁléa@%ggﬁ Igféaflﬁ‘ dc

cur r en@{th§ subsizate susthen and supg at edaltpositine nearenamamamebn%gcﬁaitl(é_%)- I'f there
i e exanpl e of

i t il s invoked, is th t
i g. " 1oobbLP GBe R AR G St bt indorenofscnbrtino ekl oot
i.nvol ved may be

cur r enb&osiPRb l@diniteo AR a \'Blﬁhfeiagjagen]?{o‘%f?é &rﬁgﬁg]??gsnﬁg ;\leri]l?{ltl}?gy substrat e

mani pul ated to have the desired uniformty C
sut acepPrerh B ditBsion peofileaitibablearittati thauiiformiteconest meshhilh ¢ fa@netic  fiel d

strenghf . nay-,al so, be nipul ated in other ways. By way of
exanpl %th eS&cggg’fg‘gﬁ’& P&%"P?ﬂ“%bw t‘fé"t“f'g“‘?‘ @ndor o pEsgy Wity thel so be vari ed
by physadalsldysigmed ipfigedsing whRRAY the TBGAREes35{ARQ W?tﬂthaviﬁ%cri ptﬁ]':rro ghidotating it
about an axis _ different from 108, noving It along t chanber axi s, noving

it in PHal @HEAD dranagnelicdicld siengthg)d topogyppenbstagiabl amhtaggenent .  As a
farther exanple. the introduction and novenent of a magnetic flux plate

T2 Wy 200 90 13 PRI OR b U TR SRR PSR br T sBrteol s
f déi | ito alled pioyessing g fnaity Rpetrhaipuadidather #lelrdlidiRNaRinglMmefBEUALL i C held
it Hgn%gng?ﬂ’]gndttg&%g?rqy aItterQ:%.t HIO\SNe\ge?,r}}?er c?igtaerg:e g}rlc:ugiarr(;t lbgl urlld?iiyt srr]neall\go (;; trcl)l ty of region
induce substrate damage due to variations in currents flowing in the wafer or charging of the
etched feamres on the wafer being processed caused or enhanced by excessive the magnetic
field at the wafer location during processing. In addition if the source to wafer distance is
20 o small, the axial diffusion begins to dominate the processing uniformity, The radial
variation scale length then required to control the uniformity becomes close to the size of the
non-uniformity to be controlled. This leads to a less optimal magnetic design because of the
mcreased number and required control precision of local radial variations in the magnetic
field strength and topology. In other words if the chamber is too small, its physical
25  boundaries control the processing uniformity to such an extent that the application of the
principles of this invention, though still applicable, force over-complication of the design
and a less optimal balance between the desired uniformity control and other real life

considerations as described carlier, i.c.. cost, reliability etc.

In the preferred embodiment, the distance between the substrate and the upper
30 magnet arrangement may be determined, empirically in some cases, by taking into account

the strengths of the radially divergent component and the axial component of the
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near R( antenna arrangenent 102, the distance between the substrpte pydopie
upper magnet arrangenent is an inportant paraneter. This is because
changes to the radial conponent of 5 the magnetic field topology al so

i npact the axial conponent Preferably, the magnetic field strength while
processi substrate should be fairly weak (e.g., about 15
Gauss) \g?oﬁ?gmsubstrate surface and strong at axi al B%@ﬁ%opéﬁgﬂ]near the RF
antenna arrangenent (e.g.. about 15 Gauss to about 200 Gauss near the
vacuum YH gﬁkf?‘i RReBp e topglpeyt and tliei nepditosweid mdue sulbeeodemageothchdw i N t 00

| ar ge 0Bae fer. the plasma will nearly 10 approach

t he di ?ﬁ‘uﬁgiiﬂgn pr%ﬁ?ﬁgﬂ%%%%ohgg?%@ﬁ 1[ ?{Baﬂger?%égt}ﬁ'?eft T eSS %mw- nmechani sm
i n pl acls.one Metripbiygdmisxdiniens adistdntsdf o0 Ry i@Eﬁﬂr@pMo%u%&Hé-ﬁb&%%gy ~uniform
for so ar e S.W é?l n the reactor's designed processing w ndow. the
advant ag&8 L LSBT B A MFPHE Servicongiuglocshstragas hatitea dinmelerdf lssathizat i on i n t he
magnret i Bodtidebldmst rengt h and topol ogy are substantially attenuated. Wth

t hese considerations in mnd, the distance should be sufficiently snall
enough |5 to allow processing uniformty to be nmani pul ated when the

radi al |y vafyhagmbrsliment pEFigi lelid upstr megoet hrraemtmpodhogy disposad higived. However,

the di ty,be unduly snmall, sp as to induce substrate danage
due t o AN EuBBRMHANG 1O R Sl an o Rereomimenio P RARBIIAO! ¢ ho
et ched ithplamerntatinrhetelifat Waki@he BEHOBoiR 10463 S8 FoseRLSEH tgé Peﬁ‘ﬁﬂ@rg ggd by

uring pr

excessiye the ma]ggeti c field at the wafer Tocation ocessing. In
addi t i Ghmer {§0e 136 yrplementatignoéFigcd 4 slamsiows theaBe vfterosoily, Which e axi al

val! ot P LR Qe b IR Seliaf PhFS SebRrrar e n  y bocores

cl ose twpljre, sdither refuitcient (MAREdoMiof Q6T dpYan r‘?isba%scﬁﬁ’c@g%ﬂglrgdiNJ@chﬁt | eads to a
hé 1 ncreased nunber and required

| ess ortg_ngl giacgn,eti c design because of t

cont r of® 3¢ &¢ B Spilasan by digposedations onbglavethe witslowrl 30 hedasaghdidvever i el d

st rengf; by A& ORA RN ot her .words i f the chanber.is too spall. its
physi cal = boun a@ites %:I%ir)\ﬁ]%fos ago‘bertg%%@gtf%egﬁﬁ‘?ﬁaf‘ PHIDAE 9 e RK an ext ent
t hat thne!mpmmmhlgﬁﬂiyaﬁ'emhﬂradﬁd’lhﬁk@dti@hﬂﬁth@fnagﬁ&@ﬁElH‘éﬁé]‘%ﬂPﬁd t hough still
a Iictabl e, force over-conplication of the design and a |ess optimal
balPanc8PHEMEHFdt he desired uniformity control and other real life

consi derations as described earlier, i.e., cost, reliability etc. In the
preferred ewinegicffl cmbimbhishay ubstrate and the upper
magnet arrange%ent may bemdeier nre%.géﬁéé?n%{fhﬁjk%g@iﬂ?ﬁx E)W%ﬁ@ ses. by taking
i nto aEnum the chimabestand thytshisstrofe td fimplidbedligimeit\vethgehkms eldpERRRt and the

axi al nt,of the. 17
HETBARE However, i is contemplated that in some plasma processing chambers, e.g.,

those employing asymmetric pumping or those that require a more complex magnetic field
20 topology, it may be advantageous to offset the upper magnet arrangement from the chamber
axis and/or the substrate axis to improve the process results. One such implementation is
shown in Fig. 4B whereas at least one of coils 104a and 104b are offset from the chamber
axis. Likewise, although the magnet coils are shown to be planér, such is not an absolute
necessity and it is contemplated that domed or other 3-D shaped coils, such as those shown

25 inFig. 4C, may be useful, e.g., to further shape the magnetic field topology within the

chamber.

Additionally, there is no requirement that the coils have 1o directly overlie the
antenna. By way of example. in the embodiment of Fig, 4D, electromagnet coil 104b is

shown ovgrlying RF antenna 402. Such is not the case, however, in the implement of F ig.
30 4E.
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topol ogy and the need to avoid undue substrate damage when dc current is
furnished to the el ectromagnetic coil arrangenent to tune the process
uniformty. 1In one exenplary enbodinent, a distance of 20 cmis
appropriate for a substrate processing; chanber designed for processing
sem conRUEFISubstrat es having a di aneter of |ess tIROT/USMBBA® 470mMm I n
t he enbodi nent of Fig. 1, the upper magnet arrangenent is shown di sposed

above the i 'rﬁg{ﬁyy IL:QMF : i bsol ute

requi r enent BE%}?SIH&JEA&?@%%B nefel np é%ﬁ?%?l%ﬁt%@?éﬁlﬁ&g | east one of the
coi | s kfrdggemenids slpoengmt cailid, it Beomenplphé thit Ofuffiddnalyipewerh)6. The

i npl enentation of Fig. 4;5, also _sho the _use of two coils, which are 10
al so neFPUERI APt ARIEEMGE: ¢& WhoraRbIRBN dEoRor enCailanipesfenent ati on may be
sui t ablpyaen@IFRhANRAmanal | j | : = | anar) is
absol ut elg§ requi red.)nN%&t%%gnr%@%%ﬂﬁgﬁg&mw&%éh%ggﬂgl}eln{s%%g%@B@%gi sposed above
or bel diverdercewn the owgnctid dickisomtdapyr &ulthe tonefepermarient magnpr ef erred that the

coils be di spased, above th bstrate plane and proximte to the RF

ant ennémPISmﬁIgéfﬁnhtB? W‘f@‘"%&@@ﬁwfﬁgceﬁaé}%ﬂa@% fgctkrté’ﬁ‘)’(]f’w Phedragnetic fiel d
st r engichangétthbyl phiy 980l Ay ing cBRb&nts btht bﬁ)eph%%rﬁ:'f hethoGRRR FIH Yy, the upper
magnet arrangement is co-axial with the antenna, the chanbér, and the
subst r gro¥iding apprepriate structueal af inggnentircoit elementplezes e intkpodngs stucturche |

substrgte,. ol s cont ated.that in so | asma processing
chanber%st? hegII 2 0. % S{Cﬁgrs'%eaiél%l aéyﬁ‘ﬁgp‘é%ﬁ/%%‘{er‘f’%gnﬁ%%fcﬁg Ogﬁhe tP58e that require a
NOIE  Cperplament MAGREATARgdnal shd thogRbRg winlidw, 1@X1cp BhedhsantcaReDiEst 0 of fset the
upper magnet arrangenent fromthe chanber axis and/or the substrate axis

to i npPRAYPrEKY. Padalysa anshination oisEomsgnntiq elgshevisand slectoemagsets séiown in Fi g.
4B V‘heE@%@dat | east one of coils 104a and 1041 are offset fromthe chanber
1 ke

axi s. wi se, al though the magnet coils are shown to be planar, such is

not an absolute necessity and it is contenplated that doned or other 3-D
shaped coi |18 thesmbhdia®nt dfF§e 4B awdditioral hhghetid zid gonerdicr avadettlent €. 9., to

add 11 BB T s pBerLaY Meqint BHBH R ECERLE CoRF SURAT B o di rect | y
OVEY | | EnaldB€r or within the chamber, 1o reduce the magnetic field strength and/or further

compensate for remaining variation in the magnetic field strength and/or topology at the

substrate surface. In this case, the potential damage to the substrate due to an overly strong

axial component of the magnetic field attributable to the upper magnet arrangement may be

reduced.

20 Although simplicity and symmetry are demonstrated in the preferred embodiment, it
1s anticipated similar uniformity controlling variations can also be achieved with magnetic
coils which are not circular in cross scction (e.g., hexagonal or square or other geometric

shapes) or with axes that are not parallel to the primary system axis.

In the exemplary plasma processing system of Fig. 1, the designs of the vacuum
25  chamber, gas pumping, bucket magnetic fields, antenna and magnet coils of the pIasfna
| processing chamber are preferably co-axial with the axis of the chamber itself, the RF
antenna arrangement and the substrate. Although this implementation is particularly
advantageous in that 1t best utilizes the inherent symmetry of the typical substrate processing
and diffusion characteristics, there may be cases wherein it would be appropriate to have the

30 vacuum chamber and magnetic design not co-axial with the axis of the chamber, the RF
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antenna. By way of exanple- in the enbodi nent of Fig. 4D, el ectrdnAgHAY 264
104b is shown overlying RI' antenna 402. Stich is not the case, however,
in the inplement of Fir. 30 4E. 1s 1 2 MAY 2004 WO 01! 37314 PCT/ US9Q 31229
Furthernore, although the preferred inplenmentation of the tipper magnet
arrangengghii7514€! €ctromagnet coil (s), it is contenpl @lgu
sufficiently powerful permnent magnet arrangerrent,a%a. .g,opfgl%%gaforrred from
NdFeB or SnCo famlies of magnetic material may al so be enpl oyed to
pur pos efmigrng agangaments dnd/oathe sehveait.i Bhwey ofadample, Sonk psrgemoesssing t he magneti c
field topology. .ln the case of a per ent magnet .inplenentation, the
resul tal Ptc-Pa%érmﬁFW%’ﬁame“?W“ngﬂ%rg@ 616 BS<FH fflﬂnri'ag&yg’§§'rh??ﬂfﬁdbe changed
by physheddsigitingayi fstameReONEFmatntih eheURDRIM (BAB&andbF ARGRHAENL and/ or by
provi di ng appropriate structural or magnetic circuit elenments, e-g., by
i nt er poddsigy tacasieet fex the esymimeny b hhllemgheaseschioegintbadiambey as part of the
effective magnetic circuit of the upper 10 permanent nagnet arrangement and
t he scoupl i n%\%ﬁ@%, R iﬂ%ﬁui}enﬁnﬂﬁﬂﬂ}%&b& dle S £ 'R'F’!E%nn %ngot%“ ately.
Simlarly, a conbination of ferronagnetic B8Nt s and &l e¢ romagnet s can
be usedargentharhthe frvlpoiti ofithd uppkr tagyeticmangumend ditiad i9Bdre FR@R&Iuiremédtel d
gener at rrﬂge{ran enent . 104C may al so be pl aced bel ow the plane fornmed by
the subf8ftiBREOSSERGQR P B LRCHBagnsEC Aangerasab bt steallerihamthe ciopresegtipnftfer , t o
reduce hORFIRGRL IAG 1ddeBl theS thB AR ﬁ%ﬁié ebfifin o GHIHR iaf OF renaining
variation in the magngti cefi el E&st?e gtagogélg’l%grhﬁt%%o oggag atﬁlﬁfe substrate
sur f acevariitrontinihe noagseic fichistrpngtleatd tapolakyivitin theplhdien odestiigthamtiele t 0 an
overly .storong . axi.al conponent. of th netic field attributable to the
u pgér dﬁ@lﬁéff&awﬁﬁ&&lféw@ow@%wﬁ?f@dﬁﬁ g‘g“%"%ﬁ‘?‘f‘fﬁ’@ g Kisprnetdyband symetry
are de@Pétfﬁa%h@gQ arfAndeRRnRGe bl RAkiGRIQNGEBRE . It (s anticipated simlar
uniformty controlling variations can also he achieved with magnetic coils
which are not circular in cross section (e.g., hexagonal or square or other
geonetric Hiapsyticduckat emanggraent ishaoleedeasrimthe pese af thelprefaredhe prinary system
?ﬁ;svagﬁxgﬁﬁ%ﬁﬁ( %’FP:LI%B%E br%geg&n i o%%ﬁyll 1%9 soS esctrl%%l%];ocelzslsgs', th]é ’destigneotd esigns of
the magnetic bucket is also of importance. In general, the magnetic bucket arrangement

15  should produce a sufficiently strong magnetic field to force most of the plasma density
gradient away from the substrate and close to the chamber walls. Preferably, the magnetic
field strength at the vacuum/wall interface within the plasma processing chamber should be
relatively high, e.g., between 15 Gauss and 1,500 Gauss, more preferably between about 100
Gauss and about 1,000 Gauss and in one embodiment at about 800 Gauss. However, the

20 magnetic field strength at the center of the substrate should be kept low, e.g., less than about

15 Gauss and more preferably less than about 5 Gauss.

Although Fig. 1 shows the magnetic bucket arrangement 10 include magnets that
span nearly the entire height of the plasma processing chamber, such is not a requirement.
By way of example, Fig. SA shows 4 magnetic bucket arrangement whose magnets 132 do
25  net span from the top of the chamber to the bottom of the chamber . In general, it is
preferred that the permanent magnets are dimensioned such that the axial gradients of the
magnetic ficld generated by the magnetic bucket arrangement are kept low at the leve! of the
substrate surface. In one embodiment, the magnetic portion of the magnet bucket -
arrangement extends from above the substrate (e.g., near the top of the chamber) to a

30 position below the substrate plane (¢.g.. 1.5 inches below) to minimize or to substantially
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chanber, gas punping, bucket magnetic fields, antenna and magnet1 doMAS 804
the plasnma processing chanber are preferably co-axial wth the axis of the
chanber itself, the RF antenna arrangenent and the substrate. Although
this inplenentation is particularly advantageous in that it best utilizes
the inherent symretry of the typical substrate processing and diffusion
char act e¥PA3¥  there nmay he cases wherein it woul d BETERBEE?i ate to have
the vacuum chanber and magnetic design not co-axial with the axis of the
chamber redtide@hdexial Sradicsts MW 2QQEEVE:IQ %&7@&%&@}[&&&?2}! R ﬁﬁgne%f?t enna
arrangenment, and/or the substrate. By way of “exanpl €, so pl asma
processb%etaﬁfﬁwmﬁm‘- may i npl enent asymmetric punping. In these cases,
uniformty may he enhanced by designing in a certain degree of asymetry

in the vacuugy r; : ti design to correct for the asymetry

inthe flow'o 5t se§n%jﬁ?%ﬁéﬁfoﬁgﬁg}ﬁéﬁ%vé‘?lt?g%g“%?ﬂdt%g?mB.’Sthere is no

requi r eeoivimpldualtthat ftandyde topssibid, f@fsombproa%sa@,,rtb@mﬁmyIa%sﬁn@ RRessin@r ger than the
per magnetic arrangenent. That ﬁere iS no

f oot print, of t&é{aup s,

requi r e Whidhdes ehamber raagnets S ithsrmagnets REthe pgnetiphesket dranganealigenent  be
snal | er gk dads dnhgi e ' - | ong_ as these two are
confi gurled SO as yﬁg@?}ggﬁﬁe{? ‘ %‘%géﬁigﬁéepayﬁgagl%ggﬁgﬁ%afﬁﬁe arP?egii on in the
nmagnet i erifoimitydegtirmagtchn wirgate tip ptesge vf dohicaxikheaditrassmhmnaaessi ng chanber

10 in tfh‘ii vicinit CH‘X t he plasma/w ndow i nterface, the relative sizes of
the RF & ‘E‘érf?ﬁﬁe"ﬁf%edt_ dhe pgnelic g é’f’%ela?mﬁh@@h@ﬁﬁ’e BEATSHR 1AFeRENR oned as
desi 1 edhathfe RafiB Rdlrhdts AHGHES bith LBOAR IR biriie bINO! XEMhoulP eldhpldfi CaSe Of
the preferred enbodinent, for 1nproving procgsm ng unrformty’tor sone

cr ilfi carayheposdieie havdteodets biwhamber mdgectmgaei ¢ach bide kfthe kubs@dts 0 of

i nportance. ln ge | ,. the magnetic bucket arrangenent 15 should produce a
suf fi citeh |‘§?°‘é?5938ﬁ35§ﬁ’&n'§5 i“?:ElEi ﬂﬁdtotefisuf%ﬁh@éh"rﬁ%%l spficpisof e Aagectidensi ty
gr adi erfleldinay ﬁé‘ﬂé]@f&l bl e TR S RRELE LRSS istkgﬁttls'\g afia \Ag?t?vﬁ!rfa\?e

Preferably, the magnetic Tfield strength at the vacuu nterface
wi t hi n WiHlg fqsiag mastsf de elrsing denshagripdients invayl fthrbeie sutsiratt andedlysche tha, e. g.

bet wee S 1.500 us nor .ef erabl y betwe about. 100 Gauss
and abg}dﬁf?%%' Egﬂg% %tﬁaughﬁﬁeoﬂibog%e&g?ﬁ:é%tl Sé?W% Bﬁ'fSp%@fg‘E%%‘ﬁ%‘Le?m However ,
t hes 20 bud@netahgenientlote Sikian teNadturd, RRH G 8F aiRblutehEquiBSh @P%ﬁhou' d be
kept | ow, e.g.t,h | ess than about 15 Gauss and nore preferably [ess than

, the

about 5 eame

the vacuum.

second set of magnets in Fig 5B (reference numeral 180) are shown inside

Further, although permanent magnets are employed for implementing the magnetic
bucket arrangement in the preferred embodiment, it is also possible to implement the

20 magnetic bucket arrangement using electromagnets.

As mentioned, although one important feature of the present invention is the
elimination of the plasma generation chamber, it is recognized that while the same chamber
can be used o ignite, generate, and contain the plasma for processing, there is no absolute
necessity 1o keep the substrate in the same chamber. As shown in Fig. 5B, an additional

25 chamber 106b may be provided to house the support that holds the substrate and facilitate
substrate transport. By employing a single chamber 106a to generate and sustain the plasma
for the processing tasks, many of the plasma and chemistry transport issues and chamber
wall adsorption issues are already resolved, and it is thus not absolutely necessary to require
that the chuck arrangement and the exhaust paths also be located in the same chamber. In

30 other words, as long as the substrate surface that undergoes processing is exposed to the
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Al though Fig. | shows the magnetic bucket arrangenment to incl ude1: Znyéxr\{etzuém
that span nearly the entire height of the plasnma processing chanber, such
is not arequirenent. By way of exanple, Fig. 5A shows a magnetic bucket

arrangenment whose magnets 132 do 25 not span fromthe top of the chanber to

t he bot tygym@bsihhe chanber . In general, it is pref erﬁ&?uéoﬂ?fzzyt he per manent
magnets are di nmensi oned such that the axial gradients of the magnetic

field generated by the magnetic bucket arrangement are kept |ow at the
| evel oPlesmein thy gngly chembenigmbloyed tobatheareratabusiusteintthe nissmafagnet i ¢ portion of

the ma r.ran nt extends from above.the,.substrate (e.g., near
t he tog&gkesgﬁél&g@]g]ﬁ%égr %@%@l%@nﬁgﬁwﬁ8%‘5'5?%3;9%??1}81@5@%%??& e pl gneg( e.g.,
1.5 i nchegetielieidlopoldeihiihiv sd@arfigchi@ pfotbGiranfid @hlby adfevid 21fMMa20QR WO | ‘

01/ 37314 PCT/ US00/ 31229 reduce the axial gradients in the magnetic field
lines t PReketaranssmsaintlanenmores & forcg plasine densiicsadionss ofdhgessemied Al t hough thi s

i nplsementatd I5Smi e d. .dt is contenplated
that i tﬂ may %ypo?&%@g&%&ﬁg%%g%ﬁ%éﬂggys’%g{géleﬁpﬁhbfglmap rBfeeFiSéWﬁy processi ng
5 syst elm ashicvdd dversif dieahtnkrarmmgmeitsind b pertion bfe titegtirissbaftetiie magnetic

bucket arr.angenent IS ed on only one side of the substrate plane. By
way of REREHBIen ong Q*ngefﬁ%@@égbﬂrﬁﬁﬁw friaBF resgised issupasediohe psidat e t he

pr esencignily aﬁ@&@taﬁféﬂ%rpﬁfc@s‘élf#gmﬁeBFheFJEQmH&Qneti c field lines generated by
t he magnetic bucket arrangenent, i1t may not he necessary to require that

t he chanber magnets extend to both sides of the substrate plane. As another
exanpl e, it Fechareajthpughpleesmagntte of the hakets ewaliged szidimuindiyiiey., slamgnet s, one on

eagh si.fe of e,substrate .. plane.(such as sets 132 and 180 in Fig. 5B), to
enggr e Lﬁ%%’% ?fﬁge %’)%Ilng‘frs \glﬁémdgﬁpgg%péaiﬂ%pwaﬁgﬁ?%mmgiagauagmeﬁ WBeEner at ed by
t he nagnigtomertiplels@thabthé ARGRIRMbN piteckRPay bONoRbleEns UBS s surface while
forcing nost of the plasma density gradients away fromthe substrate and

cl ose te¥ample thhwhiapagrets msy bedividedinto miltible sefisets leacheofiyduéhmenthavé Fi g. |
shows e . maghet i 5 bucket arr.angenent to be outside the
vacuumtd;%suc %Fglfffgl%#&;u%’bﬁ (gglilaﬁPegs‘ré}aﬂrin% %P?OPE%CWE?FSWaWpI e, the second

set of asmgneiysssubs dnc@mbred(ifi @ haiQN&hatibiYEARD, th8ks af@cﬁhﬁgm lagi de the
vacuum Further, although permanent nmagnets are enployed for inplenenting
t héd méjﬁél@g)@d in a direction other than the radial direction. Again, this implementation may be

appropriate to address any asymmetry issues encountered in a particular chamber.

In a particularly advantageous embodiment, some or all of the mégnets of the
magnetic bucket may be made rotatable on their axes to change the magnetization pattern.
One such implementation is shown in Fig. 6C. Alternatively or additionally, the magnitude
20 of individual magnets may be made variable, either by physically moving the magnets or
altering the amount of current running through the magnets (if electromagnets are involved,

for example).

Further, although the embodiment of Fig. 1 shows the cusps of the magnetic bucket
arrangement to be axial, 5uch is not an absolute requirement. By way of example, some or
25  all of the cusps may be formed in a checker board pattern (e.g., Fig. 6A) or azithmuthal -
pattern (e.g., Fig. 6B) wherein the magnets may be disposed parallel to the plane of the
substrate. In some plasma processing systems, these arrangements may be appropriate as
they may be able to ensure to a greater degree, due 1o the specifics of some plasma

processing systems, that the plasma density gradients are away from the substrate.
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bucket arrangenent in the preferred enbodinent, it is also pos€bbm t?ﬂﬂ‘i
i npl ement the 20 magnetic bucket arrangenent using el ectronmagnets! X\s

menti oned, although one inportant feature of the present invention is the
elimnation of the plasnma generation chanber, it is recognized that while

t he sane _chanber can be used to ignite generate, and contain the plasm
for proctQ¥HY? there is no absolute necessity to keBGVHB3BYstrate in

t he sane chanber. As shown in Fig. 513, an additional 5 chanber 106b may be

provi ded to holRg 7tilestuawgpoideoidist ufilm|o@l§e&%ixﬁ&@ﬁftﬁ@%ﬁs@;?ﬁwérﬁ%h'ai tate
substrate tr ngﬁrgt By. enpl oyi ng a _single chanber 106a to generate and
sustai n t HEYPIEE fgwehagnllysprating the Bepsiinygived slkeontrotimyprodess insfophiasky. and

chem stry g SROGbial S5 | l. adsorptiqgn.issues are already,.
Fesol ved ‘e RAalial AR A BT moekD: Do P e spRiee et he
chuck ar r dHgaringlc chmubarhmbsarhialisizithmbihallyedymebR plamapRRedshe henRae

chanbefg. Ipow?,d(gdolglger. \fvords as Eé)ng as the substrate surface that undergoes
processi ng S %y hEHRG ramper can be smapjoyed o hoth igvity @/seR@n theptpma$a0/ 31229

pl asma i nptddesiap BdrebyEitiGhe SAREQVE, nerat.e and.sustain the

pl asma for pr ocessi_r%(gzl,11 and T her e ispaagegzglg}?éfrg?ﬁgf%e 8‘8%%6 amﬁ’f‘fc?ﬁhto fine tune
t he radi aplmﬁwwuesmdthermﬂﬂd t opol ogy, hi ghly advant ageous process
results can be achieved. |If a magnetic bucket arrangenent is al so enpl oyed

to force plas | radients of the generated | asma .away fromthe
substrate sur ;%c%?%weo%gr%%h’tnﬁgrmspgﬁ s g@ﬁ‘@hﬁ&“@@ﬁ%tﬁﬁﬁv?y@é‘g@rﬂhﬁy be
achi eved eviechatabictiftivs sivh @K saddctiting SR bhiffly 1cR4 PR PdmQkict RfeeNtire

substrate, i sn@{gositi oned_in one chanber and the substrateé surface to be
pr oces'sedMPOTEY Sonsiigratin inashigying fight congrel v'edthentth pustsaiinienkerialpr ocessi ng i n

t he ot her . h the magpets of the buckets are aligned
azi t hnut hlgﬁjlggdﬁrgfg]ﬁgﬁgﬁl%g '?E%SS]aéf%s]a%o h§ ﬁéﬁ?ﬁg'%ékﬁmwP’f?vl'dﬁgf”a?‘epr?&aneti zati on

pat t er ns Mbteganiatlay ahhagh dndebieedcha AaR¥ial dfihe pask %P&Eﬂlngkﬁﬁnﬁepﬂftent he
magnet i zation rns may be non-alternating. By way o exanpl e, the set

at t
of rragnetwgﬁﬂ’ ¢ FFRYBECsht Os eiamplep pbreadiiorewkich waohdesirablvif tei may have
the sane \@tordtolifLsfBt S.. This may.be appropriate to address
any asyrrme?ry i ssuessuggh%:%g}r:% @rs'eg &I ﬁceegﬂ%c}??@?ﬂ Irgﬂéﬁﬁ@}h.t eadantt he axes
of edéh reagpdat sraysedin the plising pRdessing BhafHbe 61 n@riAE HRK af B,y adi al
di rection,. i | ementatjon may be appropriate to address any

ain, this i ;
asymmet r i“fk:% dhoet wiBisiar Be atperoing cpamlier Buyays theheaibem wafer (o wafer or
disadvantageously during a single wafer. Dielectric etching processes are used for many
applications; often to form self-aligned contacts, high aspect ratio contacts, borderless

contacts, vias, trenches etc. by etching through doped or undoped oxides.

20 Recently a large number of alternative dielectrics have been proposed aimed at
reducing the dielectric constant of the material. These are known collectively in the
community as low-k materials, e.g.. carbon or fluorine doped oxides or organic based
materials. Dielectric etching by its nature depends on a very subtle balance between
competing reactions on the evolving surface of the wafer, surfaces of the etched features and

25 surfaces of the chamber. These reactions involve plasma species such as ions and electrons,
neutral gasses introduced as feed gas, dissociated by plasma excitation or formed via a
multitude of physical and chemical processes within the chamber. Due to the nature of these
reactions, the area of material facing the plasma and the proximity of the chamber materials to
the wafer. the material of the plasma processing chamber is especially important. In addition,

30 since the materials themselves are changing at an ever increasing rate, the exact nature of the

requited processes are not know ahead of time. This is especally true of difficult processing
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In a particularly advant ageous enbodi nent, some or all of the nmagngs M 20l
the nmagnetic bucket may be nade rotatable on their axes to change the
magneti zati on pattern. One such inplenentation is showm in Fig. 6C
Alternatively or additionally, the magnitude 20 of individual nmagnets nmay

be made wamhi/sRle, either by physically noving the magperssflzizngl tering the
anount of current running through the magnets (if el ectromagnets are

i nvol ved, .for exanple). Further, although the enbodinment of Fig,. | shows

the cusp&Udp spehes ty et geheg gtiticagdimepyemacrass the Wekeragpeiimetdgsofieh s not an
Forned. | oradsh AN e RSy p cnBPRfin, (IR Ro B 0 vl oilent dRaf " Pac forn
(e.g., Hegee, BRYssingdn piriculdn eclating neths inveptidie itds dppsiddiopainitikethe baedthe pl ane
may ho SEH PR afteraor e P iotE s RaFS UhE he'oh FrERer  dogr o, due
NS, Ly e e B DT M e sk U 01 57314

PCT/ US0Q/ 31229 Fig. 7 illustrates, in accordance with one enbodi ment of the
pr esent Befides MinigHzatign oktheqspstarcadhe mawid atilizad|fonibe plasniamgodebsingst eps i nvol ved

cont rol [ oebeB ARG R heleBhddes e i Rang 5o P -Srauf g, °3 S ngl ¢

control l ed magnetic reng an

chanmber wel abisive strdng Imeghanical gropeitieal Dyirisy vaets ét@ge@bﬁﬁé@clﬂﬁ@?x@@egg Ag chanber is
provi deg. .qu Si ngl e chanber can be enployed to both ignite and sustain the
pl asma fGHable o sontddithedemparatigisd a lasma praedsting eamberowithis afevadegegar at e pl asnma
ge at ¢ h . 1 i,ssues _assoecjated therewith. As
ot apagas ATaRtd ok caR pRSTR rdoBARA0blon VR IHAR R RRG G e T o ach eve
desi r ab$iece ietap facilhate emtirel 0fthd empannfe dshegtds@a prockdsing cRimgtier Ui formity, etch
rate, etch zﬁmfi | e, 10 i nportant consjderation _in achieving tight

: e& c. One 10 i 1S1 O .
cont r ol PEF e, eandireyidedpederatestohighierstrical copdustivityjs plsp bengfieialrbecavee 1| asm
pr ocessis BehehHiBAND Mo refeadbili ' s ' | 702.  More
particul ar Iey, alt hec{ti}geﬁ ulnlt efﬁ%ﬁ?rﬂ%ﬁéﬁ?mt ef‘t?eg Cg%{kfﬁgwggsélgﬁg&ﬁrocessi ng
chanbergrowndarea fprptasimaisphilitssand mepettebibityc Ruphoo caaseriathaekanpbes of reacti ons

. ! ¢
whi 18 h anrlgchgnqga? ;S)rlorl.)grtt)l!e:s%s hglp}uf!{)ecause the material is subjected to harsh environmental

conditions (pressure and temperature and maintenance activities). One material with such
desirable characteristics is silicon carbide (SiC). SiC is a material with relatively high
thermal conductivity and moderate electrical conductivity. In addition, SiC offers good

mechanical properties, such as its strength, needed to hold a vacuum in the chamber.

20 The plasma processing chamber can be made of SiC to facilitate tighter control over
the etching process. As will be understood by those skilled in the art, the entire plasma
processing chamber may be made from SiC. Alternatively, only inner surfaces of the plasma
processing chamber can be made of SiC, e.g., a coating of SiC may be used as will be
discussed later, SiC can be made in a variety of ways. It is desirable to use a pure form SiC

25 sothat it does not include significant amounts of metal elements. As is known in the art,
material containing metal that is exposed to plasma during an etch process can cause metal
contamination which adversely effects the etching process. Such contamination of the
etching process makes it difficult to clean the plasma processing chamber and/or maintain a
uniform sticking coefficient for the material that sticks to the walls of the plasma pfocessing

30 chamber, e.g., polymers. To achieve tight control over the etching process, contamination _

should be minimized. Hence, SiC is a well suited material for the plasma processing chamber
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uncontrol l ed, inner surfaces of a plasma processi ng chanber may irxt%ru& 200
with the reactant 15 gases that are used in the plasma processing chanber,
or materials such as polyners may stick to inner surfaces of the

processi ng chanber in ways that vary fromwafer to water or

di sadvantwvageotssd y during a single wafer, Dielectric etpghhiR@fi@cesses are
used for many applications; often to formself-aligned contacts, high
aspect ratio contacts, borderless contacts, vial, trenches etc. by etching

t hrough GOFlISSFSIE INBATRFEESES Fadcamby Mads ip a pye feroniSeyerdimethadaearat i ve

di el ect r b&SseR Y GoPRRERD]; q@;ﬁﬁ [ y ' =Y rhe constant
of the mat_erei al }%OTheséa zlilr eﬁfgnmﬁ g%%f‘%ﬁcql?’ve é&%l%phgﬁg%%ﬁﬁ\{/bgs | ow k
mat er i al 8lipeestdormiogrtivopressed idsimérnd Idanidaltyxirebest md SangadF@midased
materials. Dielectrig. etching by its nature depends on a very subtle

bal ance ﬁee?%@er‘iP&ﬁ&éﬁ“ﬁgmfegfaﬁi ons on the evol ving surface of the wafer,
surfaces of the etched features and 25 surfaces of the chanber. These

reactsi ons i nvaly@rdah@&Sith SHeeteSeribidingsof BNSreRACnGNB6A, ¥ Hasmaneut 1 al
gasses introduced as feed gas, dissociated by, plasnma excitation or forned

via a nifPesssingiehagberypgs theginglerehiarobrs f gerl 708) sowds e6CVDRpasitecd®Cchanber . Due

to the n r Lons, th . of .nateri, fagi ng.the plasm
and the %yggi&rl?lﬂ {qillé E?’ %t??lrreerd%%%% eelpc%{%dﬁlfﬁ@alf‘gn 'ﬂﬁ@%ﬁ8?’,"aﬁﬁ‘égﬁ;¥eri al of

t he pl asal® gehoestissitmith redpedrioeslasnt @sR&Gigatdokani gD Ohdnafties that agddi tion, 30
since the t?e#i al s thensel ves are changing at an ever increasing rate. the
exact naflipquces toderalitate ghe etehing pincswsings Suitabledeariant gasshemiptdssvidibet i me, This i s
espagi al 4; i ff - pr i.ng.. 7314 ., ..

e o) 51550 Peidt, Bhleh b AR LR e S PG B84 i on
across tdikererieiof SiSlady teahsrt cost effdctine foll@pREEhGRodeay e.80hoh-diblectdet ai | s of the
chanber dcﬁasrigg{r]n’ but .al so on the overall system design. Hence, focussing in
part i cul &nsAnd/or sghingprosssses whersaehisng tight contralayer alefling RasAMALGS Hingk t he
extent £.0mWhH _ ' | j .gacts with
The. ot cRrarBakELLgR AL R B St SRR O R o SO S

requi r erfentsimple, 810 cantbe apliet on ppithet atatepinly e g Balainiiam) ning Aunatirapd of t he
reaggance .the mater, al . uﬂ;i l'i.zed for the ,ﬁ&gsna pr ocessi _nag)'] chanber shoul d
al s8° deSPHIRSE O YU drpRgisdgoatings opevgh CUhLSiroatingpnanethenspitable WBHECt i vity as

vel | as shavR SHpERNUCTRENAR 0F AlunPh@R SintdigSion MY SIS &%EQH@&%@?&? of the

etching process it is desirable to control the tenperature a plasm
pr ocessintey be havdsd to githeha supporf tas isl etacheiso 12 c@lindsicalshanfbematib o bdndedhat can

rovi r .high th I n i Vi i enefi ci al
provi de d%&g & El gyl}n(ancal gupp%rt.e"i'lll?sa meﬁl%cl (rjnléllg ave aEiXanta?gesbl?tqg des(ireg material for
the inner surface of the chamber does not contain all the desired physical properties or may be

20 more cost effectively implemented for example.

SiC can also be made with higher electrical resistivity. As noted above, SiC often has
moderate electrical conductivity. However, electrical conductivity of SiC is manageable so
that SiC with higher electrical resistivity can be produced. Advantageously, some parts of
the plasma processing chamber may be made of SiC material with higher electrical resistivity.

25 By way of example, in plasma processing systems that utilize a Radio Frequency (RF )
powered wafer supporting mechanisms, e.g., an electrostatic chuck (ESC), it is desirable to
have a wafer supporting mechanism that can offer higher electrical resistivity in order to
minimize RF coupling therefrom. As another example, as noted earlier, it is contemplated
that coupling window 130 (shown in Fig. 1) may advantageously be formed from either a

30  dielectric material such as SiC, Al Ny or SigNy. Thus, SiC made with higher electrical
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since it can facilitate control of the tenperature of the plasma bZotd¥s?Hy
chanber. A material that can provide noderate to high electrical
conductivity is also beneficial because it is beneficial to the
repeatability of the chanmber. It is also beneficial to provide sufficient
ground a plasma stability and repeatability. Further. a material

t hat hashgﬁpéﬁ%415 mechani cal properties is hel pful bdCAISMAE material is
subjected to harsh environmental conditions (pressure and tenperature and

Mai Nt enansitiaotdax be u@a)to fok @theBpeet bfthe Ylabha FroERsindl@Slenalick acsMPESTHET | St CS
is silicon carbl de (SIC). SiCis a mterial with relatively high thernal

conduct i ¢icPYp 1581H"Wﬁ’ﬂﬂewléﬁf‘éh’éh@@{eﬁméﬁlfesé‘%@uéﬂFS\}'flably In addition, SiC offers
good nechanical properties, such as its strength, needed to hold a vacuum
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by t hosepmkéssingchambet (., dlret singldwhareberiof etefp?(23,rosher praedels siapbe okdfdreke may be

made SiC. Alter vel only joner s rfa f the processi ng
Chanter Bairofutis GRmbroi edion ahdGierhl b e NC oy sl S Bue W | be
di scusseghd qinfire oﬁh&cdﬁi}i&n&ﬁs Gf%%sinﬂ pﬁ‘)Cé’s@ﬁaF@}sYenP(c 0r|cBuﬂ11§ desirable to
use a pure formSi C 25 so that does not 1 ncl ude S|gn|f|cant anount s of

met al el edaws . Baway Qf RADIS, ¢thertsmb1£rmatenaﬂmfveﬂle alasma)pmeﬂsmg]@lambcmr that is
exposed etch proce C m nation
enbon adtBBuE Bt el hefte Blab0, MeFr el Ho-GBiPobiotin AfoRmoR t he

et chi ng pitrideess makes it difficult to clean the plasma processing chanber
and/or maintain a uniformsticking coefficient for the material that
sticlzs toth %/al s, of the plasma tgroces& ng 30 chanber, e.g., polyners. To
achildve tighttLs WE‘PBP%WTSEQ?Q thef etheripaigiab Biekls myre FEEMEARPEA  shoul d be

mnimz i ocessi ng,
chanberel%géf%g&gl\/}h %%6 %%6%€%h@71@68%%§%&9%0%@@ |53Hﬁ$i§ istant to
et chi ng JiCoe pes ésmaotdicrandieris, erppd@artz) which iy £refatively esSewel iatxpemizods can  be

used to rod ce 43(9: in ure form For exanple, Chem cal Vapor Deposition
(CVD), ﬂf’i%?sﬂm Fﬁ‘?ddg“ Bt behTBers svjtalls dliemative ferpome Stshiag BIACESSFS y- pr essed

and Si ntygeRchRRyRk 995?%??“@% IR YRS Bk Codrtofer M SRED S |1

accordance with a e present Invention, the plasnma
pr odéssmigrncmgn@ter(laitlgie is 4#vadabdd with msmeotinttiertighf cmtrelpth@ﬁhﬁt]ermlsxserthde of CVD
deposited, S %

thln the plasma processing chamber could even use aluminum, or anodized aluminum.
Furthermore, as will be apparent to those skilled in the art, configurations that utilize a
combination of materials may also be used to make the plasma processing chamber as well as

other components of the plasma processing system (e.g., ESC or coupling window).

20 As noted above, in step 702, a single chamber, substantially azithmuthally symmetric
plasma processing chamber is provided. Continuing with the process illustrated in Fig-l, in
step 704, the RF antenna is provided. In step 706, the upper magnet arrangement is provided
and arranged such that together, the RF antenna and the upper magnet arrangement give rise
to a nontrivial radial variation of the controlled magnetic field strength and/or topology which

25  effect control of the processing uniformity at the wafer.

In step 708, the substrate is placed within the plasma processing chamber for
processing. In step 710, reactant gases (e.g., deposition source gases, etchant source gases,
dilutant gases, etc.) are flown into the plasma processing chamber and a plasma is ignited

therefrom. A wide variety of gas chemistries are available for the reactant gases that are
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CVD technique is preferred because it can produce SiCin an "ultrh2pd&" 200
form Pure SiCis also etch resistant with respect to plasnma processing
reactant gas chem stries that are introduced to facilitate the etching
processing. Suitable reactant gas chemi stries will be 10 di scussed bel ow.
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CyFg +CF4+CHF3+CH,F;

C4Fg +CF4+CHF3+CHoF>

CyF¢ +CF4+CHF5+CHoF;

CyFg +CF4+CHF3+CHLF,

C, HF; +CF4+CHF1+CH,F>

CsFq +CF4+CHF3+C2H2F4

C4Fy +CF+CHF;3+CoH7F,

C4F¢ +CF4+CHEF+CHoF,

CiFs +CF4+CHF+CoHoF,
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chemistries listed in Table 1. In addition, one or more other gases can be added to form the

| es of other factors
reactant gas

desired reactant gas chemistries, e.g., gases such as He, Ne, Ar, Kr and Xe may be utilized to

serve as dilutants or other gases may be added as deposition precursors. Representative

combinations of gases which include these other gases can, for example, result from

combining one or more of He, Ne, Ar, Kr and Xe with any of the gas chemistries provided in

10 Table 1.

After the reactant gases are delivered into the plasma processing chamber and a

plasma is ignited in step 710. next in step 712, the radial variation of the controlled magnetic

field strength and/or topology in the vicinity of the RF antenna is adjusted to a setting that |

improves processing uniformity across the substrate surface. The setting may be done in

15

advance prior to processing to a predefined setting or may be done in real time to tune the

processing uniformity during plasma processing either by fixed setting or with a feedback

loop to some process sensitive variable.
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include the material of the plasma processing chamber, type of et ch2 MaY 20
process, or other conponents of the plasma processing system Generally
speaki ng, in accordance with an 5 enbodi nent of the present invention, a
conbi nati on of gases of the formC, F,. H, Owglwhere )o(I/ y. z andbw are)
I nt egers re z and/or w can be zero or erey an or w can be zero
can ge u‘ggg%ﬁpconj unction with one or nore of 02, N2FCEBSEEB%,3nd SFe,
NF3, NH3, C, or HBr gases for dielectric etching processes. In addition,
ot her gases c4irabée appdeihtdddytiise sidhelih gierattehe nﬁbmﬁmabg\é@mlyfbélﬁd‘apﬁ:ﬂ He, Ne,

Ar, K b t I ed.to serve as di lutants or deposi tion
piecu;sors H@P{ﬁg légial @W@“’H"%B%l RRENfAGH, M3pnc thakalloys ﬁ!”ﬂ@nfr@lr(ﬁ:] C, Fy Hz
Ow can fhoGkferodesiheOFPs idP Prob QSRY de ﬁﬁbc%é?{ d‘bﬁﬁ%%’%&&r Q(CXHYFZ) gas
that is conbined with a m xture of OF er gases epresen

conbi nat fo8He!. 8 WisioEexamply itdeaxpredibad wiidar rmeofplmggigjémﬁrg ség lr: |8 es
|OW TABLE 1 - NT

CoraSorr T B B B troc o damd S epphO R Bt o)

+CF4+CHR&eCHR mzhg i febudielr 4l kiR E 2n tb bé Emllz'é%%ggﬂmc , CoFs

+C14+CH 3+C2H >F4 C, 1F, +CF, +CHF3+GH, 4+CITF3+C H, F4 C3T16
+0 ' 4+CriERSreon apd susfaipna\adyhe plwow apgdrhg 11131337 mmc:wrmmkmaws B2E8s +CF4+CHF3+

2 F(1:|2-| F4 %lfl)nﬂ1§%oﬂ'tgféo+l§g_1iﬁalntﬁ1§gﬁh?duﬁhout the p A Iaﬂns%'- gn_lgec If‘if(:ew1§e+1t%| | F3+C2HF;

expected that a wider range of pressure (e.g., <ImT to about 100 mT) may be successfully
10 employed in processing substrates since the magnetic bucket allows the plasma to be

sustained at lower pressures. Thus, a single reactor may be employed for different processes

having wide process windows, which gives the process engineer a degree of flexibility not

available in prior art plasma processing systems.

Furthermore, it is contemplated that an appropriate feedback mechanism may be

15 employed to monitor the process uniformity on a substrate in real time and to modify the
radial variation in the controlled magnetic field strength and topology, also in real time, in
order to achieve the desired optimum process uniformity result. Alterhatively or additionally,
the radial variation in the controlled magnetic field strength and topology may be dialed to
different settings to achieve the right uniformity control for different etch steps in a given etch

20 process. Note that these settings may be done with or without the benefit of the feedback
mechanism, and may be performed either while etching through a single film or as the etch
moves from film to film. In the case without the feedback mechanism, the appropriate
uniformity settings for the various steps may be ascertained in advance, empirically or

otherwise, and employed during etching.

25 ' 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. By way of example, although etching is employed throughout the preferred
embodiment to simplify the discussion, it should be understood that the uniformity control
applies to any semiconductor processing process, e.g.. deposition. It is therefore intended that

30 the following appended claims be interpreted as including all such alterations, permutations,

and equivalents as fall within the true spirit and scope of the present invention.
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CAF6 +CHF3+C2HF5+CHZFZ F6 i Cl | F3+C2HF5+CH2FZ +CHF3+C2HF5+CH2F, CH P g%g 20
+CHF3- - C2I | F; +CH2F2 As noted earlier, one or nore of the 02, N2, CO

and SF(, gases can also be provided in the conbination of gases used for
the reactant gas chem stries. Hence, one or nore of Q N,, CO CO2 and SF6
NF3, NHwo@s73@r |1 Br can be added to the reactant gagcpuyshghstries listed
in Table 1. In addition. one or nore other gases can be added to formthe
desired reactant gas chem stries, e.qg., gases such as He, Ne, Ar, Kr and Xe
may he utilized to serve as dilu Sor other gases may be added as
deposition precursors. Representative conbinations of gases which include
these ot hgL: igagesqsan, for exanple, result from conbining one or nore of
He, Ne, Ar, Kr and Xe with any of the gas chemi stries provided in 10 Table

1. Afterqthe ivered jnto the plasma processing
chanber }'ind aA E%%agﬂgcelggﬁ%e %ﬁ%gﬁr%ﬁé\ceél{ as?il%r.a “heX pril%ﬁlg'st ep 712. the radial

variation of the controlle netic,.field strength. and/,or topalogy in the
vicinity of {AFASRR Proge g ﬁgm’ilr%gggf"ﬂg@é% atpéasglaésetiq%?%‘tet su t"’rﬂ)elrag?/res
proceéssi gl ptodebMighdid/ plaghdOsiScebdi®y chBdrha¥ify SAPpBCAd ald810%RE tddNshidrey he done

in 15 advance prior to processing to a predefined setting or may be done in
real ti nlasms nrepgesingicbambsr sensaing agatenl thet daes potgubstangiallyl rsaciavithresstysi ng

either b i . i j . . .feedback .o t.Q Some process sensitive
vari abl eé.lds%ﬁ%ﬁ%ﬁ%%a{%egﬁ?%gﬁgf%g@%%ligwsﬂ%%%&can be appreciated by
those skilled in.,the.art,.the .invention .easily, be.adapted to control
pr ocesls uPi fgiﬂ]i“{lvfg ?Nﬁndz’gﬁf(g@f’ﬁgé', a“ﬁipﬁﬁf-eaégg%j&@ﬁ?f’%ﬁc&?ﬂftgr@g‘“gﬁﬁ ovvﬁ full
bossi bl o wi t RO PRI AERG GSroudibri Pty dopd9y S63 SIS e | o expect ed
t hatjpa w : ST d . i e inventive

pl as} ga \é%?gl%%?ﬂ%gﬁg%? egi{n"'?I ?gﬁamg& tré’%%sgﬁﬁz géﬁ%ﬁ%ﬁ%@%&?s&% ]1cnB) since

e, mgnet ! C aR el hnagid Bk e SRUSES AL LN ph A b LRFR YRS

efficiently ene on and sustarnin asna ancfyt he upper

magnet i Gaidrelcatngrappatarrahdemsft lRingosfzurddib botoredult i€ @ FdlabVartaioi thai nt ai ned

t hroughout the plasmg density range. Likewse, it is . . .
controlled magnetic field within said plasma processing chamber in the region proximate said

coupling window and antenna when at least one direct current is supplied to said
15  electromagnet arrangement, said radial variation being effective to affect processing

uniformity across said substrate;

a dc power supply coupled to said electromagnet arrangement, said dc power supply
having a controller to vary a magnitude of said at least one direct current, thereby changing
said radial variation in said controlled magnetic field within said plasma processing chamber

20 in said region proximate said antenna to improve said processing uniformity across said

substrate.

2. The plasma processing system of claim 1 wherein said plasma processing chamber
includes an inner surface and at least the inner surface of the plasma processing chamber is
25  made of a material that does not substantially interact with reactive gas chemistries that are

flown into said plasma processing chamber.
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expected that a wi der range of pressure (e.g., <ln to about 100 Ind)MARY2088
successfully 10 enpl oyed in processing substrates since the magnetic bucket
allows the plasma to be sustained at | ower pressures. Thus, a single
reactor may be enployed for different processes having w de process
W ndows, wiyi18m18i ves the process engineer a degree of JdRxhdHihdot y not
available in prior art plasma processing systens. Furthernore, it is
contenpl ated that an appropriate feedback nmechanism may be 15 enployed to
noni tor the prBTRIagna piedessing systero af elaisubwharein eaid mategallof sdidrplasmal t o nodi fy
t he radi i,al | ! rol | magnetic field.stre h _and
t opol ogy,%hét %@h?%&%&'s%? ll‘teﬁgd ﬁ(lg’,ﬂng ggoru Bgfm? tggﬂ%ﬁcin@@tglgtoﬁélhﬁ(&?aﬂg%e’ S Fnum
process uilicérg siticdrydioxdda) karbordbbrefi babidy, @by b&ron Aidiet | onal |y, the radi al
variation in the controlled nagnetic field strength and topol ogy nay he
dialed to different settings to achieve the right uniformty control for
different etch steps in a given etch 20 process. Note that these settings
my be dane WiRdhigmarde benghiit - i | and may
be perforned eie]tﬁbher \;\%hi Igéegmgts%:%?%g tl h%gu%l%iaﬂgh?dnlg%gﬁﬁﬁ ?Jr%fscl)ﬂfcg‘gﬁ ?‘%{Z@etch
nmoves f r eftrely Made of # mitenial that ddeendtaslestantisllyduteratthe thf restibagds chenivmies sm  t he
appropri jformty setti for the various steps nmay be ascertai ned
in advan@%?aree?ﬁqllvfriegg}t?éeﬁlrng'te(gg%é% se, and enpl oyed during etching,. 25
VWhile this invention has been described in ternms of several preferred
enbodi nents, there are alterations, pernutations, and equival ents which
fall within the scope of this invention. By way of exargpl e, al though
etching ?-s er%ewiﬂé@apmwgawtmcpfélqynéf\’éwreerusmm@mﬁl pisatd plesmsi npl i fy the
di scgssi i t he uniform. control _applies to
any 1? em @g%e éulé %?ﬂ‘g!?g% %g%%ﬁg%%f%%gglsét}]@%[eg@g "8%%%‘&& P ﬂdﬁ%nlc?r bfc{g’ TREfef or e
i nt endedsilidoa; sild0n idivaidepdakton) bagoraqaptedy) edl k@i digidee | nterpreted as including
all such alterations, pernutations. and equivalents as fall within the
true spirit and scope of the present invention. 24 12 MAY 2 WD 01/ 37314
PCT/ US00/ 31229 CLAIM5S What is clainmed is: A plasnma processing systemfor
processigg a oSl A3 r Walel er within
Thioh a ol ao e B it L PR TR PURERPL IR

processing chamber is silicon carbide.

15
7. The plasma processing system of claim 6 wherein the silicon carbide of said plasma
processing chamber is selected from a group of materials consisting of Chemical Vapor
Deposition (CVD), Slipcast Forming, hot-pressed and sintered, iso-statically-pressed and
sintered formed stlicon carbide.

20

8. The plasma processing system of claim 1 wherein the silicon carbide of said plasma

processing chamber is Chemical Vapor Deposition (CVD) deposited silicon carbide.

9. The plasma processing system of claim 2 wherein said material of said plasma

25  processing chamber is a coating of material.

10.  The plasma processing system of claim 2 wherein said material of said plasma

processing chamber is a coating of Silicon carbide.
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sai d processing, said plasnma processing chanmber having an upper end?apdyaz((
| oner end, said plasna processing chanber contains a nmaterial that does
not substantially react with reactive gas chenm stries that are delivered
into said plasm processing chanber; a coupling w ndow di sposed at an upper
end of sgi ma processi ng chanber. an RF antenna arrangenent di sposed
above a %Pghesggfined by said substrate when 10 saidlgﬂﬂg R is di sposed
wi thin said plasma processi ng chanber for said processing; an el ectromagnet
arrangenent di sposed above said plane defined by said substrate, said

el ectromagnet arrangenent being configured so as to result in a radial

vari ati onli n Theplagsipro@bdigckysegpetibien I waérdinWhdidaDfosing sal amBsuphacessi ng
chanber iP the region proximate said coupling wi ndow and antenna when at

| east on8l YidRksmapipcessmg chanber isprevidediby adanded assemblyconsivimg ata switablangement
sai d radh@%ﬂMQ%h&hm%ﬂmgggﬁgwﬁffective to affect processing wuniformty
a

across sal d substrate,; c power supply coupled to said el ectronagnet
arrangenent, said dc power supply having a controller to vary a magnitude
of said at |east one direct current, thereby changing said radial

variatiop, in.gaid controlled magnetic field. wthin said plas r.ocessi ng
chanber “T'n s E?aﬁrgéfgﬁesﬂpéﬁxsm&CiaHqu’a‘meé‘ﬂ'h%a“{%orid%ﬁ‘sé‘?ﬁébl%ﬁ{ggn%ﬂocessi ng
uni f or m dih AeleQfically @biluct®ields b ikhBally condfiveld@SiR, Processi ng system of claim
| wherein said plasma processing chanber 1ncludes an inner surface and at

| east the inner surface of the plasma processing chanber is nade of a

mat eri al that does not substantially interact with reactive gas chem stries
that are flown into said plasnma processing chanber. 30 1 2 MAY 2004 WO

01/ 37314, .PCT/ 1JS 31229 3, The pl asma processing. system of claim2 wherein
sai 36 mat Bri al %%%’ssﬁ’ia@mﬁf’siglﬂﬁys‘?? y Hg"”éfl*i%lﬁﬁ@g bpnded asserabl¥és f r om a group

of mat erdogfigur b8P sisdikid i z, silicon, silicon

di oxi de, ca?%%ﬂ?$%§%gn ca%%?%g%ﬁg%%ﬁgggln ﬁ?%?ﬁ@%_ 4. The plasma processing
systemof claim| wherein said plasma processing chanber is entirely nade
of a material that does not substantially interact with reactive gas

chem stries that are delivered into the single chanber

14, The plasma processing system of claim 11, wherein said bonded assembly is

15 comprised of several segments or tiles of said suitable material bonded to the chamber wall.

15.  The plasma processing of claim 11, wherein said suitable material is Silicon carbide.

20 16.  The plasma processing system of claim 2, wherein material forming said inner
surface of said plasma processihg chamber is a provided by a bonded assembly consisting of a

suitable material bonded to a support said, support being attached to the chamber wall.

17. The plasma processing system of claim 16, wherein said bonded assembly is bonded

25 with an electrically conductive or a thermally conductive adhesive.

18.  The plasma processing system of claim 16, wherein said bonded assembly is

configured to reliably form a significant part of plasma ground.

32



5. The plasma processing systemof claim4 wherein said materi al 01 %am%f a0
pl asma 10 processing chanber is selected froma group of materials
consisting of silicon carbide, quartz, silicon, silicon dioxide, carbon,
boron carbide, and boron nitride. 6. The plasma processing systemof claim
1 whereiwosasdiamat eri al of said plasma processing chagpeissosisbl i con
carbide. 7. The plasma processing systemof claim6 wherein the silicon
carbide of said plasma processing chanber is selected froma group of
materi al s consi sting of Chem cal Vapor Deposition (CVD). Slipcast Form ng,
hot - pr esgged L b SQF .6eahky- i ed forned
silicon ?gr bia[glg.p %‘gs %’ggf)lfj%%gn%ﬁltp%k@éé’ﬁ%&%ﬁ%%%?&cﬁswﬁgV\/ner ein the

si | i con cardoingesedfof savexdl gigmemmoptilecessi ng chanber is Chem cal Vapor
Deposition (CVD) deposited silicon carbide. 9. The plasna processing system
of claim2 wherein said material of said plasma 25 processing chanber is a
coating of material. 10. The plasma processing Sf/stem of claim2 wherein
sai domat®ki al of 455 RHlasmatueRgssing sy a3 regited imelpiey 16, whereiwsaidi ng of Silicon

car bi de. gu3h1dmaeMAYs Qg%on\/c\gbdu 37314 PCT/US00/ 31229 11. The pl asna

processi ng system of aim?2 wherein material formng said inner surface

of said plasma processing chanber is provided by a bonded assenbly
consisting of a suitable material bonded the chanber wall. 12. The plasm
processifig s Lem of clai.m 11, vgﬂereig s%i d bonded assenbly is bonded with
a el ect ri'cal I'¥° RETRARLTSULYSEM, Srit e fRBREiNg e adhesi ve. 10 13. The

pl asma processing systemof_ claim1ll, wherein said bonded assenbly is
configured t&Syhs r?taﬁlipyo‘ftS?Wgéregit‘bﬂﬁp??r&s&iﬂsubﬁﬁaie dyring pad ProgesHAE.gr ound. 14,

The 19! asyRrd QRBIBHAE ﬁyﬁéﬁmﬁhgﬁmm -ﬁnergﬁ}%smh§?éaﬁogﬁgmﬂg assenbly is

15 conprised of several “'segnents or tiles sald suitabl e nmaterial bonded
to the ohamaeriaMbdtlis mbte elddvicaly eesimntphanaks f thg naferial disaid plasmaher ei n sai d
suitable materi is Silicon carbide. 20 16. The plasnma processing system

|
of clai ﬁfof?ssméﬁaé?l??r'rmt erial formng said inner

22, The plasma processing system of claim 21 wherein said material of said substrate
15 supportis selected from a group of materials consisting of silicon carbide, quartz, silicon,

silicon dioxide, carbon, boron carbide, boron nitride, and anodized aluminum.

23.  The plasma processing system of claim 21 wheréin said material of said substrate

support is silicon carbide.
20

24.  The plasma processing system of claim 1 wherein said substrate represents a

semiconductor wafer.

25.  The plasma processing system of claim 1 wherein said substrate represents a glass or

25  plastic panel for use in flat panel display fabrication.

26.  The plasma processing system of claim 1 wherein said processing includes etching

said substrate,
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surface of said plasma processing chanber is a provided by a bonded 2 MAY 20
assenbly consisting of a suitable material bonded to a support said,

support being attached to the chanber wall. 17. The plasna processing
system of claim 16, wherein said bonded assenbly is bonded wth an
el ectri C@Jd ductive or a thermally conductive adhesive. 18. The pl asma

processi ng system of claim 16, wherein said bonded assj’&:f:ﬂfss‘}w?]%zg configured
toreliably forma significant part of plasnma ground. 2 M"wf 20 WD

01/ 37314 PCT/ USO0/ 31224 19. The pl asma processing system of claim 16,
wherein said bonded assenbly is conprised of several segnents or tiles.

20. The Pl asmaplpsmcescdify SYSheon pocet £ @bktialk, fndrRing6. Wherein said
suitable material is Silicon carbide. Z21. The plasma processing system of

claim 2 furt heflask@FRickS8ing @hanfhes Witk Vi & aéﬂ'&ﬁﬁrﬁbo@lp@mt gdustncaypport said
substrate during said processing, 10 wherein said substrate support
f or mi ng §PHrArocsssingheaid plasna progesdugchambertiavingacupper dnd andudvef erdl, amat eri al  t hat

is re 'l resistant than.that of the material. of sai.d pl asna

pr og‘gssilg%:f?c lg}r%gruj.f%ﬁﬁﬁs éasﬁrfaa%??ﬁssﬂﬂgdﬁ@g‘gei He @?grfaél’ﬁhbcii 1%?‘3;“1°W13§rf%er ein
sai d mataegrow onﬁat@ﬁisd:oﬁdi@ﬁF bdiBconTHPRIR! duakts sHebiC clligsh di60M, darsQup of

mat eri al s consi sting of silicon carbide. quartz, silicon, silicon dioxide,
car bon, BeEGATbde, HiddheronddiFies nitri de, and anodi zed al unmi num 23. The pl asma
processing s) stern of claim21 wherein said material of said substrate
support is sripupbing wandoivdlispod apah upper dné oftaaesmppoaessirigrehamlyst em of ¢l ai m
1 wherein said substrate represents a sem conductor wafer. 25. The pl asna
processi ng sysREmntefinacangenienvdisposidrabswai achigne dsfifed be sdi¢ pites@dviera gl ass or

25 @Qasti. anel .f(gr use .in flat panel display fabrication, 26. The plasna
pro ssisﬁ‘a S@ifgﬁt&‘ﬁ FPogqdarithin sajghrlpsaprecsssinesheplss rsgdipreEses et ching  sai d
substrate. 35

an electromagnet arrangement disposed above said plane defined by said substrate,
said electromagnet arrangement being configured so as to result in a radial variation in the
controlled magnetic field within said plasma processing chamber in the region proximate said
coupling window and antenna when at least one direct current is supplied to said
15 electromagnet arrangement, said radial variation being effective to affect processing

uniformity across said substrate; and

a dc power supply coupled to said electromagnet arrangement, said de power supply
having a controller to vary a magnitude of said at least one direct current, thereby changing
said radial variation in said controlied magnetic field within said plasma processing chamber

20 insaid region proximate said antenna to improve said processing uniformity across said

substrate.

28. A plasma processing system for processing a substrate, comprising:

a plasma processing chamber within which a plasma is both ignited and sustained for
25 said processing, said plasma processing chamber having an upper end and a lower end, at

least an inner surface of said plasma processing is made of silicon carbide;
a coupling window disposed at an upper end of said plasma processing chamber.

an RF antenna arrangement disposed above a plane defined by said substrate when

said substrate is disposed within said plasma processing chamber for said processing;
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1 2 MAY 26 WC) 01/37314 PCT/ USCQO 31229 27. A plasma processing syp?egm?omma
processing a substrate, conprising: a plasma processi ng chanmber wi thin
which a plasma is both ignited and sustained for said processing, said

pl asma processi ng chanber having an upper end and a | ower end, at |east an
i nner suybapes@f said plasma processing i s made of a pefB&dadizzavhi ch is
selected from a group of materials consisting of silicon carbide, quartz,
silicon, silicon dioxide, carbon, boron carbide, and boron nitride; a
coupl i ng wi n8% eﬂwaég%an%cﬁwfaﬁg@Fd ahoye &rd planeflefinedshysaidrsubstdsi ng chanber .
an RF anhi@RReréhd BOSARR i j : Sal d substrate
when 10 said subsg?r ate I?e%%@%iﬁ@g\%&?‘é?g@gﬁ%ﬂﬂ& %%Er%p‘gglg{g%ns@?}?\eg chanber
for sai dopradedmeinge fiald vathecsardgikeger etocessing rentenin the epins ecbxatmyaidai d pl ane
definedcgglﬁahgloubsgrqte, saiq e| ectronm net.arnﬁngenent bei ng configured
so as t GOTRELRMYRGON &d paigpng whon ot legst o dirretefient isshpRlsf fe¥idragnet i c fi el d

Wi thin sRiorplgasraficARAS SidWadiahARBEen ethglchBolB  Afkciftkdimi e said

coupl i ng wi ndow and ant enna when at | east one direct curre is supplied to
sai d 5 &piEmityaegreseidsrbsaigeamdnt, said radial variation being effective to
affect processing wuniformty across said substrate; and a dc power supply
coupl ed to safcpawtessupptyvotplpl etid aleromypenentrangmient, shid qroposser Spplyl y - havi ng
a contr% Iineractootrgﬁré a ma%igi 'r_ug‘g1 fof. sajﬁd at | east one_ direct current,

t her eby  changi ng o Sal oy ARPEIUGHeY sadiabfast Ansdiregt grtl BereRychagPet i c fiel d
wi thin sad sdfal aaTitoPheseshile L HATRAL Al villinSHiG IR bR AR thiRe sal d
antenna_to_inprove said processing uniformty across’sali substrate. 28. A
pl akha Prgidsegiemproxinstesmdtapientirto cae i exgidpreeshuitg miformitorpnss siichg: a pl asma
processhmgnﬁganber within which a plasma is both ignited and sustained for
sai d processing, said plasma processing chanber having an upper end and a

| oner end, at |east an inner surface of said plasma processing i s made of

silicon carbide; a coupling w ndow di sposed at an upper end of said plasnma
pr ocess& ng g&g er. an RF antenna arrangenent di sposed above a pl ane
&

def i ned®b d'asup Broretae Wiskem ofshir 28 whsteinesrid cpuplisie syietoechaiat lbdsh sai d
plasma fQaeRE hiide 6RARRA bR Sai d processing, ; 34
15
30.  The plasma processing system of claim 28 wherein the silicon carbide of said plasma
processing chamber is selected from a group of materials consisting of Chemical Vapor
Deposition (CVD), Slipcast Forming, hot-pressed, sintered, iso-statically-pressed, and
sintered formed silicon carbide.
20

31. A method for controiling processing uniformity while processing a substrate using a

plasma-enhanced process, comprising:

providing a plasma processing chamber having a single chamber, substantially
azithmuthally symmetric configuration within which a plasma is both ignited and sustained
25 during said processing of said substrate. said plasma processing chamber having no separate

plasma generation chamber;

providing a coupling window disposed at an upper end of said plasma processing

system;
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12 MAY 2
1 2 MAY 200 WO 01/37314 1' CT/USOO 31229 an el ectronmagnet arrangenent

di sposed above said plane defined by said substrate, said electromagnet
arrangenent being configured so as to result in a radial variation in the
controll ed magnetic field within said plasm processing chanber in the

regi on p{vg%i g said coupling wi ndow and antenna when_at | east one direct
current I %’gﬁiﬂ ied to said electronmagnet arrangenentfCTOSPUPIAR i al
variation being effective to affect processing Uniformty across said
substrate; amptbvalimgrnRinerenan ppdngerian fispaded sbosea plad RELEDHBGIEt ar rangenent,
sai d dcﬁggv\e[é@{égpl,g having.a controller to vary a nmagnitude of said at

| east orPRECAHEN &3 Pubsirate psRispatsy withinraidmipsma arogcssing rhamberfor said on i n sai d
control | peefmgnetic field within said plasma processing chanber 10 in said
regi on proxi mate said antenna to inprove said processing uniformty across

said substr : 3 T ssing ,system.of cl.aim 28 erein said
coupling w ng}g\?\/ldﬁégm g%egﬁ%rgésg?lg{%rﬁgéegﬁrﬁfdz?g %&g%veg?ldﬁalnia 8%??%% f)al\i\éc}e. 15 30.
The pl asnistpeoriisddcngmsaget #rmadment BN RBfiMIET Bia8 td lBguliSh b ir&D vaaitioh de of
said plas l{or@ﬁc SSi ng 1§ arr_bt%,r is selected froma group of materials
consi st i‘%&gtﬁ? e ehiagnets/Apd mithpesgid plasma grocessing chanybepindh regigk ni ng,

hot - pre i bS5 i r : .0t . med silicon
Car by o e b W R e B s P

pr ocessis#id elsctruirghet atrengementgsaid ragiblasriationrbemg e fettipe aodest, précedig Si ng:
providing.a pl asma processi ng chanber having a single chanber. :
subst anf’ﬁﬁqw a(gg§5tsﬁqu.ﬁ§|?f§'|’:ltpy symetric configuration within which a plasnma
is th ignited,and sustained 25 during said processing of said substrate,
sai & pl asma PPYELS aidR govH sHRRLY cavaled insaifrlestipapenebarrapgeiesti gener ati on
chanber; providing a coupling w ndow di sposed at an upper end of said

pl asma pr oce¥adingsaishsubsirgie inte s@id playma processing chamber;

flowing reactant gases into said plasma processing chamber, said reactant gases
include a combination of gases, wherein one or more gases of said combination of gases
included in said reactant gases is a Cx Fy H, Oy, gas, and wherein x, v, z, and w are positive

15 integers though any of z, w, and y can be zero;
striking said plasma out of said reactant gases; and

changing said radial variation in said controlled magnetic field within said plasma
processing chamber in said region proximate said antenna to improve said processing

uniformity across said substrate.

20

32, The method of claim 31 wherein the reactant gases further include one or more gases

selected from a group of gases consisting of 03, N, CO, CO,, SF¢, NF;3, NH;, Cl; and HBr.

33.  The method of claim 22 herein the reactant gases further include one or more gases

25 selected from a group of gases consisting of He, Ne, Ar, Kr and Xe.

34.  The method of claim 21 wherein the reactant gases further include one or more gases

selected from a group of gases consisting of He, Ne, Ar, Kr and Xe.
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WO 01/ 37314 PC T/ US00/ 31229 providing an RF antenna arrangenent di 1;?04‘@3 2004
above a plane defined by said substrate when said substrate is di sposed

wi thin said plasma processing chanber for said processing; providing an

el ectromagnet arrangenent di sposed above said plane defined by -said
substrat eyo@arzi4el ect romagnet arrangenent bei ng confi ge©edses@ 286 to resul t
in a radial variation in the controlled magnetic field within said plasm
processi ng chanber in the region proximte said coupling wi ndow and

ant enna when at Ieast one direct current is supplied to said el ectromagnet
arrangerrent said radial variation being effective to affect processing

uni for i By acFessaetsod of clim2i whergin theyegstany asenigeladaress dwkis sslagpd fogoupl ed to
sai d el egg;dglﬁgﬁg%%%&ﬁ%%%perﬁ C%Fgl(“a?"ggg%zéf SHepirate into said plasma

processin fo sal'd plasma processing
chanber sai d reactant gases include a conbination of gases, wherein one
nore gases of said conbination of gases included in said reactant gases
and w are posjtiv |ntegers

'tﬁoﬁgf i of T mdfSgr R ALEhELR Bt kool gt e RS AT TP s d

react ant a gas ngﬁé!:d:oﬁsi"siﬁgbﬂg HRy! GHRA R, Eiﬁﬁ?bﬁ{hhﬂd epig. controll ed
magnetic field within sard p1 asma processing chamb in said region

proxi mate said antenna to i nprove said processing unl formty across said
substrate. 20 32. The nethod of claim 31 wherein the react ant gases further

N o U, e PRHGELRE PN Bl o 3PS A0S A0 09 O
the reachgmhpglé@wcbmuidnhgbfl;ncl ude one or nore gases 2> sel ected froma
group of gases consisting of He, Ne, Ar, Kr and Xe. 34. The nmethod of claim

21 wHWerein the reéckal,adBsCHyFt her include one or nore gases selected
froma group of gases consisting of Ile, Nc, Ar, Kr and Xe. 3 b MAY 2001i
10 CyF3 +CF+CHF3+CH;,Fy;
C4Fs +CF4+CHF;+CH,F3;
C3Fg +CFCHF3+CH,Fy;
C,F¢ +CF4+CHF3+CH,F3;
15 Cy HFs +CF4+CHF3+CH,F;
CsFs +CE+CHF+CoHLFy;
C4F3 +CF4+CHF3+CH,Fy;
C4Fg +CF4+CHF3+CoH,Fy;
CiFg +CF4+CHF3+CoHoFs;
20 CyFs +CF4+CHF5+CoHyFy;
C; HF;5 +CF4+CHF3+C;H,Fy;
CsFg +CHF3+CyHE s+CHaFy;
C4Fg +CHF3+C,HF s+CH,F5;

CyFg +CHF3+CsHF s+CH,F;;

25 CsFs +CHF3+C,HFs+CH,F;;
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WO 01/ 37314 PCT/ US00/ 31229 35. The method of claim 21 wherein the rledctit?
gases include a gas that is selected from a group of gases consisting of
C F8, C,i'8. 4176. C3F6, C2F6 and CF4. 36. The nethod of claim 21
wherein the reactant gases include a gas that is selected from a group of
ases c isting of C HF8, C21-1FS, CHF3, C2H2F2, C2H2F4 and CH2F2. 37. The
?ret hod 8‘?88@3{% 21 wherein the reactant gases |ncI udeP§T /85@’3113?& IS
selected from a group of gases consisting of: ; CSFS +CF4 -Cl | F3+CH2F2;
CAF8 +CF4+CHF3 =CC,KARBIFHEEARCHABFCHRE2I C3Fr6 . 1- CF4+CHF3+CH2F2; C2F6
+CF; 4 1 d | F3+CH2F2; 15 C2 HF5 +CF4+Cl I F3-{-Cl |2F2; C5F8

+CF4+CHF3- C2H?F4; QﬂgﬁF“L Fﬁ% J-C2H2F4; CAF6 +CF4+C - | F3+C2H2F4; C3Fr,
+CF4-f-Cl - | F3+C 2H2" FCHF3+C21 - | 1IF C7 HFS +CF4 { d |IF3+C2H2
+CHF3 | C21 I F;,+C C4F8 +Cl 41" 3+C, HFS+C14, C.;1'6 CHF3+C, HF5+CH, F2; 25 C; F6
+CHF3+C, HF5+CH2F2; 37 1 2 MAY 2i WO 01/ 37314 PC 1US00/ 31229 C2F6 +C | F, C
HF5+Cl - 12122 and CF4 +CHF3+C, HFS+CN2F2- 38. The net hod of claim 37 wherein
t he reaciant T@awﬁwﬂQfﬂ#iéﬂ'/iWt@m@emetauirgamﬁmhg!amégde @@loe DIOEEARISOM a gr oup

of 93SeS 07 i'rgﬁal nggou%fof gases c%né::gtmg of OC% 669C8f g.rid' SFe.

39.  The method of claim 38, wherein the reactant gases further include one or more gases

selected from a group of gases consisting of He, Ne, Ar, Kr and Xe.

10 40.  The method of claim 37, wherein the reactant gases further include one or more gases

selected from a group of gases consisting of Oz, N,, CO, CO; NF3, NH3, Cl; or HBr and SF.

41.  The method of claim 37, wherein the reactant gases further include one or more gases

selected from a group of gases consisting of He, Ne, Ar, Kr and Xe.

15
42.  The method of claim 31 wherein said plasma processing chamber includes an inner
surface and at least the inner surface of the plasma processing chamber is made of a material
that does not substantially interact with reactive gas chemistries that are flown into said
plasma processing chamber.

20

43.  The plasma processing system of claim 42 wherein said material of said plasma
processing chamber is selected from a group of materials consisting of silicon carbide, quartz,

silicon, silicon dioxide, carbon, boron carbide, and boron nitride

25 44, The method of claim 31, wherein said plasma processing chamber includes silicon

carbide.
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39. The nethod of claim 38, wherein the reactant gases further i ncl dadlAfndl
or nore gases selected froma group of gases consisting of He, Ne, :'fir;
Kr and Xc. 10 40. The nethod of claim 37, wherein the reactant gases
further include one or nore gases selected froma group of gases
consistigg@hr¥e, N CO CO NFL, N-li, Cl2 or HBr angrRkhoarz#l The

nmet hod of claim 37, wherein the reactant gases further i1nclude one or nore
gases selected froma group of gases consisting of He, Ne, Ar, Kr and Xe.
42. The fret hothegretlqdf glain 3 ivwberein said plasmpprassssinpehemberss mgdadvsindheel i ncl udes
an inner.syrfaee and at |east the inner surface of the plasma processing
chanber 1's made of a material that does not substantially interact with
reactive gas chem stries that are flown into said plasna processing
chanber. 20 43. The plasma processing systemof claim42 wherein said

mat eri al , of id plasma processing, chanmber is selected froma_ group of
mat eri al gf?coﬁl&eg{qgﬁgp@pesgqng FYst Q:fégﬁf’&é?‘{het?ﬂ’afﬁﬁci%m gasq qre Hown g ?%‘gn di oxi de,

car ban, ﬂg{n%ri&ﬁ&mgi%mﬁ&gsam%&%ﬁg ' Eesi iﬁﬁucﬁ%}f‘&mﬂm ol Gt 04 V[q){e{fgl ﬁifm 3L,

wherei n said plasna processi ng r 1 ncludes silicorr car 2 ' LAY
20 WD 019r3734d daspCH/sei8ChmBib2 of BaseTincludeltihead chetart ghses B O ik sai d

pl asma processing. chanber,is nmade entirely of silicon carbide. 46. The
pl asma ﬁaS’c%géﬁhﬁ%ms)&gtzeﬁ?%‘F’ af?lpgf"m’elmﬁﬁ‘gﬁ’é%%mrl‘éaék‘fnﬁﬂ? Z@%fg@@lbl?eezefq’ own into
said pl@snRaRbREESSNAY GRaERGs., said reactant gases including a

conbi nati on of gases wherein one or nore gases of said conbination of

gases included in said reactant gases is a C, F,, IT, 0, gas, and wherein
X, Y, z, and w are positive integers, and at |east one of z and w can he

zerq at . an,be zerq.. 10 47. Th | as rocessi ng

2ol 7. 2] THE Bl Bdling w5 o B i Eh Sid el sl BB RADL o vur e

gases saineot morefon@gsdedgidditgin 9ErogReBHs@@ossisting BH0QN, O, A0, NIGONHG2 NF3, NH,
d - HE—@,rantggSFG' 48. The net hod of claim 46 wherein said reactant

i:]ases Hﬁl%v nhefade one or nore gases 15 selected froma group of gases
consisting of He, Ne, Ar, Kr and Xe.

48.  The method of claim 46 wherein said reactant gases further include one or more gases

15 selected from a group of gases consisting of He, Ne, Ar, Kr and Xe.
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;9 1 2 MAY 290 40 49. A nethod for controlling processing uniformty M 1760
processing a substrate using a plasma-enhanced process, conprising:

provi ding a plasma processi ng chanber having a single chanber,
substantially azimuthally symetric configuration within which a plasma is
both ignited and sustained during said processing o f said substrate, said
pl asma processi ng chanber having no 48eparate plasma generation chanber
providing a coup |ling w ndow di sposed at an upper end of said plasm
processi ng chanber, providing an RF antenna arrangenent di sposed above a
pl ane defined by said substrate when said substrate is disposed within
sai d plasma processing chanber for said processing, providing an

el ectromagnet arrangenent di sposed above said plane defined by said
substrate, said el ectronmagnet arrangenent being configured so as to result
in a radfsal .vari agi | I et i Leld at .di fferent radi al
| ocati ons_ above sai %dt‘};?%g}?lg%ﬂym&tpﬁlfdr?s% 0 "5'5@%1%’5‘&% chanber in
the regisybstitovsinga plasma-saliagcebpptass,gomprising  and ant enna when at | east one

direct curre [+ Ss |ied to said electromagnet, arrangenent, said radial
variation beirb%%‘hélpgé re FoFe5pre ving p3ingls chemhescmwhstenitallyi d  r egi on

pr oxi matagininghally syneestnd ¢ fipntNeR WikitwRigh 8 R0R; a%%g%ﬁtgdgngﬁ{sg%wggh suppl y

coupl ed tq sai.d el ectronagnet arrangenent; ﬁFEC|ng I'd” substr into

sai d pl 8578 s prossseme s Esaid subsirate; sadiplagme processing chamber Having ai d pl asma

processi i reactant gases include a conbination of
AR e

gases, a two or -nore gases of the conbination of gases

i ncl uded in prayidiegis coupling sandow dispos@t atran upperishd ﬁ@ﬁdpﬁsﬁa‘ﬂr&&s;ﬁﬁ% d plasma
out of %r?az'_dlfreact ant gases; |IMAY2 41 changing said radial variation in
Jsaid cohtrolted magnetic field wthin said plasnma

providing an RF antenna arrangement disposed above a plane defined by said
substrate when said subs'rate is disposed within said plasma processing chamber for said
processing;

providing an clectromagnet arrangement disposed above said plane defined by
said substrate, said electromagnet arrangement being configured so as to result in a radial
variation in the controlled magnetic field at different radial locations above said substrate
within said plasma processing chamber in the région proximate to said coupling window
and antenna when at least one direct current is supplied to said electromagnet

O

arrangement, said radial variation being effective to affect density of said plasma in said
region proximate to said soupling windew and antenna;
Y : providing a de power supply coupled to said electromagnet arrapgement;

placing said substrate into said plasma processing chamber;

flowing reactant gases into said plastea processing chamber, wherein the reactant
gases include a combination of gases, and wherein each of two or more gases of the
combination of gases included in the reactant gases is a Gy Fy I, Ow gas;

striking said plasma out of said reactant gases;




processing chamber in, said region proximte to said antenna to corit 2oMAY 2
said density of said plasnma when said reactant gases are being flown in
said plasma processing and thereby inproving processing uniformty across
said substrate; and wherein said different radial |ocations include at

| east one radial region which is not in an axial direction perpendicul ar
to said substrate. 5a The nethod of ghaim 49 wherein the reactant gases

i ncl ude a gaseh#ngidg safil ragiel GEig ases, _cqnsi sting of C5Fs,
CAFa, CAF6 F6 and @4&”%@%&3%@%%‘8&’ FFld withis sig alaeme ¢ he

C3F6, _ :
r eact an?r°§%F§E’§ Fde sad gegion praxiniate tosseideantengta to @il %@&éﬁsﬁ% gases
S_ The net hod

consi st i DpREmaAHHER saif fidkian %@53 H2E2 C2H2E4 and CH2F2.
of ¢l ai m 49 wher el nsqfl%g Fant ant%%ﬁ%ﬂl’m%% Blagaa progessingandsel ected from
a gr oupherebyimprovingpsoessimpuuformt) harondaid spHEREGHAF2;  CAFs
+CF4+CHF3+CQ%E§H %gF FCE4A+CHR3+CHzF2; C3F6 +CF, ~+CHF3+CH2F2; CzF6 +CF +
|3 3+CH2F2: e § Hpns ingiAe atlem exd ralliad reGidiAFKich (<Gf0
+CF4+Cliflr 3rt Xl diflsctio et b G5 i © C3-F6 +CF4+CHF3+C2H2F4; (2, F6
+CF4+CHF3+C2H2F4; %g&gFS lé F4%%EE§E%£ébF4; C5F8 +CHF3+C2HF5+CH2F, ; CAFa
CH2F2; C3F6 +CHI ' 3+C21- FS+CH2F2 1

+CH 1 730C2F J + : B RS ;
; I}\/AY gg : Q’i%%neﬂ:%lm&'ﬁ%vhcriﬁ The Teactanit gases include a gas that is
selected from a group of gases consisting of CsFs, CiFs, C4Fs, CaFg, C;Fg and CF,.

51. . The method of claim 49 wherein the reactant gases include a gas that is
) ) ; selected from a group of gases consisting of C;HFg, C,HF;, CHE;, CH,F;, C;H,F, and
- CH,F,.

52. . 7. .. Themethod of claim 49 wherein the reactant gases inclnde a gas that is
selected from a group of gases consisting of:
CsFy +CF ++CHF 3+CH, F;
C4F3 +CF+CHF3+CH,Fy;
C4Fs +CF.+CHF3+CH;F;;
CsFs +CFy+CHF3+CH,Fs;
CoFe +CF.A+CHF3+CH,F,;
C2 HFs +CFy+CHF3+CH,Fy;
; CsFy +CF+CHF3+-CALF,;
) C4F; HCRACHFACEF;
C&%+CFﬁ{3ﬂﬁ+c#ﬁF#“‘#‘.
CsFs +CF3+CHFy+CHLFy;
C2F¢ +CF+CHF3+CoH,Fy:
C2 HFs +CFR+CHF+CoH,Fy;
CsFs +CHF5+CoHFs+CHF;;
CaFs +CHIr+CoHFstCHFy;,
C.Fs +CHF5+C;HF+CH Ey:
CsFg +CHFs+C;HF s+CH,Fy;




42 c2F6 +CHF3+C2T- Wb+CHAF2; an CF4 +Cr|l F3+C f5+CH. f2 53. .The rr.eE r?odM%(f B
claim49 wherein said plasm processi ng chanber includes an inner surface
and at |east the inner surface of the plasma processing chanber is nade of
a material that does not substantially interact with reactive gas

chem stries that are flown into said plasma processing chanber. 54. The

pl asma processing system of claim4%2wherein said material of said plasna
processi ng chanberCafs *6BFatCAHF#CHFaamt oup of materials consisting of

silicon carbide, ald#r S hcon. _silicon dioxide, carbon, boron carbide,
and boron nitride % q#é% 2cl ai m 49, wherein said plasnma
processi ng chanber includes silicon carbide. 56. The nmethod of claim49,

wherei nssai d pl as rocessing chanber is nmade entirely of silicon
car bi de>357. “The' hEt MSRod & Flakn @ whereindaid pieGifia probessinirRhiBer HhdthdRn car bi de

of sai dan jin2f SEIARE AEEHILRE I}ﬁg | | ected froma group of naterials
consi sting of Chem cal Vatp}):%r g%’ép#?i%ﬁ“ ,Prgf%’%%%ﬁmhﬂmmgie

hot - pr ek matenigl thatd substantidllatii ; i d f d
ot-pre e ot pad ueRb! Vith RaOARs L Bl e o o

si i cong i . ~1he nmethod as recited in clal

f or mi ng ggflgdtlggﬁg?’%sﬁﬁ%cﬁmﬁgﬁ%%&npl asnma processi ng chamber is provided
by a bonded assenbly consisting of a suitable material bonded to the
chanber. Wall. 59, _The nmethod as recited in claim58, wherein said bonded

assgnbﬁ;i; bon &Erpmmwweﬂodﬁ%mnﬁxﬁhgﬁamemy?w|?/ o

conduc Ssebiv . The nmethod as recited I n claimb58,

wher ei r? sz_iiagﬂ-tb)ontgzlle_g_clzlasserrE;'AlAg}l]&gegi éé"i'ﬁ?%@%?é’%%% GoRpisYng efisiticansi gni f i cant

Eart ofcarbide, gnartzsiligow wiiton Gindde, a'imoﬂ;f@bi‘bﬂ(iaﬁ?de[%&ﬂ{}gn%% ai m 58, wherein
or

ai d bonded assenbly is conprised of several segnments | es of said
Jsuitable material bonded to the chanber wall

55. - - The method of claim 49, wherein said Pplasma processing chamber includes
silicon carbide.

56. " The method of claim 49, wherein said plasma processing chamber is made
entirely of silicon carbide. D

57. ' The method as recited in claim 55, wherein the silicon carbide of said
plasma processing chamber is selected from 2 group of materials consisting of Chemical
Vapor Deposition (CVD), Slipeast Forming, hot-pressed and stutered, iso-statically-
pressed and sintered formed silicon carbide,

58. The method as recited in claim 49, wherein material forming said inner
surface of said plasma processing chamber is provided by a bonded assembly consisting
of a suitable material bonc'ed to the chamber wall,

59. ' The method as recited in claim 58, wherein said bonded assembly is
bonded with an electrically conductive or a thermally conductive adhesive.




43
60. - The method as recited in claim 58, wherein said bonded assembly is

configured to reliably form g significant part of the plasma ground.

61. . The method as recited in claim 58, wherein said bonded assembly is
comprised of several segments or tiles of said suitable material bonded to the chamber

wall,
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