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Each of the above-identified patent application is incorporated herein by reference.

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 processtng 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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then provided to ignite a plasma in the processing source gases. After the
plasma is LZyikfds it is sustained with additional energgrnushisionay be
coupled to the plasna in various well 5 known ways, e.g., capacitively,
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dramati cal Iéy di fferent plasma processi ng requi rements. For exanpl e, the gas
25 pred8ur ortpﬁmﬁamﬁsuwhammlw Yerginy etplounifosmity weders ¢9 the anat i cal | y
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while other areas remain inadequately etched. In addition, in many applications these

stringent processing requirements may be coniradictory at different stages during the

substrate processing. Often this is duc to the presence of multiple films that must be

processed with &ramatically 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 Ion_gevity of the system components, and the like. Thus a
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I f WD Q1/37314 PCT/ US00/ 31229 desirable etch process is often one that
stri kes tRgobi@hy bal ance between the different cost- opchuswsghs p and
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chem stries 15 that are delivered into the plasma processing chanber. In
addi tion, the reactant gase§$ﬂﬁN¥¥§é9§1fﬁﬂ®&ﬁiﬂﬂgﬁ the plasnma processing
chanber. are di scl osed. The plasma processi ng systemincludes a coupling

w ndow di sposedriatinatistPRRles A Gne &&b&ﬁ%ﬂk@ﬁwﬁs&mﬁﬁsmmer and an RF
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processi ng I : J i 0 omagnet
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25 radial variation is effective to affect processing uniformty across the

subst rB e. thatase feliyersd inte the plasmaproespsingchapber da addditionythe rrestanigases thatarp over
supply cou . gpagg . nt. The do power supply has a
controll erﬂ%@ﬂwgﬁyégﬁﬁf rlg‘fcetﬁ% 0 g%ra?ﬁrc{elgcz%gﬁe direct current, thereby
changing the radial variation in the controllable magnetic WO 01/ 37314

PCT/ USOQ 31229 The plasma processing system includes a coupling window disposed at an upper end

e

of the plasma processing chamber and an RF antenna arrangement disposed above a planc
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 clectromagnet
arrangement is 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 variation is effective to affect processing uniformity across the substrate.

The plasma processing system additionally includes a dc power supply coupled to the
clectromagnet 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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field within the plasma processing chanber in the region proximte 'the
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and sust ai ne . o
antenna when at least one direct current is supplied to the electromagnet arrangement. The

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

Additionally, there is included providing a dc 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 includes a single chamber, substantially azimuthally symmetric

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



i~[1 WD,01/37314 PCT/ US00/ 31229 processing. The plasma processi ng chanber
has no sep@baisrid asma generation chanber. The pl asma pcgageddig chanmber
has an upper end and a | ower end. The plasna processi ng systemincludes a
coupl i ng w ndow, di g{ﬁ)losed at an _up%gr end of the plasma pr.ocessi.ng chanber,

and an RF JRReEHing Jbe algenpmecsanghamber hapae teparatsphasma gengeation ‘t he

substrat e WRRIdHE pRkRShE Bhdutlsha s BHREehd¥nl Bgwd: B, Pl asma pr ocessi ng
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emanating f O@thg nagnet arrangenent. The radial variation is effective
to affect pfg’ro R ??am niformty across the substrate. Additionally, there
is included a substrate support arrangenment configured to support the
substrate w t hi Therads fotths irhdeds BSERF gowdranipdy codpled fghé RE apemmeasgliang, and a

second RF 5 power supply goupled to the supstrate support. arrangenent.
The second %Mﬁ“ﬂ%&éwc’ Sﬁ'?‘?"ﬁlt}?‘?g?"ﬁdis @ﬁéﬂﬁé"ﬁ?ﬁ? i APHE f i rst RF
power supp!aymn eht18 Eonfigihill So AsSo k3Bl M%Qdiﬂﬁ%ﬂ&tiontiﬂﬁ%%ﬂ&o‘llﬁlﬂe hﬁ&leﬁh

variation in the controllable magnetic field within the plasma processing

chambed0i n fiekwitliy thsiplasma progessing ehambsnindheragicwpionimatnthe equpling windew apdy

presont | bt Sl ResRiO AR Rh S ongRackd 65 AL el Bpb RO P Bl 02 1 el

descri pti orvatitionlieeffaotiatb affect prodessing anifgrmitg hdresy the sbstrafee f ol | owi ng
figures. BRI EF DESCRI PTI ON OF THE DRAW NGS 25 The present invention is

illustrated by .of .ex le, .a not . by way of limtation in which: 5
WD 01/ 37314 PCT%@?%@Q‘;%E ‘ﬁﬂf“d‘.“_ﬂ"g ;SRR FURRYE Srpigettins SIS AR e
embodi ment thd subStRitddwidisie the plaBvi® Plob@sing Shamber 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 variation 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,

in which:



pl asma processing system including an exenplary RF antenna arrangenment and

an exenpl ag$ ¢ (ﬁﬁ?[ magnet arrangenment. Fig. 2A shows sonpcpusiiBiaas Y
magnetic fiel I nes that may be created within the 5 chanber of Fig. 1 to

facilitate a ra a arlatlon in the gﬁontroh{ﬁlﬁl ga%netlc field strength
and t opol ogy Wi Wgaﬁf -38 A% &8 chodiment of Hie presert inyeation. & ¢ ypi cal
t opogr aphy ssrﬁafzwodeeﬁhgadystmrinamuﬁ@aﬁ &eh{pwnn itOhrla eniERCHHA lah €xdnhytiry
strength. Fi Bis an exenplary illustration of another radially _

di ver gent ramgﬁ@m@ew@n@m% t opol ogy that nmay be generated when the dc
currents in the electromagnet coils of the plasm processing system of

Fig. 1 are mani [wg 2eBowssdhte exd ﬁl‘y’xﬁﬁﬁh%d’ﬁéldﬁbb%ﬂﬁ?nﬁ?h@&%ﬁte@ﬁtﬁuﬁﬁﬁémm S
t hat may be enployed with the |nvent|ve pl asma processing system in

accor dafce erc g i ﬁ%ﬁ‘?@“@? a yaglial yatigiemin the qopteflablermappetsy @dd #rength show
vari ous na gtto °""3!P’%9‘§{"55 oEéElﬂ%HﬁHfb@ that may be enployed wth the
I nventive p ocessl n SYysS accordance with enbodi nents of the
present i nvent i on. s. 5A-5C show various magnetic bucket arrangenents
that may be errpIFeglé@ wha typical topngzaphy ofthe radinhvarjation imdhé enptrollablem i n
accordance wi e%ng {79 é@?{s of the present 20 invention. Figs. 6A-6C show
various nmagheti zation p erns that nmay be enployed with the inventive

pl asma processing system in accordance with enbodi nents of the present

i nvention. Fi g Fig.i2Bligian exemplary illostsation pfrmnther radially divergentimegnstierfiecldof t he

present |nv | flomch WLy rat| he..st eps

I nvol vel né’yﬁg?tlwaxéoéﬁg%eﬁgdswh% fth?iFlP% ?q%gﬁsro;f&ﬁ

vari atlon (ﬁlaﬁh@rﬁ@ﬁﬁiﬂgﬁyh&hloﬁF@gBﬁtrmeﬁn}fulaﬁdd strength “and/ or tOpoI ogy. 6
iif. WD 01/37314 PCT/US00/ 31229 DETAI LED DESCRI PTI ON OF THE PREFERRED

FZES?L %2”}8 o Tgef‘ﬁé%egg_r}h s'hgw\;{r%g:t-‘ulm% anltelnng ar\llr\almgeemedn Shist may elexr'}mp oyc:‘;l with ert

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

present invention.

Figs. SA-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

invention.

Fig. 7 illustrates, 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.
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preferred enbodi nents thereof as illustrated in the acconpanyi ng draw ngs.
In the feyd@wh3dlg description, nunerous specific detai |BEcTUS00/3R2% forth in
order to provide a thorough 5 understanding of the present invention. It
wi || be apparent, however, to one skilled in the art, that the present

| nvent i on My beppYARIAeAHSERIMANU CIOfE: PREFERRIN phhRsSIVIReRI [ C detal |s.
I n other instances, we NOWN pr Oce S S ctures have not
been described_in detail in order to not unnecessarily obscure the present
i nventi on. TheThewressnt igyentian wilkrow bedesmibed inglstail vathtreferedeedn aifeypr oved pl asna
Pr 001 NGyréfi i Hbod ek Herdo? pHRRNLR 10he BBl IBHLAA! 1PECESSI N0
uni formty control. e exenplary I nproved pfa processi ng system
i ncl udes doldwing descriptiohemmerub specifit dethilsyaraset forth iabrdyr te provigle mitlorough. ., each
cross gection pafallel to the fer ne has nearly ci l,ar , shape,
pl as ma§pr %g‘gsstig}\dréngc é?se’ftﬁlé‘fe\ﬁ\&g" é‘rﬁg I%gapaﬁgt,%g}vﬁvegéﬁg °as§<éféfi 88| asma and
t o cont ai rart] that the peseRt indention MLy By NERBE Withdufsofne b 81l b fEsR\épetifit) REIR

udes an upper 15 nmgnet arrangenent and an

processin s%st,em furth i ncl q); e
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pr ocessi N@etail iEorfRirlto AGtiuBRR i glrg% : 4pper magnet arrangenent
are arr.anged suchr ?hat thgsrsg{&g{;ﬁa be péék?]%ﬁ{ntr}?t\l/#gl anount of radi al
variation in the controllable magnetic field strength and topology within
the plasma profesisvengor irlatesein one embadiment tg an iwpronsd plasmp prop@sivg sistermat et hat

t he i pgluc L.Afd ' ' le Eim Ly ' |
si mul '?gneg%é ?é;a/c Qg%géuogza#ggﬂ tdﬁéggma néadtg?sc |n§af? tc}gré#]o}t‘ﬁl%%%' %ﬁgy‘é\fg@%ﬁdﬂ eis
| ow. | n t Iplaspa pfoeessiagl systenbindiides atsinglethambiea dulasiantiatlyi axtnnalmlly syrhinetric,

control | able netic.fiel t rengt.h and, t opol ogy i.s rimarily in the
Or e ity F SR S peSion gareiekih e A R s iR hi R R v acuum
I nt er f ace protbssing @htinitler that is ahpleed td bbth eretdtd he bladihd A5 864 thefpl8ingl strength
and topol gy is 25 such that it affects the processing uniformty in a
nont ri vi aforBgProgegsing taske ke improved plasma pragessiag gystesnirtherdacdides AURPOLst em t o
creat g5 a Rabh&RLRadbmEAd] [l ' ; I etic field
strength an t(%lg%r%%ayrﬁgﬁg%u llxgglg%%ggﬁ%ﬂg(@)?&&;?%sg%t@{l %%blv%;ﬁgzggagg ?ﬁgguni formty,
and t hensyhstrate diming moosssingt o vary that radial variation, a uniformity dial
is provided to allow process engineers to tune the proccss so as to
| mprove unifor4t 4 US00/ 3 9 |n l.e, the
af orenent i onedﬁ}ea i?ﬂzen%r,l a %%n%%f%@pggwgngéfﬁagge errrlgéﬁgﬁ %%g&mh

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 a nontrivial way. By purposefully designing
a plasma processing system to create a pattern of radial variation in the controllable
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 engineets to tune the process so as to improve uniformity.



field strength and topology is created by nmaki ng the RF antenna arrangenent

non- copl ana¥oonrdih t he upper magnet arrangenment. Alter naticfRisyefiss
additionally, the radial variation in the controllable nagnetic 2}9i el d

strength and topol og e created by providing an upper 5 magnet
arrangement th aB“ P?Fc%l"ﬂﬁng% ‘Sﬁﬁﬁ’lﬁm%?‘?dé?‘gé Viugatien ipthe gentrodlablomagnetisay be

copl anar  Ofield@RnEBRhARBbIoEEIsRtdaleq bl th -egilh a,ggﬁ. WeIN=3
el ectromagne?t coigtla na%eo%ﬁlft r?ot S,reagﬁllglrihe tﬁ{t%ngggﬁu ni %ﬁ@hﬁvﬁf?ﬁnﬁc
currents havithiic uppss glageet girmgemensn 4 ltemativelyuaradditionallys the mdiahviriatienlinrtheli al

I ati [ ; LG of | h d.t I . F
base of marTEoblEiRigBlc S SroBARl ioiokPndly B GRRY QAR RRRIR . g
10 chanber magnptrasfangeasinythatindludys tvealor hére elgbtromedgnetesils, whichdndyhe coplalie a

si ngl e chanper . ntially azit t hal symetric .plas rocessi ng
chanber . In%t}g‘f’%g?ﬁ%%?% 1ve E’eea&bgtﬁ?ngﬁg P’é'@?i‘)s/‘?' 05’}*}%&?‘{353?33’{@@8‘}5 Pesent

i nventi on peqfied abbe) furniskddovith dif cutrefits Befig dppasieAWrectioRdo ik@ich ugener at es and
cont ai ns thaZ’ | aspa ‘Llfo?rg ubstrate processing (and therefore elimnates the

need for a Frftoge variation inhecopolipblsanagnetifield grenethiand tapalogy.
substantially 15 azithnuthally symmetric to pronote uniformty. By way of

exanpl e and not Fbt’edéﬁdflﬁinufdchﬁhgaﬁdéhﬂpli&i@%fﬁ#@m&[th MsA® pleBRsihfe shape of
single_cylindrjcal or dome-shaped chanber. 1n a preferred enbodi nent, the

chanbet0as shapkerasarelermblycopfiguedthoyelonet yestricind tekio be g isingleshambeer ei n t he
plasma is eI 158m §Mtﬂ§ﬂ EMH . | i t;iout 20 t he
requiring ﬁg%?%f a ggg%’f te ch er %r%%%g%%gnglﬁgjé%?% ior{&één a

separ at e casneprdcessingwharnbes of the present inventimepreftrably consistswfadingleahamber

processi ng there. s furthe ravi ded a magnetic, bucket arrangenent

that is con@%ﬁ@ggnﬁr%esf%’fic? mﬁmgﬁ'ﬁﬂaéﬁ??qéls‘%fgﬂﬁé’}“c ng(an density

gradi ents telimbeatasithented for b Qepatdiectaniber forglasmal genératon), 2l alss adubdiaadiyrent
cket aryrangenent i s di sposed about the periphery of the

the 25 ghetic X !
pl asna lg? 0 éé%‘gv‘ﬂgﬂlymw.m Progyois- unifoymibyy tBYway of e¥earlepnd Aot by Wey ahgnet i ¢
bucket ar r igeHBA thd &ﬁbﬁmﬁssﬂe%@éﬂa#é’oﬁfng%ﬂﬁd}ﬁgform@-‘gﬁa}e& hat are
axially oriented about the periphery of the plasm processirg chanber,
ei t her i nsichembar. out si de of the chamber walls. Irrespective of the
specific inplenentation, the magnetic bucket arrangement is configured to
force the pl asmy, Borefi&BS biYodahadt! B LRniber SANGEME bkt FedMnglhGushRaPer vall's
away fromthe substrate. In this. 8 :

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 substra_te. In one preferred embodiment, the

25  magnetic bucket arrangement is disposed about the.peribhery 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,

8




W01/ 37314 PCT/USOQ 31229 nmanner, uniformty is further enhanced as the
pl asma densrdgsgnadi ent change across the substrate is pppdibERsy Or
substantially reduced. In conbination with the aforenentioned controllable
radi al variation of. magnetic field strength and, topqQ] ogy, proces
uniformty ﬁgnnef,%‘fmﬂ 1§ By cofas i asa’égﬁé*gy SWX%P@&S’%%I asma
processi ng spstatiis ntifihized ob stbRGAtARY dufed T YonfitaBbh Hih MleadTBndiiBa&S S| NY

i c. bucket tends to reduce the plasma | osses to the wall,

systenms. The net ]
hence the %&’g'g%bgerf?dlﬁwlﬁwfmaﬁmﬁsmmwtwmnrmumfpeni@fim ciently

use the pl amoeli 84 Silch Batk i mgRRRE AP Y ecsls L8] Sour ce
power, nore density ca% ‘%ieanel}rlggrl%gﬂbtgamc ieée ?#fé%es‘“?#?’g‘ﬁﬂgé%ﬂ?' E)rocessi ng
syst ens,? whpespiblerin mamnexdsting plasma pockssingsysterss.si ng 10 wi ndow. | n nmany cases
the desired processing density nmay be easily achieved, yet in the

exenpl ary inpro A IS . Lypical ly, reguired to
generate the de\r?z?_t y. &%s%g‘%géggﬁgg%;ﬁ%c@%ﬁ#ﬁéﬁf%ggée @?’l}‘?né °n the art,
Ei he | ower setetmp hgfwfpmv][eéphmm mgq;dmysﬁmnd?lm&egmeﬁmwﬂ&ﬂ@ne cthaa‘d e@r]c )
amage nec sps._an urt her,w dens the all owed processing . w ndow of the
syst em 15h%1 f‘?é’mgh%cfj’%'@?géﬁfof LEIVETLIPUICE RORH, mere dpnsty cangerdallnbe, ol une

i oni zat i on dxhieaabinsh i YypiROPHILsAEE ShteiS, Wieh mhh_sifeﬁh_ﬁ@depgﬁéés%gt hat the
el ectrﬁg te rature for a _given power deposition will be reduced by

reduci ng t h&® ?‘&sﬁdﬂwscésearb@alﬁsirpﬁ procesging densitymiy breassilyl ashigved, yesibbei nent, by
I ncor por ati »m@ | ' ' .

t enper at ur e&glgiﬁgr%all y I%g)gtsﬁmt.’j %%Wé?ﬂgg?}n‘?ﬁgﬁg%ﬁﬂ%g élé%%é gh%t elém%af er
that coul d &aeaéde appreiatedyy those tskiledzin dint ar thie dovedr setting of tieaotuge powaeanised.
Elimnpatin | s roof, cause of plasma induced danage tends to

signi fi cantg‘f) rf/%?ﬁ\%o élet ergﬁtﬁ?ggtn?%% “6‘$ert"ﬂ e‘lsﬁ%fla.ﬁl°1”?‘f?f8%°s§¥‘%o been

observed t haihdowotthegys@gposi ting pl asma chem stries, the bucket fields
tend to reduce the total polynmer deposition on the walls thereby reducing

t he ch er clean tines expected fromthe increased surface areas required
in charbers sui %%“_‘Fr%fse : E’F%é%cﬁlﬁﬁp?sqlﬁij’é’ Wé?mmng%lé‘?c&ééyden_si ty
acr oss t he Bexhflossad @%M]spmgyp@di}:ﬁwg‘erewcﬁoﬂ @m?ﬁ.gﬁferffnlrg ngtﬂ%gm resul ting

e wa

process result, By reducing the plasma |oss to ] s usi'ng the nagnetic
bucket, t HEPesHiong¥ilbe jeduesdtby seduping tha plasma Wisserba SEds ih eccomplisheditis bt i al | y

ind ? pendente, bk, W&E&%@mﬁ&e{ﬂé Ihdtietic bucket. Such a reduction in electron
temperature generally leads to lower 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.

‘Tt 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  increasingly 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.



9 WO 01/ 37314 PCT/ US00/ 31229 1In addition, the disclosed uniformty-.contrael
i nvention iWOPH¥BMI tated by a very |ow magnetic field at pdmuseawdeeg which
is preferentially achieved by | ocating the higher nagnetic field regions
away from the vajiidiubh) B9ditdssedRMREMIF cOitfof Lifitagat d#éﬂ he
density created b 1tlhe s.oulrcee'i s'tﬁﬁ{?sysery E‘Re’%lg@f‘g%{nﬁ{ageaﬁé a?‘t%r es and
advant ages fagudiie fiskdeat thetwafery which isprefergntindly belti¢ved by ldatingttbohighdrintagnetic

reference t £ | ions that follow .Fi 1 iJlystrates,
in accor dan?gfd\r/}\ng%l %ﬁsgi(%gﬁg%g%%n%ﬁtﬁ %g%g%%a%‘?%csbeuﬁ{‘et?%?fgﬁlfﬁ'yn?seéhepqléggéfa

processi ng siesteéhy heBources thudivary baxeficakenpl ary RF ant enna arrangenent 102
and an exenpl ary upper nmagnet arrangenent 104. |In the exanple of Fig. 1,

RF antenpa arran nd _uppex. nagnet. arrangenen 04 10 are shown

di sposegﬂI above a p%}%%oagdggrlﬁégoctﬁaﬂ%éﬁn%W%r!tmﬁg‘%%?ﬁ’e%eé IHORASEER | at er
herei n, ot hesferpmsité theifiguies endadisassiuds shabfollowo FigRF ilRidi-ftes) #h AcordngerBit 102
and upper maﬁnet arrangenent 104, RF%Htenna arrangenent 102 i s shown
coupl ed to SPF FRbaGEREN o P BiesFny yentigh; LpasmARfocesing systirp 190 includingan angerent
102 wi t h RFenilay RFavichth Arahieattue ' 1fa Mz to
about 50 MHz. Nbirg% pref erabl é t_he@%&%%ﬁ%ﬂl{lﬁg@#é‘aﬁut l"II‘hMeifzgltﬁdé' about
30 MHz.. | ninthecxamplesifig leﬁ%mmmmrammeet BRiand yprehmaguet irrangement 1046 uppl i ed

o el AR SRi BARREE e Blabrda BHELERT a8 a8 wiiBe alRBRFLFRE "

(rjragnet ic coh%sin, dj%rigosiﬁomfu&:di’ socpssiyle dar R}wutlofm a'ratr’z]lgétﬂérmgOi Iﬁhdlﬂ:pd ehighet o

|rect|ons.grﬁ£1ge‘r- Ogagnet ar r angenent is shown coupled to a variable
#8 u

direct curr pply 114, which is configured to vary the magnitude
and/or direction of the direct current(s) supplied to the el ectromagnet

coi | (s) of upperRFragesia afrarngemesttoD is shovn coupladity ah RE powet sapplyal 2, afHiéyn i n

the control | abl e etic field strggg’}lfg and toRi(’)I,ogy in region 110 to

achi eve thema%appgfg‘gp fricRap aggnepmentd 94 Wil Rirfnprgy PHgE afrpeEcipdedangscfat e

'sur f aceysf or atbubd. ¥ MHPHREEHS0 N?l‘«izﬁfléf\fhtﬁiéf&%l?, t&@?redlémy}mga idhRPsRfiAgove a
e

substrate support arrang\grrent 124, ich T1s coupled to a bias RF power

suppl y syst aheuy3BMHz. iimthe peefraed empodimant for etelting, thedFfiresensly supdied thBF ged
particles im&rggg%rgg&aﬁthgzﬁr%a?@iag&@%ﬁgmr supply. 128 may supply RF
1 odi c, no

energy having a pe necessarily sinusoidal, frequency range

of about 0.3 MHz to about : _
Upper magnet arrangement 104 of the embodiment of Fig. 1 includes two concentric

magnetic coils, both of which carry dc currents running in opj)osite directions. Upper

20  magnet arrangement 104 is shown coupled to a variable direct current power supply 114,
which is configured to vary the mégnitude and/or direction of the direct current(s) supplied
to the electromagnet coil(s) of uppér 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 is 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 pcriodic, 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
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50 MHz, .nore preferably. about 2 MHz to about 30 MHz, and preferably at
about 13. Sydbizs731410 i 111 WO 01/ 37314 PCT(USO0/ 31229 Substoswsizif?2
represents the workpiece to be processed, which nmay represent, for exanple,
a sem congyct or bstrate to be etched, deposi.ted, or otherw.se processed
or 5 af sl SSpelalh 132 Rreeils g oSS P pisc S e e Fhrs Rt SRR RIS by
i n one enbadiidonbiictertsubstiaieNgbd dichetRidpaited; or Bli€rvRE prodetseddita didphg|paie? ko/
necessary,. the substrate shaqul d be_ supported vvelf inside,the 5 | owest

portion of by ITeceRteg e 7 dlatpsegd gisplay; %@Fﬂlyéﬁym‘a%@!dh’bﬁ“émﬁﬁﬁgéh? W2EHEC pl asmma
Processi Ngpucke<bitnbt dbcthte ceﬁéﬁﬁz‘;‘fhe Gihstrite siRRufY @h%ﬁbrt&i whilfsiab@fedi ng | evel

e
of confinenent provided a thetransition fromthe magnetic bucket portion

to a ndn- nieyrEmotiopof the ormgnatia hutkatto avdid any axin gedicuts instheplesmaprgeessingr mi ne
Lo actUal e Ol i b3Ge UYL AP HEKE LRy P OHBALRR OBl |

e
substrate during processing. S om% asma’ processi ng
chanmber 10fhe iransitivmviront the ageetia badkerdoetionge A asmnhgnetiy portiolt. | Madufehaing. | n

ot her words,, the portion of th | asma pracessin hanber, 106 that is
enpl oyed tﬂ’dt?Bftﬁs&ﬁﬁi“Eag r&sﬁ’am%‘iﬁ g‘?tﬁ'fi Sx"ﬁ'ﬁé?gﬁ‘é n?aé?cgllﬁﬁlﬁ@‘@%%ﬁdﬁﬂatf‘ﬁe substrate
pref er abl yloegRaiosihe stHstrate i pRocefi@igber though the techni ques di scussed
could be inplenented into a nulti-chanber reactor. Advantageously, there

is no need for a q?]epat; te 15 plasna generation_chanber, which.conplicates

the meHuf act ur b1 oWy e Ty plapespraesssing fdhambsr 106 fshewn i # §ale pl asrma
transport - : . ot
PO"{_ EeBBAPoyifidfcl AR TR IRV 1 JTRSSHIAIES N PIOBRGRL Whard RSP

t he generat _dsma out the pl asma champer and into the
pr ocessi ngl06shatitramplovsd tpbatic ignits and sudtain g plasna for procesgipg the substatsubst anti al |y

vertical sj | S8k Lde.  eh [ Y : I he sinple
cylindrical 9@%@1 eC%? & ﬁﬁé&?ﬁ?%ﬁ%@?‘%ﬁ}#% E’Q@‘%%g}rs%‘%éegsﬁ%% b%an uf act ur ed,

| ess su|5f:eimpﬂdnieateﬁ@r1tde|nnﬂil-tﬁr?mben§aq&ﬁr Mcaﬂaggcﬁxslymlfre }iﬁlcmh:bd:fbr arae;paraltd ake of f
event y .to contam nate the substrate, an i mpl i.fi es chanber cl eaning

i ssue: % I f[p]a%’%a EERTRS pberyhic FH?E‘ }?a‘irﬂ"i“é*%ﬁch’tbl‘;\gy ﬂ%‘F’F g’agg’fg’f Mugh

conpl i cat i jagoduass A8HA pREmb H&sp%rﬁﬁﬁie@{ezg.,%yesﬁiaﬁ @ﬁe&ﬁﬁ%%ﬁ%ﬂ?& have

further advant ages regarpdl ng chanber c exact

eani ng and handl i ng. S
desi gn andiranspggiethe genetated plasmh eutolf theiplasma gersstion ehagibexand ntp %mmmnﬁ 25
symetric gl | er, ' t ween cost,
cha of - HpGBTRoaRiLanl RO FORT P e SRRERP Del BUPHER TN,

chamber above the substrate and the simple cylindrical shape renders the chamber walls

D

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

service and manufacturability for a particular manufacturer.

In the drawing of Fig. 1, 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 corntrollable magnetic field
30  strength and topology within the plasma processing chamber in the region 110 proximate RF

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

11



In the drawing of Fig. 1, RF antenna arrangenent 102 and upper nagnet

arrangenmenjyo oi84:14re non coplanar, i.e., they are offset pgpabsoahdzy al ong
the axis 108 of the plasma processing chanber so as to induce a radi al

variation in the control .6 neti.c field.30 stren d l.

Wthin tne S Bkl e yRe TR N o8 crepfe i SppOhS of il B R
antenna, codrabiaheariatioiriathe/contiollable thagntRcfiel @ Echighedig topoldgy withinghe Bldsrhdows
some 11 WO 01/ 37314 PCT/ US00/ 31229 exenplary magnetic field lines that may
be creat ed RIPFFTRE r 106 of Fig. 1 to facilitate a radial variation
in the controllable magnetic field strength and topology within the plasnma
processi ng chanyaivantégbsasty, aleeisslow, a HoRGiveal kflid) Q4ridion &ivhe coruallatiadi al
variatign in the caontrol |l able 5 nmagnetic field strength and topol ogy, which

i s pur pésefBrsnslic held saenethandtepolomy whighyis purpossfully grepteddia thejmpraved
pur posef ul | pogahd %%ﬁﬁnﬁ?ﬁﬂ%s&@%hﬁglﬂéd l@?z\é icQ;giblf:é JIRRihd ¥ ii'néﬁtri\ﬁglfe@fé&t A" the

processing uniform'ty at the substrate surface. For exanple the field Iines
140 in Fi g.thgprocessing yhideymityiat the gubsyate safacenFerrenampls therfield liges dAdQindiig. 24 i el d

strength w ' t he.radi Us. Qf . By
provi di ng a&%@@ﬁeﬁfﬁﬁ%ﬁ %Lufrlllgust%?%gh %argég%ce eﬁ? %m&@%g%%g Irl%aﬁ?%lf

vari ation ithe tadéusddsbf the chdmber b46) Byt provilling b eheshantsagfon vaming tidpmirpasefully he
process] uni for‘{n' éiﬁ] across. the sugf%&?te Su#ejée can bg fiﬁ’e tuned to a

gr eat er 0degfeRted Trdig! Yagiauon i the gentrallabls magnetic field strength and tapplogy. LBERrAcASS The
range of B ity 4dr€s81ie 1 abdtratcdutficethr bR funéll to@ grddfd Hegkedtfith feRSIBR in NOI €
preferably about 0 to about 200 Gauss or optimally about O to about 50Gauss
as measur edpriorartplasma prasestingdpUFacuum i nterface. Fig. 2B is an exenpl ary
illustration of another radially divergent magnetic field topology that may
be generat ed Vm%etrﬁl%e@?B%[JsmbBJgggare%(]ﬁﬁb:i&ﬁf{%ﬂf‘ﬁsmﬁgﬂsﬁrﬂ&é of Fig. |

are mani pul ated. For exan‘gle I n Fig. the field lines lverge froma
high field prefgrably abautdktosabet 200 fpuss ot optimallyabeut Orio ahayt S0Gaugyns neoasured

t opol o o] X 4 .i A i | 4. 51,104 of
Fo 1 Bagqisef R SGANRRRE el PP ieaR o£ORES aRifon STalhe i O
t he angl e odivargen nfagmdtit feldtepology that tneryrbe gentrdigd whdnahedemirrentsin the of t he

magneti c coi,l s. For ex | e .the. magnets e nmade .nqn- I . to
ot an Ssinmaghes EOTY Tt Fite L BRI For ergikdn 4 RBI NG | hose
shown in Fi givergd frohishighfidl@RIgioa-on@kis aslEsrhyshred t6 thosd RITILE Mhe BkacOdpblogy

chanber dianeter, presence_and - . . . .
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 cén be determined in accordance with principles of the
present invention. Typical topographies of radial variation are shown in Fig 2C. The B field
strength in 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 thesc types of variations in topography can be controlled using the

30 electromagnet assembly,
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strength of the magnetic bucket, the antenna and plasma processing regi nes
for which reactor is designed. The design can b l,ped in
accordance*&ngwﬁéri nci pl es of the present invention. T?ﬁ?@g ﬁ%)zgographi es
of radial variation are shown in Fig 2C. The B field strength in case 1000
has a singl e | odaerensalionheivn in Bl memnetichncke avangemen 032.t nefpdes at wo

symetri cal ' ?E&q gﬁfg: I, 0} r adl o a | ocal

maxi me on aé(l?frgﬂ?%f%é e bllrngé‘g{r?t [ é%n?egrﬁ"ﬁheghgpfwggﬁoﬁﬁ &’é?s@tions in

t opogr aphy macestimg chambero Als etbnticiedgndghetic 10ket heaipernern d3is casfigarddity. 12 i: .1 ;
. WD 01/37314 PCT/USO0Q/ 31229.. There.is al so shown in Fig. |. a magnetic
bucket arr ;f?&%ﬁﬁﬁias’fg c,zns{}%g&ﬂeqtﬁg%@@gﬁgngqmath\mf,s Iﬂtﬁ‘gﬁoﬂﬂ%g‘ﬁ Mai¥het s

axi al |'y 50r | £vérPenArmapnetid fedd Rekd Wire! Yo BE ekdipli) aabFRimett OERigSl, Ahghdtianber . As
menti oned, nmagnetic bucket arrangenent 132 is configured to _keep the

pl asma densiucket grangement 13qinpludessia peransatimangnes caspihal kave thetiradidleousl y

mai ntai nin ; I terWRAEH3 | ' (PPN npl ary
enbodi ment qg nlgz?ié.%l{f,a&gng’s netic %Edﬁgﬁ{e}{e%g%%% etéég’g\lﬁ?@fig’fﬁ')hgoﬁgg?%g

per manent restabef numberoficisps péraiamten miay varp décaidingta thespécifit design bhechr s
alternati ngqlgr %un&I: the chanber (e.g., N,S N S etc.). However, the actual
of nunber CRPETPEE & dber may vary according to the specific design of

each plasma processing system 10 In general, the nunber of cusps should
be suf fldci ent | y Ingeplbral, theamsibemofictigs sticaky te sufficientlshiplhgnpira thavthete issd t y

gr adi ent a\/\s/% frlomt e .subsirate. %}%’é ver, as the Iosse@ falre, relative to
the rest of "PHePeRAMTENY away| supstrate, cHevRysT 2% %Offﬁﬁ'i‘ff”ffﬁ@ib‘é" may
degrade t hao 114084 of the CHIDRLRIRA highdY: 2B ciip, B ABY BuspPm behefi el d
strength of about 15-1,500 Gauss at the vacuumwall interface may be

| d

sui t abl e f clensityephaneemacat By way\eficxamplefaapagpetie fieldstrength pheheut 151,940

strength at H@ﬁ"@- ,L}k ' ss and
about 1, OOOG%Q%SJC\S@Q% efera fn§%?ﬁ§{1%%pn§egs%l%ﬁ¥ %g‘{le\(lﬁg ?%%%re]ap? %‘%@y’
vacuumifal Ith¢ magnefiafied somngthiae the vacnhim8e4)! iGerfae. mdytbedbigwetmiabvet 1080dust ood t hat
t he use of et i cket rrangenent 1 enhances. t he pl as upi formty
across the s",‘ﬁﬁ@(}uﬁ i’@pé)éﬁ‘éssaﬁr&%@s > ﬁ’BfmﬁIéet“’?’é](?lﬂrF'&%‘ ftghe ‘QFWI‘E’KV'B@Z@@?
However, i fm# taia8but 800 GaSs.0ft shold R uitir¥tobdBthatthd hse 3F magdeBe bigkbiusi on 20 of a

magneti c bucket arrangenent can be quite beneficial.
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 advantageously simplify the design and construction of
the chamber and/or the RF coupling window and/or the magnetic bucket arrangement.
However, it is 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 atrangement 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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In the preferred enbodi ments, the RF antenna arrangenent is preferably
di sposed awewms7sfae RF coupling wi ndow to advant ageously Pﬁ’[’/ﬁ%&/ﬁﬁzi he
desi gn and construction of the chanber and/or the RF coupling YM ndgw ]
and/ or the magnetic huck arr angenent However, it is contenpl ated-that
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t opol ogy may stength region6fdoRitElthbRradihldGtifbntin g MR s%‘&h&llg QA f&g{g@%ﬁe”ﬁm I n

I g.

ot her positions on the chanber. By way of _eXﬁrrpI e, | I f (ﬁvvs a pl afma
processi ng syste esi gned i ccordance with principles of the presen

i nvention t hat hgfgtge ﬁég’aﬁ%ﬂﬁn@wgﬁ%ﬂeﬁmm-@nmw@s@@-&mw the N
eri phery of ¢cén b 13 ' W ithh : : ‘tion
periphery of cenfigitafibn REmMMdYEPW pkeilote biithnfuttall§ Stk gf%{;ﬁgﬁ¥,“%ﬁor n%h s E)rgpc?ﬁ.gﬂ

the RF antenna arrangenment so that it is aboVve the plane _ 30
‘subst rat @ wh¥hen #bigk lnyekof processipg aniformitdcanss the substme isldesired. ftrshowd Sirthgr

_ _ _ . td Sty
Cllose to {he s aekbi e 5D ks SprilbiRES PRt Wpl it dn iy

facilitate te¢ases theigherephazithmuthel sysmeetiiccoppling aiaapteristic of fuch iag Aeten® i§ hatlad

strength regj C rollable radial variation ip B field strength_ and
t opol ggy. I %h%ﬁsgﬁi%%{){f, acgsf;s gﬁ%S&'fCﬁ%dtﬁﬁe BP?W lsla,'i!'_e yFQthﬁYﬁ%%Wéh FRigAnagthat 3- D,
stacked condo gnthavd aminhesent BEihREAI Sydnnidts liZibhRBME AR shh RWPHRLF I C
coupl i ng, which is i tant 5 when a high [evel of processing uniformty
across tie sty ?“éftn@gfgxa@g%e? fpltemnativa R anferma amrangemputs thet may bexavmloysd, t hat

this 3-D StAGKESheERH FigIBAblaAR spial i), FRASE (18 arkbhod kil FRRG il Filoer

cases, the inherent azith ymmetTi C coupling chara L (
an ant enna i % 1peps, eech pEwkick may hqve aglifferem thickness), Wig2 8D (RE aatetaixofl having or mi ty

is alread s ] N 0 have an i nherent.
e L,

t . navl antehnasy, & ) [ i
2?71)?23221 na ‘ﬂge 9een i n Fi 3B fl | an r%;pi Eal ~coil), Fi 15 .3C (RFl_nantenna
coi | havPng %’!ﬂfafég%’mam‘é lvegpul g‘Sﬁ%',Sdé’é(E%t%fthWWhW#&Véfa di fferent
thi ckness), ihigpendbt {uBFlicH))t Ruidhor, GRIRF it Srangbrhdift B have RS horhxib 0OPS
i i dual | eI R EERioR 8 diMeteet e sucis Eitwpel e et theiie b 2
i ndi vi dual | , ; ) .
single 15 coil as shown or may involve_nultigle-coi{s driven together or

ith I lit L HERNIRP i g§£¥ ne- a
\z,imr r angeﬁeﬁ{ an;ayyr}gf\%regt her Qnon- gi?%weérﬁ%yg?’iaﬁgtgcon _ﬁg‘@?&‘?ﬁ%ﬂ’%ﬁgi fferent
types such EaBEnsHeind, <Y He with typicabdinlsctric aontantsand physical dimensions found on

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 asymmétric 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 a high level of process uniformity. In these cases, the use of antennas that have

30  inherent azithmuthally symmetric coupling characteristics may be warranted.

14




Wth respect to the RF frequency enployed, as a general guideline, a |ower

RF frequenc‘%(a e.g., <13 Mz with typical dielectric ceighigfiz®dnd physical
di mensi on¥O%3RY on 20 these tools, tends to make any inherent azinuthally

Aovordi ngly. o INTHrIGR Aot i RF iPs GPRTTOHS PRGFBE-BREMTed ar
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charact eri §?‘\?‘§§ra%‘§¥'§:afziér§5fs% 3@"‘%‘%%‘!“ t%é‘ﬂhﬁ?fs‘% _Wvﬁng’g Pt"&ﬁ?eg“‘f or sone
processes id@fuctibfafthé SonfroldtiraliiaMaliafn BRRIRBIE maghdie FRldisirengtiNaridnese cases,
the use of antennas that have 30 inherent azithmuthally symretric coupling

char act er i ¥Pplesy ansythaxbilits to eontrelguch radjal\werigtion 3 controlably Epyetixlicddo |1 n the
f d [ ; g ' R -axi al
o th" ot niT Gt aE Rpoloby A3 nipERAR uRL ARG d Ml GHER Wl 21 2

t he sulist r dé¢sgablélowever, such is not an absolute requirenment. For sone
processes that may not need a high degree of process uniformty provided

by th - axi al ' h _ e
oY ymet v punV I EHERR: & G Dlerl el AT S Borith prbeille Bl
co-axi al  aanabiohuelphédssatyPtonibatitesRE idmasydmpRidny to be sidallercharthedrodesi gn.

However, the purposefu] .introduction of the control]able radigl variation
contr ol | abPStisre) R Shmperdp frdet 1o Srenthe BIATRe cOBSBIEEY BANFoBRRabE ety 1 o

control  sugfbstAckralto ¥RudR thdR plaBms AMSiOh toARY GrafBERRAsCuiliiie! d  strength and

t opol o]% to fine tune process uniformty across the substrate surface is
still ddisadvarsagsousiy reguiregnqre pewar ¢o enseatssthe plagha proeessys wfemé ar r angenent ,

ant enng. o PEERRAT onol B A p B AR Mhe b SERRANDRI of Rt 0 e er

order to kebgeihhie migastivebuckon eeatgemére i disposedaursiigiodthe abanter, tirecfootprilist r at e
and to prevent_undue plasnma di.ffusi to .t he chanber l.LLs,, which. 15
G Sadvant aBRY F B AR OMS B REDDeh BT SERE JEHHE e AOREgi:

syst em andyycket 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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I ncreases wall erosion. In the exenplary inproved plasma processi ng system
of Fig. 1 walessie the nmagnetic bucket arrangenment is di BgHE¥S3HA? si de of
t he chanber, the footprint of the RF antenna arrangenent is preferably

kept inside that4RelePRF Gefieney(elpy, 1dsbtafBbitel 3 MHZA)Ukd@badivedoasimnt to
reduce plasma diffusion tQ the chanber walls. I}Fl?t he b netlcﬂg%cket 20

ar r angene RFWEED GF anjgana and fhe piasme sareduosdyiveich reduses Wbﬁqﬁle@h@ th‘b?%*?bﬁg ei t her
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exenpl ar y“g‘fdgf"g‘%?{e\ﬁHBPaéﬁ%ﬁ’y‘f’ﬁb'iﬁBlﬁﬂP? ﬂﬁ“\%"ﬁ%wtﬁﬁ‘t%‘? a‘&rﬂt‘]’ﬁﬁ so ext ends
downward to forma cap or in the exenplary Fig. 3G wherein the window is

doned, Fig. 3HFighbaiso shows amtyppeninagiet mfanghﬁexﬁﬂﬁeﬁcmﬂe%dwwwﬁdehmdorred ant enna.

Note that there is requi rrent 0 that the radius of the RF coupling
wi ndow be® '&ﬁmagflfflcmg rlégT po{eﬂéomeggrntgatdpge e clectpmagast. co'i

01/ 37/)14 Ria} AldSEEDr3EE paﬁiEulﬁrl)l #Weine RYell JrodisReYy csﬁtm@ is dekf?&p‘ Amgﬁbout 13

MHz), the capacitive coupl i ng between the antenna and pl asma I's
reduced, s mhltiresd sorfigursion isadianiageors in Bt i daqapabheof omannmthe dedred\W t h
reduced b nt of a
sem conduc ?(’% lE’)\’/{/l %&“{)lﬁae us%’giceﬁetl@%%égtg‘fg @ﬁe‘?’g’? e‘kg

cont enpl aelecirdntQhetE: coil aphngagenﬁmdﬁw%mmyarmﬁgmﬁmgﬁmuplhyarkmeﬁ mmmad from
ei ther a di I C such s SILC or. AlLx h may al so
e bondad yishioi St AimmiHe wof o G ioh e e hessss BEE w T h ¢ he
pl asnes envtren@ihrERA topsldgh nay hld6 b HRATRGT whelni tBe eléctdinaSnelib Q¥Tb artdhgbtR@f ndrBgnet
arrangerrent t hat includes two concentric electronagnetic_ coils. It shoul d

be not ed, tE&fapésna arangemet aremypsoRlaRsr aloag the gxis ghibe Chambes irrespechiyg ofy) so be

provi ded, dﬁ‘%ﬁ&b&‘ﬁf%ﬂls\’mfglvéﬂ fine level of uniformty control is desired.
Al t hough t I'ti-coll configuration is advant ageous in that it is

capabl e of creating the desired radial variation in controllable magnetic
field strengt hingaeerelotie rasiplly divergeniiresgneticficld 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 electromagnét coils involved, as is the case in the example of
Fig. 1, the magnitude and/or direction of 6ne or more of the direct currents supplied to the
multiple electromagnet coils involved may be mampulated to have the desired uniformity
effect on the substrate surface. Of course the radlal variation in the controllable magnetic
field strength and topology may also be manipulated in other ways. By way of example, the

25  radially varying magnctic field topoldg_y 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 coils may also adjust the field topology.
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el.ectromagnetic coil arrangenent and the RF antenna arrangenent are

copl anar, such64 S not an absolute necessity. As nentlowusﬁ)ljﬁggradi al
variati on WUBEHE ol | abl e magnetic field 15 strength an opology may al so
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material around the magnetic coils may also adjust the field topology. 16
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| at d
mani pul a xle{d;@orts}a@m%ﬁg g?dcesg wﬁao@n‘l}%&atﬁg%w%& r{ﬂy&%@ gh g . Onhﬁ and

t opol ogy t rate e vicrn
ant enna amdiangeationtin 1@2pagnéte fitldtangle alibtbpalegy ardwmbstaritially attesustedd t he upper

magnet arrangenent is an irrportant par anet er . Thi s is because changes to

t he radi al co | c..1.1 el | o act t he axi al
conponent . g’%%e C%L?%r gnengmgtﬂi' dé?‘%fmg‘f S i eg{‘@%%‘%e ing the
substisat eto ahﬁm bﬁbcénemg anifdrynitpesle mnigiated wisn ﬂié}ﬁd{al@,h&b;ﬁnghﬁag@ﬁﬁ@ﬁe)ld at the
substrate surface a strong axi al positions near th& e;matl ant enna

ar 1 angereHeRgtb ey topo SR ery the disgnte shopd ol be an hgasto
vacuum wiiglwsit3irae iagak dud {o Jahﬁhofnk & d&u&&& ﬁ&%@ in @@&%P& Jh&%;df‘?)‘ﬁ‘tﬂen too

| arge a vol une adjacent to the wafer, plasia wi | | near!| 0 approach
t he di f f uei¢hes fegharsiondheswafer maﬁlpeocwscdwwsedtoh enhandefl by mqew@dm megneiechani sm

Inplace. geid at the wafer location during processing. In addition if the source to wafer distance is

20 too 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
increased number and required contro! 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 earlier, i.e., 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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Al t hough such a diffusion profile may be sufficiently uniformfor sone
areas W t hwooih®Bi4 reactor' s desi gned processi ng wi ndow, PEHUSMGEEA? ages
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principl es I'S I nvention, though sti
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st r engt hs aptennare meapingfpily affict e pdial vanation indhe magnstic field steength adnponent  of
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controll alg?e magnetic field topology and the need to avoid undue substrate
damage when dc. current is:furnished to the el ectromagnetic coil

arrangenent t olnttheareferred prbediment, the rpRepinpgnet arangginent iscorstaa Mt dhtoodi nent, a
distance ghiefh, G8khantRPRLA Belshlsfale0S sithpfiliRd Ainfheh TR cldul HARCT

desi gned for processing sem conductor. gu strates having a dianmeter of |ess
t han 5 abdhetsulist@remHoweverhie issoobtenhiplatedithad in somg. plasmatphasesspigehambagh e12-,

arrangerme r?ﬁoscle §m§193%‘6‘€ a'sc}lflmS e scelgurr%)l?fgvcg' 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 1042 and 104b are offset from the chamber
axis. Likewise, although the magnct coils are shown to be planar, 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 to directly overlie the
antenna. By way of example, in the embodiment of Fig. 4D, electromagnet coil 104b is
shown overlying RF antenna 402. Such is not the case, however, in the implement of Fig.

30 4E.
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the RF coupli ng w ndow. However, such is not an absolute requirenent. Fig.
4A shows an nPI enmentation wherein at |east one of the coils 104a is
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e

shape t he *fl¥Yfetic field topology within the chanber. Additionally, t here
is no requirenent that the coils have to directly overlie the antenna. By

way of exanpl el theenibodineibSId; SRR} anQidditibihl nABheti® FEA b ROREN B langeRtiche 104D s
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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
is anticipated similar uniformity controlling variations can also be achieved with magnetic
coils which are not circular in cross section (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
2_5 chamber, gés pumping, bucket magnetic fields, antenna and magnet coils of the plasma
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 it 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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I npl enmentation is, ggél{e%cul arly advantageous in that it best utilizes the

i nher ent  sYiRfRgRSjic s alsp of importanss {1y gangrah, therpagaetirducket ATaNEEMERY on

char aqiser i §lold$roduBes SufiB¥nthSu6ASRRendREHill b fofce WY &k (REpIZRAR RPSilyat € to have
the 30 vacuum Chanber and magnetic design not co-axial wth the axis of the

charber, t gredifr awapfrow tie yubstadeanicinse S0b¢ daber wallst Breferably.tbawegnetic , and/ or
the substrgpg sn&?m%ﬁxe%ctm J%te{%c?mﬂ% ﬁ?e?as&%%fo%?éin@%harﬁ%%%ﬁmd y
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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 to include magnets that
span nearly the entire height of the plasma processing chamber, such is not a requirement.
By way of example, Fig. 5A shows a magnetic bucket arrangement whose magnets 132 do
25  not span from the top of the chamber to the bottom of the chamber . In general, it is
preferred that the permanent magnets are dirhensioned such that the axial gradients of the
magnetic field generated by the magnetic bucket arrangement are kept low at thé level of the
substrate surface. In on¢ embodiment, the magnetic portioh of the _magnét bucket -
arrangement extends from above the substrate (e.g., near the top of the chamber) to a

30  position below the substrate plane (e.g., 1.5 inches below) to minimize or to substantially
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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 plaéma generation chamber, it is recognized that while the same chamber
can be used to ignite, generate, and contain the plasma for processing, there is no absolute
necessity to 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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chuck ar r amggetiobucketinay e nade zetathblp at teirakesto biangetha megnétizatidnepatiene
ohamber. | B Qg LSt B Mg RerbRRl PG Mg der g0CS
' 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, éuch 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 arrangeménts may be appropriate as
they may be able to ensure to a greater degree, due to the specifics of some plasma

processing systems, that the plasma density gradients are away from the substrate.
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magni tude 20 of .individual magnets may be made variable, erther by
physi cal | y rivsticingtes frethargigh prosessr As enamples nfreadtionsiwhiohare undesiableifiefy unni ng
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Further, althoug h? %éﬂ’%ﬁﬁ%ﬁfééﬁé’ﬁ@@%ﬁr& S?m%ﬂ%%&trﬁxg l%tﬁjg%smgﬁﬁ?ﬁ%&;n%gnet iC
bucket I&r r sgagmsitean tretusedie tixplaina processing shamtier, dnmatedidl suich as palyméeremapt . By
way of exanpl.e, sonme o 25.all of ,the cusps nmay be forned_in a checker
board pat t er¥ick {9 igper sxp'f‘ es ‘%ﬂ)e ropcessingchrmban i wisihat vy framgvaferio @'?&BE?)

wherei n t he @R@RRtapedBl dafingh ﬁHQ@ﬁ‘zﬂfeﬁ%i@ieLﬁl: elcRing Bx%cé%ke@'&?e 1REd fob fhany
substrate. In sone plasna processi ng systens, these. arrangenents may be

appropri at e applicatipnsyofiamyto fumaplf-aligned eontastse high agpegratistcontacie porderlessue to the
specifics Ofcoﬁtgg@, v@s?@éﬂ@hes 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

required processes are not know ahead of time. This is especially true of difficult processing
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processi ng systens, that the plasma density gradients are away fromthe
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participates in the etch process. As exanples of reactiaons ch are
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materials, e.g., carbon or orine doped oOXi or organic based

mat eri al s.comfitpnsdpressyresng termgTatyre prdsmpintenanse axdiyitivels Qne maaterial yith genh) e

bal ance b v t he wafer,
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to the nature of these
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  so that 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 effccts the etching process. Such contamination of the -
etching process makes it difficult to clean the plasma processing chambcr 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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reactions, the area of material facing the plasma and the proximty of the
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conductrvré,y IS E{enef i al nce it can faciljtate control of, t

t enperdt ur disgssed 51013(} %GG@K%W@"SEH‘%&WWW g GYD depositedHiCor ovi de
moderat ¢t g Bl eRt b B mbRLA Elsbotid tor omEi ISR Ll hal aRRegUse 1t 1S
beneficial to the repeatability of the chanb al'so beneficial to
provi de su¢tthing endfor etghing nwcmwmmbkﬂsmpmol wey etahmg parapetens &oioti ty.
Furt her, I a ch I | | pf ul
because the%t% 1(i,*d‘rurﬁ &orps sﬁ& $m§ I)égpeg%&%ﬁ r (Zﬁae%% 3% %ﬁgf’h mgoglheél a@%ﬁlg
(pressure BadxtepipeSidica appliicdrmuanbméraimaa@tg,\almmmx)) usiagelamtsmyadl with

such esrrable char ac errs ics is sili carbrde (Srg) q arraterral
wi th 119l at FAPEREF oEFRer PR BRSSP SO
conduct i Vi figh ad SiiReE sIC, gﬂphx@ ér AhhBLS. wmltlomelop%emﬁwmeﬁar such as

its strength, needed t o a vacuumin the chanmber. 20 The plasm

processi ngmehbmbeadedta rﬁﬂ!ﬁe aﬁmr’f(ﬂiat i attached fodhd dylindrical ehamheravallasbondsd over
the etchin n h rt, the
entire pl a‘%ﬁégﬁy%?ao lené‘?f“%‘\ég“% %rﬂé@/ &ﬁxa%aﬂfv’% rﬁeé%ﬁ]g)é‘klg éfrlgn%%&veqy, only

i nner sur f the @menfurfateanf }ﬁie&hmberﬂbaeﬁsaina@x dihasdeiredphysiba propeeieobr ihiyGe €. g.
a coatjing of SiC di scussed |l ater. SiC can be nade

ed as
in a Ari gRgresest Q‘é“"’ t‘mP§m8'§%qﬁv‘\’néHta§" € use a pure form SiC

st

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 patts 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, ALN, or SiyNy. Thus, SiC made with higher electrical
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25 so that it does not include significant anobunts of netal elenments. As is
known in thgoeisd7aiq material containing netal that is expo&ﬁqbsg%l%gasna
during an etch process can cause netal contanm nation which adversely
effects the etchin rocess Sut%h cont{am' nati on of the etching process
makes it di TPSEGEYCan b wsedioform athen paetsaf the plasma progessing st such@$ & ENGioRt ai n
a uni f or m $¢duphirg \Win@6W0, itierd ﬁgﬁeraraéméa{i?esﬁa{'iﬁr is@bsifabR! Sticks to the walls
of the plasma processing 30 chanber, e.g., polyners. To achieve tight
control over the‘%])zltPquisnE:t process, contam nation should be mnim zed.

Hence, SiCis a pehsRiihag bepadiscyssed ss @ particalaly suitehlemasiak for the plasmaber 24
i's E WO 157&4&@@&&%&@@.@2&% sildWhimbds of Siop 907) R nalRiaR Rl R Gs R BEGD S €

and can be made in a_pure form Several nethodsS can be u to produce SiC

in a pufe fRipsmanrenessingnhamber. dnaddition othexpeateridlyhesiies G crOvD)sed toJirodeast

Form ng, hoj. 1o WY : - sl.akd - pr and .Si nt er ed
For m ng can&ne%?aﬁrége:tg to B&gﬁé&g{a&gip@s ?‘%p ﬁ' D rg%*%érén rr?e'é’sésﬁéj%rccg laignce wth a
preferred ewindeW)reBy way of éxemplecsthersuitableaniterials for the pirlsa processing cleanbenar
chanber (e.g., th ingle ch er of .step.702). is, mde of CVD deposited
S'C v 1 it s AR iasg ioB, Hfcog P hien s, byren (DI Dot 1 a
pure" formpifddee SICis also etch resistant with respect to plasm
processi ng reactant gas chem stries that are introduced to facilitate the
etching,.processing. .Sujtable reactant gas chemsiries wll be 10 di scussed
bel ow. q@a ven th ts?‘%‘i‘lgfli_wge ugdststeod that other ma WWB?'BPG&H’&‘?W°WedepOSi ted
Si G, ot herpafiRulPeteh probdss."Por eREmPIB, dbveh ¥ relRtiVERER Y63t A86ci R Wit ploludiig® C €SS,
e.g., non-dielectric etching and/or etching processes where achieving

ti ght cont ridf inpwe fasme pthergnaseniabeeg. «querts, svhichtls a relatively sasyand inexpensive
Alternativ : ' V] ' s\ P nother erial.
For " exanpl areidlWprobse ST Bemfly G 5K Tt GRRMIOOP R R B Ui 1
fl ane spr ayderedshicviag iatight contrelpwert the etclappparimeters had morg solerancey EartkeyD Si C

coating.on anot her sui | e .substrate, such as Sl.ipcast .SlC, aphite or
Al uni ngﬁn |V?\"‘=38&‘T"ﬁ'%aﬁ°ff‘%2“§i ‘i?v&?‘a%?mr?m% %ﬁ%"%gﬁ‘}Wh}w %ﬁfg[)'é’%gonded to
ei ther a sugipix the plastha pocéssing ehidtbet Souldévef Yitd AMithinGm| orGERBHE&RY ali@inhmOr bonded

directly tqo a cylindrical support. This nethod nay havg-advan'g ages if the
desi red matfaFthgmoreyas wilkhe apparent tatheseskilled in thp art qopfigsations thet wilize dont ai n all |

the desireq pBislsAle n{%é}&fsr thayPatso¥e uSEi0 ke %e%ﬁa%%gssﬁlfgfcﬁﬁﬁﬂe\‘% Well as

I npl enmented for exanple. .
other components of the plasma processing system (e.g., ESC or coupling window).

Cw

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.1, in
step 704, the RF antenna is provided. In step 706, the upper magnet arrangement is provided
and anahged 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 placcd 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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SIC can al so be nade with higher electrical resistivity. As noted above,
SI C often lwasoistgaglerate el ectrical conductivity. "bweverrcﬁlllﬁ”oﬁ/hrzifal
conductivity of SiCis nanageable so that SiC with higher electrical
resistivi t)ﬁecan bﬁjep oduced. Advant ageously, sone parts of the plasm

processi ng “CHAMIR 0 Brogessioe o f hesy gaseheraistriss cagibe Kelentedfer a pariqulari cal
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be fornmed fr ither.a 30 dielectrig material such as SiC, Al Ny or Si XNy.
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system su as a ESC or a coupling w ndow, where higher ‘el ectrical
resistivit f§”&%§¥ lelsetgic ciehing pioserses; & afdifiopeather ghsse candeadded tathsar t i cul ar | y
sui t abl e MmagepKi r i \ i ngl e
chanber - of st eﬁﬁ%soﬂzoﬁa ag%égcﬁa%’l a %%Sk%ga@g%g}ﬁ?%dr&t% %%e asséliéfgggsr?é

pr ocesk} ngdenesitipeprecursors Byl iway of examplecs comiiretibmbRpalzs of the forfii € K,aly Gye used to

BsC or - countt Ak ffpestdh G TRPET g vroobroie (CEhFD g8t Beitoatiasic 1 or

t he pl asnawitheassmiend othbrsabie RejreseS@IFRAUDRBInatiSROF g&és 16R&Tah BEUdE foraear t Z,
silicon, silicon dioxide, carbon, boron carbide, boron nitride. 10

I't"shoul d SRS 8RS heunstics s arevided imTable 1 5alever i al nmaybe nore suitable for
sone particular etch process. For exanple, given the relative high cost
associated with producing SiCin pure form other material, e.g., quartz,
which ¥s a rel at ively easy and inexpensive material to produce and thus

may be a noresuitable sses Wwhere
achi eving a tight cont rjoFTABGE(l -+ REAETANTIGADEHEMISEREShRs nore tol erance.
Furt her, 15 when even titude is available w respect to the

tight control the materfi al usedCmHCRI+TCHMECRIGSM processi ng chanmber coul d
even use alum num or gnodized aluminum Furthernore, s will be apparent

to those skilled in thdg art, copt t utiTrzle a conbination of
£y R ARG, ocess:

materials may al so be Used to nek Brocessi chanber as well as

C4Fg +CF4+CHF3+CH,F,

C3F¢ +CF4+CHF+CH,F,

CyFs +CF4+CHF3+CH,F,

C; HFs +CF4+CHF3+CH,F,

CsFs +CF4+CHF3+CQH2F4

C4Fg +CF+CHF3+C,H,F,

C4Fg +CEy+CHF3+CyH,F,

CsFs +CF4+CHF3+CoHoFy
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ot her conponents of the plasma processing system (e.g., ESC or coupling

wi ndow) . 20VQ&lI/Fi3ded above, in step 702, a single chanbe®CTAsp¥IAN i al | y
azithmuthal ly symetric plasma processing chanmber is provided. Continuing
with the process illustrfated n 704t RF antenna is
provided. In step 706, tle upperlc_ﬂ?gd’ﬁ:gt %ﬁﬁd‘&ﬁe is pjovided and
arranged such that togeth-eﬂ—t-he—RF-a-n-t-e-n-na-a-n-d-—t-he—u-p-pa magnet
arrangenent give rise tjo a nonCeHV; &CF#+&HFatC¥aF4 ati on ¢f the controlled
magnetic field strength jand/ar topalogy which 25 effectlcontrol of the

processing uniformty atf the waigFs +CHF,$CIFAOPLF,t he subgtrate is placed
wi thin the plasma processi ng chanber for processing. In|step 710, reactant

gases (e.g., deposition fsource rce gasé¢s, dilutant

gases, etc.) are flown ijnto the P Ec,gﬁ%liféégﬁ?ﬁ} chanbed and a plasma is
ignited therefrom A wW[OE vaneL as-cienrstrTes—arg avail able for the
reactant gases that are [26 i, RYAdQﬂ 33¢dHE O USOO 31229 flown into the
pl asma processing. Thesg—gas c“m“ ettt s—cah--bo—selectodifor a particul ar
et ching processes and/or| i n conShFefCHE;00,HFs+SHMBr al ot her factors.

Exanpl es of other factorjs__jnclude the material of the plasma processing

chanber, type of etch prjocess, qtdmf+cq_@rrp ts of the plasna
processi ng system Cenerjally spealfq ng, ‘i n accoﬂgfa%nce with an 5 enbodi nent

of the present inventior], a co lormC,, Fy HZ OW
(where, X, y, z and w gre inte |‘§ ty 2"and/ or wjcan be zero or
where y and/ or w can be ‘reror—eat—be—used—+r—conuret+oh Wth one or nore

of 02, N2, CO CO2 and SF6, NF3, NH3, Cl12 or HBr gases for dielectric
etching processes. In addition, other gases can be added to the
chem stries noted above, such as He, Ne, Ar, Kr, Xe may be utilized to
serve as dil ut asgoted earﬁeldelmmimdrc)oftbeQﬁ,lstﬁOsCOBmdvﬁygaﬂes eancabglbe, a

i he rm C a Fl uorocarbon

conbi nati on_qf S ncl ud
(2 0y andrdioBh R eBhbbafon Gamer beed b reuin ebiher ity BefteconsiF 1y o
m xture of mhefomsaso (Elapemassergmas INHg, CR o8 HIBR barbtsaddd 19 WerBacidh@pasCan be
used f og reacﬁgg\%}]@a‘a& E&m@ ries are provided in Table 1 bel ow 15
TABLE 12 REAPARIPS BRI dT R} ReiSitiangene of gpoae ethergaggspapbe added to form the
desnred 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 sti-ehgth 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 predefincd 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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CAFS8 +CFA+CHF3+CH2F2 CAF6 +CFA+CHF3+CH2F2 C3F6 +CF4+CHF3+CH2F2 C2F6
+CF4+CHFE3+ @ﬁ@% 4C2 HF; +CFA+CHF3+CH2F2  C5F8 +CF4+CHF31;§,H§@§§122§34F8

+CF4+CHF3+ CAF6 +CF4+CHF3+C2H2F4 C3F6 +CF4+CHF3+ 4727 WO
01/ 37314 PCT/ USOQ 31229 (2F6 +CF4+CHF3+C2H2F4 C2 HF5 +CF4+CHF3+C2H2F4
C5F8 +CHF3+C2HPs canbesppresiated by thasgskiliadrs theiaptrthe invgption mapeasily bepdaptedo F2

Eg![:ngrg;rFﬁégrgMF& e or%nn%%ﬁgfn%%ecgml\l§$%g&8§%m§%§§gases can gl ﬁi be

provi ded |ﬁem&rMSmapvemaMergmsasng%dnéﬁbanpdssblewﬁhmanhelgm%nmnem stries.
02. .N SF6 NF 2 on, HBr can be

Hence, one O r
added to t%e&?lea v?a Ofaxaa%ﬂp? (%,iﬁse?ﬁpg‘ft? talvflg?réﬂlgfﬂ CESI nfﬂ"‘yb(‘:fdltlon one
or noré OtélﬁploﬁdﬁeﬁlemﬁmhepMﬂeﬁmE&mﬁgﬁyﬁemeg dest 188do mﬁucl(ﬂhiongaa)

Ar. Kr.and Xe tilized to

chem stries, e ases such a , y be
serve as d?‘?‘i‘itﬂécrff‘ Ct&"h"é?ﬁ%}ﬁ%@%s% e%%@d’édfmé%"ddé‘b'ﬁﬁa‘?ngﬁ Bcursors.
Repr esent agenyﬁuon%mahﬁﬁﬁxhgaﬁm@ﬁlagﬁéﬁa i tpp& mdgﬁéﬂé%aﬁééﬁﬁﬂ: amw,e f>r09@s§ es can,

for exanple, result from conbining one or nore of and Xe

with any omniformitieestrolte bt meintained ghrenghotdhe plastmalerity mga_ LWWIQ? 1ttliile react ant
gases are r mais
i teq | OB il Gechl B B 85T By GRED B0 I e B aitcc
cont r di0l edenmmoyedin 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 resull. Alternatively 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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field strength and/or topology in the vicinity of the RF antenna is-.

adj usted t VQOI18&14i ng that inproves processing uniforn tPeTaSIEmRIt he
substrate surface. The setting may be done in 15 advance prior to
processing to a predefined setting op Rpyjshbe done in real time to tune the
processing uniformty during plasma processing either by fixed setting or
with a feedback |oop.to sone process sensitive variable. 28 [: WO 01/37314
PCT1USU0131%h% igdaigied ie appreciated by those skilled in the art, the
invention may easily be adapted to control process uniformty in an
active, tine- depfeRlaEIRProsesiag systamifornroessing a substeatsa eoroprisssg: t he waf er
processing over a w der processing regine than possible w thout the

uni fornity con@Pkisma precessipg ghaneher withis which 4 plasmage both égnited endssustaided for ange

Cystem (. oo ekl wiFpln o Ol inb Il T binkF ol BRTTRBERAE T

al | ows t he plastmapeocessinggharnber bentains 4 inatedal \that doasinbt substadtially react vieh regtiver at i on
and sust ai nj f..Lhe plasnp and the. upper nagneti rangenment all ows
process u:ga?%}e l%‘gtl/esgl&aﬁﬁeoﬁﬁl’eée‘%'@{or?ﬁ’ldrﬁ%“ﬁé’ ¢ P&&ﬁﬂgﬁﬁf’ the plasma density
range. Likewi se,_ it .is .expected that a wider r, e of pressure ée.g., <1
nT to about 100hﬁﬁ"}phﬁ§3‘/w5§8's 8@&@?@%W%M€%W?W%WEM L.
substrates since e _magneti c bucket | ows the pl as tp b sust ai ned at
| ower pressur efs.ank'ﬁ_&gt, LRGN SR abﬁWB‘é“eéﬁﬁP?f{/%oF#doﬁugﬂ{aﬁmpt
Processes  shid\ubitratelislfispdbawitiin Wid flava prébissif SiaiiBer foP Gidproelsingengi neer a
degree of flexibility not available in prior art plasma processing

systens. Furt hepiBle@roniabnét arrafeenidipbed abd\dlsaid Pl-AP REMRA b sAd bageRack
mechani sm may be 15 enployed to nonitor the process uniformty on a

substrat e ispidelegiromagnet amqagemenhbsing epnfigused sozad itatesultiniazadialvatiationtie the

controlled | el . : ggg : - I . i i

order to ac EI eveEl Pﬁgﬁéggé‘?’ ]rdég‘hg%%?%m prﬁggée%ggsn?éisnhl“?]g}frﬁlgfﬂ f '}?%@gho%mﬁ?e said’

Al t er nat i vebypling vautibivt andraatehna whenhaecleast dhedireeteunent iosupplied fosaidont r ol | ed
magnet g figl trengt h and. tapol.o e dialed to.. different settings
to ach?%ve eFeﬁtgorﬁ?g&ﬁtt%?WWPhs?' raéb”ﬂ??’%ﬁx? g“rm%?f?%Yeetﬂtaﬂg‘Et@Fchfsgﬁs in a given
etch 20 pr eaifemityMoioss dalibdubétaese settings may be done with or without the
benefit of the feedback nechanism and may be perforned either while

et ching throughadc pémls@péﬂi éduple@fto @ ditfrofiagdet arfiRy@siert il deipoWet fpply! m I n
the case wi thout the feedback nechanism the appropriate :
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  insaid 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 piasma processing chamber.

* [ L | S *
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uni form,ty settings for the various steps may be ascertained in advance,
enpi ri cal | {oQ¥s73e4 herw se, and enpl oyed during etching. pgpmébudiget hi s

i nvention has been described in terns of several preferred enbodi nents,
there are alterations, pernutations, and equivalents which fall within the
scope of thRis ferelesmagrocessine misien of dammwhereinsaidiatgral of said PE®% enpl oyed
t hroughout plagssidb ehfiteE sclBdRPEAE Bloup Bf RhtBfd1d {o}ﬁsiﬁtfheg of SBEASGHAE, qidrzShoul d
be understood that the uniformty contro appl1es to any sem conduct or
processi ng siedrs sidison dioxjde, caibero boron oarbide,tand boremitriseor e i nt ended that 30 the
foll owi ng appended clains be interpreted as including all such alterations,
permutations, and equivalents as fall wthin the true spirit and scope of
the present invention. 29 WD 01/ 37314 PCTNS00131229 CLAIM5S Wat is
claimed isd | . Th psasupsocpssingeystem of daint lewheron sqid pasesironssingshipberas e,

conpri si ng; | asma. processi ch r wthin i.ch a .plas i S, hoth

Conrt e angoel AR B E g Hal hef ARl el it du e B e
chanber haviange delivéfdaiito €Rdinglk¢hénbeper end, said plasma processing
chanber contains a material that does not substantially react with reactive
gas chem stries that are delivered into said plasma processi ng chanber; a
coupling wi ndow di sposed at an upper end of said plasnma processi ng chanber.

an RF antepna aThkelaaRpricestingRASdtlofRame whedinfd fatif ofsaiyplasaad substrate

when 10 said substrate is disposed within said plasma processing chanmber
for saltl pPreessiag ghpmbsnisselectedfenmma aiorp of mamipimentisting of sifean cathifrequasiz.d pl ane
defi ned by galde: . e aq : angenent bei ng configured
so as to rglggt%‘gﬂlﬁlr:l&:&é)ga(ﬁ’ g?@é?&%’ﬁ%ﬁ%’%@ﬁdg%%%% rolled nmagnetic field

wi thin said plasma processing chanber in the region proximate said

coupling wi ndow and antenna when at | east one.direct current is supplied to
said 15 el gctr r i.d.radial varjati I effective to
af fect pr og'ess?fé%%%grﬁag %orc%g ’?‘gggs’ge 'r%%f}%s“g’i 1&@&%?%@?@?‘%%85%39%%& suppl y
coupl ed t opwagssing tlemtbenissilicst catideangenent , said dc power supply having a
controller to vary a magnitude of said at | east one direct current, thereby
changirsg said radial variation in said controlled magnetic field within
sai d plasma processi ng chanber

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 silicon 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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20 in said region proximte said antenna to inprove said processing. .
uni form ty vgomosssai d substrate. 2. The plasma processigdgai¥ 1559 of claim
1 wherein said plasma processing chanber includes an inner surface and at

| east the inner surface of the plasnma processing chanber is 25 nade of a
material that does not substantially -interact with reactive gas

chem stries that,_ar flown [nto saig pl asma processing chamber. 1111111
CErrer H ey Theyplaspa piocessingsystes of ¢lpim 2 ysreip matesiph fonping sidgwenspface 3.
The pl asma ¢¥isig Phshi froseksing Bhﬂbe?is%kd@id%d‘ﬁ@Q%de’&d%?&eﬂlb%ﬁgiéﬁ? ofL sidbfl

pl asma processing chanber is seleCted froma group o materrals consisting
of silicon maenal ended thgcchgmbersalli con, silicon di oxi de, carbon, boron
carbide, and boron nitride. 5 4. The plasm processing systemof claiml
wher ei n3sai d pl asma processing chanber is entirely nade of a material that
does not substantially interact with reactive gas chem stries that are
delivered il3 o tTheplasmyprecessingrtistem & claithd 1 pilxseinsgid boreled assgmbly i temdaf ¢l ai m
4 wherein i GBSl i .0cessi.ng chanber is selected
froma gr oﬁ%’”ﬁ? matJe#l?g?r@tl%tgﬁso?gﬁengﬂgfc%gﬂ%‘éeoandisw ide, quartz, silicon,
silicon dioxide, carbon, boron carbide, and boron nitride. 6. The plasma
processi ng systemof claiml wherein said material of said plasm
processi ng chanber is silicon carbide. 15 7. The plasnma processi ng system

of claim6 erel.n the silicon carbide of said plasma _processing chamber
is sel g@nt ed\ynr _oﬁh‘i pﬁfﬁﬁ‘ﬁﬁ‘%?ss%tsw‘?‘%f’ lipd; wherpiy saifl bopdediasssmblydp or

Deposi ti on cofdired tSkéHABIR TS &g Ehnt cfﬁﬁﬁﬁéﬁf& AohdaS! nter ed,
SI

iso-statically-pressed and sintered forne icon carbide. 20 8. The
pl asma processing systemof claim1 wherein the silicon carbide of said-
pl asma processi ng chanber is Chem cal Vapor Deposition (CvD) deposited
silicon carbide.

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

15 comﬁrised 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, whercin material forming said inner
surface of said plasma processirig 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.
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9. -The plasma processing systemof claim2 wherein said material of said
pl asma 25Wordadsg4i ng chanber is a coating of material . ptwsid®2p asm
processi ng systemof claim2 wherein said naterial of said plasm
processi ng chanber is a coating of Silicon carbide. I (I iliji I'l 11 31

| ~~~I ~I ~11~~1111 c¢ L s WD 01/37314 PCT/US00/ 31229 11. The pl asma

pr ocessi ngl%y st Erapidsmalppicessihg Whstebitidmat16] widreih SidhdideSAkdnblpner surface
of said plasnma processi ng chamber i.s provided by a bonded assenbly

consi sting of “UPREised ofiseyetal segmepts gt tilkbnded the chanber wall. 5 12. The

pl asma processing systemof claim1l, wherein said bonded assenbly is
bonded wth a electrically conductive or a thermally conductive adhesi ve.
10 13. sTheagl asma. proe gasihilfrosiShe bl o kil ih bt iR aidl bonded
assenbly is_ configured to reliably forma S|gn|}|cdnt part of the plasm
ground. 14suitshle msfezishia Sicowenhilng system of claim 11, wherein said bonded
assenbly is 15 conprised of several segnents or tiles of said suitable

mat eri al bonded to the chanber wall. 15. The plasnma processing of claim
11, wherein said suitable material is Silicon carbide. 20 16. The plasm
pr ocessi ng2kystEeplasme pricessidg systeer afichimatfentientonipmisiigng sai d i nner surface
of said plasma processing chanber is a provided by a bonded assenbly

consi sting of a subtiatesopmrimahfigural to beppoie daid substraeidpidgisaid pradessimgpport bei ng
attached to, the chanber wall. 17, The plasma processing system of. cl ai m 16,
wher eihl(raq sa‘.""&“‘%ﬁﬂ%ﬁ“q’bag%‘%ﬂmpw f%mwgaa%apthzmwacgﬁ?&emcwww conducti ve
or a ther nafla ifar€ral thiCib | tvre AREAEALY Pesistat thdBatts AR R P AR fimay St em of
claim16, wherein said bonded assenbly is configured to reliably forma
si gni fi can®rofsasRe damberasnm ground. 1111 (11011 11111 1illl 11 1ii 32 WO
01/ 37314 PCTI USOQ 31229 19. The plasma processing systemof claim 16,
wherein said bonded assenbly is conprised of several segnents or tiles.

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

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

23.  The plasma processing system of claim 21 wherein 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

; (LT

said substrate.



5 20. The plasma processing systemas recited in claim16, wherein said

sui tabl e nawewbisbi4d s Silicon carbide. 21. The plasma procgssidygyst em of
claim2 further conprising: a substrate support configured to support said
substrate during said processing, 10 wherein said substrate support
formng part of the inner surface of the reactor is nade of a material
that is norg elegctrically resistant than that of the material of said
plasma  prd ESS(IJAHgaS Fs.'ngﬂ§tcl?ﬁ%tpﬁ?°§§%‘1‘£ FuBstEates FORPTiSiNgt em of cl ai m 21
wherein said matefrial of sai SLLbSt[ te 15 support is selected froma
group of materi QPES’EBH%’F%SF‘Pﬁgh%‘f eéY"l‘ﬁBd’\‘h“é’e?dﬂ?%,ls btk ignjted and sugtained fosi | i con

di oxi de, cCasil@foceMOiIdHARMRoce i hambirHatiRg _aﬁﬂ;g:e@ﬂ{a%&%%ﬁ%r'é@,%m 23.
The plasma processing systemof claim21 wheréin said material of said
substral e legiagdnaer purfast pf seidhplasmaimrenessings made afha mplexiatnwhigh is selsséd oy st em

of claiml \@p&@ i ; : n +sem condyct or fer. 25.
The pl asmaapr 0 ?gg}aﬁglhgfgéjsgsrﬁﬁ;‘%?f %‘%ﬁ%@ﬁ%ﬁ%rﬁg?’ﬁﬂg@?’&ﬁ?ﬁ%gi"?@?’e‘%ﬁ’é’ﬁ’r esents a
gl ass or  »ropicarbidecanddboedn rfitride;use in flat panel display fabrication. 26.
The pl asma processing systemof claim1l wherein said processing includes
etching said sabsupling wind8® dispbsedlat ar upper dnldlof bdid-plasrhd processifig éhabib8r. VO

01/ 37314 PCT/ US00/ 31229 27. A plasnma processing systemfor processing a

substrate, conpanRF agtenma apbagermenidisposslubog: Splatetefinod Yyltaid sabstale vheR! asma i s
both ignited,and sustained faor. said processing, said plasm processing
chanbe?d]haﬁlﬂ&‘%gﬁatﬁ W&%&’%Sﬂﬁlﬁépﬁwm&%ﬂ@bﬁé&w@w: surface of
said plasma processing is nmade of a materjal which is selected from a
group of mat eri 4 €ToHepst prapegpent dispesst aboye 5rid plang defined by sgid substate,si | i con

di oxi de, cgdidelBctronR@n@RmaRTeRie feird REnfREQT S0tk td fedlftin 8 nr%g&i Rbki 400 4 dOW
di sposed at an_upper end of said plasnma processing chanmber. an ant enna
arr angenen fomoﬁﬁg@e@ea@ §¢old within lasotai preagssing chainbler dniths regioneprokiomate said

coupling window and antenna when at least one direct current is supplied to said

L€

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 dc power supply
having a controller to vary a magnitude of said at Jeast one direct current, thereby changing -
said radial variation in said controlled 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;

-

g

cSy
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10.said substrate is disposed within said plasma processi ng chanber for
sai d proceasiogisian el ectromagnet arrangenent di sposed gleguRoedab® pl ane
defined by said substrate, said electronmagnet arrangenent being confi gured
so as to result i radial variatjon in the _controll magnetic field
within said pl a?ﬁgmﬁ?%@&wemﬁmsﬁdﬁb?Wé E3vins] Heﬁﬂ’reggl’ FPA‘? Wbstzatey
coupl i ng vsaitklevtratidgmnirmpame Bangdonti@@sd soUdo Rkdlinta rididl Vadtioh fn PPl 1 €d to
said 15 el ect rﬁ net 'aigﬁrkﬂ’rr‘}{ ement, said radial variation being effective to
af fect prot®ye %ga%‘ﬁ‘?"f %}m sai¢ plaama pracessiag thempertie the segioreproximgiswweid suppl y
coupl ed ! OcchBiisly WinB&h ERIBIRRL whl MG TR lircof SrfindlS s o 3HRP! Y NAVING 2
controller to vary a magni tude of sald at eleast one~direct current, thereby
changi Ry ¥eRtgmagast awangementishid madial variatidn being effiictierto affem ptocessiigel d wi t hi n
said pl as”ﬁaiﬂﬁﬁﬁye&?&sggaiﬁﬁj%%a?{;a&? in said region proxinmate said antenna to
orm

i nprove sald processing uni y across said substrate. 28. A plasnma

processi ng sys i a.substrate, conprising:, a plas

processi ng chatr?bedg]rpggm&tsﬁf’ ﬁgg\ﬂi’%ﬁ%asabqg%%%ﬁmia%n%ﬁ%g "@fﬁ’f’tsgg d&ﬁ‘a‘e"é' ned for
25 sai d priucigsicngfrollesiodayl sanagnitilef £ kighsConRAREG chivent, Mkréby cHRRA; end and
a lower end,. a [ nner surface of said plasma processing Is nmade

of sili corfa@a{?

. least .an.
‘_%?‘d’éﬁa i nd’g 4 forgoldmasthetisiielbwithin said Blasmypegestingchemberai d
pl asmaOpPr 06 858 rdpBnGHHIRRE said ME@%%W%@&?&%E@E oﬂﬁtgﬁ&ﬁﬁ% bove a

pl ane defined by said substrate when™ sai ubstrdte 1s disposed within
said pl asn"&bﬁﬁaﬁcessi ng chanber for said processing;, 34
~~INCETTETEENCEREErrrerrer riii: WD 01/37314 PCT/ USOQ 31229 an

el ectromagnet arrangenent di sposed above said pl ane defined by said
substrate, said el ectronmagnet arrangenent being configured so as to result
in a radi &% vafheplaegm processieg systemiof chine?B whaeie sdid cduphhgiwindowhas A adast pl asma

processin ! egi.on proximate said coupling w ndow and
ant enna m%ggggﬁpfégg{o%ﬁgo%?a?%& current is supplied to said 5
el ect gpmagnet arrangenent, said radial variation being effective to affect

processing uniformty across said substrate; and a dc power supply coupl ed
to said e|38.c tr ?ﬁreaﬁgs%a p?'cr)cregsri] es%t?x}x of ¢ giim 8dw0heFr)§n re si?iléc?npéa)!bide 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 controlling 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; -

A

L
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having a controller to vary a magnitude of said at | east one direct

current, tRghedgichanging said radial variation in sai dp@Rpéonaizeed
magnetic field wthin said plasnma processi ng chanber 10 in said region

proxi mate sai d_antgenna i nprove said processin ni f.or m agross said
Substrat o, 20, PR SHaeHR SXerengot Bpai roEaITHE SETEALY S8 oa o

coupl i Ng Wubskaw Wi séill shiaak is dfRseUwitiae SidFearodebdingdaméarfor 4l 15 30.
The plasma processing systemof claim28 wherein the silicon carbide of

sai d pl as#i¥eessi ng chanber is selected froma group of materials

consi sting of Chemcal Vapor Deposition ( C\/gg Slipcast Form ng, .

hot - pressed, sPHVidiRgen slecyomagnet arpnesrognt dispesed abgye said planedeliged By 8y si | i con
carbi ds. fbsthte, SidBlchdthabi afMEbREAbERAR AHIRGRA S Bkl O Malih] Vhialish
processing a substrate usrng a pl asma-énhanced process, conpri sing:

provi di ng inthslcantnlled magusticifielgl withimbrid plasmd processing ¢hgnberdn theiregion

subst anti a| i s . .- ric fi i 1t Nl ' pl asma
s both 1 gnrimafe Sl CHPE b B Eleic 0l 19 Bl Aoty IR G, POTE
sai d pl asmsaidpicotansdnagarcingenieat, shid vadial variation peingieffectipd toaffiactgpesvessirtgi on - '
chanber; providi n% a cocg%i ngq_wi ndow di sposed at an upper end of said

pl asma pr COHSTHRACrOSyGIOSaE | ¢ | 1ull1 11111111 35 WD 01/ 37314

PCT/ USQ0/ 31229 providing an RF antenpa ayrangenent di sposed above a pl ane
defini by sai Arislias 3 SR ROER PRIy FOUPIEL i sles TAgRELATIRERMRE hi n sai d

pl asma processi png, chanber for sai, rocessi_ng; providing an el ectromagnet
arrangenent di FELEGA B%Hatgéﬂt?i“p‘?ﬁlﬁ%‘mﬁeﬁ%@%‘e‘?%d 5 substrate, said

el ectromagnet arrangenent being configured so as to result in a radial
variation in fReingaracr! eases inR Al plasma pracessigg chambes Arid reACHENERSHT ocessing
chamber 'rlgélﬁlfé o RibRRtoPsPAbdIBY rﬁﬂgﬂﬁgﬂﬂﬁkg&% ¥ BRAQMMBIRHAIRARR When at

| east one direct current I's supplie ]
included in said reactant gases is a Cx Fy H; O,, gas, and wherein x, y, z, and w are positive

bt

15 | integefs 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 Oz, N,, CO, CO,, SF¢, NF3, NH3, 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.

) g



sai.d el ectromagnet arrangenent, said radial variation being effective to

af fect proaps@iasis uniformty across said substrate; 10 pepusddisizgy a dc
power supply coupled to said el ectromagnet arrangenent; placing said
substrate into said plasnma processing chanber; flow ng reactant gases into
sai d plasma processing chanber, said. reactant gases include a conbination
of gases, g@erehﬂ one or_nore _gases of said conpipation of gases, .included
in said react and ngmeted piclam@l wherpin the rractany gases mphpdem gasdhay isselegted fromy g -y
are posi Ui g dr QARG SistRAUTIFACYE O FE Cil, CYdny BN e zero; stri ki ng
said plasma out of said reactant gases; and changing said radial variation
in said controlled nagnetic field within said plasma processing chanber in
said region proximte said antenna to inprove said processing wuniformty

across sai eks.sub%f fikfod 3&1&%-21%%%@%&&'@4@&?@% %lgﬁa‘?ﬁﬁefe%d E&act ant

gases further include one or nore gases selecte roup of gases
consi st i ng agroupf gages capeisting CoI8E6 CoHI3 CHREE  HeE.2CoH0l apbCHF33.  The net hod
of claim 22 herein the reactant gases further include one or nore gases 25
selected froma group of gases consisting of He, Ne, Ar, Kr and Xe. 34. The
met hod of claim 21 wherein the reactant gases further include one or nore
gases sel 83t edThe mathad ofclaimp 26 fwhgméncthe mactait gisenclnfle 4gas thid is sélectekfromnd Xe.
e 111111 Ll 110, 36 ¢ WO 01/ 37314 PCTI USOQ 31229 35. The met hod
of cl ai m 2 S5FHROL BgFey Fomsis ‘dnt gases include a gas that is selected from

a groupyof gases consisti Ec%& Q%E . CAF8, C4F6, C3F6, C2F6 and CF4. 5 36.
The ne?%od of cIainﬂ%Tgmgg ein’t éﬁ?bactant gases include a gas that is
selected from a gro 0 S sisting of C2HF8, C2HF5, CHF3, C2H2F2,
C2H2F4 and CH2F2. BfgﬁTﬁéRﬁgfﬁEﬂﬁ%$¢clain121 wherein the reactant gases
include a gas that is selected from a group of gases consisting of. ; 10
C5F8 +CF4+CHF3+CH2 FX4Fs tFg CHEFAHBER 3+ CH2F2;

CsFs +CF4+CHF35+CH,Fy;
C,Fs +CF4+CHF3+CH,Fy;

15 C; HF;5 +CF4+CHF3+CH,F;;
CsFg +CF+CHF +C,HoFy;
C4Fs +CFo+CHF5+CoH,Fy;
C4Fs +CFq+CHF5+CoH, Ry
CsF; %-CF4+CHF3+CZH2P4;

20 CyF s +CF¢+CHF3+CoHoFy;
C; HFs +CF+CHF3+CoHoFy;
CsF3 +CHF3+C,HFs+CH,F>;

C4Fs +CHF3+C;HFs+CH>F»;

CaFs +CHF3+C2.HF5+CH2F2;

A

25 C3F¢ +CHF3+CoHFs+CH,Fs;
37



CAF6 +CF4+CHF3+CH2F2; C3F6 +CF4+CHF3+CH2F2; C2F6 +CF4+CHF3+CH2F2; 15 C2
HF5 +CFA+Ghidisbidr2; C5F8 +CF4+CHF3+C2H2F4; CAF8 +Cra+hindsueaides4; CAF6
+CF4+CHF3+C2H2F4; C3F6 +CF4+CHF3+C2H2F4; 20 C2F6 +CF4+CHF3+C2H2F4; C2 HFS
+CF4+CHF3+C2H2F4; 8 +E—IF§§_§_2I—E§§QHZF2; CAF8 +CHF3+C2HF5+CH2F2; CAF6
+CHF3+C2HF5+CH2F2;  Fale TPt isteHaF2i40d111111 25 C3F6 +CHF3+C2HFS+CHRF2; *
c L NS 37 W 0157314 PCT/ USQQ 31229 C2F6 +Cl | F3+C2HFS+CH2F2; and CF4
+CHF3+C2HF5+CH2F2.  §8+ tGHEs HHRo®Hh¥F2 ¢l ai m 37 wherein the reactant gases
further include one or nore gases 5 selected froma group of gases
consisting of 02, N2, CO CO2 and SF6. 39. The nethod of claim 38, wherein
the reactant gases further include one or nore gases selected froma group
of gases C381si Sthiehgethdll offielain\g7 whtrein e restthn¥gaseslfirtié} incllile ofie biwreQhses! ai m
37, 'whgr ein thg react ant gases furt h%[ i ncl ude_one or nore gases selected
from a>gr oGl5e6f FgBAROWHE2ws consistre o102 N C 6088 SRE3, NH3, C12 or HBr
and SF6. 4.1. The nmethod of claim 37, wherein the reactant gases further

i nclude one or nore gases selected froma group of gases consisting of He,
Ne, Ar, Kr_and_Xe. 15 42. The nmethod of claim 31 wherein said plasna

pr ocessi ngt9charkhe method of glaim 2§, Whrteiy the reactant gases futhst ingludesqneron Borg,gases

surface ofgelefed oA Bokl RS chisRRASIR, NeSATRIGnPRe2 MELeri al

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

selected from a group of gascs consisting of Os, N2, CO, CO; NF3, NH3, Cl; or HBr and SFs.

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

R ) O

carbide.

38



that does not substantially interact with reactive gas chem stries that are
fl own i nt owpah@hsid! asme processing chanber. 20 43. The Rlcgaj¥RAIsRCESSI NG
system of claim42 wherein said material of said plasnma processing chanber
is selected frogma group of materials consisting of silicon_ carbide

quartz, st¥icoe %ﬁ%l‘qdd’éﬁlaﬂ‘i‘ Bl wherein saidl plasma proresTng ehemberds madeFisie® nitri de
25 44. Thegp®ihha®iql claim 31, wherein said plasma processing chanber
includes silicon <carbide. 1'11111 12122122 v0Pe0E teeer e vl S 381 F
WO 01/ 37314 PCT/ USQQ 31229 45. The nethod of claim 31 wherein said plasma
processi ng chanber is nmade entirely of silicon carbide. 46. The plasm
processi NGy St Ay pflclhg WIRAPO 4G iRflln QAMER eRECaL HOVR LR S d 5
pl asma processi ng chanber, S&id Teactant gases I nc i Ing a conbl nati on of
gases her plasmagprecessing ¢chembergsieactdnt gaesindudiig nerinibimation ofgesessvhiersid erged i n

sai d reactant i S. . F ow S,. an erein x, N, nd w are
positive i %"g’g%@%‘ﬁ%‘@f’&%@ O(I?Z I%seg*ncgﬁ%ﬁfa sﬁﬂﬁe%@aicé o ¢ FGZH’ " | east
one of y ag, audevherelex, 762, and dQredpbsitive iitdgbrd, il afleBEORIf RGnS Wkebe £ko,Cl ai m 46
wherein said Eﬁematct agéy%gses further include one or nore gases sel ected
froma groffft BEstQRE NEFBPERFO0f 02, N2, CO, C02 NF3, NH3, Cl2, HBr and
SF6. 48. The nethod of claim46 wherein said reactant gases further include
one or nore gases 15 selected froma group of gases consisting of He, Ne,

Ar, Kr.and Xe. CLilijl S 39 ) .
10 47.  The plasma processing system of claim 46 wherein said reactant gases further include

one or more gases selected from a group of gases consisting of O,, N3, CO, CO, NF3, NH;,
ClL, HBI_' and SFq. -

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

1S selected from a group of gases consisting of He, Ne, Ar, Krand Xe.

I
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