, €3£6001| 373D66T6T6 . 6,. 0 9 MAR 200 METHOD AND APPARATUS ﬁ LI NG
THE VOLUME OF A PLASMA CROSS- REFERENCE TO RELATED CASES Thi's appl tionis
rel ated to™followi ng concurrently filed U S. Patent Applications: -
Application No.: 09/439,661 entitled "I MPROVED PLASMA PROCESSI NG SYSTEMS

AND NET}-lCDS THEREEJRTO A NI 26§ PRR KT UNOFORAMON BRIGPIANGE 0 Appl i cati on
No.: 09/470,236 entitledm NG SY AE XY C GAS

DI STRI BUTI ON CONTRCL" ; (;@ < f“;‘l"‘?" PO557) Application -
No.: 09/439, 675 entitled "TEMPERATURE CONTROL SYSTEM FOR PLASMA PROCESSI NG
APPARATUS"; (Attorney Docket No.: LAMLP124/PCb658) Application |Vo.:

09/ 440, 418 entitled "MERGXZ-RNDEAPREATUSREDR 1HDH BRIPYCI NG UNI FORM PROCESS
RATES", (Attorney Docket No.: LAMLP1251 P0560) Application No.: 09/440, 794
entitled "MATERI ALS AND GAS CHEM STRI ES FOR PLASMA PROCESSI NG SYSTEMS',
(Attorney DorehppiRatiod AYLRLAR) RARRLKe EafdhrRhn) ReEPh QY Pal ifd at ent
~application is j%%%r porated herein bygref erenc%. ﬁ%A%?%%i%ﬁgﬁE

" | NVENTI ON ThépBicaemNoi: §0&30i660 entiled SMPROARINPEASMARRQGRIRING f or

processd S t L copduct or bstrates for use in |C

Pabr cat] ShEUS NBLERTEKEDS HuRahaRy (A Heyorbet S < brad BT 47 ons.

I\/brgﬁ particularly, the present invention relates to controlling a plasma 25
i nsrd

! e a pl PRicAtieR Neg 021lRpep enitled el HP M BROKESSINOSESFBYEWIESh ar ound
P T
orpl oyed + o SaiegiiEs B85 08800 B snbleL s ESmriC BB TONTRON SFSTERR HOB! ass

panel s.PI3OSIAW ngcwsgmmmﬁé’ﬂ&n&%@pﬁokg&a W&@é@% P?.tz&/‘ibgﬂgg steps are

typically enployed. During deposition, materials are osite to a

xanpl o - dopoRniaior s B s MEUBEIME T ol 40P ARPRRAThTOR °) - T

15 PRODU_CING UNIFORM PROCESS RATES”, (Attorney Docket No.: LAM1P125/P0560)

Application No.: 09/440,794 entitled “MATERIALS AND GAS CHEMISTRIES
FOR PLASMA PROCESSING SYSTEMS?”, (Attorney Docket No.: LAM1P128/P0561)

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

20 . BACKGROUND OF THE INVENTION

The present invention relates to apparatus and methods for processing substrates such
as semiconductor substrates for use in IC fabrication or glass panels for use in flat panel
display applications. More particularly, the present invention relates to controlling a plasma

25 inside a plasma process chamber. |

Plasma processing systems have been around for some time. Over the years, plasma
processing é.ystcms utilizing inductively coupled plasma soﬁrces, electron cyclotron resonance
(ECR) sources, capacitive sources, and the like, have been introduced and employed to
various degrees to process semiconductor substrates and glass panels.

30 During processing, multiple deposition and/or etching steps are typically employed.
During depoéition, materials are deposited onto a substrate surface (such as the surface of a

glass panel or a wafer). For example, depositéd layers such as S§iO; may be formed on the



- -typically goes

0 9 MAR ~00~ surface of the substrate. Conversely, etching ﬁxﬁngg | oyed
to selectively renove materials from predefined areas on thevs t e
surface. For exanple, etched features such as vial, contacts, or trenches
may be formed in the |ayers of the substrate. One particul ar nethod of

pl asma prudasesifioe sidstraten Gonstersely vedctingimayp be employed at @ldctieclprasme. Fig. 1
illustrates a ior_art.inductiv | asma processing reactor 100 that js
used for %Eﬁ%ﬁfrﬁwgg%@}?a arRs oy &‘EESXI%S?%‘EI gﬂ%}‘:@e 1%B‘f ‘a‘élﬁ’é’?"p etsbes tahges 8Bt or

i ncl udes 58 visRagEedcts] Q2 rehdHRs ay BBYGRHA iR the RAUE b € s@Mare104 di sposed above

a dielectric window 106. Typically, antenna 104 is operatively coupled to a
first RF powerOnspardenlangethpd of plesmapwcessingasepar indddBreissurpe tv gahechtavilichi n

h 102 that i.s. d.f | i terjal 10
ot naverindte SUBHEARYEbER i iyt S e A tSaE FREORAC) Bt BHdieen
di el ect riggasa#onesdng. @W@pﬁaﬁiﬁ@ﬁéﬁv@tpﬁasbﬁ%)%@(:f%iﬁ%{a@ﬁo?injcﬂt%eé l(:flé}ﬁlgé?qBQEd

into chanber 102 and di sposed on a chuc , ich generally acts as a
bot t om elvéth ab@Eennadriindusize goil V@4 dispesag kbalvet dialesteic oridddRiF 1 p@WEypisally; ce

116. | te. I , i S.] t int hanb 102
through oangs) 4 SESRE kR o {68 5B Saueed 1hc i ePuSEoR B BT Usi ng
first RF 110ueprovfiedesitin @hatbe 199 Mt 4hrdREe £ RR 1Y RRS ghhadirRiECt I C

SodsRb
wi ndow 106 and a large electric field is i'nduced inside %lﬁa er 102. The
el ect i ¢ §-clhd eigbawl sonmegasashinte the R F-mdotxel pladmaetegivhibotvecep dicenttic iviislote t he

Those col RESTBRSUPRRtF F17 ubafe M4 UAnaRirerHirto SSare: 402 andiedvad gB sor

pl asma 11Buclfp14, Wi bedcRAWhckdhs2DotiBf dbdirodkA6d refa"i‘ilvel?i%é}lggk Fbcé' L&Rondf

t he process gas when subjected to these strong electric ose
el ect r onRF power soavae Weéhi nd positively charged ions. As a result,

positively cha;rge% i ons, ne%?ti vel y charged .el ectrons and neutral gas

mol ecul es’ (and/bPOgt BHETAG R 1aSBY APIEESS g% IsdaPiRtoshamsher 102 through g& otk

pl aspa hag gbegry I I.d)S t to be
25 directed tomggglgsﬂﬁtgﬁgu ur g%iéldgﬁﬁe@h??gsug %ﬁ%&%pﬁé%Pﬁggﬁpﬁgg one of
t he mechawppled R enelgypassgs tivongheligease mindosd 106 endelatgedl ctiafeldus reuteb at
t he subst.rate may b iffusjon. (i.e., the random novenent of nol ecul es

i nsi de tHBS.‘éTnaﬁlﬁS*@%ﬁOghﬁiF € °$r§y‘1éﬁl§ eqcek?ai%sftaﬁ sE\g8 apmber of cectropppepeit gas
nmol ecul eg)g; t YR ; . r f 1

Cor  esporal oot HARERE phE AR eALATHH I SHAAEAIE o HHTbER oy These

accel er at@ilBiortsoesiltim ibhizatsatbaidiaitiatiom ef £distieyge binplapmed] riaisenweall khowaidh r al
speci es, gcti vate the etching reaction. Plasma 118 predom nantly stays in

the &bpertif &di BA nerIrelees mdeaviss of hegprocess gashen Subﬁgteﬂmﬂqur@gﬁlmq
h ’ o ectro ¢ i s } il 0 .t- 1€ i g
o FABLR0 BBk 1) ek, £ SRl

chanber . iBys,megatdlelyectampddeledtivas phdsddralpys tholebuleh@néoe asmphewohiaged
substrat e, s.ﬂcﬂgas the bellows of the punping arrangenent (e.g., non-active
regi on). 'PPOE e plps@adl$.caches these areas, etch, deposition 5 and/ or

corrosion of t i C ead, t arti ¢l e,contam,nation
Cosi do thepr 0Bt Ha SR forli0h P Y e RB1E DR P rRA BT L
depogs t eddirmteri toahrdsAlie QurticB @If Yhe sub@rdid. f BY WP 0 Exdnhiele, (i 98 @le adhafisinS

typically reduced. )
contributing to the presence of the neutrals gas molecules at the substrate may be diffusion

(i-e., the random movement of molecules inside the chamber). Thus, a layer of neutral
species (e.g., neutral gas molecules) may typically be found along the surface of substrate
112. Correspondingly, when bottom electrode 114 is powered, ions tend to accclefate

30 towards the substrate where they, in cofnbination with neutral species, activate the etching

reaction,

Plasma 118 predominantly stays in the upper region of the chamber (e.g., active

2



. Furthernore, an unconfined plasma tends to forma non uniform plasma, which
may | ead to variations in the process performance, i.e. etq;? mw ty,

overall etch rate, etch 10 profile, mcro-Iloading, selecti tw t he
like. As a result, it is extremely difficult to control the critical
di mensitsg@nbthowisrer, peignaobdie plasouaitend Wdill thi entire ciambar Tk ipldsgna tPpichey
processgoggwh%re. nce emilfé l ee%d ilo devjce failure jn the sem conduct or
circui t® Wil ¢ lty%r_fléaff (e 1, }Cgtlﬁ_ QT BV gieeT Indbe elanthsr. Byevareeiuf act urer.
The st andaipl, st plbRilmhg FIIGAY hical blibd OGRS SRHRTISIREQREONLAS 2
pl asma screen 15 inside the plasma reactor. e plasma screen 1S ge%é’gal ly
di mensi%rregementdess.inge-actiee sl thietpiasmazreachksniesedetdsnedh iepbitiopr ocess
chapber .nl a screen. In st cases, the plasna screen al so

K nc?ﬁde%nﬂigbqﬁft“’%r%%l Pt"?} H’?S:faf‘%ﬁﬁ SHRISUS: g\?ﬁlﬁbﬁnﬁﬁ fepdl trypasticlp cenrfarinagian drsideoiaed
duri ng PoeEe sharfiker! Qe. cHifg Méhed & Adken i i |
reactor, Referring to igs.f % & 2? a pl asgﬁa sgéstétgg%a?sAé %\(Ii\ﬁgn%?}?’l%

- conj undtfeeme sl the dlamberpa® iptypicaigiredpcetanber 100. Pl asma screen 202 s

typi cal l I dt bstantjally fill _th made bet the insid
ol o1 IS e B s S
chuck lledddto Vauiiati By in (Re PR0®ss PefBRRared s d. Xf&rfﬁg{v{/b%(wgf)gg&ggggg Crgtleuét%ﬂ' ty of

perforations 204 that are dinensioned to a gas, forned
duf? ng RsPBleenusradoading, selecifrityannt] the liechatiss mdulgut isekiranelgdsatt 10 eshtrdi22.

At the -1 erforati.ons 204 .are 25 di nensioned to confine the plasm
to the @%Pﬁtr‘r%él gﬁ??‘ﬁ%%“ﬁﬁﬁlr%@&?écdcﬂwﬂe Adﬁﬁénaﬂhé’aﬁ@iqrwatthmlgcwse P
gener algdeyfopati@haflech@td@vide Githdin 1% Qb u&8ﬁ€§§ﬁ{é§&%§ﬂ3§,&r yhe |ike.

Further still, the plasma screen is typically atta %Ited) to
t he chdmpslatasinty Highes doyioirthomantdosvercer , t he pl asma screen has some

drawbacks. T ei al ﬁtruc%ures tlﬁat are di sposed inside the processing
chanber duri% 53%‘%%%%‘1 P 3o gontepliing b nlasmadiss hean to proyide s plasmasatsenr at e.
This i dndiee BiesRasMCRastbf. UEHISL I | d; rf.aces far adsorbed
materials to Z?t ach, for exe;grrpgﬁﬁ%%@%%c lgggliktﬁarl%%&%g&garﬁeg%ag%ﬁﬁ Q’,CP\WE’h nay
f I ake oFithipatveluhe definsdthyahe preesichampear dddaheplaani sitdnatih afbst Bavek the €

cont am j.on_may,produce undesiraple and/or 3 . 0 9 MAR 2004 unpredictable
resul t ﬁ%b%ars"é‘??é‘ Oéflgﬂg?sﬁ g‘ﬂ@il%?f ensBIngs berrnegmiting by-produptegases fooied

porti onlugh eS4RSt d..ln this manner, a trench
may not ubeg or nmed %r%%%gflggg%hdﬁﬁﬁggxﬁﬁ%&%ggé?ﬁgpéaésmacrga%t%ri.l ure and

therefore a Refduingitoffigsn] g Bouplbinta soteerF202tib siowrt fMeeoRMSHSn §6thgRkAS to be
cl g@ned at_vari ti uring processing to prevent excessive buil d-ups

us s_d

of “depdsTTE5H agaé?E?{ é%&ﬁwﬁwﬁ%m?@s Sxmcally canBgurodiiot snheieusally fidwesr s
substr ot SRt I I ue ,to | oss of production.
Addi ] o, |A§1,%c_!{éhe p|ﬂéesﬁn§ﬁ§ ?%ggﬁ‘g#’é%3?g%ﬁ?%g’&até@r?@&é‘?&‘ﬁec%“tﬁ%@‘ﬂ‘ﬂhg’fy S

by- pr odlestrogfateshudbyl ivayFucthere phisplageret b 20PhypRaRy SRNIRERYa pHRhEH! dfy reduces
t he conduct ance th of by product gas from30%to 60% This tends to
iner eaé’&%@‘oﬂé %ﬁ%&‘% Arerdi@epiogndrig aﬁ@ﬂéhe; bingedueitgas, Themed dyring pmceming,
t'ur bo- ' i r.der effectivel y renove the
bypr odugt <ahs and Bb ERERa Ll Aot SRul Bol 10hbBr SprE bt Srlwriem e

r edfucedlimonsioidanconfihdihe p¥sma tb fige VRGO UBfihedsy PBdksIShanhe? Q@Q.d}'ﬁié’ ring
procestspigﬁg,@tMi ch may further reduce the conductance. Again, a |oss of

conduc 08y AsRrFerely patigrpedio hepircplasyrotied, @nkentrit rudionthedfket hBugtherpi ng

Syst eMggis. h - Thi s 0. process-.varj ation,. and
;tauce " B PSR eh bl ARy T2, bR B RERbR i rrinechpoation

typi cal |y ad@swees!the blakinhQtresh hhd rﬁ%@- ?@,qﬁ sumabl e
items bgcause, t hey a?g in corr?t act S\/?Anggh(ﬁ?ﬁga%ﬁas gr&’ tc{elFQ% orafe:&{tgend to be

bombar 4&WossA ingidetheprorsssingsheinber duringteogsissisgriend tocaddcontamindidntdfuige t he

| @sma - hanber typically limts the types of 20 materials
P e SR s 1 GBI B st RS mal ision it OF vt Pdsomoqietsinl
still, t6 heachl &ntexasple, ans b@qﬁéd@tseﬁﬁrﬁe%&its?%}%%f ke RIBSHB tRELARRAND the

chanber can be difficult to ensure.
causing particle contamination. Particle contamination may produce undesirable and/or



In view of the foregoing, there are desired inproved techni ques and
apparatuses for controlling the volune of a plasma inside a m'g)m‘mﬂ&
chanmber. 25 SUMVARY OF THE | NVENTI ON The invention rel ates, -in one

enbodi ment, to a plasnma processing apparatus for processing a substrate.
The appauapuedictabid teceiss. o8 elahptaaetidlys eyihk RObIL supfa6€ AR WIGRIEDRAtN bHi N
whi ch a pl as is both jgnited and sustained for processing. The apparatus
further %”ﬁ?'ﬁ}ﬁ@?t gegsisaq ke clebgd i1pdhs manaes atgaskmey nghke formedraroperly and
confine nanas L neti c .bucket di sposed.around
the per rgﬂtéi’%&éf the% gicglg%g'!s[éjcﬁan%g@%%ﬁéedugﬁ er Y%S‘r‘\%{{"i“éf- gg‘?ﬁ‘grfﬁ}? 9 a
pl ural i t yereén hax tetberbagned hicvaeibeymmesdirdiay pracsit 39 paoehtrexdisivebuaadipd of 0 9

MAR 2004df§%nmetri caL_‘I about the axjs of the process chanmber. The urality
of fi’rst JFBYHEAPd € TPEodyetsy b legping ditpdaantags opsly dewvers substrata thravghpt ¢
field ThedRASE 889Ed W further includes an inner

magneti ¢ bucket diasposeS Ing?&%&?ﬁﬁ&gﬁ@gﬂ&s chanber and having a di aneter
that is smal| ekddifiarallyhibe glaanmsereebrediicdstthe eatidattafBgpah ifer the biketoduthe i nner

magneti c buck;t hav(ihfge a plurality of second magl;leti c elenents that are
di sposed 83t &Y {2 theiRlasmiasceasn iypieally rascss gre qondugipessasth efibsmber .
The pl ur akddué fisﬁ(ﬁfx olﬁ%@’et. : : ' onfi.qur.ed to produce a
second n%}gnetfg fle g@@ e pf'ag&ﬁ%%@rﬁﬁkﬁcﬁ%%ﬁ%r%%a@g%ﬁ eB"el?]Hg“gconfi gur ed

to ube theaigamsdntiEgn e, bdarberalihoansletier megohs tRgRBEd I drdel @ efRcvedduce a
pl asma confi nepent gnetic field tO between the outer nmagnetic bucket and
the i nnelrerﬁﬁ‘(%ggi IPISGEKasesAad mastaingthe gesitgd shemberguessareohroneb desisilnepd: o
pass thr eygiucMlicke substantially confining the plasma within a volune
defined at least by the substantially cylindrical process chanber and the
pl asma confi névierbveratiegieiforationd shay gheclogpéa atting pfRbaifs whidh B fili&er
enbodi nent, to a nethod for controlling the volune 15 of a plasma while

processi nEluse dipeandysiangen Agan, adessof epadustance giay gdverstls shfactdht arapen

. - ' dugci i KSt tic field inside.th
P ooos RatioBEE\RS BERHAER BB R L Y. THE Rl Foat of plporihieranon
i ncl udes apd oetuek ig: life E A hiniR GRdH fRrthélleduded préltictiviey MPEBRAILF RARRE:. W t h

a second Iﬁggnet ic element. The method additionally includés combining the
first nrad‘mSl FEstll. plagma sareentend iechectonaunable itemis dechuso they aeruipecontagbwith the

resul tan i } h i rst magnetic.el.enents and the second
nmagnet i ctpé enent Stﬁcr%]ogé %’é}? E%)g@g@%%arlg?é:‘%gjgsfe%c%ggﬂ’?%estlﬂgl?ep?légﬁ%[ i nsi de the
process chanbdh addidionOhtiing the pliMaRbReA o idelchhmbér tyFlcallplifnk &m?p@stoﬁ east
by aH{)ortl on ., of the process chanber and the resultant magnetic field. The

i nvefft i orm3tEtials gwt cambewssd réthoshireding during wormap instattation furthenstilt, the
ol Ling.th | f | whi | i
Subet Pat elbede i oM Bl (2 ke Yrela B B AR LS R ORaEER i

ar r angememburencl udes a first magnetic bucket having a plurality of first
magnetic elenments. The first magnetic el enents being configured for

produci ng a filnsiewafetipregping] Berermss desired émproyed sshoiqaehard apphmtuses for
arrange i,ncl udes,a second nmagnetic bucket having a plurality of
second m@dhggy{éltge ée‘r’r@ﬁ?‘s?.o Frhlaszi 1%%%%%8“’%&% ®&l enments bei ng confi gured
for psoducing a second magnetic field inside the process chanber. The
second magnetic field being configured to conbine with the first nmagnetic
field SUMMARY OF THE INVENTION

The invention relates, in one embodiment, to a plasma processing apparatus for

processing a substrate. The apparatus includes a substantially cylindrical process chamber

within which a plasma is both ignited and sustained for processing. The apparatus further
30 includes a plasma confinement arrangement. The plasma confinement arrangement includes

an outer magnetic bucket disposed around the periphery of the process chamber. The outer

magnetic bucket having a plurality of first magnetic elements that are disposed radially and



.9 MAR 2004 to produce a resultant nmagnetic field between the first ghetic
bucket and the second nagnetic bucket. The resultant magnetﬂ MA R?IZE ei ng
configured to permt by-product gas fromthe processing to pass through
whil e substantially confining the plasma within a volune defined at |east
by the mmnﬁﬁ&ll}*mﬂbﬁhe axid of fie precddl &m&be?ag‘ﬂégﬂtﬁaﬁt‘y%kﬁrst ﬁ@gﬁ&l&ﬁm@ﬂ ON
OF THE DRAWNGS The present invention is illustrated by way of exanple, and
not by }i}%@g tta Pragyce 7 frst magpetipufidd. of the acconpanyi ng draw ngs and

whi ch 1i k i | t whi ch: t0
g 1 i1 s aean £ Bt bk el e GrBd et RLidt Chat 1 s

used f odlsmﬂsatnmq:mb@msesa gharitbq and haviape diarh@Br tha sfalibN@al fHeQiadEter
[ ndggtwt)e}hgl asnma %} SS|j ng reactor shown in ~5 Fig.l Fig. 3 illustrates an

exefpl afy " pPEERa é‘%‘f%g é?gv@wmqﬁl@%kﬁmmlmmﬁsemmngerrent
F 4 shows
i N accomgARGe eWiidAtQnR LIBQ sgﬁg%(déﬁ y Jlllaesyﬂ}rrzs alB/r ﬁém a%g‘?f‘ehﬁ%ﬁﬁshsao

a broken away side view o ary

- plasma Qi@mbﬁneﬂmmlumimmfg;emdtmagn&naereﬁfedmg%d fg@fb‘a t@fﬁhﬂﬁbgﬁ%cdﬁfd the
present view of the plasma processing

|nv ni ill.ustrates a top
r eact or ™t ‘eB{' %@wﬁﬁpﬁéﬁ’ﬁwaag‘?@%é’mwonﬁgwdwnmhcﬁrw th one
enbodi r’ﬁﬁﬁgneﬁf: flel¥EarR RS §ldbnd Hl\égﬁﬁdtcﬁlﬁ%l%@ %Pdgcesz{] \égﬂl? ﬁg ken f}:ﬂélé’g H;gﬁp\cil eW of

t he pl asna processing reactor asfa
acdbr dartwesni thi outee meginoitiueindt and tdianarmsgtic bAYER tha BernAt: Byi-Sroddet gas

Il lustr an exenpl ary plasma proce55| ng stem having a | arger outer
bucket %@éoqe?sr‘% t"rﬁ@ﬁé’ﬂ"i"lﬁhé’l’ qon%mngnbe pbtpmefWItlhma@rbhmmer to
the botdRe9ht f dance with one nt of the present
i nvention. 9 %ﬁiﬁ?%‘ﬁ'@mﬁﬂg%?ﬁﬁ%% PRES ¢ Qre )P ISMaseH 1B‘FrBE%tSS| ng
syst em mhgtetiniekl. a pl asma conf| nenent arrangenent and a plasma screen, in

accor dance V\thh one, enbodi nent of the present invention. Fig. 8B is an
enl arged si dEPSAPEGRtoN rﬁlﬁﬁ’s:ﬂpégﬁﬁefs@ﬁ nid tha gghodefos eortifofling theivglurBd, i n

acgerd t he prese nventi on [ 9 illustrates
X hggpl st'i%gp%grr%fg\ggg? g@%gj r‘TiEstmastPaé? 0cess; cﬁéjinbali VRinga B ]aargﬁgngaacgén t 0in
accor dquoeesw The mﬁmﬁﬁi&ﬂﬁﬂdﬁ@ﬂédlﬂfngtdﬁspﬁﬁgﬁéﬁc fidly $deMe process chamber

with a first magnetic element. The method further includes producing a second magnetic

field inside the process chamber with a second magnetic element. The method additionally
includes. combining the first magnetic field and the second magnetic field to produce a

20 resultant magnetic ficld between the first magnetic elements and the second magnetic
elements. The method also includes creating the plasma inside the process chamber and
confining the plasma within a volume defined at least by a portion of the process chamber and
the resultant magnetic field.

The invention relates, in another embodiment, to a plasma confinement arrangement

25 for controlling the volume of a plasma while processing a substrate inside a process chamber
using a plasma enhanced process. The arrangement includes a first magnetic bucket having a
plurality of first magnetic elements. The first magnetic elenients being configured for
producing a first magnetic field inside the process chamber. The arrangement further
includes a second magnetic buckét having a plurality of second magnetic elements. The

30 second magnetic elements being configured for producing a second magnetic field inside the

process chamber.

The second magnetic field being configured to combine ‘with the first magnetic field



DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS The present invention wll
now be described in detail wth reference to a few preferre @Wl’lﬁ%ts
thereof and as illustrated in the acconmpanying drawings. In the follow ng
15 description, nunerous specific details are set forth in order to provide

a thor oughmiag j - resent inwention. . It will be obvious,
homever,g{]% ongéif(}épﬁietgg?%}eﬁgﬁgr b,e%\'? eé’tﬂi‘fﬁésqﬁ?a@%%b‘f% itg‘?lseﬁﬁ be
pract i cethaghetiobuckeb nEhoresalkdnt afaghttesteld pekigidoafif@tdid SermlitbyObB8kct gas

i nstance | I _known process steps, have not been described’in detail in
order no O%mﬁl?rm‘é‘i%%‘gﬁg‘? P3ss Shrough whilp substantialy confining themplasew withio perolume
enbodi medéfindds 1R4sE B8 e ﬂrﬂt\!‘%gjché}ﬁl?&raﬁﬁ'tlgeeésxﬁtzﬁ?ﬁ as Egetﬂg%g ssing apparatus
for processing a substrate. The plasnma processi ng=app F¥t'us includes a
substhantial ly cylindrical process chanber within which a plasma is both
ignited and sustained for, | ing the substrate. The plasma processing
apparatus further include e REREAE DIRAWINGSent bei ng

configured W tThedped! - uce first netic 25
field and an inneeﬁri' nggﬁ%’f ic Bugtgg‘tﬂﬁa v&b{; ucécgfsn%%’ g%‘i%%&y%@'nﬁ"%éﬁo&d.
The fi rsin thedrarescofithe eboanmuinying dsmcinpslandignehick like Rifeheadcanmeesls fFenoduce
a pl asrrasﬁ_rclylﬁ]grienerrer%t nqx: ne{‘.i g field between the outer magnetic bucket and
t he inner nagnéffq"%] hEk B VGt permts by-product gas from processing to
passiot hrough whil e substantially.confining the plasma within a vol une
defined at least by the substantially cylindrical process chanber and the
pl asma confi ndfignt illustrategaptivcatt irldtiveblasimpiicesnistngor BNSS ufldaseplthh € a
substrate_is disposed on a chuck within the plasma processing chanber. A
process Bﬁ%ﬁeSW'ch is input into a plasnma processing chanmber, 7 0 9 MAR
2004 is energized and a plasma is credated. The plasma tends to fill the
entire process chanber, noving to both active areas and to non-active
areas. In the Kgtl slovarewop vide of tiespriok aftieiuelias Phsih BrRe&el LlealtssHoAMERAS
t he bs%{iatle, where they in conbination with the neutral reactants at the
surfdce

8the substrate react with materials disposed on the substrate
surface to process 5 the substrate. In the non-active area, adverse
processing conditions are typically produced, for exanple, a non-uniform

pl asma densi t Figr3 ilbathicoas exériflat NARELHOES Gy QAR vith 4 PBsER eslemeht ©- -
exhaust port can be encountered. In accordance wth one aspect of the

present HGBETPHH, Injacpeidorce with Pheembediment of the presentimsnten.a pl asma
processing reactor is achieved by introducing a magnetic field inside 10
t he process chanber. The magnetic field is co~gured to prevent the plasma

f romovi ng t cFigohstasts ¥Broréeadapiiat bﬁ%ﬂﬁ@&ﬁerﬁm@gﬂsma'\%&stéiﬁg? &difzal 1y,

t he magnet.i.c fiﬂgld is _arranged to force the plasma away from on active
areas andifth2 pliseesepfinemen arghganent jnestardanse vatht dre eattodimertrof theqfredene
process g L. As a result, the plasma is substantially confined to a

predeterm ned region (e.g., active area) of the process chanber. 15 Wile
not wi shing to be bound by theory, it is believed that a nagnetic field can
be configured to influence the direction of the charged particles, e.g., -
negativel y chafigedlilBistates 8iep wisw gfdbé plasrh prochssingedadtansith aipldshe pl asna.
The ghel, j n be arranged to act as irror_field that

te rrpgaral ar ﬁ’%}ﬁ ¢ gff)ﬁté %t%é%ﬁgﬁlgegh%agcggr%ﬁ%ﬁ‘w& gue ?‘HE?CH]E‘CBII of dhspresgit inientign. ar ound
the field lines), and eventually redirects themin a direction away from
the magnetic 20 field. In other words, if a charged particle tries to cross
the magnetic f¥ig @shews 2 bredtsn away tgl viewef itnf plaencproodssing ecavagnaitt Ge hiahd
and turn or reflect away. In this manner, the magnetic _field

i nhi bits %@gﬁ‘g‘ﬁ?‘ BRIEHEC; ordapesowith gne.erabodimentof dhepresens inneghien.i c
field. In a preferred enbodi nent, the aforenenti oned magnetic field or

pl asma confi ni.ng rrg?neti c field is created by introducing an outer magnetic
bucké? and an Fignéillustmgrestan ex@Bplanchlesma ploocdshe yhtesmvikacasst Boeshisdkem
The nagne‘;,fflcse etic field that covers the area between

ﬁUCketS g-re te a mag

the inner” Nagnar] CAEFEE S{CmEN SR B top ghibeichamberite the hnttompek thened, t he
magnet i ¢ dhagiydrii Woll]s t . framnoving to _
non-active ar edslﬁgfg&jt?%%&grv@gleir% ﬁ%ﬁ%@%ﬂtgg%e?%g%& %ntvglﬁfcinal l'y confine the
plasma to a vol une defined by at | east the process chanber and plasm
confining magnetic field. Preferably, the outer 30 magnetic bucket is

di sposed around the periphery of the process chanber, and the inner

magneti ¢ bucket is disposed within the periphery of the process chanber.
However, the actual placement may-vary according to the specific design of -
each plasma processing system 9 MAR 2004 Furthernore, ‘the outer nagnetic-
bucket is preferably configured to have a plurality of first magnetic

o e - » - o



To facilitate discussion of this aspect of the present inggnﬁ@gqﬂwﬁigs. 3 &
4 illustrate an exenplary plasma processing system 300 that S e

af orenenti oned magneti c buckets. The exenpl ary plasnma processi ng system 300
is shown as an inductively coupled plasma reactor, however, it should be
noted that the present invention nmay be practiced in any plasma 15 reactor

that is sui tl:ablge ﬁ&r form n’? a Ig}jma, such as a capacitively coupled or an
ECR react or J |4} “Prisears ‘nglgv BRTYOCISHER SN Hha s epiie essi ng
chambelcodiomeht BREhIGRe® bnd B Embh SordEl iR G PYauBe GARTREL %n%ilme%gggthgpr ease
of manufacturing and sinplicity of op€ration, process chanper S

pr ef er @gsgnicawéritpar ed to be substantially cylindrical in 20 shape with

subsstanti ally vertical chanmber walls 303. However, it should be noted that
the present invention is not limted to suoh and that various

confi gurati gng 8 istdhenPi0&ES 8 GRaNTIeH : ' RACES s;” 2,
there is dis %sed_an ant enna earrangen%ﬁi?y%ggcr%%g‘glpeh%?é%gg% a co%] Q’[ hat
IS couph aeeor e WithsuneRmbpdimeent ©fi i@l pre@@binvedion. mat chi ng net work (not shown

in Fig. 25 3 to sinplify the illustration). First RF power supply 306 is
configured to supply antenna arrangenent 304 with RF energy having a

frequency i rig eiihanges fl pRRAM i i lﬁ}fﬁa a
dielectric vvil%dolvv 308 15 di spospergcebse'%{g%%%a?%tﬁggﬁﬁésg a%@%ﬁ%%ég%% 312.
Subst r an ecc@tdance prthsertembiddénewi ol (g resent mvbetiqa: ocessed, whi ch may

represent, for exanple, a sem conductor substrate to be etched, deposited,
or otherw se processed or a 30 glass panel to be processed into a flat

PSP < o R ERANLED ISHATRIETIOR P PRERI S ERRROPRMINTOW 21 T angerent
that may be used 1n The exanplary described in
great er det alitie preseat pwemdnowilbnpabe descappd ircdtdibwitk Réfbichesho.a feMpiefRed 0
9 MAR 200 AND APPARATUS FOR P Cl NG UNI FORM PROCESS RATES", (Attorney
Docket .Oqlegﬁieé’gﬁ%Bg@u?“ﬁFé Hyths dceapeppnyimg srawass nlache llevans her ei n by
r ef£r eeSoripfiof 2urh o8t f;%g Is I G ' it hi anber 302. Gas
i nj ector C? Ooi s prefer al%lrcil |§%§$%§E§?%Jﬁﬂn%] ({}E%\{lbggée{?&p&eﬁog ué?y of chanber
302 andmiersandamggddhd presaneipeniiotg B wii He 0bsioaq ot véricdneakileden the art,he

et chant glgljrce ases, .into the RF-induced plasma reg&én bet ween dielectric

wi ndow SSRGS HRYRUPR mey Pe prIctisechwithow spmeas all of dhese spestfiprdagailenter i al s

I ' | | | f. th b [ | f
ot hr oo A ECBERR AR BOEES st b ek st oot Rl o PR s °°

exanpl ennecegsesilylbbiaurdatht ippssesiftantiohhat may be used in the exanplary plasm
processi ng slés'tem i.s described in _greater 1o detail in a co-pending patent

appl i cat i on 1890 £FbQdiment,Abe prestabReoiNGPBVSIRER DY MyNANRCapxsatus for

DI STRI to t L LAMLPO123/ POSS5T) £l ed
even d?"tfge(J ‘;gr\lfln [ nc%(t)er' afévhe%tdIS Iﬁ‘{enrl?age{rr? P%S@%%eapg% 3%13@.14\{‘1'}—‘!0%? atsHéStﬁ%?m’ﬁM‘#&al o
subst r gireceSd ehansber vtithiel whih 4 plbing RamieIgnROR adehstifAToLerobsthetheICk 314,

which is confi%ed to hold the substrate during processing. Chuck 314 may
15 r eprBegRie. plasaprosessing apperates fagthergseludés) plesme konfinsimeht secur es

bst Auck'ss .sur f by el.ect ic f Typically,
chuck. ayipngtferd:deldholadiBH S6E RiarRiE SipeT bRl phif ain Bedte Y ond
RF2povdieldmtt aeinddbmagesitheke tm\fmd@eya §&odd ﬁlégﬁetfc%éla.gme%ﬁ@agﬁzbgﬁ' y RF

energy having a frequency range of about 0.4 Mz to about 50

Addi ti diad WP thejsgeqnd3nagriesic ficlsk ase abidtogrodusg elasmanenfutstamagietiy field

cyl i ndnj [ hape and. axi al | igned with process chanber 302 such that
the. pr dbten %ﬁ%%?méﬁa&wﬁ%“?ﬁ&%‘@? e S RONAE, 11
shoul d fen priceskikyal pdsSiiongh WRlle SubstafliliRy LAMtnihE BRa Wifln RYBRAEENT MY
vary according to the specitfic design of ‘each pl-as processi ng system
Chuck 3Efinghgt ighst byithe substantathedlindrical\peodest vieetbeaafd tstplgsemi donfinerheamt
shown) far 25.1 pading and unl oadi ng substrate 312 and a second position
(nd sﬁ%&%§%?§¢ﬁ€rocessing the substrate. Still referring Figs. 3 & 4, an
exhaust port PdfhalsiodsSREHAMs BELYGAT. GRANRG: 1alid3sai A
However, it shouléﬁbe noged % at theeactua f%ﬁacgn%nﬁﬁg?a?ﬁgqggégﬁéi port
may varplassecerodéssmetahamber. sp oideiceaiewhizh iofnpeainko pRsia ppresessEirgnigy st em
Preferably, 30 exhaust port 320 is configured for exhausting by-product
gases formed during processing. Further, exhaust port 320 is coupled to a

t ur bonol ecul ar punp (not shown), typiéally located 10 09 MAR 2004 outside
of chanber 302. As is well known to those skilled in the art, the

t ur bonol ecul ar punp nmai ntains the appropriate pressure inside chanber 302.
Furthernore, in the case of sem conductor processing, such as etch
‘processes, a nunber of paranmeters within the processing chanber need to be
tightly controlled to maintain 5 high tolerance results. The tenperature of

o T e




Addi tional ly, another inportant consideration in achieving @i ?r&k cmr ol
over the plasnma process is the material utilized for the pl 59 Br Ssi ng

chanber, e.g., the interior 15 surfaces such as the chanmber wall. Yet . _
anot her inportant consideration are the gas chem stries used to process the

subst r at eis eneigizes amd b @lasinatio tlsatodt e pidstaaBsisga giliahe Bhisk pr&ess fatmiRy be
used in the .exerrg pl asma processing system are described in greater

lary : . .
detail in™9Veg8D ﬂ‘gi%ﬁg%éﬁeﬁﬂm&ﬁﬁw@a@vw&a@nﬁ the aefive aggaT HR| IARSOARD plBABIA
CHEM STRI SSLNG " (Attorney .Rocket Ng.:
LAML P0128%I§8&5:%%r%c,é\é$ :iE ﬁ“e%d ﬁgg on e\’/g’ﬁ%@g U m?%f%é‘?%’é%‘?ﬁ %“ﬁ%%irﬁawm at

r ef er encethe burfareddithe mbstratateacawith astsialsadigiceebss hgaabititd ARfice bR ceamber
302 through gas injector 310. Power is then supplied to antenna 3D4 using

first” RE POREYSUE g dhesppn-aciiyg arpa) advigese grosessimeccandiiogs pee pisallic pepdieed. de
chanber 3@2exah6iced BGI- | : . n [.Of ctrons
o osent | pacaiReRs S hfor A dn 28GRI bl Rl iproQUPR Haiflls Jufé

nmol ecul eschafnbiehd.epreabass pgasan Beharoeuetedetli si ons result in ionization and
initiation of fr’edi scharge,  or plasma 320. As is well known in the art, the

neutral gas molleRFGPEANGH With encaspeeof theprespRbinvantigne inpravedcarimsmest pling

el ectric fi o ; . i EW char ._ians.
e o 1 es e e R b P RR e B
neut nal gthe pradescelaatbenrEheanapnaiicifieldiineindiguizidas prevérQhe plisHadiorh ko vih@ema
has been forned, neutra{qu{as nmol ecul es inside the plasma tend to be

di rect ed FVWATLE argas of peesp phamher.sMose speeidicalisy thaapagretiofihpiscaranged tof

t he mechagy ' ' t g ‘ e _neutr.al as_nol ecul es at
the subst - arereuishla ey dfrh She i oPE SRR b I EHE U DeR BRI ot
of nol ecutheaciinsarde of the prb@EDENbel M, resuld, @egilaiha RaubdtdltiafpeehBied ® 0. ,
neutral gas nol ecul es) may typi cal IX be found al ong the surface of

subst r at ePTEISEIIENEd ERElRmE SagRStive ohhe peeces chemberde 314 i s powered, ions
t end | . th i ni. nat j i th
neut 131 speci ourdife s WA L4\ RS b e Bol Ve ek B GRRRAC R Bn el 0,

and/ or t heorifigieed tblinflgenics tid diecidtDythe Bhdrg@Sparticiés, é,g.,alegétmcmgéd nement
arrangemeata , Which includes an outer nagnetic bucket 352 and an inner

magnet i ¢ BEEKLS 284 posiychychaigechions, in theplastay ndhe magneticefield 5an ba drrangedrto

magneti c ; ' . roduce |Jnked magnetjc fiel.ds. that
co?mi ne t%&%g?i%n%%gpggdﬁtgg@gﬁk ?Ilr#lﬁgcah%é%etﬁ? (%1311'%‘351 F%fﬂé‘gﬁsi e iaﬁ?’&f(@?‘f 'H&t o
enbodi meniroupd denfield GiRkS)NAIC:veRGAS! fedirbiteindm3na dikchRbChRiRRbM HE 2RRRE6
bet ween chanber walls 303 and chuck 314. In this manner, the plasma is

pr eveft edfielde n other mords, ébaharged particle3uigs toxmebstthemegustis fpflddhtende® feel the

substanti i Lnsl rocess chanbe 02. ver, it should be
ot ed ¢ hatiaCER e RihendRe A BRERRF RroSnP Rt S O gt Eempasmg

Wi thin t héieldriaBBus nVRRET of TRy pMahy a@6&Uhdirdidied 8BS ifBaiddiic fdesi gn of
each plasma 15 processrng system Although Fi is. 3 & 4 show outer magnetic
bucket 352 and!®A Prefersed ermberimert, the efasemeBipned magaeticafield oF plesmajconShingl d be
under st oo : ma offset. The only r ir nt is that a portion
of “outer - abhats BORY Red 8y BuindSiine rm AuR TigHHER e aRbah ST Jneintt ne
same 3l anbuckek iﬁtb@ﬁeeplbsﬁné\ﬁro@é’s@,fnb%?steﬁlhﬁhd%ﬁé{éﬁc S8 et Bk bl A helB Yiehat
as effective at 2D confining the plasma. Referring to Fig. 4, the plasnma
conf i ni ng Seyh Ere ascd basvdershs iiner magaatigduickes abeé theuhderanagratit pugdatalisel t o

bstrate_314 di | defi ned the t f f.
subot r at o HoRRR IR ARERTE (GRR art g e enh bR aldoria aom B aRGH JourepSsed
bet ween abgdl oP11épretds abRiMer indPid MOLER NG BNt Ge ?gﬁgﬁtagétaemlm%%@ﬁed tyt

shoul d be noted that the 25 inner and outér magnet ets my
di sposed &hlpasighe piogesstohambecad plashamdoafiniag magnefic field. Preferably, the outer

30  magnetic bucket is disposed around the periphery of the process chamber, and the inner

magnetic bucket is disposed within the periphery of the process chamber. However, the

actual placement may vary according to the specific design of each plasma processing system.



as they do not produce a magnetic field that is proxi mateeﬂg ﬂéﬁ@ﬂ strate.
By way of exanple, the plasnma confinenment apparatus may b i above
the substrate. to confine the plasna to a snaller region or to direct the
plasma to a specific region in the chanber, nmuch like a uniformty ring.

Fur t her nor e, Fetileerpioss e @oerfohapinage bigeeisiprefbilycdngionRl th hild £Htadic) 8r bei ng
paral | el s&&a h&icsqbstrat ed nd may be di sposed in ot ﬁer positions such as at
angl e W th FEspacY PE-17ad Hiednper qargnaiie bhgket iscrefgrebly comfiguditahevgeousl y,
ther e islurditnefstcbd magihiR e 66M of Wil ypically increases 12. 09 MAR
2004 particle contani n%ﬂt@i on, | ncfegtg{eos cog?a%fﬁsggﬁ%du%g’@péaﬂ‘i?%‘%’,ﬂem@p}éases
cl eani n@Post Bssixiseidhe puvgess shanberiand wonfinted tapegucsmbfetic fRRLange t he

pl agma { : i t specific volunme a nore uniformplasma density is
obt ai nem{e}%{*‘%&g&“ﬁﬁe@d%ﬁﬁ%ﬁt‘ﬁ Fseeenthmpgneticiplements produce a teeltapént er  and
the edgmagicticfRibwhs! l@ér@a&ﬁ‘ffﬁi@-lﬁ RE i placess rates. To
further discuss the flseatures of thiérlényg%%dl%}ﬁéstggﬁ%&[nﬁeﬁo(aggt\ﬁ&ﬁf@&bs over
""the podfTOSFEINEP gass throggls Whilewssbstatially coafinivigele plasiph A5 PTOGAEIeNHed

] | i h
napect SOPhE) b Sl PLRGIR: flihe AERanonbhice InatnicldoMowenertically, |
ar 1 anghe plasaonfisdril @l LR \hirEu G Sliod 7. RS Jer manetie.

bucket 354. Preferably, outer magnetic cke p
per? pheatd Rlockthe passaeoftahbrged adiclesn one enbodi nent, outer nagnetic bucket

352 is pref GP?H?mdi sposed o tﬁ'i de of chanber walls 303. However, it should
be noted tha &3 téﬁ”u’ff’é‘ﬂ‘rfgi 15 apprek et thewyeseat invensionetligni 3 &itilluseate hanber

wal | s, exeshpldts bEemhodas .2orresonondi ngly, inner

bttt o S L R T

chanberlisoaxemplasy plastiiaproebsingiiyaient 800 fafshbwn ek an gLty BHGHE! pdSfa | S

smal | er he di t of outer magnetic bucket 3S2.” I n one enpodi nent,
reﬁ&&nh&w k@”ﬁ%& 8(%[1 ;

i nner mAgnet | ¢  pucKet : b? ot gﬁbﬂ’é@fﬁﬁf— dretiorchay ke Brdticeddnemug plasina

shonl d rbavtortheds SigibId for Sorifind' Obialimb, Hch 3l b AR AR LN IE, | GL, TRONEL | ©

bucket may be placed at vario ocati ons’ titRCH e er. By
way of Teé3%@fol e, the inner magnetic bucket may be di sposed inside a
uniformty rl,@g 20 di sposed above the chuck.. Referring to Figs. 5 & 6,
outer magnet I &> PAPRIEIRBDsYsige feigckidps aplabing progessing shanmtmey 862, cpetienent s

360 t haif vaieh dideRASE | S trically_about an axis 362 of
process chz;.nber 302. %eé er é%?@f/lﬂrbgast °Hﬁ%58e°?i"&a%faéﬁgw[g§n§éenalﬂ%t>'aeﬁ ally
or i ent &FCEHOBL protess phaip80Y, i0 brefli8bINIRa RS S8 MG BP Sib j r of
thejr %E%Fs lgt?%) Nagr S). poi nt towgrd 2 gxi S 362.5%%&5%%@0&[9@\/\“ to
those SRIHT B PRPstand ¥ vertigg] shamberavallied (3 ddoworer tihshowhhbehdted elae dent s
wher e tphesehi iglchild |.e., the.north or. south ends of the
nmagnet tpeI emEnt s, Ilzllr}rgtﬁ ﬂ{g?rms{ﬁ ﬁgga# %}r?cg?mhﬁadf?élficen@‘gﬁ%?ﬂ%o@%m&%sss patially
of f set chimwher migebpesadphery of the process chanber such that a spacing 364

i s provided bet. egm_gach of first magnetic elenments 360. It should be
tinder st ood t't1#19¢ fRaraber $03sthernds dispesed gnmntenua ayranpaendB Oy (thpresdite By a

spect coyp ncgbeaael LSS M B oo S e "
25 3to simplify the illustration). First RF power supply 306 is configured to supply antenna
arrangement 304 with RF energy having a frequency in the range of about 0.4 MHz to about
50 MHz. Turthermore, a dielectric window 308 is disposed between antenna 304 and a
substrate 312. Substrate 312 represents the work-piece to be processed, which may represent,
for example, a semiconductor subétrate to be etched, deposited, or otherwise processed or a
30 glass panel to be processed into a flat panel display. By way of example, an
antenna/dielectric window arrangement that may be used in the examplary plﬁsma'processinc

o

system is described in greater detail in a co-pending patent application entitled , “METHOD



plurality of second magnetic elenents 366 that are di sposed radially. and
symmetrically about 13 0 9 MAR 200 axis 362 of process c Eﬁﬁ"? Much
like the first magnetic elenents 36Q second magnetic el enents 366 are

axially oriented about the periphery of the chuck such that either of their

1 ohent o 366 2t m Soat Lol ly (T o6t along { ae rarD s RATR (e ek
el enent s ,36¢ of fset al ong the periphery o e chuck suc
that a Qﬁ%?&%@é’@%’l’ﬁ#@(és Hisd wetvrr dateand incorpostedhercindyrrsfarencel ement s
366. Again, it gty . i ze of,.the, spacin vary
according to t‘%g&?gje%f‘??’éggggp?ﬁﬁgﬁ rée‘}al]tcd pﬁgg%mﬁ?eégggs;aﬁﬁ?@ﬁg?’g%mg

Mor eover preferabtyotisposadiatoand die hhersteriphery@ff chargbe3eDhad 36range P IR kabagy
equal, to tahe total number of second magnetic el ements 366 such that each of
the 1 rstENEYnaPYTEe Eiaéﬁ?élﬁ §-gndle gichay s@upRERSER dnte dkeoRB-indisad plasmelregiemt . | n
one | mpl efERRCRIdiQBik nd ok 3bs BT 0 AfdehSli LLGoGl SRDLS i
about 32. However, the actual nu ersng%%%'gﬁ&f(laﬂte{n%{pé? gt@%lg%seggﬁso%%nber may
vary acconaifis mey ake tepelededdiate pognboilt ivRahe RS HBhD CRARSE | ROIF Sy &k QkBL | N

general, the n r of netic elements should be sufficiently high to
ensure t {4t™ ﬁ’gﬁ%giagmﬁg%ﬁ%&ﬁﬁ dislestimwindawmdByconr ofaxampia giees distibugba ¢ o

ef f ecfi velye&GRdii I | few magnetic. el enent,s may create
| ow poi htg in then%pllgé;fnsgeélgﬁ%m ngyﬁgglﬁ%t?l?gr?%?sesfn&gsymﬁ%lf§§§3§dg’ gfgéﬂﬁh may
enabl® t dstapll inarre-peadagpatant uppliaitiog dntiledasPL ABRNRVER OCESSING Y SREget i C

el enment s ﬂgg{ygg/ﬁ t&le density_enhancenent because the | osses are
typically G QSMWWONT&%W (4véerney PogkgsMNdf.er r ed

enbodi mentami feild etic. el ements 366.are.axially aligned
with the cuspgmof t e@o@lrﬁgégtgh’%?%géfg&ﬁﬂrp%aé?fglﬁr‘émayé%m“ge'BGO, and have

20 magnet i zat iKon theembsipart hatistratec1aria b dpeidihtol dAatber F@EIMisRELd Spa AS 1S
wel | kno tot{uoes_killedinthe art; the nmagnetization vectors of the :
magnet i ¢ SBPEH §Vi](’f3¥ israntigeredite beldithmsubstrath dupng proc¢ssing. ChucEpR14 Ruyt her

th i i i . ti | t d

cor6r 2% ggﬁé Iﬁ?ng ceﬂcs:lron ré%ﬁdgﬁ Scé E?%#@%%@C% r I %F@chﬁegﬁﬁgiat%t? #&eﬁo B rection

around t hehuekts surfate bheleptrostess feba Mypicali cBudk NaSictsHsM bdom elStidbdesha ti%, 25
e

Pr ef er abl ﬁgu% rgt necessarilég both the first magnetic el enents an
second mi% ol psddniaseaprd REmowsn pettice bl thSegendiBR eowensgmet 31Gsat ar e

about the [ roduce about. the sanme etic flux. Howeyer,

havi ng thgﬁ@%ﬁg& E‘f%é’@ﬁ%ﬁ ﬁaar%gfqagmfglal&equgn%&ngg%watﬂ M#Z thﬁb‘}\uﬁg§orre
configurddHens it may be desirable to have magnetic elenents with different
magnetic fluxes and sizes. By way of exanple, a nmagnetic flux of about 50

to 38 about | Shdlitenaly, ehuckdd 498 prefirhlely huangpdrie basubstargiaPy aglimiricalihishipeg
ti i hat ..i ffi,ci.ent tr { inhibjt th t of
The ol asriat Sy B dBlich prcidls HpiRt i ich Uil shiprofets ehambel IO Sho Ak

rzrgg 2 et's neecdihdacally HendasicC Mé&f,iiﬁﬁloumoa@s{oted%asm i8O8 fishitartdh andind MAR

chuck placement may vary according to the specific desi gn of each plasma processing
system. Chuck 314 may also be configured to move between a first position (not shown) for

25 loading and unloading substrate 312 and a second position (not shown) for processing the
substrate.

Still referring Figs. 3 & 4, an exhaust port 320 is disposed between chamber walls 303
and chuck 314. However, it should be noted that the actual placement of the exhaust port
may vary according to the specific design of each plasma processing system. Prefefably,

30 exhaust port 320 is configured for exhausting by-product gases formed during processing.

Further, exhaust port 320 is coupled to a turbomolecular pump (not éhown), typically located

10



etc. Preferably, the permanent magnets are fornmed froma sufficiently
power ful permanent nagnet material, for exanple, one forn%igfw@ﬂgeB or
SnCo famlies of magnetic material. In some small chanbers, AN r
ceranmics may al so work well. Although permanent magnets are enpl oyed for

i ml e ki f] [ra n it s also.possible to
D) Cronkitgt paBkesis PALLIRTRNY § BRIy o B BRE2
El ect r omugneamntghs de appreprste prisage igfideaabitel Bong the amount nagnetic fl ux,

so t hat bettlﬁr rocess control may be achieved. However, el ectronmagnets
tend to furt ‘EF}{QE‘BHE?I’ indht e2se RE serRicaRUStQTmARtassing.Guch heetcly stosassand t her ef or e

m ght nQimhe op i et j | Q. fi.r magnetic el enents
360, ar o cont (gn aniern) Witk ¢ blobRghh bR ke bl kB o o Selfbhin
maghet i kgl [aderancesre866. dhe tampeatgierafdhd propeRiipChambecic ORE sidhrh6efi €l d
372. Prﬁf&::r@bl gc?’]ta]eForti on of first magnetic field 370 overlaps a portion
of second HagRET ielerangs qo T%S.ultmsr%ﬂ%%%moe—aﬁﬁeg,deawp@prtfp@nﬁnse) ganeef i el d
| i nes diighlp@edsHenab QIR i t. omhi ne. such that. the
resul ti né ield str et%}t%ﬁ in t%é%‘?ﬁ%ﬁgéd%n%ﬂté lﬁﬁ]gersgaes%’d?c%éiF EPTOL e
magnet i etsfarprismequisede Aor efaatpibiof)a eafergureetaiapeROm9atmithel Moy hdeedld 376
bet ween, axi al orilﬁnt ed magnetic el enents 360, 366. Both field conponents

37f, 379" aNATRET| RIRPARIPESENG SYSSR e adios trmppiature pensrd Fedeseribricie t he
desi r edorpdtaSdBai PRy ddli r{?& j [ : ‘Wf' 70, 372
are pulled across thd;béggln Iar&%%g%ﬂ%?ﬁérgﬁrgggetd’p g@ﬁ‘i |1 303
and chutkSBIM FORFIASMA PRGOESSING APPARATHSC OdorheldDIAGIRbI:C fiel d 369
t hat C?{Y@%ﬁ hgﬁb’ﬁﬁgg:}rﬁ?ap Al though, it has been shown to cover the area
bet wee £ )it omevenrfgtmend ineotperated hereiobydefoeengader st ood. t hat
pl acement of ield may. vary,.for exanple, the field
coul d be use%&%lgogeg@?%é@%bﬁﬁ ﬁ%nﬁ?(?e ?HOJKV %ﬁé&%’ﬁé}%@? ﬁ@ﬁqu QQinﬁE‘eof t he
pr oc es pletmanirecess Eothe irageriab afilidrtbs Helbaskd 106sbin@ ohbfiBed BANBA fudrlcX Of
th?%na%lr,.}lgttlc el ements_has to be high in order to have signrficant freld
streng

tHHEGeSPueh Bhihe shamss vells Y canoghes impertant isensideratiomare tedgdsi el d
t opol . f tic flux.is.chasen, i f |
o0 o oML used 1 Biersd Wb ER bfarpis O b Shdorals gof Basctamusigest or o
t he pl abatenaydnf used g thiERgeaplasy ﬁlhﬁh&j{)f&b!ssﬂ%tsygﬁnﬁﬁe‘a&c?ﬁ)%ﬁ gr?%lgﬁttehﬂa'aﬁ bg 1 ng

the plasma. Thus, it is preferable to maxim ze the overla e nmagnetic
fiel ds,2 SonRFndB g RSNt ApplicaBorientitiednTMIARERI ALISeANDWGASCCHEMISTRIES FOR

Pr ef I ' j tic field I
cont | namea R OIS sy TS d AL AR ordrabird DafkosBi ringien
ef tect ioneeven dpkewd tiicotiieatd R&ER By RfBr@iRssi Ng through the plasma confinenment

magnetic field. Mre specifically, the plasma confinenent magnetic field
shoul d have 1B oRdgg e ereateta nlasnana phsessgayds Dipuainaithahiber 02kootgHgas 0 9 MAR

204 15Q0: bly f bout 5 .abqut _1000 G;a , d
orof er Ao 50, BESGH B pb BTG R Eee 20 SR SRk cawer seiuet 306, amdia 380
i s di sjagedlcbaicfiad if prod@iceMRBNRLIHanBLLTBN Ph380:1A0 el LG8R8t

r;302 and
a second wall 382 is disposed between second nagnetic %%enen?csgﬁgpég]é and
pr ocesSUERSHPEelegoms priserttingidd the 38@mberycansipg elsemto cdltide @it Rld gas chanber

wall s d ond wal | 2 . represent, for_ exanple, a portion of

chﬂgck g’?‘i?““@‘%e féﬁég{ ESSER ?SFgglg‘é%ogngSB Anarzakion and pitigien oloh of chuck)

ar e f ordisetariot @ pRsARANR20BONR G i ' Lall esi stant to

a plasm 'envgi rglr?rrent. By way ofla%@rr%ﬁiel? EJ{E%Ie]e\IRg tf&é%%@%%égﬁ}egi()ﬁé}g KPew si

Si N, Qfaf taen prltectedtd these sBongelediricietis, loBoslectrdial fidleaw bEhitdEpdsidRly | 0

Furt her e .the di stance hetween the nmagnetic el enents and the process
Rl s gk

chanber® TS &S e Pag aed 108s pageativebyrchiaragd elestronhandwanivat i ¢

ener gyg@gﬁﬁﬂmﬁsgyeég}gaif@qﬂghﬁglﬁ%lng@?ts. That is, the closer the magnetic
c er,

el enents are to the process he greater the intensity of the
madthet i ¢ fi éPrbephodlasmel hav tideh forhied, protsgas ededigss indifle tHeen1sined A8 % be

| ar ge, Itacr1 er Hﬂgf?ﬁet fmay e needed to get the desired magnetic field.
Pref er aBIy - ISVRHE the supasrd thessubstralee Byakwief exangle, and ofithsunechanisohes. |t
shoul d Bgir i ary .according tq t specific
mat eri al uislbggﬁ%?t ﬂ\/\g rﬂést e Jr{amgenrg%u?%g%% g @%{csu\{%?n% ﬂ?%sé'%ﬁttr%tg gréaé'%&fﬁﬁﬂ%‘ T Wth
respect to the nmagnetic fields enployed, it is generally preferred to have
zero or near zero magnetic fields prpxinmate to the substrate. A magnetic
flux near the surface of the 20 substrate tends to adversely effect process
uniformty. Therefore, the nagnetic fields produced by plasma confi nenent
arrangenment are preferably configured to produce substantially zero
-magnetic fields above the substrate. In accordance.w th another aspect of
the present invention, a plurality of flux plates are provided to control
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30 strength of the magnetic field in the region of the substrate, and as a
result the magnetic el enents can be placed closer to the sp@ﬂ@g
Accordingly, a zero or near zero magnetic field proximte 0 @ﬂ"r ace of
the substrate may be achieved. 16 0 9 MAR 2Q4 Referring back to Fig. 4,

pl asma cqnd.i e Rionfio? I udes uralit f flux plates for
controll ?ng stray magne?ligg fi ei%g&l%ﬂﬁ%ﬁgﬁgrf%%%lhﬁ%hﬁu%ﬁ??yﬁﬁgfmﬂ%aﬁ pl ate
400 i s dispgriesdd.gcomtital gy sholearles) nthy tisicAl WS foandlaloRP tRAUHRREINsu Gt ner
magnet i clggcék:et 334,.i.e, side closest to the substrate. Inner flux plate
400 is preferSRCSPoRfinghy Sthanpofiraryleciinge 514 icpaveased, sensagndiagnestisratef | el ds
that t endow@dbehetibQEdE WnRNRESS - Lenabl y. lnner f1ux |
plate 400 includes a first con%olrllgzr}l&?ﬁ%ég&g@écgg%%ﬁe l%soﬁ%%’ﬁteeﬁflg%ﬁ? First
conponenPraRgssIng 1igr. efcbing ldgpahitaposeitbraholike.t he top surface of inner
magneti c buckelt 354a§?)dslhsecon _cog’&onent 404 is preferably disposed al ong

n

the inner periplier ARasn % aRplases copfipement arrRaesraens , whinker f | ux

pl at e 40Gndlsdagragiovtcrhabndiis B i 1B ' ig.ta .. bycket
354. More pref ear ably, a?grl;lnelr ??%33%%6 el{r}s}aén%{}?h’fl‘lg%g?g'c‘gsn?lg%tfoqﬁgth

i nner na@HEr Mmagpefedkleickebay? Fitd isnermamgtobatket 5tiarctconfigired toiRodisllinked
advant age_j.n_kediegtin he- netic fields towards the annular region. It
shoul d bg“déﬂﬁ‘récfg 145t Rkt 8 E0H03 plesma comfaning Baeaetici fid dd.cin agmeferipdt t he
firsto andnfbedinsht GOIReNEM i il BOLIIQns. 59,1 ong as
t hey substanti al It’g/]ﬂ revent t1 %ﬁ%&ﬁn%gﬁgﬁlcs p?elfgﬁtaggic}lﬁ%gnéé%er eer?g&ﬁ?“g’f\grrate
to the sitdls P88 an r:ﬁquw Inhigis inveneer, fheplasateis @raventea frohi eHtéraek dxBatistPort

conmponent be configured.as a single conponent or have greater than
t wo corrpgzg’?#g.tﬁg%foé?ﬁﬁ‘ﬁ@? 3%?115%81‘%%?“%?9“@@%%“STC\CLRO%S%@@H!‘J@@ % di sposed
cont i nuoHvwevay, dhduld®: UHEEThaPak! netic-bucket 352.t
redirect the magnetic fields iantﬁl(rf): a’?ﬁ?%ﬁ%@b@%ﬁ%}e%% ctonévngg}ﬁgP?tbc[ﬁggt o]
li mi ti ng vithén gleggeeesy chamiesr mayevary adcbidihgtd thy S%cﬁﬁc aéaﬁggmaa{ Slasma

Addi H onalrcl‘ .the outer flux plate restricts the possibility for external
magnet i c PPErtirHREIhs from affecting the design. Furthernore, outer flux
plate 406 is pgiaert [ | L0, 0 r netic bucket 352.
More preferably, o%tﬁerééf ?ﬁagﬁg‘?é’ﬂ gfgé{agg&?cancﬁtﬁr%ta@ga@gﬁWEPlaﬁP?tWequﬁ e
magpet i ¢ 3btiokthe s382 pldnor ittsheuld beRind€@8®0A $had hely @&y IRCH RO VERe Ml relyBRBRES: T O
the z5 inner, flux gl gte%. Cenerally, the flux plates are fornmed froma

mat eri al ‘¥178t2 BYHOL 0L BRisT maggetic bysket3 52 and @ntinner magseticlucketdddibiedn theel ds.

For examghge plaie. rmed fro materjal w.th.high
nmagnet i c pesr: Feabi ﬁt{d‘i’/&e%?& %?%H%g{%}r%%lcﬁ § glpfngtr?e dmaﬁ%ot)%azfseeﬁeﬁﬁ“ée 2%or ned
f r omtcol gonfmihgtheglessha. | n anot her enbodi nent, the flux plates are forned

fromiron. 30 vant ageously, the inner flux plate enables the second
magnetic el e TP ity Fate dlasmssenfiniagnagneib B eldA56 isirrdnged tocheeat i ng a

Pl s 23%‘%5% el Pl o MRS AE S Bl BT bR proms ot B o0 st 200

t he subswof sutetrated ItheTled iiner itEonbaaimeTBYud@IRE Brefaabll Iibegpal 1y,
by pl aci ng t he %geti c elements cif%seer }[10 %he gfjbgtm?]g?(ggpr%égg%%%ﬂe
exhaust ot W % by bddaches belovethasnistrale. Hdveoded, ibshoulitterstiabiiat that  t he
e e 4 SR e OS5 R RS o e

bet ween whtheydip roupfodaee @imdgheic RAAThARINSK] ! m sur f ace
of the substrate should be aglkoloat t he size E)Gfx&%tﬁe ?:S‘sﬂt%ﬁ‘rarggn t‘p%}%t(r)rents, or
about t h&XANBls; e Plasmageadinamenicippestusthay td disfosedighterkithe ibstisatsconfine

whi chevery,d aﬁHEl' f the magnets are small, the field |lines tend to
cl ose onrt}%é e nagr?efgm?liertrﬁ%mgﬁég} (ﬁ{fo e plasia to gsgesifie Fegion indhe ehamber.o cl ose

on the nexichignaiiforit9ideFuliRss, ' ' i 5
proxi mate fhe substrat et.Sl to By vvaymc.)e}? hgjaltﬁﬁr%{lég?dn;ﬁﬁg%d;ﬁ g@%ﬁgg%jel \r/\lgéelgrﬁ?%de
magnet s AhBeipgeaiipkioithe sybsiaterodimaytte dismsed infdther rpkshions suchheut ghadkewith
bet ween 0.about. 2 .inches. Al though Figs. 3 & 4 show the outer
magnet i c?%gg(}}etéﬂﬁeopl?[hec#‘?fggdrmg‘ﬁ%ﬁbétr@errents that only span a portion of
t he hei ght of Adenfresifss j o . y of
exanple, Fig. 7 shog\/s p%ﬁ@%%eggiq% l%@g%r%%ﬁ%ﬁy%g%ﬁ% | ar ger
outer 15 magnetic bucket 700. Larger outer nagnetic bucket includes a
plurality of |onger magnetic elenents 792, which span fromthe top of
process chanber 302 to beyond the bottom of process chanber 302. Larger
outer magnetic bucket 700 offers even nore advantages over the prior art.
That is, |longer nmagnetic elenments 702 are configured to force a substanti al
nunber of the plasma density gradients to concentrate near the chanber

wal | s away fromthe 20 substrate by producing a chanber wall magnetic field--
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this manner, uniformty is further enhanced as the pl asma\fﬁnsity radi ent
change across substrate- 312 is mnimzed. |In conbination Fﬂbﬁﬁ&
confining magnetic field 356, process uniformty is inproved to a much
greater degree in the inproved plasma processing systemthan is possible in
many pl patielepoonessatic, Ssda6ios VT SRAHMe ﬁ&n,siﬁ%&aées%%%g sfepsAdgangement
is described in greater detail in the co-penhdli ng patent application

entitl ﬂ?”ﬂqsw@%m@w@mmﬁmﬁshmmwmmmm SpEREF@Rime a
(Attorngy : P0122/ PO527 filed on. veréFFglate and incorporated
her ei n byrre¥ er e”czel%mis@%é ’Socgbt%lggﬁv‘%‘?r&fﬁ?ﬁ‘gmfwg i<t can e aphig¥edad.c.,

i nvent i the cefifeeasd theregoustha RRLRIRSc 3bPHRAI IR sk ?foc%stmte y way of
exappl e, the |2ventlon provi des a magnetic field that 1s contigured for

confining a pP T dijempscthp Seatires ofithe nyveptiombuant tipisadvanmpgrovestriprt 0 pass
t hr ough S I the magnetic field substantial] revents the

pl as mga ?rrt’(c)ﬁ%égrr%v(?%g ﬁkg%é(%t@ \%ﬂﬁ og B%ﬂmﬁgr%Fﬁl%Teﬁ?;@r g(ioe‘é{‘éh ﬁfepHIPr“émpr ocess
chanber conftnementgrearganichy in 4d26rdah@SWRh 630 aRRcCAMd ﬁleéegginwemforé pgeific

vol ume and.a specific |ocation inside the process ‘chanber n this manner,
a nore ’E?ﬁ?tl“ﬂ}eﬁr Plesmpgorfanesen awangemeni H¥dncmiésaiutasnagne s biidket 35Mand 0

d ¥ ing.. i.e. . the cent d the edge of th
Cubst 1 ooy Baptie Mk AAHT Rerf oo Sarmadtosh ook 8l gt . -
Fune her pavipherst dfeprpeass edmbarsent I AR AGRONRLYmPLRA §ES P 5Rgnet 1 € fiel d

i nsi de thF anber that is not disposed proxinmate e surface of the
subst r RIEICTRYY Gispasgy quisideef ghambeswilhe3 o fdowsendt sHoutdis: wised aaethefoutdre

substr at,e bl e. Advant ageously, there is no need for a plasm
screen, Wi cﬁ Ht%‘i&éfzﬁi@“ (ﬁﬁ%qsscg%%mg@?Fﬁ%‘?ﬁé&ré’ﬁiﬁeﬁﬁdﬁaﬁlﬁ%ﬁ}f rofshedlvEsberost  of
consunedsiwelparts, increases cleaning steps, and |0 reduces gas flow
conduct ance. Correspondingly, the present invention increases the

conduct ance GPrrespenBinglys inngr waghasic tawkettdtid iedispaed héthpr the @sspingy vf ndow i s
enkarg i spge as, f.ow, and.pressure, Furthernore, w thout

I 'os?ngeé:}gcr:\g ﬁ? %‘%H%e*%% gﬁ 1}5’%6%@%@‘1‘?161 5 oinrper magpstisucket 356 insraaliar thawer

pr essurtks diaanderusoutdrihd SEHOHIIRS: 3B diyty ; LGl Laas W
around the surface of tﬁ% substrate ﬁ?dé‘?gglﬁééeﬁgﬁ&ﬁwaﬁna%c %&%8%%% 15

pr oduc &4sppsae psiderpficbuek pibcEbsverat & shviiidéeveted thiiehipies AR dran | S
rel ati Vor L E ensive over the life of the plasm processing system Note
that al ‘oﬂl}% Wﬁg‘ﬁ&flﬁ%‘? 0281 BAhYIPIAcs( at vaHewHIerattons within the peoasagehamiberf | el d
pr oduceBly hay 98 EkdripieNthk Ynrth HRRGet f i L asna without . having to

i ntroduce a Iasnabscr een intg tﬁgo%&gké%@rﬁ?é&?pq%g@bn %dgiabqné%ffg’téﬂ?ﬂoy t he
pr 88 entdishosetabaye the omeelwi t h the pl asma 20 screen to increase plasma

confi nenent . Wa,[cgH e a‘ggl e, the magnetic field may be used as a first
means for conf H?rf%ot %S'él nBUSHTIABIREC buglkatd 53 inchusles pplurdlédty wf Sdstas a

second $ic bRMGRNM 4030k F ermpre,...if the ca XLty or
cost of t%e magrllnet desi g%g?rsragpgie‘?%?@fme&g&n "%’H%”&%Hﬁ?@{"gﬂb%’“%égo an be
af f or derocesp chambenidd. Praferablys firse atugnet HembRI860 Bred&iOK GHRARIZBoW {HB

anot her __aspect of the present invention. Referring to Figs. 8A & 8B, rather

t han bdlt¥ Sfytqifég‘W% amgersugh tag gishagiof g apspy e.ec.dh ob8) puintietvard a

hobger 6 & ' ial ch as Al upgi num Accordingly,
physi cﬁ Oﬁjlfgés) n%@fssc\r@élgfﬁ?% g&ri?lggzstk\%!étdﬁnlt%% FS%RS@ﬁéJH%taE?S Ul Wé“ ngi | e

mec hanicbetherss madwert the fieldlinds@odpansither, 5.1 88 hoARGr Bhah ehdd dfthe e ﬁ%t can be
hel d inl | ace l\éyith t hese nore robust hol ders. Materials which could be used
for thé& %T‘%‘Eﬁa yther st eHrsBUREBYE alemoenis 36(Sire apatiafly Gffsét dbonyiha geriphayiodl 808

can be i L rical. and therngl . contact usi an appropriate

vacuumtgggr%é:%é%sb{hgg% %l?ﬁlhgtﬁgt SPgeIng 2 Es‘?rﬁ?g"??d ﬁ?}Wﬁ‘éF roé?i%gtwéa%‘e Sma screen

802! 803leraetbascat itabbald He@ingirsiea tidi ehLhardst, - 9 MAR
o et e $ingiflay Py BedfRe o e, ty

2004 chuck_ 314 (in single or nmultiple chanbers). |

i n>UnuSREFDRSEEED of cedhdilasmaprodssingisssiem. screen, the design of the hol ders
can be nore b o form.very, repeatabl e el ectrical and thermal
connect i on t%ﬁeg%(\ﬁlskejélrg%%hé)é@a’ﬁ{?égss égfgnionﬂgrr'?’ﬁg'}?&ﬁ(?é"lf?ﬁ 35%&%‘%F‘§‘de%r -
exanpl eluabigpdfesccohppasndtioGidgh - | £ n be
desi gned w ?ﬁd)robust negs and fgﬁ?%a%gtd&@ngggg%gg?&*gwg%%%ﬁ%cﬁ?moﬁﬁnum
as conpared to SiC or Si. Another benefit is the rf return currents from
the bottom el ectrode (e.g., chuck 3143 can be controlled reliably by
providing a | ow i npedance path back to the rf ground in the rf match system
t hrough the holder. This results in reduced circulating through
guestionabl e ground return paths of the tool. An additional 1 o benefit is
that the screen material can be segnented into smaller nore cost
effectively manufactured sizes and attached via the holder. Also, this may
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have the inner surface of the reactor that faces the plasmag bl v
pure materials. Further, the aforenentioned plasma screen aﬂ?fﬁ@%zﬁ@
assenbly can be used in conjunction with the teachings set fourth above
with regards to Fig. 7. Referring to Fig 9, it is shown that the plasm
screen 85 3630kprecess chaubherad2u Mund like ¢hditstimngnBR41 806119860, sedumde 20 t he

d of t t gl ts 702. Th f tic.fields 70 def |
the pl achaeiBiEmEETRR il 0B Haud el igbem of e fiiigk by et Sfher "°
i pl emensf their 2usPsas 7R M5 6F SEFHIRASHEAARB D RGeS GebShPRARSASL -elﬁeﬁ%mt he

fringing field |lines 900 at the end of the magnet el enents 702 can read
t hr ough Paizlpatsshaionsabe peiphery ofitamdiwick §0d that spaciag 368 hapowided dbebisdni t y

of the p -1 he. pl cr.een an xt end bel gw 902. The hol es
'n 1 he SeRRTskeiGfBbal SEaREIRR. 3RHACH heiia PEyaophs B fant e ons
conduct asmeingansy vay ab@)r@ih?@d th@@ﬁ&ﬁiﬁc &s&g%rd}%%ﬁlﬁwma Egaceéﬁmséﬁ{.een can be
| ocated nmuch fiuther away fromthe fringing fields. wever, "this increases
the area of t Noreonerifbe ttal number ebfissmegrictih elemyenb3 @os praferably egual toahef i t

f t i ni h I I L
cart oo Dbl (RANSAd RLERINEITR: Fe Sl that SaRe il Bredcti 8 Brtss o
screen 3Basirfi8Bordiye BRoRd ARESRIHARNL Ih 6&%@?&?@%&%%& hinfBerirer e

t he fielg lines 906 l1e in the%fl ane of the plasma screen 802/803 rather
t han'®cut Hfshgrageetisselements jsahoyt 32.cdewevgarthe adwaltiuemter of magnaticctlathéiftsiperon i s

duced ' i t.will lacally inhibit the pl 20
05 War 2005 e PR her iR le R bifiedlsnien PR e e Br o i SYRB PR R 1 t he
pl asma sgéeedl, theindhbeP6f RasRsic thtcaRNELAL 3R %@ﬁc%lb%igﬂ&n%ﬂlﬁ%titﬁé}e@@é

been described in ternms of several preferred embodrnents, re are
al t er at | FFNE Peprsly plasivg venfining magueticdlckhtosefieetiedly tanfinenh plasntah dsdmpeoof

this 5 i tion, It |d al sq b ted.that there . | t i
ways of ToipREBt S Ple AR oo e Tap feins Pfswe CORLERE ARSE oKV BIRY on.
I't 115 thes £tR0R rdit@ABRINE Piadimi A&edsqb hAMNSHEd RS THATe vk %SfﬁTaﬁlﬁ md¥heGPr et ed

as including all Such alterations, pernutations, and edquivalents~-as fall
wi t hi n t Blémepisenaypilggradedthe demsiip enlucerhent peementhei lossentdeaypicdly higheSt dViR

2004 CLA| at i imed is: A plasnma processing apparatus for
pr ocessi %‘%é%a&%@ﬁiﬁdeﬁn?onpri sing: a substantially cylindrical process

B 0Ceasi N A T S by o i gl P AP RS ahORaER o,
magnet i cabgredevithithepmspofitho cortspérlinpeset @ibmygretic eiinkns D6Easd have

20  magnetization vectors that preferably point in the same direction. As is well known to those
skilled in the art; the magnetization vectors of the magnetic elements define the direction of
the poles (e.g., N/S). Further, the magnetization vectors of the first magnetic elements and

_the corresponding second magnetic elements preferably alternate their direction around the
axis of the process chamber (e.g., N/S, S/N, N/S, S/N, etc.)

25 Preferably but not necessarily, both the first magnetic elements and the second
magnetic elements are configured to be permanent magnets that are about the same size and
produce about the same magnetic flux. However, having the same size and magnetic flux is |
not a limitation, and in some configurations it may be desirable to have magnetic elements
with different magnetic fluxes and sizes. By way of example, a magnetic flux of about 50 to

30 about 1500 Gauss may be suitable for gehcrating a plasma confining magnetic field 369 that

1s sufficiently strong to inhibit the movement of the plasma. Some things that may effect the

amount of flux and size of magnets needed are the gas chemistries, power, plasma density,
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chanber, said outer magnetic bucket having a plurality of fﬂqﬂ@@ tic
el enments that are disposed radially and symretrically abou of
sai d process chanber, said plurality of 10 first nagnetic el enents being
configured to produce a first magnetic field; an inner magnetic bucket

di sposedtd. Riefteabdyithe PIrRASES nidpasE afe ﬁﬂﬁe@ﬁ&ﬁ%@ﬁ@kk@ﬁf &K/erhﬁngﬁénh&eﬁf’al | er

than the di aneter, of said outer nagnetic bucket, sai ner gnet1 ¢ bucket
havi ng 29805t Rpteripl 6 exampisdonreignoed froel Mdlah or $tEb famidiediof prgedtia adi al | y

and sy Faa axi f.said pr.ocess chanber, said plurality of
second mrﬁ%%ﬂé@l %:d %ng‘p%lrreh%?‘sb ebse?‘%ﬁ‘cc"o?ff‘%e&m%ﬁf“% E%Pd’fﬂf &<l second magnetic
field, said plliswghpemidnesimiincarfreaapHpat fd?%?&n&?é?mg QY ;ﬁ%rﬁ&&fﬁﬁeﬁ%h

firsst magnetic field and said second magnetic field t0 produce a plasna
_confl nefEATEHRHRet 15@lso Rosgblsde ieplemsai the plasava confinanent abangsrteransingai d

I nner NMeERebS -k r 19 b roduc s.fromsaid processing to
pass through WA | 6 @tﬁ%tgé}gérﬁn leql%& ?ben iv%‘tﬁ%e %Ita‘iog%f}p%rfgé 3ROPRGIARFREHS K une
def i ned sathdtbatir dogcesaeahtpligy 88 bbkkyaa, PGRE AroRTARES Torf1g ey and sai d
pl asma conf i. nt magnetic field. 2. The plasma processing apparatus as

i.ne .
recited CPWP!!F%I? e EAbILY 96 the syptemf andghetefare Blightagpnbe pracficatl d combi nes

i t h ti inSal d tic field, .said i nation 25 ,
b oduci hg. sai ol 2enar B RerEFRAEM ARt 15Ga sanbmpd harodivm 4 Aisven:

magitet i endgheticifitld 370 gna seoagd alaphetid dbmest B66 Qéefboﬁﬁgﬁ%a y gr&dﬁc& g«‘%égﬂa sai d
pl asma from‘ga S| ng through said plasma confinenent magnetic freld. 3.. The
pl asna PrAGRELSHElY 343 p Rreferably aaporsion v first magheia1fidld B8 oetriamai ghritpmsfa 30

confi neeht, -1 & qfi-ehdy . Which.Ls. produced said first magnetic field
and said sadon grr{é%ﬁééltd i?@b‘f %qra?p%éicaggmlﬁﬁapﬁ'&gfa%‘i lipes ofithe magnstic r ange
of “aboutlearhisdre vdnfifirddtodBAbinel ARG tﬁﬁﬂﬁ@lfesé\lﬁgg 28 %ﬁ&%ﬁhél annUl é%l g

processi.ng apparatus as recited in claim el n sal p'l asra  Confi Retrent
ar r angeifREasede s uither. gheomagretis etemamés are pifedablymoafipamtieo tondcbefigdiiace of

sai d su ' ubstr.ate i s dj d within said process chanber
for gsai g?% Pg%\%gévlﬁﬁfé! gr%n%ds magnetic eﬁementsdj&)?ggg. Both field compone%ts 370,372 and

pulling across of connecting field lines 376 produce the desired plasma confining magnetic

field 369. The magnetic fields 370, 372 are pulled across the annular gap or exhaust port
between chamber wall 303 and chuck 314 to provide a sufficient plmﬁa confining magnetic
field 369 that covers the annular gap. Although, it has been shown to cover the area between
- 20 the chuck and the chamber walls, it should be understood that placement of the plasma
confining field may vary, for example, the field could be used to exclude the plasma from any
predetermined region of the process chamber. ,
For tbe most part, the strength of the magnetic flux of the magnetic elements has to be

high in order to have significant field strength away from the magnets and to effect the

25 connected field topology shown. If too low of a magnetic flux is chosen, regions of low field
in the plasma confining magnetic field will be larger, and therefore the plasmé confining
magnetic field may not be as effective at inhibiting the plasma. Thus, it is preferable to
ma?ximize the overlap of the magnetic fields, and connecting fields to minimize the low field
regions. Preferably, the combined first and second magnetic fields or plasma confinement

30  magnetic field have a magnetic combined field strength effective to prevent the plasma from
passing through the plasma confinement magnetic field. More specifically, the plasma

confinement magnetic field should have a magnetic flux in the range of about 15 to about
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5. The plasma processing apparatus as recited in claim1 wherei |,d first
magnetic el enents are spatially offset along the axis of sﬁgj ﬂﬂr}bm '
chanber, and wherein said second magnetic el enents are spatially offset
along the axis of said process chanber. 0 6. The plasma processing

appar at L&)%auﬁ,@rb%ﬂlﬁﬁ@hﬁdﬂ%hﬂsmhﬂldeeG;hBE,%d%H}JQ?fefa%bl Iff st agRgneti c
el ements _of said plurality of first magnetic elenents is equal to the total
nurmber B0 @ SHHSCﬁ%EWi c elenents of said plurality of second magnetic

el ement s suc,t; 1 d £irst netic el enents has cor,respondi ng
second rragne??%lbg?yé%eqﬁg‘%tl?@. S ARPORIdRS C%%EQ?EW cﬁm%@@é recited
in cl ai progesaivharmber 3(2eandussesomaf walaB gk fsidi?bsénam%érpsee&mag&ﬁ%re?eﬁeﬁksa' ly

i ng second nagnetic elenents. 8.

al i ned:g ith the cusps, of said correg&on
The’pl a %‘ﬁﬁ&%@éi" grbgsLadinst wall 38 mag denresent, fomaxamplee chrmber fvells 303,
magnet | Zafdefdhd ' Lrst.magnetic ele oi.nt, .in the sanme
radi al di rgc‘ét;][i1 o%agggggl{% rg 14 $e21 ggﬁé?aﬁfl%gg)gﬁt&oﬁgcﬁ&&%giil %«?ﬁ%@y, e The

pl asma weiboess) cguippanitang parionaFichedk) aft BhAtdTH8mMIeindetdie it e iAn of
t he magnetj zati on vectors of said first magnetic el enents alternate around

the axi® SUpstutjally srasando aplasmapaironment. Fyeway efswampte dwswallsgnaphar at us as

recit edg) ' I 8i | LIy St net.j c. el,enent s, and I d.,.second
ragnet | & o SO S S, Qe bl 2, BB R BT e e wpd Bredid g
appér at us asFurtixirtrotk, itife dik@ahes Betwber e magattd DbBSIRakPteiphiEsNihAldepNge MENt

further ,i nﬁ[ udes .a.plurality of flux plates, said flux plates being

conf i guitelld by minimizad 18 ordsy tomake betier e piibe pragueticehety madubeflibyshe magnet i ¢
el ement g, 30434 . I VAR 200 second netic elements. 12. The plasm
processi %g agggérg?&ué ggp}sé%'%@égﬁ %‘cﬁagp%\mléllg S 8o 4bg ?foﬁ‘i’sér"é?m‘é’?fvg‘? flux

pl at es gmattuthesniandity oftthé agn@loaiad gicinesediteianhd fréess Icna,ﬁlf,&y qplgltehe out er

peri phe{%mgf said outer magnetic bucket, said first flux plate being

pr oxi metitanee s dargesq lasger magnetney b vaeded to. get the disieedhinagurgicyifebt eRrsfanaply,

a r at cJ| | I rei,n_said rglity . of fl | at e

har dene dRfntcB s battieb a1 apd B8R 1 indRy 1 RhivE b whefrsion o et °°
magnet i distancianty vagi adcerdiipng thd speciflchfelubd 5ARELDME 8thoheid 88k bngal d

stra netic fields in a direction .
y n;%g process chamber, ‘

With respect to the magnetic fields employed, it is generally preferred to have zero or
near zero magnetic fields proximate to the substrate. A magnetic flux near the surface of the
20  substrate tends to adversely effect process uniformity. Therefore, the magnetic fields
produced by plasma confinement arrangement are preferably configured to produce
substantially zero magnetic fields above the substrate.
In accordance with another aspect of the present invention, a plurality of flux plates
are provided to control stray magnetic fields produced by the first and second magnetic
25 elements of the plasma confinement arrangement. The flux plates are configured to short
circuit the magnetic field in areas that a magnetic field i;'s not desired, for example, the
magnetic field that typically bulges out on the non-used side of the magnetic elements.
Further, the flux plates redirect some of the magnetic field and therefore a more intense
magnetic field may be directed in the desired area. Preferably, the flux plates minimize the
30 strength of the magnetic field in the region of the substrate, and as a result the magnetic
elements can be placed closer to the substrate. Accordingly, a zero or near zero magnetic

field proximate to the surface of the substrate may be achieved.
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10 away from said substrate when said substrate is di sposeﬂ V\mi mai d
process chanber during processing. 14. The plasma processi & akEt’us as
recited in claim 13 wherein said second flux plate is disposed continuously
around the inner and top periphery of said inner nagnetic bucket, 1 S said
second fl ux REfbendwd | | co {.| | ement . The
pl asma processi ng é;g%dgrqgﬁés?)&égﬁ%g%ikt ed | nng Al gTWéP@Pﬁessagqﬁaméfyu‘%él ity
of f1 uxilt Bleies forr eorfugtlingstfay omgacticefields. aln die\dmtgdivheh, AEgRGI plate 400

per neabi.l & 6. The pla .processi ng apparatus as recited in claiml
5 wher gugrﬁll“i’é?eéiz %“ﬁrg‘é?‘i‘%_%m%fm? gt orgpaipbery Rl dnaer srageeicbucket 36d. st eel .
17. Thel.ol sisemlonisonsiss saestARD it thodlat 460 I&elcuty Alfioda [4H1BAL

CONR{)I S|Qg: a plasma screen arrangenent disp S6d 1 msi de ssal process
- charberTtIdeF gy magactniiclds thantend tabydinendd onetdsdubgrat: PI2APrAEeEslyERAcANd a

'pI asma FIHR i | asma een support being attached to said
proces sﬁ%f]gﬁn%er, g‘g{u esp%ilgsgrﬁgr%?rifé‘ﬁi@%?"ffga ffﬁﬂ’g‘gﬁomb?@ﬁ 4| Hisheomponsah

© suppor t4021i8 prefevablyl dispoRed IS S 10 Swﬂér@ti%ﬁéﬂgﬁﬁgd bRfed 34GhLG M L Wherein
said plasma processin 30b2§parat us further 1 nclfudes a substantially

cyl i ndrioEHtonRi 4§ partersblyedisposed aleng the inmergreripleery phmyr mbgritic Gucket

subst anj4.al | ndy | rocess, .chanbey, said substantially cylindrical
housi ngrﬁ jﬁév}?‘%tggéﬁb%u{ﬂgglagﬁﬁgfee@%ﬂﬁBfer%)rg{’lé’ rﬁ%ﬂoé‘?d RIRBYNEEH 0 IRpImMagngHet er of

saild . s ubsketriidalNyreXfrefe YRR haer:i, 6 r._sai.d
substantially c Ijrﬁ? i cal %ousf%@%’éﬁ?@%ﬁﬁ’?@mﬁiﬁ%ﬁ%@%W%fa%smhc
subst a L1‘%"‘] iﬂc iSfarangemenfrtowisds gaindhbmost wlxintagainaedipRthpiRmiagktisai d
subst angd) {036\/39&/5{&19 rilﬁalregrocess chanber and an outer periphery of said
substantial 'y cylindric t8si ng defining an annul ar gap t her ebet ween,

sai d annul arlt giequld ®k REdEdiRSH Ak | | i Ly 5. ic.~19. The
pl asma processi ng appar at us ggﬁtpxe%%%%{%%ﬂ‘%dﬁ%g{g&%lﬁltaﬁ]@%’%ﬁééﬁ%ﬁlﬁﬂ rate

i s di srf&%‘é?ﬂj HeRaacswi rdaysbbhdispored al dthercpdsitivas ise dnghaukdy@ibstdfial) prdegt P! asma
p.“?§es%i§£%n?z}%8 igég@ggs rfm ted in claim19 wherein said inner bucket is

di spose: Won sard: SUSs ERTEIPYiale 1 8E sebtraico Jawthegr, trtinnerboplate is

pr oces Siod findRAas 8l To | b ' erein said plasma confi nenent
magnetic field is di s%%ggﬁtﬁ%ei owh%g(?l(:j subs réagft}leJlrl Ieeﬁorgg?lﬁg ?lrgtlatvfn'ﬁfeé“qrs

di sposdBanBvapampenents. d process chanber for said processing. 22. The pl asna

processi ng paratus as recited in claim?2l wherein said substantially
cylindrical alﬁoaﬁ‘gﬁﬁﬁ e?’gB?"é%félﬁt% oyteg flyxplate ABG isadisnosed enntingpuilngrotdthe

subst r ajueer@eripRey RIFQARS Bhdddetic bucket 352 to redirect the magnetic fields into the chamber

20 where they contribute to limiting the plasma volume, i.e., efficient use of the magnets.

Additionally, the outer flux plate restricts the possibility for external magnetic perturbations
from affecting the design. Furthermore, outer flux plate 406 is preferably disposed proximate
to'outer magnetic_: bucket 352. More preferably, outer flux plate 406 is in intimate contact
with inner magnetic bucket 352 (for the same reasons as recited above with respect to the

25" inner flux plate).

Generally, the flux plates are formed from a material that can absorb (e.g., short
circuit) the stray magnetic fields. For example, the flux plates may be formed from a material
with high magnetic permeability (). In one embodiment, the flux plates are formed from
cold rolled steel. In another embodiment, the flux plates are formed from iron.

30 Advantageously, the inner flux plate enables the second magnetic elements 1o be
placed closer to the substrate without creating a magnetic field near the surface of the

substrate. In this manner, the plasma confinement magnetic field may be disposed closer to
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20 23. The plasma processing apparatus as recited in claim 1%&%@5
conprising: a plasma screen arrangenent di sposed inside said b4

chanber, said plasma screen arrangenent including a plasna screen and a
pl asma screen support, said plasm screen support being attached to said

housi ng, aistbsplatesarel tharefoea theglagahnndacnbe ®afited A dal@aaRy, B RIS tHPOr t .
24. A method f.or cont ral | ing the volunme of a plasma while processing a

subst r at dRREPHC Sleiatscleses i the splstiate mors|of shreexbiaws ped angyrhsceyeredc onpr i si ng:
e o - g et e - ;
o Oh e forat 900 nelols, nCHRROTRRABA bl B’ i Bl Rlg e REY o

bei ng spawheh hodynel moagnetic kst b goed dfstanad gvHUlperh ki Q1bSQat8S Irt Bicka &ishi Ze
t he e;f-ect%_ls 01; sai&d fi rsltEa mul ti-cusp magnetic field proximate the top
surface ofcSEARCE bhYeen {he top sudirei of dheinBadpmce braketanshahgttemisur et

i nsi de safhd sitBaRSshoa MRS uhE B; | | ene I.d_second
mufti-cusp rsmgnet i cof Il eld Sé‘wﬁﬁég.‘égé’gg%qg\%ay rgg%rg%’gs’sﬂg apé%t @%F’FS@ f said
subst r at eSpgeingdctveeenithe fiist mapheiceldmatts vaficteadrds Sagidrd INGE hapB S Rrd@AMEL i C

field protgﬁi .the t urface of said substrate; 25 09 MAR 2004

conbi ni ng S?ﬁﬁ‘ l‘f‘?‘??‘?“‘ﬁﬁﬁf‘ﬁ?@&%ﬁ magprtt Hdhe snerige aywmalhitee fielidines tend te elosnd
magneti ¢ én @kGek Ui I ' I el d _het wee aid first
magnetic el eneﬁt?ngglx%@sgfeéﬁlgfeg%ﬁ’(}h éngglrﬁire{ﬁg g?egelhglﬁé{r?fc é‘?gc g(r?l)flpr?l °n‘§‘e§§‘i’sérab?- asma

wi t hilth a Bywayef dedrmpledhatiistanas betbigemtheandgnen and traubstRi€GASHub thAREr and
sai d resuﬂt anI}1 magnetj.c field. 25. A plaspma confinenent arrangenent for
control | i ng* ofidebedretyeen abopbl {gatiost pimshesssi ng a substrate inside a

hanb | ;8 [l i d hanb
process cha eAhHéﬁé}ﬁ;]%S'gn%%%OWH@wgggé{e%g?%ﬁ?keigo: e ! g%?%%%tg%?alFlﬁ%h@nt 10 ~

havi ng an active regio a non-a
ar r angenefhet giyppansd pgtion of thedkighegibt pfockssakainbiravidids aofd #igairkh¥nofBy i 1 st

magneti c €l enents, s%l,d first magnetic el enments being configured for
pr oduci ngVAAGHERFWIE:i é$-5§h°ﬁ§ip@é“@éifwe§$1@&@§§ﬂcm1gthmtharler$pamed away

[ ng"fagr i BrBL B! et hatharler
Chantor § metetlo bALR 6L el R BALALE vl LR RERE R ol BRI Se Fgee PR ()
of secondelemgue7D?, whieWepirsfrom ahdop et GREeTRANAIIE36) RIRAbS BRI RoRPSf | UT ed

for producin gnetic fields inside said process chanbér that are spaced
away frorP™857a CRapRe e haraer asgranagnphe busket 709 affespocadnonesidvantagasdver

the prior art. That is, longer magnetic elements 702 are configured to force a substantial
number of the plasma density gradients to concentrate near the chamber walls away from the
20 substrate by producing a chamber wall maguetic field 704 proximate to chamber wall 303, In
this manner, uniformity is further enhanced as the plasma density gradient change across
substrate 312 is minimized. In combination with plasma confining magnetic field 356,
process uniformity is improved to a much greater degree in the improved plasma processing
System than is possible in many plasma processing systems. An example of such a bucket
25 arrangement is described in greater detail in the co-pending patent application entitled,
“IMPROVED PLASMA PROCESSING SYSTEMS AND METHODS THEREFOR”™,
(Attomey Docket No.: LAM1P0122/P0527), filed on even date and incorporated herein by
reference.
As can be seen from the foregoing, the present invention offers numerous advantages
30 over the prior art. By way of example, the invention provides a magnetic field that is
configured for confining a plasma, while permitting by-product gas from processing to pass

through. Correspondingly, the magnetic field substantially prevents the plasma from moving
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process chanber for processing, said magnetic fields being configured to
concentrate said plasma to said active region of said pro #MARN er, and
to force said plasma away fromsaid 20 non-active region of said process
chanber. 26. A plasma processing apparatus for processing a substrate with

a pl asnip naoagivesireay of the[roaas shaatbenfore AR %,&he PREAG the ba E&RRARIENT
havi ng %&)I urgtl i‘%fé of first magnetjc elenents, ich are configured to
produce & TRFHC YHEME AP 2 Fpesifys loggtiondnside the presgsrechiambeer.oln thisonammsr of

adj acentnopn8sif&in sRLHa R |- d : Ik St jc.elenents alternate in
di rection around ?he f'ztxli‘:ﬂsélhgf‘é é%?lgédﬁ%l?:%sas?rggﬁglﬁggpés %’rpdo‘i%ce meg 5004 a

second REgAwtNg i-a+ thenyeveatd theeidggofahpiubsahic hitviah sEBGANRIFREN §nCeteh eNent s,
whi gh aLe Sﬁ)rnﬁi& ed 1r:‘g?hproduc'gl a second magnetic field, wherein the
..magnet i Zat | on Xec CHUPEcOR Preser dnHtign pdvastageansly prasiucesscmagnatizgnet i ¢

el enent Sejdl ih€8& &ecHamhbeh 4. . ' f i rocess, chanber, 5
wherein said first naggfeﬂhig{é&:‘n?gq%hg%ggl tggdc%ﬁgu%%n%tﬁ%scq%ﬁ'&' Yluce a
resul t afsuksdlnpracessingtanditoes wethe seicd of tHesubsmga e iBoraskpigenent and sai d
. that substantially confines said plasma to a

second nagnetbjd(‘:, rr aglg@n%gt , ] S .

first side of “S& ASTREY SRS RA Rt foe 2 plasmg scregn, avhicintipicatldnereases nement

ar T AngepRitll RiadiBkASHTh IS5 NSoRRARER M, MR 452531 11
Str €

apparatus being configured to process a su € 1 nSi T8 chanber

wi th a pdueesegas fleav eandacigecre iorespmidinely) the presong itichtoRincAngey®at di sposed
I nsi de Ecﬁ’{dﬂc{%éoceﬁ a{(;l_g?anber ﬁ@d configured for producing a magnetic field
sufficiently ery9d ‘8’ “Etht Mhelcstddhpriasntieiprageatng wintloyy owdagad ichanber ;

and a * banp Bheieg sl A0SR HaShAe FaAAnBLOGRRR ENSIRSENAId, S foundi ng o

portion of said nagnetic arrangenent, sali figured for
bl ocki nBrosessingetybtenrisiaigwed posgerannatdbwespressiRanaid sefshller piaps.i s formed at

sai d pott,i.on said magnetic_arrangenment that is surrounded by said fl ux
ol ate. BbSnally, 3 ol ens Boy pen fasuains oothasabiaty is irekwed,onkich

mul fsi - CASPraRRg ' | ' elhaw sai d.pl ane defined by said top
surface of sai gﬁidgggiérgﬂf Eek. ﬁ@%’?&%g%&%aﬁaodﬁ%eoygcP{%éﬁeﬁeﬁg’d‘lvﬁﬂ‘ﬁnzﬁ wher ei n
sai d firebativell inexpusive vrenit lice ofithd plagndlpResiphysRaend mul ti-cusp magnetic
field are prgoduced bstantial ly paral I_eF to a top surface of said

subst rat e.  300WHat HoHgaThesreteny wabgdimentziontezaplalios that thesmaghetii field

T ASSTRR L) 4000 A TR RSB 5.8
screen into_ the chamber, it is possible to employ the present invention along with the plasma
-20 screen to increase plasma confinement. By way of example, the magnetic field may be used
as a first means for confining the plasma and the plasma screen may be used as a second
means for confining the plasma.
Furthermore, if the complexity or cost of the magnet design is prohibitive and the
conductance loss can be afforded, an improved plasma screen can be made in accordance
25 with another aspect of the present invention. Referring to Figs. 8A & 8B, rather than bolting
the plasma screen 802/803 directly, it can be bonded 10 a holder 804/806 of appropriate
material such as Aluminum. Accordingly, physical plasma screen materials with low erosion
rates and more fragile mechanical strength (i.c. low tensile stress and high brittleness) can be
held in place with these more robust holders. Materials which could be used for the plasma
30 screen 802/803 include Si and SiC. A bonding material 808 can be made with good electrical
and thermal contact using an appropriate vacuum compatible material (e.g., adhesive).

Furthermore, the plasma screen 802/803 can be attached to either the chamber wall 303 or the
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30 elimnate the effects of the nmagnetic fields directly ab V£®@&§ p
surface of said substrate.. 27 09 MAR 2004 31. The plasma @r 2&@
apparatus as recited in claim26 wherein individual ones of said plurality
of said first magnetic elements correspond to individual ones of said

pl ur al i tchudf 3 Geinisisgle@ndhuidgieehambakement s. 5 32. The pl asma processing
apparatus as.recit.ed ip claim 31 wherein correspondi ng individual ones of
said first and a@ HomeP t wvswal materigl gheige af thy plasmgrrereen.dhel desian eff n

t he Mgl haladrs O HERIA AitbicG0E DAYt bt iR ho PR AN ATcaR AL 1 ST

and second nmagnetic el enents are orie e Sane direction.

pl asma [E\soeReAtable systram perfionasce o rdassbmbly. CFa axaRplobempieR shaied inlntiad i ty
of fg' rst naasgeetié: e]llt.emants are | ocgated outside of said process chanber and
wher'ei n TSATHE R AT BPTRS SREcss o eaﬁﬁgfé’fji"é?ﬂbl_oéﬁﬁﬁf% agd Eatrisated epre Aettde sai d
pr ocess celamey in Athmithie R EbARIRATISICAS: S AdAlr Gl MAP S SHA A"

| east alﬁgtlon of said magnetic 15 tields are conti gurec‘f 0 conbi'ne"so as
to prod therhotiom elentradedeet, ichudki H4) clebevemnrodiad eelfablysy pragiditg clobucket
and sai d_second netic,bucket, said resultant magnetic field being

conf i gugggg&?agcgg%@ ?aﬁkﬁ'ﬂ?fe 5’5@8?“‘65%&? ieh systerp Seugh thg holdep o Thisgesulisgh
whi | e syhsddaBéd &lduy: Y i m? WMl def.i | east
by said resultant nﬁﬂ%}%&ﬁ(}?@?ﬁgﬁbﬂ%‘%ég& \keéet{lg{ré]%%gaeﬁhe% gsﬁ%ggl&‘tﬁg etili n

cl aitn 2engfiriethat theisdrekn muerinh gmebé segelcaradintg sandlepinoteast effediieelyi on of

sai d second netic el enents are di sposed bel ow a_pl ane_defined by a top
sur f ace %@"gﬁ%egﬂﬁgﬁmaémﬁn@da’é‘a tﬂ”t‘?dlb’i%u &dsas thig may s depeliialdf spstiped ofithe ai d
pl ane dejfiis i i '%ﬂgﬁit . angenent
as reci ?%d ﬁ?%cg?ég?% %gﬁﬁﬁetr%gfl acr);?ﬁlclﬁcﬁ(Pi %P%S%%l es %@5@51}%&&&8?%%{}? 13?83{)1? “said
first nefgpattheprsatemeationall@spmoet flexibilit ini plarhg MRSrOmakahscidans gty of
said se d gnetic. el enents, wherein correspondi ng individual ones of
said fi ?33{3 oaﬁg E’Seﬁﬂ%’dm & bolteg divestlyds updesabla begausg phyrssumanigstityer ei n

t he g } } 3 I Lndi vi . ones of said first
and DeC ol R bR RNch Chobfls HORP AR il Rire B oS ot 58 17 e

ar r angerent thesnnecitfect dfithe taabior Bt Wees gieplsaiabadnita) ptue Mitefials st magnetic
el enents are |ocated outside of said process chanber and wherein said
plurality of &’é@éhéh%f@mqnéwé%ﬂeﬁng serpen anddwidat apsemibdiecadbessd dtess

chanber . : -38. rrangenent as recit in claim?25. .
further cioﬁﬁ?ﬁ%‘?ﬁ%ﬁﬁggélﬁ%yseo&w&% g‘p’)‘?gfr% '?ga’s'%i q eP%Ji d%?%?%%ﬁg}%g itis
conf i gurshdwh tha divet pladms sdreern$PMEH3 canfeghimtdt @EWE8E hBldeeNB0PE0ORtE N afvesai d
first m net‘Ja‘gﬂgl enents and sai d second nagnetic elenents. 5 39. The

ar r hgerdBhn e Eegast slementa 9. JEheussrafimagsalicifighds 784 ta defuke the plesmamgnet i ¢

el ement sm?‘;}ge ' I ' f. secand magnetic, el epents . are dis round
an axis o salélghgp%c‘g{é@ %:al&llée %etP 2 dﬁg:u\l/\% Pﬁm_gle?frbe _ P%?QMSW Sﬁ’fef’g@%g?
nmagnet i asetferreditseatli€r. POsiHowWaN 8} EihSmE fiel PlisaI0d0axX iR Al oF MmPERE ERthents
chanber than said ‘%Iéurallty of first magnetic elenents. 10 40. The plasm

processi 1 appuead Wsouah 3 wesenguouniedtioay i 2amhee?Qd. (Thiscah ¢hancetharbilins

confi gur redirect said rti f i d etic,fieldina °
di rection aﬁ?%ggﬁ%?téﬁ%%m? &'E° e"éﬁ%g’ei%?ﬁ#'a}rggﬁ&eﬁ?‘%%8?@86‘? 8 de

sai ds pr deaasdeciribgioufRio PreQ6aIBisMbwekbr, sé8 cBhAFMcP 106 858 IREPPRAIRAUS as
recited in claim?27 further including a substrate 15 hol der di sposed | nside

sai d pr oebanatyelnbeplassw screubennrbetlecdted nech fimthiengway frumf the éringing fields.

However, this increases the area of the chamber in some cases which may be counter to the

benefit conferred by the magnet arrangement defining the plasma volume.
In a particularly advantageous embodiment of the present invention, the plasma screen
30 802/803 may be placed higher in the magnet configuration where the field lines 906 lie in the
plane of the plasma screen 802/803 rather than cutting across it. In this configuration the

cross field diffusion is reduced and the magnetic confinement will locally inhibit the plasma
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configured to receive said substrate during said processing. 42. The plasna
processi ng apparatus as - recited in claim4l wherein said nﬁ@wﬂﬂﬁ:gﬁq@,
arrangenent and said flux plate are positioned within the outer p phery
of said, substrate 20 holder. 43. The plasma processing apparatus as recited
in cl affiffusnihwoueh thessragnt [Tinis quiables lirgerdiofqads @itk HRIntE QR cHBERRELC
arrangﬁ{g%hd%% aid surface of said substrate holder so as to bl ock and
redirect said portion of said magnetic field in a direction away from said
substrate 23VilethiSiveEntifists b3 i ' rface,of. said
substrate hol der. 44. The pl ?gérlgdépsr%gggggtﬁlglgsa%%ﬁ%%ﬁ%rggége?%ﬁb%ﬁlﬁnﬁs’cI ai m
27 f ur {FET P ALSraHPRsg PermyBetions, arsloryeivatenay which datenithth thpecd ofwisi de sai d
pr gces r fiqur r _producing a second magnetic field
ST oS Bl N Mt el BovF e olSpie o hpmoewsinadiber ; 3o
and a setwdsafd wpopltadet oditRnneed: BHERIcie 12Nl AHAIRRAIRINGE it
surroundi n portion of said second magnetic arrangenent, sai seténd f1 ux
pl at e weﬁge@mﬁm@rm@tedwmwgg alh ducheatieratiohs, T@nautationd, and of sai d
second i [ . t.is for at said porti.on of said second
magnet? arra%gse%helﬁ%ﬁ?ﬁgﬁe free Wﬁ%ﬂ*&gﬂﬂ %ﬁhgﬁpede%téﬁwoﬂ-l ux plate. 35 29
09 MAR 2004 45. The plasma processing apparatus as recited in claim44
wherein said flux plate is configured to block or redirect said portion of
said nmagnetic field in a direction towards said second nagnetic -
arrangenment, and wherein said second flux plate is configured to bl ock or
redirect said portion of said second nagnetic field in a direction towards
said first magnetic 5 arrangenment. 46. The plasna processi ng apparatus as
recited in claim44 wherein said magnetic arrangenent includes a plurality
of magnetic el enents di sposed around an axis of said process chanber, and
wherein said second nagnetic arrangenent includes a plurality of second 10
magneti c el enents di sposed around an axis of said process chanber. 47. The
pl asma processing apparatus as recited in claim46 wherein said flux plate
i s disposed continuously around the inner periphery and top of said

magneti c arrangenent, and wherein said second flux plate is disposed
continuously around the outer periphery of said 15 second nagnetic
arrangenment. 30 .A# ,.A). A@QAQ A&, . A A '

CAcl A< A) . A&?. An#l . A&\ . AnY. Al Y\ . A&8Bvy. A&\ . AFv. Ay. AQ A A

\ . A@ry. AY. Al . AL A A Al AL VhJcIwA g% |

9zupkfa\ Wca] ca] ca] c"a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]ca]ca] cal]c”talcha]c"a]c"al Z#}
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2. he plasma processing apparatus as recited in claim 1 wherein a portion of said first

magnetic field combines with a portion of said second magnetic field, said combination
25 . producing said plasma confinement magnetic field, said plasma confinement magnetic field

having a magnetic field strength effective to prevent said plasma from passing through said

plasma confinement magnetic field.

3. "The plasma processing apparatus as recited in ciaim 1 wherein said plasma
30 confinement magnetic field, which is praduced by said first magnetic field and said second

magnetic field, has a combined magnetic flux in the range of about and about 50 to about
1000 Gauss.
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103?;&' ()- 80? ?9 dEoP1j 10969%0%& ()-, 2! 10%<& ()-] 0 10%&' ()-
c9- #1009 ‘P)’*gr!F%fG‘j éiﬁﬁp Jality) of: st magnetic elementstis equal to the total

P#10% \rfaniber bf &ég%ﬁgnéﬁc dethert 98t da$ }gﬂlra\ﬁw of second magnetic elements such that

each of said first magnetic elements has a corresponding second magnetic element.

15 7.' The plasma processing apparatus as recited in claim 6 wherein the cusps of said first

magnet1c elements are axially aligned with the cusps of said corresponding second magnetic

elements.

8. The plasma processing apparatus as recited in claim 7 wherein the magnetization
20 vectors of said first magnetic elements point in the same radial direction as said

corresponding second magnetic elements.

9. The plasma processing apparatus as recited in claim 8 wherein the direction of the

magnetization vectors of said first magnetic clements alternate around the axis of said process

25 chamber.

10.  The plasma processing apparatus as recited in claim 1 wherein said first magnetic

elements and said second magnetic elements are permanent magnets.

30 11. The plasma processing apparatus as recited in claim 1 wherein said plasma
confinement arrangement further includes a plurality of flux plates, said flux plates being

configured to control stray magnetic fields produced by said first magnetic elements and said
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15.  The plasma processing apparatus as recited in claim 11 wherein said plurality of flux

plates are formed from a material having high magnetic permeability.

20 16.  The plasma processing apparatus as recited in ¢laim 15 wherein said plurality of flux

plates are formed from cold rolled steel.

17. The plasma processing apparatus as recited in claim 1 further comprising:
a plasma screen arrangement disposed inside said process chamber, said plasma
25 screen arrangemeﬁt including a plasma screen and a plasma screen support, said plasma

screen support being attached to said process chamber, said plasma screen being bonded to

said plasma screen support.

18.  The plasma processing apparatus as recited in claim 1 wherein said plasma processing
30 apparatus further includes a substantjally cylindrical housing disposed inside the inner
periphery of said substantially cylindrical process chamber, said substantially cylindrical

housing having an outer diameter that is smaller than an inner diameter of said substantially
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21. The plasma processing apparatus as recited in claim 20 wherein said plasma

confinement magnetic field is disposed below said substrate when said substrate is disposed

15 within said process chamber for said processing.

22. The plasma processing apparatus as recited in claim 21 wherein said substantially
cylindrical housing represents a chuck arrangement for holding the substrate during
processing,.
20

23. The plasma 'processing apparatus as recited in claim 18 further comprising:

a plasma screen arrangement disposed inside said process chamber, said plasma
screen arrangement including a plasma screen and a plasma screen support, said plasma
screen support being attached to said housing, said plasma screen being bonded to said

25 plasma screen support.

24. A method for controlling the volume of a plasma while processing a substrate in a
process chamber using a plasma enhanced process, comprising:
producing a first multi-cusp magnetic field inside said process chamber with a first
30 magnetic element, said first multi-cusp magnetic field being spaced away from a top surface
of said substrate so as to minimize the effects of said first multi-cusp magnetic field
proximate the top surface of said substrate;
producing a second multi-cusp magnetic field inside said process chamber with a
second magnetic element, said second multi-cusp magnetic field being spaced away from the
35  top surface of said substrate so as to minimize the effects of said second multi-cusp magnetic

field proximate the top surface of said substrate;
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processing a substrate inside a process chamber using a plasma enhanced process, said
process chamber having an active region and a non-active region, said plasma confinement
10 arrangement comprising:

a first magnetic bucket having a plurality of first magnetic elements, said first
magnetic elements being configured for producing magnetic fields inside said process
chamber that are spaced away from said substrate when said substrate is disposed inside said
process chamber for processing; and

15 a second magnetic bucket having a plurality of second magnetic elements, said
second magnetic elements being configured for producing magnetic fields inside said process
chamber that are spaced away from said substrate when said substrate is disposed inside said
process chamber for processing, said magnetic fields being configured to concentrate said
plasma to said active region of said process chamber, and to force said plasma away from said

20  non-active region of said process chamber.

26. A plasma processing apparatus for processing a substrate with a plasma,
comprising:
a process chamber;
25 a first magnetic arrangement having a plurality of first magnetic elements, which are
configured to produce a first magnetic field, wherein the magnetization vectors of adjacent
ones of said plurality of first magnetic elements alternate in direction around the axis of said

process chamber; and
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5 wherein said first magnetic field and said second magnetic field produce a resultant

magnetic field, between said first magnetic arrangement and said second magnetic

arrangement, that substantially confines said plasma to a first side of said resultant magnetic
field.

10 27 A plasma confinement arrangement for a plasma processing apparatus, the plasma
processing apparatus being configured to process a substrate inside a process chamber with a
plasma, the arrangement comprising:

a magnetic arrangement disposed inside said process chamber and configured for
producing a magnetic field sufficiently strong to confine said plasma inside said process

15 chamber; and

a flux plate disposed inside said process chamber and surrounding a portion of said

- magnetic arrangement, said flux plate being configured for blocking and redirecting a portion

of said magnetic field that is formed at said portion of said magnetic arrangement that is
surrounded by said flux plate.

20
28. The method as recited in claim 24 wherein said second multi-cusp magnetic field is

produced below said plane defined by said top surface of said substrate.

29. The method as recited in claim 24 wherein said first multi-cusp magnetic field and
25 said second multi-cusp magnetic field are produced substantially parallel to a top surface of

said substrate.
30. The method as recited in claim 24 wherein said first multi-cusp magnetic field and

said second multi-cusp magnetic field are produced away from said substrate so as to

30 eliminate the effects of the magnetic fields directly above the top surface of said substrate.
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33. The plasma processing apparatus as recited in claim 26 wherein said plurality of first
magnetic elements are located outside of said process chamber and wherein said plurality of

second magnetic elements are located inside said process chamber.

34. The atrangement as recited in claim 25 wherein at least a portion of said magnetic

fields are configured to combine so as to produce a resultant magnetic field between said first
magnetic bucket and said sccond magnetic bucket, said resultant magnetic field being
configured to permit by-product gas from said processing to pass through while substantially

confining said plasma within a volume defined at least by said resultant magnetic field.

35. The arrangement as recited in claim 25 wherein said first magnetic elements and at
least a portion of said second magnetic elements are disposed below a plane defined by a top
surface of said substrate so as to produce said magnetic fields below said plane defined by

said top surface of said substrate,

36. The atrangement as recited in claim 25 wherein individual ones of said plurality of
said first magnetic elements correspond to individual ones of said plurality of said second
magnetic elements, wherein corresponding individual ones of said first and second magnetic
elements are axially aligned, and wherein the magnetization vectors of corresponding

individual ones of said first and second magnetic elements are oriented in the same direction.
37. The arrangement as recited in claim 25 wherein said plurality of first magnetic

clements are located outside of said process chamber and wherein said plurality of second

magnetic elements are located inside said process chamber.
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process chamber, and wherein said plurality of second magnetic elements are positioned

closer to said axis of said process chamber than said plurality of first magnetic elements.

10 40, The plasma processing apparatus as recited in claim 27 wherein said flux plate is
configured to block or redirect said portion of said magnetic field in a direction away from

said substrate when said substrate is disposed inside said process chamber for processing.

41. The plasma processing apparatus as recited in claim 27 further including a substrate
.15 holder disposed inside said process chamber, said substrate holder having a surface

configured to receive said substrate during said processing.

42. The plasma processing apparatus as recited in claim 41 wherein said magnetic
arrangement and said flux plate are positioned within the outer periphery of said substrate

20 holder.

43, The plasma processing apparatus as recited in claim 42 wherein said flux plate is
disposed between said magnetic arrangement and said surface of said substrate holder so as to
block and redirect said portion of said magnetic field in a direction away from said substrate

25  when said substrate is received by said surface of said substrate holder.

44, The plasma processing apparatus as recited in claim 27 further including a second
magnetic arrangement disposed outside said process chamber and configured for producing a
second magnetic field sufficiently strong to confine said plasma inside said process chamber;
30 and
a second flux plate disposed outside said process chamber and surrounding a portion
of said second magnetic arrangement, said second flux plate being configured for blocking
and redirecting a portion of said second magnetic field that is formed at said portion of said
second magnetic arrangement that is surrounded by said second flux plate.
35
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46. The plasma processing apparatus as recited in claim 44 wherein said magnetic
arrangement includes a plurality of magnetic elements disposed around an axis of said process
chamber, and wherein said second magnetic arrangement includes a plurality of second

10 magnetic elements disposed around an axis of said process chamber.

47. The plasma processing apparatus as recited in claim 46 wherein said flux plate is
disposed continuously around the inner periphery and top of said magnetic arrangement, and
wherein said second flux plate is disposed continuously around the outer periphery of said

15  second magnetic arrangement.
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