MAGNETI C CONFI NEMENT OF A PLASVA BACKGROUND OF THE | NVENTION Fi el d
of the Invention [0001] Enbodi nents of the present invention
generally relate to plasma-assisted processing of substrates, and
nore particularly, to nmagnetic confinement of a plasm in

pl asma- assi sted substrate processing chanber. Description of the

Rel ated Art [0002] Pl asnma-assi rocessing is a techni que commonl
used, for exanple, in th@nm'ﬁ&gﬁ)yFWEME& TCORAREASMAY| ces and Y
integrated circuits. Such processing generally includes introducing
a process gaBACOMGROUNDROPTHBANVEMTIONSUbstrate, such as a

sem conductor wafer, disposed therein and_applying sufficient energy
to the procebielgatthelnvention pl asma over the substrate. The plasma
contai ns dissociated and_ioni zed conponents as well as neutral

conmponent s t 81 opErpoginpentg £iitkg plf%@ﬂﬁdf!%@@ grnieRglypelate i tesaie-qasisted
substrate (Sb'r%ﬁeﬁngjed?os?dﬂs't@fbs éHQCW\cF}S pﬁp&lfélhﬁ ld efdanefib t EHEBmERE of a
constituents of the E’@asrra are benefi ci al assi st i ng or carrying
out the procklgsmann plaemeuassisted substrate sraseseing gharwber.abl e for the

pl asma constituents to cone into contact with other components wthin

the process pebETHES M@Rggtg@grﬁubstrate support, sidewalls, or
lid of the chanber no such Is often desirable to try to contain

or lim tdt h[e ggdoz@s m%i;tasrr&a agxlysted rfﬂld)df@stnlgws @viechiiifee clsrtbm:'gﬁme:befgngxampie.
processea. IS ro m nas en conventi on adgdr esse Yy
Phe uee of  Rodibimandapiure i, SPaiaonguagh Gaoes Bna. Iediaier sresls " Such

desired area oEaéswg@eaé@,uy iSQ0ded MilRUO6IRE sf&mrg%srrﬁw & WhbAiber having a
baffl es that ph si cal g constrain the plasma. within a desired area,

However , t hesbsiald, sushasahSeavcandactor siafendispassd terein andeapplying syfficient
cont ani nat i 08 @@yathtt%k Mce&? B %hglg‘eﬁ% h\?erpt] gﬁ?ﬂétéckmé r}r)éasma

cont am nati on baffl es t em;el vVes suc es beco
a consunmabl eontainerdisdocidted amdyionizad raiochposenis ammeilcnﬂ neetrajetasopanests that

t he substrat fur

repl acenent. g?%gged@i %s&sﬁ%%hfpﬁééﬁemgod e?&@g@%b%?@@ﬁ%t?a&?ég% %ssd%posmon
baf f | es rest eiching, zhe thbillkel.y Althopghhe congtitasnta ofethélplamhafamrhmbﬁclaﬁ for
chanber, t hegsest? tmfguc;rtchaerrrymg gutatﬂenpgogés%(:oenséepseurbfsﬁ"a{m q IS o?ten undesirable for the

plasma constituents to come into contact with other components within the process

chamber, such as the substrate support, sidewalls, or lid of the chamber. As such, it
is often desirable to try to contain or limit the plasma to a region directly over the
substrate being processed.

[0003] This problem has been conventionally addressed by the use of
mechanisms for physically confining the plasma in the desired area. For example,
ceriain process chambers may contain baffles that physically constrain the plasma
within a desired area. However, these baffles transfer the problem from one of the
plasma contamination or attack of the process chamber to plasma attack or
contamination of the baffles themselves. As such, the baffles become a
consumable material that may contribute to particulate defects on the substrate and
further require periodic maintenance or replacement. In addition, physical
confinement of the plasma using baffles resiricts the ability to pump out plasma
effluent from the chamber, thereby further degrading process performance and



1 potentially leading to substandard process throughput and increased
substrate defects. [0004] Therefore, a need exists for an inproved
nmet hod and apparatus for confining a plasnma in a process chanber.
SUMVARY OF THE | NVENTI ON [ 0005] A nethod and apparatus for confining
a plasma are provided herein. In one enbodi nent, an apparatus for

confining a plas i ncl.udes a substrate su t nd a netic fiel
form ng. deviRROTEY 1 BAHNEG o SHERBEAE Praplt dhiwoRBite 2ad Hotimtsd y5uBstiate
bet ween a fidegféetgegi on di sposed at | east above the substrate support,
where a plasma is to be fornmed, and a second region, where the plasma
Is to be sel ectiveJE]}{ restricted Th«? galgnetic field hﬁs b-féeld ;
conponents pa¥%Endi EURTEFTRo 22 "SRR SIS JRT SN (URPYeY TBehigfpand apparatus for
conf i nenent émhin%eg Blabm4eh ¥ preésddsi clamibdyement of  charged speci es of
the plasnma fromthe first region to the second regi on dependent upon

t he process | 11 N the plasnma. [0006] In another

enbodi nment Mt ng a plasma includes a process

) A _! TNV
chanber havi fi [ m% st f ; in |
second r egi[g(%b5 eré%ﬁ{g‘aglag@rra | srgttug fg}eeéﬁgﬁlecqs?\?gﬁ/m? eag% | Ct@é&ﬂh%em. n
substrat e su@Eoembbdimedit sarosppanatushion comftnimg 8 edsssna Ieidsies. 2 Aubsitptee surport

field formn evice | ided for .forn a nmagnetic.fig .
proxi mate a ﬁdgﬁgnﬁg?\?\f{éei‘% fofaing; $§ ’Ceari‘a" Eog%'}ﬁj agf%%ﬁn%ﬂgﬁéllﬂen roximate a
magneti c fi ebgdlindanpBaptissh bofilceségios tdisppsededtt leaét abeveice Sobsirate ipport,
a plasma fornmed under a first set of process conditiqns l%et\/\?a(ra?n t he b
first and sevbwg a PESGhS P frmesh andd ??‘E"ﬂdnrﬁgl'ﬂf\yéﬁi?ﬁ? % P ; g}aggoto ©
speci es of a?é?éé%ﬁr@@ reQfriRY. Wﬁ{agﬂeﬁ@ﬁ@lggggﬁfﬁéﬂ BRRASAtsCEBTEhdioNs to a

between the first and second regions. | n anot her aspect of

the inventi ofirectioneehsigsied Riasmanrenfingmenhdhat seleshivelesrastisy wpwynent of
process chamfey, Q@‘éb%@e@o\% esé]la%ﬁg'f% YHEEfirst r%fng e secbPd Réyiod B&FEent
and a second region fromwnic e plasma I's to be selectively
restricted; upordthereatéssgeoaditingsesed td fosmdhéplasma. b-fi el d conponent s
perpendicular to a direction fromthe first region to the second

Char got specBGP b SRELRRURRRR P Bty Rl TRUBTRHincloes o

process chamber having a first region where a plasma is to be formed and a second

1S €0 () Ol

region where the plasma is to be selectively restricted. A substrate support is
disposed within the process chamber. A magnetic field forming device is provided
for forming a magnetic field proximate a boundary between the first and second
regions. The magnetic field is adapted to restrict movement of charged species of a
plasma formed under a first set of process conditions between the first and second
regions, while not restricting movement of charged species of a plasma formed
under a second set of process conditions between the first and second regions.

[0007] In another aspect of the invention, a method for confining a plasma
includes providing a process chamber having a first region where a plasma is to be
formed and a second region from which the plasma is to be selectively restricted;
and creating a magnetic field having b-field components perpendicular to a direction
from the first region to the second region, and having a configuration selected to
restrict movement of charged species of a plasma from the first region to the second
region when the plasma is formed under a first set of process conditions, and not
restricting movement of charged species of the plasma from the first region to the
2



regi on when the plasma is forned under a first set of process

conditions, and not restricting novenent of charged species of the
plasma fromthe first region to the 2 second regi on when the plasm
is f.ormed under a second set of process conditions. A first process
may be perforned using a plasma forned with the first set of process

condi tions, such,that nt of ch ed. species of .the plasna is

Coat | crod. Seeobeiddion BREBUES biRreci 2P SBRF 6 sacane Sof el HORF R fanditions.
formed with Akiestpeseas rﬁee,t be gérf@rrn@saasgsngarmhsw)mmea Wt thBdtstrseY eNpbtess
of charged s CI es of t %@g asma is not restricted. BRI EF

DESCRI PTI ON MmNt 85 chamediseciesidheinasig ihragisted. A
above recit eéiec%ﬁétp‘%c%?ss%a)} HRORILEARIMELIISHRY & BhshRNTdIRHIAR §e0Rohd set
detail, a nore particular description of the |nvent|on 'y
summari zed a¥fdvecessegPriciionadsysh i%@t govawent of ehasged spaties oé ﬂteep¥@$ma is not
which are il gtﬂﬁ {dpted in the appended drawings. It is to be noted,
however, that appended drawi ngs illustrate only typical

embodi nents of this |nvent|on and are t herefore not to be considered
limting of BRIEFSBESE : $ adnmit to other equally

ef fective enbodi n S 9 ure is 5 a schematic represenfation
of a pl asma-E¥8] st eé ﬂhéfcg‘seslnaé‘ e icr'? %c%t?‘?i’énf?é“tﬁﬂtfﬁ s of fhe present

embodi nent %véd?i%n%a‘?ﬁ?é‘hndé\’é%ﬁ':ﬁréfetélloglﬂire':pi@@ﬁz.ﬂér ddschpfiéiPbEthe invention,
details of enbodi ments of the magnetic confinenent apparatus

depi cted i n [Fiedisgmmat2sgabevei gay dedadyrefrapee rem Wla@ﬁ'ﬁ% isgpperqf yhich
at1 o wiLh &8PAGLdiey bh AheDAHAcR RS ® IPRVE ol AORE] rEURNEE diat the
depicts a graph process space W th respect to bias power

source powerapfendeddrawingst erstgatamnlxoﬁymajmmbmim{eomg] ﬂFSgu\rQﬁtIQn and are
depicts a gr I re

pr ocess oel cBEISEE A S Etoe iRyt B8 SPone B BRIy, qamit o
enbodi ment s other ¢dnealipreffeeinie emieditrients. [ 0014] Figure 6 depicts one
enbodi ment of a nethod for process selective magnetic plasma

confi nenent .

[0009) Figure 1 is a schematic representation of a plasma-assisted process
chamber in accordance with one embodiment of the present invention.

[0014] Figures 2A-B depict details of embodiments of the magnetic confinement
apparatus depicted in Figure 1.

[0011] Figure 3 is a graph of a plasma ion flux ratio with respect to bias power

and source power.

[0012] Figure 4 depicts a graph of a process space with respect to bias power
and source power derived from the graph of Figure 3.

[0013] Figure 5 depicts a graphical representation of a process chamber having a
process selective magnetic confinement apparatus in accordance with embodiments

to the present invention.

[0014] Figure 6 depicts one embodiment of a method for process selective

magnetic plasma confinement.



3 (0015] Where possible, identical reference nunerals are used herein
to -designate identical elenents that are common to the figures. The
images in the drawings are sinplified for illustrative purposes and
are .not depicted to scale. DETAI LED DESCRI PTI ON [0016] The present
invention provides nmethods and apparatus for confining a pI asma

using a ”agr}StStsgvf'\ﬁ}hgrelﬁefsn%%t %}rttlctap rgrzce tndrﬂ&%@'% Ll RErein to

contenpl ates providing a SPpara process se 8CtiVe
pl asma confdesigraite idesitingl elenegiethat a‘re e:bdtmcbmtm)lttm éigbedi nEhe imadges in the
met hod and ap

ar at us he i nyenti.on confines . a e by
expost ng  neT BTG eTe sPeina jor e e e B Acd nAT iR F SielR
perpendi cular to the direction of desired confinenent. The strength,
direction, aDETADLED DESCRIPTI®Nfield is selected such that it
confines plasnas under a first subset of process conditions, and does
not confine [0§f6hsmathe Mieserd iBvantion RowWdes rosthpdscadsarraiaiusi fonsonfining a

differs fro%&ﬂgaf 'u%ﬁtg pﬁsg@ﬁéﬁetzd 1 4F1 gHbifor %ﬁ@erﬁ%ée%@' I%gﬂﬁtﬂt Cfufther

a chanber VI ng confl nenent app ara us I n accoraance
with the presstemplatesnpramding he mhﬁmﬁeandmbpaMys donepratess beleatiye plasma

L

capaci tivel yof tneurmeadomonm & baghar dischanghuby leb(ﬂd)smgdwbledmprpmmhery to a
chanbers, or the

roce chapber hat . be .
adapted to b@ﬁﬂ?‘?ttc lﬁelﬁn\t%ﬁé"%réé@ﬁt?" tmpgfpfqngwuﬂq?ctqud@e Hdg%rle Hfodesired
limted to, édmm@h»{%ﬁt Thd&Péhgth, @irsktiBNARIEBCINdn 6tRE FisRi i RBER&IMSsuchl that it

avail abl e from Applied I\/aterlals, Inc. of Santa Clara, California.

The eMaxTM peqsé@gg igRmASOHNG 4186 SUBRR GrPTORRSSCEPNSHNSs SPAORE Tigb confine
6,113, 731, éét’ﬁgs %ﬁe?@%ggﬁwd 200%:tt & HeBss ebnditions’ *tt‘i‘at'\@?ﬁérrs) from the first

process cha scri In United States Patent
i ssued July 94b52669 to Qan, et at, and United States Patent No
5,674,321, issued Cctober 7, 1997 to Pu, at al. The ENABLER TM

process chanfy g{nzoog Fé'pegcﬁé}nét;‘,[ﬂ dd%?ﬂigtﬁeo%f Pt filerMNa g0 ‘ﬁa@iﬁ? 55%iasma

i ssued March t o Hof ese above-nenti oned
patents are bmrigbmenhapparatustivdidsgrdantemhdbe presentinvention.r She ghamber 100

may generally be any type of process chamber suitable for forming a plasma as
modified by the teachings disclosed herein, including, but not limited to, capacitively-
coupled process chambers, inductively-coupled process chambers, or the like.
Examples of process chambers that may be adapted to benefit from the present

invention include, but are not limited to, the eMax™, MXP®, and ENABLER™
process chambers, all available from Applied Materials, Inc. of Santa Clara,
California. The eMax™ process chamber is described in United States Patent No.
6,113,731, issued September 5, 2000 to Shan, et al. The MXP® process chamber
is described in United States Patent No. 5,534,108, issued July @, 1669 to Qian, et
al., and United States Patent No. 5,674,321, issued October 7, 1997 to Pu, et al.
The ENABLER™ process chamber is described in United States Patent No.
6,528,751, issued March 4, 2003 to Hoffman, et al. Each of these above-mentioned

patents are hereby incorporated by reference in their entireties.

{0018} In the embodiment depicted in Figure 1, the chamber 100 includes a body
102 having a substrate support 104 disposed therein for supporting a substrate 106
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1001sl In the enbodi nent depicted in Figure 1, the chanber 100

I ncludes a body 102 having a substrate support 104 di sposed therein
for supporting a substrate 106 4 thereon. The substrate support 104
mayhe a substrate support pedestal or portion thereof, such as an
el ectrostatic chuck or the like. Wthin the body 102 of the chanber

100, there is a f|r on 110, where a plasma is to be formed (for
exanpl e, fs‘%r‘é‘ﬂbs gsb'mﬂ:%lé%q 10 eay Op 2 sukpirate supRRIt PRERR of portion

from whi ch thBRoP| é\ﬁdfﬁaé Sl @lReos@lie chuvelay theike! Chetkin The w‘ouy 9F02aﬁ'ldthe
second regions 110, 112 nmy be in any desired location wth

chanber 100.chamkgie! Uhpibaiamine, firshéegipn st10, wherea Dlasmb s é@m&rma (for
an upper regj V, f

substrate sup)%g}@é 104 anéﬁgﬁ%zderé%% h%egﬁcnélrﬁg %;kpgg%%%géor%&?%@ frdr hich
| ower regi onthdipipsrsads deher saléstivelyl I@Mrlcmi siibstﬁr@tt@dsapwct regiorfsatto, 112

e A T AR

an el ect rode*e@rmoﬂ%omb:snnrﬂmtw&re upp%réglmsﬁlspﬂ@dogeﬂérﬁllpfabbmthe support
chanber 100,

oo head. siftaeh ddnd subSisfte SPopECIR Sl A&oriedlan 714 <Sfiesnangs to 2

l'i ke. The fibWéf rdngﬁﬁlsp@wd?@r@élly(mmmgt@f@w@?brﬁSllr&‘@eaaf tHed$ubstrate
source," or a "source ' gener al | e of produycing a

r adi o- frequeﬁWOUﬁF@ﬁ @l%#ﬁf”%@"y&’% es a BWiRE RIGCESHNY: o
forma pl asma froma process gas disposed in the first region 110 of

the chamber | NAGHSE ;&mm%btmﬁt 120 B&olipledito RAMECtRIR @Ot dRdWr)proximate
generally c tdQlab e of producin to 5,000 Watts of radlo frequency
0\3'?9

(RF) power fhe. st r%ea celhe chemper (8 ISech rasy gl \pf othea%'i@ef a gas
about 100 Mgy, 1PUt[ %oﬁ%ﬁ@% "@Wndu&tlﬂfecrbliroﬁépd%@&@{ea?%%rﬂg@r (idS or the like.

general ly capa produci ng up to 000 Watts of power
at a tunabl ellie Sat@ower sbutset TR (soattimes] Glerkad: to as(ao“twoumdzm)] a jgource

second power <o

or bel ow t he®$ %Itlgaieéééu pc# ? b%o%@ﬂ%é"g ggﬁgio L%%%Shﬁgg%ggl s power

(sonetimes amf degeshdyoswdiable tdiams s @lasoe )‘ronsagnneae&sl t9s dispabéd irofhe first

produci ng up_to apput 0900 ower (i.e.,.cathod ' 0 .

a tunabl e fr@&l?@nl&)ﬁyf?f aﬁe&‘v@é&“&ﬁ%ﬁt M@Wé?@%OQ'Q@&' %@Qﬂ 6%‘?'&0 r%%%o 1S

the second pgavRiralfobss4blddF pradudity apsteus 000 alaft ofradio-frequency (RF) power
(i.e., source power) at a funable frequency of above about 100 MHz. In one
embodiment, the first power source 120 is generally capable of producing up fo
about 5,000 Watts of RF power at a tunable frequency of between about 100 kHz -
200 MHz. '

[0020] A second power source 122 may be coupled to an electrode disposed in
or below the substrate support 104, The second power source 122 (sometimes
referred to as a “bias source”) is generally capable of producing up to about 5,000 W
RF power (i.e., cathode bias power) at a tunable frequency of between about 50 kHz
- 13.6 MHz. Optionally, the second power source 122 may be a source of DC or
pulsed DC power. Alternatively, the second power source 122 may comprise a
dual-frequency RF power source (or two RF power sources), in which case the first
power source 120 is optional. It is contemplated that the first power source 120 and
the second power source 122 may be capable of producing more or less power and

at greater or lesser frequencies.



pul sed DC power. Alternatively, the second power source 122 nay
conprise a dual-frequency RF power source (or two RF power sources),
I n which case the first power source 120 is optional. It is

contenpl ated that the first power source 120 and the second power
source 122 nay be capabl e of producing nore or |ess power and at

greater or sser f 0021] Su r{, systens 1 o]
coupled to t rocé@%ﬂﬁ‘f?ﬁ%’?ﬂsf aremi,s %‘8‘%3#*{0 %“99‘1@?%331‘3@ %%@ﬁ The
conponent s Lﬁ@ﬁioﬁos@t@ﬁﬂt ¢241n|dcnaal t@fhpPiehts dalear o %cﬂf@%&s%nitﬂr pre-
t he processccfhanber 100 e. i FI%easmal assi sted etching deposjtin

anneal i ng, cT&MIRge Péﬁ?& 6 process Rhaiphpoheh e ggeqiﬁsramawﬁm %a@ng,
various sub- &éb%%@i?? éﬁaéhlang?él%aﬁﬁ@ehﬁé)cheméb? %ﬁﬁb!ﬁgbb%@ eﬂélaain§ include

vacuum and exhau sub-sysS and the l'ike) and Vi ces )
addi ti onal p\@m@HSs&u@p;'oMSé%ﬂs (6rdbc 888 me!(sblgamgt&trmﬁﬂscowsx Nécuum and

l'i ke) of t h:eﬁl%qggtf {?Qﬁ?ﬁ%r aillgotheTW(%?%gdc&EW%@eg&ﬁ aardﬁltWﬁH Pg\ﬂé’r‘"@uﬁﬁ?es

t hose skill and are omt ‘draw n
clarity. [0032¢ess nar@trcdtlnstrtﬁmeh%s faodnmagsmaa\ufdbelmacess phambehedOﬂorThese

second r og obpergnts, 18 St GRRuR e SRS LTS al ", ol e fopp the

confining, odrawigrfocsiamg, nmovenent of conponents of the plasma 108
between the first and second regions 110, 112 during processing.
asma

Magneti c confjnenment reduges,t char rrjcle nobjli of .a
by exposi ng G o basHeaE: o9 TelMig BvRBGHA [crivller (Y imife & FfReti
to their velfd 'ﬁa}bngTélibSJunQ@d?etﬁéiWeén ahd €irst andnsdcbad abgibged 10art 2 Guitable for

on the. part | SRSy (a4 Veais Ay SPBITRS JBi Byticl Fhdneyerierl g CHAGRBEFE of the

field strengbBsms 10 pehfedh "ti%“fﬂrﬁnarﬂf sbb&wd‘ ‘Pégﬁ@né 9|1|@er1n<2neumd Procesfing.
the velocity of the charged particle, the net effect is a reduction

in charged pfa@agnea,ticeconﬁﬁgmeni geq@@fegéhﬁjpwgapafttsﬂq mebilitgpka Plasmaby exposing
direction. Tagrgf o t'%ﬁ 'ﬁ? 'tgn? qﬂﬁ%ﬁ@&”ﬁélbcfgérpﬁh&‘tﬁulﬁl"% fhpt véi@&%{;. This

are perpendi cul ar oW 0 rged par es toa region o

the process génanites afhmesopihesthargddspatticle ¢aualted (e.g., the second

region 112 of the chanber 100), the reduction in nDblllty results in

sonme | evel of plasm F g5 (1)
where F is the force exerted, g is the charge on the particle, v is the particle velocity,
and B is the magnetic field strength. Since the direction of the force is perpendicular
to the velocity of the charged particle, the net effect is a reduction in charged particle
mobility perpendicular to the magnetic field direction. Therefore, by designing
magnetic fields such that they are perpendicular to the flow of charged particles to a
regic:n of the process chamber where plasma is not desired (e.g., the second region
112 of the chamber 100), the reduction in mobility results in some level of plasma
confinement between the region upstream from and downstream from the magnetic
field.

[0023) In one embodiment, the magnetic field forming device 114 may form a
magnetic field that either partially or completely surrounds the substrate support
104. The magnetic field forming device 114 may also form a magnetic field that
either partially or completely fills & region 118 disposed between a portion of the side
substrate support 104 and the chamber body 102. The magnetic field provided by

8



confinement between the region upstream from and downstream fromthe
magnetic field. [0023] In one enbodi nent, the magnetic field formng
device 114 may forma nmagnetic field that either partially or

conpl etely surrounds the substrate support 104. The magnetic field
form ng devi ce 114 may al so forma magnetic field that either
partially or flllsa en, a porti

Ietel 18 dj spose
of the side né) nedfCe %!E’;ﬂﬁ%‘?'{"gl n?:f' Yc %\p 388 @?'“a’f‘ -‘éw'th“" the

magnetic flede@oﬁdi qegidad 1y of thd RRammenaboc ki @{edeh%mrﬁgntd%% éﬂc field
may be di sposed gﬁrj]edg%nantlﬁﬁwthl n the second region 112 of t
eb

chamber 100.PTPHd BdiNRgARLIc tfiedd rfagwas.féeweeﬂoﬂ FdY ifedler het ﬁiéposed

magnetic fiel rgdérﬂrrﬁhﬂ@b@%w Q%uééért%ﬁbfaééléitthérsu%tr%ssq%%ﬂ104  The magnetic
pr edom nantlfque ow a support surface of the substrate suppo 104.
e

The magnet i cfleld foasming davisenty! YBvayde dispsedyvitin e \ym&dm\pmens ghamber 100
wi thout the gpGess EJ‘%QF&@@QNC@%TIW éﬁ%dﬂ&e% @ﬁl‘?edtgtﬁ’r ¥ar 'ao'ééparate

chanber conponents’ or be separate apparatus nbodi
depi cted i n #ippates.1, Int the m;@ndu'm&mtfd&ﬂl@edmn rRigure ﬂieﬂlecmat;nétlm S"eid forming

B0, 1 Y 8550858 TE o SR B B WA st

magneti c fi eduhpbari®dng device 114 conprises a plurality of magnets
116. The nagnets 116 may be pernanent nagnets, el ectronagnets, or

the |ike, or [ eof the enb i in .
Flgure 1. tv8ihonersh 8 RmetinERtepictel i ERLER o FE Mheal R o device
Ej han Itwo gagnet:@mﬂ:ﬂ;ﬁehsﬁayp!tﬁ&htyt o mgdetsT‘nI@ Wgeeﬁsgnblﬁ 1r18ymb;a be p()jermanent
irectly adjacent each other, or e spac ace

Cpart. he HPesHHiEcoROrUBEN EtceT i ST PREDRA) DR tiRIPG ninBd Sauwtiment
upon the desde';ﬁ‘tﬁe@ﬂﬂ?igﬂk& 4ittW'c’ﬂn9 nétQQ‘lS@QQI@&W@ ft'l@b@ntéﬁu%ted that more than
strength, geometry, and the . I'n_one enbodi nent, the nagnets

116 are spaci® magieier 1856aY b@ Lalﬂazed 0TBe magsatss 1 EhaAY. bq diremily adJacent each
nbodi nent , 1
enmbodi men Sthﬁegﬁgﬁﬂ De %;%)z%fdengﬁﬂgfgﬂ/h%g%c%%ém%é SdjéBAtd beED@en the

polarity of pluralit eorlente I'n the sane
di recti on ormagyetbelitinay et daterhie@shbasks upoudbei drsiiede cemgarationnhof the

processing of 8, SHPALIL ., SBENGRIYEbHE)! 8hd the like). In ane embodiment, the

magnets 116 are spaced between about 025 - 0.50 inches apart. In one
embodiment, the magnets 116 are spaced about 0.25 inches apart. The polarity of
the plurality of magnets 116 may be oriented in the same direction or may be
alternated.

[0025] To reduce interference with processing of a substrate, the magnetic field
provided by the magnetic field forming device 114 may be disposed predominantly
along a periphery of the plasma, ie., along the boundary between the first and
second regions 110, 112 of the chamber. Accordingly, the magnets 116 or the
magnetic field forming device 114 may be arranged such the magnetic field provided
by the magnets 116 or the magnetic field forming device 114 is disposed
predominantly within the second region 112 of the chamber 100 (for example,
predominantly below a support surface of the substrate support 104). In one
embodiment, an upper surface of the magnets 116 is disposed between about 0 - 4
inches below the support surface of the substrate support 104. In one embodiment,



provi ded by the nmagnetic field form ng device 114 may be di sposed
predom nantly along a periphery of the plasma, i.e., along the
boundary between the first and second regions 110, 112 of the
chanber. Accordingly, the magnets 116 or the nmagnetic field formng
devi-ce 114 may be arranged such the nagnetic field provided by the
magnets 116 or the magnetic field form ng device 114 is di sposed

predom nant | y %éé’f@wﬁa%@eﬁ?l‘?@ﬂ%g‘h@&i Pfy %%ﬁseﬁ%oﬁbﬁ%eg%owft% support

exanple, predom nantly below a sup{)port surface of t strate

support 104)suriage ghthe sbstatensynportaiPdupper surface of the magnets 116
I s di sposed between about 0 - 4 inches bel ow the support surface of

the substrat@y3PPOoHhtidiily, |dheORBP RBRO %Qﬁeqto\%agﬂefépggrelééifcfrgﬁﬁeg{:e(not

the magnets 116 i s di sposed about 4 inches be e support
of the substshawn)smayofurtheysbe| dispesedorbiovhahey chambebrtontacditate control of

per manent ma.g[g el ' ,

di sposed abou ?%%%'?%ﬁgr%ﬁgbét 0 agc;itd?jlnﬁ @1?’ téo%e%gﬁy;ﬁ)e.%’fa to éﬁ@?&a?{l%ﬁ%ﬁr&atmn.
of the pl asnderdity, ingizpﬁmeﬁsﬁmgtiba, gheath oharaoterislicsylaad the fibe)ralhieomagnetic
e i Ao bE SRSt By SPGB B 3l 510 o
di sposed in thBehhiibetl ahé ghanbd tondlledtiftependeiiest the thagnetibield formed by the
control |l ed i ndependent

! f the nmagnetic fjeld for by the rmagneti
el d°f or mi nEeaMRIEC B 1 PTin BTG U CIRiABBISS R ohAg bRy RBVES gRancts for
control l'ing ¢dierolin@SimR gwsrrnsg dRFiRG AEEASing FlcHAR the aBBoY PrdrtiBhe® Eax™,
eMaxTM MXP(r), and ENABLERTM process chanbers, available from Applied

Materials, |MXP® GAQENARBLERTM palckes cl:Bfbérs, availpbledrdno Applied baterals inc.
the operation of the process chanber 100 (i.e., the support systens

124, power s es 120 the like e J:

cont rgl | er 1@8{7ﬁay él %d@téﬁéli ﬂ%‘?qﬁ ﬁ%'?%%lrﬁ%%apg %%é@%"ﬁgréﬁ)eﬁgﬁéﬁgtﬁ&bggess
1|14 (such asemm%m (Iffagrmul? :sup;ba'lrggyzktémsﬂﬂngpdewsx?J_r&ésME@mmi, wad the like).
el ectromagnet s) . e cqontr r e a specific,or general .
pur pose conplit 96@588@?? S=é§ﬁﬁaﬂﬁﬁ?*§3¥a w%@&w%uﬁﬁ’b‘? W%@P?ﬁ%%@lg forming
134, and nmengeycel 3614 RssdH takRinthen’ e iggrct8 Ml F@Aiite ddvidehel 148 admyrise
136 that, when executed, provides for operation and control of the
process chanbleeramagneishc s eamiralleni 86 mayde 2 seagifigor oenaral piypgse computer

herein. generally containing a CPU 132, support circuits 134, and memory 136. A software
routine 138 may reside in the memory 136 that, when executed, provides for
operation and control of the process chamber 100 in accordance with the teachings
disclosed herein.

[0028) Figure 2A depicts a partial close-up of one embodiment of the magnetic
field forming device 114 and the magnets 116 depicted in Figure 1. In the
embodiment depicted in Figure 2A, the pair of magnets 116 are disposed about the
periphery, i.e., the sides, of the substrate support 104 in a substantially parallel,
spaced apart relation. The magnets 116 may completely circumscribe the substrate
support 104 in one piece or multiple sections. Alternatively, one or more of the
magnets 116 may comprise multiple sections that are disposed in a spaced apart
relation along a circumferential path on the side of the substrate support 104.

(0029] Another example of an embodiment of the magnetic field forming device

114 is depicted in the Figure 2B. In this embodiment, a pair of magnets 216 are

provided with one magnet 216 disposed proximate the substrate support 104 and
8



[0028] Figure 2A depicts a partial close-up of one enbodi nent of the
magnetic field form ng device 114 and the nmagnets 116 depicted in
Figure 1. In the enbodinent depicted in Figure 2A, the pair of
magnets 116 are di sposed about the periphery, i.e., the sides, of
the substrate support 104 in a substantially parallel, spaced apart

el ati on, e RARRLE2 1o BBl £ IRISHE o SR BHORGE] Bt PSRN EL D tha

support 104 1 n on& piece 0 e sections. ativel
nore of the theagagtets 216 may bednpnéedin thel substretesagipooin $04 hatl/catiee chamber

di sposed in a ed apar el ati,on.al on circu rentia th gn

the o de of PHENBEEE: FBELDe it SRR 00 dne Sueltafe Slhndt SO Shebr the

fﬂb"‘é! nent nghawln:mr{vﬁeglnmz.CIrf :a@diitictari,omfﬁ mpdet}/tbqﬁe rﬂfgﬁ\e't ?gdampdsed prokimate
e I gure . n IS € Ipent, a 0 nmagnet s .are .

bt ovi ded vi CHE GHBMTRRG R 305 (heopagter 2l MRS opesed ey e s sl the

104 and 8 OfRIMBENThedhByrlts Re8 S8 aﬁpg@lﬁci]{daﬁqs@hag‘w swé.tiaéeleuzppdntmz;

Is contenplated that the nmagnets Z16 may be fornmed in the substrate
support 104 iHerohetghambiesmady 1028 anegeceer muliplsesentiopss ddemmtivelgngne or
to the subst 4 : : ; -
addition, w @E@ggggégﬁ{tgé&%%ng{éﬂéf&@?gs%i sp séeds\élg{rlé&ﬁl?rﬁatteérgtq{seposed na
chanber wal | spee2g apast melgtion aidr®) Amgirduenfdientalk pdthi naiitte sife ooft tiedeubstrate

t he chanber conpl etely circunscribe the

substrate su %@Bﬁ %%%A%Jﬁ%rgvzgghiebzfmanber wal | 102 in one piece or
multiple sections. Alternatively, one or nore of the magnets 216 may
conprise nul P03l e sEoe inagnethdnbaR s diepisteskeind Figures 2hdk edchasamprise a north

Guppor t 164 B8 297 LS RH kB 2G0T Mol Bl L bokr 204 ARy Aot gacn
i n Figures 2#spectiehmagngtr 158 2 nmaytbe pobee? Odtharedpactsivuedripother 24, any

The north and south poles, 202 and 204, _.0 ach .res tive ne
176 "216 mayPale $oabt casnete raagut, 116 "L HS BidsEnE e, oratld Il of an

of each respgghétaf mBeRAS. himabilsly] heatbricand sbb PGIRSS20Z apol2406f each
an adjacent magnet). Alternatively, the north and south pol es

2
and 204, of wseActivedspareti VI8, ddgredy ke gimiklly ofigptese HheMagnelp 116 216 form
oriented. Th 6 ' ek a
fcsfbé&, as %&ﬁtr&f?\géﬂ sﬁoﬁﬁ%ﬁéﬁﬁgﬁg&%ﬁé%@s?ﬂﬂﬁ\ and 200B. For

illustratively shown by magnetic fields 200, or clarity,
only the por tiatly, ®hiy e pagieat pt thid eragnetiodialds2808Af PRBJfopBedaiwese the

substrate support 104 and the body 102 of the chamber is shown. The magnetic
ﬁeldé 200A, 2008 contain b-field components that are perpendicular to the velocity
direction of a charged species 208 from the plasma 108 (shown in Figure 1). Such a
configuration restricts the ability of the charged species 208 to cross the magnetic
field 200A, 200B into the second region 112 of the chamber, and, as such, confines

the charged species 208 of the plasma within the first region 110.

[0031) The confinement, or restriction, of the charged species of the plasma does
not affect neutral species, such as a neutral species 210, which may cross the
magnetic field 200A, 200B into the second region 112 of the process chamber 100.
As such, movement of neutral species may occur even in processes where
confinement is strongly desired, such as during processes that utilize highly
polymerizing chemistries — where confinement or restriction of polymer generation
and deposition advantageously minimizes the need for cyclical chamber cleaning

and increases the time between cleaning cycles.

9



substrate support 104 and the body 102 of the chanber is shown. The
magnetic fields 200A, 200B contain b-field conponents that are
perpendi cular to the velocity direction of a charged species 208
fromthe plgsma 108 (shown in Figure 1). Such a configuration
restricts the ability of the charged species 208 to cross the

magnetic fiel ¢ 200 200B intp the secand region 112 of the chanber
ond s sucHILhnr i ARrApaY. cRErE SHBRRDY’ Foesths eRaftinrtdia DR, some
the first regbossskils bEAORHD, THige conhisbairbtdsses wHers pldstha adnfirkingnités not
char ged speci es asma does not affect neutral spec such

f the pl ) i es,
as a neut raldpssﬁ'@gi ef'[sorzﬁ’%'_,m%i BHChHhay Qrige Shamper g ételp,sewgegq)g,@,olymer
200B i nto thanReararerhiRey 98 ubdd t8frefun® tY eRAPBeC RRERstiAL Gtate ASDEIIsuch
movenent of neutral species may occur even in processes where
confinement Brocessesngl iy arbaniaggousderpliny ther PREMAr e B des enkigy chamber, for
utilize hi ghat%mdﬂtf’,l WTRibG! e ERSHE! sty YOMEHRDRNIRCTRANDEN to faciitate
restriction of polymer generation ~“and deposition advant ageously )
m ni ni zes t iemeyetiof any Ppdirerathat maybbave bultriii gwadrieem ribe eugesssingeregion
Lime between o) SRIAD G it R3iont 1LOIFL ofeeeqt EhaAbyr 168 SISHIM Figure 1).
provi di ng pl conf 1 nement” during Jofe processes 1s beneticral,
there are al so processes where plasnma confinenent is not desired.
For exanpl e, [06¥th aBepending ubsanbmcess gaemetess dival affer beaplpempnisuch as
removal chenj stry, i et.ur .Skl gsalsgé :
Duri ng suchrgogﬂ!%%gg‘ggg,%%%t 6%&aé§%ﬁ?g%§3§£%%ﬁ%ﬁmﬁp Eé‘ %Fgés}%a to Section,
fill the ent¢hranisdrapbessurd, ochambanpprecedso wiunosy tame dhealiked)gand/or process

chemstry to fill the entire chanber .tqQ facilitate_ r val , of o
ol yirer ' { ha PRATEIRIRANEAATICT S Aearer's Spiel ok eB BaafdigRiedg el irection.
(e.g., in th@cmgédne@mmulﬂﬁerobf hgynBtsp crels theh kde rthd Mdnelraywar ilevel, of
Figure 1). [0033] Eendi (r}‘%@upon process paggmet ers ta(ggﬁgffect ige
pl asma ( suchceinergnr eethgglergedsraciassvidie plasmacwithind yedigp 440 may be
frequency, pécﬂﬂr%‘ﬁé gas sel ection, chanber pressure, chanber process
vol une, and the | |?<e) and/ or process paraneters that affect the
magnetic field (such as nagnet strength, field direction, |ocation,
geonet ry, nuitB¥l of Faagvanpleanme: method dp messutadint levgl afe(agnetig field
confi nement QSnfﬁgﬁeﬁP%r Qefieabie! B8 i kb foR! AePadthh o8 tbhtRe otiF102 in the
region 110 nmay be controlled. ]
first region 110 and the second region 112 of the process chamber 100 (as shown in

Figure 1) and calculating a ratio between the upper ion flux to the lower ion flux,
referred to herein as an ion flux ratio. The greater the ion flux ratio, the greater the
flux of the plasma constituents in the first region 110 as compared to the second
region 112, which indicates a restriction of the charged species of the plasma within
the first region 110. As the jon flux ratio approaches one, that indicates that the ion
flux in the first region 110 is equal to that measured in the second region 112, which
indicates no confinement of the charged species of the plasma within the first region
110.

[0035] Figure 3 depicts an illustrative graph of the ion flux ratio (axis 302) with
respect to a bias power (axis 304} and a source power (axis 306) in a plasma-
assisted process chamber. Data for the graph was obtained in a capacitively
coupled process chamber having a top (source) electrode coupled to a 60 MHz RF
signal and a bottom (bias) electrode coupled to a 13.56 MHz RF signal at varying

10



[ 0034] For exanple, one nethod to neasure the | evel of nagnetic field
conf.inement is to nmeasure the ion flux fromthe plasnma 108 to the
body 102 in the first region 110 and the second region 112 of the
process chanber 100 (as shown in Figure 1) and calculating a ratio
bet ween the upper ion flux to the lower ion flux, referred to herein

as an ion fl ' T [ eat the ign flux ratio he greater the
flux of the Fﬁ%%n%"%éhs?&%@ﬁ%ﬁ? nab[ﬁg' ﬂ'f% g{eq)f%rgﬁ‘ngnldf&uggg%%%grlgére the
to the seconglasmeds confihéd to the firist tegibnceftties charmbert ri ction of the

charged species of the plasma within the first region 110. As the

ion fl ratj r e ne,. that iLndicates tha he i fl '

Lhe firat ¢ dafehPh BREREE bers 5"Bh MW o Bis Gabl B idife L Bnewibd g fon fux

1|12, whi _chh_ fakid Lg(r@%mwmlmma!@%bm?eMaw%%g%?agbmégém@rw poket (aRis 308).
asma Withip the first region ! i gur .depicts, an .

P Pty at i ks baeResee b ik araph.al Fiatie d- Rusdion 405 oxits Bhere tisep fig rati

a bias powveris(grgater H) o) Yiicts PelcasPRiIMARg (BelsSoBHasmb oRfifdAERBwithin the

assi sted process chanber. Data for th h was obt ai ned i

- e grap n a
capaci ti vel ylirst@ginreal fheoehamaberhAvseconhiadien 412 spoys ovhere nocsatineagat of
coupled to i t i a8) mel ac
coupl e 103y B A S B MG s B auB e
above, the grevazlerthe peodess splhgs (wih irespechto toprand bettorp| Ris pawes for obtaining

confined to Lr [ he r Fi : '
T op vt ew ot RLe (e SR el sTRIERE by, ottelingl il Hifis BoWEPLiLfy e
300 with resgreote tppveEraappl@te dufiagi wriddd) paoedssssy rroegmatise coffingreent of the

_ b ; " Pl _ . .
where the i oRerTRcadd gty SpaRleR teiauHtfacousy BRRITH; Skt hiagneti
varyi ng | evetgnipbnmehassdesicst foneamsis plasrha pradeesed.i rst region of the

chanber. A second region 412 shows where no confinenent of the

pl asma exists. As such. the graph 300 shown _in Fi e IS proce

map that re@23ls t#@'ﬂ?ﬁoﬁ@és%&%@ (W% ﬁer‘é@ﬁg’& %‘é E%Reﬁthgo bogﬁ?roﬁfocess
RF power) foparahiciérei that afetetid yRsmaaandor ond inteymetit . ficldier Afternativelyy or in

controlling the bias power and/or  the source power applied durin
various proc@yaRigation hdiree-AHRATIABHRTOCHTS MRE MY ?@ngg%"éﬁ’cf%j by e above

ot o EPGRLE DTN ANSAE ! ) 81 v NNk
process window to include varyii?g ranségﬁet?cr fci)ectc? zfrgﬁéth in addition to the plasma-
affective process parameters. In addition, other plasma parameters, such as
process density, sheath voltage, electron temperature, process chemisiry, and the
like, can all be impacted by the volume of the plasma, which may be controlled by
the plasma confinement mechanism disclosed herein.  Accordingly, these
parsmeters may also be mapped to determine process conditions desired for a
particular process to further advantageously widen the process window for a plasma

process chamber having the inventive plasma confinement apparatus.

[0038] Figure 5 depicts an illustrative side-by-side view of two processes being
performed in a process chamber 500 similar to the process chamber 100 described.
A first side 530 of the chamber 500 illustratively depicts a process running under
conditions such that a ptasma 508 formed within the chamber 500, is confined to a
first region 510 of the chamber 500 by a magnetic field 520. A second side 532 of
the chamber 500 illustratively depicts a plasma 518 formed under conditions
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[0037] Sim | ar process nmaps may be created with respect to other
process paraneters that affect the plasma and/or the magnetic field.
Alternatively or in conbination, a three-dinensional process nmap my
be constructed by the above approach perfornmed with the magnetic
field at varying strengths to extend the process w ndow to include

varying magnetjc field str th in additi to the plasma- affective
process par athit@p to W%@&f’?‘ﬂ’ *ﬂ’ thﬁtq%émbﬁfgg%’ %aV‘&rfﬁ.?%mé is pIRSRNRL both the

process denSﬂlreregﬁnfhe@iman@b 5866hd @g%tsmﬂtﬁéraﬁérﬁbéf §Q0)Pr ocess

chem stry, and the Ilike, can all be inpacted by the vol urre of the
pl asma, which may b control{(} ﬂi t he Iasma %onfl ge chani s
di scl osed heP®%h. ACRGARE & Q: PrOSERIRS: TBRYK PReSPIIO4Ed B E%%&P p!gtaln

det erm ne IOrm@%%fecﬁﬁélﬁidshﬁléorﬂﬁéhfeﬂﬂdéﬂétea in PRyLlré §U|F~‘=b"r d%ﬁfp@e@%str@ the data
further advanta eouslé wi den the process wi ndow for a plasnma process

chanber havi figMitigenveand dof plegairecannemagine sleskp it amrecespobgdyias and/or
Figure 5 depighge ﬁBwéJ Hégtt{eﬂéélké eﬁ'tgﬁl%aﬁgﬁﬁglfihﬁww& Eidred. Oﬁ\ﬁér%%{%vezy, if

bei ng perforned cess C anber process
chanber 100 !@lé&"@ﬁld@éﬂnemﬁnﬁ isrmet depided 5B pmcesh,ethektaab@nd&@@wrce power may

illustrati Veﬂ’%%&%@%%ﬁ{ﬁ ‘ﬁ"‘ﬁﬁé@%ﬁ yna OPg@HFéd condi tions such_ t hat

a plasma 508 anber I's confined to a first
region 510 of the chamber 500 by a nmagnetic field 520. A second side
532 of the Pbdirber Ircamthel examplei swisjratteplocessing piricaliy @Lersfatrartoy source

(e “The. phSlr ottt bl T BolGelRA o o, g, A RRT PSR SU -
second regi of)@EVY. ¢fladne cohﬁ&mnt%@bner{a@pﬂ@s}lrdaadm such $ubsstrateepriovessing
processes may be controll ede%ardesi regd to obt sel ecti

pl asma conf i Qe PYHEBICESR PENRIMRAYH e "EWEKD: Eﬁg}?ﬁwemng}qqgrqcﬁase&a&yglcally

from Fi gur esogburRtiadoutde PO dreafer AfifEIout 20088 &t aiblasPpdi&cst Hotween
the bias and/or source power nay be selected to fall wthin region

410 of Fi gur@bat (vt sr Wy ey, dlﬁwsssﬂa%bpdec@#ﬁsm\%ﬁ@ﬁfn%e%ts gergralby not
in a processdeﬂ}%g %}gﬂf@ BRSMBES %%gﬁ‘@] Bl%\é@§sé§ayAc98rdﬁ'%]I Cﬁﬁﬁ’g taO{JFch‘JeEs map

within regio gure 4. I'n anot her exanpl e, subs
processi ng t§yghcas Itlyatcrtenmgd dn Figurept, sherseurcepan biase pawen maydes sejactively

1000W and acﬁt?o?le@QW?pQ'g eMe&lh a@?b’écuég?%%esgggﬂww@ 8adifed Ievel éJf plasma

confinement 1S dgeneral esired durin ate processi
confinement.

[0041] Figure 6 depicts one embodiment of a method 600 for performing process
selective magnetic field plasma confinement. In one embodiment, the method 600
begins at step 602, where a magnetic field is provided along a boundary between a
first region, where a plasma is to be formed, and a second region, where the plasma
is to be selectively restricted. In one embodiment, the magnetic field is provided
around a periphery of a substrate support. The strength, direction, and/or location of
the magnetic field may be selected to create b-field components that are
perpendicular to the direction of desired confinement (e.g., from the first region to

the second region).

[0042) Next, at step 604, a plasma may be formed in a first region of the chamber
using a first set of process parameters, such that movement of charged species of
the plasma from the first region to the second region is restricted. In one
embodiment, the charged species are confined to an upper region of the chamber.
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to i nprove process performance. However, chanber cl eaning processes
typi.cally occur at a source power of greater than about 2000Wand a

bi as power of between about ON- 100W As discussed above, plasna
confinenment is generally not desired during chanber cleaning
processes. Accordingly, using a process map such as that depicted in

Fi gure 4, e sourc nd_hi ower y be sel ecti rolle

oper at e eac Eﬁ’i‘:@gﬂ Fto r%%ﬁiﬁoﬁi PEEMS, e;gunglpg é‘grt%as one of

confi nenent . so[iwgit}wa Bldsepdivatepo e f:eqeerwoadsmeﬁéy aprﬂ@ésig(yias&étbction
for performn rocess selective nmagnetic field Rl asma confi nene

In one embodifREMEr W‘F@“ﬁ%ﬁﬂﬁdcwer ge9ss valuge e n g2 erpiprstimegt, the st set
magneti c fi edithrbdesd r@varﬂsférelrert@eé a?@é@fj&ﬁé’oibﬁu\i*@éaﬁo\ﬁer dnd Bibs rpe%pn

where a plasma is to formed, and a second region, where the p asm
is to be sel ectivelé restricted I n one enbodi nent, the magneti
?

field is prdf94dbd Begual sierEs. mheesenerplasraanaay Q?éognﬁfbm the ﬁfﬁisfeglon of
strength, d'thécéda%ermg”a LRt 81 & probds Bﬁi%gértér% fsueh Glhé’tabhob@ment of

selected to create b-field conponents that are endicular to the
di recti on ofchaegsd eae@eﬁqurtéermiasme fepm the dinsttiegioni fosther ege fQﬂlOlt fgenot

second r egi Or&i%r h%g‘lﬁilha%)éinbo@imédteﬁtefs&%rg@ds g{:@%%@ Br@hopgodfﬁ’i'eﬁﬁtg thé" uﬁper

first region o using a firs cess paranete
such t hat nuegimmf tbé dhhmb@sedlrspeeieersbcxdimemthﬁtqo‘amnd éert@iﬁtptttrQsSmammeters
regiontoth geon |on|s restricted

char ged specpglg &t ce T 3ﬂurﬁBpB?w?reg$’8ﬁ B?W?rheg‘g”g%bé?qﬁer%ﬁ bias

I n one enbodiempihcy tfrecédy gds §§éctm‘n pharabespieeswaphsd shambeupiesesd volume.
| east one of sourcgagiower bi as é source fre

fraouency. pnRrRsem AR 8 rohd SRLALE P R LR 1o oS Bbfeast one of

process vol URircd PowBeafiTBrRd ipdRat. the first set of process
paraneters includes at |east one of source power and bi as power .

[0043] Next, at stﬁg 606, m%second | as dgﬂgﬁ? f or med the i E’ﬁ
region of tRB44EhanbBys.uembg EE."%% dMeHodst ap o‘t‘f&aéatﬁﬁr rgpgss §8 tive
that novemengiaghs ¢HAfiEe HPRLINGS aofma@fetal Fel® HavempkbR bldvided. €gilPnone
to the second region is not restricted. In one enbodi nen t he

char ged specembodimenhothe gnetheddand apparatyper thegnventsm eefingm malasma
I'n one embodygeitge bCe3RsMICine e iadha HERBRSS B AHRhELS field with a component

perpendicular to the direction of desired confinement. The strength, direction, and
location of the field is selected such that it confines plasmas under a first set of
process conditions, and does not confine plasmas under a second set of process
conditions that differs from the first set.

[0045] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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i ncludes at | east one of source power, bias power, source frequency,
bi as frequency, process gas selection, chanber pressure, and chanber
process volunme. |In one enbodi nent, the second set of process
parameters includes at |east one of source power and bias power.

[ 0044] Timgimenbodi mrents of met hods and apparatus for process
selective plasma confinenment using a nmagnetic field have been

provi dedl. | pﬁmﬁéatu%fﬁfmﬁﬁm a plaemegecorodrieing appar at us of the

i nvention conégug&nﬁ scharge by exposing the plasma

peri phery to a mag het |e1 W th a conponent perpendicular to the
di rection of desagmiiu:ﬁalﬁl fwmemg deVire Eirrferrginbg adhagneﬁoarﬁeldapcbximate a

| ocation of the field is_selected , suc it confli I

LT T st bBindaly btGegn @ (RsleoinaRPaNes dhox bf isieTe. ShSEaTauHE s
under a prefisI6toeOforPEACARE a SRR rbgiBg, Whate thel plasmaflis %‘bb%lédt;ﬂély
set. [0045] Wile the f or egoi ng i s directed to embodi nents of

present Tefigied othe mawféw #8id heyingriefieldrassenanamtss p@lfpem@um\ﬁ@m“fﬁptwﬂ
be d
(T Scops! FREFRS M, HRIRUAERP b BB BRI YR P B s B

t he scope | s determ ne
d ai ns: ptbsmﬂobﬂn%nsthédwstcmgiomam@trw peeswiregimmphesithe plasnsaiis tormed
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regi on, ere the plasma is to be selectively restricted, the

magneti c qfﬂ"@dwmﬁrﬁ?‘:@nﬁ el of RIGAPEHEMAELIMNSr pendi cul ar to a direction
of desired plasma confinenent that restrict novenent of charged
species of the plasma between the first region and the second region
when t he2pl é’é’l@eﬂpp@ratds@édiaimﬂdé‘#ﬂfwrmmﬁm of process conditions,
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a secondchka&thbef. process conditions. 2. The apparatus of claim1,
further conpri sing:

3. The apparatus of any of claims 1 or 2, wherein the magnetic field forming device

comprises one or more electromagnets.

4. The apparatus of any of claims 1 or 2, wherein the magnetic field forming device

comprises one or more permanent magnets.

5. The apparatus of any of claims 1 or 2, wherein the magnetic field forming device

is disposed in or coupled to the substrate support.
6. The apparatus of any of claims 1 or 2, wherein the magnetic field forming device
forms a magnetic field proximate a side of the substrate support and predominantly

below a support surface of the substrate support.

7. The apparatus of claim 2, wherein the first region comprises an upper region of

the process chamber disposed above the support surface of the substrate support,
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a process chanber having the substrate support disposed within the
process chanber. 3. The apparatus of any of clains 1 or 2, wherein
the magnetic field formng device conprises one or nore

el ectromagnets. 4. The apparatus of any of clains 1 or 2, wherein the
magnet i c Claighgl form ng device conprises one or nore permanent
magnets. 5. The apparatus of any of clains 1 or 2, wherein the

magnet i capd éﬂ"(ﬁrq?iﬁrtz‘ﬁrﬁﬁc@@di region eoraprgRssadowvar moienepltkel preseassechamber
substrat g; [ 1 or 2, wherein
t he rmgn&sﬁl&f?ﬁé%lgwﬁgggﬁﬁgﬁ@ggffgttéé‘B;@%éﬁéﬂ%@gﬂgﬁpgﬂi eld proximate a
side of the substrate support and predom nantly bel ow a support
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wher e n Bhe TRAPSFLYF GhatbRORPLES S a5 TuBbere s &1 Brobric ik Tyryeagevice
chanber gbmpAsas aaplavfity b magRAs ! thruplupsiRy Of hignstyRiidpcted SMRRQ First
14 Cains: and wherein the second retogl on conprises a |l ower region of

t he procelaneietemigl paths fdend depid® ohetheyppibstratey rsuppertorandng second
bstr at . T : 7 wherei
substra @lré}hﬁ‘@?é ﬁll ?ath é]@n@%%é"&f"ésﬂ%m%ﬂ%fme ﬁﬂo?%é@sfiﬁrﬁf)er erein

the magnetic fle orm ng  device conprises a plura of magnets,
the plurality of magnets di sposed along a first «circunferential path

al ong a side. of the substrat u rt -an . 0 I ial:
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of the substrate support. 10. The apparatus of claim9, wherein the

circunferential paths are spaced apart between 0.25 and 0.5 inches.
11. The aPpdhetappasatus| ofi slaim Swméressin the aifspeyersstialpeaths Gie Gpace apart

magnet s éaw%lgsé)?g%g‘ﬂtboﬁ-ﬁ%hési nches bel ow t he support surface of the
ort: . The  apj

substr at pparatus of any of clains 2 or 7, wherein
the magnetic field formng device is adapted to forma nagnetic

field | n‘!?. r'l%%l SBpéjr%ﬁJ%ogf %lal?r%t 5\‘3 %rl']]e?eirsl Iagne U%Lertrrrzlgst portion of the magneis is

disposed up to 4 inches below the support surface of the substrate support.

12. The apparatus of any of claims 2 or 7, wherein the magnetic field forming device
is adapted to form a magnetic field in a region disposed between a side of the

substrate support and a wall of the process chamber.

13. The apparatus of any of claims 2 or 7, further comprising:
one or more magnets disposed about the process chamber and configured to

control characteristics of the plasma.

14. A method for confining a plasma, comprisiﬁg:
providing a process chamber having a first region where a plasma is to be
formed and a second region from which the plasma is to be selectively restricted,
and
creating a magnetic field having b-field components perpendicular to a
direction from the first region to the second region, and having a configuration
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substrate support and a wall of the process chanber. 13. The
apparatus of any of clainms 2 or 7, further conprising: one or nore
magnet s di sposed about the process chanber and configured to control
characteristics of the plasna. 14. A nmethod for confining a plasng,
conpri si i@Jainps:ovi di ng a process chanmber having a first region where a
plasma is to be forned and a second region fromwhich the plasm is

to be sepelectapdpyeplsist moyeaent ohpkarged spesigs af Awlprna fom @e(flrﬁfal@gwg to
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char ged gpagitiess.of the pl asna fromthe first region to the second

regi on when the plasma is forned under a second set of process
conditions. 15. The nethod of claim 14, further conprising:

perform ng a;-ﬁérygg.logrd:f@aﬁﬁ 1B ihGher Rndiishg: or med with the first set
of process Itions, such that nmovenent” of charged species of the
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plasma is not restricted. 16

16. The method of claim 15, further comprising:
performing a second process using a plasma formed with the second set of
process conditions, such that movement of charged species of the plasma is not

restricted.
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