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confinement rings U S. Patent No. 6,019,060, entitled
" Cam Based HACRETTE PR i
Rings In A¥rasma Chramoer, Dy .

Lenz, issued FebruaCONEINEMBNI ©F RISASVEA pl asna

processi ng etch chanber that uses confinenment rings to
confine plasma within volunme. The confinenent rings

are place within the plasnma chanber walls and nay hel p

to reduce the anount_o | as ang ]cl)\tmr}er gases
reachi ng the cha INPORJFEINVENITON i t hi n

t he confinenment rings, and control the flow of gas

past t . A , :

b ocesaas P EVRon LRGSRt ot CRath @S R confcment
gamgpast the confinenment ring, while mnimzing the

anmount of plasma and ot her gases reaching the chanber

wal |'s. THEMMAAENYSfo. B9 JoBYENTit €N Tam Bt Merahinent For Positioning
foregoing and i n accordance with the purpose of the

p emprhRiALS BrA Rlaspefsercong phovkds| byEric Bubaw igsued
R e R T

PGS S confial eismaAvifli@ $omeS THE beifateattnt FinFP 4rbplag@®ithih the
the process chanber. The gas flows through a ga

gap
adilasgerrhamberwaliscmdmayelroneduse dimameyi §f plasipp and either gases
physi cal., confi.ne t_of the S . netd .
e e Aoy N Bl PP Fi B B et ingoam
physir6iahe aowfdfRaapit tefcohfieninasiigs. hi anot her
enbodi nent of the invention, a plasma processing
appar atigingorarigpdplessi pycesses, BIngyheedossale toingisase the flow of
pl asne. processin a Et.h. r '
P e PR Rl T W BSOS mal! btk gther sases
chadrnglc hetbhanbefivalleast one confinement ring is
provi ded, where the confinenent ring and the substrate
support define a plasnma volune. A nagnetic source for

generating a magneldf 8 Ji°fHE INVENTION

To achieve the foregoing and in accordance with the purpose of the present

invention a method for processing a substrate is provided. The substrate is placed in a
process chamber. A gas is provided from a gas source to the process chamber. A
plasma is generated from the gas in the process chamber. The gas flows through a gap
adjacent to at least one confinement ring to provide physical confinement of the
plasma. Magnetic confinement of the plasma is provided to enhance the physical
confinement of the plasma.

In another embodiment of the invention, a plasma processing apparatus for
processing a substrate is provided. A plasma processing chamber with chamber walls
is provided. A substrate support is provided within the chamber walls. At least one
confinement ring is provided, where the confinement ring and the substrate support
define a plasma volume. A magnetic source for generating a magnetic field for

magnetically enhancing physical confinement provided by the at least one confinement
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described in nore detail below in the detailed
dgﬁChl n of the invention and in conjunction wth
t HESH% |8 %g figures. BRI EF DESCRI PTION OF THE

DRAW N@eégbﬁldwtm %ﬁmﬂe@ YEME bfRerit Snventibs tildbe dedayibsiBi more
of exanP and not way of limtation, in the

|dgﬁar1é3§ ogt intthe d@t@&mﬁwm@ o ﬁWﬁ@éloam@d ihcaiineion wid the
wﬁl relplc$ n%merals refer to simlar elenents and in
PR %@Hilsaschematlcwewofaplasrra
processing chanber that may be used in an enbodi nent
of the invention. FIG 2 |s a to schematlc vi ew of
confi nement ri B o\ 1 RAWHRGH| ment
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enI arged | of £
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Fllﬁ%lta‘ﬂloh Sindhd BPur¥s 6Mh hcdeaiphnyhg ﬁﬁemgg%%uaﬁmma 1fkleR8ference

5is a top view of another enbodi nent of the
i rwmtalsowferm @mibwr elsmentsend imwhisher oss- sectional vi ew
of ano nvent i on

G i )
Cop ottt R GRaRR vigh et et hs o Fitogh Py be used in

Qg REfbolinikat 6f theheveatibedi ment shown in FIG 6. FIG 8
is a schematic illustration of a process chanber that

us es aFiEghista opfselenhticyidyoebeonfinemenaiigs phdtpemagnets in the
n e on tenperature near the
Hﬁ’oh%?@ﬁ?ﬂ?"}’l}]ﬁ’ﬁg pms decreasing the density of the
pl asma [@¢. 3 hearcidrh é@ﬂs@tofFaﬂa gBthe \WbA SRR ﬁ%g_ﬁwh a first pair of
physi cal confinenent. DETAILED DESCRI PTI ON

PREEERRED EMBODI MENTS The present invention wll now
be descrj.bed in_det ai jth.reference to a few
pref er :FEG ‘Z @Pﬁ{éeﬁ’i' 8%1?%%39%57 e %t ed in the
acconpaigi g%k LHHoPWidte st adother BRLb@lleavbNge R3O i ON,
nunerous specific details are set forth in order to
provi d&l@. 6 is a schematic cross-sectional view of another embodiment of the
invention.
FIG. 7 is a top schematic view of the confinement rings and top magnet ring of
the embodiment shown in FIG. 6.
FIG. 8 is a schematic illustration of a process chamber that uses a magnetic field
to boost the local plasma density and/or electron temperature near the confinement

rings, thus decreasing the density of the plasma at the confinement rings, which

enhances physical confinement.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be described in detail with reference to a few
preferred embodiments thereof as illustrated in the accompanying drawings. In the
following description, numerous specific details are set forth in order to provide a
thorough understanding of the present invention. It will be apparent, however, to one
skilled in the art, that the present invention may be practiced without some or all of

these specific details. In other instances, well known process steps and/or structures
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t hor ough understandi ng of the present invention. It
w Il be apparent, however, to one skilled in the art,

w0 bas/001827 present i nvention may be practiced wWaTUs81004/018557

some or all of these specific details. In other
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t (nveationinnecessarily obscure the present invention. To
facilitate understandlng FIG. 1 is a schematic view
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champelecode 10ha sapsaica B, pad Foebeny maapudn Wikn plasma
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une 1's f|ne

t ﬂﬁsp@ﬁbﬂﬂﬁﬁﬁed@aﬁélbl loEﬁosit@ thelodef dlo@rodeQ9s. Wdlﬁhﬂ’oelt Vtume is defined
chanber vol une, er electrode 104, | ower

ebydhe @m@bpowaﬂ éﬁ%Ll th@%hamﬂv@mhng il%@ldlﬂ)@rd% i M&thimthe chamber
40, A
1 7310 She R Bodf TR 1o e et 108t oG B 102

r idegse the2oh@nddasliene: vorenetldg field in the region of
the confinenent rings 102. The magnets 112, 114, 116,

118 ar é\ pluzalisyiof magnetvl ldedila 1 tareplapas axomml thpeonfinement

e io he confi ' hi...t hi s enbo nmen
o loopi airinsic B p s B8%a O me SplaiaRar g oz, The
p@{he[g%ets/i‘lﬁ | 7191t 1 PR1N 8 Qe PIRGAES roViddd akiddbnafi€fipliag 8¢ region of the
spaced part from each ot her on opposite sites of the

c onffiremem tings. nigshis @mbO@m@Qhéhw is a@cs@@bﬁmd ba |prova;¢mg the magnets
nets 6, 118_.is ace art f.rom.each

oelﬁs?lr A Byadioeniefus TG 7R a%SinRR bt b oGt e sther on
?Witef ofhe onfinethchOingsalbe MRt shewd! AWeRbnd Sier of magnets 116,

con i nenment rings 102 and top nmagnets 112, 116, 204.

THé 8 tioplarmlgmetcdafpart iwnf ¢ack oihsaipn ogposﬁagxd@s gfthg zomfmement rings

ARSI A N A AT T
Pahdgneds 1M2INEY 804 16hd t%ﬁ%tugm @%hé)ﬁﬂsﬂﬁala@m @srmqg shown as

t he C|rcunference of the confinement ring 102 on the
opreingiabevspatobihe airclinafersnes obthe corfineorent negrédd. Thetgp magnet of

the second pair of magnets 116 is shown as being above part of the circumference of
the confinement ring 102 on the opposite side of a diameter of the confinement ring
102 extending from the top magnet of the second pair of magnets 112. Additional top
magnets 204 form a circle above the circumference of the confinement ring 102 as
shown. In this embodiment, all of the top poles of the top magnet are the north poles,
so that the magnets are not alternated between adjacent magnets. The confinement
rings 102 have an inner diameter D1 and an outer diameter D2. The ring formed by
the top magnets 112, 116, 204 has a diameter D3. In this embodiment, the ring D3
formed by the top magnets 112, 116, 204 is less than the outer diameter D2 of the
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102 as shown. In this enbodinment, all of the top poles

e T o

Thiageonfi nenent rings 102 have an |nner dlaneter
and an outer dianeter D2, The ring forned by the top
magnet §3as1psupplied tothe copfined plsaawolimeiy gas soume §10 and is

T PRE B Hom RGob R P 4 o Saitog PERIRERRL findh 2 b0 an

t ReRART paretRAighrthe ethal&tduand 200 eatist RFRatrct 184 is¥l@trically
diameter D of the confinenent Gas is supplied
t gornpsteddp thaumpepelaease ot uﬁesebcgndgéE seyea A4S i3 elpchisally s

AL HOPLLP 8 SONE B BB ARIR, N MR O UAH 1 Econd R

nemsnt an ex aus rou

e%b@‘d&ﬂ%’ﬂﬁp c&ﬁ@nseﬁa 27 Bz fRwe Quiirce aﬂd‘hﬂZ MHz power source
electrically connected to the upper electrode 104.

s éhffﬁ@nr@r@bmtws phigonnectileeRY ppwel toyheeeatede aep nqss1b1¢e In the
s g A A e R A

S M«iﬁﬁecﬁﬂﬁh additibi nREYVE, \ﬁlﬁbllli ﬁﬁy b@luﬁefdaﬁfalﬁreferred embodiment of
conbi nati ons of connecting RF power to the el ectrode

arﬂéﬁ woewian boththe RE sowaeseare cormeeled ko thp lowsteldsirodenwnd the upper

e h. Cor por at i,on f.~Fre Liforni

nEReRbaG Rk B hler Lo RSB Wnrriioht Pk ed o e gos
a stu%fa ¢10,8He S0 O6H §RBid RF pbiver 400vs 1 49 N48P@k Rodfentdnt rings
sources are connected to the | owner electrode and the

u;i@éraréiltb@ﬁf@@létnumpg}?&unded A controller 149 may be

contrqllably connect.ed to,the rce 110

Forst Tnfitaort A SRR ek pellith B8 o3OS Frg Fenktf The

C RBhfiNGABNA inkd [‘@BSaré Qdjustaideb Maeld@ éh@%@ bapPbdiied?e cBhfinement
operation, an etch is used where a Q? gas flowrate

i gingedp rediice Teeflavoresistrapeeaused lmgféle rozfizgmesnsidpgst@dwhish

d t fi
P aiiEsSs fie oo B0 B et A bR (FERIba e M aht pump
ri1ngs WHe an WMotk ke B OF chd@rdu Eﬁ\ﬂlef @h@in@he®amges, an increase of
t hrough the confinenment rings 102 to the exhaust punp

1200s andtdontaminanty wap els¢ AowHbropgbthectniiagnant rioggte cohtaminate the
COﬁ Hg a&15|ngs an increase of ions and
s rmmay al so flow through the confinenent

rings iR paBisa bt Mdnfach&S iCoaRRR kvitathe Sorment rings to increase the
confinement of charged particles (1ons and/or electrons), while allowing a high flow
rate of neutral gas. In this example, the increased confinement is achieved by having
the magnetic field increase the percentage of charged particles that collide with the
confinement rings.

FIG. 3 is an enlarged view of part of the confinement rings 102 with the first pair

of magnets 112, 114 to show general workings of this embodiment of the invention. A
more rigorous description of the theory behind the invention will be provided later.
Magnetic field lines 304 between the magnets 112, 114 are shown. The magnetic field
lines 304 pass through the confinement rings 102.
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allowing a high flowrate of neutral gas. hi this
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rings. FIG 3 is an enlarged view of part of the
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the | ower confinenent ring 102. In such a case, the
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pﬁﬂée@.@ %eq»arﬁ&l@pﬁﬁmé Eﬂﬂﬁ@ﬂéeﬂﬂh@ G&nﬁrféméﬁt 6ds 102. The increased

confi nenent) al one. second particle trajectory 324
i paihdength p@@ﬁp@ﬂletacpr@wh ofdhe mrtlhlett@ theonfingreens ming te hesufficient

2 | ength of th
oas st Mt oot e cERB At bl G R ALtk e prevention of
Pk LRArgbPpdiQles BB ﬂégﬁ?%%etﬁ/bé}gtﬁe $0incent Ak it behanced by the

particl e approaches on the confinenent rings
s meagnepafieldc lAethind sbargedpastielh tnajf@toaméﬁexsuahn@st obxallglog the

o BT HATE HRE L% AT BB e BRI ish e Pttt S04 e
p@fa} defdr® opieh ai‘tfé'ftgﬁd@h Rajene erhe thfectatihd E@l‘ﬂﬁﬁﬁlcfehi&:ﬁe p?rtlcle

The increase ath length causes the approach o
t Ipethdang’th bERveED tlteh@ntmq:mm emgml 0%.i Repse parbieles afefsuéficaetly
rticle t t he confln

- PR abe pofemefio T oo st e LRt onith, these

p %ic@és‘i‘ﬁ 1ot eONiRE S Sth TeE &ﬁqtf%ﬁenttrﬁ‘%s c Tﬁéﬂefb%é@lﬁht pH}Jsf&QIS
i § enhanced by the magnetic field.” A third charded

papnficdrecttt oajhecooiiyenB28rings zidtbs tnagmtalelnbdmcememt@es not cause

fi h t th h
© RBFSh e e <O FAide 36303 et FFue iy B S PRA i ciog e with

PRfkripartReR! eaua—lﬂg alch@gRGA BleW thafedBRDlwhith cHAH 8A8L thdd€to collide
particle path eRgth between the confi nement rings

16@th fhhesleﬁmmdnrt thesl @ e suf f iciently par allel to the

confi r|n s.102 20 ven wth an inere sed

path | { Hal‘l()(Uﬁ %gémes p y81ca con mement 1s suf’ 01ent smce the confinement
rings are kept close enough so that a sufficient number of charged particles collide
with the confinement rings. However, it has been found that in some processes a high
flow of neutral gases is desired. In such a case, the confinement rings are separated to
form a larger gap to allow a higher flow of neutral gas to pass within the gap to the
exhaust pump 120. The larger gap also causes a lower fraction of the charged particles
from colliding with the confinement rings. The presence of the magnetic field

increases the fraction of the charged particles that collide with the confinement rings.

A plasma extinction line 332 is the border where the plasma is extinguished. As



particles do not collide with the confinenent rings.
Therefore, the physical confinenent of the confinenent
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these particles to collide with the confinenent rings.

T i cl.es,
Cgﬁéx%%gtﬁé %c ﬁlﬁ’s %g@%ﬂ%drlge?\?%%n et{é? %rﬁﬁl @ﬁtr 1{1]1{%% 1%?Uand therefore
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| tredids ilbgRRohBiMEnt BABollideSQPBSIHOACAS S%Sfra’ttlbh ghtn‘el cB¥ged
of neutral gases is desired, hi such a case,
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owahl erflow fnutr assvm
”Péocegses ugmgﬁ yg%(eﬁ gase tg ﬁ%& p?ﬁlénelr% atg tg? g%qﬂnement
C&Hﬁgeﬁﬂn&r@éls@ﬁ d%ér@@sﬁngﬁheQifacﬁ&ﬁoﬁﬂlﬂilﬂﬁdhﬁ%ﬁﬁ%rﬁﬁlefviag%fthe
coll'iding with the confinenent rings. The presence of

t ﬁéaaﬁwgqlp@mbél Tha$ 1§ depicabdartodgwetibe pmguit o wontamitpgion from the
ﬁllgl% tlclesthat collide with the confinenent
[ S asna extinction line 332 is the border

V\'hef e Tt #vull ABe Adte®khi A8 Waghad fidsshdmerdabiethp &%Bﬁage of
i s extinguished between the confinenent rings 10 and

t Henegrlestiqnethatenilidscvishtheiayesseilingd 0¢ end thedlpent 09 pfigs plasma

oranmaR: (R SHEDERFE b Bo ol adtenes e s ipepent rines 102
C €73 3%:) rtﬂd'tﬂiyblﬁﬂ doRBndiaedt §¥§9€fm b 9rcﬁ)|1cﬁﬁ%rﬁ1 tﬁbs%réi&ﬂfodlﬂl&nt@ﬁee gaps

been found that the continenent of the plasma results
| rtthomeh widuirhi gae mapitbeskhpstodreth dBysbgian berbweenﬁtbe e ceiling 107 and

ion artlcle that col |1

HBS bopir Rt AneoRRGEEH 5BY) fibainee SR sonffrii fines 102
t %H aftRird PAPS@WE&QSthE $loBH 1 OANIESot@aS8Sfact BEa Edrﬁﬁféin@ﬁ‘t ring. The
of polymer that forns on the confinement ring 3

i nedexigen i Wtrwdbs ﬁglfnﬁmeﬂtrmﬂ@ﬂ of pol ymer t hat
nber

f th f th
fou™ i L alice 1 ST B A ok bt PR TPkt the
t fh%dﬁiaﬁrm%{agn@fls isSon BdelsgPnshaaibs e A8 MRt Leh EBbdordtagm™ of

magnetic fields may increase thé percentage of ions or
elfgemnpain Salifeatia.c Bod sudle avievihe, ttheflowmae icpeferabdy 48T eantd0 and
tl(“)lz(;)ofl oor 109 of the plasma chanber. The inner ceiling
107Vafnd"™f | oor 109 together with the confinenent rings

105, I e e B T A B

be- @4dhBLsiiedlomihehdea thatmnﬁgﬁgimebalmlygdmeo thei @gnc‘uon of plasma

¢ %e | ¢oh tIlle con%?lement rings. This idea implies that if the effective length of the
confinement rings is extended, with fixed confinement ring gap, confinement will be
enhanced. This is due to the ions and electrons having more opportunity to be lost due
to collision with the ring’s surface. As the plasma propagates between the rings, the
loss eventually becomes so great that the plasma is finally extinguished. If this length
of travel could be extended, then one would expect that confinement could be
enhanced. This concept uses a magnetic field produced by magnets, as described

above, to effectively extend the trajectories of both the ions and electrons so that

opportunity for plasma loss between the rings is enhanced. These magnets produce a
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confinenent rjhgs i.s extend with fixed, confine .

- Pl edErER e A Himdhe FeRegin LR s BealBRE Y igno
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event ual becones so at fhat.the plasma is finall

e ETHGALN SBETe & Dt HE G ewtch P gt T ey B e conindment
e : _ ,
D A R SR o U on R IR R an P U (or
prefidcitectobfineragri eing, lergth)des be ehgdtedbove, to

effectively extend the t a'q%@%ori es. of both the ions

and el &CF HBE2LE Rﬂﬁl&‘%se%ﬁ%%‘lr PRGNLTEES BleshmdioDe .06 meters
b %&M@, %i&ﬁ‘]?.tﬁe% g‘i%r nee EWF&? Elginng_){lﬁéﬁs Qﬁtg&?c&sragfug deeR
amagnetic field, Ich wi result in 1ons an

elcenfimiemmmt fingd. Clenigndare assnectdits havecd tompenatitré of 430°Ks Ipis
(i.e. the "Larnor" radius p), as shown in FIG 4. FIG

4 apmpdih op; GFagt tsdpes SferdhcemiinARFRITINEPEGN 108 the ion
N%Qé}ﬁxtal \‘?elf)dli_h).egt bi; ré;’[Qfe A4S0 Wh ﬁ’l@fmﬁf\zefo:aﬁy P@gﬁ’

as shown. € magnetli i el causes a particle wt

traj ect ryz,path 408 to travel a curved trajectory
f owi Wi 4ihe h oI glod . Trajectory 416 is
tgiéj tryj tor_y??%ap?%\%zjlgé%re 503’% if no magnetic field

was present. As can be seen, the path of a trajectory
al,[g]g%the circle 412frotg1 he magnetjc field is
gridS T eUIteA ZH LN Magnelic ‘i“lélsﬂlgl ¥eh8 magnetic field

was present. This will result in extending the tine an

ion orpglectr gedy L pOt¥ avenay the confinenent

ri Bgs.%n-’thi%%t%c@jm IoGapsact ual |y

magnetioa |y co(i(e)(d.pkdm ?) If the radius p is

nearly the sanme as the confinenent ring | ength, then a

signi ficant enhancenent of the confinenment ring . . .

t M RYEL OifS the re(déps of the orbit, e is the charge of the ion (single1onization is
assumed). For the purposes of this demonstration calculation, Argon is assumed.
Argon has a mass of 40%1.67X10? kg,

It should be noted that this same magnetic field would also affect the electrons.
To consider electron behavior, it is assumed that the average the electrons will enter
the confinement region with the electron thermal velocity. The electrons are assumed

to have a temperature of 4 eV (46,400°K). At a temperature of 4 eV the electron

thermal velocity is



effective confinenent ring | ength) can be expected.
For illustrative purposes, the confinenent rings are

was®soed7to be 0. 06 neters wide, which is the PCT/US2004/018557
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di fference between an i nner radius and outer radius of
t he confli nt rings. The ions are assuned to have a
t enper kﬁﬁ of 45 OOK. Jt is assunmed that on average

t Hé Fons—erit ex | th®xddht i meeters/sdaandegi on with the
ion th rﬂﬁL velocity. At a tenperature of 4500K t he
ion thermal velocity is: K-= - 304 neters |I' sec ond M
The required m ni num magnetic field is then given by:
= AY304@ndskh&radinf3-of ¥ob4durd p.lofEadisisctintrdj €2t 69 (id gxh bY:
19) Where, /?,- is the radius of the orbit, e 1s the
chargeﬂ;{§£he ion (single ionization is assunmed). For
t he purMoges of this_denonstration cal culation, Argon
i sOasSuMEd- ﬂ%&%ﬂ@sgamﬁ@gsm 40*1.67X1 0 27 kg. It
shoul d bBénoted that this sane magnetic field woul d

al so affect the electrons. To consider electron

behavi Ghis ik & thiichagsllseadiub #antthe0.06 efcdgdon fidig| dbisioasrely a
will enter the confinenent region with the el ectron
t lsenseatenge phietfyct tha dheglections are legs anassiyndurthernpggdhey enter

t er . ( { t
ARt e R LR s GRSyl

1 Gin oiEti foSdes BY Qe AionIT thoatwve td36lts, aidk WRapthariff theaibal ir@jectories
/| e of the electron trajectories is given by: p = L=23

x arosfeientlysbepisors te enbange porfinegient. e elpciipn i eckies B be
0.06 neter i ' i s | f
¢ i°%%h lgq‘(?? ¢ reﬁlgfﬁingsaﬁdr‘ﬂﬁe lie;glin%ef Sf tﬁﬁgigésc}’lﬁsg%ﬁ; i‘%\ﬁ@%ﬂ@%@&%& field

@ electrons are

Fuédul 8x i8n coif@entit &ihahfenenORill Pes@mBider«gi on Wi t h
hi gher velocity and thus experience a nuch |arger
magnet ilicshpslddes, nosd thatthe saperticorluctisteamiied apevy ffargon j ¢

| Scor%ir(lee%gentt Qﬁ%anicémén % tieghr}loﬁc{g%aﬁg/tegsryi t8Achieve. For example, it is

common to find Samarium Cobalt magnets quoted at fields of 2,000 Gauss. The
smallness of the field required for this application implies an additional advantage.
When considering any magnetic confinement concept it is usually desired to arrange
the magnetic field such that over the wafer the magnetic field is of the same order of
magnitude as the earth’s magnetic field. The earth’s magnetic field is 0.6 Gauss. If
one begins with a small field, the difficulty in obtaining this requirement is reduced.

The permanent magnets used are arranged essentially as a magnetic dipole.
Such a field will have a dipole like character. Thus, one could expect the B-field to
decay as the inverse cube of the distance away from the centerline of the magnets.
Using such arguments one can estimate the spatial decay by use of the relations given
below.

1/3

B(d) oc.c_z":l%: d =(02—2j ~3.26 cm



are sufficiently bent so as to enhance confinenent,
the electron trajectories will be even nore bent.

wabews/00for t he remai nder of this discussion, oPCHUS1984/018557
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magnetic field required for ion confinenent

e | ' I

PR AL bo® G OEPIFR 5SSO B oy i
c apiliysie rElbtsedh gareillmntkinhg of e imehogi.cal |y easy to

achi eve. For exanple, it is common to find Samarium

Cobal t Avnghiicnalemicem intheriprsneuirah poljision matea ae lonmeatral

S %811 s{]o%srgteq{as g{éteffecﬁ%f%e%l%g% 'ilggerfl%%t Blli] lch% sghljecf&l é %@tem using

i"es "an "ad i'ona en’ Consraerin
nﬁlﬂfﬂ@iﬂcﬁp’c@ oiifineeh®s! IfangRftd idn suSfetsShiaty c)bll(iﬁﬁis rvﬁﬁh fdtrals
arrange the magnetic field such that over the wafer
t W@fmgmplieang o sigaificntgrortigneofstrdsflestabirajertorynthen dipgomes

5SRO0y TSP VR

t tﬁlésﬁjetdf Willcsd dithet dhnﬁﬁ%l@ddrbrﬂ@stt"fh@ eff€s ﬁia&%ﬁ%ﬁﬁmatéd by assumlng
reduced. The permanent magnets used are arranged

edkai g wtryl -peytzgl pellsien meay fige path beifeptimates Biedonpytral collision
? %%eeagaﬁ; Iéfgq el“heI koerkf:n% L& fsha%sumecf1 Y Pe Ar 1 gtomr?%s%reo c%CStO mT. The

ecay e I nverse C

dijsh-angaeal awmlohm@dmtﬂ%e pe@IE edtinhled 4 the magnets.
Usi ng such argunents one can estinmate the spati al

decay by use qf the relatio gi ven below. 20 21 Y/3

B(gd) oc - L d=\-\ -S_Zﬁ_gggthng YPE)an

ap%’rbm rmtgpz cof the ao@gjag XTEQNE pc 1 i éT”(gH?patP 0.62cm

decay, thf ndr{Eie¢ refl'ect s the general working of

the invention. An additional concern is the

i ohhadesphere comsk 5éionnf DatighTHE3 K I renfthas beenodskirsédn

rate has the effect of setijing an limt on the
prieSURng o8 m%\m@}}g’c“&“r? G9 Wiglet b‘ﬁ E@Eilgnwﬁ eg&pected during a

h &0 nﬁm%rfxel@ n?ngtlla@%ﬁd Thi¥s § Yih& 15 ﬁ%ﬁﬁﬁb&oaln!d' sﬁ?é@g% W4t pressures
neut re conpleting a significant portion of

i tabodefl e, &t dffeaj ﬁ“dh@mgndﬁlu@nhmtceﬂnerﬁomﬁéaecﬁ@bﬁdamtly nnpalred,
that. t he .curved orbi },ls assuned a&ove Wi ual |y

f Y wereasing the ragnsts figldSheheiiatibe Lappordp 1H%1~S %Pw:. %ugﬂe&he
ohfé?&n leds h%hl@%ff&?itlscﬁgﬁ cRe F%lsfﬂe%tr?? %, 2B r?&hﬁg@éo 6 cm

he neutraf-neutr |S|on nmean ee pat
esﬁayﬂm wsdl e atloavabistmdibs obturvginena Befdeid bf 2H) @anlg@ would be
The working gas is assuned to be Argon at a pressure

i : The ion-neutral collision nean free path is
esti mgieds as, top view of another embodiment of the invention. FIG.5 may use the

same process chamber as shown in Figs. 1-4 except that the plurality of magnets 112,
114, 116, 118, 204 are replaced with an upper ring magnet 504 above the confinement
rings 102 and a lower ring magnet is placed below the confinement rings. The upper
ring magnet 504 would pass through the regions of the upper magnets in the previous
embodiment. The lower ring magnet would pass through the lower magnets in the
previous embodiments. Such a configuration would provide a more uniform magnetic
field.

FIG. 6 is a schematic cross-sectional view of another embodiment of the
invention. The process chamber 600 in this embodiment may be the same as the

process chamber in FIG. 1, except that canted magnetic fields are provided. Therefore,



1 kT A n==T(- =>t n(50mM) = 0.62 cm (9.73xI(T
)P A hard-sphere cross section of shardsphere =

w©®200380B8716 cn? has been assumed. Assumi ng conPCTIERMNL/018557
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rings 6 cmw de, about 10 collisions can be expected

dur e . e

o 09 b Rcn AGIEE Murkl UL Behaprisb g hafed @b dflenet 612
miandtahengedhbpait bovtont Megiss § v twitrethb divpesn@f thd fop nik@net 612 is
significantly inpaired. B%g i ncreasi ng the nmagnetic )

f i Epaierdthamtbeidipmatereof it basion magrss 614 A desullgiragnatis field lines

gL 0 B A 6 s
achahedendtipespendidulas) totheClargestisurfices af Brefdofifleridént 2ih@s 102.

Gauss woul d be required. FIG 5 is_ a top view of
anot herFlenf)dud inprchanatichidew af ecpafnenmntringsil? ansidop magnet

S 0 . h ' [ i l-4 cept .t hat

¢ A o0 i o HABRE LinB12 04w hs BLIR abdichf GIE ghdfiference
I effltiae eshfinkinbntaih gUIRE Mn tHis embEdmeht, HR4opBRYEettriR 612 is near the
confinenment rings 102 and a | ower ring nmagnet is

pligea¢dpe pbie corelineaent iagreld2 Wwhileghe batiam umgeet ritigfy 4 is nearer
d red f the.
g ek R S L

meigarehsinthl diseass tratdlelighiwtfiethk ovefinefRanahgs 102, bit@ilso enhances
previ ous enbodi nents. Such a configuration woul d

pribe peflisian ae ef chargedimartirhepriatoi the Fings by megngticgly deflgeting the
> fcﬁkgg%h piricle Tito %ﬁ%olél%gglner\{tlrﬁlvéls 9pp anot her embodt ment
: p

e fnven rocess=chariber 600 in this
enbodi NEstthdBypHiRs bhepeliffina$ abdgsis itds 8SSmeh AHR @lfe thiknets can
FIG 1, except that canted magnetic fields are

prisageignedsishdhas the Briieldhifosms adstmeinyih thapags formed by the
of . aRaneL s dq%gg{’fﬁfﬁ%n%o{é [h%eg%ﬁ%‘ %e%dnegtrbge?vtvgegl%?eg?ﬁr%p%”fri@gs is

ring shape om magne _
t hestR@ 1wa@net2 &l Zabost Brife)ewhichda Vi _aggr@é_‘éﬁte?alp Qpadif€and
bott om magnet 614. As a result, magnetic fiel I nes

608udy lergst dnadut bastalise vommerdpliebecrmigmenllyeead.and t he

| t 614 i ch. i t ed t -pendj cul :
o't he tapguaforlorGtalind sABLEh by Rt BREAE AL LBl raius of
Fl dBout/0.5 $nfintaQirebGREATHIaC tovth€ WafE of e coRMidnMBAS is desired.

rings 102 and top nagnet
Again, a temperature of 450° K is assumed. It is also assumed that the ions enter the

confinement ring region at an average velocity equal to the ion thermal velocity. At a

temperature of 450° K the ion thermal velocity is:

V.= f%’%— = 304 meters/second

Therefore, the required minimum magnetic field is (converting 0.5 cm to meters):

MY, _(40)(1.67x10™)(304)v2

B ~360G
(pse) cos(45°) (0.005)(1.6x107?) auss

10



ring 612. The top magnet ring 612 is shown as being
above part of the circunference of the confinenent

WO 200g/00B827 I n this enbodi nent, the top magnet PCHYSHAL018557
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is near the inner edge of the confinenent rings 102
mhil t he. bottom magnet, ri.n B | S er. t.h

e dyg rat%hus ocfgl%f ﬁ)r Hels the ha& e 10?E§ %glg Jomiz *onﬁ%assumed)
OrHoy tHe%Ju!qﬁcﬁseQGf ﬂtﬁkﬁ‘de@@ibtﬂﬂmhhbﬁlcdlaﬁbﬂ RBECidnlid¥RLAEd to be Argon,
bet ween e confinenment rings 102, ‘but al so enhances

t rehietohasi asness of4051.67Xthakged parti cl es into the rings

by rmg ticall ef |l ect he,char '

Che conmerenaned TFimgE i fey i el pB bt oo et
PreglchBtddaihy @ fetlaysol T neditrdl ?rs’%&ﬁrg IMeebnk h@ge {fzhﬁ’esn@i%"&bﬁﬁnfer that
can be positioned such that the B-field forns a

aregllisioms mpyttiod sighidisantiyoaffestithisappraack derfiresswien up |tq ﬁ(@mT At 100

g T R Tt A e
' S10@ Y EbilyRRh8 o8 §i54 M&lhgaﬁs @aﬁ%'eﬁﬁe&é@béﬂﬁ%%hﬁfo&%nﬁ fan
what has often commercially been typically used

Conpinandndnings. & hﬁebah@mﬂ hh@tdhtsucellmdmergiensaymnly maglnally affect the

not i Lannor of ab ut 0.5 cm.in a
Giagngiic Ao PG arRd palSinEle PP R e o bbsemed
i's desitf BelrofaBIhfinBmbRTREOAhHCE aPhi tgﬂé(f)ré%shr%s ASREHRD larger
It is also assumed that the ions enfer the confi nemént

r imagnedgfiolds atayawt secessagly hell, sinice pnedessnot wantteelarmuor radius less
| oci.t At ate erature of 450 K the ion

t Rﬁ?@lm‘?@ sgggip%nf}%emektun B8304net er s/ second M

Ther ef qf ghe diSodiBEME Eﬁ%ﬂﬁn@l@l EnaH@BK?tG ehef th&drdtit Selds pass

(converting 0.5 cmto neters): =

( 4Bippgh efmo@ﬁwsazt)rmgs 362, )n that ﬂpcw(gnst;c {igdOmBIrgert am (r
L oot Fagh ot a5 P e Pbiheris e gt BB ¢S tnorease the
PYeRRAGSe 8F cﬁa@%;cr?l 1@%@%@6&1@5& 8t SAlEA AR HRbon RGN éR E‘m §

assunedto gon, which has a mass of 40*1. 67X1
k gV aribiue othe's urmguetlcamontgurtetisusayi s dsed $o inheease the percentage of ions

[ t I ). | h | cul ated ab f
Pt et it et Gl o cana EatiTicsumagnets
t RRky Rk lalteindhse fﬁ%%‘ne’ﬁ@tﬂeﬁis%? infdof@g ?Aﬂhﬁ%& Rfabndifdipdir may have

approach for presstres up t mT Al
their poles placed in opposite directions. In these embodiments, whether magnet rings

or a plurality of magnets is used, it is desirable that the magnets be radially symmetric.
In these embodiments, the magnets are placed above and below the confinement rings.
This is done by forming the magnets in a ring, either as a solid ring or smaller magnets
placed in a ring shape. The diameter of the ring shape formed by the magnets is less
than the outer diameter of the confinement rings and greater than the inner diameter of
the confinement rings.

FIG. 8 is a schematic illustration of a process chamber 800 that uses a magnetic
field to boost the local plasma density and/or electron temperature near the
confinement rings, thus decreasing the density of the plasma at the confinement rings,
which enhances physical confinement. In this embodiment, the magnets 812, 814 are
moved to positions above and below a region within the confinement rings, as shown

in FIG. 8. This concept may have either one of two effects. The local enhancement of

11



nlr, the ion-neutral collision length may reduce to
val ues of about 0.3 cm Thus at 100nT only one or two

w@iosisisohs can be expected before collision wehusive4/018557
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confinenent rings. It is believed that this collision

" _ . ¢ | .
el B tp AL ot et e k4 FRGRE My betweep th
benahesrand die donfinemenvidgs tanfwondethbrwisy dxist/endang@in reduced
Ekgher pressures is desired, |arger magnetic fields

ngibt infené g Sthe rings- ndltprnatéyeli dhis apprag@snabilsenee plasma
|

L ' . . . : . :
S A R0 L DB 4% S o
6,hot becti@@N®hich Wduld bisosphs Sodahplasigh elebigorcieipefaire Mhis could
rings 102, in that the magnetic fields intersect the

c dATultamengal increps offhe glagma petentiplin dhe ‘PRBEYP néoR eonfiving)
y i. i . d
TREREOF THE RS A AT ARRR (IRPRERCT) AEn i P

I ichfSnceMizhi efjastiaiRhsiBpgidairictecaon tongierAtleOMs elBitold Bajectories
used to increase the percentage of ions or electrons

t Hawst 8ayq ¢ edivgiof gupypareaf tha chemor Radys”) lessthandhapeade size of
adj n e alter ' gnetic fields .
o hEEERn ARPURIA IR ek oo MR RV ERG G B ten i
Pah&sugh dleetbrs Wil RP@BicteEsetterabgirb @sits YefdrB®8iAg lost and thus
enbodi ments, whet her magnet rings or a plur aFi ty of
neeghancs lpeal ippizgtion of the ngésalgahl e t hat t he magnets be

radi al | ri i e i ment s h net,s
are pl a%gﬁ%g%gélg ogahdp%rrelf’%gvl%tgﬁtéﬂ%ga% irl]éﬁ’éér}léq’}?'t SthP ?’Rg@% i%auss

| Sl ReexbyctéDloProgdé e eldREReL Smof radivsl 0T9.236dnk.NEhe RFiod, over
solid ring or smaller magnets placed in a ring shape.
Thehgh plesma enlgncement i9 drgiredap s examnde, by/inttheranggattrem 1.5 to 2
is le th he. qut er. di anet of t.he confinenent
e T Sl e PR o e REREr "of "t he

conf i nemERtmbbdiftent Whdre t thSentis GBRIPALICS thrblighSthe apdriie formed
of a process chanber 800 that uses a magnetic field to

bdbéhe eaménpser|rings asthiic desrsousyerthedinpentebet thsmagnetic fields

t enper,at ur ear the confinement rin t hu

adirea gt [ huindeP Bt REEHenkic s aBe eoneratty defined as
c gakdineeaighrthe ggiondTitehcifilanefsingpy si cal

confinenment. In this enbodinment, the magnets 812, 814
ar e nodudeis eabpdgicnt, sisthabmesnch naghen opureliteef oeensistinbsed, it is

t he cqnfi.n nt rin hown .i.n FlI 8. Thi

colretphe WS TRener PR BB BIei rbisetibodmicdns giegpesnet
enh@pREEEIHove kAERIb¥ Yhd @ ATinbent FRGE S fis Yol HbiminB e
nmore rapid plasma decay between the magnets and the

condgnetsnppting et ehaselidoingprontdeninggnegsqilated in a ring shape. The

' edslaltjr!agtiern S tLQ n{1§ glllja%% ?’ormed by the magnets is less than the inner diameter of the
confinement rings. Since the chamber may be placed at various orientations, the
placement of the magnets may be more generally described as being on a first side of
the confinement rings and second side of the confinement rings opposite from the first
side, where placing the magnets above and below the confinement rings is an example
of such placement.

Generally, the plasma chamber has a high wafer diameter to electrode gap ratio.

A typical wafer size may be 300 mm. Generally, the lower electrode is about the same

size as the wafer, so that the lower electrode is about 300 mm. For such a wafer

12



density in front of the rings. Alternatively, this
approach may al so enhance plasma potential at the

wore@amo1sposi tion. This woul d be due to a pref eP€nUSRID4/018557
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confi nenent of hot electrons whi ch woul d boost the

'Qﬁahftg{: a?él@&fcfdgg?f)t 5 f b 2 ThER r?,ntfl?ﬁgketr or lower

I NCr ease asma potentl

" pdsittotly dianeted o elodttddeigag )fatdj mekmts bmnplé"hvosﬂdmeyB (l(h:ﬁhor 15:1.
ald in plasna confi nenment . nplish a

kit dgmefgrde ﬁlécta@cksgawatwsdy%ﬁld Be ﬁretnr%h To0L

B

t hysichleoffindrers, prefeaiblyt the niaggéte do avtedxtedi iatd 106 gafseatSen the
to obtaln an enhancenent. The expectatlon then is that
s FORfIBsraeRt 1A% ORfle notCaRRs i @péé%ﬁea theganéngmpnirings. More
b a
LB WP eakts G SRUARES a6l e al] Mo coes

vvaﬁn pxtend belsw\thes slembet batin@axﬁﬂxhé;aum maghet doss gatRBenddibove
to provide an electron Larnpr radius of 0.23 cm The

r €B¢ elfambsy pox,as gpv léléh%\V%?ﬂ%ﬁ@@ﬁ@ﬁ%enTSs desired, in
this %tﬁ%pén%é)d'uﬁeﬁtp of the uﬁv%ﬁ 5\?62&%&%5 Ic gcgﬂf%guratlons

Thus, SS nmagnétic Icren

[ rthﬁtrprmeérmmdimnal mgﬁéilctdaﬁﬁﬁﬁi@eﬁﬁtd £phystaic@EEeR®nt using
t hrough the aperture fornmed in the confinenment rin

S
arf@fiREN &gy uss Breptenadebpse, Mﬁelﬁ@grteﬁénaﬁa@mmw@mdgp preovide an

PR AN PR SRRl SABST SR SRIORE . o

r egitface 6ffthé bkﬁlfm@ﬁfenn@@mvhfchm dieBt dhiaige pRrdush ifRthe
whet her magnet rings or a plurality of magnets is

useafingrent singesuifacep| e that t he magnets be radi aIIy

symret nets

Shove G b S a3t TR done W IIORFL TG ReRiliyner

f afufitegs dftenfiRgnat: $1nrkg§1m@y bt 0$sd, SichReh saglcon@nberitiri or three
or smaller magnets aced in a ring shape. The

d i C@ﬁﬁﬂ@ﬁ*"rtﬁffmgh &mfm@nlgyrﬁéﬁ@sﬁwm@ﬁwnmh engrm}nev@l@ o allow
than_the in f the. conflne i g
5 Rand B R oo st fbSleS SR PRl BRSO ol Wiprise a
orgnﬁgp@glbk,gg@coﬁﬂ}@n@haﬁ@%ent of the magnets may be nore
generall descri bed as nge on a first side of the

conf i neWiie this mysntianchas deoretseittd infermhef ewistdl péﬂf@md
R RERS el el e R P B BB atenc,
eﬁﬁl’ﬁﬁlﬁ e 1104/it15iH Gl fope BN invention. It should also be noted that there are
many alternative ways of implementing the methods and apparatuses of the present
invention. It is therefore intended that the following appended claims be interpreted as
including all such alterations, permutations, and various substitute equivalents as fall

within the true spirit and scope of the present invention.

13



Generally, the plasma chanber has a hi gh wafer
di aneter to electrode gap ratio. A typical wafer size

woreopbeoB00 mm Generally, the | ower el ectrode PGI/HEMOL/018557
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the sane size as the wafer, so that the | ower

el ectrode is about 300 nm For such a waferdi aneter a
typical electrode gap woul d @AdMHUt 2 cm Therefore,
the wafer or |ower electrode dianeter to el ectrode gap
ratio.in this. exanple would be 300:20 or 15:1. Typica
WQ&EWIEF%HEW€¥'to el ectrode gap ratios would be from
6:1 to 60;1. Because the magnetic fjelds, enhance
phlysi cah PESHAPIRSTEHIS BRErES TAORTORTSSIR A UpALs, epprising:
confin 35ecTely ot extend into
t he gagan@g % RQ%SE%@%%@%S%N {r??oﬁrg‘gg%gg do not cross
t he gap dubktwee Buppbs widhii iheehemberwallys. More

preferably, the magnets do not extend into the
chanberat léagt anggonfipganens Fngayhrasin desceonfigementrigng diosybstrate

t caLl . the bottom nmagnet does not
exﬁgﬁg?ggg%gnﬁﬁga£ﬂg g? floor, as shown in the

var i ous, raagedt seuts for @feitingriadéean tfisldfor tagnetically enhancing
i nventi on may have ot her magnetic configurations that
pridysigel canfiaerasnt pervided bydhett least opg sopdinamentraga

physi cal confinenent using confinenent rings. As

nmenti oned above, the magnets nmay be positioned to

provide an alternating magnetic field. This may create
megnet i Thefplasnth procswsing bpgarattus apagcitbd @l clhim 1,ehesein tirc@agnetic
of the confinenent rings, which may direct, _charge

pEPHICE CERPTipRS f{“ﬁtemé@??lf’ glssat Plagedprsadipshgide ol(ihp atleast one

c o | : i 200

o ApREE e A SO0 AL e BTG B At e Y the
udeddt osdicdhimsmantsingl e confinenent ring or three
confinenent rings. Preferably, at |east one

confinement ring is novable to all ow changes in

prpces r C ion .
e conpit B E3ree Rl e AE RN 1 AR 2R e @eneric
t Hiedd intyeBés MNishas dferigdesetidlbedith thel £ 1418t dte cBBNRINMNt ring.
preferred enbodi nents, there are alterations,

pernut ati ons, and various substitute equival ents,

whjch fgll -wthin th 0 f Lsotnventhan. |.t .
ohoul o oM B ste AR e Rrde WEMGRL R Bindb thpgmasnetic
wargdOfask febedrent thdidehenimidods and appar at uses of

the present invention. It is therefore intended that

the foll owi ng appended clains be interpreted as

el U0l AR B B0 Bk R RAD S (BRI APISnOH the s

vdarious'’s |
magnetic element forms a ring shape with a diameter and the second magnetic element
forms a ring shape with a diameter, and wherein the confinement rings have an inner
diameter and an outer diameter, wherein the diameters of the first magnetic element

and the second magnetic element are less than the outer diameter of the confinement

rings and greater than the inner diameter of the confinement rings.

6. The plasma processing apparatus, as recited in claim 5, wherein the diameter of

the first magnetic element is not equal to the diameter of the second magnetic element.
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within the true spirit and scope of the present
i nvention. CLAIMS What is clained is: 1. A plasm

WQEe@SMeISThg apparatus for processing a substr aP@l/US2004/018557
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30

conprising: a plasma processing chanber with chanber

l's; r 1 thin.the | 1.S; .
1) o PR AR SRR LR SRS i ppanci
i fiegdsaidgls &iﬂ@lg&&b@f@?ﬂﬁl&)f%lhﬂmﬁheﬁ%tirﬂ@s.a pl asma vol une;

a magnetic source for generating a magnetic field for

magneti cal | y enhanci ng physi cal confinenent provided
by, the at l.east one .confinenent ring. 2.. The p|las
othcoschirg Sy Sraune BT Bl Phart P i & i By

t hRagiR o Elein@nSRHAE £ 168 FRdpe St Adihinkfl ahtPhB 86dond ShMBRE element
pl aced on a first side of the at |east one confinenent

r ifpgnanting skape ol adigmetet, @né wdnesin thglcanietnymt singeleywdn inner

side of the at.least one,confinenent ripg. 3. The .

o Gnd e or e e B GE SPER L b Vs St st clement
wWhgt ehdlsebigd ﬁagreﬁb leferfon€hid 1659 €HRABE Mn6OdibinSleP BBth fonfinement
charged particles with the at |east one confinenent

riregs. 4. The pl asnma processi ng apparatus, as recited

in claim3, wherein the nmagnetic fields pass through

the confinenment rings. 5. The plasma processing

appar atpif platnd B6tdsSflg bppaedtad, Ak cit¥dBf @hith 3, Réndrdih $e
magneti c el ement fonns a ring shape with a dianeter
arsgnfihemert cingds wayatde focdedine awatialile gas veherdimthestasiplle gap is used
wi.ith a di anet.er nd wherein the confinenment rings
héﬁ)/ga%'r?r?ﬁ’?ﬁ@rm&?eéﬂ%vojwaean outer di ameter, wherein

the diameters of the first magnetic el enent and the
second magnetic el enent are |less than the outer

dil&met erheoplasthe prooedsingepeatatusj asgsciteddn glamaOewheterrthe ffiest

i nner di te f the confjnenent rings. 6, The pl asnma
oraRet; REmepand seepnd ngenelic Fmant dp i &fass Bie ireblsieaP.

the dianmeter of the first magnetic elenment is not

equal to the dianeter of the second magnetic

el ldmentA metlthdopprasemingracobssith goappangt us, as recited

inclaim2, erein the magnetic fields pass through
t he regﬁrp%cﬁn%gglsﬁ@tr@@ﬁ*liaﬁ’é st chembgs. 8. The plasma

pr oces §ipGRRRAAH a sﬁﬁféiett@ﬂleg)?o&gsaéﬁn%erm erein

the first magnetic el enent forns ring shapé with a
di anet egenamting helasme drodh tmgaseini the ptoeawmrhamber;

flowing the gas through a gap adjacent to at least one confinement ring to
provide physical confinement of the plasma; and
providing magnetic confinement of the plasma to enhance the physical

confinement of the plasma.
12. The method, as recited in claim 11, wherein the providing the magnetic
confinement, comprises providing a magnetic field in the region of the confinement

rings.

13. The method, as recited in claim 12, wherein the magnetic field increases

collisions of charged particles with the confinement rings.
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fornms a ring shape with a dianmeter, and wherein the
confinenent rings have an inner dianeter and an outer

walt@seoxsr; wherein the dianeters of the first PEQOS004018557

10

el enent and the second nmagnetic el enent are | ess than

g | AR HRIELETechlq bNGifOR, RS b iStic Beid e througn
pl'asma "processrng apparatus, as recited | ¢l aj 5

whies &tilénst b coafihémedtetig. ring is novable to define a

vari abl e gap, wherein the variable gap is used to vary
pressure in the plasma volunme. 10. The plasma

pr.Qces r S [:eC - rei

PHS" T TP hRRE PR L, D o ol G B st ome
deonfientdn®fifig thieontdl pRBhE p@sfure.11. A nmethod for

processing a substrate, conprising: placing the

substrate in a process chanber; providing a gas froma

g source he_pr.ocess .ch r...generating a.plasna
B ¢ Hee Sacfod, O BB o P A PR Rk P e e RN
t BEGHER Aadialy BhRceRimig@ent fitl@ast one confinement

ring to provide physical confinenent of the plasng;

and providing magnetic confinenment of the plasma to

enhance, t he physj cal .confi.n nt ofthe plaspa. .12 .. The
matnoa 2 SeReRlsh By RO R il LA RelE Brsdifia g
t he magneti c confinenent, conprises providing a
magnetic field in the region of the confinenment rings.
13. The nmethod, as recited in claim12, wherein the
magnetic field increases collisions of charged
particles with the confinenent rings.14. The nethod,
as recited in claim12, wherein the nagnetic field
passes through the at |east one confinenment ring. 15.
The method, as recited in claim 14, further conprising
nmovi ng the at | east one confinenent ring to contro

pl asma pressure. 16. The nethod, as recited in claim
15, wherein the magnetic confinenent provides a
radially symetric magnetic field. 17. A sem conductor
devi ce nade by the nethod, as recited in claim11.
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