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PLASVA CONFI NEMENT The pres 1 i relates to the processing

equi pmrentw® 02/2484& f abri cati oﬁ]mmmwmmmﬂmmt or - based devi PEI/USHHEB32
particularly, the present inventin,.trelates to inproved techni ques fox
confining and controlling the pressure of the plasma in plasnma processing

nieorated oi r OISR AR PRESSUREEONIROL KOk PEASA RPN R

"alternately be deposited onto and etched froma substrate surface (e.g.,

the sem fer or glass panel). As is well known in the art, the
.et chi ngﬂmﬂ mﬁmlﬂ@[ﬂ,]ﬂg ted |l ayer(s) may be acconplished by a variety of

. techni ques' I ncludrng pl as WWOFW}PEMEWIWH‘GMWCM et chi ng,

t he etchi ngGﬁ’?Oz*t he deposi {‘%%@ ayer(s) on the substrate takes place inside a
15 pl asma processing chanber. During etching, a plasma is fornmed froma
»sui t abl e, et chant ?ﬁé]?« ral nt &8 the@MBFi&atlonOn t he
substrat'(é t hat ar’gﬁ%%%rgé(#g@f%go%{/ewﬁ?BWS @E?Stesagieﬂgﬁgﬁﬁi nd the desired
pattern. Anosfpehiddnduent-basepdsvioés. MMaserprritduddriyn thesyretentrinventimsrelatesitbi zi ng
met hods to confine tg\_ﬁ,pl asma tq a vol une ime iateli{ at@ve t he substrate
have proven mMRyAYSH toghniques 2o configingand icontzoling s RIESSPESPIARGPBI™ Bt f or ni ng

t he ever-shrjnki I 8SmBart he substrate. An exanple of such a system
may be foundﬁl?éghggrr%fprg%[ aggll glr%ed U.S. Patent No. 5,534,751, which is

i ncorporated by reference herein. Athough plasna confinenent results in a
si gni fi cant i npr olnethe fidbricatiothef pari¢andretor-basstl dovigents. Sor iotegeai¢derosiis oens,

t inpl tatj. be d, ticyl it s 25 li zed
Chat 1P ovciaied e fes ot Shva SRRl b ddbued hph Bpf okl ' 7
confined pl aggR Ahdstdie sﬁ%‘c_%f(;é{?.tziuié dei®ndubter afes BRgREOSRRDHI AG iveletine for

substrate transport. To facilitate discussion, FIG 1A depicts an exenplary
pl asma pr ocesmiwminchaaticthe e@bing of¢thadrpasiteddayertss maytberaceejapished §¥ at hey are

currently inplenented. .Wthi | as rocessin a 0 substrate
106 is posi WEBW O{Jfgl?f“ﬂ'ﬁeél u‘?‘&&@%@ﬁé&ﬁ?‘%&%#&ﬁ%‘ ;'[ﬁgiqs@\%eernhe &4t 1 ode 104
I ncor por at eset@hing] theRtcRinpiTthe adpdsitedIByéd) 38 Sheldubstrhid t4UeP place BSitle@hucki ng
mechani sm (e.g., electrostatic, mechanical clanpi or the like) for

. . . ng
hol di ng I5he plabwe peacessimgcharther.r Pudrgetchigg, anlesmaisdprBedhiren asiapser

el ectrode 11 i sposed i mredi at I e 4. The
upper el ect r%tﬁg‘m?f’ﬁ? Scl‘%%etlp egcih:ag? Ar%oégl?ﬁ?‘ge}f) Elgerﬁld1 Q'g%{usﬁ }Aﬁiﬁ%\“gﬁgﬁt%@% 2 define
t he confi nedybraeated by tiémadl Geavizsbehindstip gdied pattetnhe confi ned pl asma

vol ume 116 by etchant gas source 114 and is exhausted fromthe confined

pl asma vol une 116 through the confinenent rings 102 and exhaust port 120 by
a vacuum punp. W Ameue<ifipshi gesefplasmagiching ystms, H}oégélﬂﬁ@ngﬁeg&q‘s%ed

wi thin the confd infnddl; bbve the kiReaW Hdve Brdvdh highdy ume by
application g&%%g%%?ﬁ?go %{ﬁlémﬁ%v%en%}ég}la&e@ rode by RF sao_ur _ce@?LOB t:)g!%i |l e
groundi g uppeitabid foc effmient pidiucidn ardiatiet forming the evestdhrinkimgrfeatures po tha t |
the plasma nmay be fornmed by applying RF power.to,both | ower electr,ede 104
and upper el edsitatfe A oxanyyle B{;ﬁﬁﬁﬁégﬂlmﬁdg?yo foupd apeqramenly g ]g bl yi ng
RF power to ! e whidh is TR@rsRitkd B9 T@Bientd RG8inl OA LBQIgh @i to
confine the gﬁgg{nﬁstggﬁigﬂﬁolﬁ%elsl%% and?tq cgntrolmt he pr eggl?ure of the
pl asma. The confirienemeresuls intawgifisantimprovementiin theperformanes ¢f plagma i on of

many factors including the spacing between the confi ! 102, the
pressure in PH¥® m&ﬁ}gtemﬁ %‘FE@%{'H eSHiA ‘W@n%‘ﬂ?’eﬂglﬁgdﬁg'mﬁ&kﬁgéf)tljlgs ma, the
type andysf | opediiabriaf inii6vansnts adh Whhdedis thdeordu@y ef thepesbueax eircyonbihedRF

power. For effective plasma _confinenent, the pressure qutsjde the
confi nement plasma and the accessibility of the plasma processing volume for substrate transport.

To facilitate discussion, FIG. 1A depicts an exemplary plasma processing
chamber 100, including confinement rings 102 as they are currently implemented.
Within plasma processing chamber 100, the substrate 106 is positioned upon the

30  lower electrode 104. The lower electrode 104 incorporates a suitable substrate



20 rings 102 should be as | ow as possible, preferably |ess than 30
mllitorr. Confinenent of the plasma is nore easily acconplished if the
spaci ng wedezmis4d he confinenent rings 102 is very small. Pgpiusal/42s32 a
spacing of 0.15 inches or less is required for confinenent. However, the

i fot fi tori | sq. det er i th f ot
P’ and chiciias mesfEn & bndRefedic MM AT b h DEBRNE) Brtioffing o 2
the pressurgng sesthed 060! TIRPlehdTBY topM190 %%%r%lﬁ‘ﬁtfe@ﬁtﬂﬁ elirb8e B MikFoseil ng

"pl asma. Conmonly assigned U.S. Patent No. 6,019,060 entitled "Cam Based
Arr angenent ifnmediwgelytoppositeghClower eteatrade Fi4agehelupper eleelsode 1H2olossi ng

_Chanber" b i c . H. i d_Feb 000, . t.ed
Foterence. (R 1Ay A eorETent I 05 Hethe 08 PR AERRRRE Sl s
appr oxi nat el ¥agik Rl 90 e dofihétEplamL¥SIuRR 16y ktdh%at gas¥durce 224 anblgy e X, Y

and Z are the distances between confinenent rings as shown in FIG 1B. Lenz
.provi ded a sixhghstechfromishecorifimgd plasma voluame blifeihyoughribe ¢onfinepsnbinga 102y+7 =

constant in FLG .1B). justing the digt . b .

02/ 298-1 8 PG?FG"E@-&%P‘?%%@%&M\?F“: P%‘élp'si%tﬁ%%%@\?gbﬁaq‘ggaﬁ‘r%ﬁé piatld ng, as
taught by Lefgssure datzbSiRedd¥ s Wheeco@intd plasthaRglintsa piennlis firmed withiec. 2
illustrates the relative pressure predicted by the expression above

obt ai ned by thiswiohgme bx: appjicstipn pfRF pewer tothe layips efacirade B4’ soyrce 8

expression predicts a. r ol 0 - 9 j

illustr a\?ed \yﬁl?q:graﬂpgingfﬁg%iﬁ%@%%?{%ﬁ%&%%%ﬂ%}% I e@fatgﬁgﬁ’rgﬁge to be
appr oxi mat el plaghemg bk fermesicbyvapplitss RFpowenio walk bsweralestrdde 14 asdaprer essur e
range is required to achieve optinmal process results on various types of
films and desleaensieiil@rorbyt greurding loyres clestpdryl M andapplying REAOMEBER URRST t he
met hod taughéeﬁyod%eirﬁ, the confinenent rings 102 are 10 constrai ned between
t he upper ané ower el ectrode assenblies and thus can restrict access to
the interel ectrode space for |oading and unl oadi ng of substrates. As shown
in FIG1 C even Thé borffreneanfingscit2nerveibogstooffihe fiegdasnin tolké volupedOfost

osition, the access to the interelectro S eis limted t he gap W
\R/n! ch i d5t heaIHlitPfCBP'%]ég? B’feSfE%OfElP aspidt gﬁ%F@’_@fWB&Bﬁ tplasmado %kﬁ’g Sorbi ned
thi cknesses of1,{,1 16¢04 hﬁﬁﬂﬁﬁsfﬁqrhgg&m}f §1chfd_iﬂ%9th_g‘§ﬁdc’il?§3$&w'fe&1 fheovi de an

i ncreased range of pressure cont e nmaintai ning plasma confinenent.
It is al so desifinatnent fimgspl0Qy ihd presewrkiim theemwiumé owgfside tlze capfisament ringsianit at e

| acenent and [enpval of the strate.fromthe pla rrocessi ng system
D0 SUNMARY OB theiplas g L@c‘,‘hﬁ’g‘%/%f t{xﬁgasp 8t %@ﬁiaﬁa‘@ﬁg"l&f’ﬁgﬁf‘l‘é et and
i n_accor dancRpWolar.t Rér é}'fhrcgl‘?éﬁla%a EOFIRIRSE Me prévafd birside thetloasiiBment

processi ng device Is provided. A vacuum chanber with an exhaust Port lgnd
18eBC™our ce

vacuum ponp fings 102 shoulrhreeastipwias possible.ipseferabliulescihanBe millgomn §og

in fluid ti i.th th h ' i i 1 hi
Chanber a waPahe RFBTA S SOkt Pl GroPiang 4 e afng b il tlichehilfn Lacuum
pressure congped 10258 ¥8rykneAl. eTypidvlly, SHHUrigsofl Bciatheslor 1adds feiqoited fdre

present invention provides a nethod of_ controlling wafer area_pregsure.
General |y, acenfinemeat. eHD‘é’eﬁrdbéépﬂcﬁlgaOf\Ih%Gﬁnﬁnéﬁlﬁﬁg@ng ahsqdetergpngsdici s 30

Chanber . 3 PUDEPLEESTRE Bl Gsl B Snf LR PRLAE Bfh B AR ARIT

provi de paf ethegreduiRireGsitddefot optimall procsgperfranhes whilemafiffiténg fase. and

C

ot her features of the present i1nvention will be described in nore detail
I . h | R ¢ the i . . : . it h
? ﬁeow 'n the det abo?rgngnel}sl%gsligpr;[eld(%.ln.SPPatént?\k;.%YO%BEOI68nent%Hgd J‘eamc-(ﬂysg&] ction wit

Arrangement for Positioning Confinement Rings In A Plasma Processing Chamber”
by Eric H. Lenz, issued February 1, 2000, incorporated by reference, taught that the
pressure drop across the confinement rings is approximately proportional to the

30  expression 13+ Y+ 7% where X, Y and Z are the distances between confinement
rings as shown in FIG.1B. Lenz provided a single movable ring and a stationary ring

(X = constant, Y+Z = constant in FIG. 1B). By adjusting the distances Y and Z by

2



followi ng figures. BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention
Is illustrated by way of exanple, and not by way of limtation, in the
figures oafobhywsagconpanyi ng drawi ngs and in which |ike refP€TArsoe42302
nunerals refer to simlar elements and in which: FIG 1 is a schematic view

f i t pl i hanber.. FI i h ill trati
Che Tl at | vanpHES i ale M08l CORAERSGHE: Brought bY Ko P apeeimt |
view of a p'@%ﬁ%@ﬁg&g@ﬁg@%ﬁh@&bﬂa aqgemtmhé RIARR REREM preditte@ by e

“invention. 1 ow chart of the operation of the preferred
enbodi ment adxptdasion mbeve oliainedbyEmoFings sngle Ningdien of variows HkedgapecXi dheof t he

PR thei T uppSPHOSER FORE encotibrageiod SRR bRt Lgar f ALpradih” ¢
processi 69 Cfjgiae w?ﬂ@%gérﬂngﬂtﬁfouﬂd_tﬁ@amﬁletr&ﬁgeq@ b iapeRthatelyme halv e
IS p

been | owered. "FI G chematic view of the plasma processing chanber
_shown in FI Ghog; vahiesr &n nieay caseh) awidsnplasina geessiue sangedhraayited pchifveher so

as to reduce the lowernost. gap to its mpLmumFEl G .8 | C Lc view of
the plasm pYRRAL DFOfGSTITNE W\%E}fpﬁs f@%sﬂnd?gvb&%ﬁthﬁh@gg%% i nenent
rings have bﬁg@esgﬂpggggmfurther so as to reduce the mddle gap to its

WD 021298

m ni nrum 4 0 8 PCT/US111/~2332 FIG 9 is schematic view of the
pl asma processi ng chanmber shown in FIG 8, where the confinenent rings have

been | owered f ur t meaddifionain the mesknscteugti by dsparthe senipgpenbringsl ¢ e num  FI G
10 is a graph _of .pr ure with r . | o FI G 11
Is a gr dgh g?onﬁﬁr%lgg%ﬁ%tw\ﬁe? ﬁlllerug)g Bﬁ%@? %)Ve{ %g&%?%%g t th g‘g%ﬁgl?é%'l‘s gjrCtvari ous

val ues of m gycEIsTo GaPintirelectidde spidt foslcadimghadanloadingefsoistates] dsrshown
processi ng chanber of another enbodi nent of the invention.

[ FIG 13 is a
schemati c vi Flef 1Gagven siththe condimeriepbangrck P2 1dieditp dheliunnsrngst position, t]sue

access to the interelectrode space is limited to the gap W, which is the difference of

the total interelectrode space less the combined thicknesses of the confinement rings.

15 It is desirable to provide an increased range of pressure control while
maintaining plasma confinement. It is also desirable to provide confinement rings
that greater facilitate placement and removal of the substrate from the plasma

processing system.

20
SUMMARY OF THE INVENTION

To achieve the foregoing and other objects and in accordance with the purpose
of the present invention, a plasma processing device is provided. A vacuum chamber
with an exhaust port and vacuum pump in fluid connection with the vacuum chamber

25  and a gas source in fluid connection with the vacuum chamber is provided. Within
the vacuum chamber a wafer area pressure control device for providing wafer arca

pressure control range greater than 500% is placed.

In addition, the present invention provides a method of controlling wafer area
pressure. Generally, a substrate is placed in a vacuum chamber. A gas source is

30  provided to the vacuum chamber. Gas is also exhausted from the vacuum chamber.



10 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The present invention
w Il now be described in detail with reference to a few preferred

enbodi nemGoi/hsueof as illustrated in the acconpanyi ng dr ®GIrAge1/423s2 t he
foll owi ng description, numerous specific details are set forth in order to
provide a i5 thorough understanding of the present invention. It wll be
appar ent, hdVideast one BngHanaved tp FEpVide WHET ach Prospule COREClIABISHEAEHVERL i on
may be prac%bﬁ?d wi t hout some or all of these specific details. In other
instances, Wwell”known process steps and/or structures have not been
described in detail in order to not unnecessarily obscure the present
dinvention. 20 To Theeé inid éther fatarsy oS tepredehtinvention wilcbodescsbat inanare vi ew of
~a plasma processi ng chanmber 200. The chanber has a(gop 212 and a_ bottom
214, and a dstaielowan thegetiled fescHphion ?E@ﬁﬂ%@tl%ﬁn pecongimeian wththe, 214,
Cantil evere i de of the chanber is a | ower el ectrode housing 218
.in mhicﬁ$isq?$§€%%g§ﬁg%éhuck 204, which is a workpiece holder on which a
substrate 206 is positioned during 25 etching. The chuck 204 may be

i npl emented by any suitabl e chucking technique, e.g., electrostatic,
mechani cal clanping, vacuum or the like. An RF power supply 252 may be
electrically connected t 212 supports an
upper el ectrode 224 and mﬁg{ﬂg@ﬁ&ﬁ@ﬁ%mw 0 an RF power
supply. A confinenment mechani smconprising a first adjustable confinenent
ring 230, a seconthdpreseOirentZABRiReiraldd by Way'tfeidmptl, usd abd 8 wenbdd nenent
ring 232, a third adjustable confinement ring 234, and a confinenment bl ock
236 are di spusisation ihthe fighes of tecaseompanyingdrawinzsend m whichdikezaterensy be

used to,support the first adjuyst i.nement ring 230, second

adj ustalﬁe Mﬁrﬂéﬁ’gﬁ]ﬁtorﬁlrﬂgaﬂzeg%?g}%%cg&g{él}lg@t abl e confinenent ring 234, and
confinement bl ock 236. A controller 242 connected to the hol der 240
control s the noverent! ioh sthveadiolviter oPdpriamdt plasme prucessinpecaimbet. adj ust abl e
confinement ring 230, second adjustable confinenent ring 232, third

adj ust abl e confinenent, ring. 234, and _confi.nenent blqck 236.. |.n the
preferred enbodi ndSt 2df agrphiliystriing the relalive, Bregape QQBCY%‘ ‘gltﬂéb’ﬁé)d'l%h a
confinement ring or block resting on each step. The steps provide a 10
maxi mum gap Spaclm.aqgwa&lﬁﬁ% ANbT H8IBAR pfdcegsn@Eithned akcordiy éhohd t he
preferred enbodi nent of the invention is between 0.09 to 0.15 inches (2.28
to 3. 81 nun)embdumentraftthaujversticabl e confi nement ring 230, the second

adj ust abl e confinenment ring 232 and the third adjustable confinenment ring

234 each_are fixt W th spacers, 238, whi | 0 et ween
each confi nement ﬁcﬁghﬁﬁ W@?ﬁoﬁlﬁe ?%qr%uoﬁoﬁ%%%ﬁn%ﬁtﬂwgwg%ﬁ?h?s of a
Size to provipgdeatidbnM Ni num gap between . 005 and . 060 inches (0.13 to 1.52

nm . An etchant gas source 250 provides gas to the chanber. A pressure
sensor 262 neasures the pressure.in the vol urfns aliove t he subtsfilra e 206, the
"WNafer Area Presshi@9 isgschempgbic viewaf & sectign of thsolpsuaa processiis ?I“é?Srrt 260.

I n operation t:-ni-§~€ I W ol der 240
toits 20 hi%ﬁ)es lggg(s}i m%kﬁgg%%%}ﬁ}egpﬁ*%okgﬁgﬁﬂﬁwb et ai Fégi}ﬁmgl G 5. Such
a position lifts the first adjustable confinenment ring 230, second

adj ust abl e conf i nBIGr is schenaRid ¥iew hf the pladnagirodsissing chdmbeyrsbown in RY5.284, and
confi nenent bhoc 236 to a heigg% Sﬁch 1t hat .t he gap between the underside
of the 2PrstVegHt REemept NS A§Ve ReFD 'R¥5 ane of the chuck 204 is, at a
m ni nrum of size sufficient to allow the robotic placenment of the 25

substrate 206 ont prck.eis GBhknkatiéQRew biithk pasiiagre¢dssitlg ehdinsershown i FIG. @ap i s
on the order of 0.5 inches (12 mm. FI 4 is a flow chart of the operation

of the pref ewhens therbardinement wngsthase besplawersd. furtherpes 40 rashyce thedowesmarst
raises the first .adjustable confinenment ring 230, second adjustable
confinement #h§ 1% "R 0 adj ust abl e confinenent ring 234, and 30
confinenent block 236 to the position shown in FIG 5 (step 302). A robotic
_mechani sm may be BIE® isGcllnar vidve oftheglasataprad@ssiop chirebertrshown 201G s, ep

304). The control]ler 242 |lowers the holder 240 1o a wafer, area pressure
con% rol 2t ar Wﬁﬁ'@ tb@pqﬁﬁnement rings have been lowere furtfler so as to reduce ﬁle r&dﬁ?e gap

to its minimum.



6 WO 02/298-L8 PCT/ U SO 1 /.12332 (step 306). The wafer area pressure
control starting point may be the position of the first adjustable

conf i nermawib 0z/298g8 230, second adj ustabl e confinenment ring 28T/Uhi13I2

adj ust abl e confinenment ring 234, and confinenent block 236 that allows
m nimal , pressure drop while nmaintaining sufficient confinenment I%yri ng
processing. |n tHI&. 8iserdiematie vieneoliae plasma progsrung chambes shown kLt 8 ng

point may b t j ad] '@ﬁ@é& Il i ting
‘on the | Om%l’é%?%&erc@gghﬁ{gg@ixﬁ%k gﬁ%@@égg 1@&%%&1 I'n %&ag Egre@%%tgﬁtﬂ bgas 0? f oW is
then initiatggd t4 &k efinidflén. and the pressure within the wafer area as
.measured by the pressure sensor 252 is conpared to a desired setpoint val ue
_(steps 310). If the wafer arga pressure_needs to. be in%reased%step 312),
|0 the control | erF18i430i%3 evaphof gressaanthrpsperbiodhs swn et the 5 S8y . FI G 7
illustrates a chanber 200 where the holder 240 is lowered to a point where
.the secoand confi i§ RARE Ei¥m 2% theOdantshRs Farr St

confi nengnt ri ng@%?q&%%gﬂgg?’?%fﬁrg@?rgﬁ%ﬁgnbgr %0 vmée)érg t he hol der 240
is |owered fuaribhevaltes ef pimunvgaprsezet he third confinenent ring 234 rests on .
t he spacers 238 of the second confinenent 15 ring 232. FIG 9 illustrates a

chanber 200 wher hol der 240 is | red further still Qi nt where
t he confi nenment Eﬁ@ﬁzéﬁ%s% alic 4 ﬂgg@ﬁ%@%oc%%n%&%bg%’ﬁﬂ%&ﬁ%onfi nenent
ring 234. ThinghdddmbmtoftRyeStntisl er area control position, and the hol der
240 is not |lowered any further. If the wafer area pressure needs to be
decreased, the controller 242 may raise 20 the hol der 240 {_step 314). Once
the hol der 240 rcBléhd3 is pechemptie yiewaf part of angthsr embodincay ot heIMEHEPR on, as
shown in FIG 6, the holder 240 is not raised any further during the wafer
area pressure control stage. Once the wafer area pressure is equal to the
desired setpoint value, the plasma is initiated (step 318). The wafer area
pressure i s again conpared agai nst a setpoint (step 320) and the position
of the confi neneMERAILEDPESCRIPIION OF T BREFERRED WMBOQDIVENT0| der 240
(steps 322, 324, 326) to achieve and nmaintain the desired pressure until

the pl i s deened et t 3 t he .hol.der 240
o r Bl aed o i ts MRSt JOEPD R Lo e S8bbed P AE TRERRRER R AT s <
used to remyerdha HiHIIMEISHRIERs ARdirated t tRAbcIS %ﬁﬁiﬂgﬁy Ibe

repeated. 30 In the preferred enbodi ment the change in t ressure drop
across the chbibiviendsscriptionysumeraul epévificidetaibiaye iset forshar exder ogprovids ahi ghest

control position,,as,shown. in_.ElG6 o.its | S b S
hown 1 o F sy RdRERgnef cpreent et db ek RRbB. BBk e,
Control of t{gnes MSASER, hORe besBitWeAEon ifayibediradtived Ritheassmedraill off ea
pressure the holder is noved downward and to decrease pressure the hol der

i s moved upwiiest spasificiisiailsi in pther ingtangaseweld knpwa REISEshiteRsiand/ss siractpes
sufficient thickness such .t t. 0 i k 236 is
above the |l o V&mgﬁ??“ efsc?%egqhgtﬁg?l 1%%%%{ Trmo et%%&gso ag%%%g%a@%ggétsglgxi ting
the wafer arggeliod | oW ng over the top of the confinenent block 236. In an
exanpl e of the dinmensions that may be used in this enbodi nent, the gap

bet ween the confinenent bl ock 236 and_the up ctrode 224, which is

1L er el
surroundéd by theTéé?ﬁlllﬁar%P&“SﬁP’écﬁle%ﬁaﬁ‘é’ﬁgﬁﬁ‘é’uﬁﬁ? BH o289 %and 0. 0500
i nches (0.32 HARS | Uind®; 025 i nches
(0.63 m). T%Ité)g?%?lg&c rllléélg E%T%OQ[. @"?ﬁ rst Eﬂg%?otﬁg ,2t12<r?]139? %ngm?gﬁug abl e
confi nenent changser 230, 2 153X tend By feore theetbpRd A totled®ttom 2141 Sentitkevigres ffom 14 to

4. 57 . M f b he thick ' bout 09 Jj.nch 2.129 . Th
i St ancb bot BEAIE AEHGEHERDE B e (PEESDR IS ARG 2 LAY RO Sarr By Ty e
in the range,ef 'glb %soaoéo&p.ié%hsﬁlel( OWRIBhLsubbirate 08 is MaitRnd® dprigd er abl e

the distance 1S a .6 Inches (15 nun). FIG 10 is a graph of wafer area
pressur esw t ktchingpdie chuck 24 mayrboimplementeg bytiasy snisahie shnckingtiedmgiteneen t he

first adjustabl e, confinenent r.i 230 and second, adj usta fl nt
ring 232; th&8s ékﬁ‘&ﬁastaﬁ‘f’&?Chﬁ?lga%&%?ﬁlﬂéﬁ@ﬁ?% %&hﬁglﬁe'ahﬂwg’%&asg?@g? abl e
confinement bsNghadPdiel@skallfRohibctdd to dheicual o4 c ThE rerere iép 2IgpBdds &0 and
confinement block™236. In this exangl e, the pressure is neasured with a

12

flow of 300 spemidiactrode B4 anbmey heelsewicplly connsted to s RBPSer AYRRI% Hei ng f ed
into the chanber 200. T ' :
oressur'e, whreregen sbdiathi SoRpHabha Rk Mkt cRNERER IS aseBhd |

poi nts 904 represent the pressure of the ghanber 200. Section (1)

corresponds to the novenent of the 25 confinenent rings fromthe position
shown in FIG 6 to the position shown in FIG 7. Section (1l) corresponds
to novenent of the confinenment rings fromthe position showmn in FIG 7 to
the position showmn in FIG 8. Section (I1l) corresponds to the novenent of

) ~ 1+ a1 )




30 FIG 11 is a graph of the wafer area pressure with respect to the sum of
the gap distances in inches corresponding to Sections (Il1) and (IIl) in FIG
10, but fwo ozi2dsfieri ng val ues of m ni mum gap di stances as ®€U/Usy1/41382 spacers
236. In Curve (a) the 8 WD 02/2988 PCI/ U SO 1 /.12332 m ni num gap

di stance as set t he spacers 236 is .0Q7 inches for the bet ween t he
first (230) ashus t@i% epndinengnt ring232; e Ahirdadjug bqﬁé%ﬁﬂenﬁnhg&ggﬁﬁ angd@7 i nches
for the gap RSISEROR bl fi nement
‘rings. In Qﬁ&ﬁgﬂ%&?ht @(Zc mni rrggn&ég%hd‘lﬁ g’?%{r%é; rg%egégé E}%ﬁg%#gbgpaA?ecgg&Z% is

. 030 i nches F4ormiyiee g t6 etipiethé fiest hjustabld I0nfimsinar ciogd303s2cant ust abl e
.confi nenment rjings and . 007 inches faor the S{qﬂq& bet ween the_second 232 and

“third 234 aciditstahlt eondBmentRh?32 thekadiy INeglent #ag %%laﬁﬁm gap
di st th
st 250 ardiindbeladPRiCTR odifotlel s4P b RER Pl Hoideh G40 BRAL EET | 02

.the gap bet waeverhdig oﬁdredmdldei‘aaOandit}teermd tﬁé;ﬂrsadquusﬁ:ab\lbIcenﬁmmmlangriso,r| ngs.
In Curve (d) the tg m.ninum gap di.stance .a t cers 6|s . 038
i nches for tsf?em@ia%ﬁo WERlp Eopiiaiept ik 25 digf e %@%aorgegfn%a g 25

conf | nement § @1%108}3%6 Qﬁ*ﬂﬁé;;xfe%ehQﬁlb%ﬁh&%%ﬁl%rin\‘?é‘ﬁoﬁ%@B91d313§403”d

third 234a ust Ie confinenent rings. In Curve (e) the m ninum gap
di stance as Lseteppgd with as:paﬁmmseﬁatmglos blodk 2esting loasatlostep.h€hestppdymoviden t he

first 230 and second 232 adj ustabltﬁ f| nerrent ri gnd .g62 i nches for
the gapl45 b‘@?’ﬂ@%ﬁn EMLSRAEINg e P ﬁ%iqc pIVBicBdR e enent
rings. From a%%ou @t@f%lﬁ%ﬁl@ﬂlﬂ%t\%@ﬁm 0@?60‘15‘%&6@%}928"% zontrol

range and t pe of e pressure control can be changed t he use of
different s patrer sTl&:S&‘rst aﬂmdtdﬂg eortfirementuimgi23Qy e @pemémbestaﬁlh eortﬁnedmnt may be

Qovnwar o movEREAE B PR ELRIRHIE Ao PERge: Sher kst BRurg) B SRRG, 2

a rai sed posp3g QhidhEx (el ARIMIRI gab BeiifeeR chEhxdoRfinbRISH rhﬁgmoa@mthls
confinement ri ngs and the confinement block and in a | owered position the

hol der &b | ovwembdrimentrthe spaeenis ofiarsiys teprdvide# Mirdmunt 2a4p) bﬁéweftrbo Deed 908 mum

gaps. Preferab der .all o o] ap. a untiy | the
gap is mni M™% %(Oég%éig @ T o A1 64 M%%%Q‘E’&&%@B{% °Sg%35 B t%eggaérﬁ%asébﬂ The
hol der 240 i frefdufe seRsdrS262 hydbred thd1REG8Fe inThéesluinBabbvd e subbé@td Z0chtieow t he
controller 242. 1n another enbodi nent, the hol der 240 could be confi gured

so as to be “Wefes ArpePressure’sior SW AN Thershamber 200 kisian 22bayssporbdb t ype of
platform Al though three confinenment rings and a confinenment block are
shown in the 30 pte ﬁ:{%g fohere gs
and bl ocks may befnuép%‘}a{tf'o?; gln hwn?gfl‘«?é%dﬁglﬁ@ni%@ﬁ gmr%un‘éer g?\éf‘%%%l ng
of the eonfihghestpositiogsas ﬁmivrmmﬁl(}n&rmmm detaitio FGS. s&uﬁhapmtua:thﬂthhehl ghest
position, at least part of the Io qté»/ PCT/ USél%@%gfz
confinement frshadiugtablssoatingmaent ging Opsggqn jystabl WCRICRLNG, for a
waf er area PhERSIBIE ¢ dnfnt hﬂgEsélana%hﬁﬁé?ﬁbmbi&klzgmsha%mfgdaﬁ@i@mherI ng
rests on a su ace copl anar w I'ower el ectrode and tHRe confl nenent
rings and a gmbetwaemﬂlemhdensm‘lﬁfolf ﬂmrfﬂsttcobtammkeran’mgt?éD@ndtthmplam)dthel ect r ode.

Thi s enbodi ment | ps to avoi d st a whi ¢

accunul at i oncl&ﬁck%&%.at R D e CIQHEPOa%"hBF @ H’gﬂﬁ %ti‘ ®hol der
may Conpki Ses&sﬂhtWZ@B'tho ik cH@dIQﬁTGS Mﬁ%@%@d@ﬁ%@ﬁneﬁﬁ&ﬁﬁ %)E\Qorﬁth@ fferent
confinement ring. FIG 12 illustrates parts of a first adjustable

confi nenent ordeyofl@64nchas §cong. adj ust abl e confinenent ring 1208, a third
adj ust abl e confinement ring 1212, and a confinenent bl ock 1216. A first

hanger 10 1220 is S end Qn T ggg Hﬁ:{ﬁ bl ock
1216 hangs fromt ﬁg@‘f %‘%ﬁ%ﬁno%gﬁpérﬁf@eg%%é%Eea}.%réed:‘sﬁg c h?ér d hanger
11232, and a {fwhfiéh. In operatlon, the holder raises the first adjustable confinement ring 230,

second adjustable confinement ring 232, third adjustable confinement ring 234, and

30  confinement block 236 to the position shown in FIG. 5 (step 302). A robotic
mechanism may be used to place the substrate 206 on the chuck 204 (step 304). The

controller 242 lowers the holder 240 to a wafer area pressure control starting point
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hanger 1236 hang fromthe confinenent block 1216. The second hanger 1228
supports the third adjustable confinenent ring 1212. The third hanger 1232
support s wheyssepnd adj ust abl e confinement ring 1208. ThePCoWwsohiizanger
1236 supports the 15 first adjustable confinenment ring 1204. The second,
third, and fourth hangers allow the first, second, and third adj uzt abl e

confi nenent (stepgd8o) clhsrwafendros pLFswie FOTFAL StaF g RPIRHERY be @\ﬁé’@ﬁm%io the as

profile of CHE BARRRITERRGHIER bt SaBl hafRAH D2 MR

of a first aadgussdb@éaé@fmeménmam éndlgorﬁﬁﬁﬁl.en'abladc S thatialkoysuninibkie
.confinenment ring 1332, a third adjustable anfl nenent ring 1334, and a
_confi nement MspssEYe drapwhila myntaising sybiicigntropanemen) dugng prsEssing: Ha s st

Rl st otk © o afoanEgR e (R arkd Bless R AAMLARINEE BinPnB0BE WIRHRIY qis N0 1332

third adj ust abl & Conf 1 nemsn nenenht bl ock 1336. A
.controller Jaﬂjl&tdbwmeﬂlehmﬁgmd‘hﬂgﬂﬁﬁeéltﬁ‘x@fbrﬂhmlu’mdr&ldctredmhmmmgﬂlSQas t he

hol der 1340 and therefore 25 the first adj.ust enent rin 330
second adj us’@lawpéngyﬁﬁ nEWB?ﬂt ge5 fgwisthen “Plﬁﬁtreg? g@é}agﬁ‘ ILES S \9@ ring

1334, and cq ! ng% &Jéur%&% theﬁ%eagiﬁﬁorlﬁ@q bém?&r@@&?&'d&&ﬂeh a

confi nenent resti step e steps define the
maxi mum gap sefp@dit wgldae(stmpem 0f) i thmwﬁfenamre pressurn gsedzrio bb hnm:éasedl' (stepf 3123t

and thi A8 3ghaapTSIREPe: RN e h Jo BTl BRacdE i ol B aza,
whi ch_def | Nelliefbdt FHEIRPHARAIRG; RAIHEERD AWACHHre SR sbpITENt 1 ngS.

The mating surtaces the confinenment rings 1330, 1332, 1334 and the
conf i nement ddnﬁn&n&ﬂ:&ﬁ@aiﬁmﬂs of Itteet spadeds 238/wfﬂ12/f29:8=onﬂnmmg2802§§2 but

gaps are " oph NoarHgs aehBaber 2pfatercte haet o RhisoOpa bk ar PoRE SRERS of

sight, whic 62 Bh NedPABérs 288 b teRbestidRrolfindthéttM zi ng
t he stream ﬁ&%’éﬁﬁlﬁg‘gﬁgﬁ‘lﬁ%%ﬁ? fr(;mtgﬁ prsasrra t6hr ou hot hre1 gaps into

t he vol use onmg2ite Fle 9aﬂu§tlatﬂarmhwr$er2(){bwher5|ﬂ® hlden24Q4s raseesed Birder

enbodi nent of, h| s " nsi st ert of f 4 each
mating surf ot t81““ P&’ﬁa‘gﬁ*ﬁf? ﬁ’(‘]’@oﬁﬁﬁ%ﬁlwlb?(%goﬁ%g ﬁ%s\{%%li’ he Sﬁgceﬁ%zﬁ[ I#uﬁe fhitd"

spaci ng. TheggpfffnsRent ﬁh%’?}‘tﬁ TS 1srtae Towesewafel §reé.@dht@éﬂpbsﬁ”bﬁgﬁﬁrtﬂdhbldeﬁ | ow

each mating surface to bro into close proximty with the next. Wile
this |nvent|2)40ﬂsa9tb®@mdm1§’dﬂ @rd in terns of several preferred 1 o

enbodi ments, there are alterations, pernutations, and substitute

Do ered bt Tl ateabdd pheekliE REANS b%fdeuga%d' LCBhEQr kb pifulsg al so

be not ed that t here arg er na ive npl enenti ng hods
and appapat ughe holifer Qm(sw;ﬁﬂeﬂ)t Onoy eiethHobder 2140 reashdssl'the bighest wafer(-mmbed t hat the

foll ded cl b 11 h al
ber Mt at | onbresE SN positen. g Shaidh riI: asthe polder SISt AEErD G £ 1 ¢
and scope of iﬁ#ﬂ%ﬂtﬂé %?é}ta{ée{;af?&hfeo&nh%ﬂ?tﬁev@)&%/ RO Qraft aga é@uﬁéﬁ@% at to

clainmed is: appar a or contro ressure, rising: a vacuum
chanber; PCT{hddesiteddseBRint value, the plasma is 1n1t1ated (step 318). The wafer area pressure

is again compared against a setpoint (step 320) and the position of the confinement

25  rings adjusted by raising or lowering the holder 240 (steps 322, 324, 326) to achieve
and maintain the desired pressure until the plasma process is deemed complete (step
330), whereupon the holder 240 is raised to its highest position (step 332), and the
robitic mechanism is used to remove the substrate (step 334), so that the process may

be repeated.

30 In the preferred embodiment the change in the pressure drop across the
confinement rings as the holder 240 is lowered from its highest control position, as

shown in FIG 6, to its lowest control position, as shown in FIG 9, may change by 300-
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5 an exhaust port in fluid connection with the vacuum chanber; a gas source
in fluid connection with the vacuum chanber; and a wafer area pressure
control oewbrmsisherein the wafer area pressure control d&CTAS0YIPEi ses: a
first adjustable confinenent ring within the vacuum chanber; 1o a second

adj ust abl e confj nenent, ri.ng within the ya : ' .

confi nenent 831%5))?: kg{ﬁtf(’h ioﬁ t}{e%gev%euc&ﬂé Epgéﬁggc?jmatﬁgﬁgq@%ﬁ%sggy Eﬁgﬂrﬁg %E@F%r%i ng
and | over i ngnp¢ Rgldbs i shoved dbWAKAR nd tb gcrehdeeprosarytile boldbs isensved upwagd. and
"the confinenent block. 2. The apparatus, as recited in claiml, wherein the .

waf er area phesowmdnddet Pothe confeementblopk 236 isrof syffiniens thickness auchithyine

-hol der connegt e et n_t cont.-0l.l fil '

_confi nenent ?tﬁg? Pqph(?\ﬁﬁeé% H‘egﬁf‘h%lg %11% e6 %gﬁ?‘lwn@ﬁéél‘%éstrt P%gb?g[%gﬁ{p Ere

adj ust abke cq@fiodsRhko bé RCirevent edififg Bpadfat asa badsloweng ded thetoplofitie 2,
wherein the at | east one hol der noves the first adjustabl e confinenent
ring, the sewsfdemeptided¥. confinenent ring, and the 20 adjustable
confinement block. 4. The apparatus, as recited in any of clains 2 and 3,
further conpri si ' i 3 ohel der
Is able to nove a @%gs@%g%?tﬁhggﬁgﬁﬁgﬁ%lf’ ?ds%? ma J%Egltb éﬁ)ﬁ@%%&ﬁﬁ?ﬁ%ﬁ%ﬁ% t he
second adj ushetiwben the obnfiveemesmt block §36and theaipper eleai®de 22298BicRESTsup®unded-2332

pper ol ect rebe SonimReT Bk ASGanbEes buBees B 0L e 4 SFOL FERAEERZED her ei n
the at lgast) gng, hol r 15; C;iefe?ab"i’}tlg?% %@ i\g\}a}[‘ﬁutmﬁihé@s (688 WhROTKe hdkhnkqement

ring to rest on a ‘su e on a or below that of the substrate.
6. The apparéfilis firsdsset@und, andithinl alystable cindinement ingsf230t 2, 23éaparhesvern a

SPecer e el e L g SR MBS Vb S SES o
claims 2-6, i’ﬂ*&ﬁ se(b!19tﬂ%?.fi’frhé 8RBhcOPEwRA R Mupbsr allide 220aMHe tHdBweecond

adj ust abl e confinenment fing froma position spaced apart fromthe first
confi nenent electepde @O amay be imethé range 9PA4i togd .0 inchepdimingn "Pana)n More 15
second adj usta%ebc nf j.nenent tr)i]ﬁgbgests B the first adjustable

conf i nenfént PleHgavle teHistance 15 goqut -6nghes (15 8M)ry o o hbarat us, as recited in
any of clainms 1-7, wherein the wafer area pressure control device further
conprises a thir dpfsl sk aRkspHCsldfBeienpreiduigwitheadpeet thelioammoPihetgap second

adj ustabl e confinenent ring and the adjustable confinement bl ock and
distances in inches between the first adjustable confinement ring 230 and second

adjustable confinement ring 232; the second adjustable confinement ring 232 and
third adjustable confinement ring 234; and the third adjustable confinement ring 234

20  and confinement block 236. In this example, the pressure is measured with a flow of
300 standard cubic centimeters per minute (sccm) of Argon being fed into the
chamber 200. The square data points 902 represent wafer area pressure, which is
pressure within the confinement rings. The diamond data points 904 represent the
pressure of the chamber 200. Section (I) corresponds to the movement of the

25  confinement rings from the position shown in FIG. 6 to the position shown in FIG. 7.
Section (II) corresponds to movement of the confinement rings from the position
shown in FIG. 7 to the position shown in FIG. 8. Section (III) corresponds to the
movement of the confinement rings from the position shown in FIG. 8 to the position

shown in FIG. 9.

30 FIG 11 is a graph of the wafer area pressure with respect to the sum of the gap
distances in inches corresponding to Sections (II) and (III) in FIG 10, but for differing
values of minimum gap distances as set by the spacers 236. In Curve (a), the
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connected to the holder. 9. An apparatus for controlling pressure,
conprising: a vacuum chanber; 25 an exhaust port in fluid connection with
t he vacuwo ehausler ; a gas source in fluid connection w thPCRAUSOEEIEMN
chanber; and a wafer area pressure control device, wherein the wafer area

pressure control device conprises:. at |east on Lng: 30 | ural i f

gaps adj acerfRI{YUuREaP é]tlsul“lé’gé'f S?}ﬁ’é( the %@%%51%501’7\‘19%6&?02/@%5@2@%@%%0 1
1.12332 a copif @bb%dfs%oﬂmgsapacﬁ&,eatﬁé c&ﬁﬁﬁmeﬁﬂﬁn@m.t)m HRRECRS theldap ar ea
of the plurality of gaps. 10. ‘A nmethod of controlTing wafer area pressure,

conpri si ng: hetwesnrthe second §23 2 tand thirdy(234kadivatatie penfinemenbrings. hiy Carvgd®) sour ce

.to the vacu chanber: exhaustin as fromt Y] ; I ng
_at | east onfljﬁ]? PR g?%élis C%aw%f g}’ %rsgg?eﬁ 2%65&@ Hc@ﬁﬁ%gﬁp%r%g%g%%%{er
than 10096 te hidst 230 End'BéddAA 232 8djugeble@@nfiferiént rifigé 8nd \O0Pgihes fdrehaBap Ny at
| east one ring conprises: lowering a first adjustable confinenent ring, a

_second adj ushetwean the sddond 284 and thigl 234radjustablmeantimemient 1Bngse Kn(@ree GAther area

pressure control startj. oi nt re the fiast: L ust | nt
i narest s dreamhepdifdEi Stk fedeisad b indRL T FR LS, SRk TER
adj ust abl e cpRf 23edHRINecond 2B &) ssateeordeient 1088 dnde030 insheso; thstgapl e
confinenent ring a maxi num di stance separating the first adjustable

confi nement betweendthe seqond 232 and third 234 adimstablocanimement ringsa i Carvg (Ah&¢eei n

t he conf | nengnt. (o) [ I : '

conf i nenent fnrlll(}}mg‘ % drlr%%l? c%lajar%n%g‘l @f@%%@&g@?&ﬁgg i(ﬁgq?ﬂ{e&s ﬁctgﬁg%gi&?gg?%&ee
confi nement filsnP3Raid sebend-28Y adjestabié chilfeknentuingd amde03 Sipchésefos teqad

adj ust abl e confinenment ring and the confinenent plock unti &R)hhe second

adj ust abl e cbﬁWﬁ%bth@ﬁ@cmmﬁngaééimrdo?M yhustable confuemepbungs- P}'Vﬁe(gbeff?? ring

and 15 separ ghglubl O dilifndd 4kt AR ShARIC2ABTIATHER 51 116 oY bEAWREBRART

and 25 wher ei nement S spaced apa rom-t secon

adj ust abl e cqRf 23EIRIHecondRBDadjtdtsbleraxifinement Hhgumd .86paches fogtitergapsecond
adj ust abl e confi nenent ri 24% and the conf.i neqqent tbl ock, .12. 1%he t hod, as
reci ted1fn chefwasmthe s R anf ghiphd hafliustable sapimsment fIpgs. PIemyte EHp,

fggp;i ses, | QARG NGt LACHS Hh AR T PretduPContO! tR3E ahdMheGRilel TRREResRkOCK
control can be changed by the use of different spacers 236 to change the minimum

gap distance.

The holder may be any device that allows one or more controllers to provide

20  anupward and downward movement of the confinement rings and confinement
blocks, where in a raised position the holder maintains a maximum gap between the
confinement rings and the confinement block and in a lowered position the holder
allows the confinement rings and confinement block to form minimum gaps.
Preferably, the holder allows one gap at a time to decrease until the gap is minimized.

25 Once a gap is minimized, another gap is decreased. The holder 240 in FIG. 5 is a type
of hanger, since the holder 240 is below the controller 242. In another embodiment,
the holder 240 could be configured so as to be above the controller 242, and the
holder 240 is now a type of platform.

Although three confinement rings and a confinement block are shown in the
30 preferred embodiment, other numbers of confinement rings and blocks may be used.
In the preferred embodiment, the number and spacing of the confinement rings and

confinement block are such that at the highest position, at least part of the lowest
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on the second adjustable confinenent ring. 13. The nethod, as recited in
claim1l, wherein the lowering the first adjustable confinenent ring, the
second adyaisz/zskge confinenent ring, and the confinenment bIPETRISON42332AD

U2/ 2988 PCT/U SU 1 /2332 further lowers a third adjustable confinement ring

bet ween the segond adj ustabl e confi I i e‘pgfg ock,
wherein the %ﬂﬁ?%n?f@j BBYE eég%ﬁ&ﬁgﬁ@wfrtﬁ%gﬁgeg%%ngfg%ﬁg%gérr{ﬁ ro%al?he
second adj uskraRine Garbi iﬂﬁmPbsiﬁbﬁ}%@hﬁv@sﬁ&ﬁﬁﬁﬁﬁbﬂkﬁig&éﬁ@oﬁersatrfadei ng the
‘third adjustable confinenent ring fromthe second 5 adjustable confinenent

ring and t heoplanay wishihe lowenelketrefeand sharonfinementainigsnd apertion efdheist abl e
-confinenent ri o} i j t 4 hl i | e
_confinenent ¥ Pﬁ%""f’%‘é%l‘?ﬁ?e(“rgg%ﬁ]f’ g}ntgé © gfeg{g@éa%}gga%ie}?%?i%hg f:el %)V\Uaér% ?dﬁg t he
second aglj ustahhorcpsihishehihimay cugse e dcduneulatiorf o fdepesitedypobyrierffilmsher
| owers the third adjustable confinenent ring, wherein the third adjustable

.confinenent ring is spaced tqg apart fromthe confinegent block by the

maxi mum di st ance Ba9aWst prjodigient, the kPl j%%@%@r??&ﬁ@%ﬁia?gqéwf&om t he
conf i nenent LT j US| i E@@e Sl i SarifEced apart
fromthe secéc%lr:llgﬁgnﬁ Eg%sggﬁ%lhg lg r??flf%gﬁrgr‘blnﬁ{r?%lﬁ%ﬁg@%t e rrgdlrrlrllli?n&gldf E% ance
separating tfivet 4djustabledpnfitenisnering b204) e secvndradjngtablecronfinemswa gl 208 ust abl e

fi t ring.. 15 14. Th t hod, ited i | ai : in th
movi ng- at | i SdRERP I pm BN SRy a0 AT PR e
confii neqgnt - £559s Sleddua FbIBRITNL 120 2Ckh Rfinchidft BIDLK 62 it abhe

confinenent ring ?‘%@ts on the second adjustable confinenent ring, separated
fromthe sechafirstangdrdilé. Acsetomidrnger Y228ga thirdzhaggerci@322andntduyther ei n t he

fi t bl ock j ted f t h hi di.ust abl fi tori
byt he o ARES WS web dioga ongrarat platk dZA TS Bt pERR A2 1 g
fromthe CorgubP&[i‘?ﬁfe tRir® ajustable csﬂi'ﬁnd%nhﬁﬂg 1282. B thedl Hafgdi!12BMsdpborteherei n

the noving at "teast one ri'ng 25 further conprises |owering the confinement
bl ock until thbecoomdfadjustable confioekentengsl208. The faunthrlingenid3estpprrtsthag. 15

.AN@ A. . A& A, &Y. AA. A[&Y. AY. A& A. A A B ZL ),

?2N90~{ vdf gb] E%ﬁ@ﬁ%ﬁfﬁ%ﬁ%?&&ﬁ%@‘?ﬁ}%ﬁfgﬁﬁﬁg[‘jlg%%@%@gfrég]ugg] ca] ca]
ca] ca] ca] ca] gala] Q&Lﬁ&]aﬁai‘ﬂiﬁﬁldjﬁﬂtﬂﬁ%&ﬁiﬁéﬁﬁﬁﬁiﬁ%s@ofstop moving when they

I zupkf a\ W ca] ca] ca] ca] ca] ca] ca] ¢ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca]ca]c
a] ca] ca] ca] cahduihen]lowpst point.as]dssdribgd in theiprevious enppdinents  $r $$96 Up IR\ &
(™(i1(()+]wmhc”Y]]ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]calca]ca]calca]cal

835”0(1:3]1(1:% g2]3gghzgkgeg!gg%%géﬁ%‘gm&tﬂh%ﬁgﬁ% T the confinement ring may be

R e R
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU].ca] cal >??7~
i ingil 333, athi j 1 ;
Sl R
- a_aabeb%‘gi{ o) ﬁC{II\b ca ca%lca 'caﬁg?caﬂdé?c}é ca ca%’lgg{% ca] ca] ca] cal] ca] ca
] pa]hg ﬁ]hﬁa]hﬁﬁ%?‘ﬁit@mb 361]1%'&&11@?% ciagdaw;ab&mﬂ]adja.]stab]mlﬁncmema?tg:wémmde Reiaef }‘ H
[ S i wr mhc? al ga] cal ca C calcalc cajcalc

g] ga] ca] ca] cadiuspl a]cjeﬁﬁw%}ﬂ@gﬁé‘ﬁéﬁeﬁw%@h?@é} ‘&W&Rﬁ% 153 |
mm_nmmr\nTny ?1?1%9%8 ?(IP {H%F}E)rl?err)l?ﬁé F&ﬁtﬁdls the movement of the holder 1340 and therefore
ufu}xsnid Z ca] ca] ca] ca] caf ca] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca% caj ca]
ﬁ?][ 'f f"‘] calsca) dm]fival atiistatle edrfmlenmhtrng 53304 secondedinstablewwrnbnemend ring| 1832,A) ) sst
uf u} xsni d_zufhindadipstable panfinementiing {334 8%1‘} E‘gﬁﬁélﬁﬁngﬁt] tél])%l%} %:3aﬁ' ek c(1:e<';r1] ca]calc

a] ca]ca]calc BidcR\restmh dakh sttpY@8e 6ie
f@O%&'()-‘%@?ﬁ%ﬁi@gﬂ%?@?ﬁ]@g! 100658 )-,.BAzflgo" 10%32 s 1Yo

QH

1096 5f 5&' () - deRfehe maximEs! o FRaHERbEtyeen thewprfinement pnggend blpgl.gTh
adjustable confinement ring 1330, second adjustable confinement ring 1332, and third
30 adjustable confinement ring are fixtured with spacers 1338, which define the
minimum gap spacing between adjacent confinement rings. The mating surfaces of

the confinement rings 1330, 1332, 1334 and the confinement block 1336 are not flat,
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While this invention has been described in terms of several preferred
10  embodiments, there are alterations, permutations, and substitute equivalents, which
fall within the scope of this 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 substitute equivalents as fall

15  within the true spirit and scope of the present invention.
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a wafer area pressure control device, wherein the wafer area pressure control

device comprises:
a first adjustable confinement ring within the vacuum chamber;
10 a second adjustable confinement ring within the vacuum chamber;
an adjustable confinement block within the vacuum chamber; and

a controller for raising and lowering the first confinement ring, the

second confinement ring, and the confinement block.

2. The apparatus, as recited in claim 1, wherein the wafer area pressure control
15 device, further comprises at least one holder connected between the controller and the
first adjustable confinement ring, the second adjustable confinement ring, and the

adjustable confinement block.

3. The apparatus, as recited in claim 2, wherein the at least one holder moves the
first adjustable confinement ring, the second adjustable confinement ring, and the

20  adjustable confinement block.

4. The apparatus, as recited in any of claims 2 and 3, further comprising an upper
electrode, and wherein the at least one holder is able to move at least part of the first

adjustable confinement ring, the second adjustable confinement ring and the
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between the first adjustable confinement ring and the second adjustable confinement

10  ring.

7. The apparatus, as recited in any of claims 2-6, wherein the at least one holder

is able to move the second adjustable confinement ring from a position spaced apart

from the first confinement ring to form a maximum spacing to a position wherein the
15 second adjustable confinement ring rests on the first adjustable confinement ring,

separated by the spacer.

8. The apparatus, as recited in any of claims 1-7, wherein the wafer area pressure
control device further comprises a third adjustable confinement ring located between
20 the second adjustable confinement ring and the adjustable confinement block and

connected to the holder.

9. An apparatus for controlling pressure, comprising:
a vacuum chamber;
25 an exhaust port in fluid connection with the vacuum chamber;
a gas source in fluid connection with the vacuum chamber; and

a wafer area pressure control device, wherein the wafer area pressure control
device comprises:
at least one ring;

30 a plurality of gaps adjacent to the at least one ring; and
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providing a gas source to the vacuum chamber;
exhausting gas from the vacuum chamber; and
moving at least one ring to provide a wafer area pressure control range greater
than 100%.
10
11. The method, as recited in claim 10, wherein the moving at least one ring
comprises:
lowering a first adjustable confinement ring, a second adjustable confinement
ring, and a confinement block to a wafer area pressure control starting point where the
15  first adjustable confinement ring rests on a bottom of the vacuum chamber and
wherein the second adjustable confinement ring is spaced apart from the first
adjustable confinement ring a maximum distance separating the first adjustable
confinement ring and the second adjustable confinement ring, and wherein the
confinement block is spaced apart from the second adjustable confinement ring a
20  maximum distance separating the second adjustable confinement ring and the
confinement block; and
lowering the second adjustable confinement ring and the confinement block
until the second adjustable confinement ring rests on the first adjustable confinement
ring and is separated from the first adjustable confinement ring by a spacer, and
25  wherein the confinement block is spaced apart from the second adjustable
confinement ring by the maximum distance separating the second adjustable

confinement ring and the confinement block.

12. The method, as recited in claim 11, wherein the moving at least one ring,
30  further comprises, lowering the confinement block so that the confinement block rests

on the second adjustable confinement ring.

13.  The method, as recited in claim 11, wherein the lowering the first adjustable

confinement ring, the second adjustable confinement ring, and the confinement block
14
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confinement ring from the confinement block, and wherein the lowering the second
adjustable confinement ring, and the confinement block further lowers the third
adjustable confinement ring, wherein the third adjustable confinement ring is spaced

10  apart from the confinement block by the maximum distance separating the third
adjustable confinement ring from the confinement block and the third adjustable
confinement ring is spaced apart from the second adjustable confinement ring by the
maximum distance separating the third adjustable confinement ring from the second
adjustable confinement ring.

15
14.  The method, as recited in claim 11, wherein the moving at least one ring,
further comprises lowering the third adjustable confinement ring and the confinement
block until the third adjustable confinement ring rests on the second adjustable
confinement ring, separated from the second adjustable confinement ring by a spacer

20  and wherein the confinement block is separated from the third adjustable confinement

ring by the maximum distance separating the third adjustable confinement ring from

the confinement block.
15.  The method, as recited in claim 14, wherein the moving at least one ring

25 further comprises lowering the confinement block until the confinement block rests

on the third confinement ring.
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