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PLASVA CONFI NEMENT 5 The premmnmw flon relates to the processing
equi pnentWOER2984& f abri cation mmm’mmmjct or - based devi P&I/USIHH2332
particularly, the present inventioa.kelates to inproved techniques fox
confining and controlling the pressure of the plasma in plasnma processing

fE?ggra;'tsedlgrrcuA]%s glrl&t% ?:Eat panmay%pﬁayers I@Fnlg\{ﬁel\& al may

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

t he senm m fer or glass panel). As is well known in the art, the
et chi ng mmm WHWWHMMFrted | ayers) may be acconplished by a variety of

- techni ques Jj; '&ﬁkudrng pl asnBA ERIGROENEOF I THE INVENTTeN |- enhanced et chi ng,
the etching of the deposited |ayers) on the substrate takes place inside a
15 pl asma processing chanber. During etching, a plasma is fornmed froma

" sui tabl eset chant pRrsp &é&ﬁtﬁﬁeﬁ@oﬁe@iﬁes&b Ietestittg edfipRient /5 thefubFisatioan the
substrate that are unprot ected by the mas | eavi ng behi nd the desired

pattern. Anvefgenii¢ondneinr-basgd devigés. Mwnnrtewaﬂya@lesysseehmvemmelamsrwr zi ng
met hods to cgnfin vaol.u teI ve the substrate
have proven ‘FFPéﬂY"g?‘ tﬁ‘gms(ﬁ'teP i%‘rcé’nﬁta’r“ é‘f‘ﬁ‘ir matml mg t{fSr?l%i’iﬁ%?lasrmtB‘r form ng
t he ever- shc}glggﬂl@g-ot;@s@;ﬂgrdaamggrst he substrate An exarrpl e of such a system

may be found in conmonly assigned U.S. Patent No. 5,534,75, which is
incorporated by reference herein. Al though plasma confi nerrent results in a

si gni fi cant i npr ofdhefab m#rqu%érlmﬂhﬁ%baseﬁ dpyigesie-gpritegrpiadiiircyijs e s,

that | rrptr) gelet?re {Aéé”l‘(‘:dé%“ esﬁégd‘g Y ey ait&iﬂ%w %%Qp%&g%dst{iﬂdé ﬁ%cfe“tf%eg@ i zed

confined pl a@gérm aemdsttdnest&mesegbtlielstammhdtld'ter \ohtaﬁaﬁglassqmebr Ag iy@klme for
substrate transport. To faciljitate djscussion, 1A depicts an exenplary

pl asma pr oce1§§3i“ﬁ’g}n dhratbahe &tsblngr°ﬁ@1qmﬁ§teéd?ﬁqfﬁﬁkﬁ\§ﬁﬂ’e Arepaplished Bat hey are
tl bstrat
106 o posi + Pt i gl Ml 5nPleDAiE & Bk R B Blapibondefa 100 T 300

i ncor por at esetehisgyithabicking vl ﬂierctelpesﬂed\lﬂe@@) e iifs sEbaktiS@kes pladSiasidaacki ng
mechani sm (e. el ectrost at chani cal cI anpi n or, the like) for

hol di ng1% he a4 prapesingghamher. HEEstching em%egrrﬁreﬁdaé% agRper

el ectrode 1 rag=rol t 4. The
upper el ect :%Jﬂnfg%;&qfdgmr g%}eé?tg)rég e Bbsﬁ%dl con&ﬁé’%ﬁ%&%ﬁ%ﬁgoz defi ne

t he confi nedmplmtsa:taditplthmadkl&avﬁgs)ehmdshmdﬂsuedlpatmm he confined pl asma
vol ume 116 by etchant gas source 114 and is exhausted fromthe confined

pl asma vol une 116 thro conf.i [lemen s 102, and xhaust 120 by
a_vacuum punp. WA gﬁ?erg%%%es rqH amag rtﬁp%ﬁtgt“é P t%“%’??&?ﬁﬁt éoh

Wi thin the confhoesk ;nhm AARIIEHIB imAeMaRBTbdve tROSUBBEatvhhte frov i Bigh®l ume by
application of RF power to the | ower el ectrode by RF source 108 to while

gL ounflr 29 upﬁpletﬂblélf@tftfﬁwét progductiontagdien far| formiag th%%whnmmatwq ¢netgar t,
| 04
bng Do o Bbsin oA Tl 34 Rbic pR Y8 ol ARl T hssfing WSS | O

RF power to PRyigeNebeeH78dewhite is iﬁb@p@ﬁfﬁdtﬁeﬂménd’elhﬁﬂﬁn 10QAtheaslyplababh to
confine the plasma to the volune 106 15 and to control the g}r}essure of the

pl asma. The woafnFRenaatulisin e pgnificantimpreyemeat igheperfarngnics ofplasmet | on of
many fact or t he
pressure in %%J.\;/lggs Qe&‘o%?slﬁ’gﬂ%eng%&r ﬁgrr%[{rﬁ &@%é{sé}g%%ﬁrctu%%ﬁ asrra t he
type andsf| aealiztehafimplfoveg@sts cas bevlalde &sthe kRentrsl\wElthemdssuresfithe cynfafed RF
power. For effective plas onf | nengnt, the pressure i de the

confi nement BJgsta jykth ie%e%w@mofdéea S‘FIB\RF%S%‘&E‘?B‘I”@ O&ﬁUgFtB’rt%HWPPEss t han
«30 mllitorr. Confr nement of the plasma is nore easily acconplished if the
spacing bet veen the Ak ARFEAon, FRISL A BikS aX ekmplaR) plasnly plosdlsinge 2
spacing of 0.15 inches or [ess IS required for confinenent. he

- spaci ng of tdhanﬂaent@%er&:ﬁngcm@e@nﬁn@tl@ﬂmﬂwardneurpfmh'smpbnmmetdhe

| d it d ble. t sted t hi 25
e pr essur MBS pEP-Spia harog ik 86 HEhRdy 1dHie Bonsh Wi i ng

pl asma. 380MBREkyYejesfddaNed. tﬁhslo&’etemtmhetoﬁm@a o@a@@s z?:ﬁiitabie%ﬂbstﬁ?é’f‘r Based

Arrangerrent for Positioning Confinenment Rings | asma Processi ng
Chanber" by Eric H Lenz, issued February 1, 2000 |ncor por at ed by
reference, taught that the 1




pressure drop across the confinenent rings is approximately proportional to
the 30 expression 1/(X2 + YZ + Zz) where X, Y and Z are the distances

bet ween dYAPYH8Hent rings as shown in FIG 1B. Lenz provi dBETASEY g%
novabl e ring and a stationary ring (X = constant, Y+Z = constant in FIG

1B). By adj lbﬁhél{igg %r%\@/h%x%ﬁ g’ég%eélecy&&b?ﬂic,zxn@%a%jcal X}ngﬁg?ggﬁfﬁﬁ&j f&g‘f%fdéﬁ” 332

movi ng the sing a finenent ring, as tau enz,
pressur e corthe sibstrated©6¢c dFhdreacttnt tap 10 incbtyérates an hpper elecedd HiR disposed ve

pressure predicted by the e essi pn above t ai ned by novi a single ring
for of vari dﬁ‘énqdia;i%la ogRpte ti)(\‘?{o’?‘f?é e@ﬁ‘ﬁ?‘g‘s];%o _ MRRPLE t‘éﬂdecléﬁglee_r range of
67-100% can e‘%u%ﬁ%?b&le&;d &ﬁlﬁhkxtleﬁttﬁr%%%z 'dBﬁE«% @ cBnf ed"iﬁhénﬁa Foifpk! 17BNt S

a e appr It 0

- found the achiev e range to oxl mately one half those values. In
many cases, Gasis sigpplist &sthe confissiplesmavgemed 16 by eicheut gas sawutae &4 awpisi mal

rocess results arious t s,of fi]lns devjces w.thin the
D e e terhFush R FanABRE Blading okl FIBinfEh {6 st gmant itk 102°
confinement ahi RYRauét 96’11@E@b}aQa&ﬁn&?f:ﬁnﬁbﬁWitﬁ%ﬁé"ﬁ@@hfg%d%ﬁ%?roﬁﬁﬁe' ower
el ectrode assenblies and thus can restrict access to the interel ectrode

space for | qaeiswg establishedowthin thegfonfinebplasmesolume, & hlssmainfornal wildlin even
wth the confinenent, rings 102 lifted to.ftheir er nostposi ti t he
Access ot NS RUEp HBABTCo A PYer B the Biver RPFRVRBAS e AP <t he
di ffereqse GihildBotuiifg upptrleetr6dd 1120 ARRASSlY] &5 WelldoWHInTRSart, fthe knesses

of the confinenent rlngs. 15 It is desirable to provide an increased range
of pressur e plasmaroky bbfdrmeddyapplyimaiyF preente botinlowiee alsotroda 104 andaipper

desi r abl ' fi ' h facidd I
ond removal WP 15,8 B ePaR bhAEAcHER: 1% 3B Bhal i Rk bRk B3B5E My
OF THE | NVENdctddd e1achi eve the foregoi ng and ot her objects and in

accordance with the purpose of the present invention, a plasma processing

device is provided. A vacuum chanber with an exhaust port and vacuum punp
in fluid connect B samfinemprt rings d 0%servahotbrto senfinedhe plasmade thecolume 194 d

connect o1 Yol L A HELSRATIRE ol 0 A nedlEA N DEsRND Chber 2

waf er area pressure con provi pressure

control rangehgheal®ls d hiacidlsmar fattesdtcluding dtddpating betwenphiesent
i nvention provides a nethod of controlling wafer .area pressure., Generally,
a subst r at e Soafipgrent gings 162.the pressuEn dnibe volume patside,the canfinement ingy afkd t o

the vacuum GhaHALmEafe lype Thd RoBIRUTHR AT ANANG HEFHMMLANRIRRkcy of VIO

02/ 2988
RF power. For effective plasma confinement, the pressure outside the confinement

20  rings 102 should be as low as possible, preferably less than 30 millitorr. Confinement
of the plasma is more easily accomplished if the spacing between the confinement
rings 102 is very small. Typically, a spacing of 0.15 inches or less is required for
confinement. However, the spacing of the confinement rings also determines the
pressure of the plasma, and it is desirable that the spacing can be adjusted to achieve

25  the pressure required for optimal process performance while maintaining plasma.

Commonly assigned U.S. Patent No. 6,019,060 entitled “Cam-Based
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 1/(3%+ Y* + Z%) 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



PCT/ USOL/ -1 2332 At least one ring is noved to provide wafer area pressure
control ran%e greater than 500% These and other features of the present

i nvent i orVQRIOPRI%E described in nore detail below in the d@CAYSIY42332
description of the invention and in conjunction with the follow ng figures.

BRI EF DESCRI : : esent, | [ i ' ed by
uny of oxangrovig iy sate pvatle Yo et HER R al gl Y Lo f fadma MR8
acconpanyi ngeotitraltangs canik obtainkd.CRIQ. i2kHustestartbeinatative pressaregiredicted &y the

simlar elenments and in which; FIG 1 is g schematjc view of a prior art
pl asma proc e%@F‘??&OEﬁB‘PXFe‘PbWFF@Y moving: $Ragip Hng fprafiiageInxeherseXalige
pressure ac : : X a
- pl asma procggg‘?}/eﬁgo%gé%%gaag%%%fﬂ{ toé‘%Zﬁng%n%ag(}{% r@%ﬁ%@% leu\étlrﬁ&\?%n ion. 15
FIG 4 is a Fipow2;kdule esperithentofoamd theoathidvable eargedd be npprozinmaelyonnhaldf t he

i nvention. FIG 5.is schematic vjew of a section of the p|lasnmn, processing
chanber - showfiote ki T FHY Seseh VPR MBA TR EE FP@%%%’E—?QPH&{W %glegﬁper nost

posi ti on. Fldakin bocsRURls| dh VAR Bhbed BErIAARNTCRIBE RREI e ChtEDEr - Shown
in FIG 5, 2@‘&‘2‘%% t he cor?fclﬁlnen'ent(%{Piengs1 avemglger? %@&erﬂe\tgégﬂ G 7is
schemati ¢ vipeces$ingkgstghasnma processi ng chanber shown in FIG 6, where the
confinenent rings have been |owered further so as to reduce the | owernost

t it I Ni El 8. ti ' f.th | . '
Chbber Shown 1 1 {Bisgtiten, isufe AR ke By £ thd S5 BB Rl RERE "oer oo
further 160 apnkitain@PbeEReblieMbpeH MdIeWer Pediiode BAsBHPUBR arft thuY €648 18

PCT/USOL/ -12332 FIG 9 is schematic view of the plasma processing chanmber
shown i n FI @ccess to the interelectrode space for loading and unloading of substrates. As shown

in FIG 1C, even with the confinement rings 102 lifted to their uppermost position, the
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 1t 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 area

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.



where the confinenent rings have been |lowered further so as to reduce the
upperrmstwﬁ?gf toits mninum FIG | Ois a graph of pressure with respect
to the s 12984 gap sizes. FIG 11 is a graph of pressuPET{{HOH+IBELpect to
the sum of the gap sizes for various values of mninmmgap size FIG 12 is
a schematic vtilew of ﬁggl asna rocesii ng. chamber of ant9t her enbotdi{glent of
the i nventi éAh. S pue fssm%vegcﬂé’flpavtl <V CE%CSPNSEHTF cgr %HS?%%&‘C%% g nent  of
t he i nventi @gpoy.0 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The
present invention will now be described in detail with reference to a few

preferred enbodi nents thereof as illustrated in the_acconpanying draw ngs.
In the foll ow ng desemdntherfeatytesof hepreggatinyprtionevidl pesdesprbeddn magret h i n
-order to praqu r - i - nr Ny jon. It
Wil be appariaibofel i SEAAHAT sudrghct PG Rkl A A SRARLiGIVERIS T

i nventi on ndylibeingrfaatésced wi t hout some or all of these specific details.
-In other instances, well known process steps and/or structures have not
been described in detail in order to not unnecessarily obscure the present
invention. 20 To facilitate discussion, FIG 3 is a cross-sectional view of
a plasma processing chanber 200. The chanber has a top 212 and a bottom
214, and a chanber wal | B}lﬂi CRpb IKAQW to the bottom 214.
Cantil evered from one side ?fﬁ% e Cg%??{'l‘sﬁ%f) owegﬁg%ectrode housi ng 218
in which is fixtured a chuck 204, which is a workpi ece hol der on which a
substrate 206 i s Thsgiresennimserdioniis ijlugGated bjiiway.of Thampleyaid Robyrway dfe

i npl enent ed . by. syjitabl e chycking technigue, e. el e ostatic

reehant cal PR o Beues St ak et i imel s in SHERIHISILERE ve

el ectri gl | ywuaRANE e &0 sinlldiRlceivitdandld whikle reactor top 212 supports an
upper el ectrode 224 and may be electrically connected to an RF power
supply. A confinenment mechanismconprising a first adjustable confinenent
ring 230, a secordG. 1V srhemotig viewoflaquiar artpdemaprocessiag| chawbef | nenent ri ng
232, a third adjustable confinenent ring 234, and a confinenent bl ock 236

are di sposed wthj g . . 20 : A used to
support the fir s!t1i Igd? ESS% g%ﬁgﬁ@%kﬁ?n i!riégn gt;‘anféfgszsk‘gé &g’%eglgﬁga g%]hgg%ﬁgg&
confinenment ring 232, third adjustable confinenment ring 234, and
confinement bl ocFIG36 is Aschemiatioviear of24Aasnranprecésshgichamber fcbriiing 4dhe
controls the venment qf the holder 240 and therefore the first adjustable
confi nement A Snﬁ%ﬁPfaﬁﬁﬁﬂﬁ“QHjustable confinement ring 232, third
adj ust abl e confinenment ring 234, and confinenment block 236. In the
preferred enbodi ot 49 a HB® dhi SR iHeUperatibh o HeGREreAdd cinbodinfRiPBeihei th a
confinenment ring or block resting on each step. The steps provide a 1o
maxi mum gap lsysabong bet ween t he confinenent rings and bl ock, which in the
preferred enbodi nent of the invention is between 0.09 to 0.15 inches {2.28

to 3.81 nm. The Jjr st adjustable caonfinenent..ri 23 h cond

i ustabl e cont | RdFends §Forad viznCot e B Pl b Bpeehuin FFFRE e 11 ng
234 each ar ghbwix in/FRS INvhére SiRPcRfisierd et ring lafd infthedr tbjferiiost phditionap bet ween
each confinenent ring and block. In this 15 enbodi ment the spacer is of a
size to provide a_ninimum gap between .005 and .0bO _inches (0.13 to 1.52
m). An etchant ¢3S 8éuschemaisgvisyafitarRlagma progessiig hambseshown igddGs oy e
sensor 2 . J me above the substrate 206, the
"Waf er rea%géé@gr%gwﬁ??&&aﬁgéﬁa‘}f%gglgﬁ)évr%éedr! 200 has an exhaust port 260.
in operation of this enbodinent, the controller 242 raises the hol der 240
toits FIG. 7 is schematic view of the plasma processing chamber shown in FIG. 6,

where the confinement rings have been lowered further so as to reduce the lowermost

gap to its minimum

FIG. 8 is schematic view of the plasma processing chamber shown in FIG. 7,
25  where the confinement rings have been lowered further so as to reduce the middle gap

to its minimum.



20 hi ghest position as shown in FIG 3 and in detail in FIG5. Such a
position lifts the first adjustable confinenent ring 230, second adjustable
confi neneh® 022Md8 232, third adj ustabl e confinement ring 2PLT/GH9442332
confinement block 236 to a height such that the gap between the underside

of the first cont@ai nt .ring 230 t | ane of the ,chuck 204_js._ at a
im0 s+ ge 106t Pat petchifle Sy §0e S iiiRethe iR dyi BES 8,
substrate 206hepé R doREnembmtingd Bavd Becheweree @t do a5 RPRUIBI the ubpdrinod@P i S
on the order of 0.5 inches (12 mm). FIG 4 is a flow chart of the operation

of the pref gapéelitapvigmurent of the invention. In operation, the hol der
rai ses the first adjustable confinenent ring 230, second adjustable

-confinenment ring N | . i j 3 30

confi nenment bl ockF?Ig‘ZC%éO‘tig(;Ji Eﬁgﬁ%gﬁ%ﬁg%%tﬁg%ewg%Q?gl%%pg%g A robotic
mechani sm may be used to place the substrate 206 on the chuck 204 (step
-304). The cont r ol FI&: 1242a braph of ptessird ofitiaespeéiotthe sumaf the gapeizepf@ssur e
control startin int 6, WD 02/298.48 PCT/USOL/ ~2332 (step 306). The

waf er area ﬁ’@@gg%?é“%goqﬁl?%mﬂlﬂisﬁﬁ point may be the position of the first
adj ust abl e confinement ring 230, second adjustable confinenment ring 232,
third adjustabl em@nﬁzﬁ@m%mraiagie%ﬁ&f;a@agn& b AR HamBP Gfanpfer  hat
allows mnimal pressure drop while maintalning sufficient confinenent
during pr ocestiodgnentoftlv isventivpadi nent the wafer area pressure control
starting point may be when the first adjustable confinenment ring 230 begins
resting on the | r .el.ectrode .housi 21 as shown..in Fl 6. Etchant gas
flowis then ini %é I L phsmatgye n‘g‘%{aﬁte&ﬁ%@fw@%wgoﬁh@%&?n'ar ea as
nmeasured by the pressure sensor 252 is conpared to a desired setpoint val ue
(steps $10). If the wafer area pressure needs to be increased (step 312),
10 the controller 242 may further |ower the holder 240 (step 316). FIG 7
illustrates a chamber 200 where the holder 240 is lowered to a ;%oi nt where
the second confi ARAEMLEDR RESERIPTIGN OB RHERRERERRED BMBQPIMENTS; r st
confinement ring 230. FIG 8 illustrates a chanber 200 where the hol der 240
is lowered furth t it J b i i 34 sts on
t he spacers 238 g’f‘hetlﬁg&gg%gﬁ 16343&?%&&9”2%?@f@%fﬁfé&éﬁ@ﬁ%ﬁ%&%&@%ﬁ:hfse,sxf ates a
chanber 200 patferred tinbodintetiesrtheké0f assillhavatedoinl theladdoarpaayink ldrdwings. piithé wher e

t he confine t block 236 rests on the spacers 238 qof, the third,confi nement
ring 234. THp dowdedegcri iR sRmerPRS speridiy details 8 seﬁggrm infderda #TQVide fiol der
240 is t | : e

decr easgg, ttﬁeg%g%gt r oi Tt%@l%gf%?%sgﬁg@gﬁ?hy‘ﬁgﬂ }%reﬁ i Z%EF ?%8&3%23& Once
t he hol der 2killedeawntieast, thet the prheent inweritem maebe practisad withoutsomk opelibf i on, as

shown in FI 6, th ol der_ 240 i.s not raised any further dyri he waf er
rea pr ossurkest sRests 8l dn i e CiopatPnaress s6ps i LORisRy | he
desired set paidhotvited desckibed Bl détamin &déﬁbtﬂoﬁhﬁ%cés%hﬁgr obk&ire il ettt er area
pressure i s again conpared against a setpoint (step 320) and the position

of the confiimemtian. 25 rings adjusted by raising or lowering the hol der 240
(steps 322, 324, 326) to achieve and maintain the desired pressure until

the pla proce kS onp (st 3 ereunon. the hol der 240
is rai s%ddmt 0 i tsﬁfsﬂ %glég%gg%g?#}oghb%'t% elégfg%f,sgg%ddmrﬁlgwrog%i Rq?sénarrec hanismis
used to renpyécebding Shdister200. Thé eandiet has & Gopt T1t arldebdoac 254 an@y be
repeated. 30 _In_the Ereferred enbodi ment_the change in the pressure drop

across the ¢bampeiaieh?lé pxigeding fromeheanddl2 to dke battqna déd-cGantlevared omi ghest
control POSighk Qe o?ﬁai%%é@et{% albffeLelelifode dubifgB1h uf RRlchIs ARARE 4 Aok @S

shown in FI may C
204, which is a workpiece holder on which a substrate 206 is positioned during

25  etching. The chuck 204 may be implemented by any suitable chucking technique,
e.g., electrostatic, mechanical clamping, vacuum, or the like. An RF power supply
252 may be electrically connected to the chuck 204. The reactor top 212 supports an
upper electrode 224 and may be electrically connected to an RF power supply. A
confinement mechanism comprising a first adjustable confinement ring 230, a second

5



WO 02/ 298a8 PCT/ USOL/ ~2332 800% Control of the pressure drop is provided
inthat to increase wafer area pressure the holder is noved downward and to
decrease YR 8Y¥2#% t he hol der is noved upward. As shown i nPETESOYH233he
confinement block 236 is of sufficient thickness such that that the top of

t he confi nengn ock i S.above th t_pard of fhe r ;el ectrode
224 so as t & b‘-ﬁ%\?’i% ongé?&eﬂt}qgﬁ%%mfd %cﬁésgas%glg?r#"ﬁm r?{;’[%%%??‘g%ﬂd?op of the
confi nement dahfifémeR Blodk D38 redidpived withid the prodERdifg Blitsntdd 200 MAVhdderused in
this enbodi nent, the gap between the confinenment block 236 and the upper

el ectrode 2240 may bauged te suppottribe firsh gdjustable spnfinpsmant ring 2304sec®8l. nay be

between 0. 0125 an i 0 inch y . 0 1 . ferably, the
.gap is abouta%l S%?ge %ﬁ‘%ﬁ‘g@e{‘bﬂfﬁgﬁrﬁ(x@é‘%ﬁﬁ%ﬁ %?qn_% %‘Sglgho?%o%%’ ?‘f‘cfst, second,
and thirgd adjoufihéaémt bieoki136e e éntiolleg34Lcidnectd®to BehoRleL24® oMM Be 045 tO
0.180 inches (1.14 to re preferably the thickness is about 0.09

4.57 Y
- inches (2. 29n?rv@nentnéﬂ@il@i@ﬁm§)é0 prd thersiore e @rﬁbéﬁuﬁaléé corfinemepnripg d3@.he

| | ect ' - : ' to 76.2
v o <! LRI Btk REER0F oy Byyic B LBRACRA 400 TN L 7S

is a graph afonfiaérmentdick J36eds tiepradetdd embdpdiedent of theénventionfiné heldged®o

di stances in inches between the first_ adjustable confinenent ring 230 and
second adj udé atsPredcHih o Gamdrament FRg onblock kesting e farhusien; sSFagtesaBRAYiAs a nent

ring 232, an ' ' : ' ' ; thjrd

] st abl o QR 8} 3R Bl sh ERERlmbeithecdfld pRIGE, OSBRI, | o
exanpl e, therpfeasd embodisnae abthe éthentidmisdbetweny 1009 0015 inehen2d8ctu 3181

centi me'élers roe_ njlgjréu gt (scc&%&{n @rgont bei n L§d§§%§§l‘}§‘oa t he hg&&@é(@)ﬁ The
squar e dat a BBV nt *}dé‘fﬁ‘ I!i’rge%ébp adpst re
within the ) PENR %ﬂﬁ ' ' : he
pressure of t ezchaan%ermi 0. Ju&ﬁ%ﬁ%ﬂﬁwg%%?{%%géﬁ sﬁgto t gﬁﬁ%@ﬁe %ﬁrgof t he
25 confi nen238, whivhSix the minimeurp@sp beteeers tawivconfindthéat rifigtand bivekphnsthisi on

shown in FIG 7. .. Sectjon (ll) coryesponds, to npvenent of the nf J nt
Cings fibm (SRDGSIERG the AR Of A SkEp 1§ PPVids ATRITHIR 2P HEtvesea 03 wdDRd .
Section (111l I h SRR I thé EEshek r @m t he
posi tion Shéﬁé@%}?%@@é%@@.h&ng@g ti O%Sgl&g%m@ﬁ% %Blg{d'&xyggg.%é%é JIJZI G fii ?&s a
graph of t heremfurseascr26p nesmsures theipréssure sp detvolume hizovsithe sifbstrite 2§athe

di stances in.j,nches rrespond; t,0 .Sect i ons L) and ,(111) | | G 10, but
for differi ng}b@tgfg‘é%acﬁieswfgi’%r}& p’ J?’Ef’ %Qegz&bb)?%?nﬁ’fﬁapﬁ Lyalers 236. In
Curve (a), the WO 02/2988 PCT/USA /. 12332 m ni mum gap di stance as set by

the spacers 236 im opefhfiohd¢ iSerhbdiineft, BRoBEbNEEA2trhiges the hiblde2 34 todd
second (232) adjustable confinenent rings and .007 inches for the ga

bot ween2 he T gsshSEaDss shawndn BEG( Db in defailn TGS Shh mesien lifists | n

Curve (b) t 1 i . spag isn. 30 1 nches
For ‘the gap et vl SOl Rhoage s T shy MiubiiBIeRRRRNR e 0 BB,
rings and . Qifjustddtd'efinemeheng2a, bed vadmetnest Hoclo2db dIPhaght stiéh thet he4

adj ust abl e confinenent rings. In Curve (c) the m nioum &gp di stance as set

by the spacedap beteeendhe paderside elcthe fisst copfaingicyt g ¢ and the planeof thesp and
second 232 ' e &319 I; e : : ' S bet ween
t he second ag%%p{sh?r Eg%ﬁgg%sslt&% emg%ﬁt |aﬁ§%h€@§§§§gcfﬁg&r ve (d) the
10 m ni pum gapstelits 2@homtodle crick 306t heths pesfered &R86odiment) 8fis gapcikes thor t he
gap between the fj] resst 30 Snd second 232 adj ustabl e confinenent rings and
;038 i nches F6¢ afffe sBesfdL B the second 232 and third 234 adj ustabl e
confinenment rings. In Curve (e) the mninumgap distance as set by the
spacers 236 Is _-Q‘ﬁé.MQEQ%ﬁ&farttJT%éJgﬁ_rﬁﬁh‘&%ﬁr@férzfeﬂreﬁiboaﬁl%rﬁaﬁth‘éecond 232
adj ust abl e confinement rings and .062 inches for the gap 15 between the
second 232 adnventionr dn Beratialj, tle kaddiler raisesithe éntt adjustablgsonfinement magdB8ph i n

PG| T CllFu el DRSS 4 RusP L Rlend B0 23 9B ©f e

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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control can be changed by the use of different spacers 236 to change the
m ni mum gap di stance. The hol der nay be any device that allows one or nore
control | QYK ovi de 20 an upward and downward novenment PET/USHE+42332
confinenment rings and confinenent blocks, where in a raised position the

hol d t bet th f t .and

cont i nemont (GieBaRB i LG HEarEaRi s Gt SaR R i T b R of e
confinement firktE@fusbitle SctiffneMenBiig 7300 6écoh@ alRERbI dahfikéhé&RRRg 282 cthedabl v,
the hol der allows one gap at a tine fo decrease until the gap is mnimzed.

25 Once a gaﬁjusmblﬂ cmnnﬁxnz@dnt ringod e andjeguiinemgntchlocls 236 thatallowesimigimalao in

FIG 5 240 | h |1
a5 T angePistion ARER faigtBie dif S citindit dRanf bR RS ST
above the copibodihéit tﬁéﬁafeﬁﬁh@abﬁsﬁ@ lcettol 2t Spoiavmay by dieR theirgt f or m

Al t hough three confinenent rings and a confinenent bl ock are shown in the
30 pref er r echditisisblei genfinementiiing ZﬁQr’ﬁ@ém@ f@ﬁtmé@ﬁfth%br@ﬁﬁleﬁirﬂ@;hc&lﬁ@gtﬂl&%s may

cont 1 nerent. PO SIS SR FRE R TBR1s P Ty DR e o) S T et )
posi tion, atth¢ Rafdr aRsras nffabilted b9\ﬂ%8ﬁre§%ure 3851 2/52 98 Eorisatéd Sl desik8<$32

confinement ring is above the | owest part of the upper el ectrode and, for a

waf er area FE@OYValuggsienso10).df theavalsnarea prsasure Aeeds sube inceesstd (stersiR).r i ng
rests og,a %Héé?nﬁ@lﬁ??&fﬁ%&co P 1WA ¢ %@%@Baﬂ@%%@%ﬁ@@[ﬁﬁ 9?111%% dsRement

rings and a por Nt nenen are per electrode.

Thi s enbodi rehamb&ed(iswhere ghedioldes 249 hellomeredtoiatoint wvfeir@ﬂlemagomause t he
accurrul ati on of deposjted polynmer filins, In_anqgther enbodi nent, the bal der

may conpri sEOBIReINenH ring23 afre%ﬂ@ﬁwpwewm e\ HF 6P _ an&a3% BlG - er ent
confinenent g ﬂlﬂ&rafg%&ha}x?oek bbb‘gih ttﬁé{l&gﬁtt 100k ébvérk& ﬂ%rth%ijio‘? t »‘%here
confinenent rin a secon JUS e con I nenent 11 ng 0 t hud

adj ust abl e ctnmfhmd&mﬁhememgm?gmz resi®ion theapader238of the bevokid t&iﬁleni&ntl rst
hanger i0 1220 is suspended froma controll|ler 1224  The confi nerrekr:t bl ock

1216 hahys frrr&ﬁ%é‘lﬁr 9 ilfusirates & chamber 208 vehsee fig holdeg 240 isdowered fimhery hanger
1232, and a s@lﬁ‘féggoﬂﬁ‘mfe thé ﬁré 1“‘ Rt HOEk 56 f%rgd {46 SpibrsY 3R ety The

second hanger supports t hird adj usta confinenment ring 1212. The
third hangercomﬂﬁémemmmgmé ﬂhslsdmdndwﬁdyafsttarbd eontwh posiborgand thertwlde208. The
fourth hangey,.1236 .su rts .t 15 first adjustable confinenent ring 1204.
The second, i$ pot lawg‘%a&ﬂ?’lﬁm ngers allow the first, second, and third
adj ust abl e confinenent rings to stop noving when they reach their | owest

poi nt, as descri H@qlelvaafeh&eap@wwﬁee@mﬂé H&!?éased théﬁnu%ﬂl@fmmﬁﬁpﬁﬁg ment,
t he proflle of the confinenent ertgﬁbnl{i be complex. FIG 13 illustrates
ex

parts of0a fthe h@ldatﬂ‘lﬁ)s(ﬂ;pﬁé%dﬁm zweamth@nghﬁstwafmareadj ust abl e
confi nement rrc'asg 1(:%1%%&)1 Fositpolnr gs s%ojwn %}fb%, {1(518 Aﬂ)tls of Yais 3’ 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
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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and a confinenent block 1336. A holder 1340 nmay be used to support the
first adjustable confinenment ring 1330, second adjustable confinenent ring
1332, thiYR %2848t abl e confinement ring 1334, and confi ne®ETUPIEER21336. A
controller 1342 connected to the holder 1340 controls the novenment of the

hol der 1340 gyudy,.t DEHRII Ve redsife &bgésst ﬁ@di'tdﬁé E@ﬁh@t_oqg&feaglwﬁef arbh Pibsds0,

second adj ustabl e confinenment ring I rd adj ustabl e confinenent ring

1334, and cdhé holdeestmdnedclowng@éd afitte dectedsarpré3ace the heldepisanowedtupweard.

ot mum aap ApSfwinRIECS e Rimithsi RRREATE Hor st R SRRt WS il o,
adj ust abl e c@Rfthe RiFRYthé bAFintAREs bISGESITisABbHShaNbwest itk bP ef i Ng 1332,

-and third 30 adjustable confinenent ring are fixtured with spacers 1338,
whi ch defi necledizpdai2d4 aoins tpepevgmd cxiting et wiafenarga by dlomting overithetoprof the ngs.
The mating sctgﬂrn%}aces g% c;{rhémconfi nenment rings 1330, 1332, 1334 and the

- conf i nenent PNy D50 hot flat, 10 WD 02/298.18 PCT/ USOL/ - 42332 but
i nstead i ncorporate a "profile" such that, at the maxi mum gap spacing, the
gaps are "opti caliandgasgle ofttheédiniehsiohethatimman 6t ubddomithie ethbdidiresit, the ggp of
sight, which may serve to in‘g)rove confinement of the EI asma. by m nim zi ng

tEe st Iream‘ rkgtweencthe pepfenepent blorke 336 pushihe Mepey dlentiede 2 4,oulginhi9rﬁélr@apn%eddpt 0
of i s or OB ik PEndrln G BloEL SE Hhay b Bt G125 b A0 PR R 328 o ™

surface10f al.pRgim) Méregirefeiably, thagapds ebdirlofo2sischer x0.63 MM s akikhes The
offset in each mating surface.is radially staggered to allow each mating

I
surface to DR the Bishisecand; endihirdadpsighleronfinggen rings 23@,d32, 3¢t pre behiveen
nventi on hagoheRy ARFRERNST 1o S Timd ! MY SloAlrally HAHIEL oL, SABRG BN S,
era per nmut and substitu

there are a I ons, atrons, equi val'ents, which fall
within the siaches (229tim}y Thedisthbabetweersthe upperalectrofie2binatithelewert here are

many al ternative s of _inplenentin he et hods,_and apparat uses_of the
present i v ARatHe 294 may BertBrignEs SR daad PRBRS PG4 E%%)-aMS’é"nded
cl ai s [ e %ﬁ’ qﬁﬂ] f#:m@rterations, per nut ati ons, and
substitﬁt?e &gfe\%)%ﬁlgsd?sz%ﬂc?g% E@,\?\“ |er§1’et e true spirit and scope of the
present invention. 11 WO 02/298.t8 CLAIMS What is clained is: 1. An
appar atus for corfIoilDiisggmpb o waksr aceapesssrengith eespant tutheshmndfahe g&CT/ USO1

Lt 2332 an exhaust port.in fluid cannection with the vac chanber,; a gas
source |n T1QHaeahEEbtThP LS At pabaRle chaftnuRent g 20 Sranre
pressure Corﬁd;jli%ltabqjeeé/drﬁﬁem‘éﬁﬁﬁ@ 1% BR MBHRT adfiRibl PEGTRIHRNEAAE DT atlfVi Ce
conprises: a first adjustable confinement ring within the vacuum chanber:;

1o a second thitfl adjusieble confinementwing 234 napdihe third adiestabde confinshienbeing 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 (IT) 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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an adj ustabl e confinement block within the vacuum chanber; and a controller
for raising and lowering the first confinenment ring, the second confinenent
ring, and¥®p¥2B&hii nement bl ock. 2. The apparatus, as recPCEIPH4BPAI m 1,
wherein the wafer area pressure control 15 device, further conprises at

| east one NGhaighuf ‘ﬁ?&tﬁﬁe%@fsé&%‘?ﬂhé Bracei235 04 1067 ifuhds fdiend iperelitifbab! ©
confinement ring, secon ust abl e con i nement ring t he

adj ust abl e d‘mﬁ(Qﬁ@)mﬂtsebn\mb(l%Z}Sadjﬂ'dmblapmfnmmmtnﬁ@ andc()(b’emches fot Eh'ergaﬁ
wherein the at |east one hol de ve he fir ust abl.e con |ne

ring, the sé’@é‘ﬁ"&n %%@P&%?@ﬁmﬁ@r@ﬁ% Eﬁaﬁ nementrings. (i {3
confinenment {l Btlim %}h sas%tlﬁy tlf’é%gﬁ%?év\%%s'éh ¥hé§ffo1°ih§ sg‘lﬁ b@mﬁ:@ 3,

- further conpr|5|ng an ectrode erein e at one hol der
is abl e 10 rthefirsh30 amkSecpnd 232){1d3t1$teblé icosfineaknt singbérel 007 inchesrfonther gapg, t he

205 ust apl . dsArshdfiesoons 5 st AL adl Bl mEngnea It &F CHES @) The
upper el ect nafGmum- ga gfa?staﬁeaa&@ét th&@Spdceis2864s 'OQS%hYlleor%@%lee%wéenﬂ‘erre'n

the at |east one holder 5 is ab to nove the first adjusta conf i nement
ring to restfirsii23® mdrsémm@ijlptdvlﬁecmﬁmhmcmrbzgsmdwi?@tmdiesahethsugmstrate.

Spacer ot ik eahdny p4e0rd 258 aed uGR:d selosRoesen emeLrings: IO URE (uBe °

adj ust alpp e %%ﬂaﬁhﬁ@?%é&c@'a@ Get bZr the E]?ac% P36 ad @38 n?éﬁeﬁ ﬁﬁ'tﬁ@g'aﬁ BetREh BE
clains 2-6, wherein the at | east "one holder is able to nove the second

adj ust abl e dusi230emdsecondrity 2fadinstablumiiinewentapgs add Lf&rinciesdon thagap i r st

confinenent ,rin for 0Si tjion eLein 15
cecond ad udltita tBe R Aah e g P3ALERIS BeRRPet Hibs BiHvE O e
confi nenment rﬁinﬂﬁumsgaﬁ@isﬁ&@ a@)ﬁetﬂo‘?&h&ﬂﬂ@é’fs 238 is .Dbg n@ﬂi@@foi!tth@% pﬂﬁetﬁ/@&i thed in
any of clains 1- erein the wafer area pressure control device further

cgnpr i ses a firsi 230 aad jseenndilie admtablﬁeqﬁglﬂpempw?ng@@ad é?ﬁ%e%h@ébr the gehe second
t
ot o S AP 6 SO S ) BB A

conpri sing: in FIG 11 it can be seen that the pressure control range and the slope of the pressure

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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a vacuum chanber; 25 an exhaust port in fluid connection with the vacuum
chanber; a gas source in fluid connection with the vacuum chanber; and a
waf er ar dOBY&%48re control device, wherein the wafer areRCHAUSIY3S2 cont r ol
device conprises: at |least one ring; 30 a plurality of gaps adjacent to the
at | east on JaleN : = r r

novi ng t he g;[ohfig%g?lﬁgﬁl ??%%%Qgé%?tg%ggﬁ%ﬁe réae?egﬁg?ﬁ%&g%rﬁ%ﬁga%? gaps.
10. A net hooressureaontrol initied posifien, the lbaveptr confineraentaimgpests ong sugfhceci ng a

substrate in a vacuuym chanber; provi ding a_gas source to the vacuum
chanber ; exﬁﬁﬂlﬁp%ﬂltg]g%? W&ﬁ?‘@ﬁ&‘@aﬁe ﬁhﬁ?ﬂ?ﬁ%‘ﬁ@?‘i‘t%aﬁg\?im&l%o 1®&st one
ring to pr OVdgﬁﬁné}nEbe%c r@ﬁelBWﬁ@H]%}ger%%ﬁB&H. nTltﬁﬂ%bS&iﬁﬁh?ﬁelﬁ{‘mv%ﬂP% 1o |

-1. The method, as recited 1 n clal m1710, wherei e noving at” | east one ring
conpri ses: |stageatiompainfsi whichaohwemsdithe acomilateoresftdeposited polymeerdiiohs.

adj ust abl e confinement ring, and a confinenment block to a wafer area

- pressure control startin oi.nt ere.the 15 first adjustahle confinenent
ring rests on a ﬁ@Bﬁeﬁ%ﬁﬁmﬁ%ﬁ%#ém?é(rcog}?alsﬁ/ﬁ(??%#ﬁtyt i‘ag%eé%}*(&

adj ust abl e cagf hafep Bispbhdifg b YiffRanenfidnt Hhg"FIB e X filustratdhdrslothl €

confinenment ring a maximum di stance separating the first adjustable
confi nenent firstragljuatable canfinsmentiringi] 204; ab¢eond edjustablemonfingment ringd 20868 ei n

th fi I [ f th jsust abk

conf i nerent i a0uS88e BoliRdReR EBTae. ol Rerainiet HbRoedRo A tmagt o
conf nemgnt 1D0Gs ARRfended fFFonn hicORPAIRE 1220 CRlie cRAnbRAWRYIOKk 1216 HafELREm
adj ust abl e confinenent ring and the confinenent block until the second

adj ust abl e dbafirstbarger 1224 gAseeand hangerHa28, & third hapgest1282.candarfourenent ri ng

2nd 25 whor SRS Z38TbE FoLhE CoRiladRhe o T2 R RE b 2B oha
adj ust abl e Cs&ﬁ;?drtsetﬁemird ddj@stible tREindmehRing (1190 ArHeRhize Ravgdy 1232 &lppotecond

adj ustabl e confinenent ring and the confinenent bl ock.
- the second adjustable confinement ring 1208. The fourth hanger 1236 supports the

15  first adjustable confinement ring 1204. The second, third, and fourth hangers allow

the first, second, and third adjustable confinement rings to stop moving when they

reach their lowest point, as described in the previous embodiment.

In yet another embodiment, the profile of the confinement ring may be

complex. FIG. 13 illustrates parts of a first adjustable confinement ring 1330, a

20  second adjustable confinement ring 1332, a third adjustable confinement ring 1334,
and a confinement block 1336. A holder 1340 may be used to support the first
adjustable confinement ring 1330, second adjustable confinement ring 1332, third
adjustable confinement ring 1334, and confinement block 1336. A controller 1342
connected to the holder 1340 controls the movement of the holder 1340 and therefore

25 the first adjustable confinement ring 1330, second adjustable confinement ring 1332,
third adjustable confinement ring 1334, and confinement block 1336. The holder
1340 is stepped with a confinement ring or block resting on each step. The steps
define the maximum gap spacing between the confinement rings and block. The first
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,

10



12. The method, as recited in claim11l, wherein the noving at |east one
ring, 30 further conprises, |owering the confinenent block so that the
confi nem¥Y@ 0HI8Ek rests on the second adjustabl e confi nenBRI/USPHEI3N 3. The
met hod, as recited in claim1ll, wherein the lowering the first adjustable

confi nenment «Qdic1 ot i i
confi nenent b'ibxfg%ea%ﬁﬁoﬂi\jﬁbﬁg% gng%%%é%%?mfgg%W%ﬁgs ale%gieﬁlg%gpst hird

adj ust abl e aonfiptieatiyndense’dhdsad they do nbeprevido ndimdi lirst aflsight cwinth neyent ri ng
and the confinenent bl ock,. wherein . the third adjustable confinenent ring is
Spaced apar COTEQHIERGYS ERUALRL bins BB N PP REREiE hr Hacasng OheuRteRs

di stance separddsTbn ffe J1dmh4l tlﬁéh%&gﬁh@%h ,i‘ﬁ%b%I@ﬁﬁo&t_&iﬁ&ﬁé&ﬂl&h&ﬁerﬁecond

-adj ustabl e confinenent ring and t confinenment block is spaced apart from
t he t huds adjrings.abl@ 13 dhfsinateent embodjmisnt ef thisxprafite’licensisting f@partital ng t he

third adjustaple nfinement ring fromthe nfinenent bl.o and. wherein
the' | ower | ng HeL08a0 REPELHFRS e SETFPREHER ETATOTA S0P T e B o
bl ock furt hegp ks THkofidet fnkadllindfihg bhiace 98 FddnaRRM gbicddo aMb\@ et t he
third adj ust aBI e confinenment ring is Spaced to apart fgr om t he confi nenent
bl ock by t henatimgismfacetiodedmought spaclose prgximisy withithe seftust abl e confi nenent

ring fromthe confinenent block and the third adjustable confinenent ring
is spaced apart f he. se ongha L us l.e .confinenent ring.by.the maxi mum
di stance separ at |‘&8ﬂ%ﬁ%sw 1 aﬁg#gb#egp%%eﬁflﬁﬁgﬁgn‘)ﬁﬂ%gRrgf_(?#(lihe_ second
adj ust ad e eaitoldiigsHRd) theré AR altbfatibAs, pthsutBidiPshd Abstitdts dgivaldhts; wdidh 11,
wherein the noving at |east one ring, further conprises lowering the third

adj ust abl e dalhithanibascepeny thip invepdor: ok shatddralse bp neted thatithere argananyi r d

i bi ! - . .
ho: capar AGEeRTORALs f BRI he Mk hEBoICERNiAAABNIES BPUE oFBBA "L
and wher ei n ifvatieanttiisthiepstoreihesded thaithe folvinbal spperiédelaini bednfdpretdabl e

confinement ring by the maxi mum di stance separating the third adjustable
conf i nenent aiRiudingal surd alisFtions MerRutBliensK andisybstitte qauivadants assfallecited in

claim 14 it i I Wale® further conprises

| ower i nglg5 tW&:@]ﬁ%@%@ﬁﬁ%@gé@pﬁ&??ﬁéQr%%%(t:@rﬁ?tﬁ%?ﬁent bl ock rests on the
third confinenment ring. 15 . A A{.A{.A A Al .AhY. AU. AA A{. A Ah. Ah. Ah. A{ PQa/
SVAnF?N60p

Ac~ytoje [V]ca] ca]ca] ca] ca] ca]ca] ca] ca]ca]ca] ca]ca]ca]ca]caV]ca]ca]ca]calca
] cal] ca] ca] ca] ca] ca] ca] cTa] cal] ca] cal] ca! cn~ wo; 3W nC

{vqgl gb] X]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
alcalca]calcalca]calcalcalcalcalUcal b  I#I111"6"""" 3######S\ $pS$Y Y0%8808%
& &&' [' {vagl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]calcalca![' h(())))D+++++..0q001cll

2] 3334p445d555555zupkf " [ UY] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] ca] ca] caV] ca] ca] ca] ca! 58#9h:: ;| ;

] ca] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca] caV]ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca! FR
GGHI ] I'11'1 LM NNGOhOvOOPRQQOPRY RRSe SSSSSSt UUV| wgl gb] XU] ] ] ca] ca] ca] ca] calU] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca]ca]ca]c
a] ca! ViWWLXXXOYYY' Zi [[1 X] 1]~~~ Gabbbbbb4cFcCcVec{vqgl gbh\WJ] ] caV] ca] ca] ca] c
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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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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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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 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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