METHODS AND APPARATUS FOR WAFER AREA PRESSURE CONTROL
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gaps control
plasma processing chamber. Alternatively or addmonaliy, the pressure in the plasma

generating region of the plasma processing chamber (e.g., the region encapsulated by the two
electrodes and surrounded by the confinement rings) mayv be controlled by adjusting the gaps
between the confinement rings of a confinement ring assembly. Adjusting the gaps controls
the flow rate of exhaust gas from the plasma generating region and pressure may be affected
as a result. The overall gas flow conductance out of the plasma generating region may depend
on several factors, including but not limited 1o, the number of confinement rings and the size

of the gaps between the confinement rings.



the flow rate of exhaust gas fromthe plasm
generating region and pressure nay be affected as a

w0 e®al1e0345The overal | gas fl ow conduct ance out BET/UR09/033410
pl asma generat | ng regi on may depend on several

act or inclu but not | m.t ed to, nunber . of
Eﬁﬂf?ﬁionf i n&eist itk eg%eeéﬁa pt%‘swg 5 é“béf*“‘teh’é“bj%ﬁge Bebiusaih dhghich
may 10N PSRRI E)i‘t@gﬁs[ %@éﬂmﬂgﬁt ¥ tﬁé‘\’aﬂfdbﬁmf Rﬁe}ﬁgxeﬁﬁﬁ wmml L pressure
process the substrate in nmultiple steps, each
in plagmy pionessingevstens i lnpkivtdepradsur e, i nprovenent to the

capability to effigien sure in plasm
processi ng syst eéﬁ\zﬁ%%‘hjg ™ %\Em SUMVARY OF
Foo06l NVENTHENi[QAA8] reThe;, hﬂMﬁélhﬂuQﬂméﬁ' alLHethb tAfabilize pressure in a

enbodi ment, to a nethod to stabilize pressure in a
piasmpmmum Jwadsy. nghemampe inciades prat¢og an Hppaiglstrode and a fower

electr (gc;egiéé_'t gfmgxqu 'z%g)@tg aiglwel’fetl %Aﬂlgeuéﬁg el@cn cﬂé\gﬁd e’llc‘? fotx{ e?%?& gﬁe form

4 charﬂﬁi:rdﬁb omﬂrpxe\i IGIHE ﬁ?ﬁet rfxeﬁimlaﬁﬁhﬁtn‘&&md g@mwl&ﬁﬁkam Qwuﬁit: nrgone of
first mechani smcaonfigured to mechani cal | coup le to

the uggﬁtedbt;fh qdg @l rghe]pw &1 %l&‘f{?%iﬁe Thasnatped e ngpdesty %‘dé‘ ng a set of
ozifxz;[hﬁ%]glﬁﬁﬁ tgocg\dfﬂi‘& B8k o REHIAES é‘l@ﬁ o L%hﬁgut@ é%@hkoﬁ miaa] Iy couple to
nemrent ‘rings and provi a secon
the 5gcofnfqn@umﬁehttrmme Ehamgt}a\ldlwt bmﬁnpi’ @Ltﬂti dit&u’semnaﬁ piur( ality of
confi nenment rther

condu§ it B RETg" iR AP, AR e e 2, R s Continement

ring peifibe ( R J&%QD& uMbAURS @ bt N BRADSE 2GR the dl fferent beight
correlating confinenent ring position (CRP) offset

aluevaﬂ the Qh%‘ﬁh‘fti lyap. séc‘:lbfmm) hfSit helgbintalyd h@g Seghpmbeingap, adjusting the

c,hamba(,r #'1;? ig&e g én*gw?l ths dluc Sb JaoN hl«ﬂgh glix,';g é}“g'}fg% %irgfmﬂy L%t Crp

offsetbBReGharR el @R HIPudife thichatial Bl Gl MRk DY sEcB8finement
the first mechanism determining a first CRP offset

rings (e R £-REMN &40 C0PT-E9P PERpeLSipthe st OrR effer valge bamepying the

. ) the set of confinenment rings to a new CRP in
S‘"Lma“iut'gg-:IrédMg\g'oop manner using the first CRP offset val ue
[0007by novithg abdhe sseoand refmehanyond Q007 lnafhewdbdwents of the

| ates to onl t he many enbodi nents af

invenfgpneloHeGHD AR BInoG Blees & {ﬁmaﬁ}ef KEPH6E e dRNSHERY sigeh is set

forth 15 'tﬁ@ Ln'hﬁ%@&@ Penak AL %tﬂe?‘(’&ﬁﬂ&bm tb V‘@h’@eﬁht ki§yef8bn LI Ee.hc“}c&g,nbm‘
S e clains herein. These and f eat ures of

in mopr (hﬁfehbchnmnetitm demibail bschetidestihi hxadmnm pl @ L@ettmﬂmn W nh the
foll w in the detailed description of the invention and
OQVTIH &Mitmct i on V\Aththefollovvlngflgures BRI EF

DESCRI PTI ON gkirFHBRBRAVENGS: (R008E rihewanesent

invention is illustrated by vvay of exanple, and not by
[0008hay of The ﬁfﬂqull@nﬂmpﬁ&lﬂé‘ﬂf‘itﬂjﬁ?\é‘é%f’f Mé'tpé%@@ﬁpaﬁy«i gy of

}nmtagtog Ms r}gshﬂ%xgs &r‘lhs}"@ég,% npam :S g dx%fx\enrx tfebna i AR ham\eb reference munerals
refer to similar elements and in which:

[0009] Fig. 1 shows, in accordance with an embodiment of the present invention, a
simplified schematic of a plasma processing system configured to provide an adjustable gap
between an upper electrode assernbly and a lower electrode assembly.

[0010] Fig. 2 shows, iy accordance with an embodiment of the present invention, a
plot of confincment ring position {CRP) as a function of chamber gap for a predefined

pressure.
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The inventor herein realizes that for a given pressure, the chamber gap (1.e., the distance
between the upper and lower electrodes) relates to the confinement rings position (as
determined by the position of the plunger) in roughly (though not exactly) g linear
relattonship. The inventor herein also realizes that for each chamber gap, the conductance (in
titers/second} through the confinenient rings relates to the confinement rings position (as
determined by the position of the planger} in roughly {though not exactly) a linear

relationship.
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{0024] Fig. 1 shows, in accordance with an embodiment of the present invention, a

simplified schematic of a plasma processing system configured to provide an adjustable gap
between an upper electrode asserubly and a lower electrode assembly. Plasma processing
svstemy 100 may be a single, double or wiple frequency capacitively discharged system or
may be an inductively coupled plasma systern or g plasma system employing a different
plasma generating andfor sustaning technology. In the example of Fig. 1, radio frequency
may include, but are not lmited to, 2, 27 and 60 MHz

X



[0022] In an enbodi ment, the inventor deduces that

rough pressure conpensation for chanber gap changes
woreapoheossmpi dly nade by cal cul ating the of f set PET/U80091€33410

conduct ance curve to another and by noving the

H0025 'Z glrn; Iu |n Z‘fm@ﬁ eb§1lfl g%tuf R %{i I(:I;%) appaa 1}(5{58%%&? aggtggxtr !é,%f may be configured
with ;&Q%@J@@Jﬂo@@ &g@ww f{%mdd loGlePsety Ada%&am ok ;m{

take over to stabilize the pressure to the desired
emboginess urd é.e gp{per@@cn‘pde gsembiys! OFand dow elgﬂ@ggdar gssembly 104 may be

sepriLROP g PieLl FRbeEGhar Do ThECERRPrrblsiboontiydoz may
includRla@ uppvededirii @w g |iﬁ%¥éxhﬂe@ al psl-atedy ah kyglowakily (not
from previously derived conductance data, and 2) a

showgubsequent cl osed- | oop phase to achi eve the derive

{0026 g ressu r[fm ,\?\ﬁ 3I :CHIQ nt. oceLSQIQ ¢ ?)]4 ocewxb if%g{ @ﬁmﬂge R dlyeasgl tsﬁnﬁ:t?ﬁmm

f the AV ent | t 00

chambeefep en@ e”i‘ h@pﬁoh&x{d gwr%ﬁmmcpmasi@usﬁmmr gop 1% sy B excited
art mechani sps and enbodi nents of the invention
into a é’éfﬁf‘?‘%&t“e% REpPOIvEr SNty tq @@gﬂ}ltp{p(@h apSeOpd 04 hhe plasma in

ch amlliﬁ%gg d3D6HWe b Enﬁ%cﬁﬂbpgn E‘ﬁm‘i’[fi if a&fﬂ%? 808 that may be

tion, a sinp fi'ed schematic -0
confiprotess mnlgasy@saemﬁ coofifidrgun edgs O {Pny oM |Oﬁel e, hd}du stdbl{e). The

.x0ap between an upper el ectrode as .

confiiigal Fohe~aeBBBRy e bs E Bie LR R LR nfebe Ty 12

includ®$e ApRinBEH 181 H0UbhE: 1Bk thrua@b@mfsr@auamm%m Is'(‘!/ﬁi.y e).
|scharged system or may be an i nductively coupled

i:\haq@r asHainsshsmba g1 !aﬂbpﬂl as e ;%gﬁgtﬁem@mﬁ@yaaﬁgwam mssewhecmh

confi tg.ng,&pmgg ggpesr_bs_&m e tg? i I%(rg c?x} ZI%%’I{’ I%L 9%(3 %1 Ac Fg g¥hi’b% c.xhauxt 2as
may bRleRhfiRted fhdth ﬂﬁﬁthﬁﬁmeﬁb\ 2 Vacitth Q00 Mt EYQQQIE&} %hﬂpfﬁmﬁﬁusuaimm

exanple of Fig. 1, plasma processing system 100 may be
‘m"i@éfﬁf}ﬁgﬁ?«%d with an upper el ectrode assenbly 102 and a

{Dﬁ"”{ljomr %Jx %?T‘l{lﬂcqgméﬁts gﬁglz)( ‘%8 dt. '—h Uﬁ&\%@ gllq' r@oghtﬂ%d with a

pper el ectrode ass
pistonatisientdlay atdticanebensap ar(amd oﬁxr loneedettrak eserdiyy &04 to be

~__chanber gap 106. The upper electroge assenbl.y 102 may
movef HEPLAE"Rn ARl B HHR IRRSES BPOEHEeEEn My

changBOVBLE teslYs 8 ERnPOWEKe BHRALY addBlis SRRWAY o mﬁ;@.@@@]en by

“During plasnma processing, processed gas (not shown)
mnfmm;mbemsupmwta:dmnmto chanmber gap 106. The processed

100237 o a RETaRB R b 9" RE DBME BT E AT oI ©
accon® 1&%@ Rdpe @@(ﬁﬁl@’ﬁkﬁ is W9 m-l._ B slh aTRBnéNerk rﬂﬂ;&tit@fﬁ ngﬂp 189 &ay

may be confined by a confinement ring assenbly
move ChEesPRBSENBY \t‘!éihﬁilegiﬁtéﬁ alilewergiectrede pssambbt 1t therebx changing

the wa%ogtm RENED ﬁn{cmrl‘g ? ring dmi’mﬂﬂ]; 01%@ ]A]Qggx'dmrl‘rjrﬂha Sﬁgﬁu%glg‘oﬁm\ plasma

generating region is altered not only by the sudden change in volume of the plasma
generating region but also by the change i the confinement ring gaps.

{6029] In order to maintain the predetermined pressure (for example, the pressure that
existed betore lower electrode movement), the position of confinement ring assembly 108
may need to be adjusted to change the conductance (in fitersfsecond) of the exhaust gas to
compensate for the change in plasina generating region volume andfor the change in

confinement ring gaps that result from lower electrode movement.

&



confinenent ring assenbly may al so be configured with
a gap control nechanism 112, including a plunger 13 1,
wo 2009400385 ol | i ng the gaps between confinement PCTES2009/033410
110 a - e). Exhaust gases in chamber gap 106 (i. -,
ass thr

S ener.at I ou
(00304 o | nEoneTFv hd* 4 O S S s

<noft&9§u§m%éQn%xmﬁ§%((ﬁh@%@a@%ﬁ%@§bf@%&ﬁirﬂﬁyﬁﬁ%;nuhfm;d
exhausted fromthe chanmber by a vacuum ptinp (not shown

pressire éx-rmalis dtykuaisddusmiamxbunv)hguIatoatamhm%tmu mmldua [ 0027]

(003 ii onfa In g i BOW} :}]}:w D" tge oﬁ%f@ mehnla %zfﬁ"‘% &n%%ﬁné[ﬁ)emenﬂiQﬁrepeﬁition
in arbREP afins Mhi 16 £0indid0MhioNe thetl BGhAOdRNASS ERBY Ye ﬂl%eh@; motor
be moved up or down. As a result, the volune Wt hi

index (o éwmeawam@éﬁ@p@o By osgpbile m&ayioaﬁaﬁ@@mﬁvw&:wm%dpé sTh
hor udn@aiam&rlﬂ{w\ge d}%x'ﬂgezmdﬁsiﬁ‘ H{iﬁn&ng dhnlr‘)s ﬁ}&qw(érﬁﬁ shows a Hinear
rng re-positioning.

re lam{rﬂﬂ@&:]mR&:ﬁ&mhmgmtm ik @osifion wROchanivt g i@@w&:ﬁx en pressure.
el ectrode assenmhly 104 to accommmdate recip
PO 1..,} equi r g e ﬁt%c’\f' S éu,g)p c\lpé}ﬁ& éxtngpm f,@gwfﬂpﬁéwmh&mr%ﬁm mvention, a

p ua.lg?%Fg&g?hLJtﬁ RIS 'EBM&&%F%&R%DH& iﬂgle}?h‘%%t'@& LO&i.bmhd lcoﬂ_:su:

ectro e asse y changi ng
confiigapst beg mm@ aouf qhtfemanthamlmg SHSS e rrbl y 108.
O.chcord n é g Oisure |in t he pl asma gnera %
[0033) o gi on VS ShAVE &} B AdPS SHIRYIBHIRE ‘EUH%%W H%fﬁ’bc@ ter pey

suon&l@ﬂ Myerf hde I}@mﬂl @@gfﬁ WUBRRLAHNGNFRGhAR r@:lﬁtéjnailth%ﬁ’ (OXP] BBain in
change in the confinenent ring gaps. I'n order

arbitrary cpratnedi wlathise prf g dethe cpdietinps @g‘satce *%(q%@m uémmla@e of 1.88

wntmﬁ;gn {E{?ﬁt ?H)tfﬂé bo &QFI (2(%1 dt%fl?ﬂg&’ ulxxnaergréﬁtchémﬁ T " Bsglr%lef 2.34 o
Plot 1ik083maptha e@divt @nbeciadd f8 kedahbeChangRictdie. wﬁdpr@k &AEB40 is the
(in liters/second) of the exhaust gas to conpensate

conduegpes Ve Ridgdamhcpiagsittiegdnel @i ng regi on vol une

poa@nd/ or ,t n onf 1.4 uIt

0034 rom | owgr% g:Fglcglsﬂcfc?em velr‘%g{n(?ﬁ%dé nﬂﬂﬂﬂﬁ’%%@ﬁ ﬁ§

substcigidy Hawne @ wictrbyiam oBethadiementratdin, 1. hed!}m’xesidntm sec. Suonda these
i nventi on,

pl ot conf i i r|n posjtion (CR )
CHveHye é“‘?hﬁ‘é’td?'bﬁﬂ%‘? e’cﬁ&ﬁﬁé‘?“zg‘gﬁ‘nfbl““a“‘ﬁ) BPMpdytween the

mndu@fa%?ni MPrhe Ebl%nc%m‘r@ngt'r ﬁ&x‘iﬁ?@g bh?kt&ﬁ 1281 bRReL LG F&lhg?‘l ﬁi‘; dof is
facilitate understandt ng shown in 2,

changethe Thed tiocaly @ixésddsged howrcascd ﬁsedn@nh‘h inemmumﬁ in grig. 23, the

osition in arb nt uni
hanef 08 PR AR GHTCEHBIeAP BroL ey LR $oPREYP g SpRwensated for
mmpzs B Vi L mé chifeiRXn 0t rihd 8y 8RR Lﬂpép{»a%%k@%Qﬂnﬁ Bne curve o
control the up/domn movenent of plunger 131. The

anotheyor'V b mfetiengsiod s Ho W dinpzcivaebérciaap ak Merfhpmbaegapris moved
from %gtylwfé} e{ nQ n?lhﬂt% 178 “01 0 ?ﬁx\@(pg}sdl‘)ﬁqgﬁl& Jo5h hﬁ%ﬁ {En“ gsg Ft)m}\: cl)nrg the
confiRngny iy pﬁsﬁﬁtﬁu{ﬁ}ean arount that is equal to the offset (between point 344 and
point 342). Moving the confinement ring position by the offset (difference between point
342 and point 344) has the effect of roughly moving conductance curve 310 1o saperimpose
on conductance curve 320, In so doing, the conductance change due to gap change s
compensated for, and rough conductance compensation is achieved in an open-foop manner.
[0035] In an embodiment, the current chamber gap position may be represented by
“X7. The change in chamber gap mayv be -+~ Y™, The current CRP may be represented by

A7, The new chamber gap and new CRP may be calculated as followed:



[0032] Fig. 3 shows, in accordance with an enbodi nent

of the present invention, a plurality of enpirically
waleeose4onduct ance curves (which il ustrat esPCT/US2009/033410

conduct ance versus confinement ring position) for

ifferent cha g Q33] As shown in Fig
[0036 $erti cal*VaxXigF %a%ﬂﬁfgﬂméf " Sondlictance in liter ("[%‘F‘mmﬁ
roo373econdnGly/ 8kp ~TRe hafkagntal axis is show, ﬁn&he) where M is
confinement ring position (CRP) agal ninarbitrary
the »iwmmmmxmfc’tﬂ fraph gte dondect@18 ciwyes heFigohduct ance c ur ve for

1003850 o AR B b e T oio B LRI Py e corves
for ea®f cHan@fer B nldl Ob chiph@aBdQeletininbe UC@ﬂgﬁb‘@(ﬂﬂ:@ﬁt QU Y Ehel WErking
a chanber gap value of 2.8 cm Plot line 340 is the
condugiperinandee pluralisy popongduethzearveg apyhgl ralativgly dngarcyelding a
slope Ep%%xl \«f‘ﬁlfq%\%nﬂg%lﬂxgsﬁt HRRR R IQie ﬂﬁgﬁ mfwr Ré‘?nf Ef%;ﬁg’d for
are substanti
predefeag m@ﬁ weferahanbersuaps tateaponsie eox, tha bbmﬁbe% z;,hp LdushRags ).

Second, these curves are substantially parall el
Altersafiy dét # AP OPRR apRandy PredirrlPErhiciCOHE HF‘deéttWeé‘H"*t‘ﬁ@ oftsets.

To f2GRAHUGL BRGEI AP dol he ey BAARR Bkl I
0 ﬂsuﬁgﬁg%?ﬁé ﬂo?;ﬁ ?&ei‘seird&%gjweﬂ@@ rrbsd Qulﬂ ® Et &Aﬁu‘tmu i
chamigng pafrde oyl ane v deshated fxoandiei ctzlam:g'o@ siué h\ s lbdkup table.

|ters/se 10 din Fi 2 ch e in nduct ances
(0039 £ /1 pETRBIEOD 18 St PTORETERARBER oG ABeP TRy Obe simplified
flow Lﬁ&z wmﬁﬁ%@i 400 ForSk-ABt Yo PredRNE RSt ;mﬂmbﬂﬁmﬁwbw@p in

he amount of x-axis offset from one curve

real Hmﬁ‘ot her. Wth reference to Fig. 2, the change |n

L~conduct ar n
00407 Curve 5965 45 Gy 2 By TR Y s samdiutpos oy
be emb@fcaly dETEMhﬂld then @onfdinenent s AB, RS vdhambByza@s specified as

amount that is equal to the offset (between polnt 344

part of i ErqseFiecizg 2in sioilion gherHBetopmithoa Ot oSS Hibposition

mav b%ﬁliﬁgupﬁm%ﬁf §6k ‘gf L{ lgx%ri?[]r?gmplﬁh%@ph@q &m‘%‘égm \E{h Wﬂl At

as the e roughly nDV|ng conduct ance
MHqﬁﬁuﬁwedﬁﬁﬁnbﬁdsﬂpekmmpnsm‘@MHB@@dﬁOh@ﬂﬁEﬁﬁﬂEmeﬁ&ﬁLﬁbﬁmx?K
so .doi ng,, t he_conduct an ange due to gap,change is
empligsitpereatied FEFecq HBW?’&B L GO R CEPT Bth B srigied g, inan
embodaieved in an open-1oop manner. [0035] In an
enbodi nent, the current chanber gap position nmay be
(0041} epr esémie dkb;y"x‘s‘w)é's acqhedctha m‘.ge_ﬁ namanh and eosigapnampe béjusted in

an opephIooR i BHATGE ( SH e s gy ey (R B € e s
coninfc@ldnpﬂﬁéir (& ;33,@]3} NEV ﬁﬁ‘vﬂngmQ&ﬂn@ﬂﬁlvtﬂ Q.Qm'xpﬁ%u{téa for'the change in
(equatlon 1 e Y) (equation

the playma geherainykeson h@u@p ape theetherygd ndle ¢andimeniget ring gaps cansed by
the I'ﬂ(g ﬁx%’%&a{ﬁ% gm% clﬁjrrg\r%g?rﬁ f§rkgcgt(})1f, 101{;% gg( sbt%ls}ru{m%é tdgcoct)x?phshed,_ fine
{but sEﬁﬂfdMﬂb@ﬂ@Sp otk Sin the manner done in the prior art, may be employed to more
precisely establish the pressure in the plasma generating region at a desired set point pressure,
Once the pressure is re-stabilized, other changes m the presswre (such as to accommodate
pressure change m a different step) may be accomplished using techniques known tn the prior
art.

[6042] As can be appreciated from the foregoing, embodiments of the invention
pernut pressure compensation o be performed in a rapid manner by rapidly repositioning the

confinement rings in a two-step process. In the first step, the confinement rings are rapidly



for each chanber gap may be enpirically determned in
an enbodi nent. Over the working conductance range, the
w@bwpabidsy of conductance curves may be rel atiR€/YS2009/033410
i near, yielding a slope of about Min an enbodi nent .
n Iheﬁgffset CRP val ues X ete n1ned
reposio AL APRRACRATRINCR FEHE AP 8 dairales) 3%“6“66‘6?1‘1‘58 REst@shgequired
wndutﬁ ﬁ%a@@ﬁm\@ﬁn gab r@QﬂuQ%ﬁ&EﬁWtﬁ% withl oBF: H%d N Stn¥opo@ishd Rk %m ious
| ookup table may be enployed to correl ate Chanber gaps
champir tehpof I desecond stepe Irkditionad closed- bpvgwnmg@lp‘nmobgﬁnpime to more

N e, the co , , Il ar e
preci AR g b pisa i BE BT o e o b uthel b i e chanee
in preYakd@ar Rrovdeded thymbhigg lepokbme(t ae@redBR3IM1RaGon dep may be
shows, in accofdance wth an embodi nent of the
shortenps.dprdinghio BPENREIOFFIUEHViEY. okvwﬂ*arttwl@f erpbeimRalg o g ipention
may ;}9@ a‘%{ ﬁa%§ g»g d%g@ ﬁe&[aﬁ%g%}{ /10 ;M}m 4%5%%%‘?}{% ﬁﬁﬁ%@@ the
pr oummkmt@ﬁs Goguimes e uﬁhhfd‘r eﬁﬁd‘}t me\;h axtbé agﬁfﬁm mimameu gap
nﬂér|call determ ned in an enbodi nent. In step 404,
and a S PHEAHEPCYEY i s specified as part of a process
FO043 iec' Peawilift BiGRH8Ba }1%"@0{:9 58 mzﬂ {Eﬁq?@f &35&? hbodimenis,
nement ring position may eterm ne
there gbfaffetutihas pheenatdins cusised: wah:nm maﬁ}naid: omhecthi empmutf fhis

nnen%@g ¥F§¥T$§h%ﬁg§3%¥} g#%%%g%%ﬁgkﬁg?%ggég%ﬁyﬁ53®&MW“ﬁﬁ“ﬂ

me thc@i@ﬁh@ X;%j\t $iRHOUle ‘%@L s%n{ Rl 8LRACLHAHR MBI BrdhdinRERE the present
aps may be referenced to, in an enbodi nent

iny en{x@omﬂ h@% @!@ilt‘shé Odf'ffl @Eﬁ@hm@ oRfC d m% a%ﬁat act wétimtsmrmﬁmex ein for

COnv Lllkng g&%(ﬁ éh! \%gadyﬁ. \%‘fg!i'l[ léﬂ]{ﬁgi(}ﬂl 16 aa} Q1 ~ ; \& rl%%fbﬁ‘o TR nw

conveh@nPOSitd 431@{11&;{&@ b€ @ﬁx&ld@éﬁﬁﬂﬁmmsﬁg&eﬁébemel&[}&hs W RitBerefore
rapi d repositioning roughly conpensates for the change
intendeg ﬂm él‘prﬂOng sgenerkHichgmp é@ PRt nelnding »éﬁhﬁgeéafmm
Q L 8, FRYEIRA
pcmn{iﬁ:e& d\./l\"g‘r‘n]e ARl E’ﬂsga ef%ii %%é}g} ?h g]ziﬁﬂm?_g %:'SE ?%{nﬁ\%uéﬁ Ssg\ ention.
acconpllshed, fine (but slower) close-loop control, in
the manner done in the prior art, may be enpl oyed to
nore precisely establish the pressure in the plasm
generating region at a desired set point pressure.
Once the pressure is re-stabilized, other changes in
the pressure (such as to accommbdat e pressure change
in a different step) may be acconplished using
techni ques known in the prior art. [0042] As can be
appreci ated fromthe foregoi ng, enbodi nents of the
i nvention permt pressure conpensation to be perforned
in a rapid manner by rapidly repositioning the

9



confinenment rings in a two-step process. In the first
step, the confinenent rings are rapidlyrepositioned in
wW@eooopens4d oop manner using an of fset val ue obtBCTES2009/033410
from previously acquired conductance data (which
correl ate conduct ance mntq confinement ring positions
for various chanber gaps) MY he second step
What b @gidetignal cl osed-1 oop control nmay be enpl oyed to
more precisely stabilize the pressure at the desired
L val metho@yo malpxi/a& yresunpenspieimypiotssigebahbergend method
om fressure that is caused by the noving el ectrode(s),
PYHEs pressure stabilization step may be shortened,
| eadidige &9 upfP R eEdPLRAUIGeY blkYrodeUbt HREARING a substrate, said
enbodi ments of the invention may inprove and or make
uppergbsEpt and weed lgpicr plegireds feus esbmnbgiiopi on of the pI asma

Wit ckhcﬁn«ma ??S%?écpgnpxh%gﬁfﬁgﬁ od [0 xﬁéﬂxtaﬁqulﬁx oSk 61‘?@1'0 {13 o2 s8 upper

eimrdjéeﬁﬂrsemt lopeedsttrgleset ti ng. [0043] Wi | e this
i nventi on has been described in terns of several
eRBBH AB ALY OTCRBYIEIEIEIBE  er at | ons, pernutations, and

g%\r@ne@t ‘c::nm&ﬁugék ol h&f‘totlhgdﬁﬁat V] ulpﬁah!'c%nd set of

venti1on shoul also e note e are many
conina:hxtcer nagd;ve ways of inplenenting the nmethods and

RBGh TR Brarbyier G BRgce VBT aRTay! 1o Bt pld

&hmﬂﬁgggﬁher applications. The abstract section is
provi ded herein for conveni ence and, due to word count
| eonrelatinomntfingmaniae @rmqsgm (WRIPY et foluer ebtichggt of confinement

rings \.&-Otg 6'élq é‘?@ﬁ??ﬁlét%‘l&f%% ﬁ;@ue (tﬁn bd%d (?ham?tvn?l. 3 ed tolimt the

sf&te i ntended that the

f opdcoini: RRPRNGRd aBleabin®idenadnteepgret ed as incl uding
all such alterations, pernutations, and equival ents as

f afistia fidehoRbet @@et0§pidrfﬁ 5t hoight salypdy eroimesy SeseArechanism;
?&SH{)U]@&‘ aQi'lAl( @"ﬁp"\'i*ﬁh m?u Clj' &jn 'KE‘L% bRt O E%P u’anggli Q%gn Y?ltmw and

i Z€ pressure I'n a plasma processing
s adjdstiret dagtlsec ofipmifmicmgnt qarcm\w dinog (GRP uppﬁrpeel eaqi mnke.x using

...and. a | ower el ectrode fo eSS|ng a substrate, said
said *ﬁﬁg&% eI P8 &Y A IEETef T%Wé‘? ey dde form a
2. CHAPBREL QB CLRHOV hBoRGn Suid bluPdtic B E OAH S GOREL Uk e&tt&‘ﬁxmed

mechani cal |y couple to one of said upper electrode and
empirsalid. | ower el ectrode; providing a set of confinenent

rov1 ng, a,second ﬂ n1conf ured t

S B&%&Upﬁ%let%ﬂ A BRER 5T i eheniaites Frpsumed o
be im@i@tx@ Hdafd Q8 PvBt Mhabidy c@fd u@i@ﬁ&“{@ﬁﬁn%ﬁf e ESe oPkaid correlating.

fferent hei ght values of said
4, he method of claim 1, wherein said correlating is performed for a predetermined
substrate area pressure.
5. ‘The method of claim 1 further comprising selecting a reference value for saud
chamber gap.
6. The method of claim 1, wherem said upper electrode is movable.
7 The method of claim 1, wherein said lower electrode 18 moveable.
8. The method of claim 1 turther comprising providing fine pressure adjustments ina
closed-loop manner for said plasma processing chamber.
9. The method of claim &, wherein said {ine pressure adjustment is performed by

controling an exhaust rate of a turbo pump.
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chanber gap; correlating confinenent ring position

(CRP) offset values of said set of confinenent rings
waowdok/1esisl di fferent hei ght val ues of said chardEUSHaP)33410

speci fying a fi rst hei ght val ue for said chanber gap;

adj usti,n to said first height, val
3*%%?%% §“§ Ty f~’~ PR EILAPS Rie TeE BT HICH'S Rerppagd by
adjmt%@tf(,éﬁ ceN 3l 8od QM AHEL ent CRP using said
correl ating; and adjusting said set of confinenment
. r L\mggm o oémaevﬁm@ frqm;amn}ao{emt,w@pszmgn e‘redumn hyis@iemputer

reada%g éﬂ%%%kp gl t?x«rrﬁé rsr%i{ SX)S{ID Eﬂf"g Sal(gav\%ét} affwr%g{a& to stabilize

;nesmﬂlaufzabmwsqﬁk anductansesisur ves are determ ned
npi ri cal l%ﬁkb 3. The nethod of claim2, wherein said

pICQ#F’lQWﬁ’E ypa %mﬂmét prae e i aslsy of conduperetayris for different
o id.CRP over a working conductance range
hei I“{‘ a@‘?“ﬁWLEQ}]% &0f said correl ati ng. 4. The nethod of

c kammxt&x rem@z&:ﬁ«em‘dciat chrotaigl cadbiingnds rperboroRdCRDY offset values
predet erm ned substrate area pressure. 5. The pethod
of a sgfol spfinprent [IpEherh sgngiie ?*Hé‘%@! WP saldcEpobeEe:

m&l{lguﬁpﬁ dﬁ'gﬂk L&Q@szﬁﬂéu &R 82 %be-ﬂlgﬂ}wfmg ﬂ% 1k @Clh%%#;g;

I'n sald upper el’'ectrode Is novab
of:ump@:mdghziﬂ;he&‘@ for &hux}lmlgcmﬂrcheﬂnbezt gapde siid fmj\hezgm ealue by

further co |S|n
movig B PEHING: SPGB T GORHL 130 THRHHEY SR o one
of an §;%L¢elé'c@&ﬂﬁnﬁrﬂ%@@:%i@&t&ﬁa”ber 9. The nethod of claim
8, wherein said fine pressure adjustnment is perforned

bymﬁgwﬁr @Mﬁhﬁ@u{m fexdegerstivingnditgr CRP plfsd oot @ cumens CRP
using nehhod {* 'md m 8, wherein said fine pressure
G 3] lﬁgjtlﬁlé >i%%per f ormed by adj usting gaps between said

c @&ﬁlbﬂ@%ﬁﬁamé BgR- fodddjuMNdgahildisel & @hinansiaBbyiea new CRP in
conprising a,program stor age medi um hayvi ng conput er
an opyERGABIENROH b ETE IR ERe! YRInsh sorsapreemdraudapbe.

where sqgf:“stgﬁr\(ﬂ%ugﬁtﬁngglq rgglqh&\gu(? &{J\BL Mﬁx%a@{ﬁ(ﬁﬁn'ﬁr & sj Q %t of

rocessi Mprising: conp readabl e code
g,oumﬂmnnpﬂm:w d| ng a plur aI [ ty of conduct ance curves for
L.fferent height val yes. of a chanber onput er
gagice Q:(da@uff%imé OF Flamdit Y NETBINFSRK {it}rqtﬁﬁndunmna Curves

are d&@%ﬁd&‘lﬂlg{;g&@). of fset val ues

13, The anicle of manufactwre of claim 12, wherein said plurality of conductance carves
are assumed to be linear with said CRP over a working conductance range for the purpose of
said correlating.

14, The anicle of manufacture of claim 11, wherein said correlating is performed for a
predetermined substrate area pressure.

15, The article of manufacture of claim 11 further comprising computer readable code for

selecting a reference value for said chamber gap.

6. The article of mamfactore of claim 11, wherein said upper electrode 1s movable.
17. The article of manufacture of ¢laim 11, wherein said lower electrode is moveable,
18, The article of manufacture of claim 11 further comprising computer readable code for

providing fine pressure adjustments m a closed-loop manner for said plasma processing

chamber.



of a set of confinenment rings with said different
hei ght val ues of said chanber gap; conputer readable
w@owe/16345 speci fying a first height val ue for BEI/tS2009/033410

chanber gap; conputer readable code for adjusting said
c,inber,g, to said fi eight value b ,,vi a :
fi ?%f‘“w&%gﬂﬁ“émﬂ%faﬁ*é m:lé? RS e lsERe

perfm’i‘iﬁ‘& rl‘a@x%b wa%ﬁ%%ﬁh{ 21088, :gfboqnmwpper el ectrode and a

el ectrode; conputer readabl e code for
20. déhe amdﬁ ﬁ@mm’fwm D@Rl@unﬁ Bsehervialsae fireqrenuciadiaestnent is
ford 14 38% al.g %? ..sand _computer readabl e code

pet orp&g A} 4t ‘“%“ é”(BI“%fé’t“"' COSRYIHETESE (i ngs to a new
CRP in an open-loop manner using said first CRP of fset
val ue by noving a second nechani sm where said second
mechani smis configured to nechanically couple to said
set of confinenent rings. 12. The article of
manuf acture of claim 11, wherein said plurality of
conduct ance curves are determned enpirically. 13. The
article of manufacture of claim 12, wherein said
plurality of conductance curves are assuned to be
linear with said CRP over a working conductance range
for the purpose of said correlating. 14. The article
of manufacture of claim1l, wherein said correlating
is perforned for a predeterm ned substrate area
pressure. 15. The article of manufacture of claim 11
further conprising conputer readable code for
selecting a reference value for said chanber gap. 16.
The article of manufacture of claim 11, wherein said
upper electrode is novable. 17. The article of
manuf acture of claim 11, wherein said | ower electrode
is noveable. 18. The article of manufacture of claim
11 further conprising conputer readabl e code for
providing fine pressure adjustnents in a closed-I|oop
manner for said plasma processing chanber. 19. The
article of manufacture of claim18, wherein said fine
pressure adjustment is perfornmed by controlling an
exhaust rate of a turbo punp. 20. The article of
manuf acture of claim 18, wherein said fine pressure
adj ustnent is perforned by adjusting gaps between said
confi nenent rings.



