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WD 2004/ 027815 PCT/ US2003/ 027055 PLASMA APPARATUS
W TH DEVI CE FOR REDUCI NG POLYMER DEPCSI TI ON ON A

wouB&EIRMAIE AND METHOD FOR REDUCI NG POLYMER DEP@JU’EIZ@N’OZNSS

5 Field of the Invention The invention relates to an
apparatus and net hod for reducing polynmer deposition
on a substrate and substrate support, and nor e

N ] wﬁﬂ%w&ﬂ%ﬁ%@k'ﬁbu ALy ?’gﬂ NséﬁntSUBSTRATE
19 E@HQ&‘Q" @ dier an strat

to reduce po nmer 5epos|t|on on exposed surfaces of
t he substrate hol der 10 and bottom surfaces of the
substrate. Description of the Related Art Vacuum
processi ng chanbers are generally used for chem cal
vapor depos|t| ng (CVD) and etching of materials on
S plyi ng process gas 15 to the vacuum
chanber d a |on of an RFfl | d to,the gas.
anp) es 10F i \%ﬁhw Bt othn s Porh b e aopymer
(TdeBodtioRba 9 sBdtta8ar dftbstrA8 duys o?tC tah@%horé }Sﬁﬂt@ﬁfaﬁp the
resonance (ECR) reactors are disclosed in commobn
ovimeehtionSelaatie tite adiNstment 084 @ag ®2tweén 948hstEde h@lddr and a
sybstrates, are held in ace

5,200, 232. The Wit hin
t b T ochichBRIT DR feRsitigh GBESEPYRY Bl B¢ e qustate hoider
nqu 3 ak aubstrate hol ders include
rﬁlanl ca érgpdsﬂgndu%ﬁect rostatic clanps (ESC).
Exanpl es of nmechani cal clanps and ESC substrate
hoI ders are row ded in comonly owned U. S. Patent
don gbtheRelptediAdion| y owned U. S. Pat ent

T R T -
t h&b 65161}%% eCVD3end bﬁ:ﬁi QoFandiéridls Sn siRtaRt b@\l@up;ﬁ%né process gas

Substrates which are etched in an oxi

ett@rthm gaqmmm:@@mbgem apipligationcofipdeRF digld iodbe Basy eFxampies of

P:\é?g? g *ﬁ% d"%‘dﬁ"% 6081?(1&? ﬁgl%tgﬁ Qﬁ@Pm gig aal%ﬁg%%:) ie %Igf Ylectron-
| %Iot%yre%aﬁ&e(E@R)%%rs %Pesﬁ%sdg% in@omnnebwad Bes. Patent

mat'eri al . The underl'ayer may Si, TiN silicide, or
otNes. 4u3lde462,;|4n@148 458; and 5,200, 232 The substrates are held in place

within the vacuum chamber during processing by substrate holders. Conventional

el

substrate holders include mechanical clamps and electrostatic clamps (ESC).
Examples of mechanical clamps and ESC substrate holders are provided in
commonly owned U.S. Patent No. 5,262,029 and commonly owned U.S. Patent
No. 5,671,116. Substrate holders in the form of an electrode can supply radio
frequency (RF) power into the chamber, as disclosed in U.S. Patent No.
4,579,618.

Substrates which are etched in an oxide etching process generally include
an underlayer, an oxide layer which is to be etched, and a photoresist layer formed
on top of the oxide layer. The oxide layer may be one of SiO,, BPSG, PSG, or
other oxide material. The underlayer may be Si, TiN, silicide, or other underlying

layer or substrate material. During processing of substrates, unwanted polymer
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30 layer or substrate material. During processing of

substrates, unwanted polyner -1 WO 2004/027815
wWOCH4932183/ 027055 deposition on the surfacespraf/ushm3/027055

chanber can occur. For instance, when the chanber

heats up to above 80C during oxide etching, a reaction

can occur wherein CF3 forns CF2 and HF. The formation

of CF2 leads to an increase in polyner deposition on

surfaces within the chanber. 5 During etching of a

S UBSHok b oRURD siRtacas SEME CRAABGIQR onafie errrinﬁ?rggémen the

reactor, the polynmer can build up on the coo

ex@gusdr deats ap és atmfve t8EC cluaimp @xidei etcting]i angactionasadccur
surfaces of .a s tr S rt such_as an . .
o1 BhERESER: el s nd . 4hh Benalipk a6 £, S ton iorcase in
di h&oRiNaH A" F‘?%‘/f [ roundi ng the

sugés1 l(rﬁg{ggp supgc())?tsy |Ss‘ﬁgg]|§f}{(fludglgnrr§§{'cause probl ens if

it flakeDwidg acling sf € subisirasd sach as 4 banitBndveprsutéri@ge: plasma
of the electrostatic chuck. These contani nants on the

t of$aciar fthe polymer ekl ek or Hhie Goolkede prpased swkasek of therphamber

o e PR RSk ek b AT e PO sl Y Pt ook and
S UftRérl fafadBifich ab BRiOMIGE adfuld &pﬂbé@QiﬂgeﬁirfbﬁhaﬁFItE@&lbstrate

from beneath the wafer and reduce the wafer cooling.
Thesppoiit arilhbuitdupdeay cansopiobledisp6 #iftasds off and ds carried onto the

advers ect the .1 f itself.. The buil dup of
poli\é? ﬁgﬁja%ea%f%% e]:egtlrr%%aé’& “gv\é\g @"Flgsgrﬁo%mgpagﬁs B‘éﬁ?eJPPréW%ace of
b [ j
o o Rl R B0l fhe wafer
oxgegenelyi. ntroadditéon; thendoatamisants kimajlow pélasmevhivhds supplied under
i gk B o o B T i e

C o P
P heE Shdlther A RhanTif CORY H37he SNAE T SAERNGA lftoct e
t owafeeitvédf.er cycle time, reducing through-put of the

system In _addition, the aggressive oxygen clean wl|
shorten tIhe buildescigrolymeensagemeved bha clagniveetep prglormed

g wgf{% tﬂg\g)aéc%sgiﬁfops%gpe%gigg%%erg .f deplgr%ﬁy ,”E@n?ﬁgs (':an%c’e

performied by injecting oxygen into the chamber, striking a plasma and reacting the
oxygen with the deposited polymer to achieve an aggressive oxygen clean of the
processing chamber.

The aggressive oxygen cleaning of the processing chamber is undesirable
because it adds to the wafer cycle time, reducing through-put of the system. In
addition, the aggressive oxygen clean will shorten the lives of members within the
processing chamber due to ion bombardment of these members. As such, it would
be desirable if substrate processing could be carried out without a need for the
aggressive oxygen cleaning step to thereby shorten cycle time and extend the life
of chamber components.

One example of a vacuum processing chamber 10 is illustrated in FIG. 1.

The vacuum processing chamber 10 includes a substrate holder 12 including an
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25 be desirable if substrate processing could be
carried out wthout a need for the aggressive oxygen

wolemwmimgsstep to thereby shorten cycle tine ardTaNk@aM27055

the life of chanber conponents. One exanple of a
vacuum processi ng chanber 10 is illustrated in FIG 1.
The vacuum processi ng chanber 10 includes a substrate
hol der 12 including an -2 WD 2004/027815

PCT/ US2003/ 027055 el ectrode providing an RF bias to a
S UBIgétf HleSroVIRRR! dneRIE b8 k& ] @ubs_ﬁlﬁfé ﬁl‘ﬁ?%&@ﬁl@reoﬁo | 'ﬂ{%rsuﬁs%rate
i ncl udes ‘an el ectrostatic clanp clamping t

s ubﬂdﬂ?ral?emclﬁldes ars elbstrostatie clamp i for ghdmpieg tlnmswlsteate The

R bl il i B o
anl‘i’elﬁllﬁ?béi:k@bﬁﬁ‘g(ﬂéf sih%kv‘ﬁ) %e Rd te %eﬁ%négu@%{e%ﬂqﬁe the

el ectrostatic € a ceramc

f oglectrostatig; clainp:ovmnmgalé surr@fnda teosletsrosiarig claggupl.i Mhe ring 16
ring, and edge ring; or another conbination of_ rings.
THB2Y, Be d 6T fedisirig; 8 sambiatian of a&qyg singacewmlinging; and

d 1011- 1012
|on§)%%h{% p|ag§ﬂ'lngltéad ”Eagm@r?gnglgﬁ ensity (e.g.

n such as 10 an antenna

18 (such Tag vac@imipadcessiig canbet 10 ichtel @rsotték toflth&gy for
design) which is p03|t|oned above the chanber and

pomémé?élmﬁg adlighyfensiiy ée. Rr1@619'¢ éonseng’) plagipp én tiRchamber such as

| RO e A Plat il e aE dRoigE ey is
pl pexioned Eﬁo@tﬁ%ﬁimﬁé? afll PBweRAl By SuiAbRURIE 35ee.V %Céiﬂtﬂble

punpi ng apparatus for maintaining the interior of the
c hdimpedance noheshingeadrchg, pldustwﬂ;ecc(l@leg RIb eltowesthamber 10 so as

typi cal | 0 mTorr iC vvlndow 20 (such
L IR s ot pleima. o cRembroi 4157 mlidet 3 Suitable vacuum

AR 3B 56l kb 5y LKA e
Chﬁ'ﬂimre (0g. teehely 50 mifBort ftgpiwld:}u mmcrha@f@)ar Avdiblectaic vtilh&ow 20
of the processing chanber 10. A dielectric gas

i @B@h B peFerpiln thick anhptararyshectjof ayarsz, aliswiap heileppnifride, etc.)
p?c?vlﬁé)q Qét&géxgﬁg ﬁgﬁgﬁ ai@ %cbﬁlg mt%ggr 012 Qle%rgce'ssﬁﬁé glgamsber 10

Fura
and forms the vacuum chamber wall at the top of the processing chamber 10. A

dielectric gas distribution plate, commonly called a showerhead 22, may be
provided beneath the window 20 and includes a plurality of openings such as
circular holes (not shown) for delivering process gas supplied by a gas supply to
the processing chamber 10. However, the gas distribution plate 22 can be omitted
and process gas can be supplied to the chamber by other arrangements such as gas
rings, etc.

One area in which deposits of polymer can occur in a processing
chamber is a narrow gap 30 between the wafer supported on the electrostatic chuck
14 and the surrounding ring(s) 16. Specifically, a gap 30 is provided beneath the
edge of the wafer which overhangs the surrounding ring. This gap 30 allows for

manufacturing tolerances, thermal expansion and wear of the parts. However,
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circular holes (not shown) for delivering process gas
supplied by a gas supply to the processing chanber

woQoo4kdaveaser, the gas distribution plate 22 caRCipais2003/027055

omtted and process gas can be supplied to the

chanber by other arrangenents such as gas rings, etc.

25 One area in which deposits of polyner can occur in

a processing chanber is a narrow gap 30 between the

waf er supported on the el ectrostatic chuck 14 and the

S UpFoRedaB8nd BREiR) bybfodusResitiih R dndmbar U3 fna quﬂgﬁue into the

provi ded beneath theé” edge of the wafer

ovgarh3lhepd cduse sudasiveble ipnkynrer mlgposﬁb iirs thgegap 310d ainl tbtwandemmde

g?g gfq:ZoCt é%vggerfsﬁ“é\@% % g%ag Gagsg)é:?gtgglln?a%og% the wafer and/or
Gl P03/ 027055 process gas and volatile byproducts

W|t in the chanber 10 may migrate into the gap 30 and

cause undd6i 2abhe eplatgederosd gpmbinhisview offae oyasp partbnost an

the underside edge of the wafer which may flake off

an%le%t%w@é‘ﬁ@lhh“r eSS FoBRdeCHinghdRalndins &/ Iogus gk ey coupling

fh?noza aﬁ‘@t g%g g cross sectional view of an

pbr I on o éctrostatic chuck 14" and

SUV r oundegk mowﬁnlﬂﬁ&éﬂﬁ*g% vRw OCFIE. 3, Reheh B, suBsi€AY 8l ih Ak form
ring 40, and a hot edge ring 42. As shown in the

end g@mcvm@momﬁwafﬁ@res pasitiguedrprathg @lﬁgtrﬁmtec c$1u|ch I¢thend held in

or ot B BB ARG iR s RORah BERLE s providea

s Ubét@/@érﬁaﬂ? b@é%hir%?ﬁgaédgé oF R RIbGath O 518 LordbRd ha }Sfdvﬁde‘a% the
gap 30" is provided between an overhanging edge of

S ud:@ercxftthe otadde aing ﬁ@ov’ﬁnﬂﬁerpcai\ul&mmhce zap B’ 1sed¢glgnmf to

S b et S
SURRA &t&dweribh FHT&IQIS %ﬂl% fbfcfet ‘f)ghé?fﬁy gﬁ%’l&%staﬁ‘é’ OinfbkA4: .

reduction inc force

el Hotwvewst dfis Eddillitmakvdrﬁcal cl@rdulm@up B0’ pmvmeaddhhtmﬁm @lpportunity
vertical clear ance@gap 30 pr OVI des addi ti onal

opivsPelymmarpuilden whichymwt flake offiapd eantamingigythe pehstratsr or the
anéie&?d%la"[’i@icﬂﬁ‘ékell he substrate S or the

Thus, it would be desirable to reduce the vertical gap 30" between the hot

edge ring 42 or other surrounding ring and the overhanging substrate edge.

Summary of the Invention
The present invention relates to an apparatus for adjusting a gap between

a ring surrounding substrate support and a substrate.

In accordance with one aspect of the invention the plasma processing
apparatus comprises a processing chamber, a power source which energizes
process gas in an interior of the processing chamber into a plasma state for
processing a substrate, a substrate support which supports a substrate within the
interior of the processing chamber, the substrate support having an upper surface,

an upper ring surrounding the substrate support, the upper ring having a portion
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el ectrostatic chuck 14'. Thus, it would be desirable
to reduce the vertical gap 30" between the hot edge

woi2og/04Z818r ot her surroundi ng ring and the ovePo@wgR003/027055

substrate edge. 20 Sunmary of the Invention The

present invention relates to an apparatus for

adjusting a gap between a ring surroundi ng substrate
support and a substrate. In accordance with one aspect

of the invention the plasm processing 25 apparatus
COSREA S uftiel ARG Fn&D ARG hstrae ﬂqzﬂﬁrtefds&ﬁﬁl% SublitaE support,
energl zes process gas in an interiror of the

pr amles sbupding bmgisarrounding thepubsirme suppos, fiercoupling 688 hagng a
a substrate, a substrate support which supports a i

sulbbst FIBg sotafable; with Frspedt 9 & seqond gingtta adpslashyiod ghe coupling

c . S rt. i er

SUFE i adif S Yh R L BRR ind iy 0 SRR e

support, T hecoddmes withngiothey hﬁﬂctaoﬂﬁtﬁé tdveRtiorth¥@lasma processing
2004/ 027815 PCT/ US2003/ 027055 extending under a

s UiPParaidsecopiaises i prosassing Grambes d proagss gapwhidheenergizes process
subst.rat e suppo and.a coupling ri surroundi ng .

¢ neS b frBHRr S ar R SRst il RGBSR HY BiOCkssing o
fi qubbtrdte NOstRirak %@ﬂ%{ﬁ)ry‘whﬁh_rsﬁﬁﬁf‘s_ta §ubsRare SRS el il@ribP of the
adj ust height of the coupling ring and adjust a gap

b epraeessing [tbambgre ther subsfraie supipoet v bipt anatpper Surfave, an upper ring
accordance w th another aspect of, the jnvention the

pl HERROPING RS {DFGAIC Sppnora this URRSHBINEIBYING ahesHien sxtpRding under
C : r S .

o gl SRR IRE A sBAR il SR CRE SRR SB5RS, anlAohling
strt@sdresundingohs sitdgae suppiastthateupliag Siipstanaiees Htip ALt

whi ch supports a substrate within the interior of the
prigéaiable Withdrspeside a sepeudsiing tor adiest Spigpbet the sonmingaing and

u g 0 ndi ng t he

oo 3 tab Befoch e BREE ok 3l 1R SYKEDH G 2 por i on

ext endi N@n bevdedanc@witt RSfufBéaspbd vf einS e thé tetifod of

| ocated on the substrate support, and a coupling ring

s uedeaingl Pelymeh depogisionroat aesubsipgio sepporhia acplaphd prpcessing system

hacvolangisgs lgforvic’cfingr i’ gdjustment mechanism for adjusting a gap between a
substrate and a surrounding ring in a plasma processing apparatus, and adjusting
the gap between the substrate and the surrounding ring by rotating a first ring with

respect to a second ring of the adjustment mechanism.

Brief Description of the Drawing Figures

The invention will now be described in greater detail with reference to
the preferred embodiments illustrated in the accompanying drawings, in which like
elements bear like reference numerals, and wherein:

FIG. 1 is a cross sectional view of a vacuum processing chamber;

FIG. 2 is an enlarged cross sectional view of a portion of FIG. 1 showing
the electrostatic chuck and surrounding rings;

FIG. 3 is an enlarged cross sectional view of portion A of FIG. 2;
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rotatable with respect to a second ring to adjust
hei ght of the coupling ring and adjust a gap between

woOheoqppas ring and the substrate. 15 | n accor 8amas2003/027055

with a further aspect of the invention the nethod of
reduci ng pol ynmer deposition on a substrate support in
a plasma processing system conprises providing an
adj ust mrent mechani sm for adjusting a gap between a
substrate and a surrounding ring in a plasm
processi ggan @@5@&1&1§pege&tepos§§¢dﬁ%hmgew b g paaRorSt 1eRMum
the substrate and the surrounding ring by rotating a
f | protessingghminbér RBomdéppedhe present swentiadn inchyling an hdjustable
adj ust.ment mechanism Brief Description of the
Dr ¢ANPHBE Bngur es The invention vvi Il now be described in
great er éasl % {)cfefgesrcﬁél‘ ospelveViely St Qadjustable
embodi ments i 11 e ac onpanyli ng raW| ngs,
i nchphﬁ@nhgbéFI(ZM%xﬁlﬂEnts bear |ike reference
nunmeral s, and wherein: FIG 1 js a _cross sectional
vi ew of fIGaé dunR prlaiesd sTasg seqtignplerew pof & poptiqnsofg electrostatic
enl.a S Vi &
roieRane FaS TrEREh R s Bl rBRGh S Rl fy
rings; FIG 3 'S an enl arged cross sectl onal Vi ew of
portl on A of FIG -5 WD 2004/ 027815
aited) DRIAIPIOR § [ iis an enlarged Cross

sect i onal on vacuum process
chanber s sl atsags?wi ¢ ol B f RO BioBRSER Anger

an, RAIdHSE AR enIRhEN Of "tﬁen;&eséﬁ’t faventidSisallueraRldadadG. 4.
sc ematlc prospective view of the adjustable 5
cofiid subgtrate rsgppm‘rt FO(Gllugt;ratechm FG. 1 ticludesan elattaosgadid chuck 102,
cross secti onal of a portion of an.elecfrostatic:
c hti EQEug Fige éu%c?‘f gs?H’(SV\}O% a%‘!l gapt ?f&ﬁe\ﬁét%fq%ne f ocus

ring and ﬁslg%}&ﬁl%%wn tg‘?ﬁ 'elfﬁﬂllgg%{h' thé Eﬁgmglfptr&d%%mgaart the

I nvention ortion a substrate Suppo
V afibighBupfona &g Iﬂﬁ%geleé’tﬁj‘stmlb chuck including the focus ring 104, coupling

ra f s,

ring 106, and hot edge ring 108 help focus the ions from the RF induced plasma
region on the surface of the substrate to improve process uniformity, particularly
at the edge of the substrate. This is because when RF power is supplied to
substrate holding chuck 102, equipotential field lines are set up over substrate and
bottom electrode. These field lines are not static but change during the RF cycle.
The time averaged field results in the bulk plasma being positive and the surface of
the substrate and electrostatic chuck negative. Due to geometry factors, the field
lines are not uniform at the edge of the substrate. The focus, coupling, and hot
edge rings help direct the bulk of the RF coupling through substrate to the
overlying plasma by acting as a capacitor between the plasma and the powered
electrode (e.g., RF-powered chuck ).

The hot edge ring 108 overlays an adjustable RF coupling ring 106.
The hot edge ring 108 is a sacrificial edge ring surrounding the electrostatic chuck

102. The hot edge ring 108 is a replaceable component which tends to become hot
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according to one enbodi nent of the present invention
is illustrated in FIG 4. The substrate support 100

wolbagerased in FIG 1 includes an el ectrost at PCTaiS2@®B/027055

102, a focus ring 104, a coupling ring 106, and a hot
edge ring 108. As is well known to those famliar wth

the plasma processing art, the 15 rings surroundi ng

the electrostatic chuck including the focus ring 104,
coupling ring 106, and hot edge ring 108 hel p focus

h : . e

S o o B s A 0P i, The hot
unédge rinigt H80 pay bé mallafioy catduttive aderodefmatéréals such as SiC and

B Ve ORI T s P o
X ﬁlﬁ%riglr ﬁlesif{%r oio%%ﬁ)loilﬁ# ﬁﬁ‘&ggéht fie 3¥ma2fn IBQttéig)g{:d tcohprovide a

el ectrode. ese fle I nes are " not static ange

duddsired 1dealizéd 'eygd esich Theat thewuay porpachifa substrate being s
in the bul k plasma being positive and the surface of
t herosemsest: r SiCe hanined lower exnagitive Bpeitarce: sy geperallppeoduge a

gegnetry factors, the. fjel [ . - Unj 4 t
R R
hotffece dfehe ddpeetdhedae. di rect the bul k of the RF

coupling through substrate to the 25 overl yilgﬁdg)l asm

by acti ngné#e desedipralogmtmdibentegap t30e shsivas el tif formed
powered el ectrode . 0., . RF- red uck). Th ot .

C B 2% tB0ERe S50 ot E g REA LY RS iom NG ofirrgne 108
10%pe %ﬂﬁlWﬁasead‘Q&FEa{l AendRrl @ conuRMEd bithd Adjuesile RF &fipling
surroundi ng the el ectrostatic chuck 02. 'Ilhe hot edge
riring 108 The adjuspbladR¥aboupling mingrid¥tis vapable ¢ferodirollimg the
become hot -6 WD 2004/027815 PCT/ US2003/ 027055

duystHep! simersian ¢ gt tie aphygaeyiag thesiicondiol edge yipg 108 iya
to hat.. e Li0g: . Th i :
ey tcd é‘mn%é%‘ﬁg%c%ﬁb\k/@g&t% c?rsgglgd nab%?‘gfeidg@g%%c 1 gisa‘&st?% i

andirecsioh isabstandiall{ parildi ®©l £ taxisc asrstiosn ial FIGSudhandss.
guartz. By changing the ed t he

) gqe[in% materi al , )
degr ee ofln @exnsiansg Willy enegrmodiment £ the @xention, the adjpstable RF
to_pravi de desired |locali " e t t,
Rt g8 5T bR, b FcREAacE AL S st
Si RF daMingrifg 106VBfovidR adchani€al isBRRAERRE the Witdn hot edge ring
generally produce a
108 as well as the capability to control the gap distance d to within a specified
range. In one aspect of the invention, the adjustable RF coupling ring 106 is
capable of forming the gap with an associated gap distance d ranging between
approximately 0.5 mils to less than 6 mils.

In the described embodiment, the adjustable RF coupling ring 106
includes two rings 110, 112 as shown in FIG. 5. The first ring 110 or top ring
includes three projections 114 extending from the ring in a direction parallel toa Y
axis of the ring. The second ring 112 or bottom ring includes three sets of a
plurality of graduated steps 116 around the circumference of the ring. Rotation of

the first ring 110 clockwise with respect to the second ring 112 decreases an
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faster edge etch rate than silicon. Quartz and ot her
dielectrics wll have a lesser effect on the edge

webtcady/mzaie. | n the described enbodi ment a gap 28D US2003/027055

shown in FIG 6, is formed 10 between an over hangi ng
edge of the substrate S and the silicon hot edge ring
108. The gap 130 has a vertical dinension d
controlled by the adjustable RF coupling ring 106.
The adj ustable RF coupling ring 106 is capabl e of

Cc [ 1] [ - di '

: ] FdPihah

et YL P YPE oByi TR B alond BE gpReieen the
di subgitdt®©andhedppedgy iiag €08.1t shoul d be noted that
vertical directiogn is any 15 direction substanti al

par al | el It Beglescriherl smbadimaenbyife AURARIG Coupling ring 1@%%referably
R Rl DT 0 8 0.0

Siihé1e8 And PrefeMBE 4b0000.008 inchbe Athosihadk éllusRated @nbodiigent
ring 106 provides nechani cal support for the silicon

honcludesesix graguated stens 1ifein eagh of ﬁ@ tb@@;jﬁm qfts$pp§ oother numbers
CO e B e DA b s B Bk SRy Bpacion
R FCRHRINAN dediRdl. 186c0r@ing (R RRIAG cbodfhéht telvB @réfibred steps

W th an assocl ated gap distance d rangi ng between
apieoace pedveded for Swelive adjnstmessheighian 6 mils. In the

To6°" | mondecercipetsniodingt G55ute ROAT AR eefitlabls Supting
The i i ) : r
or i L6 InofaRPnt PRoREHEN 16 W1th FRbMNAERS SRPR. o,

padppkds@matcly the YotabBhdightaif allhke stepsgl 1 6Tineons e dlrecithréensgtsldf2
or bottomring includes three sets of a plurality of
griunabiteer @p@lpasr,ecma)s:arWefqﬁ@dmwmlwe%@@r@ﬂﬁcw 114 have

PR U bR SRR i
20Qph B2 845 166 TANDE B3lcdDf Qabrtz.0ver al | vertical height

of the coupling ring 106 ‘and.adf' usts the gap between
the subdiheadmstahls RIf coummgatnge 06i as;goq;lgg to|the prgsent invention,

S? ﬁ)ré)\%sgfﬁg 91‘%%?8% %idﬁl%&tlént top %eag%{) l‘Bb %ejtweeeﬁ%leo éuinbggat{a@ {gld]tgg hot
edge ring 108 in a plurality of individual steps. The coupling ring 106 allows an
operator to reédjust the coupling ring at any time between processing of substrates
or during set up of the vacuum processing chamber. The RF coupling ring 106
also ensures that the hot edge ring 108 is adjusted evenly on all sides of the
substrate and that a top surface of the coupling ring remains substantially
horizontal.

The adjustable RF coupling ring 106 may be installed in new vacuum
processing chambers or used to retrofit existing vacuum processing chambers to
provide adjustability of the hot edge ring 108.

A process for installing and adjusting the adjustable RF coupling ring
106 is easily implemented as follows. The bottom ring 112 of the coupling ring

106 is placed on the step of the electrostatic chuck 102 with the plurality of
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i ncl udes graduated steps 116 that vary in height
i ncrements of about 0.0001-0.01 5 inches and

wonefsmanbly about 0.001 inches. Although the PCT/US2003/027055

illustrated enbodi nent includes six graduated steps

116 in each of the three sets of steps, other nunbers

of steps may al so be used dependi ng on the anount of

adj ust mrent and graduati on of adjustnent desired.

Accordi ng to anot her enbodi nent twel ve graduat ed steps
116ragfftedseyd SRR UpRky.e TR kdpSHRE D10 Rehah Pﬁtcedl&ltb fhe
thé descri bed enbodinent, the top ring 110 of an
adpotginabing 1d3witli thg three pyoja@®né hé4 eabbsalighed pn diecligheshof the

Coiuiieh §RP of et 3die redE 4 dn pacBRBngob phgesiregaed
orbpfhg Hl OB rbin? P BRG] CE R find YRGS O brample

abofid nidaghtihgi deelveds a vertichlemoes aidl hedicaobwetichdn placéden the
adj ustabl e 15 coupling ring 106 can be fornmed of

quatstate heldingichnek 0P andmeagirss # Ngrticphdistanes femdheitapf the
t t el i | - :
o HEE ARG s hBIEL ok RO EEREHAGp e gpp0 s

t hieliired A0Meddgidtd apB atdund thd ele@tdsta¥ic @hutk1dTHé dieddurement is
stgﬁs. The coupling ri ng 106 allows an operator to
r eldfYy

gt a logatiggbeipthedyt edgeyring 1QHheloss teghge egtatic chuck 102.
processi .of .substrates.?20 or. durin et f the
v DEERT i GeuPhg” bkl gRme ofbaskiingo it PiusidR e defot e
al §fbs@ae U Sird G thé 6t 3008 d6est8%nd SmRRI1031sR6u1d be the
evenly on all sides of the “substrate and that a top

s uhighest lazhtiomin oot edgg ninghgrovesrailhs neabhsement willl generally
hori zontal . . The adj ustaple RF. coupling ring 106 e
G e Rl ek oV MG LB OREIE AP SHERY 10 and
us : S .

t oL WS HOELAEY ke Qa4 DO B P A SO AP B8 108 i
pr thee sambwed. | Tist @dupling riapd 0ady theh adjgstet dyadjatiag &l op Ring 110
coupling rin 106 is easily inplenented as follows.
Theloglgyise and gmig redugingsthe h@g%mf?;ﬁ«? Reppling gings gBhq Bot edge ring 18
f'hg%g ufeg}altc?@ arg4 ﬁr_%gaﬂfushﬁ‘e%t % @Sk FRARE WL HEKind B o¥f Gfdtance
d is achieved.

According to one preferred embodiment of the invention, the rings 110
and 112 of the coupling ring 106 include a locking feature (not shown) which locks
the rings in an aligned radial position. One example of a locking mechanism
includes an detent on the top ring 110 which interlocks with grooves on each step
of the bottom coupling ring 112.

It should be appreciated that in a specific system, the specific shape of
the focus ring 104, the coupling ring 106, and the hot edge ring 108 may vary
depending on the arrangement of chuck 102, substrate and/or others. Therefore,
the exact shape of the rings surrounding the chuck in FIGS. 4-6 are shown for

illustration purposes only and are not limiting in any way. Although the invention



WD 2004/ 027815 PCT/ US2003/ 027055 graduated steps 116

facing upward. The top ring 110 is then placed onto
woOhers/bztisom ring 112 with the three projecti oreTA$4003/027055

each aligned on the highest of the graduated steps.

The hot edge ring 108 is then placed on top of the

assenbled coupling ring 106 and the gap is neasured

with a nmeasuring device. One exanple 5 of a neasuring

device is a vertical nmount dial indicator which is

Pl Asastef r‘llﬁsﬁﬁted&wﬂ?‘ﬁ E&dfind Hirdl REhnGBY ad}i? adid edge ring, other

nmeasures a vertical distance fromthe tdop of th

c htings may thlse becapijmfeduismgehl@eouplmg mmghot edge ri ng 108.

ELZI?rZ?'\&haeﬂm g 13%&3% Htsin S Wit iremare e

" opﬁeﬁ&k&%‘nerﬁ‘ﬁoﬁnlaﬂg A iy 1% g)g a'ﬁg%regt@ @nkisRled §F tfe! £8@at

el ectrostatic c
detvaridusrchhnges and nwdificatiénst daa Heahadeckge aquwglenstesmPloyed without
out3|de t he edge of the substrate, the area of the
hotlePagée frpliﬁ‘gthqmﬁs%lltd%\éeélim’@o the chuck 102 shoul d be
the highest location in the hot edge ring groove. The
measurenent will generally indicate that the hot edge
ring 108 is higher than the electrostatic chuck 102
and that the hot edge ring needs to be adjusted
downward. The hot edge ring 108 is 15 then renoved.
The coupling ring 106 is then adjusted by rotating the
top ring 110 clockw se and thus reducing the hei ght
of the coupling ring. The hot edge ring 18 is then
repl aced and the adjustnment is then repeated until a
m ni num gap distance d is achieved. According to one
preferred enbodi nent of the invention, the rings 110
20 and 112 of the coupling ring 106 include a | ocking
feature (not shown) which locks the rings in an
al i gned radial position. One exanple of a | ocking
mechani sm includes an detent on the top ring 110
which interlocks with grooves on each step of the
bottom coupling ring 112. It should be appreciated
that in a specific system the specific shape of 25
the focus ring 104, the coupling ring 106, and the hot
edge ring 108 may vary depending on the arrangenent
of chuck 102, substrate and/or others. Therefore,

-10-



10

15

20

25

the exact shape of the rings surrounding the chuck in
FIGS. 4-6 are shown for illustration purposes only

wand4aneinot [imting in any way. Al though thePCT/US2003/027055

i nvention -9 WO 2004/ 027815 PCT/ US2003/ 027055 has
been illustrated with a coupling ring arranged to

adj ust a hot edge ring, other rings nmay al so be

adj usted using the coupling ring. Wile the invention
has been described in detail wth reference to the
PrafgA PiEFiés thereof, it will be apparent to
one skifTed rn the art that 5 various changes and
nmodi f i catli. ons A plasine proedssimappecunisvangrisige npl oyed,

wi thout departing fromthe present invention. -10 WO
2004/ 027815 PEHIOSSGOBFRIMEEE  WHAT |S CLAIMED |S: 1.
A pl asma pr oc%ﬁ&'\;&? s&&@@%ﬁcﬂsen‘é&g%rsiﬁz«%) Sps %asain an interior of the

processing cha , a power sou nergi zes
Prfee&singahambBerdintd NpREmPEtaf fol PRoceSsing DaasahlRY

chanmber Into a plasna state for processing a . o
substrate; a Suiubtirase supparydtieh syppers 8 sppwrateswithin the interior

substrate wi.thi.n the interio of . essi )
cr b6 ProteRud BatoPE, b sale. o Rt Ak 2F B rtace:
surface; an URRRDpEL Mk SHFARHMG thE sitRBa@aEHdret e upper ring
support, the upper ring having a portion extending

urishyingaa potivnrexteadingemdenaesubstyste vdtea the substrateds) lagated [oa the
10 %ubst rate sgﬁ ort; and a coupling ring surrounding

t LSS SERRALG Eport, the coupling ring having a

first ring ro : | [ ;
adj ust hei ght tag%OﬁBitl%eM% upupl?(ﬁﬁlg |trl%g %%aﬁgegﬁﬂgg?ﬁ’amg ggﬁphng
betingravihg e firpméng rotnghlendhtrbgpesttost seadm ridd t@adjisideight of
ap&gr atus of Claim1l, wherein the coupljng ring is

ar g sguRiing Bngapd AU adap HETCSD it WSk rag 2gddhe Sibsirafee

of the substrate and an upper surface

2. The apparatus of Claim 1, wherein the coupling ring is arranged
to adjust a distance between a lower surface of the substrate and an upper surface
of the portion of the upper ring extending under the substrate by rotation of the

first ring with respect to the second ring.

3. The apparatus of Claim 1, wherein the upper ring is a hot edge

ring.

4, The apparatus of Claim 1, wherein the second ring comprises a

plurality of stepped surfaces.
5. The apparatus of Claim 4, wherein the coupling ring comprises:

a first ring having at least three projections extending from the

ring in a direction parallel to an axis of the ring; and
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of the portion of the upper ring extending under the
substrate by rotation of the first ring with respect

woaodghe7asecond ring. 20 3. The apparatus of C acmuk2003/027055

wherein the upper ring is a hot edge ring. 4. The
apparatus of Claim1l, wherein the second ring
conprises a plurality of stepped surfaces. 25 5. The
apparatus of Claim4, wherein the coupling ring
conprises: a first ring having at |east three

proj ections exf gashd and h@sﬂhg B€leadt| 'tlﬁﬂe 'sé’cs 8f Qbhﬁ&ﬁt&‘?ﬁf steps
parallel to an axis of the ting; and -

208t AR d 80 SedeSE/ dag 00 the G2 ®aStShrea mejccmmlsr Whgrehaa( to’tg} thickness
| ea ree sets of a pluraljty of st ran
| cBbnp b Erondrvineis rbiBble ty iaing Ses i 808 WibiPrespect to

W EeBoft thi ckness of the first and second
r|nge |§Oadﬁ%table by rotation of the first ring with

respect to the second ring. 5 6. The apparat us of

Caimb5, wherein the steps _each have a heig
about . 0d% i ncHiesapparatusid (Hﬁlﬁhﬁ’a‘t"b@re@fm@ﬁ@l’ﬁ?@h have a height of

wh ate support conprises an 10
el gﬁqutg% a |lt(l:gschuck 8' . An adjustnent nechani smfor

adj usting a gap betvveen a substrate and a focus ring
in a plasma processing apparatus, the adjustnent
mechani s corihe appagius o (Gaim 15Wh¢1‘ﬁmgsuhél%tﬁgum10ﬂ eaprises an

t hree I ons extending fromthe ring in a
di Flgﬁtlrﬁ?&fﬁ 31}1 IeI to an axis of the ring; and a

second ri ng having at |east three sets of a plurality
of steps
’ 8. An adjustment mechanism for adjusting a gap between a substrate

and a focus ring in a plasma processing apparatus, the adjustment mechanism
comprising:

a first ring having at least three projections extending from the
ring in a direction parallel to an axis of the ring; and

a second ring having at least three sets of a plurality of steps
arranged to receive each of the at least three projections, wherein a total thickness
of the first and second ring is adjustable by rotation of the first ring with respect to

the second ring.

9. The adjustment mechanism of Claim 8, wherein the steps each

have a height of about .001 inches.

10. A method of reducing polymer deposition on a substrate support
in a plasma processing system comprising:
providing an adjustment mechanism for adjusting a gap between a

substrate and a surrounding ring in a plasma processing apparatus; and
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arranged to receive each of the at |east three
projections, wherein a total thickness of the first

wano4gerafd ring i s adjustable by rotation of PogUSRINSH27055

ring wth respect to 20 the second ring. 9. The

adj ust rent mechani sm of C aim 8, wherein the steps
each have a height of about .001 inches. 25 10. A
nmet hod of reducing polymer deposition on a substrate
support in a plasma processing system conprising:

providing an adjudsigmetgapietiaenshe §dktradjads the\dirfouidig ring
between a substrate and a surrounding ring in a

pl BY petaiitoe Bs% iring veifpeespact & a sgrgnd 1ing\adiimoglinomesgisechanism.
PCT/ US2003/ 027055 adjusting the gap between the
substrate and the surrounding ring by rotating a first
ring withjres mﬁtmé@o@oﬁeﬁﬂﬁqor Whgred tHeiGrdhaing %gtis a hot
mechani sm  11. The nethod of T aim 10, wherein th
suedgeuing.ng ring is a hot 5 edge ring. 12. The nethod

of Caim 11, wherein the adjustnment nmechanismis

pl aced between a focus ring and the hot edge ring. 10

-13 12.  The method of Claim 11, wherein the adjustment mechanism is

placed between a focus ring and the hot edge ring.
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