;1111111111111111111111111111111111111 *159 59* Mvable Gound Ring for a
Pl asma Processi ng Chanber Background [0001] Wt h_each-successive— -
sem conduct or technol ogy generation, wafer dianeters tend to increase and

transi stor sizes decrease, resulting in the need foWNﬁMWﬂM@mmmmmher degree
of 5 accuracy and repeatability ‘in substrate process ! duct or )
substrate materials, such as silicon wafers, are routi nehyisprocessed usSing
pl asma processi ng chanmbers. Pl asma processing techni ques include sputter

g ition pl ) : i 1 !
eposition, plasna enqag%ﬁgyﬁgﬁggﬁﬁ%gxggﬂkmggggﬁﬁhkqﬂI&ggCVD) resi st

strip, and plasnma etch. ener at y subjecting suitable
process gases in a plasma processing chanber to radio frequency (RF) power.
Fl ow of RFBIHEPEMt in the plasma 10processing chanber can affect the
processi ng. [000§£ A pl asma processing chanber can rely on a variety, of
mechani smsl00811gWith eashsusressyRsemisoRAUc teehaglosy geieraiopt Waley ?'?'P%fﬁ?f%’?%é’r :
coupling), helicon, electron cyclotron resonance, capacitive coupling
(paral | el iptrabe) andRoansistes tsiapt decrefseyhrestdting inythp ngedriercanevse higherddreers h a
transforner coupled plasma (TCP') processing chanber, or in an el ectron
cycl ot ron sesansadaeddhtabBGR syrsveessoaegingh SerbiconduTroasubitoatematasiglypiuetiaspl asma
processi ng chanbers, wherein RF energy is inductively coupled into the
chanbers, afi@naadirt, abd @ufifiayprogessddasmgptlamEprquessaigicoambefs. eftaanta, pr@ekdifg  An
exanpl e of a high-flow plasnma processi ng chanber that can provide high

density pl asifiqles itH@e!spPHEd dePoiWMTPIRENa-OWMARELdWehEmichalapott dedbsitidn @HG/DIN4,
t he di scl osure of which is hereby i1 ncorporated by reference. Parallel plate

| ' | 2 e jec a
pl asma progﬁ;ﬁgﬁg@f@@ggﬁﬁ; Stch. %&h@&hrb@@ Eéf@t’e%f Qibjd ﬁﬁgf%@??@ pkdebR) s@kasna_

processing € transtorner coupled plasm ( pr ocessi ng
0O

oS ud > BoShE e LI NG e 0 R
O P At B D s e o affect ihe proesang 1 11111111111111111111101
[0002] A plasma processing chamber can rely on a variety of mechanisms to generate plasma,
such as iﬁductive coupling (transformer coupling), helicon, electron cyclotron resonance,
capacitive coupling (parallel plate). For instance, high density plasma can be produced in a
transformer coupled plasma (TCP™) processing chamber, or in an electron cyclotron resonance
15 (ECR) précessing chamber. Transformer coupled _._pl_asma processing chémbers, wherein RF
energy is inductively coupled into the chambers, are available from Lam Research Corporation,
Fremont, Calif. An example of a high-flow plasma processing chamber that can provide high
density. plasma is disclosed in commonly-owned U.S. Patent No. 5,948,704, the disclosure of
which is hereby incorporated by reference. Parallel plate plasma processing charﬁbers,
20  electron-cyclotron resonance (ECR) plasma processing_ chambers, and transformer coupled
plasma (TCP™) processing chambers are disclosed in commonly-ownéd u.s. Patent' Nos.

4,340,462; 4,948,458; 5,200,232 and 5,820,723, the disclosures of which are hereby

incorporated by reference.
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Page ,1*0002* [0003] By way of exanple, plasma can be produced in a
paral |l el plate processing chanber such as the dual frequency plasma etching
Chanber described in conmonly-owned U S. Patent No. 6,090,304, the

di scl osure of which is hereby incorporated by reference. A preferred
paral l el plate plasma processing chanber is a dual frequency capacitively
coupl ed plasma 5 processi ng chanber including an upper showerhead el ectrode
and a substrate support. For purposes of illustration, enbodiments herein

are descri ith reference to a a | Rl i n
~charer. [ Sﬁgﬂww Rl e IR G e R L Y
etching is illustrated in Fig. 1. The plas rocessi ng chanb 1
conpri ses %.'C'%F%ltﬁf-')éi’a'i’i@‘fené\hp'?sﬁ‘?aeectch'%gﬂng?f%%ic%%?gﬁﬁamgﬁnlﬂfw%gP is(')lgl)ag. "out | et
| oad | ock 114, further details of which are described ih-connnnly-omqed
U.S. Pat enio-No090s3082theadisclosyrsi efwhish fiehensly incedPRbidhbe eiBentefePEREY n its
entirety. [0005] The load |ocks 112 and 114 (if provided) include transfer
devi ces t opdralehskir plasnis prosessivg shambers's wadual Fedueney eapagifively equpisH yplasgn,

t hrough the chanber 110, and out to a wafer receptacle 164. A | oad | ock
punp 1% c@pdcdatiny tidenbar dekiding dnu@perusiopedesd electradetand a bstrdte sipottb ka2 and
114. [0006] A vacuum punp 172 such as a turbo punp is adapted to maintain a

desired pr B Boses of Mudthabor; Raiaeimehistherditi bienipsgribas with e¢fefencegto & pezalehplateer
pressure is controlled, and preferably nmaintained at a | evel sufficient to

sustain a 9%@§H§naEggﬂgh@aw%bghanber pressure can di sadvant ageously
contribute to etch stop while too | ow a chanber pressure can lead to 20

pl asma ext ‘ogﬁﬂlpﬁ g?@ﬂ%lpéagpngesrn? }ogg.@sﬂg @IzeLrﬁﬁé mrma Qiéﬂgg%sﬁlﬁ'ﬂra%awg 1. such

as a paral _ _ processi n anber, preferably the chanber
S e L e N T
10 optionai outlet load lock 114, further details of which are described in commonly-owned U.S.
Patent No. 6,824,627, which is hereby incorporated by reference in its entirety.
[0005] The load locks 112 and 114 (if provided) include transfer devices to transfer substrates
such as wafers from a wafer supply 162, through the chamber 110,-and out to a wafer
receptacle 164. A load léck pump 176 can provide a desired vacuum pressure in the load locks
~15 112 and 114. |
[0006] A vacuum pump 172 such as a turbo pump is adapted to maintain a desired pressure in
the chamber 110. During plasma etching, the chamber pressure is controlled, and preferably
maintained at a level sufficient to sustain a plasma. Too high a chamber pressure can
disadvantageously contribute to etch stop while too low a chamber pressure can lead to
20 .plasma extinguishment. In a medium density ﬁlasma processing chamber, such as a parallel
plate plasma processing chamber, preferably the chamber pressure is maintained at a pressure

below about 200 mTorr (e.g., less than 100 mTorr such as 20 to 50 mTorr) ("about" as used

herein means +10%).
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Page 2 [0007] The vacuum punp 172 can be connected to an outlet in a wall
of the chanber 110 and can be throttled by a valve 173 in order to control
t'he pressure in the chanber. Preferably, the vacuum punp is capabl e of

mai ntaining a pressure within the chanber 110 of |ess than 200 nTorr while
et ching gases are flowed into the chanber 110. 5[0008] The chanber 110

i ncl udes an upper el ectrode assenbly 120 including an upper el ectrode 125
(e.g., showerhead electrode) and a substrate support 150. The upper

| ectrod t
clect ode @0 Hokedd o8 conggc'*e&’*%pa‘?‘%gﬂ?@ﬁ%%E*ﬁoeaﬁw“—’?ﬁgnd
bet ween the upper el ectrode 125 the su strate S % q# g?Q] A
process ga$"SGuReBled Py aLalke b 'EBWﬁEEﬁC@Btr?'é ?W&ssﬂﬁdgwﬁ'gc i@Bert re{fé&] ¥

process gas conprising one or nore gases to the upper electrode assenbl y
120. In a YRcedrapRag ipfapable op matreitng g Presid withingthi chanhsr 14 efdesdrr Wsendl y -
conprises a gas distribution system which can be used to deliver process
gas to a redorowhil exhinggasestae fioweedjotoftbeehamberallQubstrate. Gas di stri bution
systens, which can conprise one or nore gas rings, injectors and/or
shower lradpotd] (e chambehawerihvhalds ehegipeo@lesirodeaaserdblg cl20siedudimg an upper
commonl y-owned U. S. Patent Nos. 6, 333,272; 6,230,651; 6,013,155 and

5, 824, 605, ebirrddi19% |05 WhewerbaddiElddE) shdnedubliyaté ApPORABAITAE uppyer eE®sdEENCE.
[ 0010] The upper el ectrode 125 preferably conprises a showerhead el ectrode,

whi ch i ncl qugrﬁblgaﬁo hsonln3§nté@‘m aﬁhﬁp‘/@?)hohﬁn@lﬁ rhd UpSerMoQ6/S $30&m be moved
t heret hrough. The gas holes can have a 20 dianeter of 0.02 to 0.2 inch. The

shower headYet?Jc &ﬁ%gy%&% GBS 'téﬁdéf?ég‘?hé)g mﬁeyﬂh@@ay YeGRAE A5 BRREHe

baffl e plate can pronote t esi |str|but|on of process gas. The
upper electrode and t substrate support may be fornmed of any suitable
material stHPAUAES 38ﬂ§9 si licon, S|I|con car bide, alum num (e.g.

anodlzed al um _nu or conblnatlon t here
[0009] Arprocess gas source 170 can %e connected to themousmg 130 to deliver process gas

comprising one or more gases to the upper electrode assembly 120. in a preferred plasma
processing chamber, the upper electrode assembly comprises a gas distribution system, which
can bé used to deliver process gas to a region proximate to the surface of a substrate. Gas
distribution systems, which can comprise one or more gas rings, injectors and/or showerheads
15 (e.g., showerhead electrodes), are disclosed in commonly-owned U.S. Patent Nos. 6,333,272;
6,230,651; 6,013,155 and 5,824,605, the disclosures of which are hereby incorporated by
reference.
[0010} The upper electrode 125 preferably cdmprise.s a showerhead electrode, which includes
gas holes (not shoWn) to distribute process gas therethrough. The gas holes can have a
20 diameter of 0.02 to 0.2 inch. The showerheqd electrode can comprise one or more vertically
spaced-apart baffle plates that can promote the desired distribution of process gas. The upper
electrode and the substrate support may be formed of any suitable material such as graphite,

silicon, silicon carbide, aluminum (e.g., anodized aluminum), or combinations thereof. A heat
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transfer 1iquid source 174 can be connected to the upper el ectrode assenbly
120 and anot her heat transfer 1iquid source can be connected to the

- substrate support 150. [0011] The substrate support 150 can -have one or

nmore enbedded cl anping el ectrodes for electrostatically clanping a

substrate on an upper surface 155 (support surface) of the 5 substrate

support 150. The substrate support 150 can be powered by an RF source and

attendant circuitry (not shown) such as RF matching circuitry. The

substrate support 150 is _preferably t [ at ur r

opti onal | y"?'ﬁgqr II‘EHé %10%(@63'[7?@{‘ 0% FONAG ?étﬁﬁﬁ‘f H%%erglﬁgt%e.agﬁng’ﬂ‘pﬁggng?y et ng
arrangenents are disclosed in commonly assigned U S. P éent'hbs. 6,847,014
and 7, 161,ﬁ?lfra'ﬂﬁfﬁréﬁ“'%‘é"??éﬁ%?C‘?”ﬁ'&ﬁ?%@r%’f‘é sﬁ?/ters‘é?pé?pelﬁ e. The substrate
10support 150 can support a sem conductor substrate such as a fI%%?_anel or
200 mm or [PODLINFhevraberatesuPPRE 180 6a0RAVe SNE PhEEre eBbedded tiompipg glegt; 'E%ft e
support 150 preferably includes passages therein for supplying a heat
transfer gelsctestakically deedringra snbitrate e aubrrer stidacsupidofsterpropurtase sfupior t
surface 155 to control the substrate tenperature during plasnma processing

t her eofs Faibsteatanppgart hsd. i Then shibsttage kuppoal 150gcaoare pewerediibn anaftFesoureenrelr at ur e
| ow enough to prevent burning of photoresist on the substrate. A nethod of

cont rol | i Ngi@hdhMEHRGIBY Yhct sRbwR Sidbss RRhfatddingi dituitg Utie ngbsrapr eepont ilsed gas
into a space between the substrate and the substrate support surface is

di scl osed [ GQUITRIM pbrRUREDnidoifd d7at A hA04D 1 DeatidpCartingehomunet of
which is hg?égy |ncé*60rate3 %y refergagg@m3®?0013] Thg su%strate support

repusrn BRI LR RSN BB Eh pacte
support Nos. 6,847,014 and 7,161,121, which are hereby incorporated by reference. The substrate
10  support 150 can support a serhiconductqr substrate such as a flat panel or 200 mm or 300 mm
wafer on the support surface 155.
[0012] The substrate support 150 preferably includes passages therein for supplying a heat
transfer gas such as helium under the substrate supported on the support 'surface.155 to
control the substrate temperature during plasma processing thereof. For example, helium.
15 back cooling can maintain wafer temperaturé low enough to prevent burning of photoresist on
the substratg. A method of controlling a temperature of a substrate by introducing a
pressurized gas‘into a space between the substrate and the substrate support surface is
disclosed in commonly-owned U.S. Patent No. 6,140,612, the disclosure of which is hereby
incorporated by reference.
20 [0013] The substrate support 150 can include lift pin holes (not shown), through which lift
pins can be actuated vertically by suitable mechanisms and raise the substrate off the support

surface 155 for tranSport iﬁto and out from the chamber 110. The lift pin holes can have a

diameter of about 0.08 inch. Details of lift pin holes are disclosed in commonly owned U.S.
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surface 155 for transport into and-out fromthe chanber 110. The lift pin
hol es can have a di aneter of about 0.08 inch. Details of |ift pin holes are
di sclosed in comonly owned U S. Page 4 Patent Nos. 5,885,423 and

5,796, 066, the disclosures of which i's hereby incorporated by reference.
[0014] Fig. 2 shows a block diagram of a capacitively coupled plasm
processi ng chanber 200 to illustrate flow path of RF current therein. A
substrate 206 is being processed within processing chanber 200. To ignite

the plasnma for etchi ubst 0 roces i : Ois
~ subj ect ed Raaerﬁﬁioaomgﬁépa%gr?%ﬁf%&e g" Faé)c\’ﬁu er%ooﬁnvgﬁahkq‘s?t%gll;ﬁ/&g@ﬁg? g’gg a
cabl e 224 through an RF match network 220 into processing chanber 200
during subsferenc® processing. The RF current may travel along a path 240 to
couple with the process gas to create plasm within a conaneglchaegﬁr
" vol ume 210[0tH Fig-@obews mbjodkdizaramapba capacitivel OHPIPS PR PES SRR A 0a
bottom el ectrode 204. [0015] In order to control plasma formation and to
protect the fluacesSbwopathaftkErcuwaht therein.chnfibstatee A6 isi bRINR processsd Mithin
enpl oyed. Details of an exenplary confinenment ring are described in
comonlgy oyyaedsikl EhanfBePIcs TORAlte Bat gasmappétcitiag substr8e 2DGla tioeess §E/PERE656,
61/ 238665, 61/238670, all filed on August, 31, 2009, and U. S. Patent '

Appl i cat i oghaRisbl bdtalk is@lecté DIORF PAWB/ KFLAPRAGmaY Few dioachroBRIBWplyaX22wivingfa ar e
hereby incorporated by reference. The confinement ring 212 may be nmade of a

Condth i Ve it ?M t‘ﬂl’ UEHSF] RESnattt hé&@RBrk ﬂ@libﬁ:%i drb&@ﬁhg éhiaHbSIOIDOC@Irhg G@ostrb’@l’ on
carbide, céramc, aludmnum and the like. Usually, the confinenent ring 212

may be contlouled 4@ Utk lal BSydeidnNar Sho 6P BboRERi BRTBIBLesY ghstize 210

in which aP] ‘ orm 1n ad on to the confinenment ring 212, the
peri phery of confined chanber 20 volu 21 al so. i . er
el ectrode 962t ARSMASHINY] 269 '88%‘:%%,” gﬁgms(rzlgng&réé) r?c%%hgzsf gs(r?'faw%%é %ﬁgﬁpas
216 and 218, an edge ring 214 and a | ower el ectrode support structure 228.
[0016]19 n pesitioned gbavg RRA%eMIeGrPd820§as speci es from the confinement region
(confined chanber volume 210), the confinenment rings 212 may include a
plurality 018] &terdérstecdantiel pidspeormation and to protect the processing chamber walls, a

confinement ring 212 may be employed. Details of an exemplary confinemént' ring are
described in commonly owned U.S. Provisional Patent Application Serial Nos. 61/238656,
61/238665, 61/238670, all filed on August, 31, 2009, and U.S. Patent Applicaﬁon Publication
15  No. 2008/0149596, the disclosures of which are hereby incorporated by reference. The
confinement ring 212 may be made of a conductive material such as silicon, polysilicon, silicon
cérbide, boron carbide, ceramic, aluminum, and the like. Usually, the confinement ring 212
may be configured to surround the periphery of confined chamber volume 210 in which a
plasma is to form. In addition to the confinement ring 212, the periphery of confined chamber
20  volume 210 may also t;e defined by upper electrode 202, bottom electrode 204, one or more
insulator rings such as 216 and 218, an edge ring 214 and a lower electrode support structure
228.
[0016] In order to exhaust neutral gas species from the confinement region (confined

chamber volume 210), the confinement rings 212 may include a plurality of slots (such as slots
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Page 5 226a, 226b, and 226c). The neutral gas species may traverse from
confined chanber volume 210 into an external region 232 (outside chanber
vol une) of processing chanber 200 before being punped out of processing
chanber 200 via a turbo punp 234. [0017] The plasma forned during substrate
processing shoul d be kept within confined 5 chanber volume 210. However, =
under certain conditions, plasma may be ignited outside of confined chanber
vol une 210. In an exanple, .given a high pressurized environnent, the

neutral g species (hi,ch are. being exh ' i vol unme
210 i nto SEr b IR oG el BT S PO el R TR 7 U
ield. The existence of RF fields in the outside.chanber my c f he
formati on B0 HAAG KIS, re5I09a74 (B5Hde @"F’Sb\f%‘]meﬂr?f Brotcﬁfﬁ’ln%ﬁrl'a%bre{)g%tgg?f%rﬁ
environment, the RF current flows froman RF generator into confined
chamber vobairepupped auicPfPFRsAssing chamiear 869 Yiz & IrbQpwmeP4- A f1 ow path of the RF
current fromthe chanber volune 210 to the electrical ground is called an
RF return [pa11. Tha plasmafiemedceuring sBbgrate pregassigg shetldr be erthwithip Gegfingdnc| ude
the RF return current flowing along the inside of set of. confinenent rings
212. A5 poéhaimb2beylurhde10RHometers ondeucergaid coraitions, iasalaomay hehienites auisidg efe of
confinenent rings 212 to bridge with the inside wall-surface of processing

chamber 20 nfifédBAdniber Gbiamerional an eldipidiigivertalliigh pressugindd emyjrofiroédtothea set
of straps 230 to | ower el ectrode support structure 228. Fromthe surface of

| ower el echdRAE SURREES (WhifhH §leUbding? Sthaudtét® B EiHEd clanibee RblufRY2 10! ity back
to RF source 222 via RF match 220. [0019] As can be seen fromthe

foregoi ng, Rxm&%gvig%%gﬁ gqo%&giﬁég?arﬁ&%(ﬂ):gﬁyﬁﬁc%ﬂﬂtef L PNSfic iR g@stezﬁgts,f R

confi ned. chamber Its way e electrical ground.

result, an RE field be ted | i e i on. ,
exi st ohce BROVIET S RGO e A AL o e B82S "0 or o 1

T angBiren{O0t8h I BPel R BB ToRE et (A (RRF b R De kL AR
ignition of unconfined plasma is desirable.
confined chamber volume 210 and then to an electrical ground. A flow path of the RF current
- from the chamber volume 210 to the electrical ground is called an RF return path. With
reference to Fig. 2, an RF return path 242 may include the RF return current flowing along the
ins.i'de of set of confinement rings 212. At point 252, the RF return current may flow along the
15 outside of confinement rings 212 to bridge with the .insid'e wall surface of processing chamber
200. From the chamber wall. the RF return current may follow a set .of straps 230 to lower
electrode support structure 228. From the surface of lower electrode support structure 228,
the RF return current may flow back to RF source 222 via RF match 220.
[0019] As can be seen from the foregoing, by foIIoWing path 242, the RF current flows outside
20  of confined chamber volume 210 on its way to the electrical ground. As a result, an RF field
may be generated in the outside chamber region. The existence of such RF field may cause
unconfined plasma 250 to be formed in external region 232 of processing chamber 200.

[0020] Accordingly, an arrangement for providing a short RF return path while preventing the

ignition of unconfined plasma is desirable.
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Page 6 Summary [0021] Described herein is. a novable ground ring of a
novabl e substrate support assenbly configured to fit around and provi de an
RF return path to a fixed ground ring of the novabl e substrate support
assenbly in an adjustable gap capacitively-coupled plasma processing 5
chanber wherein a sem conductor substrate supported in the substrate
support assenbly undergoes plasma processing. The novable ground ring
conprises: an annular bottomwall having a plurality of centering slots in
a | ower su ﬂgce t hereof; a sidewall extending upwardly from an inner

peri phery 1"PAY bottom wal |, the sidewal | havi ng an i nner surface

That Che niso2H; BEbRRe P s PevBBaBlE el PoablS SR e PRB PR e
Schomat| o GIMEHERic ATaY 0 PO ESThOFtE RAABETS Epus A Sl Mo o
bl ock di agram of a capacitively coupl ed plasma processing chanber and an RF -
return pat substiate efupporl BERORY]| inFpry adMablnIRP @PREIMElVOURIPD PESHVBVPEHSIRE an
exenpl ary adj ustabl e gap capacitively- B :
g 5 chamber wherein a semiconductor substrate supported in .the substrate support assembly
undergoes plasma processing. The movable ground ring comprises: an annular bottom wéll
héving a plurality of centering slots in a lower surface thereof; a sidewall extending upwardly
from an inner periphery of the 'bot'_tom wall, the sidewall having an-inner surféce configured to
surround aﬁ outer periphery of the.fixed ground ring such that.thé movable gr.ound ring is
10  movable vertically with respect to the fixed ground ring.
Brief Description Of Figures
l[0022] Fig. 1 shows a schematic of an exemplary plasma processing chamber.
[0023] Fig. 2 shows a block diagram of a capacitively coupled plasma processing chamber and.h
an RF return path therein.
15 [0024] Fig. 3A sh.ows a partial cross section of an exemplary adjustable gap capacitively-
coupled plasma processing chamber when a movable substrate support assembly -t’hereof is in
an upper poéition.
[0025] Fig. 3B shows a partial cross section of the exemplary adjustable gap capacitively-
coupled plasma processing chamber of Fig. 3A wherein a movable substrate support assembly
20 | thereof is in a lower position.
[0026] Fig. 3C shbws a partial per§pective view of the exemplary adjustable gap capacitively-

coupled plasma processing chamber of Fig. 3A wherein a movable substrate support assembly

thereof is in the lower position.
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coupled plasnma processing chanber when a novabl e substrate support assenbly
thereof is in an upper position. [0025] Fig. 3B shows a partial cross
section of the exenplary adjustable gap capacitively-coupled plasm
processi ng chanber of Fig. 3A wherein a novabl e substrate support ‘assenbly
20thereof is in a lower position. [0026] Fig. 3C shows a partial '
perspective view of the exenplary adjustable gap capacitively-coupl ed

pl asma processi ng chanmber of Fig. 3A wherein a novable substrate support

assenbly t of is.in.the | awer R 1. Fi - show
details of l}a§£7ﬁt}%}%\sbﬁAe'4g?h&‘ﬁvnd t?'?ﬁ’é a%? gvtahlg%rpr%u\?ggﬁg oi ttjrf)e'[s?'?gatué ?B%Eact)? ?ﬁbpa?éttenbl Y,
according to an enbodlnent.G%O%ZSQtFig. 5A shows a cross section of a

depr essi bl ESHMRIHFEPLUPE CANETBPYFEL t he novabl e ground ring. 5[0029] Fig. 5B

shows a cross section of a depressible plunger nounted in a fixed grpund
ring. [0039P28li & SAeshope astieny seeicqiaf Qfgfeés' BageT WHED SHPPATS M5 'U?‘%Ib[%t y of
recesses which mounts on the upper i'nner edge of the novable ground ring.
Det ai | ed Dgeumd 1itgi on [ 0031] Described herein is a novable ground ring
configured to fit around and provide an RF 10 return path to a fixed ground
ring ofs a foorsibfig 58ushews atresssenpipopt a depsepibleyplungeramouathdus @ fixsidergag ring.
capaci tivel y-coupl ed plasnma processing chanber. Figs. 3A and 3B show a

- partial crpesolsagd 6ABCBhovaBetaisedTal btz A6Y Wish abpluealigagf recsses inthichehountsop| ed
pl asma processi ng chanber 300. The chanber 300 conprises a novable '

substrat e gdRRREinRP eQEs YheIQRablaBrddR@PARg. €l ectrode including a center
el ectrode plate 303 and an annul ar outer electrode 304 and an electrically

Detailed Description'
[0031] Described herein is a movable ground ring configured to fit around and provide an RF
10  return path to a fixed ground ring of a movable substrate support assembly in an adjustable
gap capacitively-coupled plasma _proceséing chamber. Figs. 3A and 3B show a partial cross
section of an exemplary adjustable gap capac.itively—coupled plasma processing chamber 300.
The chamber 300 comprises a movable substrate support assembly 310, an upper eIectr.ode
including a center electrode plate 303 and an anhular outer electrode 304 and an electrically
15  conductive confinement ring 305 extending outwardly from the annular outer electrode 304,
the confinement ring 305 including an upper horizontal section 305a, a vertical section 305b
extending downwardly from an outer end of the upper hor'izon'tél secﬁon 305a and a lower
horizontal section 305c extending inwardly from a lower end of the vertical section 305b, the
jower horizontal section 305c¢ including radially extending slots through which process gas and
20  reaction byproducts are pumped out of the plasma processing chamber 300. A lower surface
of an inner end of the lower horizontal section 305c provides electrical contact with an upper
end of a movable ground ring 400 when the movable substrate support assembly 310isin an
upper poéition as shown in Fig. 3A. The lower surface of an inner end of the lower horizontal

section 305c preferably includes an electrically conductive coating adapted to enhance
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15 conductive confinenent ring 305 extending outwardly fromthe annul ar
outer electrode 304, the confinenent ring 305 including an upper horizontal
section 305a, a vertical section 305b extending downwardly from an outer

end of the upper horizontal section 305a and a | ower . horizontal section
305c extending inwardly froma |ower end of the vertical section 305b, the -
| ower horizontal section 305c including radially extending slots through
~which process gas and 20 reaction byproducts-are punped out of the plasna
processi ng chanber 300. | ower, sur f i ;

hori zont al ®/€&¢¢ 6%%83’8“3‘?%\%%%%“* ﬁ%@fﬁ?%&q&%&r\sﬁ%ﬁroﬁgﬂﬁ%ﬁt %g‘ﬁ%?%%r of a
novabl e ground ring 400 when t he novabl e substra&g ggﬁport.'ss§amgyﬂ%10 IS
in an uppefubpRle SYRPATtES 08 iRMOYARICURSTatAsUPPRTE 2ps5 TR 331 Py QU IS T Aler end
of the | ower horizontal section 305c preferably includes an electrically
conduct i vemowle sigsteate parpartiassesiiiadiOds pPate upperaasition, g coryigment Mg f‘% t he
novabl e ground ring 400. Plasma processing of a sem conductor substrate
support ed cm ibdhelesBviadst enssibisad ringc303 bplowrthe lpyeehgrizontahmction 08¢ thetottith when
t he novabl e substrate support assenbly 310 is at the upper position. The
conf i negTenting 30T0bedorocAaiblé arad veates|latnolades tvitb mespedt a0 tthedlowehporBomaberting t he

| ower horizontal section 305c, the slotted 5ring 307 being rotatable and
vertical | ysgpvushldRistds flonesdmacdtarice thidagh eweradibiy éxtemiirgl siaecFigo3s 3056 & 0

adj ust gas flow conductance through the radially extending slots. Fig. 3B

shows a | opgr., ﬁgﬁiiér{- Nl mbVaBle "R aRIE sapHRRt £s8ErRbIS BRO AE twhith Sesdmivondiddoat
‘whi ch a sem conductor substrate can be transferred onto the novabl e

substrate S%B’Hgtretca%esﬁgpt]e}[reg’ o fanrQig?a]bleTslaﬁsth?é@%B@ﬂ subsbiyaie support

assenbl y 31 conpri ses e novabl e ground ring 0, 10 a |l ower el ectrode
317, an electrostatic, chu ESC) 312 o j . ' ate is
el ect r ost afqoéﬁll 10e 2P esa,gé%'é?&le el %r%ra ?SHEB%‘?@E’ ﬁ‘?&‘/‘?r'r?gse{g% Bﬁg%&,ngérgg?)%gi%ioghr face
surrounding the ESC 312, a dielectric rj 6 having a.pl as

U f 2ot supieTaleRgeda e erigUat ek (50 a2p vaie P BT pRE 8T
beneath the edge ring 311, a fixed ground ring 340 of electrically -

conduct i ve elegirestatigpllvistampse nan efge dine PEL h3ving a plesasiBossA qUidise rSBrlﬁ?fﬂ\dﬁ‘é Phe
insulator ring. The 15 novable ground ring 400 is supported on depressible
pl ungers 3BSC 31kppdieteeticaing BOEhdvingachlagmaenposed pujfaga GUTopRANGHEAIBR oG Hdnd
ring 400 is novable vertically with respect to the fixed ground ring 340 so
as to nmake atlkegbhé dallatoomigaab bandath thhedgeoizisngradixed gronnp BE34Akbeleatrically
novabl e substrate support assenbly 310 is noved to the upper position. The

novabl e subgidaiR RaREAYendss enebdiveddO riRBoeandsuppodierithensalateelrisgt Theal |y
grounded bi as housi ng 20360. [0033] The fixed ground ring 340 can include a

bot t omyyal | c%étﬂé‘g ¥ld Ring 12486 Wl dppSHQPoe ¥ S adibRTplnery SHoysupartedadh iherfixed
S Fhe [~ 340

peri phéery ottomwall 340a. The sidewall 340b has an outer dianeter

Fro. 30, O BaTREmart MRt B e PRl o AT e e
 ncl udes eiggohutnd ring 340 so as to make electrical contact with the confinement ring 305 wﬁen the
movable substrate support assembly 310 is moved to the upper position. The movable
substrate support assembly 310 can be supported on an e|ectrically grounded bias housing
20  360. ' |
[0033] The fixed ground ring 340 can include a bottom wall 340a and a sidewall 340b
extending upwardly from an inner periphery of the botfom wall 340a. The sideWaII 340b has

an outer diameter no larger than an outer diameter of the dielectric ring:306. As shown in Fig.

3C, the bottom wall 340a of the fixed ground ring 340 preferably includes eight
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Page 9 circunferentially spaced apart RF return strap connections 340c for
erX|bIe RF return straps 390 between the fixed ground ring 340 and the
rrovabl e ground ring 400 which provide RF return paths therebetween. An RF = -
gasket between-the novable ground ring 400 and the fixed ground ring 340
can be used instead of the straps 390 to create a sliding RF contact as
part of the RF return paths. [0034] The fixed ground ring 340 can i ncl ude
thrfe pIngeL sgpport bO{FS circunferentially spaced apart in an outer
portion of the bottomwall, each of the plunger rd. . .har i a
PLunger s&ﬁbﬂ?ﬁ;rwgﬂg’i Sfﬁ’@cegcﬁﬁ’?'giﬁirﬁtg‘;""dsétbarpecg’g? cﬁénsp@#é’?oglj%h@@h%sr eﬁ’grgg(%pg%ds of
e pins extend above an upper surface of the bottomwall. 003 i gs.
ahe 4l Showdaesses Ty TS ROV BAEF PO 0L e, Ph e R O°
enbodi ment. The novabl e ground ring 400 conprises an annul ar botto_.@all
402 and a refuteprihs thaebeerrndn Rsaskiaeeyn thegh\ahleisrvar pef9dand e he
bottomwal | 402. The side wall 401 has an inner surface 40la configured to
surround agrowndtring 3g@ campeewsgd oisteath of thiestrapso0 tmereate AglidADREpERCE fratark e
movabl e ground ring 400 is novable vertically with respect to the fixed
ground 515 the RAgtIFAQathihe i nner surface 40la has a dianeter up to 0.04 inch
| arger than an outer dianeter of a sidewall of the fixed ground ring 340,

pr ef er abl yjob#y)t theGix@s giddhll rh@BAEEan ihOGESThreENGurger alppert oausitcumfagnddd has a
plurality of centering slots 403 in its |ower surface 402a (Fig. 4C). The

slots 403 %B&daﬁdaﬁ%hal‘-h' !)l}‘telsgéﬁi@ﬁi-of RrEheRaR Wall, bR® svomalyienger uppert ok 400

has three centering slots 403 spaced by 120. Preferably, the centering

slots 403 are .el on _ F : :
R L AR R e e e

4D shows a top view of one of the .slots 403, Fig. 4E shows a cross section
of one of ?'H%g"é‘f’&a, OVFS %Pﬂﬁaff?%é’fffﬁg’.°§tf’m|wa"- P

. I'ne. Fig. 4F shows a cross
section of one of the slots 403 pemgggﬂ%g&%gé,to the r Th@ slots

403 pr¥t er W8P Fesy 8AGpERMTs AR gl 8 Bne ﬁ]ro@F‘é‘?@gé l %f{oi %’dgﬁe “n all
directions. Page 10 '
: The movable ground ring 400 comprises an annular bottom wall 402 and a sidewall 401
extending upwardly from an inner periphery of th_e bottom wall 402. The side wall 401 has an
inner surface 401a configured to surround an outer periphery of the fixed ground ring 340
such that the movable ground ring 400 is movable vertically with respect to the fixed ground
15 ring 340. The inner surface 401a has a diameter up to 0.04 inch larger than an outer diameter
of a sidewall of the fixed ground ring 340, preferably up to 0.63 inch larger.
[0036] The movable ground ring 400 h-as a plurality of centering slots 403 in its lower surface
402a (Fig. 4C). The slots 403 are azimuthally spaced. Preferably, the movable ground ring 400
has three centering slots 403 spaced by 120°. Preferably, the centering slots 403 are elongated
20 along a radial line passing through a center axis of the movable ground ring 400 and have a V-
shaped cross section. Fig. 4D shows a top view of one of the slots 403. Fig. 4E shows a cross
section of one of the slots 403 along the radiai line. Fig. 4F shows a cross section of one of the

slots 403 perpendicular to the radial line. The slots 403 preferably have opening angles of 45

to 90°, preferably about 60° in all directions.
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[0037] The novable ground ring 400 has a plurality of RF return strap
connections. RF return straps 390 can be attached to the RF return strap
connections and electrically ground the novable ground ring 400 to the
fixed ground ring 340. Preferably, the RF return strap connections conprise
ei ght radially outwardly extending projections 488 on an outer 5periphery
of the bottomwall 402. [0038] The novable ground ring 400 can have an
annul ar recess 415, extending vertically into an upper surface 401b of the

sidewal | 401 (Fig. 4G, The rec 415 1 §..C i gur e 2l ye

gasket . AIAipg"f-'aaW%\?é‘i"%e FW&"%%@@e ay7 Bl rrlag'tyr (lg)fnngl;: r%ﬁﬂ‘ Sgrg gorﬁln%? ﬁ%”é\/g@%ﬁtgﬁr ecess
415 but an upper end of the sidewall 401 includes an ?n?u%a” slotd@%g

ext endi ng 1113PD 3%h A berttadhpd i thellf /IR SHRP CAPeSTR AP Sl Bt P 819 hE
flexure 430 conprising a vertically extending thin wall section 430a and
def | ect abl mowehleugravnds deg Ao tal 3 fiesd: eraenchgng 369-alArsfersbiymEiedRy FOMNat8pper
end of the thin wall section 430a (Fig. 41). The RF gasket or the flexure
430 are f woohéminad comprises kighte radiajly eovgwardlyt brdensingf predgetions AShPn3e® wtefng an
entire upper perineter of the sidewall 401. The RF gasket and the flexure
are furnctiguipherd of e ®otwrddati@ounpl anarity between the 15 novabl e ground
ring 400 and the confinenent ring 305 and ensure el ectrical contact

t her ebet wepgag}! fHadnévaBle @Funl Bin@AI0 daR heVe. an[d00AN redss s150enendngRiegicalyBntot he
novabl e ground ring 400 preferably has in the inner surface 40la a step 440

for mad by IYF%IEEF igate fbhbage stdda A ER AN ITHe redBst i iSl@MaEuredltd rRedvedlb of
t he si dewa 01 and a horizontal surface 440b extendi ng between the inner

A R e e T

hori zont al "stirtace _ ural Tty of blind holes 440h adapted to
urface of uepeg o BhilErsieyall AL helTRy asot B ER Aterd e B fnerilidee, |
Figs. 3A-3C) adapted to separate the upper end of the sidewall % # &épn1the
di el ect®i c49%crRy tg@ﬁ'dmﬂh“qlhté’ fﬁﬂ(}ébfl'eé“%"u‘ggtﬁ"&lpé's'%Bﬁ’Sft'tca'b(seg‘g‘l?a}r’ﬂlnﬁ gfo I's at
the |l ower position. Page 11 ' ~ .
section 430a and deflectable annular section 430b extending radially outward from an upper
énd of the thin wali section 430a (Fig. 41). The RF éasket or the _flexure 430 are functional to
resiliently engage the confihement ring 305 along an entire upper perimeter of the sidewall
401. The RF gasket and the flexure are functional to accomﬁodate unplanarity between the
15 -movable ground ring 400 and the confinement ring 305 and ensure electrical contact
there.between along the entire perimete-'r;.
[0039] As shown in Fig. 4B, the movable ground ring 400 preferably has in the inner surface
401a a step 440 formed by a vertical surface 440a extending from the upper surface 401b of
-the sidewall 401 and a horizontal surface 440b extending between the inner surface 4dla and
20  the vertical surface 440a. As shown in Fig. 4H, the horizontal surface 440b includes a plurality
of blind holes 440h adapted to receive vertical pins 499_ which mate with alignment holes in a
lower surface of a consumable quartz ring 320 (not shown in Fig. 4H, shown in Figs. 3A-3C)

adapted to separate the upper end of the sidewall 401 from the dielectric ring 306 when the

movable substrate support assembly 310 is at the lower position.
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[004Q] As shown in Figs. 5A-5B, each of the depressible plungers 350
conprises a housing 351, a cap 352 enclosing a | ower end of the housing 351
and a spring biased pin 353 in the housing 351, the pin 353 including an
upper portion 353a extending out an upper end 351la of the housing 351 and
configured to engage a respective one of the centering slots 403 in the 5
novabl e ground ring 400, the pin 353 including a flange 353b which limts
upward travel of the pin 353 and the flange 353b engaging a spring 354

whi ch bi as h in 353 u dl t in ' j bl i,ng
upwar d nnd@ﬁ%ﬁtﬁ%$mrﬂé"fﬁ%§¥€%%§¥¥uﬂgﬁ?@e %ggﬁ%P@h%%ﬁgﬁﬁéﬁaﬁkgkih%%g%r end
of the novable ground ring 400 nakes el ectri contact with t .

conf i nement>r # GeP %@O?“Clﬂﬁ'éﬁat"ﬁ’éerrf“ﬁgé’gf@ haygies 5@( gn %ﬁ%@ﬁtb'aégégg'ﬂg% WS i s at
t he upper position, the pin 10353 is preferably | oaded at a force of 30 Ib
or nore byhausieg 8pk FW'BB% ipgudingsaly WPPEEPqrHeN 353ajextepding ayt IR AN SA1ARt ween
t he novabl e ground ring 400 and the confinenent ring 305. [0041] As shown
in Fig. 5Bhethoesingi}drand ndnfRSiesl tofengdge atrespectivg @8 bf thectentesiog slotsr@Blin Hieamet er
t hreaded section engaged in a threaded opening in the fixed ground ring 340
and a |sar gebvabiegi@ingiring @00, itieenpid 593ineleding a/ftechge BS 3 whadhi lingts opwandrigvelof thee
fixed ground ring 340. The upper 15end 353a of the pin 353 is preferably

depr essi bl gnat3 sk fidnda 35BS Bnakihfla EARESE whizh bhsesupppin 368 dpBodig, thé pinhe
housi ng 351. [0042] As shown in Figs. 3A, 3B and 4H, the quartz ring 320

i ncl udi ng ?saDAveEl'JeHeXsiﬂé dGRRLPa RO b RARFE §5the SdbstriteBupdiedssémbly axawfidher eof .
The recesses 321 are configured to receive the vertical pins 499 extending

f bl i nd, hol ' i_ZQ 5 .
romiindyiQ6s: e%é?;ﬁ gﬂe&g@ﬁﬁlg%g{dgé 9||ﬂ% ﬁgo ks ARRtrit Akt hﬁﬁ@ t&RindAEnt €ach

200f the vertireal ( respective one o# the centering
[ ing 320 hAR 30 APEHIREVES HES L EeTPSH TRt b e EosRon HRES P
14.8 inches, an outer dianeter of abouL 15.1 incBes,.an 3 hgi ht P%f@bout
0.3 inkh. 9% serefarblydeaded 2t azforom AT 1P Pr JPAE Y Y SAE It fNSBELEN N a
| ower outer corner of the quartz ring 320. Each recess 321 has a
sem -cyli neletteed! c@@ggiog_@etween the movable ground ring 400 and the confinement ring 305.
[0041] As shown in Fig. 5B, the upper end 351a of the housing 351 includes a small diameter
threaaed section engaged in a threaded opening in the fixed ground ring 340 and a larger
diameter section 351b received in a mating opening in the fixed ground ring 340. The upper
15 end 353a of the pin 353 is preferably. depressible at least 0.5 inch with respect to the upper
| end 351a- of the housing 351.
[0042] As shown in Figs. 3A, 3B and 4H, the quartz ring 320 including a plurality of centering
recesses 321 in a lower surface thereof. The recesses 321 are configured to receive the vertical
_ pins 499 extending from blind holes 440h in the horizontal surface 440b of the step 440, each
20  of the vertical pins 499 located in a respective one of the centering recesses 321.
[0043] In one embodiment, as shown in Figs. 6A-6C, the quartz ring 320 has é rectangular
cross section with an inner diameter of about 14.8 inches, an outer diameter of about.'15.1

inches, and a height of about 0.3 inch. Three recesses 321 azimuthally spaced by 120° are

disposed in a lower outer corner of the quartz ring 320. Each recess 321 has a semi-cylindrical
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portion 321a with a diameter of about 0.1 inch. A center axis of the

sem -cylindrical portion 321a is located at a radius of about 7.5 inches
froma center axis of the quartz ring 320. The sem -cylindrical portion
321a is connected with a straight portion 321b open on an outer surface of
t-he quartz ring 320. The straight portion 321b has a wdth equal to the

di aneter of 5 the sem -cylindrical portion 321a. The recess 321 has a depth
of about 0.09 inch. Al edges of the recess 321 preferably have a 45

chant er of 30ar121840% d 5ttt BPanolfi6 1 FRACAIER P 2l B the SORL A EH pbRion

accommodat B " ence between e thermal expansion coefficients of the

quartz ring 320 and, the novabl e und ring_ 40 Whi i |y _made
of al umi nufAte Brlacatesdat ALpeys gflbalbﬁwgi'ﬁgmgﬁafﬁ 7@ rc?n(r%%r %%‘5(9?{&15 (ﬁ?g& ﬁt&%g%?e%ar ound
ring 400 in a tenperature range they 10are ex %sed to. [0044] A nethod of
processi ngseﬁ"“ﬁ\éﬁﬂ@@hﬂi?fé’?%r?’z%55@5%%‘*4 pith H‘e“%’l’% LePAsr 325;%69 g47q outer
processi ng chanber conprises noving the novabl e substrate support assenbly
310 to t hesurfesof thosiarizoing 320- dive Supightrpgrtipngi@dh Basicidthoiaudip sherdiaraetgi?fo t he
ESC 312, noving the novabl e substrate support assenbly 310 to the upper
posi ti &n, wepahldyhgirpaeoas 3gss The redess 3Pdhad 5 dénsh abahout BiE9 ingpedll edsecefr ode
(303 and 304) and the ESC 312, supplying RF energy to at | east one of the
upper and {hewedeseiAqiréforibly age 851 dhamifediof bt DI0R inbhodds sThgascesses 32hamgl asna
‘state, and processing (e.g. plasma etching) the sem conductor substrate
Wi th the plRsgRed kOAddniddsiecdiibrelce BhibdIgtHIDME RN exiinsibh @odfiiuiens of the
substrate support assenbly.310 fromthe | ower position to the upper

posi tion t ﬂ?%?gﬁg?rﬁrtﬂé‘%vfﬂl@@roﬂr@riﬁmswma{ fsipﬁﬁérbM%HﬁHé bf AimidlmUgher end

t hereof cones in ectrical contact wth the l'ower horizontal section
305c of the copfinenment rin f ' ; yabl g ounghdeithg 400
- depresses 0 ra{c']yeaﬁ'f;résseiqblfréz B’%J%gg‘r’ tshaeéétgfag%\%%gp? é?%drésqt Eerﬁxéd groé&ng&ri ng
340 until the novabl e substrate support assenbly 310 reaches the upper

posi ti ¥h pPEFRASEY®©a desired gap width. Page 13 [0046] The novabl e ground

ring elimnates the need for a wafer, (}P)fgjrt through _tht?‘ confi gerrent Iri ng 305.
Such a waf 04oAtmethed ©h PFSEHINER PEAISPRIVEICE RUBTHAtURI 16 rAHUTPPE&F PRSI
unconfinenent. [0047] Wile the novabl e ground ring, novable substrate
support asseatssipg ahainkedjcamprgss enoving the movable substrate support assembly 310 to the

" lower position, transferring a semiconductor substrate onto the ESC 312, moving the movable
substrate support assembly 310 to the upper position, supplying process gas to the gap
. —15. between the upper electrode (303 and 304) and the ESC 312, supplying RF energy to at least
one of the upper and lower electrodes so as to energize the process gas into a plasma state,

and processing (e.g. blasma etching) the semiconduétor substrate with the pIasmg.
[0045] Preferably, during movement of the movable substrate support assembly:310 from the
lower position to the upper position the movable ground ring 400 moves vertically u.ntil an

20  upper end thereof comes into electrical contact with the lower horizontal section 305¢ of the

confinement ring 305, after Which the movable ground ring 400 depresses the depressible
plungers 350 supported on the fixed ground ring 340 until the movable substrate support

assembly 310 reaches the upper position providing a desired gap width.
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5 gap capacitivel y-coupl ed plasma processi ng chanber therein have been
described in detail with reference to specific enbodi nents thereof, it wll
be apparent to those skilled in the art that various changes and

nodi fications can be nmade, and equi val ents enpl oyed, w thout departing from
t-he scope of the appended clains. Page 14 W Cdaim 1. A novable ground
ring of a novable substrate support assenbly configured to fit around and
provide an RF return path to a fixed ground ring of the novabl e substrate

support as |y in an,adj ustabl paci 1. - 4Rl

pr ocessi ngﬁ@ﬂgjnﬁ r mm%%‘%i*guﬁng%%eg%ﬁ]gﬁegt g‘r% é%\aif‘}r‘afgg‘”%'g gir:lt gﬁ%ﬁ %hﬁe
substrate support assenbl y under goes pl as [ocessin t he e_ground
ring conpr ffiRgRent fing 0o ast“gbat"fag‘f‘ﬁ Fa’hg‘\'ﬂeﬁ‘b?%p Tf afﬁhtwonbnﬂéé@ﬁ{yearrﬂng
slots in a |ower surface thereof; a sidewall extending upwardly from an

i nner per i pPrERdunsenfing@eRiot t om wal |, the sidewal | having an inner surface
configured to surround an outer periphery of the fixed ground 10ring such
that the nioeaHl Whie Mombwgrpdeamp@Msw¢ FYPPATttassambbnand; adiyst

fixed ground ring. 2. The novable ground ring of Claim1, wherein the
plural i3y gfp cpatittvelyrguslediphsnappreses chambe tbereingkave betn dpsgplesd 9l dstajl each
of which extends along a radial |ine passing through a center axis of the
movabl e gr itRdefbleRE to specific embodiments thereof, it will be apparent to those skilled in the art

that various changes and modifications can be made, and equivalents employed, without

departing from the scope of the appended claims.
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153. The novabl e ground ring of aim1, further conprising a plurality of"
RF return strap connections on the bottomwall wherein the plurality of RF
return strap connections conprises eight radi al | y outwardly extending
projections on an outer. periphery of the bottomwall. 4.The novabl e ground
ring of Claim1l, wherein an upper surface of the sidewall includes an
annul ar recess configured to receive an RF gasket. 205.The novable ground
ring of aim1l, wherein an upper end of the sidewall includes an annular
sl ot gxpenﬂ;Q&.Lnto an outer surface of the sidewall to forma flexure :
conpri sing & g?tically extending thin wall section and defl ectabl e annul ar

section extending radially outward froman u d of the thi "
section. Phge 14 Mmovgble 'Fﬁ‘?éx‘ﬁd{/“ﬁ\écﬁea Ej‘%%hedsurbftﬁ% ng%%?%eTg’ly%ﬁ%r'gléj?eﬁ h1lét i nner
surface includes a step formed by a vertical surface extending fromthe
upper sur f aesndgndiaevids MRRLRIUrHPRID t0 hbred 25nd ring 8?‘?‘56‘?"% ¢ é‘f?&‘gﬁtﬁ SHRReen

t he i nner surface and the vertical surface, the horizontal surface
i ncl udi ng @sghhiv @ a6 pdivstableisad capdcBivelygeyiesiplagng BrosessBE [ShABDA R e
with alignment holes in a | ower 5surface of a quartz ring adapted to
separ at®e t senicopdedtore aubsoétet doppatedeinvathke subsrate seliperteassernkly qndergoes plasma
processing, the movable ground ring comprising: -
an annular-bottom wall having a plurality of centering slots in a lower sqrface thereof;
‘a sidewall extending upwardly from an innér periphery of the bottom wall, the
sidewall hévi'ng an inner surface configured to surround an outer periphery of the fixed _ground

10  ring such that thg movable ground riné is movable vertically with respect to the fixed ground
ring. |
2. The mO\)abIe ground ring of Claim 1, whefein the plurality of centering slots comprises
three elongated V-shaped slots each of which extends along a radial line passing through a
center axis of the movable grbund ring.

15 3. The movable ground ring of Claim 1, further comprising a plurality of RF return strap
connections on the bottom wall wherein the pIuraIify of RF return strap connections comprises
eight radially outwardly extending projections on an outer periphery of the bottom wall.

4, The movable ground ring of Claim 1, whereinv an upper surface of the sidewall includes
an annular recess configured to receive an RF gasket.

20 5. The movable ground ring of Claim 1, wherein an upper end of the sidewall includes an
annular slot extending into an outer surface of the sidewall to form a flexure comprising a

vertically extending thin wall section and deflectable annular section extending radially

outward from an upper end of the thin wall section.

Page 15



ring.at the outer upper end of the substrate support assenbly. 7. A
substrate support assenbly conprising the novable ground ring of Oaiml,
the substrate support assenbly including a |ower electrode, an ESC on which
the semi conductor substrate is electrostatically clanped, an edge ring
having a plasma exposed surface 10 surrounding the ESC, a dielectric ring
having a plasma exposed surface surrounding the edge ring, at |east one
Lgﬁglatpr rlng benfaéh thehedﬁe ring, a fixed ground ring of electrically"

uctive materia neat h the dielectric. Ij r. L

Bngzl at Olr‘] Gli‘i ng, MEREVP ﬁérlpug%??gacgceaaé Eit Y&/éérgﬁnd}éé\;\gpﬁlﬂﬁ#ﬁg%&g?glgrrgifé;ﬁ]eﬂp to

: i nc arger than an outer dianmeter of a sjdewal|. of t i

ring, Ehg W?%L%ﬁéﬁ?ﬁdmﬁp'ﬁéfrgﬁ‘ﬁg‘fﬁ?@(ﬁs P blggia?gf"eanglauﬂr%géédégﬁ%gﬁﬁeOund
supported on the fixed ground ring, the novable ground ri ir
verti cal | yexiinding betwysee the ianetrﬁerfar%g@éel therseirg! %“rfﬁbegé'l‘i @é‘zﬁ%ggﬁ'?eeg’ﬁé”g?‘\éﬁggle
contact with a confinement ring forming an inner wall of a plasm
conf i nenent plzaity ofthér hdies slabted tateseise pipohich swtaritly aieamepl/ ey 'd adoWeipper
position at which the semi conductor substrate is processed in the plasnma
processi ngsueaandrer qua?@8ing heamerh st septretesthppwper endsdihg sideyalldrom mdielecifiser ei n
each of the depressible plungers conprises a housing, a cap enclosing a
lover end Gfg 4t AR Aetbp& eRBES the SEstrB@ shppsexdsepbiy.i n t he housing, the pin
i ncl udi ng an upper portion extending out an upper end of the housing and

configured,to eRgaGEaR fBBOEGbdeHBIy APkt ke AR Bidognd kiog of Chint hetieovabl e
ground ring, the pin including a flange which imts upward travel of the

pin- and th étf,%?ggfygﬁ% Winaua"ﬁ% g%ﬁ%&%ﬁm, aMREE Bn WhRR @Fe {enficddbitictor

;Pgﬁ;g'?fﬁi ; el depr essi en the upper end of the novable

[ makes. el ectrical contact w th ' J ~
;ublst (rj ate g‘l?f)t&l)trt';a@"scgrﬁfﬁag)ca \ %maf’%?ﬁ gw.%ﬁgrgﬁﬁn%‘?ﬂ@ ES e?ﬁ%:]éés%F dtsﬁg9 eﬁo-urgsng
includes a small dianeter threaded ti ' j [
the f136d GEURENGHTGCande R A GeP AP Er SRt oH TacuTo R mgRa 1o 1 "

opening in the fixed ground rin%. ' : v
ring, at least one insulator ring beneath the edge ring, a fixed ground ring of electrically

conductive material beneath the dielectric ring and surrounding the insulator ring, the inner
surface of the sidewall having a diameter up to 0.04 inch larger than an outer diameter .of a
sidewall of the fixed grouﬁd ring, the movable ground ring supported on depressible plungers

15 | supported on the fixed ground ring, the movable ground ring being movable vertically with
respect to the fixed ground ring so as to make elecfrical contact with a confinement ring
forrﬁing an inner wall of a plasma confinement zone when the substrate support assembly is
moved to an upper position at which the semiconductor substrate is processed in the plasma
processing chamber.

20 8. The substrate support assembly of Claim 7, wherein each of the depressible plungers
comprises a housing, a cap enclosing a lower end of the housing and a spring biased pin in the
housing, the pin including an upper portion extending out an upper end of the housing and
configured to engage a respective one of the centering slots in the movable ground ring, the

pin including' a flange which limits upward travel of the pin and the flange engaging a spring
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10. The substrate support assenbly of Caim7, wherein upper ends of the
pins are novable at least 0.5 inch with respect to the upper end of the
housi ng. 11. An adjustabl e gap plasma processing chanber conprising the
substrate support assenbly of Claim7, wherein the substrate support
assenbly is novable froma | ower position 10 at which a sem conduct or
substrate can be transferred onto an upper surface of the ESC to an upper
position at which plasma processing of the sem conductor substrate is .
carried out, the plasma processing chanper i.ncl udi I de and
an el ect r i ¥AF Yased FLRIT f’g‘@ar@éﬁh‘?‘FRg‘n@H{gr@P%ﬂgifN ﬁ%ﬁﬂ%gu%%%%lt@ 'ﬁ%r‘ﬁfgt he
upper electrode, the confinenent ring including. an upper horizontal
section, a8rQwinnganakesleqtigs! ‘éb?faéh\ﬂitmg"eéf')mfﬂ V'8 rom an outer 15 end of

t he upper horizontal section and a |ower horizontal section extendin

i nwar dl y f9.0m aTHeowbstrasequrprt 3seenily of €3im Sewberein, the NaPsrRNgrofHBe N ‘b‘ﬂ‘tggal
section including radially extending slots through which process gas and
reacti on bipgndductsl diameprntireatiedsection engrgedinastheeadeshdnenidgnimthe Fisgdegrownd ower
surface of an inner end of the |ower horizontal section providing

el ect rixal riggnidacirgavididindidraedtjppece@ndlinafmating openiegih chefixedigrdund ming- when t he
substrate support 20assenbly is in the upper position to adjust a gap

bet ween t hgy UpPele aidirh@WRppdt QsemBRESF. Cidid 7,TWAerall] uipeRlohés gBtheppias mee
processi ng chanber of Claim1l, wherein the |I'ower surface of the inner end

of the. | ovner, Ji d ?é%@lt(ﬁé in&?@fﬂ!\ Fé@p&t td the uSRR EADETROkoUsInRT | !’IC| udes an _
electrically conéuctl ve coating adapted to enhance electrical contact with

t he novabl ¢, ground ri g . Th i ssi ng
chanber off ai }rgﬁ‘ffj,us{\%grgr al%nSIgélrrga] SF%C%S"[% %fa ﬁ]? %ggérgﬁgﬁﬁg@?eﬁahfﬁﬁd@ts%%gﬁ
extend between the novabl e groun ing and the fix o . The
adj ust abl eaﬁﬁ'ﬁb'%f’ggﬁ'ﬁ‘ %P“’(S‘S'@gkti ﬁé&éhg gppogtas ?natih}n%c’ %%Y%Jﬁgﬁ‘?}giaﬁdvg%ﬁi{ﬂ‘%%z ring
is located in a step formed by a vertical_ surface extendi ng }){WO %Fe upper -
sur f act0 of atWaichs? gRBYEANHUCOTGbst ke FARPEITARSTEIEY ARIC AP HBPSE Y T4 R e% %"
surface extending between the inner surface and the vertical surface, the.
quartz ri ngpRenebsidima) vehigh Riesatai rrgcestineceribesamigpnducteiswBsraty isLarisdort i f ace
t hereof, the novable ground ring including a plurality of vertical pins.
ext endi ng plema lproceskingotrembien inchdingoan zprer adlecsiods 2o anf elegtdcally ggndushiyd of
the vertical pins located in a respective one of the centering recesses. .
1015. The adprfmbabhterignRxtehdisguiwandie Sssinmghe haptreeledfode) dhencdrfinembedr 8ng an
RF gasket is

including an upper horizontal section, a vertical section extending downwardly from an outer
15  end of the upp;ar horizontal section and a lower horizontal section extending inwardly from a
lower end of the vertical .section, _the lower horizontal section including radially extending slots
through which process gas and reaction byproducts are pumped out of the plasma
confinement zone, a lower surface of an inner end of the lower horizontal section providing
electrical contact with fhe upper end of the movable ground ring when the substrate support -
20  assembly is in the upper position to adjust a gap between the upper and lower electrodes.
12. The adjustable gap plasma processing chamber.of Claim 11, wherein the lower surface
of the inner end of the lower horizontal section of the confinement ring includes an electrically

conductive coating adapted to enhance electrical contact with the movable ground ring.
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| ocated in an annul ar recess in an upper end of the sidewall of the novable
ground ring. 16. The adjustable gap pl asma processi ng chanber of Caim11,
wherein the confinenment ring includes a slotted ring below the | ower

hori zontal section, the slotted ring being rotatable and vertically novabl e
with respect to the | ower horizontal section to adjust gas flow

15conduct ance through radially extending aligned slots of the |ower

hori zontal section and the slotted ring. 17. The adjustable gap pl asna
processi ng,_chanper_ of aim 11 j- i ar oun i i ; S a
“bott om vvalgp‘ andrrﬁ‘ﬁ aﬂ”&?\%ael %“‘pe"iﬂsg‘ﬁ\égf%?ﬁﬁé‘? g"lbrflJ ?fg?ﬁg\aﬁyi ﬂﬂ%’%mgﬁeklpghe?@ of
the bottomwall, the sidewall K of the

| fi i i .
(i amot or PP ARPRRES Botea (of Shetls e anor ke o e B PR O

bottomwal | of the fixed ground ring includjing._ eight circunferentially
spaced apat& RFThecdiystpbletgag plastn RERETBIR<Champhs ngBllé' YISERE FRHE "THE udi ng
eight circunferentially spaced apart RF return strap connections, and eight
f1exi bl e Rbcated nrersteptfoemes byroertigalsyrfececxtendipgfromabe yppepsitrizse pldhaeidsivalhe RF
return strap connections of the nmovable ground ring and the fixed ground
ring. PageofttBe motdble grhendatljgLest! athoezapsg syfaae metepringchesweanghe aaberfaegand ai m
17, wherein the fixed ground ring includes three plunger support bores

ci rcunf er efpeivakicyl ssRRe Abe §@RLzlring Mc@bing d bRralipasfteraeringfredebes ot lowen suefhde, each
of the plunger support bores engagi ng a plunger support housing containing

depr essi bl g eRiocAShe WiRatid @lould PRE ikAimg &f pllifa Rty f RErtieX g texednamE fim biper
surface of b5the bottomwall. 19. A nethod of processing a sem conductor

substrate L&estin?heq%H%QQLﬁacg%Ptr@ls?e%ﬁ@acﬂ%@ﬁ@%@nitﬁﬂ PR AERRE iPf rdspative dnk,

conpri sing noving the substrate support assenbly to-the | ower position,

transferrin s§nicon%g£§or substrate onto the ESC, noving the substrate

a
support asgeH%FV‘?H%{(% upper position, supplying process gas to the gap

bet ween the upper 10 el ectrode and the ESC, . su i RE ener | east
one of1Q he1%ppthea?‘ﬂiuslt?ﬂ%e@pe‘?q%s&arpdﬁcéés"égogég‘bfroé}géﬁ%?'&ﬁz‘éVE?rﬁ'en aﬁ%Fc aglfseqltésas

into a plasma state, and processing the senicoqd tor sqbstra e wth the
pl asma. located in an annular recess in an upper end of the sidewall of the movable ground ring.

16. The adjustable gap plasma processing chamber of Claim 11, wherein the confinement
ring includes a slotted ring below the lower horizontal section, the slotted ring being rotatable
and vertically mévable with respect to the lower horizontal section to adjust gas flow
15  conductance through radially extending aligned slots of the lower horizontal sectiqn and the
slotted ring.
17. The adjustable gap plasma processing chambef of Claim 11, wherein the fixed ground
ring includes a bottom wall and a sidewall extending upwardly from an inner periphery of the
bottom wall, the sidewall of the fixed sup.port ring having an outer diameter no larger than an
20  outer diaﬁweter of the dielectric ring, the Bottom wall of the fixed ground ring including eight
circumferentially spaced apart RF return strap connections, the movable ground ring including
eight circumferentially spaced apart RF return strap connections, and eight flexible RF return
straps providing eleﬁtrical return paths between the RF return strap connections of the

movable ground ring and the fixed ground ring.
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20. The nmethod of Cl aim 19, wherein during novenent of the substrate
support assenbly fromthe |ower position to the upper position the novable
ground ring noves vertically until 15 an upper end thereof conmes into
electrical contact with the ['ower horizontal section of the confinement
ring, after which the novable ground ring depresses the depressible

pl ungers supported on the fixed ground ring until the substrate support
assenbly reaches the upper position. Page 19 '

18. The adjustable gap plasma processing chamber of Claim 17, whe.rein the fixed ground 7
ring includes three plunger support bores circumferentially spacéd apart in an outer porti.on of
the bottom wall, each of the plunger support bores engaging a plunger support housing
coptaining depressible pins such that upper ends of the pins extend above an upper surface of
5  the bottom wall.
19. A method of processing a semiconductor substrate iin the adjustable gép plasma
processing chamber of Claim 11, comprising moving the substrate support asserﬁbly to the
lower position, transferring a semico_nductor substrate onto the ESC, moving the substrate.
support assémbly to the upper position, supp.lying process gas to the gap between the upper
10  electrode and the ESC, supplying RF energy to at least one of the upper and lower eiectrodes
so as to energize the process gas into a plasma state, and processing the semiconductor
substrate with the plasma. |
20. The method of Claim 19, wherein during movement of the substrate support assembly
from the Ipwer position to the upper position the movable g?ound ring moves vertically until
15 an upper end thereof comes into electrical contact with the lower horizontal section of the
confinement ring, after which the movable ground ring depresses the depressible plungers
supported on the fixed ground ring until the substrate suppbrt assembly reaches the upper

position.
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