Edge Ring for Plasnma Processing Field of the Invention The present

i nventi onWOdl2&1249 to an i nproved apparatus and net hod for gCcpUSHEBB286
processing and, in particular, an inproved apparatus and nmethod for plasma
etching sem conduct or substrates. Background of the Invention In the field
of sem conduc I.Ng, vacuum processi ng chanbers erally
used for et cjﬁl@ﬁlﬂ@,ﬂ@ﬂ@@ﬁ@ cal vapor deposition (CVD) of w&miﬂﬂ%mﬁwﬁ@‘ﬂ
substrates b n etching or deposition gas to t anber
and application o8 RF field to the gas!to energize the gas®®o a pl asnma
state. Exanples of parallel plate, transforner coupled plasma (TCPT ")
<which is also called inductively coupled plasma (I1CP), and

el ectron-cyclotron rqyeiaseftidnylahfRa Kige Knd fspmmﬂpﬁo&m%of are

di sclosed in comonly owned U. S’ Patent Nos. 4,340, 462; 4,948, 458;

+5, 200, 232 and 5, 820, 723. U.S. Patent No. 4,793,975 al so discloses a

paral | el plat E 5)! aﬁg Eeact,or. During processing of sem conductor
substrates, t e MWention o typically r. 20 held in place within the
vacuum chanber on substrate hol ders by nechanical clanps and electrostatic
clanps (ESC). Exanples of such cl anping systens and conponents thereof can
be found in commonTie pynead ibhdéatioRatient tNasimfroR&Paghafatanandm8d8d 5&9. An
exanpl e of a npnopol ar chuck can be found in U S. patent No. 4,665, 463 and
exanpl es of bPIBHNAPIAEREMKSARch AN BATtCBIAAAN IMPIVG] aPRAEARS Adsnetiod T 836 and
5, 055, 9645 I n lorder ho cqQol. the tsub@t{gat%es, cooling gas such as helium can
be supplied tBafrH%etS PR HECBF UL RE ST BE T at e. Exanpl es of such cooling

WO 02/ 31219 PCT/ US01/ 30286 7 can be found in U S. Patent Nos. 5,160, 152;

5,238, 499; 5,350,479; and 5,534, 816. Substrate supports can include
consumabl e ( sBackgroundlof tleelfieventings ar ound the substrate for purposes of
confining plasna to the area above the wafer and/or 5 protect the ESC from
erosion by the plasma. For instance, an edge ring arrangenent is described
in comonly owned ?,ﬁﬁm 4.

O her exanpl es of g’dlg%g f@ﬁ]gpiepygﬁbdgge@ﬁ?gbcégﬁlgbea oung?’l ﬁ%&a&lﬂ%@sﬁ?@ms.
5, 494, 523; 5, gédtr8fdused 021309 and chMicdl6hponadepobitibnl(TVINDF nidledials phasma
processing arrangenents wherein a sacrificial ring surrounds a wafer, it
woul d be desi fubsiraies By swRilpig anichingermigpositipn gas togBe waahm pambesgndnd an

or oved  empaiBii bt RENT) (EHE oBY REElairdte IRl iR o O P | 1O
cl earances regyihgids BEPNRRE PIAE, irhiiorRe chiifed\plasiha ¢PCPTbBEhiERUARA. |t

woul d al so be
called inductively coupled plasma (ICP), and electron-cyclotron resonance (ECR)

; pge3eX: U] 46T: ; C-WD 02/ 31219 PCT/USOL /30286 Electrostatically d anped @
1

reactors and components thereof are disclosed in commonly owned U.S. Patent
Nos. 4,340,462; 4,948,458; 5,200,232 and 5,820,723. U.S. Patent No.

15 4,793,975 also discloses a parallel plate plasma reactor.

During processing of semiconductor substrates, the substrates are typically
held in place within the vacuum chamber on substrate holders by mechanical
clamps and electrostatic clamps (ESC). Examples of such clamping systems and
components thereof can be found in commonly owned U.S. Patent Nos. 5,262,029

20 and 5,838,529. An example of a monopolar chuck can be found in U.S. patent
No. 4,665,463 and examples of bipolar chucks can be found in U.S. Patent Nos.
4,692,836 and 5,055,964. In order to cool the substrates, cooling gas such as

helium can be supplied to the backside of the substrate. Examples of such cooling



15 desirable if the RF i npedance path fromthe baseplate to the plasma in
the area above the wafer could be nore closely natched to the RF inpedance
path frowobx3B#sepl ate to the plasma in the area of the 8GFAISPI/3G8¢ n or der
to inprove plasma uniformty near the edge of the wafer. Summary of the
Invention a 7?0 The present invention provides a coupling ring assenbly
adapted to surround a substrate support in a plasnma reaction chanber. The
coupling ring assenbly conprising a nenber having an annul ar support
surface and an el ectrostatic chuck on th% support surface. WO 02/ 31219
_3_ PCT/US01/ 30286 The present inventiomiralso provides a plasnma reaction
chanber conprising a wafer support on which a wafer to be processed can be
nount ed and an el ectrostatic edge ring chuck on which an edge ring can be
support ed durdande fowskinsi 1fy.Patemt HNopr 260,162, 2aBOIPHEMB50547Phandl asna
reaction chag?&; ige 5 substrate support conprises a baseplate having an
.electrostatic ‘%% ‘chuck on an upper surface thereof. In another preferred
enbodi ment of the plasma reaction chanber, the edge ring chuck is part of a
coupling ring assenbly. The present invention also provides a nmethod of
treating a sem corglibsirate sapgtsrcahénduddcoasurable{@crifiviab egbesings sfvander
wherein the plasma chanber | O conprises a substrate support, an

el ectr ost at i dhewithstraieHoe RupgsesrpfipepEning plasmedo die age aBeesthe aadersaugort  and

an electrostatic e r chuck on whi.ch an ring can be supported. In
a prefer |5 ed eoﬁﬁ%ﬁti tﬁgﬁts,d {%ﬁ@ ‘?‘Fé?l%gy (’flben%l?‘ﬁlgaeslz ?ﬂgg?f]%%%no%ggluélgt rostatically
clanpi ng a vafifhgéfedte dM@EBEd shedimoRly @@t 8t PaRht Xo§! 51805,808,an edge

ring to the edge ring chuck, supplying a process gas to the interior of the
15 pl asma chan®@f, 932 ael §i0289§4t Hether orepdesgdsdgntiog arphgemnentstat s and

P GLRE 1 1's. dowl i (S g st A aepor 98 7% 8256 JbecdTngEppar at us

according to 4 hgy pigesent i nvention;

10 In plasma processing arrangements wherein a sacrificial ring surrounds a
wafer, it would be desirable to improve the thermal contact between the ring and
an underlying portion of the substrate support. By improving thermal coupling,
improved temperature control of the ring could be realized and the clearances
required between the ring and the wafer could be reduced. It would also be

15 desirable if the RF impedance path from the baseplate to the plasma in the area
above the wafer could be more closely matched to the RF impedance path from the
baseplate to the plasma in the area of the edge ring in order to improve plasma

uniformity near the edge of the wafer.

Summary of the Invention

20 The present invention provides a coupling ring assembly adapted to
surround a substrate support in a plasma reaction chamber. The coupling ring
assembly comprising a member having an annular support surface and an

electrostatic chuck on the support surface.



?0 FIGURE 2 is a partial view of a plasma chanber conprising an edge ring
chuck nounted on a coupling ring according to one enbodi nent of the present
i nventi ory0 028®@192/ 31219 -4 PCT/ US01/ 30286 FIGURE 3 is apgarusoao2ssew of a
pl asma chanber conprising an edge ring chuck nmounted on a basepl ate
according to anot her enbodi nent of the present invention; FIGURE 4 is a
partial view of a plasnma chanber according to the invention 5 conprising an
i ntegral edge ring/wafer chuck nounted on a baseplate; and FIGURE 5 is a
partial view of a plasma chanber according to anot her enbodi nent of the
invention conprising an edge ring adapted to fit into a groove in the
basepl at e between the wafer and edge ring chucks. Detail ed Description of
-the Preferred Enbodi nrents 10 The inventjon provides an inproved substrate
support arr angenerthefpsesent pverion AxnprosidenAdtsg raacign ChaEPREOBRIGENG | ng
surrounds a seni.conductor substrat ch as a sili.con [

-arrangenents W%f?%f‘ﬁ’?aﬂ Oé‘d‘ﬁfglcﬁfin f&r‘ég):atleyplfxéessfesds o) b[ChIQOI%IJ\[ﬂ%CEIa N/lglgg substrate
support and iegechlishid éu%elrﬁ?gecmk Onaviitly aRBadedrind £4rChd QipRbriedgagpgent with
the substrate support, the ring can becone very hot during 15 plasm

processi ng ofprodessisgibdd a pteferrédembediorseofihe pasinheeanmbs tchambeoler | i es a
portion of the ed?e ri ngz the thermal expansion of the edge ring during

pl asma p? oceSYPHiianmpRer iCOMREisess BRSEPIRIS v g Aleeleqirosiadic dv ereqteak aRce
petween the edgg furfide Hifed'3n SHORES AlferR dlidhihdif JPle flGfa HAlofloes not
(0] Strat ase

lift the substfate o the su e support. T'n the ere an

el ectrost at i ghaiibek tlieSedgEQﬂlgtdhu&eMa‘?t dthecilplingbimprastemtilp. a substrate
support conprising a powered el ectrode which supplies an RF bias to the

substrate, the RF inpedance path fromthe powered el ectrode through the ESC
and substrate to the plas can be different than the RF inpedanc ath
froman outer por ﬁ%r&gﬁenﬁéeﬁmﬁﬁ%p@lvbd%f P&Wé&?ﬂ?é f%%%‘“?ﬁeS%E’Hg%‘%P?‘HS to the
plasma and_t Rygsiealienas AQMHE ol flaRh# SREn e Wictein Me plBENLERAMRS the ~5
substrate The i1 nvention overcones such problens by providing an
el ectrog¢bat i comprises a substrate support, an electrostatic wafer chuck on an upper surface of

the substrate support and an electrostatic edge ring chuck on which an edge ring

can be supported. In a preferred embodiment, the method comprises the steps of

electrostatically clamping a wafer to the wafer chuck, electrostatically clamping an

edge ring to the edge ring chuck, supplying a process gas to the interior of the

15 plasma chamber, energizing the process gas into a plasma state, and processing the

wafer with the plasma.

Brief Description of the Drawings

FIGURE 1 is a partial view of a parallel plate plasma processing apparatus

according to the present invention;

20 FIGURE 2 is a partial view of a plasma chamber comprising an edge ring
chuck mounted on a coupling ring according to one embodiment of the present

invention;



WO 02/ 31219 -S PCT/US01/ 30286 edge ring chuck which inproves thernmal
coupling of the edge ring to the substrate support. In addition, by
sel ecti ngvomeeraial s for the edge ring chuck and edge ri ng rausodizmget o t he
invention, it is possible to provide nore uniformty of the plasna density
across the substrate due to inproved RF inpedance path matching. S FIGURE 1
shows a parallel plate plasma reaction chanber 10 according to one
enbodi ment the invention. The apparatus conprises an upper electrode 11 and
a lower electrode assenbly 12. The | ower el ectrode assenbly conprises a
basepl ate 13 and an el ectrostatic wafer chuck 14 mounted on an upper
surface thereof. A coupling ring 1S rests on a flange 16 of the basepl ate.
.The coupling i0 ring 1S has an edge ring chuck 17 nounted on an upper
surface thereof. ARIHJIRE 3 ismagpaitilivievs appotased chambéreccaposeglaupdgerrisgr f ace
of the edge ring chuck 17. A wafer 19 is nounted on the wa;gr chuck 14 such
.as to overl afFhufk mewnied v bascplals achrdingqeranghier spdogimenhal figueseihg 18.
The wafer 19 iﬁygwg?lps t he edge of the wafer chuck so that the exposure of
t he edge of the ér chuck 14 to the ions in the 1 S plasma is reduced.
The exposure of thpi(RURESt @fa fahigal Wadwe bt & plisina bhambert dvgorliRs foathe duyv eheois e
erosion thereby reducing the life of the chuck 14. An edge ring 18
surround$ t heomfrsingcutikestal adge riggtwader grugk drquitadeonsglfessplste; aRd waf er
chuck 14 fromions in the plasma. The edge ring 18 is a consunmabl e or
repl aceabl e part. The wafer 19 overhangs the wafer chuck 14 and a portion
of the edge ring IBGGREY BRG] 48w bhe pRABR BhmbECactBidtfig fanolhepi cal 1y,
the wafer 19 overhangs the edge of the wafer chuck 14 by 1'to 2 mm In
order to prownsodimgntesftibe inventicecamiprising acedgeringadapediaffénniolugrkodet, t he
top of the edge ring 18 is positioned as closely as possible to the
under si de of MHBe Rasealate betwesinthg Waderang dge ”c“lgé)(‘léﬁi‘@e ring during processing
requires a clearance gap between the underside of the wafer 2S and the edge
ring. If the edge ring is placed too close to the wafer backside, the
t her mal exparnpétaile@Dekéiepiesiof thePrefitiédBnibodbnesisng can actual ly force the
waf er off of the chuck, aborting the process. WO 02/ 31219 -b
PCT/ US01/ 30286 FIGURE 2 is an enlarged view of the | ower el ectrode
assenbly 12 of FI E. 1. The wafer 19 is sho verl appin h e ring 18
to formd& gap or c %Vlé{ﬁ%téonz@0?5‘«9?%%Hn?lﬁée%lﬁfrgﬁasggg@g3”%“%”?%129%&9e ring
18. The innerpiedRerdttol Mhetdsa sﬁér'ifﬂ:ié'l%dg@%%g shitBufds Léendd@Riveior siss gl er
chuck 14 thus naintaining the 5 edge ring 18 in a desired position with
respect to thschat arsilicdn waders hovarrangbmens geéherdéimgn £8ge ang snewely aestvapltieng
ring assenbly which conprises a coupl | rin 5 and an el ecirostatic edge
ring chuck 17“'?@&‘&%%&“8@”&?\“&%&3 i ilglaé“tp F Qg fEravihed %’efclfci“%alchuck 17
can extend co NG I ;eﬂj{? 499 chuck 17
can be | ocat eﬁ%hgé:g&%ggg@%?#{ﬂﬁte&ﬁ%ggt, @Srr;r%gcea%g%ee%ﬂgmgl up ie(\irlllélln i ng

15 plasma processing of the substrate. In the case where the substrate overlies a

portion of the edge ring, the thermal expansion of the edge ring during plasma
processing makes it necessary to provide sufficient clearance between the edge ring
and the substrate so that the hot edge ring does not lift the substrate off of the
substrate support. In the case where an electrostatic chuck is used to secure the

20 substrate to a substrate support comprising a powered electrode which supplies an
RF bias to the substrate, the RF impedance path from the powered electrode
through the ESC and substrate to the plasma can be different than the RF
impedance path from an outer portion of the powered electrode through the edge
ring to the plasma and thus cause a nonuniform plasma density at the edge of the

25 substrate The invention overcomes such problems by providing an electrostatic



10 15. The coupling ring 15 can be supported on the base plate 13 with or

wi t hout mechani cal or adhesive fastening such as a plurality of bolts 24.
The edge wonmg/ischuck 17 can be supplied with DC power by a pPua/oshizezspower
supply arrangenent such as a DC power supply 26 using a |ead wire 28
extendi ng through a passage in one of the bolts 24. In order to inprove
thermal transfer between the edge ring 15 1 S and the base plate 13, a heat
transfer gas such as He or process gas froma gas source 30 can be supplied
via gas passage 32 to the interface between the coupling ring 15 and the
base plate 13 and/or between the edge rinyg chuck 17 and the edge ring 18.
The gas passage 32 can extend through the base plate 13 and coupling ring
.15 at one or nore |ocations spaced around the base plate 13, e.g.,

ext endi ng 20 ddae oinglthpels sagssimproded ehdralal souping Dlfiehecetiye ringo thdsbstraié can
be a nono-pol ar or bi-polar chuck. FIGURES 3 - 5 show vari ations of anot her
- enbodi ment  of SUPPRItp AR 3@fition niperrlectng Wdsralnior Hee edgering ehyck ind RdzasriBunt ed
on the base pl t ha on. a cou I|n i RE 3, an
cdge 11 ng. chasouhfs bEItRR RaSuRl i By ifieme s w4 B 56
supports a V\’acfeﬂ§1t}3§cro§|§0th9rsﬁl’5§i’ttaﬁa drab i gm&wnﬁp&aﬁc@mphm&%gcan supply a
heat transfer gas through gas passage 32 into an interface between the edge
ring chuck 34 and the edge ring 30. WO 02/ 31219 PCT/US01/ 30286 FIGURE 4

h th nmbadi f th | nmb f .th i
an i nt egsal (one- ICRBRE detiers artaialen ﬁgsﬁ%n%&h%&%%ﬁb'ﬁ%ﬁﬁ%%éfLu”g
porti on of { NUpRgH B A6 B ShukoThOARIAL, AR LEdaRonlndedfaeuck i <

recessed to allow a nount e centr orti chuck to 5

overlap an edgé alongr élfécnfodmmanblly 112hertmelbwphereailroqtmstsemhlyqfontﬁneemuck The
el ectrode of the edge ring chuck is shown powered by a DC power supply 46.

The internal beseplate aeanelra@miecwmag W@feféhé‘é‘t Homeyniegionyd wiper srfacie edge

h f bl | [l I df h
0, POt o0 BBl BRI BREMBHER KPR e PRehegR o
FI GURE 5 (showgngamohiein &R Bk 97 hdifitdd @dsiPusianbficeohetle ARSLRA

i nvention wherein the edge ring chuck 50 and the wafer chuck 52 are nounted
directly on bagep3 stseppdrielion tierempotetieppapanfaseof deasigofringi chueldye A ng and

waf er chucks 50 are approxj mately copl ana e 56 ase te 54
separates the" Bbigﬁ rﬁau%tﬁ 0 ‘“‘ee}”aéﬁ?é'&‘k“g(p B’ES tq-g\éer gae r“ia?Fd ':380'?1
axial 'y 15 exhe gpgur@&fetdfqne 08 Y i@“'Tﬁ@'M?er%@%%ab@ﬁw%ﬁﬁ@‘é?tﬂe%&t@?

basepl ate 56 an

chuck so that the exposure of the edge of the wafer chuck 14 to the ions in the

15 plasma is reduced. The exposure of the edges of the wafer chuck 14 to the plasma
can cause erosion thereby reducing the life of the chuck 14. An edge ring 18
surrounds the wafer chuck 14 to further protect the edges of the wafer chuck 14
from ions in the plasma. The edge ring 18 is a consumable or replaceable part.
The wafer 19 overhangs the wafer chuck 14 and a portion of the edge ring 18

20 extends under the edge of the wafer 19. Typically, the wafer 19 overhangs the
edge of the wafer chuck 14 by 1 to 2 mm. In order to provide a greater degree of
protection to the wafer chuck 14, the top of the edge ring 18 is positioned as
closely as possible to the underside of the wafer 19. The expansion of the edge
ring during processing requires a clearance gap between the underside of the wafer

25 and the edge ring. If the edge ring is placed too close to the wafer backside, the
thermal expansion of the edge ring during processing can actually force the wafer

off of the chuck, aborting the process.



radi ally extending portion 62. A lower surface of the radially extending
portion 62 rests on the edge ring chuck 50. The axially extending portion
of the edgeot/Bngy 60 is sized to allow for expansion of thecadgei/sieg during
processing. The axially and radially extending portions of the edge ring
60, 62 are connected by a 20 transition portion 64 which is configured to
allow a wafer 66 to overlap an inner surface of the edge ring 58. As with

t he ot her enbodi ments, the underside of the edge ring 58 is supplied with a
heat transfer gas 68. The interfaces between the axially extending portion
of the edge ring 60 and the groove in thed-baseplate 56 can al so be provided
with heat transfer gas to further inprove thermal coupling of 35 the

. basepl ate and edge ri ng. WO 02/31219 g PCT/USO01/ 30286 Better

t enperature controfiRfRE hEs Qﬁ@ﬂlafgd’(lgwéxe%‘ﬂkﬂeslob\/@x B10RH S s BIg EPSof
advantages. First, controlling the tenperature of the edge ring reduces the
.anount of t heFiHIRBpaFhsi ‘&&febfl9tl$1éloe\d7g@/eﬂamgﬂ&rﬂ@ﬁ ng@srnm %stoﬂ@ra AP er

I b d.th de of th f
For -exanpl e, SCRABS s aigars e ggf LD b nk Bl PrdeBan Tno

ring or substgatg, éHR@@g tabu&'&?e SUBRERRGE tﬁb%&‘f%?Bhﬁéikelélbﬁlﬁk%ia‘ﬁﬁaﬂfn;}th@ waf er
and the edge ring 1s typical In the range of 0.005 or 0.006 inches. Wth

an el ect rsost a&dgeahigylSQhammdedadgsatmn mith rbspeetvterthe tiafes 161 eds sioven, e be
reduced to 0.002 to 0.003 inches, By reducing the clearance between the

edge ring andedEREINgARHiEsts OR@ @ugingFing ﬁésemsewhm CORPEIeS 3 CpvRIngdingdlY o a
greater degqr ﬁ%}d;a{n egécgrggﬁahg @%é)ey I ng%hlpcka%cuf 4 rt(t) gﬁ ruppelgrk%rf ggﬂfel?lé:@f he

particles ge as processing to ge of the

chuck is redused. rn@adhhu@wcmuehentpc&ﬂple@gey@&s th@eomfngrmfgr DSTbtthlefedgéﬂ y
contacting the wafer chuck resulting In m ni shed cl anpi ng capacity.

Reduci ng t he tiegrpicktidrcan &k l@mecbtmgeerepessgn @mmswrfm@ath@cqupémg (ﬁﬁ’@ew ty
of the g er|

t he emca r.at es qe r|
materi al! hig‘? 8‘?@?‘?1% rl[”Igel %W“W?r eci) {?]8\}3@?6 %lfl%l ]()%/\gﬁh ur es.
Using an el e%é&% r&ra&aheﬁlfe Fa@te?ﬁrfgr@acﬁla§a%ﬂ9§mryldf%oﬁ§m4alﬁe édg@@lmw
i nproverments I n wafer etch characteristics. |nprovements in etch uniformty
can resul t frdnchd?kambt sippiigd twich Dénguaveathyraesuithbletppweafsepplpadaeghyeenti ng as
well as ?0 From matching the RF i npedance path_thr ou h the wafer and. the
edge ring. Fiy§haspDe ﬁ@Wﬁhffl@rpl)a%@U%‘B%él?qdn‘ﬁ“‘élz exle, l“ﬁrthfor‘\'gpé‘rﬁﬁ'&a&? it e
dur i ng Processiih pk PSS E MR Gliiabd ARnfANBRATBIR, AR e ML At S1oar

the edge of t econd errn e same

materi als as iddehwdherplgbugkh htemetranme@am&hmatﬁe Mpmsbésis%aalfromm@nsd base
plate through the hot edge ring can be ?5 made mpre simlar to the

| npedance pat $pufeecil Q&ﬁé)emuppb@%vlécgabaéféagﬂ 2 © the r”éi@nfé#etb?éwm1f the couMing i s
particularly t ) U?S (?Hw base pQa pla [ e13 & ncl%xegeg\%eér{ i e ge rlﬁg%ﬁugk PMhnd the edge

ring 18. The gas passage 32 can extend through the base plate 13 and coupling
ring 15 at one or more locations spaced around the base plaie 13, e.g., extending
20 through passages in the bolts 28. The edge ring chuck 17 can be a mono-polar or

bi-polar chuck.

FIGURES 3 - 5 show variations of another embodiment of the present
invention wherein the edge ring chuck is mounted on the base plate rather than on
a coupling ring. As shown in FIGURE 3, an edge ring chuck is supported on the
25 baseplate 32 and a wafer chuck 36 supports a wafer 38. To promote heat transfer.
a gas supply 30 can supply a heat transfer gas through gas passage 32 into an

interface between the edge ring chuck 34 and the edge ring 30.



the sanme material (e.g., silicon). The current density in the plasma region
WO 02/ 31219 PCT/ USO01/ 30286 -9 adj acent the wafer and edge ring surfaces is
i nfl uencedohe/3ulye RF i npedance of these surfaces. By mat chp@gusdisors

i npedance of the edge ring and wafer, the current flow fromthe plasma to
the wafer surface can be made nore uni form near the edge of the wafer thus
i nproving the plasma uniformty and etch performance 5 of the reactor.

El ectrostatically clanping the edge ring can also result in reduced costs
of operating plasma processing equi pnent when conpared to ot her nethods of
securing the edge ring such as adhesive bondi ng or nechanical fastening.
For exanple, since there is no need to bond the edge ring to another
-menber, the cost 10 of the consumabl e edge ring can be reduced. Al so, with

el ectrostatic cl anpiGiYREUNGI0&4M ARotht NEmbBasimeA SXBOPRIME Chembiiegtaet hat are
covered in a separate step prior to operating the equipnent. The edge ring

-can be made finentiamycomprigingtanvistegeal épncapicca)ovafeli ang, edgatringothutk.nds ed t o,
silicon, siligon nitrid ili.con.gcarbide an al ILdm .num r?i t rfi 2e The Lﬁgge 15
ing mat er i al STOYAEPIRParieN O fhe uppet wEtg PE e nieBrl ayateedge ute

| nprove RF CO&H&H{ ROrdEd &Pfd%]lfo\év aW&?%%oﬁﬁtE‘@ oft B%Ktlrél rl6n BRfR chb@MAny

! 1 S
suitable material such as those used I n conventi ona ectrostatic wafer

chucks | icl udoveglapadidge dnghdmountd @othyiperigbaabhpaltior béfiecchmak eflihal s. The
edge ring chuck is preferably made froma 30 ceram c_paterial such as

al unmi na or al GRSt afithe edps ringrrhiuek dcshovderarered By e AYdBEWST SURRY 8flge ring
chuck can be FRAMIHAT AR bR bS1A de‘f&c{t)l{oy&  (BRLGLH R mdlhll BhRt v ed

ceram ¢ chucks, e electrodes arée preetera roma refractory netal

such as tungspdfioRof el dhagiemierprifer eRBtrich I SbRRA frHl@ hé elerngindledtaider es
encountered during sintering. The edge ring chuck can be made by a

sintering ?5 ¢radexdysiesattheaafeapmaiipe bf Hg chuelef ract ory netal el ectrode
(tungsten ink) between

10 FIGURE 5 shows another embodiment of the plasma chamber of the
present invention wherein the edge ring chuck 50 and the wafer chuck 52 are
mounted directly on baseplate 54 such that the upper surfaces of the edge ring and
wafer chucks 50, 52 are approximately coplanar. A groove 56 on baseplate 54
separates the edge ring and wafer chucks 50, 52. The edge ring 58 has an axially

15 extending portion 60 configured to engage the groove in the baseplate 56 and a
radially extending portion 62. A lower surface of the radially extending portion
62 rests on the edge ring chuck 50. The axially extending portion of the edge ring
60 is sized to allow for expansion of the edge ring during processing. The axially
and radially extending portions of the edge ring 60, 62 are connected by a

20 transition portion 64 which is configured to allow a wafer 66 to overlap an inner
surface of the edge ring 58. As with the other embodiments, the underside of the
edge ring 58 is supplied with a heat transfer gas 68. The interfaces between the
axially extending portion of the edge ring 60 and the groove in the baseplate 56
can also be provided with heat transfer gas to further improve thermal coupling of

25 the baseplate and edge ring.



WO 02/31219 -10 PCT/US01/ 30286 two ceram c green sheets and firing to form
the sintered structure. The edge ring chuck can be of the coulonbic (fully
i nsul ati NYP 0@B1219hnsen- Rahbeck type (sem conducting). The@uwg®i1zizsg chuck
may be secured to the coupling ring or substrate 5 support using any of the
met hods and materials known in the art for securing wafer chucks. The edge
ring chuck, for exanple, may be secured using a high tenperature polyner
adhesive such as a silicone adhesive. Al though the present invention has
been described in connection with preferred enbodi nents thereof, it will be
appreci ated by those skilled in the art 19 that additions, deletions,

nodi fi cations) and substitutions not specifically described can be made
»Wi t hout departing fromthe spirit and scope of the invention as defined in
t he appended cl ai rietter taMpedaiR1dnGo} dflthWlkedge riag cbsiltrd nimeroBCprddsil / 3028G
1. A coupling ring assenbly adapted to surround a substrate support in a
-pl asma r eact idgManpgath drirstsEngolmghe annerafareRidBeBige WagFRdusssHi§e amoNEhber

havi ng an an%li’ltl?errmsaﬁjQ)Pﬁarnrsioﬁ%rfftl?ecﬁfge?‘n& a%dqguseénlﬁ)%srﬁ?tsﬁlgilgr ﬁ&lil&llfcegn the

support surface.
between the top of the edge ring and the underside of the wafer. For example,

5 when the edge ring merely rests on the underlying coupling ring or substrate
support, the clearance between the backside of the wafer and the edge ring is
typically in the range of 0.005 or 0.006 inches. With an electrostatically clamped
edge ring, however, this clearance can be reduced to 0.002 to 0.003 inches. By
reducing the clearance between the edge ring and the wafer, the edge of the wafer

10 chuck is protected to a greater degree from erosion by the plasma. Further, the
tendency of particles generated during plasma processing to build up on the edge
of the chuck is reduced. Particle build-up can prevent the wafer from uniformly
contacting the wafer chuck resulting in diminished clamping capacity. Reducing
the temperature of the edge ring can also increase the longevity of the edge ring

15 since the chemical reaction rates of the edge ring material with the ions in the

plasma will be lower at lower temperatures.

Using an electrostatic chuck to clamp the edge ring can also lead to
improvements in wafer etch characteristics. Improvements in etch uniformity can
result from both matching the temperature of the wafer and edge ring as well as

20 from matching the RF impedance path through the wafer and the edge ring. First,
if the wafer and edge ring are similar in temperature during processing, the etch
characteristics can be made more uniform near the edge of the wafer. Second, by
using an edge ring chuck made of the same materials as the wafer chuck, the
impedance path from the RF powered base plate through the hot edge ring can be

25 made more similar to the impedance path from the RF powered base plate through
the wafer. This is particularly true when the wafer and edge ring are made trom

the same material (e.g., silicon). The current density in the plasma region



2. The coupling ring assenbly of claim11, wherein the electrostatic chuck
conprises a ceramc body with one or nore enbedded el ectrodes. 3 . The
coupl i ng wong/3amgenbly of claim 1, wherein the el ectrost atper/gdiachscs
bonded to the support surface with an adhesive. 10 4. The coupling ring
assenbly of claim1, further conprising at |east one gas passage extending
t hrough the nenber and the electrostatic chuck, the gas passage being
adapted to supply a heat transfer gas to an exposed surface of the
el ectrostatic chuck. 5. The coupling ring assenbly of claim1, further
conprising an edge ring 15 adapted to be-%l anped to the nember by the
el ectrostatic chuck. 6. A plasma reaction chanber, conprising: a substrate
-support on which a wafer to be processed can be nounted; and an
el ectrostati gdpdas thé Waferhug léd%é‘lri‘ﬂ@is@ﬂﬂac@ﬂ is©@d@8erided ®yahd RPeingepareoed during
processing. ?0 7. The plasma chanber of claim®6, wherein the substrate
-support conprhesesufadtzas e Bl anasching thegRakmpedenea ofsthaterge vng @nd aleskthen an
upper surface there[\of. 02/31&)13 1&1% PCT. U801/§028$ 8. Th | asma
chanber of _cICHTTIGHOVTEBiE DIREEfyle afly SOHATCATSOnETe e Bl FRE ri ng
assenbly CONpRd Sd A% ahe WARH tBhis MATEviNg i JIREnLLBESMABL Hdl GctPpd®ridahe Chuck
on an upper surface of the annul ar base and wherein a | ower surface of the
annul ar Base of ot matter.an upper surface of the substrate support. 5 9. The
pl asma chanber of claim 7, wherein an upper surface of the wafer chuck is
hi gher than an upper surface of the edge ring chuck. 10. The pl asma chamnber
of claim?7, furth | SN i . he: waf er'
and edge ring chuc IE&R%%HC%“ eglsﬁlgg{#gﬂgﬁ%éﬁenﬁé] g%IP@?gFé%ﬁg% ?ﬁérupﬁ(ggosgso(ﬁfpri si ng
an edge ring opeaRiag pedmhGrefesting cqaigmeni WherCEvitarsd ehothbeinetolipver surface
of the edge ring iS in contact wwth the edge ring chuck. 12. The plasma
chamber of clsa¢uringithe wige eing stdheascadfesivs bendongner msehnniogl Bsesingi d&lr| y
conductive materi {al .. 13.l The r[i)I asgq %ha er of O a}i m 1(1% wherein t he, edge
ring conpri s&&ABPIS Sighe these 0 eed 13 bauq e eiggfille tgANQMEE INCHIDET, (et n "t he
edge ring i nQryResoRum@bR%Age ring can be reduced. Also, with electrostatic clamping,

the edge ring has no exposed screw heads that are covered in a separate step prior

to operating the equipment.

The edge ring can be made from any conductive material including, but not
limited to, silicon, silicon nitride, silicon carbide and aluminum nitride. The edge
15 ring material is preferably the same as the wafer material in order to improve RF

coupling uniformity.

The edge ring chuck can be made from any suitable material such as those
used in conventional electrostatic wafer chucks including anodized aluminum,
polyimides and ceramic materials. The edge ring chuck is preferably made from a

20 ceramic material such as alumina or aluminum nitride. The electrode or electrodes
of the edge ring chuck can be made from any suitable conductive material. With
sintered ceramic chucks, the electrodes are preferably made from a refractory
metal such as tungsten or molybdenum which can withstand the high temperatures
encountered during sintering. The edge ring chuck can be made by a sintering

process such as sandwiching a retractory metal electrode (tungsten ink) between

19
wn



on an inside edge of an upper surface thereof and wherein the recess is
adapted to Fir beneath a wafer nounted on the wafer chuck. 15. The pl asna
chanber JdVO®RGIZNP7, wherein the baseplate conprises an el agmwispalshase
conductive material. '?0 16. The plasma chanber of claim 15, wherein the
baseplate is an RF driven WO 02/31219 -13 el ectrode. PCT/US(I1/30286 17.
The plasnma chanber of claim?7, further conprising an edge ring supported on
the edge ring chuck such that a | ower surface of the edge ring is in
contact with the edge ring chuck. 5 18. The plasma chanber of claim 17,
wherein the plasnma reacti on chanber corrpi(i)"ses a parallel plate reactor

havi ng an upper el ectrode facing the baseplate. 19. The plasna chanber of
-claim 18, further conprising a wafer nmounted on the wafer chuck such that
t he out er edgeoctrantiegwaheahcay endhfirigs td foemetigsimdred) stnidtirea Eheeadgamasy gap
between the | ower surface of the wafer, and an upper surface of the |0 edge
‘ring. 20. Théhptkaeamebectidheepulombia Gulhy meylaijpea 08I ahnsse-Raabesk ypef§EHys t he
i nner edge Ofcoﬁcﬂf'ctiﬁége ring. 21. The plasma chanber of claim 19, wherein

t he cl earance gap h&s a maxi mum spaci ng of about 0.002 to about 0.003
inches. 15 2?. The plasma chanber of claim8, wherein the coupling ring
assenbly is bolted or screwed to the substrate support. 23. The pl asna
chanber of d ai m &hewdee ging chhek plag Hageainethtvethe couplingemz onsibstrale et chi ng

apparatus. 24. A pmethod of.treating a.sem conductor substrate in the plasna
Chanber of 20uHos] ik awop bk TRl B AD T it BSaGhoT sCouibesa) 31215
- 14 PCT/ USOL/3Q&A% se.CTﬁé)éﬁ%[x'ixgga&l{u\ékao@rEthﬁ le?nﬁgflﬁrse&ﬂ'e@l hSin frﬁéhChU,Ck?
el ectrostatically clanping an edge ring to the edge ring chuck; sUpplying a
process gas tenpdreturenpaymer adiesivhaugt asasilicheerddbesivener gi zi ng t he process
gas into a plasma state; and
Although the present invention has been described in connection with
preferred embodiments thereof, it will be appreciated by those skilled in the art
10 that additions, deletions, modifications, and substitutions not specifically described
can be made without departing from the spirit and scope of the invention as

defined in the appended claims.



5 processing the wafer with the plasma. 25. The nethod of claim 24, further
conprising controlling the tenperature of the edge ring by supplying a heat
transfer ya23¢2Meen opposed surfaces of the edge ring andedmesarsorisar

base. . A AFE. A& . ARAY. A& E. A{ E. A{ . AY. A2. A& A9{ E. AYE. AY. Asr' Wi* F69<Z"ylI
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11$3y344444553555zupj e’ [ VU] ca] ca] ca] cal] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] C
a] ca] ca] ca] captatfsaddimad/iza] ca] ca] ca] ca] ca] ca] ca] ca] cal 586678\ 999! : q: : ;
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wDDDDDD: EGEEE FaFF al c™a]calc
aU] ca] ca] ca] ca] cal cagiag%iélg]ﬁ% gchFigL’] %@?{eg]tégﬁr%%dc%%ﬂ%gh% ﬁugh(f?!ﬁé!a] ca} ca]I I
JIVKKKILDLLLL DGR IR R 3dling dslvVeb& },gq ]ca]l ca]ca] ca]ca]c
a) ca] ca] ca] caE ca] ca] ca] ca] ca] ca] ca] caj ca] caj ca] cal ca ca] ca] ca]ca]ca]ca
] ca] ca] ca! SSTTUUVI ANk iadi By PP RGN Q0D RoRBRVRIERE(d g gb] XU]]ca] ca] ca] ca] ca
cal ca c cajcalc cal calca ca ca] cal] ca] calU] ca] ca] ca] ca] ca
L) Ca] Cabawh £ vouD e ol £ R EOORESCYScepS1 0% of o& ()< SLOVTE' ()~
| "910%I& ()-10%I& ()-*Fi K- 9GLOYI & () *1090& ()-3"1090& ()-109%& ()-910%& (
) - 9F10% & () -9S10%0& ()-6<Z[\]"~}si PRCLOW & (! IF&I0%& () - 10T10T10T*+10% &' (
) 9/ 109 &' () -B10%&hd bauphﬁg/d’&g(a)sserﬂlbly of e i1CWhe@IN TH%edt)ostatic @@ck
"109% ()-f!t!110% .& ()- '100/633%
109%& () - ! pF&IDYRDISES aswgm] bpdyy wrthereaargnqry embeddad elentupdenog, () - Y
7:109%& ()-LY 4:10%& ()-s 1 10%& () j N~ZdEdV7! &@0%H& () - &T10%& () - |
GLO%H& () - 109%H& () - 3" &10%H& (
10%-& () - FqdEglV7! &Tﬂé) 'l Tﬁl@%‘é’enﬁﬂl bYQ9A1&, Wherein the electrostatic chuck is
GLO%H& () - @0%H& ( $FAEdV7! &S/ F 10%4&' () - - 10944& () - 9*
1094& () - &10%4&1d(3§ i@%ﬁ@%ﬂ&'t @grfaCEONAH&ar( pdhesiYei bCl & 10% & ()-10% & ()- 10H
10H
10H&610%—|& ()- Y4L10%—|& ()-2F"10%4& () -iyadEbC &310% & ()--10% & ()-L10% & (

) osa Q6 () 20% Sikg (LAY HAMAUSP it 101 ast

1109% & ()-10% & () - 1% 7 )ﬁ“?%g ) Chafih S3TREsige fleast one gas
passage extending through the member and the electrostatic chuck, the gas passage
being adapted to supply a heat transfer gas to an exposed surface of the

electrostatic chuck.

5. The coupling ring assembly of claim 1, further comprising an edge ring

15 adapted to be clamped to the member by the electrostatic chuck.

6. A plasma reaction chamber, comprising:
a substrate support on which a wafer to be processed can be mounted; and
an electrostatic edge ring chuck on which an edge ring can be supported

during processing.

20 7. The plasma chamber of claim 6, wherein the substrate support comprises a

baseplate having an electrostatic wafer chuck on an upper surface thereof.
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5 9. The plasma chamber of claim 7, wherein an upper surface of the wafer

chuck is higher than an upper surface of the edge ring chuck.

10.  The plasma chamber of claim 7, further comprising a groove in the

baseplate between the wafer and edge ring chucks.
11.  The plasma chamber of claim 6, further comprising an edge ring supported
10 on the edge ring chuck such that a lower surface of the edge ring is in contact with

the edge ring chuck.

12, The plasma chamber of claim 11, wherein the edge ring comprises an

electrically conductive material.

13.  The plasma chamber of Claim 12, wherein the edge ring comprises silicon.
[5 14.  The plasma chamber of claim 11, wherein the edge ring includes a recess

on an inside edge of an upper surface thereof and wherein the recess 1s adapted to

fit beneath a wafer mounted on the wafer chuck.

15. The plasma chamber of claim 7, wherein the baseplate comprises an

electrically conductive material.

20 16.  The plasma chamber of claim 15, wherem the baseplate is an RF driven
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the edge ring chuck.

5 18.  The plasma chamber of claim 17, wherein the plasma reaction chamber

comprises a parallel plate reactor having an upper electrode facing the baseplate.

19.  The plasma chamber of claim 18, further comprising a wafer mounted on
the wafer chuck such that the outer edge of the wafer overhangs the edge ring with
a clearance gap between the lower surface of the wafer and an upper surface of the

10 edge ring.

20.  The plasma chamber of claim 19, wherein the wafer overhangs the inner

edge of the edge ring.

21. The plasma chamber of claim 19, wherein the clearance gap has a

maximum spacing of about 0.002 to about 0.003 inches.

15 22, The plasma chamber of claim 8, wherein the coupling ring assembly is

bolted or screwed to the substrate support.

23.  The plasma chamber of Claim 6, wherein the plasma chamber is a

semiconductor etching apparatus.

24, A method of treating a semiconductor substrate in the plasma chamber of

20 claim 7, said method comprising the steps of:
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Ent r yWor dDocunent : LY HBUR () X+ - . - )
e nacoEraHl 3 KLINEPRAEH Kb e 10 BERAERPY B0 he plagma chamber:
energizing the process gas into a plasma state; and

5 processing the wafer with the plasma.

25.  The method of claim 24, further comprising controlling the temperature of
the edge ring by supplying a heat transfer gas between opposed surfaces of the

edge ring and the annular base.



