WO 02/ 31219 PCT/ US01/ 30286 4 APR 2005 -1- Electrostatically O anped Edge
Ring for Plasma Processing Field of the Invention The present invention

rel ates tay@nzhkips oved apparatus and nethod for plasma pr%ﬂﬁ@n?@oﬁﬁ'd’ in
particular, an inproved apparatus and nethod for 5 plasna etching

sem conductor substrates. Background of the Invention In the fi eljdpfagns

sem conduct or processi ng, vacuum processi ng chanbers are generally used for
etching and chem cal vapor deposition (CVD) of nmaterials on substrates by
supplying an etching or deposition gas to the vacuum chanber and 10
application of an RF field to the gas to energize the gas into a plasna
state. Exanples of parallel plate, transforner coupled plasma (TCPTM which
is also called inductively coupled plasna (1 CP), and el ectron-cyclotron
resonance (ECR) reaciprs. and. conpqnents. thereof -arg disclosed.in comonly
oned LS. patent  nobeerantciRTRIRGE e R S8 PrlnRbaRESHD 750 &
Patent No. 15 4,793,975 also discloses a parallel plate plasna reactor.
During processing of sem conductor substrates, the substrates are typically
hel d i n pl ace Miekhefrihe Haverdinmim chanber on substrate hol ders by nechani cal

cl anps and el ectrostatic clanps (ESC). Exanpl es of such clanping systens and
conponents thereof can be found in commonly owned U. S. Patent Nos. 5,262,029

20 d 5, 838, 529. S . l.ar. ch f i . S.
20,20 5,939,525, AR50 TORSRRL P AORRL BEPBRINR .,
Patent Nos. 4882 Fidfecaiid Bd0uDpARulal indffRsel dppBabud g URs [t es.

cooling gas such as heliumcan be supplied to the backside of the
substrate.5 Ex apipdnesetoling werhicoodddtomgsubsirates.

Backeground of the Invention

In the field of semiconductor processing, vacuum processing chambers are
generally used for etching and chemical vapor deposition (CVD) of materials on
substrates by supplying an etching or deposition gas to the vacuum chamber and

10 application of an RF field to the gas to energize the gas into a plasma state.
Examples of parallel plate, transformer coupled plasma (TCP™) which is also
called inductively coupled plasma (ICP), and electron-cyclotron resonance (ECR)
reactors and components thereof are disclosed in commohly 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



WO 02/ 31219 PCT/ USOL/ 30286 4 APR 2005 -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

i ncl ude_consumpbl e (sacrificial) edge rings around the r af or

pur pose?’%qﬁz’ gﬁfi ning plasma to the area above the waf er%gﬁ@sgfﬁ&gg pr ot ect
the ESC from erosion by the plasma. For instance, an edge ringdgfr@ enment
is described in coomonly owned U. S. Patent Nos. 5, 805,408, 5, §, 2 and
6,013,984. O her exanples of edge ring arrangenents can be found in U S

Pat ent Nos. 5, 494,523; 5,986, 874; 6,022,809; 6,096, 161; and 6,117,349. 10
In plasma processing arrangenents whereiynn a sacrificial ring surrounds a

wafer, it would be desirable to inprove the thermal contact between the ring
and an underlying portion of the substrate support. By inproving thermal

coupling, inproved te r ontr ri could be realized and
the cl earandd beﬁ%ﬂﬁ%@%?#ﬂ@ﬁ%hél%brlraga%g%?f#ggg\éfﬁbgguﬁ be reduced. It
woul d al so bfsilrﬁsij&Si rable if the RF inpedance path fromthe baseplate to
the plasma intHe area above the wafer could be nore closely matched to the
RF i npedance path fromthe baseplate to the plasma in the area of the edge
ring in order to inprove plasma uniformty near the edge of the wafer.
Sunmary of the | nwdstrRigFURPOITheRnpnelydneorisnveblei(sasripicil) elkgs rings aupindng ring

o o O P R B RS LBIRL B P ASRAL SROLCT, o
Sgi’g‘i’rztl Sgwﬁgﬁf}‘% o%%ta S ElLRAAhE pRBHEK FRP iAdimcBURPRIde Sy face. VO
arrangement is described in commonly owned U.S. Patent Nos. 5,805,408,
5,998,932 and 6,013,984, Other examples bf edge ring arrangements can be
found in U.S. Patent Nos. 5,494,523; 5,986,874; 6,022.809; 6,096,161 and

6,117,349,

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 subsirate 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 maiched 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 adapied 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.



4 APR 2005 -3 The present invention also provides a plasna reaction chanber
conprising a wafer support on which a wafer to be processed can be nounted
and an e&y@oi/sessatic edge ring chuck on which an edge ri ng1aadBessupport ed
during processing. In a preferred enbodi nent of the plasnma reaction
chanber, the 5 substrate support conprises a basepl ate havi ng anAPR 2005

el ectrostatic wafer chuck on an wupper 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 conductor substrate such3as a wafer in a pl asma chanber
wherein the plasma chanber 10 conprises a substrate support, an

el ectrostati c wafer chuck on an upper surface of the substrate support and

an el ectrostatic ddgeredengineobnttin 0so poviies aplsdgaesdiing chaabebenspidesr t ed. I n
a preferred enbodi ment, the nethod conprises the steps of electrostatically
cl anpi ng a wdfwrfer $nPRE ARavbich @valRr todjedroesstdgancisl IguledApd A an  edge

i h in huck | yi he.,int.eri f th
147, 0,41, SORRRANS: NSl S HRBI O B BRCARZC 7S ALHECLDURL °r, o 11
processing thfocGher ith pheithes PhBSMenPb A pRRRAIERLIAiBbEAGHD aW ngs

FIGURE 1 is partial view of a parallel p e plasma processing apparatus

accor di n§ t o subsirge agott compeists DbaseplteRiaGiigRanlecratqiarwafal clwickwnafh a
pl asma chanmber conprising an edge ring_ chuck mpunted on a coupling ring

accor di ng t o Upher gfeaitheesal. dn anpleppedamd embprlimentgr; thewlagma 39a8iion
PCT/ Usal/ 3028c%af4r1beA11? Iﬁaezgcpg% r'uf% chuck is part of a coupling ring assembly.

The present invention also provides a method of treating a semiconductor

subsirate such as a wafer in a plasma chamber wherein the plasma chamber

10 comprises a subsirate 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 pariial view of a plasma chamber comprising an edge ring
chuck mounted on a coupling ring according to one embodiment of the present

invention;



FIGURE 3 is a partial view of a plasma chanber conprising an edge ring
chuck nounted on a basepl ate according to another enbodi nent of the present
inventi gy ofdiGHRE 4 is a partial view of a plasnma chanbeEC%ﬁ%gigééﬂg to the
invention 5 conprising an integral edge ring/wafer chuck nounted on a
basepl ate; and FIGURE 5 is a partial view of a plasnma charrber,I gichgmjl ng to
anot her enbodi nent of the invention conprising an edge ring adapted to fit
into a groove in the baseplate between the wafer and edge ring chucks.

Det ai |l ed Description of the Preferred Enbodi nents 10 The invention provides
an inproved substrate support arrangenedt for a plasna reactor wherein a
sacrificial edge ring surrounds a sem conductor substrate such as a silicon
wafer. In arrangenents wherein an edge ring nerely rests on the wunderlying
substrate supportrNeRES iBgldrtialvRWASEa Blistih @Kbh¥erddMsidd b bdRNghs
engagenent wth the substrate support, the ring can becong very hot during
15 pl asma prchods siongtedfontahieassplins tacadrdinglin anbiher asbodieneof the psedest r at e
overlies a _portion of the edge ring, the thermal expansion of the edge ring
during pl asiBvenb8cessi ng makes it necessary to provide sufficient clearance

i1t the subet rararRegts eratid N o6 Balla ot bRl B2ReTRENAE" "

el ectrost at i Guffliede drSinuged e ﬁﬁ%ﬁvﬁa@eﬁ&lﬁpﬁ@n&m&ﬁtd@é BadePlaf; SRSt rate
support conprising a powered el ecirode which supplies an” RF bias to the

substrate, the RF inpedance path fromthe powered el ectrode through the ESC
and substrate to sma can _be different than the RF i npedance path
froman outer por%mglﬁﬁé}aﬁ&kﬂ%oé?é F@d%amﬁ?%%ﬁrql%t(gg‘&&erring to the
pl asma and 'ts,tﬂ'ﬂﬁ: > e i O Ie 25 '
substrate Thé i I’%ﬁ/@g?tl Oofﬁhéc:%?%J%QO%ﬁésmgﬁxﬁ%?&kﬁ%\% dtﬁ ﬂgﬁaaﬁémt"bg

el ectrost at i@ tNOp2pRIBAW BN 3N gd rANSRHEOID

Detailed Description of the Preferred Embodiments

10 The invention provides an improved substrate suppott arrangement for a
plasma reactor wherein a sacrificial edge ring surrounds a semiconductor substrate
such as a silicon wafer. In arrangements wherein an edge ring merely rests on the
ﬁnderlying substrate support and is held in place by gravity and/or frictional
engagement with the substrate support, the ring can become very hot during

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



-5 edge ring chuck which inproves thermal coupling of the edge ring to the
substrate support. In addition, by selecting materials for the edge ring
chuck andygdgei2is ng according to the invention, it is posgit®ikesprovide
nore uniformty of the plasm denS|ty acr oss the substrate due to inproved
RF i npedance path matching. 5 FIGURE 1 shows a parallel platéel pPRadlih
reacti on chanber 10 according to one enbodi nent the invention. The
apparatus conprises an upper electrode 11. and a | ower el ectrode assenbly
12. The | ower el ectrode assenbly conprises a baseplate 13 and an

el ectrostatic wafer chuck 14 nounted on &n upper surface thereof. A
coupling ring 15 rests on a flange 16 of the baseplate. The coupling 10 ring
15 has an edge ring chuck 17 nounted on an upper surface thereof. An edge

ring 18 is supporhednadk @vhﬁ:heiﬁ'&a(?&g t}'rH?ﬂ@lrc%hﬁ@%?tl@edg@%@dﬁ%é klﬂﬁtrﬁt}éUCk 17.

A wafer 19 is nounted on the er chuck such as to overlap the wafer

chuck and t hepparhein sddifiawe,ebyofeldchies athgeiatd fog tHeBedgEéngnafiek ahd edyeringaps t he
edge of the wafer  chuck so that the exposure of the edge of the wafer chuck
14 to the i oricordingHe theinyerdom it is postdile &provide I@Qfﬁ)‘éﬂlf&!ﬂéw Qfﬁbe BagE8 of the

waf er chuck 14 L0 t he an cause_er ereb red the life of
the chuck 14 CepiBetig e b0l B Ao R Re s BR Rt FEPG r  he
protect the edges of the wafer chuck 14 fromions in the pl asna. The edge
ring 18 is a consunable or replaceable part. The wafer 19 overhangs the
waf er chiéck 14 andfI&URIEtl dwwofa gahdickdbe plasmp dBc@dn elxtrelradsl Oumrdendinghte edge
of the wafer 19. Typically, the wafer 19 overhangs the edge of the wafer
chuck 14 by 10116&1@0ﬁlfﬁler4t & YRy BRoANPaEatys Gy yHIses aaé'@t)@reel%qtrodsrét ection

Lo the vafer shuckudductifol 8080 He POR I 048 3.RARI (gasflcas ol osely

e un ersi e expansi ge

ring during ps:@&aseilnGnledtE@Dstic Waskt 2R6E BRoARIRR Nl ighedREGIE de of the
wafer 25 and the edge ring. If the edge ring is placed too close to the

waf er backsi diserepheA eduphngbingxdansis on adtangh é6 ef dfee basaplattur Thegequpbsgssi ng

can actugily ;ir?gr (fg hgsha?n ggjlgfeerring chuck 17 mounted on an upper surface thereof. An edge
ring 18 is supported on the exposed upper surface of the edge ring chuck 17. A
wafer 19 is mounted on the wafer chuck 14 such as to overlap the wafer chuck and
the inner surfa;:e of the edge ring 18. The wafer 19 overlaps the edge of the wafer
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 ! 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

O]
(]

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.



of f of the chuck, aborting the process. WO 02/31219 PCT/ USQOL/ 30286 4 APR
2005 -6 FIGURE 2 is an enlarged view of the |ower el ectrode assenbly 12 of
FIGURE 1. The wafer 19 is shown overlapping the edge ring 18 to forma gap
or clew@ma223 bet ween t he waf er backsi de and the edgeptirngoi/8o2sdhe i nner
edge of the edge ring 18 abuts the outer edge of the wafer chuck 14 thus
mai ntaining the 5 edge ring 18 in a desired position with respapg g the
wafer 19. As shown, the edge ring 18 rests on a coupling ring assenbly

whi ch conprises a coupling ring 15 and an electrostatic edge ring chuck 17
secured to an upper surface thereof. The edge ring chuck 17 can extend
conpl etely across the coupling ring 15 of- the edge ring chuck 17 can be

| ocated in a recess in the upper surface of the coupling ring 10 15. The
coupling ring 15 can be supported on the base plate 13 with or wthout

mechani cal or adhgsiures hashfrhRg&UGBWAT e RWer 2ldcin¥dohssbablysi 24 The edge
ring chuck 17 can be supplied with DC power by a suitable power supply

arrangenent FISUERE ds 'EheD@afsoulris shippi gve2Bppisigribe addecant W8 tefo28 egapeodi ng
s . 24. |In order t rove t

t hrough a passage i one of the bolts i er nal
trans? er bgt %‘Cﬂ%g ey ha gv %rllaﬁkﬁﬂalﬂ%@eﬂg%“&gét%e  IHCTH Ctrpraansfer
as such as . j via gas
Dassage 3. DeFike ABEES A e of @bt R Khuch 1 £ s e R B L7 P
13 and/ gr beiaeeihgt Iteined@Rirkd POsiGbE GKthlréspadtd e vedael19.r ABghddn, thee gas

passage 32 can extend through the base plate 13 and coupling ring 15 at one
or nore | ocatdgenmgsiBaissld oaroumgling eirgaseengilawdiidiBconepnises agetipling ngg 20

t hrough passages in . the .bolts 28. The edge ring chuck 17 can be nono- pol ar
o by pol araR e BREAE S TR it h YARTSh PURTSET HOE S reRiboBhront | o

the present ed'lg@‘fﬁ{étd'h%k WHRhR bRehl RoRf%) LB KupEnd RHE 5 U, Ak &dpe Pase
pl at e rather tthan  on
ring chuck 17 can be located in a recess in the upper surface of the coupling ring
10 15. The coupling ring 15 can be supported on the base plate 13 with or without
mechanical or adhesive fastening such :as a plurality of bolts 24. The edge ring
chuck 17 can be supplied with DC power by a suitable power supply arrangement
such as a DC power supply 26 using a lead wire 28 extending through a passage in
one of the bolts 24. In order to improve thermal transfer between the edge ring 15
15 and the base plate 13, a heat transfer gas such as He or process gas from a 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 ring 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 more locations spaced around the base plate 13, e.g., exiending
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 shdwn 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.



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 pronote
heat transfer, a gas supply 30 can supply a heat transfer gas through gas
passage 3WG®3d2¥n interface between the edge ring chuck BdT/arak/dobss edge
ring 30. WO 02/31219 PCT/ USQOL/ 30286 4 APR 2005 -7 FI GURE 4 shows anot her
enbodi nent of the plasma chanber of the invention conprisi ng Miﬁt egral
(one-pi ece) wafer and edge ring chuck. As shown, a peripher Iﬁgo on of

t he upper surface of the integral wafer/edge ring 40 chuck is recessed to
allow a wafer 42 nmounted on a central portion of the chuck to 5 overlap an
edge ring 44 nounted on the peri pheral pdr7t| on of the chuck. The el ectrode
of the edge ring chuck is shown powered by a DC power supply 46. The
internal el ectrode (nmono-polar) or electrodes (bi-polar) of the edge ring
portion of the chutkGHRE $pslefvaraipther elrdbotiimeanabf thel (dainat ehanfoeoof thiee | nt er nal
el ectrode or _electrodes _of the wafer portion of the chuck. 10 FIGURE 5
shows anot her IBgBbeR ﬁ‘ﬁﬁl@“%ﬂb hBigarakwacPrapberienand pige mreduisk: Adventi on

e et nte. SHSul hShrbhbel B RE A Epd sl GO e Ryt ot Y

chucks 50, 52:Ri& RRAOXHTHLEIY aCRPLARR rmouﬁtéﬂrdﬂoé/&n%@l Bé‘m%ﬁ%% Iﬁieaé}ﬁ‘]cf'é%
separates the edge ring and wafer chucks 50, . The edge ring 58 has an

axially 15 exbpesadipnan @igetringridemocmnd |oguh®peﬂmlemhgpagmmdfdh@ckmke The t he
basepl ate 56 and a Bf?dl ally extending portion 62. A | ower surface of the
radi al |y ext eRl§eHgdH EPFS%C ¥og Fhugksis Showmpoweigd bb’l%Bcd?ﬂY@k supply fie axi al |y

ext endi ng_ POr i Blval B ARR a0 B0 of SRR io0dlh Gl AggExRRNSI o0 O

t he edge ring ring processin

‘portions of t@@nﬁdﬂ@f thé BigickQure ﬁ?ef@faﬁlycé)éﬁﬂﬁ@aﬂl‘9Clsdl¥te@fl%% E]fealﬂt%tﬂa! @ﬁci@@dél on 64
which is configured to allow a wafer to overlap an inner

or electrodes of the wafer portion of the chuck.

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 resis 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 connecied 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.



surface of the edge ring 58. As with the other enbodi nents, the underside of
the edge ring 58 is supplied with a heat transfer gas 68. The interfaces
bet ween whez3@axd al | y extendi ng portion of the edge ring @raféhikhgsaroove in
t he baseplate 56 can also be provided with heat transfer gas to further

i nprove thermal coupling of 25 the baseplate and edge ring. éﬁ%g 31219
PCT/ USOL/ 30286 4 APR 2005 -8 Better tenperature control of tf'} é ring

results in nunerous process advantages. First, controlling the tenperature
of the edge ring reduces the anount of thermal expansion of the edge ring
and thus allows for smaller clearances -8between the top of the edge ring and
the underside of the wafer. For exanple, 5 when the edge ring nerely rests
on the underlying coupling ring or substrate support, the clearance between

the backside of tEtheY\@é‘n%erﬁﬂﬁé doAoPSORE tlisWrin restuYt@'n?ﬁhMrdu'é‘ prét@sy ange of
0. 005 or 0.006 inches th an electrostatically clanped edge ring,

however, t hiaslvmitegaﬂsarﬁe;t,cmtlbﬂmgdﬂmtaamamﬁ &X0Be tad)ge()nﬁ@ﬁeduneméls anidyint
reduci ng the cl earance betvveen the edge ring and the wafer, the edge of the
waf er 10 chuphgrmab expagsiop et s félg@rfélétf’élﬁ ta%algéwrﬁoesmﬂﬁrs@@ﬁaw%t he pl asna.

Fur ther  t e &AMR0RY, Of PR35 SLERn@RRSHALSHAUILOSRLA YR BifgRES N0 {0

build up on i's reduce ¢an prevent

the waf gr fr\ﬂmnlmefe@gmm n&@ly 26dtd B9 tHehdval Rk c%hﬁ ﬂ%ﬁﬁg@k khtraien di mi ni shed
cl anpi ng capacity. Reduc’ ng the tenperature of e edge ring can al so

i ncrease t hesuppmg,ekhﬂtcyeacﬁncc hetwdgélerbangsldﬁo’éﬂnaeafemmcbthemigatmgeact| on rates
Cover Zﬁ%&t&éxﬁ% (T Beiapctat’ BobS e 94MGinehcsn owich B rcampmegoRed ng can
o Lo e PHAOYRTEIE DAL 63 RIS YLOOLod TR
and edge ri ﬁ@dl@aﬁng\ﬂid clég&ance between the edge ring and the wafer, the edge of the wafer
10 chuck is protected o a greater degree from erosion by the plasma. Further, the

tendency of particies generated during it)lasma 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 termnperature 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 io
improvements in wafer etch characieristics. Improvements in etch uniformity can
resulf 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

I
h

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 from

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



20 from mat ching the RF inpedance path through the wafer and the edge ring.
First, if the wafer and edge ring are simlar in tenperature during
processi Mg ox#e1%et ch characteristics can be nade nore unptonsunsass t he edge
of the wafer. Second, by wusing an edge ring chuck nmade of the sane
materials as the wafer chuck, the inpedance path fromthe RF powered base
pl ate through the hot edge ring can be 25 nmade nore simlar tbAPhémEnpedance
path fromthe RF powered base plate through the wafer. This is particularly
true when the wafer and edge ring are made from the same material (e.g.,
silicon). The current density in the pla%m regi on WO 02/31219

PCT/ USOL/ 30286 4 APR 2005 -9 adjacent the wafer and edge ring surfaces is

i nfluenced by the RF inpedance of these surfaces. By matching the RF

i rpedance of adjenedgavafemghdagide WalcarfatdRes irfluehest by tHevrEF ﬁmge@h@ pf asma to
the wafer. surtace can be nmade nore uniformnear the edge of the wafer thus

i nprovi ng th@leiﬂ a@faﬁemuﬁydmﬁchmgéhﬂjREnmme@ﬂém of Henesige faigoﬁ‘ﬂdt\mfer,éhftt or.

El ectrostati caI Ia&g r{ﬂ gﬁg ilr}ﬁ caEa&aI 0] resa(lel i n reduced costs of
operating pl9¥ &%S’c Wi tHy P {51? 1tV e PGSR 88 Ma5e SRHENTHAPH G of
securing the ; j i i ng. For
exanpl e, si n@g%gggpgﬂgsﬁﬁghwggaﬁﬁﬂgﬁgfg\ﬁe P ﬁgﬂ S&g}a@ﬁlﬂgﬁgﬁlegﬁg’%ﬁfgﬁﬁﬁeﬁ%er t he
cost 10 »f tbfthegesiorabl e edge ring can be reduced. Also, with electrostatic
clanping, the edge ring has no exposed screw heads that are covered in a

separate step prior to operating the equipnent. The edge ring can be nade
from any conducti but not limt

~silicon nitride, gchpa%}ﬁtrll 3?&?#&‘%@%%@&%%&% 250 rggﬂt Wg&é‘ifaé:oi% Olrt]l ng
2‘;‘5 §|r : ﬁg Iu fu f@;gﬁﬂ@ﬂhymﬁ BRycB &R @fiftet \WakR CofBh R 1Blothd? 1REHESs Jro | mprove RF
securing the edge ring such as adhesive bonding or mechanical fastening. For
example, since there is no need to bond the edge ring to another member, the cost
10 of the consumable edge 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 electrosiatic 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

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




The edge ring chuck can be made from any suitable material such as'those
used in conventional electrostatic wafer chucks including anodi zed al um num
pol yi m sl oxfidiceranm ¢ materials. The edge ring chuck is greienablsy nade
froma 20 ceramic material such as alum na or alumnumnitride. The

el ectrode or electrodes of the edge ring chuck can be nade fqo

sui tabl e conductive material. Wth sintered ceram c chucks, the e ectrodes
are preferably made froma refractory netal such as tungsten or nol ybdenum
whi ch can withstand the high tenperatures encountered during sintering. The
edge ring chuck can be made by a sinteribhg 25 process such as sandwi ching a
refractory netal electrode (tungsten ink) between WO 02/31219 PCT/ USOL/ 30286
4 APR 2005 -10 two ceram c green sheets and firing to formthe sintered
structure. Thecedstc bicel shedyigkd Gang keforhn thBgimkeel eirbétard f vhe ydgermg ating)

or Johnsen- Rahbeck type (sem - conducting). The edge ring chuck may be
secured to thieskonndleiafghe coigombics(ibit manleting Uppuren-Radibagk tpy (sfnit he

nmet hods and ma | s known in the art for securing wafer chucks. The edge
ring chuck, °f ‘méwgnple may be secured using a high tenperature polymer
adhesi ve such as a silicone adhesive. Although the present invention has
been described in connection with preferred enbodinents thereof, it wll be
appreci ated by t "I(hé%d%é<t1|ngeﬁutl{1nia?¢>e%éduré@td thatcoagiehd 1iagor seiekatd ons,

modi fications, and substitutions not specifically described can be nade

wi t hout Sdepaumpmgummg)mx hethephethedseand syepas dhowhén |ﬂm/aﬁtf®rcﬁ¢cusng defined in

the appended fl,-rac,!hucks T[A‘ ee R g?e gr?g C mc% for e%mp]e tnt;zg/ be secmed using a hxgh

temperature polymer adhesive such as a silicone adhesive.

Although the present invention has been described in cormection 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 depariing from the spirit and scope of the invention as

defined in the appended claims.



1. A coupllng ring assenbly adapted to:surround-a substrate support ina -
pl asma reaction chanber, said coupling ring assenbly conprising: a nenber
havi ng an annul ar support surface; an el ectrostatic.chuck on.the annul ar

support surface: and an edge ring on the el ectrostatic chuck di nensioned so~

as to provide a clearance gap between a |ower surface of a substrat

| ocated on the substrate support and an upper surface of the ed[gépﬂi(}% 2.
The coupling rTing assenbly of Claim1, wherein the electrostatic chuck
conprises a -~ceram c body with one or nore enbedded el ectrodes. 3. The
coupling ring assenbly of aim1l, whetein the electrostatic chuck is bonded
to the support surface with an adhesive. 4. The coupling ring assenbly of
Claim 1, further conprising at |east one gas passage extending through the
menber and the electrostatic_ chuck, the gas passage being adapted to supply
a heat transfer gas to an e 0 & he el ectrostatic chuck. 5. The
coupling ring assenbly of Claim1l, wherein the electrostatic chuck conprises
a bilpol arA chuptikg ring afsepitdy adaptaibiotsucround asbisstrateccuppoit $i a@lasmageatpionng i ng
asset@hﬁly[b@dgag@guﬁlﬁlgs@ﬁgr@yagb@ cOHpSkingt € support in the plasma reaction
chanber, e aTH T ol aﬁ'a@ﬂul@??tﬁjﬂ%tys gﬁg@rl Si ng a rrenbﬁr havi Ing an annul ar
support sur on the annul ar support
surf ace; &?&%ﬁ'bstgﬂc u%ﬁ n(tﬁe?rﬁ{gﬁa&fg (Fr PI grff{(d |on d so as to

provi de aa&‘leg&?gﬁ% n B‘i‘ e tgfprg EIB GAEANSC EBR at ed on

t he dabwepatlewsipptace o ﬁdulaﬁﬁratpplpéate% Qn tlecuibsirate sepositeps an wper wurfacR@fpl asna

pr ocdbsedyy roiganber of C aim 6, wherein the substrate support conprises a
basepl at e having an el ectrostatic wafer chuck on an upper surface thereof.

8. The pl agfERoapiioBhg HseftbBi P Glaini € wBkrRifihle QREroStfié 8RRk LoniphigesEnber
cont Et:%fa?m@%ody with one or more embedded electrodes.

3. The coupling ring assembly of Claim 1, wherein the electrostatic chuck is bonded to the
support surface with an adhesive.

4. The coupling ring assembly of Claim 1, further comprising at least 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, wherein the electrostatic chuck comprises a
bipolar chuck.
6. A plasma reaction chamber, comprising:

a coupling ring assembly adapted to surround a substraie support in the plasma reaction
chamber, the coupling ring assembly comprising:

a member having an annular support surface;

an electrostatic edge ring chuck on the annular support surface; and

an edge ring on the edge ring chuck dimensioned so as to provide a clearance gap
between a lower surface of a substrate located on the substrate support and an upper surface of
the edge ring.

7. The plasma processing chamber of Claim 6, wherein the substrate support comprises a
baseplate having an electrostatic wafer chuck on an upper surface thereof.

8. The plasma chamber of Claim 6, wherein a lower surface of the member contacts an
upper surface of the substrate support.

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.



upper surface of the substrate support.®9. The plasma chanber of Caim?7, ,
wherei n an upper surface of the wafer chuck is higher than an upper surface
of the edge ring chuck. 4 APR 2005 10. The pl asma chanmber of Caim7, :
further conprising a groove in the baseplate between the wafer and edge
ring chucks. 11. The plasma chanber of Claim 6, wherein the edge §APR 2605
adapted to be electrostatically clanped to the edge ring chuck. 12. The

pl asma chamnbéer of Claim6, wherein the edge ring conprises an electrically
conductive material. 13. The plasma g¢hanber of Claim 12, wherein the edge
ring conprises silicon. 14. The pla§ﬁé chanmber of Claim 7, wherein the edge
ring i'hcludes a recess on an inside edge of an upper surface thereof and
wherein the recess is adapted to fit beneath a wafer nounted on the wafer

chuck, 15, Th | a ch er of Caim7, wherein the baseplate conprises an
el ect?i callh§ Pﬁ’é@ﬁ&_ g?ab%%"r@w& i afurthes Comprisipg 8 EFRPVErA Hischaseiriaie bsivrgens,
wher Bierwaipeansbedtggirimgechugksan RF driven el ectrode. 17. The pl asma chanber of
Claim 7, wherein the edge ring is adapted to be electrostatically clanped
to the edJfe piadtaChsaker Halaihhe, Phasipthe fé@?ﬁbﬂﬁg of adabadb b8 clashiesefidalyhe

e

pl aspRHRASS LiRagP dmRRIuQoNPrises a parallel plate reactor having an upper
el ectrode facing the baseplate. 19. The plasnma chanber of C aim 18, further

conpr.isi ng,a _waf er . nount on the,waf er huck such .that the.outer edge of
e vt o 58 el suARhE S8 by s SR reAEEPHER PAATEGT he | ower
sur f serdustive mateiidk-er and an upper surface of the edge ring. 20. The plasma

chanber of Caim 19, wherein the wafer overhangs the inner edge of the edge

ri ng.1321. ThbglgpinasimmbiaoiElaimfl2 CvaemrinliBe edferiag nompdses!sdiwance gap has a
maxi mum spaci ng of J

14.  The plasma chamber of Claim 7, wherein the edge ring includes a recess on an inside

edge of an upper surface thereof and wherein the recess is 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.

16.  The plasma chamber of Claim 15, wherein the baseplate is an RF driven electrode.

17.  The plasma chamber of Claim 7, wherein the edge ring is adapted to be electrostatically
clamped to the edge ring chuck.

18.  The plasma chamber of Claim 16, 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 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.

22.  The plasma chamber of Claim 6, 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.



about 0.002 to about 0.003 inches. 22. The pI asma chanber of C aim6,
wherein the coupling ring assenbly i's bolted or screwed to t.he substrate ‘
support. 23. The plasnma chamber of O aim6, wherein the plasma chanber is- a
sem conductor etching apparatus. 4 APR 2005 24. A nethod of treatin
sem conductor substrate in the plasma chanber of Caim?7, said ln—él?fh%lﬂf!
conprising the steps of: electrostatically clanping a wafer to the wafer
chuck; electrostatically clanmping the edge ring to the edge ring chuck;
suppl yi ng a process gas to the integger of the plasma chanber; energizing
the process gas into a plasma state; and processing the wafer with the
pl asma. 25. The nethod of Caim 24, further conprising controlling the
tenperature of the edge ring by supplying a heat transfer gas between
oppazed Surrnfet%odsof (tjlfeattn?gea ggr%con&uc?orasﬂ st}a?ee in the pﬂllsr%; C algggrrcgf 81‘&11{1;1 ?C said
method comprising the steps of:

electrostatically clamping a wafer to the wafer chuck;

electrostatically clamping the edge ring to the edge ring chuck;

supplying a process gas to the interior of the plasma chamber;

energizing the process gas into a plasma state; and

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 support surface.



