; e3e, Lx6JTzD2 3 JUN 200 ELECTRODE ASSEMBLY Backgr ound of @gm‘pg tion The
present invention relates to apparatus and nethods for processi @}
substrates such as semi.conductor substrates for use in TC fabrication or
panels (e.g., glass, plastic, or the like) for use .in flat panel display
applications. Mre particularly, the present invention rélates to nethods
and apparatuses that are capable of processing substrates with a high
degree of processing uniformty across the substrate 10 surface. Over the
years, plasna processing syst en& 5t RITE AR BRYuUct i vel y coupl ed pl asna
sources, electron cyclotron resonanc ECR) sources, capacitive sources,
and the |ike, have been i ntr ca&eed PLARGIMYEHHOR o vari ous degrees to
process sem conductor substrates and di splay panels. During the manufacture
of these 15 products, multiple deposition and/or etching steps may be

enpl oygd. Duri nregeemssi inventjonmelatesitalkppantes apmsibbécifonpravessimgibst r at e

surface (such as the surf.ace of a gl ass panel, wafer). Far exanple,
deposi t ed SPERFEHES B ﬁsmdruﬁ&s %’FW%’S& r‘?ﬁf"?ﬁ%ﬁa,%r’gwc?”c rPaHf?léﬁ?'&e, silicon
nitride, mRisalasiidorl A6 k)M WBYinDBat hARATRED dpPfcatiohl ARRrObarkibRadybSt r at e.

During etching, materials are selectively removed from 20 predefinéd areas
on the sulkq prgsant inpeptiorrelstes toonaipfivandapphratiséethat are sapabldofas vi as,

Fet o 11 ng e R albE il WEbhes el USIolioPi) 850RRS B o

I n order tsarfptecess a substrate, a substrate 12 is placed on a substrate
pedestal 14 insjde a process chanber 16 and a _process gas is fed into the

process chanmberOY® thowesss, plasmaprpegpsing sytipmps vilipingindnetiyehveapledyas t o
S NS ‘ .
S B AR B

ignited, it I's sustalined w e cdupled to
t he pl asndhe hike,dmve beenutrbéboadvand wapdoyed tg varioariagicts soeprgeess nduct i vel'y,

t hrough m crowave,. an he like. The plasma.is . then | o in the
_ proc egsi ngFePHeqRdugtor ?“ﬂ’s%rﬁt% é‘?“igﬁ’WI @f'cﬁﬂ“ﬁ‘g H’éﬂ%%’}“?ar‘@“f?%‘/’%ﬁ%eéﬁ t he
subst rgt e pkdducks) mmaﬁleﬁebbﬁﬁbﬂ&&yoﬁetgg%ggggét%aﬁé bAgRYEE. Darihgr med

proxi mate the substrate surface to a he 1ons of the plasm

t owar ds t Hepesiben maelerials ayhdapesititegnto pesbsitistesuifacenth anthe swrfadetdf aot her

reactants, ti t racessi reaction. The sheath vaolta is
associ at e (;m&%t%aﬁgitn&e %@egi géﬁ g’%ﬁ: i%tl 31‘83 ﬁ@@&%@ﬁ%@r‘i‘st‘ v’sgﬁbst rate
pedest al lsflieyid silieon foxédwsitiBon nitride, Sneldlk dnP B0 e iibe@EBédon hRWEVEr, the

el ectrical coupling between the substrate pedestal 14 and the plasma 18
tends to b®TRERofHcHEbsHatenPerng stehingewmaterials grpseeledlizelyaemeres fomt he process

per f organ e&gﬁ&a feud18 ( i . L NE
center of Cﬁrhe su :a{%%?gﬁjtiée%‘gfss&ta%sbe p?'?;%:eg%'gi’%r %'f%%erde%? y tSH%Lﬁgs’edge of
t he subst rainggcis od beheres hnaycoet foemyd &l e hfewadithd dubsegint er and edge differ.

Accordingly, the edge of the substrate is not generally used o create
|Cs. which as Befeedts i Figy <t sanyentonebplpskiocesEsYsism i oWt Bt ur et

Fur t her mor gudef f4ord€88 A Gubtfatd, %rﬁéﬁﬁyﬁisﬁx‘féﬁ gﬁiﬂisggﬁgaf% ?%ndeebtsﬁﬁ E@&Eid%%' y

inportant to inprove process uniformty [rata. 10 In
vi ew of t hprotesseheinbgr 16 el @pocessms is fed intogicoprodeseehdmblar landhismpar at us f or

I nereazd ”ge&’éx&;‘? ?sss%pgﬁéé R'ihe E)Xoc%és éars]%o fg%gt]:a aa(ia asgsfa 1t8h1%si S Set Igrgct:e%'s cﬁa.zmber
16. After the plasma is ignifed, it is sustained with additional energy, which may be

coupled to the plasma in various well-known ways, e.g., capacitively, inductively,

A6 LTI

’-B_)

through microwave, and the like. The plasma is then employed in the processing iask,
€.g., 1o selectively etch or deposit a film on the substrate 12. In most situations, a

30  sheath voltage 20 is formed proximate the substrate surface to accelerate the ions of
the plasma towards the substrate 12 where they, possibly in combination with other
reactants, activate the processing reaction. The sheath voltage is associated with an

electrical potential produced between the substraie pedestal 14 and the plasma 18.
-1-




9 JUN 200 Summarv of the Invention The invention rel ates, 3@ ggﬁ' -
enbodi nent, to a plasma processing systemfor processing a su gq[lé The
pl asma processing systemincludes a process chanber within which a plasm
is both ignited and sustained for processing. The process chanber has an

upper end and a | r.end, The plasma processing system further includes an
el ectrode di spos egﬁ\%fmflﬂtglyl’ B%‘F‘%éﬁﬁe plectripd qonplinssbetwhemthe substiate idesthy ode

i's configur et dudrthgpaematiBRehR o Ll [ inside the process chanber
The plasma p ocessigg'systen1als§%?ﬁ% u %éigk@%%ﬁﬁﬁﬁﬁﬂﬂ?%FgE%ﬁFP%Wﬁth an
i npedance bétABEICHPERIMAIcactasnthe sarfdcesdfithe ibagHm.125 3 fakidRBAaRce bei ng
arranged to @f I ectric.field tq jgprove processing uniformity
across the S.;lrd f:égéﬂ% g%t?a CHdstobsprocessed ditivranily than fh edgeof thersubsiodtger
enbodi meAt , ploasthe yiel0 betwbR thehite Bd REAGESRIBthif S RS LAl & The
pl asma pr oc%ﬁsi system i ncl udes a pr ocesséH Ranber &V\%"f’ | ng%%ﬁﬁﬁ&%e?ﬁ asna
i s both i gni'ted R uet-gereaily yreddp staatsi(iy whitieaph ssuR tdBs1REPRRSSI NG

syst em f urt ieghdr Be4Y BRSH d I sposed ipside the process chanber.
The electrodég%s ponfigu?gﬁ éogﬁé%h§W%%Fﬁ8“hﬂm§&gﬁﬂ¢@Fk@%fé@%@@ﬁééﬁsthe
pl asma and tPRdedt Bicteasingly ifiportphtas ivpioe %&s%ﬁﬁitﬁﬁ%@%&é oAaL! Y

i ncl udes a'g@gﬁékdlsposed above the el ectrode. The chuck is®conTigured for
hol di ng the su su?ate during processing. The electrical field has a first

i npedanae bet weentviey 8F 8&l5R O.plkasma in the region of the
chuck. The plasma processing g%@’&ﬁn#%&%egF%JW@a m&ﬁl" 8% ring di sposed

above the el%FRUAREes fnincejsmpgmocesoutiftemiiyae the siBcEOASe Litagales CONfi gur ed
for shielding at least the electrode fromthe plasma. The plasha processing
system al so i ncludes an i npedance matching | ayer di sposed between the edge’
ring and the el ectrode. The inpedance matching | ayer is configured for 25
controlling a second i npedance between the el echrode and the plasma in the
region of the edge ring. The second i npedance is arranged to be
substantially equal to the first inpedance such that the electrical field
between the plasma and the el ectrode at the surface of the substrate is
substantially uniformwhen the substrate is di sposed on the chuck for
processing. 30 The invention relates, in another enbodinent, to a substrate
pedestal for processing a substrate with a plasma. The substrate pedestal
includes an el ectrode for generating an electric field above the substrate.
The el ectrode has an outer periphery that is |larger than an outer periphery
of the substrate. The substrate pedestal further -3 ~ 9 JUG 2004 incl udes
a chuck for holding the substrate during processing. The chuck is disposed
on a top surface of the electrode. The substrate pedestal additionally

i ncludes an edge ring for shielding the electrode and the chuck fromthe

pl asma. The edge ring is di sposed above the el ectrode. The edge ring has a
first portion and a second portion. 5 The first portion is configured to
surround the edge of the substrate when the substrate is held by the chuck
for processing. The second portion is configured to surround the edge of

t he chuck, wherein the second portion is disposed between the el ectrode and
the substrate during processing. The substrate pedestal also includes an

i npedance matchi ng | ayer di sposed between the edge ring and the el ectrode.
The i npedance 1o nmatching |layer is configured to control an inpedance of
the electric field thnmugh the chuck, the edge ring and the substrate. The

i npedance is arranged to affect the electric field to i nprove processing
uniformty across the surface ofthe substrate. -4 2 s ~~~ 20~~ Detailed
Description of the Drawints The present invention is illustrated by way of
exanple, and not by way of limtation, in the figures ofthe acconpanying
drawi ngs and i.n which |like reference




nunerals refer to simlar elements and in which: Fig. | 29 JUN 284l evati on
view of a conventional plasma processing system Fig. 2 is a side elevation
view, in cross section, of a plasma reactor, in to accordance with one
enbodi nent of the present invention. Fig. 3 is a side elevation view, in

cross section, of a uniform té’ pedestal, in accordance with one enbodi nent
of the present invention. 1528 Vel el evation view, in cross
section, of a unifoxmty pedestal, in accordance with one enbodi nent of the

present invention. -5 2 9 JUN 200 Detail ed Description of the Preferred
Enbodi ment s | n The Geestiong:lated) 3 6@ @shodinenipto 4 plasii piocessey $ydttin frar anet er s

t hat process engi neers Sté@‘ve to inprove is process uniformty. As the term
i s enpl oy ®PPIETES HSubshigiee dbe plasmgpRoqessmgsxsian ueludes a progesy shambest t he

entirexpr ' Oasﬁaé:ﬁﬁai : t 1{ t SS is

hi ghlysuni gﬁn or exarrp%’!dﬂ{1 |?s&)£eﬂ>?pecte B?ﬁ%?ﬁgﬁ&o‘% ?%tges at

di f f er ent chamb¢rhasan uhperenfi snd aleverend. The phssulpso@ating bysferedurdder 1 n t hi s
case, it i.s,less |ikel hat ong_.area of .t substrate will _be_undyly
over - pr oc AL ie;lee?%aﬁ%é'fp%ﬁga%ﬁhﬁi%?fﬁnﬂﬁ et @wh%ﬁéb&&.leﬂ?regerhe

I nventi on i befRheidsfoP Bérepdtiig ah@ldciity S8 fnsid tRE PRoRRIRRMRL AltdS A fsnl O
processi ng substrates.” More particularly, the invention pertains to a

subst r at e HFecresingFysiem elsp énchudsa blcompbngnt fohronirgllimghingtapddance be¥eepr ocessi ng

uni foanity LOSS 4t h urface of.a substrate. The est.al . opfigured to
r educgﬂat hesagqc%%t%srofi % gﬁd %ﬁ%p W&ﬁpseg@ﬁeﬁ’r?ﬂ}gf Wé‘gg‘gﬁil %@W %ﬁ&f?ﬁ %hear the
substrat e fidld e inBRoROpIOLRGing RGESmADy stiresahd fittickiofSaid BEBKRES vari ations
found between the center and edge of the substrate are substantially

reduced. As axecEifinventigpselaies.ip anetbet smbadimentpto aplesme processing sY#Em C s, and

t Far of ) . PEm . ; . .
i scusaeq Sopiskiile bt SAERRGH, piTOGHI BN BhnlddFa ISR SISl & |
art will rwibinlwhicippplsina isbdth finite endlsistithalifo? pratesstig. PTheoplaghaen her ei n

with respect to these ffi |%ures iE for_explanatory purposes as the invention

extendS beROFTSIE X H %ancé : @R sissirede dispopef) ius rsRBothaRhst ¢ he
present i nyRNGEQRdeSs &fﬁ‘gﬁf&ﬁgr bdhofutitih cﬁf@ﬁ&lﬁ%et‘ﬁégﬂflr 1aki§ and

capacitively coupl ed plasna reactor, Ich 1s availa m Lam Resear ch
Cor por at i otkeslecEpdsrobhe plétma procdssingtsystemaadditionalle ingheies plcbuckpdissorad 25
reactor wll be shown .and. descri.bed it oul d. be not.e hat . t he present

i nvention ?Pa";}’eg‘%e "‘B?%"c‘%df’cgéef’ ucim§/5? 5@2’55{’ g the sub Tl e for
formng a ploosRing. ThekleEicalfitld Bueh v indp6dibt BetwRién i diédtddeasdi@e Fig. 2

illustrates a plasma reactor 100, in accordance with one enbodi nent of the
pr esen?® i nbasing Brihe Tegion pEibimebveka ctherplaspm presrseisg|systemdithiersneludessties s

chanber 305[;;%211-,&@' -hi i 1 i anj i ned for
processi ng. 1nsi d%gﬁd%%&@?g@m%a%@@taﬁgggaﬁeﬁg%ﬁl& a {;%/egllll%%}%’seé%féaﬁ upper
el ectrode &iguvdi fohshividingent deasiohe dletode fromshe PaspavWEhe plaglay 106 via a
mat chi ng network (not shown tq sinplify the illustratjon). First RF power
supply 10 6P7°§e§§%y§ﬁe%§%ﬁ‘f’ uder aimnpdanasanatchipg layer disposed hebwesniae

el ectrode g dhdthe BRENG, ﬁeg@e&ﬂc@b&%%%yg{g%hgﬁ%u%?% n the upper

el ectrode 104 for rel easing gase sour ce nat e et chant
sour ce2§as espirdllnga sdvend inpadancechptweerbibe wieetroddrand khp plasaladn therbgichlf and a

substrate 110., The gaseous source nmaterials al so be rel eased from ports
bui I't int Oﬁq@wsﬁfsm@amaﬁgpe }Stwgﬁgﬁ%ﬁlkﬁf%h%@@ﬂo ¢ Gtficed
into chanb%?écﬁac@Mh%ﬁm%Sﬁéctﬁ&l%n?D&%éﬁth%}ﬁasﬁéwnafih@%&r@&@ctﬁ@ng and

a lower electrode. The pedestal 112 is preferably biased by a second RF
power suppByrfacesfths Swstratp iscmbbtontially wifoanovtienghe etbstrate)is tisposddongbeaer al | y
configured edestal 112 with RF energy. The chuck portion of 1o
pedest al 1f§8°n%§9§{%9€s§n§nt, for exanple, an ESC (el ectrostatic) chuck,

whi ch secures sUlstifiiintiod #atk6) ih BoiEGUsKboTihet] RCLsbYrieldseatfat i ¢ force.
However, it should be understood that a nechanical type chuck may al so be

used. Peded¥eAesinga fstralsavidea plepmad The seistratcaiedguelineluges svelegerfietibonal |y,
substrat e lohflorh@Rt &0 00 Hift MK Mt e PERPLREESH ks Vbl g¥nery
nmpl e, uc atre’to

represent, a sem con of substr
that is larger than an outer periphery of the substrate. The substrate pedestal further

.3~




15 be etched, deposited, or otherw se processed or a gl ass %geyuﬂ%ﬁﬁg
processed into a flat panel display. Al so, an exhaust port or ‘

exhausting by product gases formed during processing is generally disposed
bet ween t he chanber walls of the process chanber 102 and the chuck 112. In

nost enbodi nenis, the exhaust port 116 is coupled to a punp for naintaining
the appr oprilé‘f’%ﬁﬁ e@%fie‘erhﬂmwdma@mgwcemg.%edﬁm&@ﬂﬂ&gd a

confinement i Hey j ) i nsi de process chanmber 102 between the
upper el ectrode 104 andx.%%g egééﬁg‘g‘?-g"ghii@w e&’&ﬁi@#ﬁiéd@lﬁ@ﬂﬂéleQPﬂndm@geve

t he subst r at@ng fog shieldibethchdecnede shdthelchaok ﬁ-oﬁlhﬁg\ﬁlagﬁg. 'ﬁ}ﬁes‘fdég?ﬁlg .as being
coupled to QUer s%ﬁglglll4 it will be apprecrate a '8
.configurations® may heve jag gleplodes Mﬂﬁﬁ@at@diﬁ&ﬂmﬁmnamdme@l@mﬁ&grs or
t o conf orsm tDhofikeporEivh ¢ ghta" sary to.all.ow the coupling of
energy. For _exa% e, in sg?rieﬁ S| néP%f%@g%?g@m@@@¢%ﬁwg%t al
may be coupli&de ltfhéﬂhwkfonpmcdming@w@aéﬁiﬂh%ﬂ’s%ﬁgﬂx@?%%ﬁﬁﬁdﬁé Is

t .

typically i~ i e ch er 102 through gas inl
Subsequent |y, eog%ﬁ%ocgﬁél V%iea’@n%ﬂ%)sqcﬁg Pettiopdsgispaed betwyeen dwe dedrodnandi zed a

| ar ge el ect rthe stbstiatt disingQiedeRsini NSt s,chanber through one or
bot h of the el egtqdes | 62 Ak T Gt ol A s A i
nunber of el®BgE Yor ispased betwekn thiedgeving mid the 2168664 "Thd GIRIARECO! | i de

with theggasy . r,ocess .gas. a result) the gas nol ecul es
| ose el ectr ongﬁgﬁg%ﬁ ésoéon?%ﬁf%ﬁﬁoﬁwé%%@ IpRReFse o6 thealectiiq field dmgugh thens.  As
soon as the dwekttheedgmties ﬁfdthé@@s@aﬁ%@tmflﬁag%&%ﬁ%%ﬁ&@pe&ﬂ s hate, the

yed I n the S

pl asma igniggg..Tg Qlasna 103 is then enp roce t ask,
e.g., to sel B %&‘zi S{PRTYE PRRGSEYNE vRifermity amodsttke syt oAtle skBdratd, N NOSt
situafions, a sheath voltage 121 is fornmed proxi mate the substrate surface
122 to accelerate the ions ofthe plasma 103 towards the substrate 110 where
t hey, possibly in conbination with other reactants, acfivate the processing
reaction. It should be noted that although the plasnma reactor 100 is
described in detail, the invention itself is not limted to any particul ar
type of substrate processing apparatus and nmay be adapted foruse in any of
the | mown substrate processing to systens, including but not limted to
‘those adapted for deposition processes, including chem cal vapor deposition
(CvD), plasma enhanced chem cal vapor deposition (PECVD), and physi cal
vapor deposition (PVD); such as sputtering. Fuzthernore, the present

i nvention may be used in any of a nunber of suitable and known et ching
processes, including those adapted for dry etching, plasm etching,
reactive ion 15 etching (RIE), nmagnefically enhanced reactive ion etching
(MRR1LR), electron cyclotron resonance (ECR), or the like. Furtlier still,

it is contenplated that the invention nay be practiced in any of the above
reactors, as well as other suitable plasma processing reactors. Note -that
the above is true irrespective ofwhether energy to the plasma is delivered
-through direct current plasma sources; through capacitively 20 coupl ed
parall el electrode plates, through EC12 m crowave pl asma sources, or

t hrough i nductively coupled 12F sources such as helicon, helical

resonators, and RF antenna (planar or non planar). In accordance with one
aspect. of the present invention, a uniformty pedestal is provided that is
capabl e of producing a high degree of processing uwi fonuty across 2s the
surface of a substrate. In particular, the uniformty pedestal is
‘configured to produce a uniformelectric field. FIG 3 illustrates a
uniformty pedestal |30, according to one enbodi nent of the present
invention. The uniformty pedestal 130 may respectively correspond to the
pedestal 112 illustrated in FIG 2. The uniformty pedestal 130 generally

i ncludes an el ectrode 152, a chuck 154, 30 an edge ring 156 and an

i npedance matching | ayer 158. The el ectrode 152 is configured for
‘generating an electric field that is su~eiently strong to coupl e energy

t hrough the chuck 154, the edge ring 156, the inpedance matching | ayer 158
and a substrate 160. By way of exanple, the energy generated by the

el ectrode 152 may be g _ 2 9 JUN 2004 arranged to forma sheath voltage
Bet ween the surface of the substrate and a plasm, which is used to
accelerate the ions in the plasma towards-4-he substrate. The anmount of
energy that is coupled generally effects the density and energy of the

pl asma used to process the substrate. For exanple, if the coupled energy is
| arge the ion energy tends to be high and if the coupled energy is snall
the ion energy tends to be | ow Correspondingly, ahigh ion energy tends to .
be nore aggressive during substrate processing and a |ow ion energy tends

. ' . o PR T L T N e ..




beyond the edge of the substrate 160. One particul ar advazsgsﬁﬁfzmtendi ng
the el ectrode past the substrate edge is that the electri

characteristics at the edge of the substrate tend to be nore uniform That
is, the coupling of energy tends to be nore 2o uniformnear the edge of the-
substrate and as a resul t be nmore uniform across the
surface of the substrate. 0 the upper surface of
the el ectrode 152 and includes a ceramc |ayer (e.g., Al1302) that is
configured for receiving the backsrde of the substrate 160 when the
substrate 160 i<CHIGCRHDIFIoRIS %ﬁhwvwaeéégmepkaemtmubyzewuﬁbcess|ng
Ceneral ly I e | 60.
Chuck 154b#%%ﬁ?%g%g§2§?&m$6fﬂ%§§%p @i%%ﬁgé atrc%géh whi ch
secur e$ smmskmdﬂeﬁhmﬁbﬂnmkuhkmmhmmmmmnsdnﬂace by electrostatrc force An
exanpl e of an ESC chuck configuration that may be used in the uniformty
pedestal 130 is described in greater detail in US. Patent hlo. 5,793,192
to Kubly et al FigWhis@kidéelk I b i ts
entirety. In nns% enbodrnéh?%ﬁhﬁﬁ%ﬁgﬁ?g§£g§§§%%g$§¥%fﬁ%%%§@%§§EQiS4 IS
smal | er than the outer peri phery of the substrate 160 such that the chuck

154 is full b trat.e 160 wh t bstrate.160
drspegeduonytﬁ %gﬁ%@%Q§E 83?%?]$8FEBP%%§£3? g#ﬂgﬁ%%bgé?trcufar

i mpl erent abco:dandelvaﬂﬂuﬁeeémb&ﬁﬂtenﬁofthep&sédﬁn?eﬂﬁénOf the chuck 154 ends at.
a point that isabout 2 nmfromthe outer edge of the substrate 160.

Al ternatively, the outer periphery of the chuck 154 nay be confrgured to
extend past thes r t: 160 asna
reactors (e.g. qTI%ruégﬁ ap%ﬁé/eérﬂg ro\éa‘g% o’rlsh)%rcf#ggéﬂ ?T%% PSHEShﬁ’Ig substrate
160 may becdadsncsyweith doeembodirent 6f thepidsentthasdn. i . €. , l on bonbardnent,
and thus, an edge ring 156 is disposed above the electrode and is arranged
for shielding the el ectrode 152 and the chuck 154 fromthe plasna 103. In
nost  egbodi ment 4 bl e part
that is repl acelggafF&ﬁggglgg#s%eﬂ%a@%r&%%é% 8‘? Bﬁ{%‘@rp&gl’y g% el d the
el ect r ode aes@danns witl onthewkoditettdf the peesentgaventiog. 156 typi cal | yhas a first
portion 162 that surrounds the outer edge of the substrate 160 and a second
portion 164 that surrounds the outer edge of the chuck 154. The second
portion x64 is typically adjacent to the outer edge of the chuck 154 and

di sposed between the el ectrode 152 and the substrate 160. As shown, the
second portion 164 is covered by the substrate 160 when the substrate 160
is 15 disposed on the uniformty chuck 130 for processing. In one

i npl enentation, the second portion of the edge ring extends about 2 mm
under the substrate. Further, the outer edge of the edge ring 156 is
configured to extend to at |east the outer edge of the electrode 152. In
general, however, it is preferable to keep the |l ength (measured across the
bottom surface) of the edge ring 156 small to reduce the 20 power needed to
process the substrate 160. By way of exanple, a length between 2 to about
15 mmworks well. Simlar to the extended el ectrode, the edge ring

advant ageously provides a coupl ed region that extends beyond the edge of
the substrate and therefore the electrical characteristics across the
substrate tend to be nore uniform Further still, a top surface of the edge
ring 156 (e.g., first portion 162) 25 is arranged to be slightly bel ow or
about the sane level as the top surface of the substrate such that the
chuck and the edge ring cooperate to forma recessed portion for accepting
the substrate for processing. However, it should be noted that the | evel of
the top surface of the edge ring may vary according to the specific design
of each plasnma processing system (e.g., nmay extend above the substrate or
may be sl oped). 30 Moreover, the edge ring 156 may be electrically floating
or be electrically coupled to a DC ground (i.e., need not be an RF ground).
Additionally, the edge ring is generally formed froma suitable dielectric
material such as silicon, silicon oxide, -10 2 ~ JAN 20a silicon nitride;
silicon carbide; quartz and the |ike. By way of exanple; an edge ring
formed fromsilicon, and nore particularly fromsingle crystal silicon,
works well. The uniformty pedestal 130 glso i ncl udes an i npedance nat ching
| ayer 158 that is disposed between the éddge ring 156 and the el ectrode 152.
The i npedance 5 matching layer 158 is preferably configured for controlling
t he i npedance of the electric field produced by the el ectrode 152 across
the surface of the substrate. Mre particularly, the inpedance matching

| ayer 158 is configured for altering the inpedance of the electric field
_produced near the edge of the substrate 160 By altering the |npedance a
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| of the substrate to be used. 15 As shown in Fig. 3, the i a chi ng
| ayer 158 is sandw ched between the edge ring 156 and the@ﬁ@cﬂ%(ﬁﬁéw. n

one enbodi nent, the inpedance matching |layer 158 is coupled to the upper
surface of the electrode 152. In another enbodi nent, the inpedance matching
| ayer 158 is coupled to the |ower surface ofthe edge ring 156. In either
embodi nent, the connecti cA&8Bed s he| Bneferizd Emboedinmentd ayer 158 and
t he correspondi ng surface maybe nade in any suitable manner. In a preferred
enbodi nent, however, the inpedance matching layer is bonded on the

cor respondi ng surlpgecessingsybstraigs, aniciog temed: GBpIRAE bartkmeROMUESoREk! ef
thermal and & iﬁgl ends. By way of exanple, a bonding process such as
silicon elas Fgrﬁrle%%{smr estg\}%L Pfo.vei%prlgﬁ%ﬁl’fgﬁf?ﬁ%{- £ &he g7 kherselogedheyime of

mat er i al Sus guoceseuhifEarityasierd RALO SRty UrHac iy Rk nfgnl?he

i npedance bgg%\eeg)n t he el ectrode and thetyg:If asna. %h%ags%g%%%%h{e F‘ﬁ"ﬁ(ness

of the inpe Shalec At thg Pragpesris highlpenifemyéerexanple] it dpeted @ante 10 M
and the i npegancerfat £ Mg be, formed_firoma suitable material
such as a di%gl e(_:t_]rri c,zﬁ_sem ?Aé[g}\ré_gﬁ%&? _SBPWWN‘?&%&%?W%%_WSM 30
exanpl e, nmteasd, alis leatikelyshatiohe el of id BQMAOVIIESundtlly bFhrhidstd ASnie
silicon carblﬂﬁe, %artz" .alum num anodi zed al um num and al'um num ceram cs
such as al um“AAfAF R rERaRdnadequately pracessedp 9 | | UN 200# The |ength (or. anount

of covergge) of the .inpedance matching layer is also an inportant factor
for effdltively é@}ﬁ%mmﬁghqrn’@mmmnwanMmtnoﬁeam sjaracesdod the
plasma. In R j th,of . the inpedance matching |ayer is
equal to thgﬂlgce.ngtﬁgg%% th% ié@)gee{’g‘?‘n lg,_tbe_:l,nvalat} tﬁétsﬁbﬁﬂﬂg‘w of
the edge ri fbgtis tapablecnfonirhwirgnbicgh degte of iBocsSRE uifBimity Sorb IR AR

mat chi ng Ia;&r Iﬁ srral,llhgr &%ﬁ;ﬁ_the | ength of the edge ring. I'n thrs
particul ar SABSHPSHALE: Theme g @“—ﬁgﬁfﬁgd‘émﬂécwﬁ@@ﬂﬁmfg:al aykthermal be

posi tioned tdswendsuit hid i ring,.t out er periphery
of the edge ring or in khgﬂmﬁgﬁpgg%ﬁﬁgﬁe Sg%géaﬁg‘%%”%"%%@f’ exanpl e, the
i npedandé  meksaentigities; eroovssvaiations fangkbotweert ha kehter kil sligsREARAuLARST Ween
the edge ri electrode only in the region of the substrate. The
degree to m%?%ﬂﬁgﬁéggl&ﬁﬁpﬁe&od% %W@&Qﬁn%fﬁﬁf% sbsirase ean Yesuseq foroeaeatinga
factor of tH€ Huad HereforRARRGLIDH intidhdeqar eabet ween the plasma and the

el ectrode. As is(#r\gél knows to those skil led in the art, the inpedance is
general |y define o¢imepisof the invention acpdismistaddizldvo withaefdraive 6 FIGange or

current thrQugly I It 116 18 e ulpt r at e havi.ng hi gh and | ow i npedance
areas across the su ’sttﬁyégtse anﬁ%%erﬂéwafvﬁﬁi%@%?‘”%gm sdedalledpst rate, it

i s generl | Ylebulritionagiven tateii Rrith reepici BRREE Bafre BORPE 8;3,13?%19 e, the
coupl ed enertﬁ%in'é'e ds t(% be _high and in a hi ghei rrpeda}rc]@gnérte i“o %S;EE?‘%]e
t

substrat e, 1.ekiends bgyonddhese lingitasenmbodimewts.or di ngl y, the uniform
coun 10", ener oAl SRRBUAL e Rl of DS o
i

pedestal. 20 In general, the overa 2f uncti on
of the i npedeanty, piwh asthe copreitively cotysled plasdi fdator,Wifich TOAKANAS FRES THRI t
area of thefEéQ&ﬁ- Ct he itg%tecﬁgnce per..unit area of the edge ring, the

i npedance pér UNIt ~arER® RO SAe A Ioush p gapacifinsly coupled plesmapedance

per uni 25 ar ecachir willybehBGmhd idBdSih Lﬁf-ﬁg gﬁﬁ] en...Unfortunately,
however, the inpedance produced th%%ﬁé%ot e %?Ec gﬁﬁgﬁﬁ%ﬁ%ﬂﬁg dUBE at
the center OFPrafticedBxmymnlestiarengipi that is yuittibld for dmiming aplishe, hmpegance
produced t hr d{%lﬁ k. t ed ring and the substrate at the edge of
t he substratng egé%?gﬁ@#ﬁf’ﬁ%ngﬁ}h&%ghand interfaces found between the
af or enent i oned paﬁgsz'ﬂmsmes@?mn@i ctd® 15638 hé { il

he edge ring &E&mggﬁh %héﬁo%%tnog of

di fferences ,of fi he ¢chuck and edge ring. As a result,
energy at t [e° BRFERET spYepton e plasma reacige 46l gereyallyi inéladend piobess chimbad

coupl i nggof i ; GShL f strate.(e.g., non-unifqrm. In a
pr g]E) elr r gg er}gggflﬁﬁ'?%m%ﬁpll rrpegggﬁgsg) Oﬁﬁﬁ%ﬁﬂnﬁ %t@’rngﬁsfg%‘”ioﬁ?ﬁd@é !tIBS%%? ust
the i mpedandhe ¢hamer 16Raherh ivgircely)disosédn Wipeclebrddeet RURRIARSy ByCh t hat

t he i npedan t .t he of the substrate is equal to the inpedance at the
center -of tﬁ\’gugj‘fgtﬁo aﬁ%qﬁiﬁ@%ﬂp@ﬁﬂgﬁW!i‘tae‘chhmgmﬁﬁmfﬁr(n@m}lomowupl ing of

energy acr oshm the iihassiad. ' i+f.0r1 and, .t heref ore
process unifor%??; can ggmg%thg% .B?ﬁéﬁﬁﬁpﬁﬁﬁﬁgﬁgﬁ#%?iéﬁﬁﬁﬂﬁﬁaﬁh Rﬁ@ss of
the edge ring and the thiclnmess of the infedance matching |ayer are

optim zed to achieve the desired coupling effect. For exanple, a
decrease/inerease in the edge ring thickness and an increase/decrease in

t he i npedance mat ching | ayer thickness nmay reduce/increase the inpedance at
the edge of the substrate. In another inplenentation, the materi al
properties (e.g., dielectric constant) of the inpedance matching |ayer may

 oa L S - a Y o s - oa
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1o substrate. For exanple, a decrease/increase in the val u@ g;uumgqg
dielectric constant may reduce/increase the inpedance at the edge of the

substrate. In yet another inplenmentation, the length and position of the

i npedance matching | ayer nay be optinized to achieve the desire coupling
effect. For exanple, a snualler/larger inpedance matching |ayer 1ength may
reduce/ i nEPRESiectmde | fhwihideensrsy A t308 issprovided whthin tieapper

-Addi ti ona L1 | chy i espect to
an edge o% 16%5%%&%%)942&? ?ér}%&ﬂ] aﬁ%@% sr%ggg%% %%%gﬁ{%@ﬂ%éﬁg%é‘%&m t he edge
of the sulrsbiix &tivAcegionbetyleyn the mppértsiekiods 304 hnd Heubstaedatc dheat chi ng
layer, as well as, the thjckness of the edge ring, _the material properties
of the i mBatFANR EOUTET WRteHG s MRS by @nw@ﬁ@gﬁﬂfalﬁ@@lﬁ@'%@meon of the
i npedagce pRhB&HiRgirl ayer can be used to match the inpedance at the edge of
the substrate with the inpedance at the center of the substrate. In one
particul ar enbdibsteate 110 idntrbdiskd tnde chdmbdrd 02 and didppsedtdnompalestahkl2dge ri ng

(e.qg., porti.qn_that extend nderneath t supst IS, a .1 and the
25 thi ckndQUOhHIoH fre? %g&gﬁgic’%e& 5‘31 %%Pe‘ﬁyggi)ﬁs Pfeﬁ?{ﬂg?%ﬁqg?mr e,
the edge raseEoddIF pOwepaipply 12 @Eb tygicAR G4 8 Matdhing A@woBhAMGs | ayer of the
chuck, and-the-inpedance nmatching |ayer "has a dielectric constant that is

Idar Iger t hﬁn?fﬁ]éy areiaeed iosupply pedental di2 it BE geerey.nFhe chudkitiostionefpl e, t hg
e dabce PR 37 rep o fol SRR BINE ErortiferBREk, whlrend” hiok.

The epoxy subsigenElGol the ubed'stsarfatediyedéctidientie fowek. Howerer, it givdapt fiel d
(e.qg., ar(i’iggg . Al though the substrate pedestal has been shown and
descri bed Rgugchapicaldype ervckonaycalsq kg wped; Pedgstal 182 vallpeeci at ed

that the sulsiioals cRaneshall iR, SASAeDEIy dibstdied 18 bbR00: BOYdgur ed o
produce a non-uniformelectric field to conpensate ot her processing

non- u?i f ](c)rptli:]deit_ebesjgm%sﬁ,whmhnu?aimbp??mt,moatexmnpiqmsde:mc?n&mmﬂmmip t he .
amount__o | ance, general.ly effects e anmount _of coupled energy an
the anBu ntbeoéclbegggﬁ’pé’ﬁﬁﬁdngf 3@‘%%?TQFW P LER RaRe! Wé??ﬂ?@?ﬁsg?ﬁjm%%r gy of

the pl asﬁﬁﬂ#?ﬁﬂelﬁﬂspﬂﬁwcﬁﬁaaiéﬂﬁus%ﬁ@ﬁtﬂ@&'@r- g'bs}gﬁbfdu&g RIGTES
uniformty of the overall system nay be inprove y~pur poséetul 'y designi ng

a subst r at@uingReeeessing ingenelly sispbsed betwesndhe chambexrwallsiod tiss processe el ectric

| pecance aCer f0 1y Bp SROACHD. o Bl rBRbltith e RIBBEREE 106 1 o
substrat e qaghsitala pampafor haipsiaitgdRe ¥RirbiidtOpestied MSide pPedekd ehanitRk d acr oss

the surface of 1o .the substrate. In addition to the electrical coupling,

t he t e mal9% JRedditionet srinement Bag L2 mex ba dispesed inside Rrocess chembens, t he
th I ' '

nsur i cf ont” LUl W doRE 1DP 4R ARRINEITIEN Ehilth e BEBERT0S. o)
known t o t#hewe thekéubkteateili0t he art, substrate processing (e.g., bonbarding

ions) tends to . ngrease I emperature g he substrate and the
adj aZ:ent surfacé@“’g}ﬁ?ﬂﬁﬁp&gﬂﬁé mgpq&lg@sgn{)géaqwg@m?da PPWET eases,
| ocali zed J@ERCI B, i prRMErA SbUolRHuABbASTaL B st haces that tend

to produce variations in the wafer area preSsure and gas ow rat es.
Conseqfent fgeommhedate didfereant proessphenibes ok beednfarea toawthersextémil ttosnd | ow

pl asma densit i tend to.effect process uniformty,.(e.qg,, process
Patos). Sonessr R DIt ERicebRing aikired F ctamable, Bepmieineli feqndicy s o
unaccept abpRsing vedcors HegielbR4lSnay B GfpRIddaResimyl t h anot her enbodi nent  of
the present invention, a heat transfer systemis provided to control the

t enperat ure of Uherdsyipsereaie plasme 10ha progess ganis tipicaliginpnbinéspiosgss The heat

transfer s i L]y b gu.ed for. distributi.ng a.he t ransfer
medi um t o %Ee sug@??@?ﬁ%gﬁm@ﬁ?%f g'%bge%uﬁﬁlh%w %O%eﬁebcg%oﬁﬁﬁgé%P%%?rr ode
interfage. sipplicaard doiepgifedli Bfgesddctic HEldiHEGpRAIRSIATEN profisd chdmbéd ustrat es
a heat transfer, system 20Q that is disposed inside the uniformty pedestal

130. As delEPpsere onhothaf thselroirgdesd@ds 1. Hpelerie Sigld exsitesitesmalluppor t i ng

a substrat e ARIE ] I 4, an
edge ring %g%l%grngf%n I rrp@gé?ash%:{téhér}rg% %?ﬁ?@ﬁ%&é@%ﬁﬁ hoe"a(ﬂﬁe‘g%%ﬁesf er
syst em 200 ggemoteshiey off tiel proeess gasredsa rdsalyrthd ga0Roleotlesiat eldttbhngnd heat
transfer mediumto a plurality of chuck channels 204 and a plurality of
edge ring channels 206. The chuck channel’lss 204 are configured for
distributing the heat transfer mediumto a first gap 208, which is between
the chuck -14

fo=)




g JUG 2004 154 and the backside of the substrate 160. The éhﬁedwﬂggm4 '
cbainels 206 are configured for distributing the heat transfer nediumto a
second gap 210, which is between the the el ectrode 152 and the backsi de of
the edge ring 156. In one enbodi ment, heliumcooling gas is introduced

under pressyre (..., about 20 Torr in one enbodinent) into the heat
transfer s y?‘f’%vrﬁ b[ebﬂ‘gé{osg’gfe Fharged ions. afvs foon amdlnt creatldf raRCs FedteBickons

control |ing dx3eds Ein nper at ures during processing to

ensure uni form anﬁrﬁgﬁgﬁﬂe%@%ﬁﬁ@@% {q%ﬁsg%ﬁt%lol@%@ﬂlerrent ,

the edge ri §odeseng skoupl, eulsdertivily qtleidepeiar Mikd od tao sgad 116, fiol d the
t

edge ring Wit Rsﬁvi di ng adequate cl earance for the release o e heat
transfer |10 medrum gp%%glegg’c‘gﬁ@g@&%l. 1sApemed prawinate the sabsteteatface 132 to

heat ers ifay doeeleiabiifis @shs gTIheISlakilg stal, rqui de eyen nore
t enper at ur e .cont Lpl As can bgﬂgeenl?%lgﬁnh{r%;ﬁ%&gggﬁ%&o%%e FRAseibly
i nventi on of T &PEPHighen Sith dbieraniciyes, aotiente the@redessing fdaktioBy Way of exanpl e,

the present inven i I rocessing substrates with a high
degree of pr’oc_eSS|E ng u%.ﬁ?%%g?'ﬁé@@%é tRlagnz repstor 190 ¢ desndbediindetails . | n
particul ar, thMstmﬁmiimmﬁsnedE@itaaupw/ﬂagﬁﬂ

a"’ﬁﬁg mat chi ng | ayer
that is capable of c(?nt rolling the i rrpedanceﬁg#’ﬁt e g'%‘?%ﬁo@“ estal, and
t her ef or e t;?gpzsﬁ@&ap &3, be adapted for usedn anyt efthe kaowh suligh: professn

confi guriat i @ Stﬁlﬁ'ﬁn&:lﬁ&%%ﬁ{ﬁ? S0 |l ayer is arranged such that the
substrate pegeg;al pro cesﬁg un 0%8?%3?1"10&%%?8%%@&@6@%nmlmbags
chanber . As chemisglivapor dhposition M),@Yasﬁﬁ%hﬁi&eaghéﬂﬁsﬁﬂ%éﬂ? 8&1(}8:#0? ocess' the

substrate i unifarm and therefore uniform processing can be

achi eved. | me&dc@}ﬁﬁ%ﬁ%éﬁpwm PVBOdsuchas sputtdringy Hustieindre, the

arranged sugheseitahvédiiy, ; oduce varying electric field
00 S pamsvidtonsibphé 8 0385t b WSl i ik S

to conpensate for other non-uni I es

density). AFr¥epesurelndinedbesssidapted for dry Bichihgs BRASRA etdHHO VSRR

Addi tional | &cﬂ%ﬁ‘w}%@%ﬁ %ﬁ' ovides g substrate pedestal that is
configured for c¢ool g e T3cEve iR etplting MERIE) ¢lattron ng

processi ng, cytibirtn BSofadc@IBURYS tF%EP U r.essur conduct ance
fluctuations_that ten toq%,ro)g(gcemﬁg%'um glrrm fteeigc‘ﬁ%e%ﬂé@é@%? .

Accor di ngl y TYEoHPEY dgraiived in any efishie cemeacmtore e well Anomaduithins eases

substrate ymgi | .S 4 ti.on has . been_descrjbed in terns of
several pre esed pgén%ao |#rg?\a{n{sqrgtwg?é:tﬂ%tﬁe?}?"[VSI’%{FF%H&SPWWW&%WW

‘equi-val ent s to theipbasuteds idelivéred throigh @GsRpeurRnt Bk%' i ! uld al so
be not e%th%e&lh [e ‘r_ele many alternative vvayis’ 0 aisr%rp"\%ﬁ%géﬁelt%{a}lﬁ%&f@‘él hods
S

and appar at Use eﬂ?@?@ﬁ?@%@w@rﬁcﬁlmmwmplas&a%oﬂidbh,é@%rb efore

i ntended t haidubfidel 0bis1el RE B l, ai. .interpreted as_incinding all
" such al terati.ons, pernllsjlt ation{sﬂ,%%gn e%l]f?j\}%ﬁ%éﬁ?e%cai?sf)g?tpmvﬂ apisRng r ye

spirit and @Bli?é%ﬂoﬁﬂbﬂnpv)esent invention. -16 9 JUN 2004 What is clained
is:

e

In accordance with one aspect of the present invention, a uniformity pedestal
1s provided that is capable of producing a high degree of processing uniformity across

25  the surface of a substrate. In particular, the nniformity pedestal is configured to
produce a uniform eleciric field. FIG. 3 illustrates a uniformity pedestal 130,
according to one embodiment of the present invention. The uniformity pedestal 130
may respectively correspond to the pedestal 112 illustrated in FIG. 2. |

The uniformity pedestal 130 generally includes an electrode 152, a chuck 154,

30

an edge ring 156 and an impedance matching layer 158. The electrode 152 is
configured for generating an electric field that is sufficiently strong to couple energy
@rough the chuck 154, the edge ring 156, the impedance matching layer 158 and a
substrate 160. By way of example, the energy generated by the electrode 152 may be
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1. A plasma processing systemfor processing a substrate,QCQ)rmm g%g a
process chanmber within which a plasma is both ignited and sustali 5 for
sai d processing, said process chanmber having an upper end and a | ower end,
an el ectrode disposed at said | ower end of said process chanber, said

el ectrode being configured for generating an electric field inside said
process cRamgest to forana gheath woitage bomiven thesmirfice bEthiersoberatesaidch wihek bei ng
configure r: | di b d.subst.rate during,said _processi ng; an edge
ring di sp%s%% %ég%&;&s%#%&gfee f‘%é’,‘%&? & e gustigtoc JRERGINBY f or

shi el di ngofeaictgethatiscodpled penaailfefbicthe Jeafiyp ikl &50Tahe Siakda féde i ng
having a first portiogn configured to be disposed between said el ectrode and

sai d subsl9Biesestassubsiretes fps expmenle.iif thiesiouplsd enerigst ixlargskthe fomcenefzyan

| npedagnce ' PO n id.el ectrode, an ai d edge
ring, gai 5@&%&%%@?%@%&%@&%&% Ptnc?r%yaeﬂdsgf’g’gﬁ?‘gde or said
edge ri ngCosmspbridimptylatigh foml dletgygehdsyio behavreAggebavadlfid sbsieste Or feat ures
configured for.cont OJ&I ingl an i npedance_between sai d el ectrode and said

pl asna, sBJF"&"'%Sﬁ&?e%Pﬂf‘t VORRLFgeEy teisde be dess pegtessivaduring swbstrate field to

i nprove 2@rgeag@ssi ng uniformty across the surface of said substrate. 2.
The pl asna processing systemas recited in claim1l wherein said inpedance

i s configured Fyrthewnare, thetipeturfane of the shicttodt 62 Isiconfipeledto 86 3. The pl asma

! . woe, Valdminns ol tho . oufiped :
Pont | adr o qupyAialy BRis08E bad Brostratinly Barpuclis gia moscste 460E moviRan e ma
processi ngiskiiRition cfentg] Aggitiohalsy), ﬂé@l&ﬁ@%ﬁ%h@ §§i§§a&ﬁﬂ Hfihdd fohl£! d

produces a sheath voltage between the surface o substrate and said 30
pl asma whéitablg epndyptive metstinksugh ap slsdnums The ontar periplury st ihelebsdtrede f or

Claim 1 whar i deciiattid @ Rt velilfy SRR PP bR i e

bet ween s&lowesks it shodkl nshiadihdt redy Fenatalliigkendd QoPhavedhdelssticimerf € 6. A
[ temfor, processing a surface of a substrate

I

Compr 1181 ngXiEnd gpbtoce vash Hieraee of fheiswbsirie hoGpt todhaameuntsiiporgnlastin and
prisin Feh . ShoRCTpors

Chamber -S4t a o] Gt oapAaR the B ol SOBRER ol PRl B RET e

bet ween saepons ths edganfiths aivestmie(0: Oue patiiutiralieatti@ds SRfviling the | nner

car'd ol cti et R SR B ot et shaeletries o Bipdsaptitent o

duri ng pr etbstd@nd sebemdRyalifdm. AP Rl iolplihs St ol BPUARCS Rahygen sai d

Sal

el ectrode and said igl asmae in an area above I nner-—Teglion of said
el ect rP8de vnHarm ager ihp sdeaivftho sehitratroam] awi rbsuliitprocassigi tendoto Baidree| ect r ode

For oni el ottt Bbiobfu Bl g BrEY o Sai d pl s, Said edge ring.
affecting a 20 Heahndk Eﬂ@ﬂhﬁﬁpﬁd@@tﬂﬁg}geﬁmlo@ggg%@g(iﬁ ghg plasma in
an area ahove_said oufer region of said el ectrode;
Inchudes a ceramic layer (¢.g., AlzO,) that is configured for receiving the backside of
the substrate 160 when the substrate 160 is placed on the uniformity pedestal 130 for
25 processing. Generally, the chuck 154 is substantially parallel to the substrate 160.
Chuck 154 may represent, for example, an ESC (electrostatic) chuck, which secures
substrate 160 to the chuck’s sarface by electrostatic force. An example of an ESC
chuck configuration that may be used in the uniformity pedestal 130 is described in
greater detail in U.S. Patent No. 5,793,192 to Kubly et al., which is incorporated
30 herein by reference in its entirety. In most embodiments, the outer periphery of the
chuck 154 is smaller than the outer periphery of the substrate 160 such that the chuck
154 is fully covered by the substrate 160 when the substrate 160 is disposed on the
uniformity pedestal for processing. In one particular implementation, the outer edge
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én | npedance mat ching | ayer disposed between said edge ring %ngd gg@é
el ectrode and above said outer region of said electrode, sai iﬁ'@ d e

mat chi ng | ayer having characteristics configured to adjust said second 25
i npedance so as to inprove processing uniformty across the surface of the

substrate. Thegpl A1 4 S$ing. systemas recited in claim6 wherein said
chuck is an el ectros %%%ﬁg%géﬁgmgél%wﬁﬁg%ﬁgmﬁh@gmm ofyist em as

recited in csubista@ 160e it ARicE), theSut ' i redance mat ching | ayer
i s bonded to, said edge ri n%ﬁ 91.5‘? Theug?rg’gﬁngmﬁg §§é§§5ﬁ§&@€§@e 350?-%’&"%d in
claim6 wher & %" 1hs oyt periphary bf thg shbstmte 169. bonded to sai d el ectrode.

10. The pl asma prgegesd | recited in _claim6 wherein the length
and position of said inpe an?:éeag%?éefﬁ'%glilagl@?rewqqqt@%%wf@esB@'ittb%ge

ring is adj uSthstated 68 omtyroe destrio geb@RAD ez B8 1. | asma
processi ng smdﬁpga% reci.t eﬂ in claim®6 mher%?lrilg e | r%p]%’ 3%?%“1%[?9‘?%9

| ayer is formed Tro eqERLing 15G s 9sed, alfivethe elettrodeamd ivamtangei grei N sai d

di el ectric cemeltimptthe Sledighdes ﬁqm l,sai d.second inpedance. 12. The
pl asma process) ﬂm@syst gm as frem thg%é%}c{éﬁgﬂ%o@mﬁé’iw 03¢ Iameshi ckness of
sai d i npedand® ?fﬁﬁ’@ﬁﬁsn@eledg@ﬁn'gﬁéiﬂomﬁg&e&% 598 b6 RursBichas SR AN y%ggance.

13. The pl asgm, ' systemas recited in claim6 wierern sa
el ectrode has a%&gél;sgi erg%‘gegf'i%‘r%ﬁ?t?ﬁ circlyjghield dhe elheiroderl S2quathetdbutlhe out er

20 per i pier yl5d teaidge SRSISEA ScAIyEihs SHirEh %ﬁf@é&{%ﬁ&ﬁ@- EPRBRedsE ol ai m

chuck for prqﬁﬁssin .. 14. The pl asma processi ng
6 wherein saf %F'&"&Fﬁecl‘spiaéﬂdqﬁﬁmmﬁomlﬁmmhmuﬁw&hmeo\ﬁ%%ﬁﬁ the

. , : ; e
surface of S@iudk3yhs 25 i.d, substrate is disposed On sald chuck
for processing. 15. Theg%fgésiﬁémﬁ Jﬁé&bﬁ&@%@mﬁ@ thecuter¢dgmolthai m 6

further conpwusgk #54 and BpaedbietweuiEEebhalde| 13 saidl gl ectrode,

said RF pom%eﬁo%ﬁe 1t_)tfeﬂi ng configured to supp%%ﬂ@e:%g%tg%}e ?ééjs‘gf %‘C’W’]v

el ectrode. 3015 TR8 naﬂiﬂsﬁm@&by thy substtabni GswheciteeabdtateCl 6 i 6

further wonmiisgisédof the uniformity chuck 130 for processing. In one implementation, the
second portion of the edge ting extends about 2 mm under the substrate,

‘ Further, the outer edge of the edge ring 156 is configured to extend to at least
the onter edge of

the electrode 152. In general, however, it is preferable to keep the
lengih (measured across the boitom surface) of the edge ring 156 small to reduce the

power needed to process the substrate 160, By way of example, a length between 2 to
about 15 mm works well. Similar to the extended electrode, the edge ring
advantageously provides a coupled region that extends beyond the edge of the

~ substrate and therefore the elecirical characteristios across the substrate tend fo be
fnore uniforro. Further still, a top surface of the edge ring 156 (e.g., first portion 162)
1s arranged to be slightly below or about the same level as the top surface of the

20

25
substrate such that the chuck and the edge ring cooperate to form a recessed portion
for accepting the substrate for processing. However, it should be noted that the level
of the top surface of the edge ring may vary éccording to the specific design of each
plasma processing system (e.g., may extend above the substrate or may be slopéd).

| Moreover, the edge ting 156 may be elecirically floating or be elecirically
coupled to a DC ground (i.e., need not be an RF ground). Additionally, the edge ring
is generally formed from a suitable dielectric material such as silicom, silicon oxide,

30
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-19 X 9 J~~ 2004 heat transfer systemfor controlling t&&tm?g@iure of
sai d substrate and said edge ring during processing, said heat tr fer
systemincluding-a first channel extending through said electrode to the

i nterface between said chuck and said substrate, and a second -channel

extendi ng through said electrode to the interface between said el ectrode
and sai d &Hisenmnitpge, siligon cadade, grarimandsthe like. oRy way ef exanplegur elgeningpr ovi de a

g
heat tran edBsH r 3:59 ﬁﬂéﬂ e mg NG si ng
system asi‘(fing%l teddliléﬁl&c)ﬁ’a@%q%%é erern sq%ll% at” raﬁgcgi%g{s&% s a helium
gas. 10 18. Thelhs wsivaniiy pedestal 130 alpp atchides animpaianéedaiching!layam138 wher ei n
i.gured to be disposed between said

988 oo et
o1 ect 1 ot THld: AU BRI AL wisEAgarh Wahiie ADIpd Shetae BIPEHRE chuck 15

19. The phaGEEnpISeESSE ﬂ%ﬁ%f%ﬁgﬁxﬁ%@&%&%@%&ﬁ%ﬁﬁ%%ﬁé” sai d

first portion cooperates wth said kK to receiving a
bot t om surclestdc Beldgmpdhcsd by theslentrode 15T haropd the serfpread dxssubgirappMat us as

recited i ' erei,n said.ed 20, ri.ng has a, secgnd rtion extending
. above sai 3’@@%&‘%"%‘?@%&@%@%@%ﬂmb@%“ﬁ@dfoaﬁﬁf"@feéj@a to surround
an outer dagedaice D8t elévuikficldpretiuesd A0 tROEdge AT (RAIBS-AONEH IR tO :
surround an outer edge of said substrate when said substrate iS held by

sai d chuclkleErs fedewssansg, wmercyiose; couplingof ensrgyds pputugedecrafsithe sai d chuck
b0, B 8 EEES 3R RSN AN rB0E RIS E0am8d EORERRE"S 2O

21. The pl'asma processi ng appar as recit id

chuck has mrocesstate ap@heicpdter of thbgibsiratessaibsRibti sihpEquaNtoGHE focRS rafi@r y of
sai d subst at'egg %%%22. The pl asna processi ng apparatus as recited in claim
1 wher ei n th& a8 Hfbe sihstralen hasosdingly, the edge ot dhestipsirate may b used do farm

materi al . y2Qtherdy “ileﬁsiﬁ%@ 14T SSUE 4 fﬁ%yﬁ% recited
inclaiml V\hereéi rﬁg%i dc uc‘?é’?E %digigsdrﬁli ng an eﬁjrirge gﬁ%&%ﬁ: I ng %er are
f or med fr ovbthe dubstratetinibe wsat eri al , wherein the dielectric constant of said

dge rjng i l.to the dielectri tant of said chuck d wher ei
ThaCat 1'%t 11 & R s i frech e BB AR e e L P fhosnetshed PEERS ¢ han
the di el echeiedg€ANS § $6 bndPfhe SRicHo @052, rﬂu’lﬂe%ﬁf%oﬁﬁﬁ&t&ﬁ?’ﬁi&eﬂ%ﬂce ﬂilafcggingg:m

processing apparatus as recited in claim1l wherein a 10 i nped:
produced tleyeubi® is apepleditecie uppatistrfacecnfithe tactradesié@odn ansthedance produced

brr aned ool okt Rk tel il Bt s B SARAET I R IO B BYEREER g <o
that said edmofity 156 ddaitaer dntoodithert Ak icohletties bawebR tiRdhheliadcst | npedance

produced through said chuck. 15 25. The plasnma processing apparatus as
reci t et i nef lgyeinodang thegory By hg madedn afy ggured to

\4
mat ch the Lppgdangs N _ Pﬁ E%Eaﬁh ﬁ%ei edge of
said substrate vvithp'? e m%géanc%hﬁg%%g%’@ﬁ%né ec?‘lr:o e A f he pl asma at
the cent er boideglaindhs otastspanding Bfrface (e.g., edge ring or electrode) to prodace better
thermal and electrical bonds. By way of example, 2 bonding process such as silicon

elastomer works well.

25 Furthermore, the thickness and type of material used are important factors for
effectively controlling the impedance beiween the electrode and the plasma. In
general, the thickness of the impedance matching layer may be between about 0.10 to
about 10 mm, and the impedance matching layer may be formed from a suitable
material such as a dielectric, semi-conductive or conductive material. By way of

30  example, materials such as silicon, silicon oxides, silicon nitride, silicon carbide,
quartz, aluminum, anodized aluminum and aluminum ceramics such as aluminum
oxide work well.
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26. The plasma processing apparatus as recited in claim12 r ghedad L he ‘
t hi ckness of the inpedance matching | ayer is between about gj%dﬁm?ﬂ%ut 10
nm 25 27. The plasnma processing apparatus as recited in claim®6 wherein
~said inner region of said electrode corresponds to an inner portion of said
substrate when sajrﬂ ]ZE‘b trate is disposed over said chuck for processing,
and wherein said OUt &1 gﬁ’e@FGWOB‘Ft@&PW@S@@@ﬁhﬂmpﬁam&esnﬂnhi&gﬂayeﬁn abidt By
portion of smagbrEdbRbforFs: i t.e i 5 di sposed over said chuck
for processi Fb 30 28. A pélﬁg?rvaa F%%@%%%@W@%WB&%@W%mﬂ
substrat e, c@‘gﬁ éf,lomzﬁmboﬁment,%NeﬁQlﬁlbfah@ﬁ:gfdaﬁﬁceqﬂﬁeﬁg 1ayaP

uniformty pg ' d iLnsjde said process chanber, the pe%e 4
bei ng confi guﬁgﬁieﬁgtrhddsiﬁ%%%%%w dgﬁ% acfss thehattomy surfage pf theawlge rigg). tne

pedest al Shavinethes ebodimerdtho g (ﬁitﬁ@ﬁﬁﬁg lanet reajon of the
substrate a%%@%co d ,corrpong%t di sposegﬂﬁée%v%ﬂéﬁl&e?éﬁs?%%@ethe
t i

substrat e, AR g perticwlayembddinment, idinectdRe mpdiRAceNer gy i s
coupl ed t herghihidg onen roduci,ng a second i npedance
when ener gydié}% Ié%&pli%eg t ergﬁ%&éﬁ?@"?ﬂ%%E‘Eﬁri’ﬁ'ﬂ%ﬁ%ﬂ?@dﬁ@nﬂ&ﬁh@r ent
than the sec®¥er nempbeyraféhe edpe fipdash dle hmaldich i t chi ng
| ayer di sposg)gm%el; gt\tlg.sai segﬁnd _10&(;(orrpon§)gt atﬁgeﬁ%vﬁ%e%ﬁg&i?ﬁri stics
configured to ad) ust- e ‘ﬂﬂi"ﬁ‘ﬂ EhBwey daaranpad sa that it isadisgdsédpedance i s
subst antical | hetwesttthe &8 éﬂﬁgfﬁc{ﬁ{e eie%ﬂﬁgé&ﬁ i aiaei d char%}iﬂt eristics including
at least one of a thickness, a length, a g&%. T8RonSf te SpRFEAE-al property.
15 29. A pedest al Theffegserdporhichnthexonplisg o fénergitdane ﬁhﬁﬁ@is&gﬂeg]gﬁg ng, said
' electric

pedestal co IS AL l.ect rode conf.j gured tor generating
field, a chlr]fgékﬁ’fﬁ’f;‘%gé’g%ag&‘g’\%&?éi’ B%F%JF:?%P%B@WG%M RMaumsaistthe glecwodd. gur ed

for hol di ng AsisdvellbsiwistosthoR ki ' ' above.sai | ect r ode,
sai d edge ri ng bei configured fﬁ%%‘f’%nﬁ%@?@%ﬁé@ﬁ@&%gﬁeg%ai d
chuck; and &A% ¢ BPRRSUTH thghe dgwof dharpe securbatt WesngtsatReuie! @sL " ode and
sai d edg® Iid@strat@ithih EHF% tching | ayer being bonded to said
el ectrode or said edge”ri aafaﬁg%‘?a&m;’ ﬁﬁr&ésm’f?%*’r#lﬁﬁ“‘?s&y@raﬂdiwmgwen
char act er i stitayér aerobethsnbsira?s itdo BEndallEhblf0t ' DaddRedance
bet ween sai %&L@{%&%od&l and a _pl as%a, sasf!?j’e i%np%ggﬁ%{egyev‘l}ﬁ%’%ﬁg%@(?nto
affect said ere e, C&PHPIed enerEY éands by bebighiand inn high impeyiae resion bhe
surface of ghe sulste! Hhalcd as,reci.ted in claim29 wherein
said i npedance is 30 _conf?%%gg%&?gtﬁgﬁiﬁeg%W&mg&amW@ﬁPM d
el ectric fiéfinergyas highly dependent on the impedance of the uniformity pedestal.

20

In general, the overall impedance per unit area is a function of the impedance
per unit area of the substrate, the impedax;ce per unit area of the chuck, the impedance
per unit area of the edge ring, the impedance per unit area of the impedance matching
layer, and the impedance per unit ares of any gaps or interfaces found therebetween.
Unfortunately, however, the impedance produced through the chuck and the substrate
25 atthe center of the substrate is typically different than the impedance produced ‘

through the chuck, the edge ring and the substrate at the edge of the substrate because
of the air gaps and interfaces found between the aforementioned parts at the edge of
| the substrate, and the material differences of the chuck and the edge ring. As a result,
the coupling of energy at the edge of the substrate is generally different than the
30 coupling of energy at the center of the substrate (e.g., non-uniform).

In a preferred embodiment, the impedance matching layer is arranged to adjust

the impedance (e.g., sheath voltage) at the edge of the substrate such that the |

impedance at the edge of the substrate is equal to the impedance at the center of the
-12-



9 JUG ~~0~ 31. The pedestal as recited in claim 30 mhereiﬁ&@(}ﬂ' edance

mat ching | ayer is arranged to control said inpedance between sal | ect rode
and said plasma at the edge of said substrate. 32. The pedestal as recited
in claim30 wherein said chuck, edge ring and i npedance matching | ayer are

formed froma dielectric material, wherein the dielectric constant of said
edge ri ngsibstratgudn thipmaheerdthelcouplingolumrgyaarross theswirfice hfible substrdteiber ei n

the diele | ¢ .e0Nns sai d i npedance mat.chi | ayer is different than
the dieleC °?+‘§mg°%ﬁ‘s%§ﬁhe§‘1rf°%e£fa°e@g§@q%ﬂ?@“aaﬁé’e ﬂ%"%‘ﬂuck. 10 33. The

pedestal as relibrsliniplemtatition horheskabss of the édde rigRadans tidknesusterk t hr ough
said chuck is different than a second i npedance produced_through said edge

ring, sai dupedseermahmelays wie onfiaized iy ahieviethadasired soudingsffeshifersecond
ol af . SR ek OB G it g o eREI BRIl | 0"

| ayer wi t ltheiagpdaicetnmateling laydythickness may s inetbatothedmpedincs ai tile second
T g ol 5o b ot st
;mrrg (ra 3 ia 2 C Z@%@?@%@%ﬁ%ﬁqﬁﬁﬁﬁﬁﬂ lﬂ%ﬁ?ﬁﬁ |ng kness of

sai d 25 i mppeldanceatthe cganf thegestiate with thetimpedance etthe sbntsnofthe econd _
i d o3l T dest al ited i | aj furt i Si
oot - oD an PR BB BERERE A atFesh Firrae i 16 P of heutifeoBk g Star e and

sai d edge Muw/iﬁbtédse@a@mgﬁesﬁdmmesaigéoliraibtmbét?dié;fﬁfyewﬁat_ﬁsﬂ including a
first channel extending 30 through said electrode to the interface between

sai d chuckgifipaiationstisdenssh and pefition eltbo rupeisnemekickingdayirmeastle ough sai d

el ectrode fa Lhey r ﬂ%y\%ﬁp - 04 | | ectrode and
sai d edge ring, stgi%ﬁﬁgg@%t ranste ,@?ﬁ%%éﬁ%@%ﬁ%‘ﬁ%@%&ﬁmw de a
heat transfopedae bd'mMGME%mgﬂ'ﬂeﬂgmdnsﬁﬁﬂﬂeﬂlﬁmcﬁ&mﬁmpédagbﬂhﬂ?ep@g&ﬁﬁt al df or I
supporting,a substrate, during processi 5 thereof sajd _unifqQrmty pedesta
conprisi n%!‘e ﬁ“ﬁﬁz?@t g?&‘i’@“@bh%?egﬁﬂsgﬁp”t J@%@Wﬁ%@n&dﬂﬁr WWPSH‘?@& on of
the subst rgt.g.edbdsr thi edbe ; ' 4 [ &&g&!ﬁﬁ r S

coupl ed therefh%ough; aézé@%%g@%ég&%%\gcﬁ?%%%%sgéﬂ?o e ?éé\%ggee &qghvé a
second regiubsiraté. t he substrate, the second zone having a second inpedance

when ener is coupled 10 t et hr h, the second i ppedance_bei
T eront Y i SGREREy, herhEhitss of U8 ipmemon Seucies Ivan 2n el b
conf i gur ecihidinadiof fie 4diR rARCARMABRAGROSR SIS Rifedhh® SRCRAG lhyedance is

subst ant i a&l’dy equal to the first i pédance. 15 39." A uniform ty "mechani sm
sui t abtle f g tenghh ando thsqositioptadtheimpedeandermattlhiog layeptasbansed to gatched and

sust ai ned .| J S rat t ni.f orm t chani s Qnpri si ng:
a first coﬁ#%é%gél@ﬁg‘%gfttﬂgre@%gu@gﬁ%&%%%ﬁ%gﬂ&gﬁg%§/g{ ecoupl ed
t her et hr ougibstr@¥®, a second conponent that produces a second i npedance when

ener is coupled therethrough, the first inpedance being different than
t he ggcond i ngeﬁhqf@égarg%ar embodiment, the thlckuer.sns) of the secondpo%tion of the edge

ring (e.g., portion that extends underneath the substrate) is about 1 mm and the
25 thickness of the impedance matching layet is about 1 mm, Furthermore, the edge ring
has the same dielectric constént as the ceramic layer of the chuck; and the impedance - .. -
matching layer has a dielectric constant that is larger than the dielectric constant of the
edge ring. In this example, the dielectric constant is larger to compensate for the

epoxy (e.g., increased impedance) that exists at the edge of the ceramic portion of the
30  chuck. The epoxy is generally used to protect the chuck from a regional field (e.g.,
arcing). |
- Although the substrate pedestal has been shown and described as producing a
uniform electric field, it wiil be appreciated that the substrate pedestal may also be
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an i npedance matching |ayer having characteristics configur@d JyNafﬂMSt t he
second i npedance, said characteristics including at |east one

thickness, a length, a 25 position, or a material property. 40. The
~uniformty mechanismas recited in claim39 wherein the i rrpedance mat chi ng

| ayer adj ustsn]éhega cond i npedance so that the second inpedance is
subst anti al 1% ?Bf‘{dﬁéewpwfmdmmmmbmpmtmmfeﬁm YedEREhani sm

as recited iup Qiﬁio%ﬁ%s st 2DQ4 conponent i's

di sposed bel 0\]/&v an inner regi o%n{)) &?qudéﬁlslﬂ ‘a‘“tnéﬁﬁn'gsemé?‘éﬁl% ﬁ?@ﬂ@@@t)ﬁﬂ

conponent ditB® B%Mab@ﬁgmemﬂymﬁaetsthe@n@mwtc&dﬁecﬁéﬂéﬁ%fﬁh%
for

substrate ig, tehgned i nsj.de_t he process chanber processi ng and
wherein the |E§r§ganc P ﬁff e degsi & B svedyiof Hmplamaised topbcess

conponent. Shei@ibsihie. ABédamEy Yi {5 ted i m 39 wherein
the uniformit rrechanl smis U)f’ll f m&?g pedﬁﬁwq?%o%‘ﬁrﬂ{]?yéhwygﬁpportl ng
the substra ﬂMM@W@Slgﬁﬂgé&ubé&mmmﬁﬁciﬁ%Wé% recited
in clai m 39 bt QRNin g third nent for generating an €lectric

0
field. 44. The uni form%lg%@gﬁ gf]r‘f':(?é Vgﬁ ¢lggirads. émanma@mﬂmer ein the
second i npe@arbmd!mmtcmmpbd@deﬁﬁt gﬁrg@&ﬂlﬁg kf‘g t he eI ect ri %&l el d.
I I'n alrm

15 45. The u fo nmechani sm as réec cond
i npedance i §% q%étalﬁ%asdpmc@emnan‘JmRheelacmbeieﬁia&ﬁésrsltﬁeémﬁhéof 25
. A<y. AOg0A, ﬂﬁgl_s%s% A A AU Auy. A<. A. Ah . A AU . AXY. Ap y. A A

Y. A AU. A. A@A. Ax . A ;4,e NE

MP kf adiliciohd
caﬁ[cgijga] 22?{}@% ail:;p QMW;%]I gg]@%ﬁaJ 88 Hehuin oﬁ%{:ﬁét&r@éf&%ﬁll&a]tca] cal
zupkf a\ W ca] caJ caf ¢. e 35 @Mﬁqu@wna;e@ww]amﬂﬁ]e@gm@kca] ca]

ca] cal ca] cajs:

sl (L AATUNE 'oﬁooolllezs%%‘“\p‘%‘@ﬁ%%%‘fa‘]e‘aﬂwrwse}gg Asis well
Ul c”a] ca] ca D‘H]lé‘a]b@&? sleifled ot art] aubivaty 9ﬁicéﬁx%9(h(‘ga]b%&1bﬁ?dxﬁ§‘ioﬁ§j kel c2al o

N 1.).92; J: >>>>>>*
g]u](ég} i(il?!l ] ﬁ/} %@%&Wﬁa G %Wféérpm@a]f@a; serfamtling] the| c$i31] c?]
cacacacanbs]m € c'a ca] cajcalc
al VV\XZXXXYYZ% 4 6] >] @ t?ij;( X e?g%%ﬁf%?&%%‘%m T8%4 ca] ca]
cajca]c"aU] & Shich varatiow) abitivese area pressure and gas

et Eﬁﬁ“ﬁﬁ%ﬁﬁf@ﬁfeiﬁﬁcﬁ]ﬁ%@ T )
ca c a

a] ca] ca] ca] ca

Vi } REW bk$ mhc/Y
] gg] gg] calc %@c{?ﬁ% égov Vi ;&?ng;mpwmtm}mal@aisca] cal v7B$/ u

g} ?i])z:)a]sga]jcgiﬂca] ca] ca] ca] cai cla[]((cavflca% %@h@é@% S rist a] el ;2}51]:21;1]:

gﬂ:gﬂ:g] g!a]Ch mﬁ ! %mﬂmﬂ&ﬂ%&g}ﬂmk] ] ca] c"a] ca] glgt% cg%%}ica Lgﬂ:gﬂ:g

| ca] ca] ca] cgﬁeﬁc‘é ca %?f%% Yotane ] geaprally caifigiredifora] cgl f8r
! N| wr miistrifieltinpg

i ]ca] gg]zcl e %ﬂ%f ]{clg] ca] ca] ca] cal ca] caﬁkca%%% W@&C@ Ca]zrﬂ%qﬁ%g"iu]a} ]C]a]c

aj caj ca ca] cal ca] ca] ca] c$al] c$a] ca] ca] ca] ca] ca] ca] ca] ca]

1098& 109&' (
Tovee (1 (igl/é 3 (Fodaiiphe Antithiol 1 A0S §3dmsafe ie. 4ilpreteste noat transfor
1098& () - " 16yeB8h 2PO Hiat 103E0s6d imdite tﬁ@ s:ﬁtlj_z (peﬁés%%( A d]egc{ﬁ%d,(ale NEaB* Y

10988l . 10%: #10%&&; + 10%: '

100& () -1 &153}&11{1  Paglgstal cpnfigur lepportmg a subsirate 160 and generally
includes an electrode 152, a chuck 154, an edge ring 156 and an impedance matching
layer 158. The heat transfer system 200 generally includes a main channel 202 for
distributing  heat transfer medinm to a plurality of chuck channels 204 and a
plurality of edge ring channels 206. The chuck channels 204 are configured for
distributing the heat transfer medium to a first gap 208, which is between the chuck

30

-14-




10'1: 10%& ()-@y8 10%& ()-16 10% & ()- |65#109%& ()-13 10?:()-}*‘0
109 ()-NOP[}ASH= 10 10 10 10; 10%& ()-!*0109%?& ()-!S 10% ?)JU 2004

1" <109%& ()-w 10 10S}"A<ASH= 10! P! 10%& ()- P! 109%& ()-,\"109%& ()-! 10%& ()-
109&' ()-!HL! 10%& ()-1' sa?"SH= |

1011 @, " 109%&' (cz- Pl)! 109 ()-P 1 10%& ()-!G s$#109%& () - P! 100/&'1(11)1- , VT#109%& ()
- s61dE SHES4 g e backside of Yhersubgivate (LH0 SBheripg ripp channels 206 are configured

109&' - Pel! ! - 9 )=~V = . q =

11 L1 oot ekttt e b Htishdinadipito aseoond gap s which s etyesen fhe
109%& () - j theelebfrbdd 03Band the backskde( oft0d B3RS 156P" Y1098& ()-Z 10 10 10;
10%: ()-2nL dE_@ 10!1, L 10%B& () - =3c1098& (- , 1098& ()-=109%8& () -

V10988’ ()- 1098R0ps s Odlff}enta he 'B@ﬁoepnag%ﬁ is gnipqduped wyder prrsswee (@8- 7" 10%
& g Kk g/«)g«&j= x% %’sué%g g é%%%%gaﬁ%%}’ﬁf@“ﬁ“ PETBRIHEA B & 100RaR: (
) - ! @ 10%) Ramger(rediathifospiRuBRielf oo ¢l)ing tHdcubsndte inPadpGiflcipeSitddR’ () - =

during processing to ensure nuiform and repeatable processing results. In another

embodiment, the edge ring 156 is coupled to the electrode with a bolt 250 to hold the

edge ring while providing adequaie clearance for the release of the heat transfer

10  medium at the second gap. Additionally or aliernatively, heaters may be disposed
inside the substrate pedestal to provide even more temperature control.

As can be seen from the foregoing, the present invention offers numerous
advantages over the prior art. By way of example, the present invention is capable of
processing substrates with a high degree of processing uniformity across the surface

15  ofthe substrate. In particular, the substrate pedestal provides an impedance matching
layer that is capable of controiling the impedance of the substrate pedestal, and
therefore the electric field that is coupled therethrough. Tn one configuration, the
impedance matching layer is arranged such that the substrate pedestal produces a
uniform electric field inside the process chamber. As aresult, the ion density and ion

20  energy used to process the subsirate is more uniform, and therefore uniform
processing can be achieved. In another configuration, the impedance matching layer
is arranged such that the substrate pedestal produces a varying electric field to
compensate for other non-uniformities (e.g., non-imiform plasma density). Asa
result, processing uniformity can be improved upon. Additionally, the invention

25  provides a substraic pedestal that is configured for cooling both the substrate and the
edge ring during processing, which as a result reduces temperature, pressure and
conductance fluctuations that tend to produce non-uniformities in processing.
Accordingly, the present invention reduces edge exclusion and increases substrate
yield. ' ‘

30 While this invention has been described in temms of several preferred
embodiments, there are alterations, permutations, and equivalents, which fall within
the scope of this invention. Tt should also be noted that there are many alternative

ways of implementing the methods and apparatuses of the present invention. If is

~15-




LORR 10RR 10RR! 1p#109RRE ()-w | ULp#10% & ()-w | ULp#10% & 0)g wyy =
+, W, M./ dBoP1=10! GY#10%/878& ()- G 10%& ()-\#1098& ()-! 10%& (% UM, 20e: ()-
y1098&' ()- /50007111dE0P1=10! |, #10%& ()-1* 109%& ()- Y 1)1098& () -
& 109& () -z, s$" 10%& () 011 10%&' () - 1e233X4Y4Z4[ 4\ 4} ASH==" 108 108 108f :
10988 ()-17 égr/ ()= Gl CL#109% 78! () -1 G c1#10%/8788! ()1
109& ()-\4i 4 S3utended that the following appended claims be interpreted as includin %?u

6

} [ <SH==L6#1086cH & () -1 GL6#10%m0n0& ()-IdLa#lo%il&

10% 0& ()-"10% é%té%) tiof j?gil‘:g“—>>5@z%g‘f %d%wmme(@mt and scope

1) #10% o' 0& ¢Hjthe prgs mommm ()- 'U#10% | & ()- 6 '10% 0& ()- >>>*ApAl CC
DrP1== 10% & ()-=! 1\ #10%-U>U& () - !# #10%U0U& ()- 10% U& ()- g 10%
U& ()-Cl10% U& ()- 1000 DDUEJFGFI JI KIwUe+= 10 U; 10%
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1054kk kSnl m nyor}P‘isia't?iIé?proce:ssing, said process chamber having an upper end and a lower end;
| an electrode disposed at said lower end of said process chamber, said
electrode being configured for generating an electric field inside said process
chamber;
a chuck disposed above said electrode, said chuck being configured for
10 holding said substrate during said processing;
an edge ring disposed above said electrode, said edge ring being
configured for shiclding said electrode and said chuck from said plasma, said
edge ring having a first portion configured to be disposed between said
electrode and said substrate when said substance is held by said chuck; and
15 an impedance matching layer disposed between said electrode and said
edge ring, said impedance matching layer being bonded to said electrode or said
edge ring, said impedance matching layer having characteristics or features
configured for controlling an impedance between said electrode and said
plasma, said impedance being arranged to affect said electric field to improve

20 processing uniformity across the surface of said substrate.

2. The plasma processing system as recited in claim 1 wherein said

impedance is configured to reduce variations in said electric field.

25 3. The plasma processing system as recited in claim 1 wherein said

impedance is configured to produce variations in said electric field.

4. The plasma processing system as recited in claim 1 wherein said electric
field produces a sheath voltage between the surface of said substrate and said
30 plasma when said substrate is disposed inside said process chamber for

processing.
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component is arranged to control said impedance between said electrode and

said plasma at the edge of said substrate.

6. A plasma processing system for processing a surface of a substrate
comprising;

a process chamber within which a plasma is both ignited and sustained
for processing;

an electrode disposed inside said process chamber, said electrode being
configured for generating an electric field between said plasma and said
electrode, said electrode having an inner region and an outer region;

a chuck disposed above said inner region of said electrode, said chuck
being configured for holding said substrate during processing, said chuck
affecting a first impedaﬁce between said electrode and said plasma in an area
above said inner region of said electrode;

an edge ring disposed above said outer region of said electrode and
position next to a side of said chuck, said edge ring being configured for
shielding at least said electrode from said plasma, said edge ring affecting a
second impedance between said electrode and said plasma in an area above said
outer region of said electrode;

an impedance matching layer disposed between said edge ring and said
electrode and above said outer region of said electrode, said impedance
matching layer having characteristics configured to adjust said second
impedance so as to improve processing uniformity across the surface of the

substrate.

7. The plasma processing system as recited in claim 6 wherein said chuck

is an electrostatic chuck.

8. ‘The plasma processing system as recited in claim 6 wherein said

- 18 -

??@M V(12 1=%F )

Ly

10% o0& ()-v 108 108 108;

10% & () -
& ()-3 10%




U& ()-,,"10% U& ()-3#& 10% U& () - $F10% U& ()-" 10% U& () - 6(y~ u§ @105 #
109%&' ()- 10 U 10 U 10 U; $10% U& ()-|9- 10%; & ()-7- 10% JUN 204
X& ()-1G 4t 109FTATA& ()-V[\]"i}~ = 105 I\
10947 7& ()-109B& ()-!3"10988& ()-v 10 10 10i; #109%& ()-pf 109%& ()-)uwX6~_=
10! 10988& ()-P,\ 109& ()-!,\ 109&KX& ()-!T,\ 100/&'()-!,\ 10% | & ()-![,\
10988& ()-RIW]}[<1= 1 108F,,10%3&'()-|g2 109& ()-!" 2

10988& ()-!X-10988& ()-z,)S109B& ()-z 1090& ()-P]~_ k$vm\v

yv1098& () - PARY §‘1:1<fe) Wb f@é‘lggm&?wl d&gé% & ()-1"Y1098& ()- 108

1087a?mV yv10! u, 109B8& T)- Z10%& 0) - 0100/&'() y, J
10988 ()-f1098& ()-Ba?mN yv10!' 10988& ()-' 10% & () - @

1098& () - $@'9.%&I ( i’ﬁg’t %Qn%&ix éslmlng' ysAEnEgle Ifezﬂ:e%/illf gEﬂ}}% wherein said

impedance matching layer is bonded to said electrode.

10.  The plasma processing system as recited in claim 6 wherein the length
and position of said impedance matching layer with respect to said edge ring is

adjusted to control said second impedance.

10 11.  The plasma processing system as recited in claim 6 wherein the
impedance matching layer is formed from a material with a dielectric constant,

wherein said dielectric constant is adjusted to control said second impedance.

12.  The plasma processing system as recited in claim 6 wherein the
15 thickness of said impedance matching layer is adjusted to control said second

impedance.

13.  The plasma processing system as recited in claim 6 wherein said
electrode has an outer periphery that is greater than or equal to the outer
20 periphery of said substrate when said substrate is disposed on said chuck for

processing.

14.  The plasma processing system as recited in claim 6 wherein said electric
field produces a uniform sheath voltage at the surface of said substrate when

25 said substrate is disposed on said chuck for processing.

15.  The plasma processing system as recited in claim 6 further comprising
an RF power source that is coupled to said electrode, said RF power source
being configured to supply RF energy to said electrode.

30

16.  The plasma processing system as recited in claim 6 further comprising a

-19 -




yv10! 7S1098& () -61098& ()-141098& ()-y21098& ()-/}1098& () é 10% & ()-~_@
yv10! 3=10% U&' () -yS10% U&' () - S10% U&' () -! #10%JU& ( ) 108 10& oSl zﬂﬂ@
10%8& ()-2] AdE~_@yv10!10% U&' ()-10% & ()-10% U& ()-,]10% U& () - Y10%
U& ()-10% U& ()-$pdE~_@yv10!"' G10% U&' () - @&c10% U& () $10% & () - #S10%
U& ()-*10% U&' () - 10% U& ()-h9qt dE~_@ yv10! 710% U&' () -610% U& ()-P4@0%
U& ()-FIwl0% U&' ()- .10% U& ()-*#10% U& ()-zbC yv10!10% U& () - YZ10%
U& ()-6@0%
heat transfer system for controlling the temperature of said substrate and said

edge ring during processing, said heat transfer system including a first channel

extending through said electrode to the interface between said chuck and said

substrate, and a second channel extending through said electrode to the interface
5 between said electrode and said edge ring, said heat transfer system being

configured to provide a heat transfer medium through said channels.

17.  The plasma processing system as recited in claim 16 wherein said heat
transfer medium is a helium gas.

10
18.  The plasma processing apparatus as recited in claim 1 wherein said
impedance matching layer is configured to be disposed between said electrode
and said substrate when said substrate is held by said chuck.

15 19.  The plasma processing apparatus as recited in claim 1 wherein said first
portion cooperates with said chuck to define an area for receiving a bottom

surface of said substrate.

20.  The plasma processing apparatus as recited in claim 1 wherein said edge
20 ring has a second portion extending above said first portion, said first portion
being configured to surround an outer edge of said chuck, said second portion
being configured to surround an outer edge of said substrate when said substrate
is held by said chuck for processing whereby said edge ring cooperates with said
chuck to form a recessed portion for accepting said substrate for processing.
25
21.  The plasma processing apparatus as recited in claim 1 wherein said
chuck has an outer periphery that is smaller than an outer periphery of said

subsirate.

30 22.  The plasma processing apparatus as recited in claim 1 wherein said

impedance matching layer is formed from a dielectric material.
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23.  The plasma processing apparatus as recited in claim 1 wherein said
chuck, edge ring and impedance matching layer are formed from a dielectric
material, wherein the dielectric constant of said edge ring is equal to the

5 dielectric constant of said chuck, and wherein the dielectric instant of said
impedance matching layer is different than the dielectric constant of said edge

ring and said chuck.

24.  The plasma processing apparatus as recited in claim 1 wherein a first

10 impedance produced through said chuck is different than a second impedance
produced through said edge ring, and wherein said impedance matching layer is
arranged to adjust said second impedance produced through said edge ring so that
said second impedance is substantially equal to said first impedance produced
through said chuck.

15
25.  The plasma processing apparatus as recited in claim 5 wherein the
impedance matching layer is configured to match the impedance between the
electrode and the plasma at the edge of said substrate with the impedance
between the electrode and the plasma at the center of said substrate.

20
26.  The plasma processing apparatus as recited in claim 12 wherein the
thickness of the impedance matching layer is between about 0.10 to about 10

nim.

25 27.  The plasma processing apparatus as recited in claim 6 wherein said inner
region of said electrode corresponds to an inner portion of said substrate when
said substrate is disposed over said chuck for processing, and wherein said outer
region of said electrode corresponds to an outer portion of said subsirate when
said substrate is disposed over said chuck for processing.

30

28. A plasma processing system for processing a subsirate, comprising;
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a process chamber; and

a uniformity pedestal disposed inside said process chamber, the pedestal
being configured for supporting the substrate during processing, the pedestal
having a first component disposed below an inner region of the substrate and a

5 second component disposed below an outer region of the substrate, the first
component producing a first impedance when energy is coupled therethrough,
the second component producing a second impedance when energy is coupled
therethrough, the first impedance being different than the second impedance, the
pedestal including an impedance matching layer disposed below said second
10 component and having characteristics configured to adjust the second

impedance such that the second impedance is substantially equal to the first
impedance, said characteristics including at [east one of a thickness, a length, a

position, or a material property.

15 29. A pedestal for supporting a substrate during plasma processing, said
pedestal comprising;
an electrode configured for generating an electric field;
a chuck disposed above said electrode, said chuck being configured for
holding said substrate;
20 an edge ring disposed above said electrode, said edge ring being
configured for shielding said electrode arid said chuck; and
an impedance matching layer disposed between said, electrode and said
edge ring, said impedance matching layer being bonded to said electrode or said
edge ring, said impedance matching layer having characteristics or features
25 configured for controlling an impedance between said electrode and a plasma,
said impedance being arranged to affect said electric field to improve processing

uniformity across the surface of said substrate.

30.  The pedestal as recited in claim 29 wherein said impedance is

30 configured to reduce or produce variations in said electric field.
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31.  The pedestal as recited in claim 30 wherein said impedance matching
layer is arranged to control said impedance between said electrode and said

plasma at the edge of said substrate.

5 32.  The pedestal as recited in claim 30 wherein said chuck, edge ring and
impedance matching layer are formed from a dielectric material, wherein the
dielectric constant of said edge ring is equal to the dielectric constant of said
chuck, and wherein the dielectric constant of said impedance matching layer is
different than the dielectric constant of said edge ring and said chuck.

10
33.  The pedestal as recited in claim 29 wherein a first impedance produced
through said chuck is different than a second impedance produced through said
edge ring, said impedance matching layer being arranged to adjust said second
impedance produced through said edge ring.

15
34.  The pedestal as recited in claim 33 wherein the length and position of
said impedance matching layer with respect to said edge ring is adjusted to

control said second impedance.

20 35.  The pedestal as recited in claim 33 wherein the impedance maiching
layer is formed from a material with a dielectric constant, wherein said

dielectric constant is adjusted to control said second impedance.

36.  The pedestal as recited in claim 33 wherein the thickness of said

25 impedance matching layer is adjusted to control said second impedance.

37.  The pedestal as recited in claim 29 further comprising a heat transfer

system for controlling the temperature of said substrate and said edge ring

during processing, said heat transfer system including a first channel extending
30 through said electrode to the interface between said chuck and said substrate,

and a second channel extending through said electrode to the interface between

-3 .




U 10 UJEKC 10 U=10% U& ()- C10% U& ()-10% U& ()-10% - & ( glg@gﬂﬂg)-clo%
U& ()-f8 }A<KC 10 !'2 109%M& ()-)110% U& ()-!S, 10% U U& T} -, () -
| X#&10%JU& ()-y"z10% U& ()- r]bC 10 110% U& ()-0! 10% U& ()-v 10 U 10 U 10
UF, ; 10% U& () - Y710%

said electrode and said edge ring, said heat transfer system being configured to

provide a heat transfer medium through said channels.

38. A uniformity pedestal for supporting a substrate during processing
5 thereof said uniformity pedestal comprising:

a first zone configured to be disposed below a first region of the substrate,
the first zone having a first impedance when energy is coupled therethrough;

a second zone configured to be disposed below a second region of the
substrate, the second zone having a second impedance when energy is coupled

10 therethrough, the second impedance being different than the first impedance;

and

an impedance matching layer configured to adjust the second impedance
such that the second impedance is substantially equal to the first impedance.

15 39. A uniformity mechanism suitable for use in a process chamber within
which a plasma is ignited and sustained for processing a substrate, the
uniformity mechanism comprising:

a first component that produces a first impedance when energy is
coupled therethrough;

20 a second component that produces a second impedance when energy is
coupled therethrough, the first impedance being different than the second
impedance; and

an impedance matching layer having characteristics configured to adjust the
second impedance, said characteristics including at least one of a thickness, a length, a

25 position, or a material property.

40.  The uniformity mechanism as recited in claim 39 wherein the impedance
matching layer adjusts the second impedance so that the second impedance is
substantially equal to the first impedance.

30

41.  The uniformity mechanism as recited in claim 39 wherein the first
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the impedance matching layer is disposed below said second component.

42.  The uniformity mechanism as recited in claim 39 wherein the uniformity
mechanism is uniformity pedestal configured for supporting the substrate during

processing.

10 43.  The uniformity mechanism as recited in claim 39 further including a

third component for generating an electric field.

44.  The uniformity mechanism as recited in claim 43 wherein the second
impedance is controlled to reduce variations in the electric field.

15
45.  The uniformity mechanism as recited in claim 43 wherein the second

impedance is controlled to produce variations in the electric field.
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