TI TLE OF 1 NVENTI ON METHOD FOR BALANCI NG RETURN
CURRENTS | N PLASVA PROCESSI NG APPARATUS FI ELD OF THE

wo bMERTI3ON [ 0001] The present invention rel at eBCT/0S2004/022060
equi pnent for processing substrates such as
sem conductor wafers. Mre particularly, the present
invention relates to a sem conduct or processing
apparatus generating plasna. BACKGROUND OF THE
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within a process ERO®H Bs |ARE®BG@WH5 a | ow pressure
gas into the chanber and then directing electrica
energy into the chanber for creating an electrica

field. The el ectriRIBLD OBRIMHEMNWERII@N el ectron fl ow
wi thin the chanmber which ionizes individual gas

[o0d] ecul e?h@}fre*s&ﬁ‘ﬂﬁfeﬁﬁ&ﬂ Fatdd te%ﬁhi‘fmf%ﬁﬁfog}Sr&c%sﬂ%&bstrates such
i ndi vidual el ectron-gas nol ecul'e collisions
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[ 0003] Gas plasnmas are useful in a variety of

different integrated circuit fabrication processes.

One comonly used plasma process is a plasma etch

process wher ei BACKGROUNID ORTHEIINIVENTIONOVed or

"etched" froma surface of a substrate. The
[0002] Gas plasmas are widely used in a variety of integrated circuit fabrication
processes, including plasma etching and plasma deposition applications. Generally, gas
plasmas are produced within a process chamber by introducing a low-pressure gas into
the chamber and then directing electrical energy into the chamber for creating an
electrical field. The electrical field creates an electron flow within the chamber which
ionizes individual gas molecules by transferring kinetic energy through individual
electron-gas molecule collisions. The electrons are accelerated within the electric field,

producing efficient ionization of the gas molecules. The ionized particles of the gas and

free electrons collectively form what is referred to as a gas plasma.

[0003] Gas plasmas are useful in a variety of different integrated circuit
fabrication processes. One commonly used plasma process is a plasma etch process
wherein a layer of material is removed or "etched" from a surface of a substrate. The
ionized gas particles of the plasma are generally positively charged. Within an etching

process, the substrate is negatively biased such that the positive ionized plasma particles



i oni zed gas particles of the plasma are generally
positively charged. Wthin an etching process, the
wandwshisie i s negatively biased such that the pOBUS200€022060
ioni zed plasma particlesare attracted to the substrate
surface to bonbard the surface and thereby etch the
aresaﬁp%ierda(g ?heS#ﬂlli)Et?acig Sur[fa%g Qg' LoJaQeng %}%eilqs\{l?%aXe ! l%leree%y %lcﬁ%ﬂ@
etching systens may be used I n € processing’ an
fabrication of sem conductor devices. A shaped coil or
subsiieig SW42%osi ti oned with respect to the process chamber
i nductively couples energy into the chanber and thus
creates and sustains a high-density plasna within the
chanber. The Inductively coupled plasma etching system
[000¢Di cal | Indurtiveldesuphnl fREsnostetiing eysemad ey belpgdyin g RF
power to the chuck within the plasm chanber. [0005]
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in the radial direction across the wafer being

: : . . . .
poff AR R e ke PQTR; pREHS chiEbY RAIRYED S A L Dl
l.asma, et chi ng system.100,.in whi.ch.the RFE return
chaRiRF B PSSO Ro MG 1 g HgaFTRif PR ¥ dkindpe chamber. The
direction_across the wafer being processed. A plasma
Indyptayabesoupdes Havmeiching system fxpiqally iincludes @R Rigspyer gererator
positioned on a support arm 106. An insul ator 108
supphyang RF pameyta the ahuckesitliGhelasnia drambdeapport arm 106.
The ESC 104 receives and supports a wafer 110 to be
processed. A vacuumis maintained in the interior 120
of the chanber 102 by suitable vacuum punp 122

[009Snect eflohRyé, I Rdereflth b BreRWdy rb2 oW lindrRAWahd radial
such as the boftom chamber 102. "A wafer transport 126
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sys}/e%%:sl.'I lﬂbpli ?l?ues?rgtieg gn (1:nh ug':?veerly %gu%ledapqas%lea etching system 100 in which
the RF return current does not flow uniformly in the radial direction across the wafer
being processed. A plasma chamber 102 houses an electrostatic chuck (ESC) 104
positioned on a support arm 106. An insulator 108 electrically insulates ESC 104 from
support arm 106. The ESC 104 receives and supports a wafer 110 to be processed. A
vacuum is maintained in the interior 120 of the chamber 102 by suitable vacuum pump
122 connected to a large outlet port 124 in an endwall such as the bottom chamber 102.
A wafer transport 126 along a sidewall opposite to support arm 106 allows wafers to
enter and leave the process chamber 102. The vacuum processing chamber 102 can be
supplied with RF power through an external RF antenna such as a planar coil 128 outside

a dielectric window 130. The dielectric window 130 serves as an endwall such as the top

of the chamber 102.



supplied wth RF power through an external RF antenna
such as a planar coil 128 outside a dielectric w ndow

wd 3@s/0Ti3e0 di el ectric wi ndow 130 serves as an epcimab1004/022060
such as the top of the chanber 102.[0006] The support
arm 106 is renovably nounted to the plasma chanber 102

00781, 3 R SARRE e Séé‘ﬁ???{y'o‘?&ffii""‘?l}%%?‘?gﬁi FAmRe 02
he ESC 10 '
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RF power supply_generator_114 passes through an RF | .
genesygr HfhsurmB@s pavedodhe Epe 1A% thraughsa matehingmetwerkcireit
of the support arm 106, the RF return current to
1 @gehbs mcomingIRF cwrendgemetated by theeR I powerssugpllygsnerator il 4rpasses
path | ength and maxi nrum path | ength. The m ni num

throgghamRPddeld rod 11 HeBEausaisfthehon-bkio sghimetii mahas atRRApport
on the chanber inner wall is illustrated with arrows

arrh 30& BIRFActurn R reB g&l@i’af&ltlll'ﬁ s rﬂﬁtdgié g&ﬂﬂé%d?'a:n& Hid £t

is illustrated wth arrows | abel ed Because o
0N- axi [.C. . u f th t.urn current S
mifiR R | TR Bt b Rtk PR uE MR PP bERe
acrass th fer. [0007] Typically, the netallic
CUIZErE HUREEN (g g anii o8 tk}e]a?l@?ff%gwas'? b S e ch pows
vacuum chanber 102, are nmade of al um num al | oys, which
labgled & Af"aiThe ynaxignmettant patl af the Fdoerstentistiljustiated| wih arrows
frequencies. The inpedance of these netallic el enments

labbled 6BEs Berase af nomghxis sympmetrentatuaé ohihg heturif cuegtuepathse she etch
As such, when the RF return current path fromthe RF

rat® PAvRsim GEIME vaife maylke Adi-QUEmtdeeoswafeakafdd0 and back is
not axially symetric, the RF currents encounter

hi gher i npedance at sone azinuthal |ocation than at
others, resulting in processing nonuniformties.

[OOlB(%Pendi n%ylpli%glli]y, eer(r:lietfaih% e‘féméjnitst, iSl?C Cds the wafer support arm 106 and
the vacuum chamber 102, are made of aluminum alloys, which have fairly high electrical
conductivity for low frequencies. The impedance of these metallic elements becomes
increasingly important at higher frequencies. As such, when the RF return current path
from the RF power generator 114 through the wafer 110 and back is not axially
symmetric, the RF currents encounter higher impedance at some azimuthal location than
at others, resulting in processing nonuniformities. Depending upon specific conditions,

unacceptable nonuniformities in the processing can occur across the wafer surface.

[0008] In order to preserve consistent results of the plasma processing chamber, a
need exists for a method and apparatus for balancing RF return currents so that the RF

return currents on the wafer are made uniform so as to permit uniform processing. A



unaccept abl e nonuniformties in the processing can

occur across the wafer surface. [0008] In order to
w@r@seI3se0 consi stent results of the plasma pr oRE€EEE1094/022060

chanber, a need exists for a nethod and apparatus for

bal ancing RF return currents so that the RF return
prififdfy SthbSseF the eVt flvedtich RS IWHLEQ HB§9 ﬁprﬁ)@id@%ﬁﬂetr

uni’form processing. Aprimary purpose ofe the present

s to solve these needs and provide further,

relate%{g& 3%g8%/ant ages. BRI EF DESCRI PTI ON OF THE | NVENTI ON

[ 0009] A plasma processing reactor includes a chanber

and a substrate support. The chanber includes an

openi ng extendi n throu h a sidewal|l of the chanber.

The subst r at BRIEHBHSCRIL Ti@N@%EHﬁ IMNMENEON t hi n t he
chanber. The opening of the chanber is |arge enough to
[0009] ow t he\ [Hadnsd pratesstigppatdr ihcuds arohambecanidraoibstire support.
chanmber through the opening. A portion of a surface of

Thé Bﬁadlb'k@ Siclided @HRpEniAR thﬁﬁlﬁnéﬂﬁ’&ghaat SdSHHIR the Mﬁatnmef‘ The
t he chanber has a coating he coating is made of
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side of the chanber. The coating. al so creates an
thrpughethe AB@NIRg. oA ottinn of gssttac o the et sidesimlt angh the pebstrate

density of the RF return current along the surface of
supiplod withie thewdibinbentiastahating nter coating isusadentfiaalelegtrivalp

uni form BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] The

restitie© A&l Mhadcarhg geatewhh Ghipaiagcd 116/ O HBiRE dfflicdsuafade of
constitute a part of this specification, illustrate

theARferQde MR SwRIR AHuIEBShSvRle LS PLEREMNorliblY 8 YhE RE return
current than the opposite side of the chamber. The coating also creates an impedance
along the substrate support so that the density of the RF return current along the surface

of the inner walls of the chamber is substantially more uniform.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] The accompanying drawings, which are incorporated into and constitute a
part of this specification, illustrate one or more embodiments of the present invention
and, together with the detailed description, serve to explain the principles and
implementations of the invention.
[0011] In the drawings:
FIG. 1 is a cross-sectional diagram schematically illustrating a plasma

etching system in accordance with a prior art.



and, together with the detailed description, serve to
explain the principles and i npl enentations of the

WO nooeniizom. [0011] In the drawings: FIG 1 i s BCT/US2004/022060
cross-sectional diagramschematically illustrating a
pl asma etching systemin accordance with a prior
art. Fl G FRGIBisa $68s8ctimal diagah @hagiaals aamtiheaplayma
illustrating a plasma etching systemin accordance

etchinb 1}y Q08 i HRAMAEL by @lont BRLBERRANLT hE PR M enfib 3
I'S-a perspective schematic view of a substrate support
of a pla et chi ng systemin. accordance with one
erbodt mehCoh S R AE TS DT & P aly spapet of a plasma
erspective schematic view of a vacuum processi ng

elcBiRg HhEeM AR agcopfanseiyithoap emgodinented the presert investipat r at e
support and a top wall nounted plasna generating
devi ce i hlGckisrgerspectivietshhammaicendw df awatuuof probessing chamber
present invention. FIG 5 is a flow diagram

of & platiah e@hingGyaemBiittut & aibskaleanppdrdardhh op tvhlMmELHtEEphSma
in a plasma etching systemin accordance with one

gerRERRI TRRE 1PhccbRENAY ®7R Bhe Eﬂlﬁ&ﬂ“eﬁﬂhf tpggr%lsénlf_-@wention.
DESCRI PTI ON [ 0012] Enbodi nents of the present

i nventio re. descrihed herein. in t nt ext .of
pl asma e %@. 5?115 aglsos“f %lﬁ?r lglél Sétra&ng(ﬁa r%‘%}ﬁ%‘?%rtsbﬁﬁ‘flfm% ﬁ{% tTRE
art will realize that the fo]low ng detajl ed

CUrERIG i IR G YR SLARCOTHS I ANG smpodiept afithe present

~only and is not intended to be in any way |imting.

InveRtdYy enbodi ments of the present invention will
readi |l y suggest thenselves to such skilled persons
havi ng the benefit of this disclosure.

DETAILED DESCRIPTION
[0012] Embodiments of the present invention are described herein in the context
of a plasma etching system. Those of ordinary skill in the art will realize that the
following detailed description of the present invention is illustrative only and is not
intended to be in any way limiting. Other embodiments of the present invention will
readily suggest themselves to such skilled persons having the benefit of this disclosure.
Reference will now be made in detail to implementations of the present invention as
illustrated in the accompanying drawings. The same reference indicators will be used
throughout the drawings and the following detailed description to refer to the same or

like parts.

[0013] In the interest of clarity, not all of the routine features of the
implementations described herein are shown and described. It will, of course, be

appreciated that in the development of any such actual implementation, numerous



Ref erence will now be nmade in detail to
i npl enmentati ons of the present invention as
W0 bdossizat ed i n the acconpanyi ng drawi ngs. ThePGHIE2004/022060
reference indicators will be used throughout the
drawi ngs and the follow ng detail ed description to
. refer to the same or like parts, [Q013] In the ,
implemégpiaden-gpecificadgcisjons mpyist be madg in ¢dertg aehipye the devglerer’s
of the inplenentations described herein are shown and
spagifrcgdalse uchlias cpinipliancgfwitioappdieatidye ang prstedsarelated henstraints, and
t he devel opnent of any such actual inplenentation,
than there pesifitgoalyaritlatanofierapee ihplemdaiisn ansnoihs and &ofbsie
in order to achieve the devel oper's specific goals,

deeli6ifer BSarfofER] MAIES Vit WilPRPAfpe@tdt@thaPiifdh a development effort
busi ness-rel ated constraints, and that these specific

mi able%om.gué( a\fxﬂrt%né-g&{%ﬁg}%bP@&H@g%\gey\l}g{é’sst llg)et ?&%H}g Eré&%king

rom on evel oper

of ERAFE0E Lt here Ry A AR el Gt KA dplgoure

a routine undertaking of engineering for those of
ordinary skill in the art having the benefit of this
di sclosure. [0014] FIG 2 illustrates a plasm

[00ddbcessi G sd/Bluemat@x0pliasmaproesargeystamt 200dnaccordance with one
enbodi ment of the present invention. The plasnma

empbdigRasoMNYe presért imviABomBYhdplasthi® probsingafiem200 may be used
sem conduct or plasma processing steps such as etching,

fordaR88d dehffondLESt lasRh bidRRisiHb st&lsGucH Yy &&ﬁﬂ%ldﬁ itich, resist
vacuum processi ng ?:ha er 5}%2 (ﬁJaslV}l%g an 1n UCP‘?{I/(IE yre '
upl | asma soyrce is shown.in,Fl %§¥@§rein. .
e PSR 88, Ry S ARo R IR e S R dpayerivey
202 hy suitable ar s.(not .shown) such as gas
Cow?%f{ 15?%% SRS 18 ﬁ@@\?ﬂ gﬁs‘%a izﬂq?ﬁr%{iﬁ’r%ﬁs%‘!ga%"é Is T"Hﬂpg%‘i foghe
nozzles, etc. Avacuumis naintained in the interior
prozessingf chambecHEnesuitable appargiys (s iskowrlcuohrapgasplistribution rings,
appar atus 206 connected to a | arge outl et
gas distribution plate, injection nozzles, etc. A vacuum is maintained in the interior 204
of the chamber 202 by suitable vacuum pump apparatus 206 connected to a large outlet
port 208 in an endwall such as the bottom of process chamber 202. The vacuum
processing chamber 202 can be supplied with RF power through an external RF antenna
such as a planar coil 210 outside a dielectric window 212. The dielectric window 212
may serve as an endwall such as the top of the chamber 202. However, the plasma

generating source can be of any other type of plasma generating equipment such as that

of an ECR reactor, parallel plate reactor, helicon reactor, helical resonator, etc.

[0015] A substrate 214 is supported within the chamber 202 on a substrate
support 216 which is removably supported by a modular mounting arrangement such as

the support arm 218 from a sidewall of the chamber 202. The substrate support 216 is at



port 208 in an endwal |l such as the bottom of process
chanber 202. The vacuum processi ng chanber 202 can be

weupphisd Wit h RF power through an external RFP@NUSIINE022060
such as a planar coil 210 outside a dielectric w ndow
212. The dielectric window 212 nmay serve as an endwal

or%lléﬁﬁ of'd Slt'é‘ﬂ)%r % ﬁfS Iﬁ&ﬁ]t&hﬂ@o tl%Q% faé_llfwﬁa 51 tha{t I?}?e entifre

I Nng source can any 0
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helical resonator, etc. [0015] A substrate 214 is
bysrassiag thecassanty 31 ¢/RES éﬁgtrabean apepingn thesidsavallanf she chamber 202,

support 216 which is renovably supported by a nodul ar
asrsbown imBlGr2: ditgeubsitatessuphoa 2 16 ey Soughpdir 4 clarcking hfpdramsnsuch as
a sidewal | of the chanber 202. The substrate support

a rﬁ&cﬁlahﬁzaﬁlﬁ@g’lﬁaﬂﬁ (n&@fshews ) R B biakiad 8ledRodY @dt dHowh) located in
cantil ever fashion such that the entire substrate

a &ﬂﬁ@ﬂ%&r{@x‘l‘ﬁmé tchﬁﬁl?@r%%ﬁ)%@éct%%%lﬁ&&v Gah n‘gﬁe{n i}g gqge

fromthe chanber 202 by passing the asse

Chg@l{ 0 by RRRCOGphh Syl iRubectispbien 35 N st
de a chucklng par at us such as a nechanlcal ring
merv r Chek ARB\etc rsmﬁy sanduetiye matergl Bich @ Alygunyp gpntaining
shomn% located in a central portion of the chanber
wisel ewlidg ehanmelsiand wiaweided @ipportipn ef thachanebey or & meultipolar chuck
chucki ng apparatus may conprise any suitable
haaingsagemieilly condittias elrair@lescovarad aitha lagpnopnisalatichhaterial such
of an electrically conductive material such as
asalwinAuUmM cont ai ni ng water cooling channels and
grounded to a portion of the chanber or a multipol ar
chuck having electrically conductive el ectrodes
covered with a layer of insulating material such as

ml 23 en’{'l}%oc%qggﬁg glggrggggglnF %:cgrdlir?gnl%etﬂepntverzlit?o%ocragiblg%sédo ina
plasma or non-plasma environment. Thus, while a specific embodiment of the invention
is described below with reference to a chuck used to hold a semiconductor substrate in a
plasma environment, the substrate support assembly 216/218 according to the invention
can be used in other process chambers. Further, the chucking arrangement can
incorporate (1) a mechanical clamp, (2) a monopolar ESC or a bipolar, multi-polar or
flux-line ESC for holding semiconductor wafers or dielectric substrates in a plasma, non-
plasma, vacuum or non-vacuum environment or (3) a monopolar ESC for holding
dielectric substrates, such as glass panels used in making flat panel displays, in a plasma
environment wherein the plasma is not used to supply ions to the substrate surface for
purposes of clamping but rather, the plasma completes an electrical circuit between the

monopolar ESC and a grounded surface such as part of the wall of the plasma processing

chamber. Whether or not the ESC provides underside gas cooling of the substrate, the



pl asma or non-plasma environnment. Thus, while a

speci fic enbodi nent of the invention is described
whedosmdsat h reference to a chuck used to hol d BCT/US2004/022060

sem conductor substrate in a plasma environnent, the

substrate support assenbly 216/ 218 according to the

subsRYRHhdyore ©RpeRurt e8ttrdIRd B RaNa L QRHHFHIGHIDRKS substrate
Further, the chucking arrangenment can incorporate (1)

aRi I 0 bj. r
B e G e R S e
waf ers of dielectric substrates in,a plasna,
shapg s or clamaingns PRIy SRR bF BB or (3) a
nmonopol ar ESC for holding dielectric substrates, such
as gl ass panels used in making flat panel displays, in
a plasma environnent wherein the plasnma is not used to
[0 Tppl y | dmsnsudatoh22(selbdticalyanslatéstbe stilstrapusuppse?] ofrom
cl anpi ng but rather, the plasma conpl etes an
suppo@Cirii X18| Axi RE pbivebfippBaientiator 70RewsYlial REYowan € fhe substrate
grounded surface such as part of the wall of the

sup‘pﬂom tRIOAEIE 8 S athi S RARSFk: cliééhﬁtzbgr A eldMtical BéndaR924, ie. RF

rovi des underside gas cooling of the substrate,

t.h r be t erature troll,ed by a .
fee 00, 0BT RIS B Bl b P G b SR uBst 2 e RE
ubstr upport 216 _can have _a rectangul ar, square,
fecgineapl 224 off eI SN ORg STH RSB R fhe AFaRFR! FigibBV2 dlso
. particular substrate to be clanped. [0017] An
incilygss p atadar traRepast epsninigc’R0| ajongristideradlsonphsitestolibe suppert arm 218.
support 216 from support arm 218. An RF power supply
Thg enéar ataospoZ2ibening 26 @aH oWk wattreto dntertahé leainb dierpbdess chamber
support 216 through a matching network circuit 223. An
20l ectrical conduit 224, i.e. RF feed rod, couples the
RF power supply generator 222 to the substrate support
216 via RF feeding rod 224. In accordance with one
enbodi nent, the process chanber 202 al so includes a

[Olﬁgf te L et ;Eﬁ.%{uhgg&%giitgﬁqesztﬁg asfaylrr(l)mngtrya of” tihgl i\f-arlelun? Bl?r(r)esnitst Based on
the geometry of the plasma chamber. The shorter RF return current path is illustrated by
arrows A. The longer RF return current path is illustrated by arrows B. To balance the
current densities around the plasma chamber, thin films 228 of materials having higher
or lower resistivity than the base material (for example, in this case aluminum alloys)
may be coated on portions of the surface of the inner walls of the plasma chamber 202.
The thin films increase or decrease the impedance of the shorter RF return current phth
so as to balance the asymmetry resulting from the physical construction of the plasma
chamber 202. The balance of the RF return currents along both the shorter and longer

paths results in RF return currents being more uniform on the wafer 214 so as to permit a

more uniform processing.



The wafer transport opening 226 allows wafers to enter
and | eave the process chanber 202. [0018] FIG 2
wo ooshexsio | | ustrates the asynmetry of the RF rE¢TIUS2004/022060
currents based on the geonetry of the plasma chanber.
The shorter RF return current path is illustrated by
[061g)OVsS A, Inzbﬁ)rhzﬁﬁg %\rlth%ereﬁ{%ﬁﬂ?&h' bf &} r&@ﬁthin{fechnon one way to
i Il'ustrated arrows B. ance the current
-SSP RE LA BDRETR BRI o 1D Tt
. base materi al for ex npl hIS ase al um num
impe %g?%ffoe%g;yheo@n@o%ée &AL glsrcbfua & 200 Byeplsing agetige of higher
the inner walls of the plasma chanber 202. The thin
orflowerglqcticqabrasistivity theg micksbplatieg, ionpenhgnplating) arhselect locations
shorter RF return current path so as to bal ance the
al@ytheredrface o€ ghel ihnargidenalts dhibe phytsber 202 affastinoubé slitedRF
the plasma chanber 202. The bal ance of the RF return
cufdht @Rk pahong both the shorter and |onger paths
results |n RF return currents being nore uniformon
the wafer 214 so as to pernmit a nore uniform
processing [0019] In accordance with one enbodi ment of

e RF
1003l En ~ v BT B e e TS TeB Do) inpalso be
netal surface inpedance al ong the inner sidewalls of
afieptsd bp dpoidickness abghedppl. Jiciypaokmateriplpidhe Himytaad the placement

| ower electrical resistivity (e.g. nickel plating, or
and spyperof pheafiinngln aspordete@orith awatm mrismentothg codtmgsfiinf maginclude
of the inner sidewalls of the chanber 202 affecting

a NicRelspiaed &lyeRimviny & eidknegtdffaBowaéds thdn0080] fof AR FOF&fudhdy of
RF return currents around the chanber 202 may al so be

abhif BCSEPRYT ﬂd@@ slhhbd: KNGS Sirt Q\tllltr@d@lzg 'tﬂamh tRYE chrYdRE 18%vs in the

material of the film and the placenent

surface of the metal, the so-called skin effect, and that embodiments using lower RF
frequencies may utilize thicker films than those which employ higher RF frequencies.
The coating may be applied on a region of a surface of the inner sidewall along the
shorter return path so as to increase impedance. For example, the process chamber 202
may include coating 228 along the shorter return path of the RF current along an inner
sidewall 228 of the support arm 218 as illustrated in FIG. 2. In accordance with another
embodiment, the surface of the upper inner sidewall 230 within the process chamber 202
adjacent to the surface of the inner sidewall 228 of the support arm 218 may also be-
coated with the film. Alternatively, a coating could be applied to the longer path inner

sidewalls if a lower impedance film was used.

[0021] FIG. 3 is a perspective schematic view of a substrate support of a plasma

etching system in accordance with one embodiment of the present invention. An



and shape of the film In accordance with one
enbodi nent, the coating filmmy include a
wok@E®ei33pd at ed | ayer having a thickness of aboptT/I8®84/022060
than .003" for a RF frequency of about 13.56 Mz.
Those skilled in the art will realize that the RF
G BF b BRI O8 o SUELAP ROk F sABRte wbfiin 302 is shown in
0 RFE fr cies.may utilize thicker filnms t
FIG oD Sy g s bidels § Bap Al dsubhiE e 0T g o
may be applied on a region of a surface of the inner
m@ﬁé@&/ﬂmgeaﬁoén d he mouatBg flange 36upeludestapasion 30§ which fits within
i ncrease i npedance. For exanple, the process chanber
op@02g #@¥/ini sidewadlel Od adithengro@28 cldnobrey 400 1es soovnt ierF1Ged ufmthe
path of the RF current along an inner sidewall 228 of

embbéinfeupshfiin, andRmiile tAS suppbti i 308 Goihdartbter shrfab®of the
accordance with anot her enbodi nent, the surface of the

BARRR sub P50 SARENA JpodiRlentt It \subBit BEP 865 Soisd @I BEHion 308 of
Su202 zfg})%Hc}gnt to thgpgurf%lce of t E i nner sﬁ)élevvalg;B 21%1 ©
of .. rtnarm.218 y.alsao be - coated,with the
g Ry dERR e Mt En TR 18 o Bt BP0 b Pl
| onger th inner sidewalls if a |ower ippedance fi] m
art %fgb@ﬁerfwgqfulﬁrrée sappQIt, dheUpRYL afm 9@“@@3@%@ pte formed out
view of a substrate support of a plasma etching system
of p ainglequecg o atsxial pr o phirdith ofisaparate prrtstche bp panbad together to
i nvention. Anexanple of a cantilevered chuck assenbly
for8De waitheten ehsakestanaltle. ThpparstratdGAppst Jomay inelude @.re@dovable
The assenbly 300 includes a substrate support 302, a

ca PSHdwrd haviaR 4ctiitb ot prabmt kid dslad e RFShiasihEelectrode or
%gﬁntinégflange 306 iﬁg?udes a portion 308 mﬂ?ch fits

ele\é‘k&ﬂ:is,nlif? gr@g{oﬁ‘&, Al ‘%I%Eﬁé ga}sdslgﬁplglf etbne process

anber as’ shown in he “‘enbodi nment
shown, one end of the support arm 304 joins an outer
surface of the substrate support 302 and an opposite

end of the support_arm 304 joins the portion 308 of
[0022] As shown in FIG. 4, the chaimber 400 includes a substrate transfer slot

406 through which a substrate such as a semiconductor wafer, flat panel, etc., can be
transferred in a direction such as a horizontal direction by a suitable transfer mechanism
into and out of the interior 408 of the chamber 400. In the embodiment shown, the
interior 408 of the chamber 400 includes a cylindrical sidewall surface 410 and an
annular bottom surface 412 surrounding the outlet port 414. The portion 308 of the
mounting flange 306 includes a curved surface 310 having edges 312 which lie along
edges of the opening 402 in the cylindrical sidewall surface 410 when the mounting
flange 306 is mounted onto the exterior of the chamber 400. Support arm 304 includes
an outer periphery offset vertically from the support surface of the substrate support 302.
The support arm 304 supports the substrate support 302 in the interior 408 of the

chamber 400 such that the outer periphery of the substrate support 302 is located
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mounting flange 306. This arrangenent can take vari ous

fornms such as a one piece arrangenent wherein the
weupshIsie support, the support arm and the fleOESENE€022060

formed out of a single piece of material or a

plurality of separate parts can be attached together

infv@rdlyP6tht Bglrﬁﬁ%ﬁl éu?f]\é@cr 4 TN YEIFRS ?ﬁ%rﬁon ?War?tﬂ%ﬁ hifaces

support 302 may include a renovable cap not s

nent.s . such ascan SC, ..RF sin
B Po bl 47 Rl R PRREG Al R Br A gleatr vl 5.t

cool ing gas supply, etc. [0022] As shown in FIG 4

t he chanmber 400 includes a substrate transfer slot 406

t hrough which a substrate such as a sem conduct or
(00X er, fITde qyarsdlRF mitwn cutents bevel abongftey susthce nf the inner

di rectl on such as a horizontal direction by a suitable
sidematisifl 6 rof tiecdhamibsind 00ndnd adoifg thelturoéd tureace Bl @bt the adddabdyf 300.

t he chanmber 400. In the enbodi nent shown, the interior

In48&r@inct MethciR ERBod At b he YAQEn@nbetibh! dff bl‘&?ﬂl 1tysbfjmltljlps 314

surface 410 and an annul ar bottom surface 4

m d &lé{kgl'a?gelz: ?oc%HEJl tﬁ’lgrch % éurfaclg%le%rf{ oargs Ei 9 rior to
i Rty el 398

mount | €S a CUI'VG sur

g BETReEh Eio\y%%ﬁsd L0 ke SO0 S\ PR R,

nmounting flange 306 is mounted onto the exterior of
CufTRIS @by besdtected iy by thicknassadahg filsstripss theriyrarfanaterial of

peri phery offset vertically fromthe support surface
theofiln dteps aid the pf e mappmdtsh@@2of tHhBInsstdpso r€oraimpoB0F ms may be
supports the substrate support 302 in the interior 408

enffloyeliers oedrg 8iripd Odhdstushthidkatss toh eesitiv Y nfa§ 'HeRNEFeH l&fally to
the substrate support 302 is |ocatedi nwardly of the

afféW the %?&ﬁhcé&ﬂaﬁ%“s%eéﬁ& arbtfd tlﬂg 'E:halﬁll_;@ urﬂ% tsfd@@zalgg gltn%gﬁordance

he surfaces ng opening 4 apere
el SR 08 OGS PR St
Cgp?)gr-ll)late(ei layer having a thickness of about less than .003”. The coating may be
selectively applied on the curved surface 310 of the assembly 300 along the shorter
return path so as to increase impedance. For example, FIG. 3 illustrates a coating of
several filmstrips 314 having a rectangular shape with the larger side perpendicular to the
plane of the substrate support 302. The filmstrips 314 may have gaps between them to
allow the RF return current to flow through. Those of ordinary skill in the art will
appreciate that the filmstrips shown in FIG. 3 are not intended to be limiting and that
other configurations can be used without departing from the inventive concepts herein
disclosed. For examples, other thickness, type of material, and placement and shape of

the filmstrips may be applied to create an impedance along the shorter return path that

would render the RF return current path substantially more uniform around the chamber.
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sidewal | 410 of the chanber 400 and al ong the curved
surface 310 of the assenbly 300. In accordance with
wonmsemdsodi ment of the present invention, a plecEU$1094/022060
of filmstrips 314 nay be coated at sel ect |ocations on
the curved surface 310 of the assenbly 300 prior to
pl as ' g f
08 Chantos 450 ReRHIRERE: oBBGANSE ol AR AP ARG 2
ffected b he.thi ckness of the filmstrips, t type,. .
cofp et DR ETRR R e e BB B hife wiiyine
shape of the filnstrjips. Continuous filnms may be
baggyppisyalmasbyeratedits the inngrssidesydl 410 ahtheharbes 40Galong the
resistivity may be altered locally to affect the
“langpé ddinrséuro pathgd so deti desttasy hea mdpedascadandthat pather
sidewal I s. I n accordance with one enbodi nent, the
coating filmmay include, for exanple, a N ckel-plated
or Copper-plated |l ayer having a thickness of about

[0025}S t hany a8@3dancd WethGRABIhEPEMBEYmMER: TehEFELRinvention, 2
applied on the curved surface 310 of the assembly 300

f
L t e G _jngreas .
o005 06 SRS SRR B Ol BRIy gervin
of several filnstrips 314 having rect angul ar shape
bag PRI PGRR e B D 4f e hemraA Jos He
. Substrate support 302. The filmstrips 314 may have
slyutss” BEroieenpath Arsotas taincesgse the impedaaeqiplang that path. Fer example,
flow through. Those of ordinary skill in the art wll

Flappilbsirateea tomingtdieefardlfdtnsirips 46Gbawing a rdetdBguBir aliape with the
intended to be Iimting and that other configurations

larg@sidkepdip@dioMdr i tHe plaRaTihd @btk A8sdppRrt J02E The Y@mstrips 416 -
concepts herein disclosed. For exanples, other

meyfnagg g@ﬁ?et&/é’éﬁﬁh% t(')@ltl(g\g “?f'pﬁ Iﬂg nRULASHTE HowAlthupiare

nstrips may to create an
i npedance al ong the shorter return path that would
render the RF return current path substantially nore
round t he chanber.[0024] In accordance w.th

. form
(00385t her  dRBEITRIRE W 2R ep¢raldimentaf dag prgsent givention,

filmstrips 314 may also be coated on portions of the surface of the support arm 304.

[0027] In accordance with another embodiment of the present invention,
filmstrips 314 may also be coated on the outer surface of the support arm 304 (not

shown).

[0028] The determination of the number and location of the film strips, film
coatings on the chamber inner sidewall surface is necessarily experimental and iterative.
FIG. 5 illustrates a method of balancing RF return currents in a chamber having a
geometry as described in FIGS. 2-4. At 502, a wafer is processed in a chamber having

no modifications to the inner chamber sidewalls, to establish a baseline. At 504, etch
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coating of a film 314 having an inpedance | ower than

t he i npedance of the underlying base material may be
weoasel3t® the i nner sidewall 410 of the chanbeeT/48304/022060

along the "longer” RF return path B so as to decrease

the i npedance al ong that path. [0025] In accordance

raték bﬁﬁ/aﬁ&héﬁferﬁm%emtsuﬁg afegkdl R Elhe vl'difé&es'ﬁ}ﬂa&nandarecorded
coating of a film 314 having an inpedance hlgher han

AL, L IREERTESe B nk 16 HBAEL tofur) o AR e R Ruaa GBS chamber
sho ter RF return.path A so t Crease
inftsanenpldsmeds fbBrg rmrayar At RaroBsinpl Be Brrnbet, K30s, e
illustrates a coating of several filmstrips 416 having
impedance alogathe shoreapRE grrent refarm patlyisringrared S& theeastdlitéanl ofrstrips
to the plane of the substrate support 302. The
offhighes {relapse Withe basg chambergagteriiie tessenity beming aralndake inher
RF return current to flow through. [0026] In

chagméer wi&nCe bt dridaieatifiLinodidd e fibBBIMenObf the Prd3é@SAVtntion, the
invention, filnmstrips 314 may al so be coated on

m?@ﬂédc@ Qﬁ)ngfthet BRes Wi Ak Pfet&rﬂfg)org}i? HQJrEas?& U% ﬁ%‘ladd{t%g%%]strlps

n accordance th anot er e

[ e coate t he
of SRS E oy xeale SR [oBRug s BB gﬂ%ommg dround the
. $00E1¥ The determ nation of the nunber and | ocation of
inpet £hatnpervalk i ps, fil m coatings on the chanber inner
sidewal | surface is necessarily experinmental and
iterative. FIG 5 illustrates a nmethod of bal ancing RF
return currents in a chanber having a geonetry as
[002N cr i bedAti 510FAfGther 2rader ifprodb&ided anduaterditiensidaniRaisedhose
in a chanber having no nodifications to the inner

enfPIGyEaEH thel Khe¥Rel cBse. T 9t BRlneSMY prob@sEd Wafer 1sﬁhez§>gﬂed in the

etchrates and/or other perfornance neasures are taken

saf¥&lay LG RS rSLLdAC ‘%tajriQ, lrhg&eoa[d‘aﬁﬂ)nal data are subtracted site by site

and a map showing the differences is examined at 516 to aécertain whether too much or
too little impedance had been added, and whether the azimuthal distribution was lesser or
greater than optimal. At 518, the chamber inner walls are then modified by adding or
subtracting a coating of film or film strips, so as to further optimize the impedance
distribution. The process reiterates at 510 with another wafer being processed as in the
previous cases and a comparison made to the additional data set to determine if an

optimal condition had been achieved.

[0030] It is known to those skilled in the art that there may be sources of
azimuthal variation in wafer processing which are not caused by nonuniformities in RF
return current, and that by careful data analysis and auxiliary experiments the source of

such variations can be discerned from those caused by non-uniform RF current flows.
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At 506, a first estimate of the RF current return path

| ength variation around the chanber inner sidewall is
woraae/0f3om an exam nation of the geometry of tPer/US2004/022060

chanber. At 508, the inpedance along the shorter RF

current return path is increased by the addition of

strips of higher (relative to the base chanber

material) resistivity coating around the inner chanber

t h, anot her odi nent of the
088 et "IRGE TR el i B 15%0@3&% lrwﬁ%mrfﬁ'r-?as tﬁewhown
current return path is decreased by the additian
ang flescpbedyfit quﬁ@e BPPATRER thOé%ssl@Hffcmnttbe 1t Bpvpg the heaefétrﬂaf this
under | yi ng base material) coating around the inner
disc}wam‘géﬁlatmw mdre @Reljficationslhan seotibread abafeareipsssible without
processed under conditions identical to those enpl oyed
depaitithfomabelnvestiwasacepld hérdia, Thbenveawbry, thsrofoes $€6bt to be
wafer is nmeasured in the same way and that data
restRGQS E&8pt it Sdhit dMRSHRAgiddARAl data are subtracted
site by S|te and a map show ng the differences is
exam ned at 516 to ascertain whether too nuch or too
littl e i npedance had been added, and whether the
azi mut hal distribution was | esser or greater than
optimal. At 518, the chanber inner walls are then
nodi fi ed by adding or subtracting a coating of filmor
filmstrips, so as to further optim ze the inpedance
di stribution. The process reiterates at 510 with
anot her waf er being processed as in the previous cases
and a conparison made to the additional data set to
determine if an optimal condition had been achi eved.
[0030] It is known to those skilled in the art that
there may be sources of azinuthal variation in wafer
processi ng which are not caused by nonuniformities in
RF
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return current, and that by careful data analysis and
auxi liary experinents the source of such variations
w@ 2a0v5he33ah scerned from those caused by non- uni POT/DS1B4/022060
current flows.[0031] Wile enbodi ments and '
applications of this invention have been shown and
described, it would be appar to those skilled in
the art having the benefi?ipﬁﬂﬁ%is di scl osure that
ny nore nodi fications than nenti oned above are
WE%%F%F%G%% hout departing fromthe inventive concepts
herein. The invention, therefore, is not to be
1. r estA plasg processpig rerctertromysisingt of t he appended
clainms. CLAIMS What is clainmed is: 1. A plasm
pr oaehsinber kgt oremooaile ssbsngte sappdrawhiech if1asti axgallg symmetric
renovabl e substrate support which is not axially

abSWHRIrtidaC adiB OB bai@chier,cal axis of said chanmber; a RF
power supply coupled to said chanber, said RF power

suppl L Qterior

oy 0 14 B68E Sy o RPR) o BARE, R I Fob b adbred o

cqat, of a,fi.l m.selectively applied prior tg a .
S0 REGRI g 1§ GredniBtioa 91on I atrogt HRLEeBY Cishc asfha therein

sidewal || of said chanber, said coating including an

el e@opiing pha filas padeqtiyelymppled RiioriagiprpessingIe 4 paydemalce

substantially different froman underlying base
surfateenfiaalinmgf sslaivell ofisaid elrami®r, salecqating imelyshimgasdeatgcally

reactor of claim1l wherein said filmis applied wth
reS{@ivY infi@ert:d WRGAE bh RF idfpeddide Sabsthntiale diffekde Wkl ardlindedAl g

chanber so as to vary the RF inpedance azinmuthally. 3.

baddBarHASIRaRIPSEBSI N reactor of claim 1l wherein said
filmis applied wth

2. The plasma processing reactor of claim 1 wherein said film is applied with

varying composition around said inner sidewall of said chamber so as to vary the RF

impedance azimuthally.

3. The plasma processing reactor of claim 1 wherein said film is applied with
varying thickness around said inner sidewall of said chamber so as to vary the RF

impedance azimuthally.
4. The plasma processing reactor of claim 1 wherein said film is in various shapes

providing partial coverage around said inner sidewall of said chamber so as to vary the

RF impedance azimuthally.
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varyi ng thickness around said inner sidewall of said
chanber so as to vary the RF inpedance azinuthally. 4.
wdbmspiasima processi ng reactor of claiml where¢musan€d022060
filmis in various shapes providing partial coverage
around said i nner sidewall of said chanber so as to

5.var YrHehfashfa froRRHas eGicf bMtihiah Wherein 18 ,cgz{tfé‘%qﬁcludes a

processing reactor of claim1l wherein sai ating

i n i f filmstripswhich thi.gckness .
o iy 8 Fin G- JLeh ot By B PPLEN (PGSR of o
sk%id wal.l and gl o sai d substrate support. 6. The

W2l 2gd glopg SaidisHESEPBP ™ of clai m 1 wherein said
coating includes a plurality of filmstrips
azinmuthal ly positioned. 7. The plasma processing
reactor of claim1 further conprising said coating of

6.sai deiplaymgirectssiugteac@ppf cledh prwhereit said abalingrindedsiang
to a portion of a surface of said renovabl e substrate

plSHRR AT stidshzfRbtHalhg¥RRed 8. The pl asma processing
reactor of claim1 wherein said electrically resistive

material includes N ckel. 9. The plasma processing
reactor of claim1l wherein said electrically resistive

7 o5 PTG 1S (RBEPFIein A Mool SR Gmg el aphifg ofseid

said portion of said surface of said inner sidewall of
filggselscRYedyBRRlicd prior j PibBIvECSEde PRIt Asueface of said

conprising: a chanber including an openi ng extendi ng
rempyablgysubatmate supportswidlawahid cbimberi d

8. The plasma processing reactor of claim 1 wherein said electrically resistive

material includes Nickel.

9. The plasma processing reactor of claim 1 wherein said electrically resistive

material includes Copper.

10.  The plasma processing reactor of claim 1 wherein said coating is plated to said

portion of said surface of said inner sidewall of said chamber.

11. A plasma processing reactor comprising:

a charﬁber including an opening extending through an inner sidewall of said
chamber;

a substrate support removably mounted therein, said opening large enough to

allow said substrate support to be removed from said chamber through said opening;
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chanber; a substrate support renovably nounted

therein, said opening |arge enough to allow said
weupshIBiEe support to be renoved from sai d chardBUS2004/022060

t hrough sai d opening;a coating of a plurality of film

strips applied to a portion of a surface of said inner

si dgvablin@fith Siat-HeSsoHihd ﬁﬁﬁ%%ﬁ’g@@ i a Phekidh e g ?{Jgace of said inner

chanber, sai coat’ing 1 nc an elfectrica

.resjstive terjal having. an. RF i nppedance .. . .

side 3L A ¥ PRl Ppapdt M ShentTR e Ay Fipaaglyding an
mat er.i al . of sai d, Eanber. 12. A nethaod far_bal anci ng

eleckcalih st ve Araieriah wipg HsRh ippeanss puhstantalbt diferral frag the
a chanber including an opening extending through an

unflerhiang basd enw¢rial of sadichhneteanber, a substrate support
renmovably nounted therein, the opening | arge enough to
all ow the substrate support to be renoved fromthe
chanber through the opening, the method conpri sing:

12s€l @P?nieﬁﬁ)ki)foﬂpdl’édéiﬂég‘cﬁr&%éni&?ig%‘éafl?snﬁd ﬂorgbéﬁg’igg é&Qer ih_Q'ging a

of a.surfacF of t he i nner wa I sa!d cha r, sa
e A S0 G L S RN B g

under | yi ng base terial of .said chamer. 13. The
sl R P BIT Ea AP I SN Lbreit s ST 15k EBighdpgllow the
appl ying said coating of said filmto a portion of a
sulliateauigPort tq braregoned ?Jramethg elpyaler thipugh the opgring Hbgrmethod
14. The method of claim 12 wherein said applying said
compasingg of said filmfurther conprises plating said
coating of said film 15. The nmethod of claim 12

whekeleftivedi Spplyiad h Beatthaora MartoalPortidhdfkdemse ofifie intREwalls
met hod of claim 12 wherein said electrically resistive
of S8l 8harfiber! A U8Rg including an electrically resistive material having an RF

impedance substantially different from an underlying base material of said chamber.

13. The method of claim 12 further comprising selectively applying said coating of

said film to a portion of a surface of the substrate support within said chamber.

14.  The method of claim 12 wherein said applying said coating of said film further

comprises plating said coating of said film.

15.  The method of claim 12 wherein said coating has a variable thickness.
16. The method of claim 12 wherein said electrically resistive material includes
Nickel.
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Ni ckel .17. The nethod of claim 12 wherein said
electrically resistive material includes Copper. 18.
wab@soesihod of claim 12 wherein said coating iPCHUS®S4/622060
plurality of film'strips. 19. The nethod of claimTI2 "~ "~~~
further conprising positioning said plurality of film

tri tjcally. 20 Th thod of cl.aim12 fyrth
17 o SRR e e by Sy el les
hori zontal l'y.
Copper.

18.  The method of claim 12 wherein said coating includes a plurality of film strips.

19.  The method of claim 12 further comprising positioning said plurality of film

strips vertically.

20.  The method of claim 12 further comprising positioning said plurality of film

strips horizontally.
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