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wO DBENTISEN Fi el d of the Invention [0001] EnbodpPeens®ow33032
the present invention generally relate to
el ectrostatic chucks for holding a substrate in a
process environnent. Description of the Related Art
[0002] In substrate processing applications, chucks
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substrate with respect to the electrode. The insulator prevents the flow of electrons

therethrough, causing opposing electrostatic charges to accumulate in the substrate
and in the electrode. Thus, an electrostatic force is generated to attract and hold the

substrate onto the chuck.

[0004] A common electrostatic chuck is a multilayered structure fabricated using
polyimide for the insulating layers sandwiching a copper electrode. Polyimide is a
thermosetting material that has desirable properties such as high temperature
stability (relative to other organic polymers), good dielectric behavior, and good
mechanical properties. However, the use of polyimide to insulate the electrode
limits the lifetime of the chuck in certain substrate fabrication processes. Polyimide
and similar polymers have low erosion resistance for certain process gases and

plasmas. Oxygen-containing gases and plasmas, which are used for a variety of



pl asmas. Oxygen-contai ni ng gases and pl asmas, which

are used for a variety ofsubstrate processing
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[0007] Therefore, a need exists for an improved electrostatic chuck and a

simplified method of manufacturing the same.

SUMMARY OF THE INVENTION

[0008] In one embodiment of the present invention, a multilayer electrostatic
chuck comprises a high-purity polyaryletherketone member having a low

concentration of metallic ions, wherein the high-purity polyaryletherketone member



enbedded wi thin the high-purity pol yaryl et her ket one
menber. [0009] In another enbodi nent of the present
w0 pweneisen, an el ectrostati c chuck assenbly coP@F/USHE9/633032
substrate support platen, a first polyaryl et herketone
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according to the present invention. [0013] Figure 2 is
a schematic, cross-sectional view of an exenplary
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invention can be understood in detail, a more particular description of the invention,

briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to

other equally effective embodiments.

[0012] Figure 1 is a schematic, cross-sectional view of an embodiment of an

electrostatic chuck assembly according to the present invention.

[0013] Figure 2 is a schematic, cross-sectional view of an exemplary processing

chamber in which the electrostatic chuck assembly may be utilized.
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whi ch the exenpl ary processi ng chanber may be
utilized. DETAILED DESCRI PTI ON [ 0015] The present

Wo pwenolsen general |y provides a high effici encpCT/US2009/033032
el ectrostatic chuck for holding a substrate in a
processi ng volunme. The high efficiency electrostatic
chuck includes an el ectrode enbedded between two
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‘emp%%f‘gec{%%'sgaﬂ%‘?rb‘ﬁ?STQd?S*ﬁ?é‘C& SerPaiye %ﬂﬂﬁa'yre@@tance, electrical
biltycand stiengerab Rbmpsred oy R filhRsS e &Fin el ti
st llE{S)/’no ol arr@ gr %Is pol z?ré?él n ?ﬁgﬁgn‘oo&rﬁ%t ,‘g?‘ﬁEMS 'n electrostatic
chucig.e[Thet pieserkeimyeptiarn @lsepraviges a simalified stetkiodlof ovanufacturing

- he, substrate support platen 110
the h%ﬁ%’éﬁ%gﬁﬁgtﬁégéfw&é' el ectrode 122 confi gured
thereon. A second dielectric layer 114 may be

[0016confFigureed &t apsdHegnatics cdrossieedttdhandewhes Bh'&hbodiment of an

di el ectric | 4 and bonded thereto. [0017] The
elect{Gsff; shu, BEATONI A0bn aBROdiRg IochedercsPTipEnRRGon.  The

elec’(rl)%ila’tkgEléll:h‘élj\"I MURbIR FONTHERIIE 4t Ef%%irBEta}iéfg@&ng atop a

extend to furnish an electrical contact sur
substyaieoagppavhi Rlatgrovid 0. mellebtostatinecheck t102t kengrizetr addiclectric

mem%jg%aagi\}%:cbc&%otoa lg?)h%@)g%rg% Ishgglgﬁgé)lgfe(gégqov &\% glke)a%'ltjrtode 122 is
embedded within the dielectric member 120. The electrode 122 may be
preconfigured into various geometries and may be monopolar or bipolar. In one
embodiment, the dielectric member 120 may comprise a first dielectric layer 124
bonded to the substrate support platen 110 and having the preformed electrode 122
configured thereon. A second dielectric layer 114 may be configured atop the

electrode 122 and the first dielectric layer 124 and bonded thereto.

[0017] The substrate support platen 110 may include an opening 111 through
which a conductive extension 116 may extend to furnish an electrical contact
surface 118 through which power may be connected to the electrode 122. High
voltage ranging from about 200 V to about 2,000 V may be applied to the electrode

122 to create polarization of the insulating dielectric films, creating static electricity
4



122 to create polarization of the insulating

dielectric filnms, creating static electricityon the
waebaessof the second dielectric |ayer 114, spPChUs1nat/033032

the substrate is attracted and held on the support

platen 110 by the coulonb force of this static

electricity. [0018] To provide inproved heat transfer
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us e e

previ escrlb rat€ particlés nma
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fromthe si de of the er or from wafer
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[oozoghucﬁﬁggﬁ&c Sﬂérﬁleﬁ%r%tg SCH oneg(cr:gl[gn§Ubtsfen81 € and puncture

arti
resistance as compared to traditional thermoplastic polyimide films. As previously

described, substrate particles may be transferred to the surface of electrostatic
chuck 112 from the backside of the wafer or from wafer breakage. Puncture of the
first dielectric layer 124 may result in arcing between the electrode 122 and the
plasma in the chamber. Therefore, the use of high-purity polyaryetherketone in the
dielectric layers significantly extends the life of the electrostatic chuck 112 by

providing protection from substrate particle puncture.

[0021] Additionally, high-purity  polyaryletherketone has excellent high
temperature resistance, such that the electrostatic chuck 112 may be used in
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[0021] Additionally, high-purity polyaryl etherketone
has excell ent high tenperature resistance, such that
W0 boabxsee rost ati ¢ chuck 112 nay be used i npr oR€BEF2909/033032
environments having a tenperature in excess of 2000C.
Hi gh-purity pol yaryl et herketone al so exhibits
excel l ent chem cal resistance to a w de range of
chem cal environnents, including alkalis, aromatic
al cohal s, and hydrogenat ed hydrocarbons.
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The el ectrostatic chuck 112 of Figure 1 further
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iehSHEE. (Y BRASAR I IFAE A 9uRTafRMREIS EHE 3), withou
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dielectric |ayer 124 and the second dielectric |ayer
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|t _ 0 . .
pros FLAMEN 8 ICITEX iBRigh b ML PERIC bl PBiponctone
(UHFEPEE’ré)tmallhldlaemredi by \dgtezx pledocatbdrin hgneastereo fiahgland.
dielectric |ayer atop

[0025] The electrostatic chuck 112 of Figure 1 further benefits from use of high-
purity polyaryletherketone in simplicity and ease of manufacturing as compared to
traditional polyimide films. One advantage to using high-purity polyaryletherketone
in forming the first dielectric layer 124 and the second dielectric layer 114 is due to
the thermoplastic characteristics of the material. As previously discussed, creating
multilayered stacks of an electrostatic chuck using polyimide, requires building up a
copper circuit atop a first dielectric layer and adhering a second dielectric layer atop
the stack via a pressure or heat sensitive adhesive. In contrast, an embodiment of a
manufacturing method according to the present invention does not require the

buildup step or the adhesive step.



the stack via a pressure or heat sensitive adhesive.

In contrast, an enbodi nent of a manufacturing nethod
w@ewmonessy to the present invention does not reQUUS®09/033032
the buil dup step or the adhesive step.[0026] According

to a nmethod of the present invention, the el ectrode
122, such as a copper electrode, nay be preforned and
enbedded between the first dielectric |ayer 124 and

di.el | 114. Thi |
100260, HESTRTLEE BHInER G HBpIFEEent Y BEndeR deptier 22, such
as at&g)rfér%dtfb‘éfeahéy & B%o%@d aﬁaeerﬁb@d‘déd)ﬁéﬁ\?é& ﬂ;l@l'fﬁ’gt dielectric

t hen be pressed and thernoplastically bonded
layer d2f1m§1dsih1|@sse<:@né djeleptict lapeal th Thes aseankly mag then be pressed

and 1fiTEE Ry BBkl 6 M BRSSP AR I rhe Weorrostati

chudidhasi vey Bicd Betprcegsd rad aAseritlafiehly rbdilfaeldawme substrate
are used. Therefore, the process of manufacturing a
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adhén?%mc?? Z)r?%é Qe Bhd% §érf5‘?t||\}ef 'Iagﬂem%g\ﬁrg r{bg Rquired as
as compare

reI I mprovi ng

whemi pdalymt:lealdwtetsoraaé uﬁmbk THssrefdiby th@rprbaewrcﬁdrrmhufactunng an
gure 2 is. a schemati

emb@%ﬁ%rws%ahﬁoﬂsptr#g&g shugk agRempivar y0 m‘d%s}%’fﬁﬁ@“ invention may
be sirﬁ@lﬁ%g{,/ pﬁcgﬁ i hB aMHord rélﬁa‘g)l@ bgRt rﬁﬁﬁﬁﬁrb@méi&”@l& a%sﬁ&ﬁjgé%éd with a

I|zed exenp ary procéssing c
traditiepalathedk regeimbdlsmanatdoturedrwipl pelyenidedimag. However,
t he electrostatic chuck assenbly 100 of the present
jnvention be use ot her ers per
0027y e 7B A B Bl CaRaee P I aior CAERSRITBY processing
charb¥s 20@lin WaHieh tiske RRsdtidsedtic eiibki sPRBTD GBIy bé QRBZdd. The
The processing chanber 200 generally conprises

exergpl@éwvanrp@em chagaber ﬁi@ppl@ﬂ Ay be beritahle 2B, pleema etching.
Howlérfgéfgp eﬁr?&%ﬂc?%%%‘bk mﬁﬁg‘glﬂe é)%)s yln(lgﬁtﬁon may be

ros 't CHUCK BSS por

used @b abmsr actsarhis¢isaperfadhingasthpre praueskys dasar idsedhefcal vapor
rocessj ng, chanber 200 by a

be |ntroduced into the
depcg%‘iofb BhYIgabE@P A £FPRETIaN pRRY 1N POMBRMdRBHM es 285 t hat
are fed froma process gas source 283. The gas fl ow

ocei [ 2798 105 RS SEAT DN SRRV, B pas g cii
245, zangl ashettdny 288N mipick tet elatriarga@ttlcocm&r@sem;m(ﬁbmay rest.
The re?éj(i:tposqarlt?cq%ﬁﬂgly a(sgg%b?yr 1 | Cét?ﬁ'\@ov s and’ r%¥a|ns a su%strate 225, as
previously described. Gas may be introduced into the processing chamber 200 by a
gas supply 280 having a plurality of nozzles 285 that are fed from a process gas
source 283. The gas flow through the nozzles 285 may be controlled by one or
more gas valves 284. The gas may be energized to form a plasma by coupling
electromagnetic energy, such as radio frequency (RF) or microwave energy, to the
gas. In the processing chamber 200, shown in Figure 2, the gas may be energized
inductively by applying an RF voltage from an antenna power supply 290 to an
inductor antenna 295 adjacent the ceiling 245 of the chamber 200. Optionally, the
gas may be energized capacitively by applying an RF voltage from an electrode

voltage supply 210 to the electrode 122 of the electrostatic chuck assembly 100 and
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gas. In the processing chanber 200, shown in Figure 2

, the gas may be energi zed i nductively by applying an
wWORB0vab2s8ge from an antenna power supply 290 tBCHIS2009/033032
i nductor antenna 295 adjacent the ceiling 245 of the
chanmber 200. Optionally, the gas may be energized
capacitively by applying an RF voltage from an
el ectrode voltage supply 2 10 to the el ectrode 122 of

Pe el ectr chuck. as 100 andel ectri cal

: . |
elecliF aradRa e dadifd G 4 S e tReesies & e sebstrate 225
may! b coriSdPiRodHP hBRY tr%ﬁsng ﬁbg :%Iu#o?ﬁe& Pg‘r%lj gaaihﬁéﬁsfer gas source

transfer gas supplied by e ans as source
230.2 Rpendpast angh by priedubispmant Uue sxinaystee froxh dhs thdmibeo200 through

on 5T BRRS 200 5055 Y 5 SR 280 ot vae

215.15. [0029] Figure 3 is a schematic, top, plan view of
an exenplary cluster tool 300 in which the exenplary

rocessi ng chanber 200 may be utilized. The processing _
l°°2€8 han%é@w?%b'Sn%lﬁclb%mat'@,at@ﬁealamn@w&f@Weénplﬁaoclus@m tool 300 in

- 4h ' -0V ical, i Ng,Tan .
Ly Tt R iy —
chargb@. 200enay et eftachenl tSHe riustdvaios] 300 tapaontdiny adld provides

cleclisgl FUThINgR G BsISHGOCHUGURRRTa4Ne RICRBIING chamber 200.
The BXRRS B8 B IRiveahe &%a%iﬁ&”r&ﬁ%rr%?%%sgr%fe 225 between

contam nants outside the c er too
its chapibegs 20heDddwihautt baerifiey tbhawberurd 08nd owih@d trp@sing the

subs 8 AP S S RS B SR LS 0. Tho custor

tool 300%idlades dAraristePEndrhBases IBphel g Todd ok tHEMber 206 and
envi ronnent outside the system and a vacuum

the prRGesDARBMPerR 2APR0dhe Thednad doclke hbméelr(mﬁ alloavs ;hoe substrate
- T | d | . r
L T T e

vacuame enviroromentswhbinrtheeisastor cHavber 208 adrabbfodeesi diagnbers 200-
down during input of the substrate 225 into

ar unped i
204.{ {beb|ogd: Pk (RMbRS02a dndy dnchasia Spe Rl Mege cMasuatagie regions
i h r I e
ol SR BP gt B3l T it ShETh O et IR pympes cown
duringi ispot el théeubstiated 2p6 ddtot thet claustdretoot Be0sants aratvensb during
et.ween el ock ch er. 206 _and the process
oo S S G R 2P o BB Ger 205 may
haveS@_‘ﬂ:@ihgré‘r oY 2873dispbdd thetelthdhPel BORanE%r Y SuBBiate 225
sui tabl e
between the load lock chamber 206 and the process chambers 200-204. While five
process chambers are shown in Figure 3, the cluster tool 300 may have any suitable

number of process chambers.

[0030] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.



nunber of process chanbers. [0030] Wiile the foregoing
is directed to enbodi nents of the present invention,
wotdenoasd further enbodi nents of the inventi oPCTEHS2008033032

devi sed wi thout departing fromthe basic scope

thereof, and the scope thereof is determ ned by the

clains that follow Clains: 1. A nultilayer

el ectrostatic chuck, conprising: a high-purity

.pol yaryl et her ket one nenber having a | ow concentration
Cla'%fs'rret allic ions, wherein the high-purity

pol yaryl et her ket one nenber acts as a dielectric within

the electrostatic chuck; and a preforned el ectrode
1. enheddéithyet blictroblagiclohabk peorhpisiRgl yar yl et her ket one

menber. 2. The nmultilayer electrostatic chuck of claim

1, avinghanusity W'ﬁ@@%&?@%m%b% denaok et ke eangesiration of

(el :udes e r e L n
metdfic GRS ibrEhthe | nILR) SpBRahiREIRon HBeflnef e s 2
dieldotrimwithin the etettrostativ elmckecahdi um  chr om'dum cobal t,

copper allium germani hafnium jndium iron,

| eggn,reﬁqr%ﬁpuﬁfac%(?% %e%yghmh%wwgg,polyaryletherketone
meniBrybdenum ni ckel, ni obi um phosphorus, potassium

rubi di um scandi um selenium silicon, silver, sodium

strontium sulfur, tantalum tellurium thallium tin,

T
polyaryRithe RetoMaehehibel hﬁ:hﬁtﬁ@n@gFéétér %hl)’cﬁfeyﬂ)é‘ﬁ BEr kfliehef any one

menber conprises a first and second |ayer _
of ajufeinkEp| astimeny yarseitide dariomnbeamisne bismanid, wherosi ncadmium,

the fi Ll r | astjcally baonded ta .
caleigtf ehlriium BN Sopsir TRRLE er Bobnd gk nfium. ron. lead,
lithiushuchkerurg| aimaghesiner entarigagedé ghnmvbdahum, nickel, niobium,

ol yaryl et her ketone nenber is resistant to_a plasm )
phosghe SmgPRlAFEIHBhnERIdEap SEandEMox§eleniugas stigent eilvery sodium,
r r T i el.ect. ti k .
stronglﬁﬁgﬁ rﬁ%ﬁ“’v\ﬁ@tgﬁﬁn’t Eegluﬁ‘lﬂléﬁﬂg%ylﬁfny i hifPRiA! tl‘}n&f’é‘ﬁ, vgﬁadlum,
yttrium, zinc, and zirconium.

3. The multilayer electrostatic chuck of claim 2, wherein the high-purity
polyaryletherketone member comprises a first and second layer thermoplastically
bonded to one another, and wherein the first layer is thermoplastically bonded to a

substrate platen.

4, The multilayer electrostatic chuck of claim 3, wherein the high-purity
polyaryletherketone member is resistant to a plasma etching environment

comprising oxygen gas excited by a power source.

5. The multilayer electrostatic chuck of claim 3, wherein the high-purity
polyaryletherketone member has a surface area of 10.3 cm? and has a mass loss of
less than 0.14 g/cm? after 100 hours of exposure to a plasma etching environment

comprising 100% oxygen gas.



pol yaryl et her ket one nmenber has a surface area of 10.3

cn2 and has a mass | oss of less than 0.14 g/cnR after
wa®onaiss of exposure to a plasma etchi ng envPCDOIENY033032

conpri sing 100% oxygen gas. 6. The nultilayer

el ectrostatic chuck of claim3, wherein the

pol yaryl et her ket one nenber is resistant to al kalis,

aromati ¢ hydrocarbons, al cohols, and hydrogenat ed

6. o ThRFAIRGRE: elorubRBR el HleRiTyarithiscoRbeiherketone

menBITiE rebigiadaptaKkklisO a¢Omhtie WYHRIAArBR®, all€oHdls,3and hydrogenated
processi ng environment having a tenperature of greater

hydrogai®opg00C. 8. The multilayer electrostatic chuck of
claim7 , wherein the surface of the highpurity
pol yaryl et her ket one nenber is plasm treated to vary
7. thEhsunfultileygrarseataststic ThubR of echalmsBat whe@hiCihe high-purity
assenbly, conprising: a substrate support platen; a _
polyaiylelherksigng yiemher e esiaptachje rcontnradsiy anarate duer peasessing
; a@,ﬁ{g nde dat e support
envnrg:'r‘lgrﬁégﬁfﬂ a e%g%’hk‘%%%%rﬁéégﬁfgpmﬁggb|C§yer havi ng a
second surface configured to support a substrate; and
an_el ectrode nenper, enbedded, bet ween the second _
8. cuTeBUIGRYeHECPTPSiAlin ShySK of EIaWBr ke YRATE Bpcturtasg afifae high-
P TS e L0 R ARy e RO R ab& aFameters.
| ayers are thernopl astically bonded together. 10. The
9 el rgt[o?t ai?iéc i}rbugk ass nblcﬁ of.claim9, wherein
p y§e§ﬁr8t9 CIEMERESPS 1% PR'S1% ace treated in a
plaagln@stm@isnppaﬂ?ﬁat@ﬁnpri sing an oxygen gas excited by
a power source. 11. The el ectrostatic chuck assenbly

ofa diral rRolyarylptherkeionendaysrebayipgt at fitst c buidkceadberrnoglastically
] ' . ' t her mal i t
bondg? @gﬁgggpsﬁ% %&WQ@“ use in a thermal environnen

nore. € efectrostatic chuck assenbly

ofa ebadomal Tblyamletiairketohe kyeshasing segeotld surface configured to
qug%tet her ket one | ayers have | ess than one part per

pa !
SUPPRYY) et of al umi num
an electrode member embedded between the second surface of the first

polyaryletherketone layer and the first surface of the second polyaryletherketone
layer;
wherein the first and second polyaryletherketone layers are thermoplastically

bonded together.
10.  The electrostatic chuck assembly of claim 9, wherein polyaryletherketone
layers are surface treated in a plasma environment comprising an oxygen gas

excited by a power source.

11.  The electrostatic chuck assembly of claim 10, wherein the electrostatic chuck

assembly is adapted for continuous use in a thermal environment of 200°C or more.
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anti nony, arsenic, barium beryllium bisnmuth, boron,

cadm um calcium chromum cobalt, copper, gallium
w@ernaesgam hafni um indium iron, |ead, |ithi®Reg/US2009/033032

mercury, nmagnesi um nmanganese, nol ybdenum ni ckel,

ni obi um phosphorus, potassium rubidium scandium

sel enium silicon, silver, sodium strontium sulfur,

tantalum tellurium thallium tin, titanium

12. 8 et phis Premhbep€eBinsChowaeriute Trot afid second
poly%@féﬁ@ﬁklétor@@é?sshﬁ% |sApiaRGbrfe PARTIRE MRiflioR! LR aluminum,

] ween a first high purity polyaryletherketone |ayer _
antinapily, sarsegicnBaniuggh beodiium, bsmuihybeoheckdmname, ¢algiam, chromium,

h | .cal ly bonding, the first and secon i gh
cobal FoBPBLCIII cinaARBBna iyt TbuReticll 16 Hhfim, mercury.
magh8§iuN) Pnas hﬁ@éé,h’hﬂl’*ﬁﬂdﬂﬁjrﬁ,hﬂid(b[Slﬁiobium, phosphorus, potassium,

_pol yaryl et herketone 1ayer to a substrate support
rubigiyrg; egandivm, Thelepiimogiliepn.chilian sgdiumur strentiusanpyifui dgntalum,

oy i ) . e r . .
tellu&rﬁ?@ﬁ@]ﬁgﬂé,ﬂ@r Ele r&ﬁ@, F@ygg?éﬁs{;emg?%uggﬂﬂtgrﬁxﬁfgﬂﬁc, and zirconium.
el ectrostatic chuck assenbly to a plasnma environnment
copprisin xygen excited by a power source. 15. The

mﬁ}ﬁ @'%é ?adﬁ%/rmaﬂng afrRieeirestatie CRughassamiply, comprising:
p I r '
Do 4hH £ pIAGIRL B BUE BetfiRBhA frk fidh bR AiifafRiferketone
layertzard amsecbed Migh-puritylpdyarylethdrketome lagelm um  cal ci um

chrom um cohalt, copper,. gall,ium rmani um haf nj um

B hoPs ia| hongrid T st Andistng Prargneyingharyetherketone
|ayergq5@émg§qandml ybdenum ni ckel, niobium phosphorus,

potassi um rubidium scandium selenium silicon,

sithgemoplgsiitally, bendinatthenirss ylofyarylethatketionm layer to a substrate

lrf! ium thallium tin, titanium tungsten,
SuPpbg all%tirebm yttrium zinc, and zirconium

13.

14.  The method of claim 13, further comprising cleaning the surface of the first
and second polyaryletherketone layers by exposing the electrostatic chuck assembly

to a plasma environment comprising oxygen excited by a power source.

15.  The method of claim 14, wherein the high purity polyaryletherketone layers
contain less than one part per million of each of aluminum, antimony, arsenic,
barium, beryllium, bismuth, boron, cadmium, calcium, chromium, cobalt, copper,
gallium, germanium, hafnium, indium, iron, lead, lithium, mercury, magnesium,
manganese, molybdenum, nickel, niobium, phosphorus, potassium, rubidium,
scandium, selenium, silicon, silver, sodium, strontium, sulfur, tantalum, tellurium,

thallium, tin, titanium, tungsten, vanadium, yttrium, zinc, and zirconium.
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