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ELECTROSTATI C CHUCK RELATED APPLI CATI ONS Thi s
application clains the benefit of U S. Provisional

We\REbi1eato on No. 61/ 054, 259, ent itled "El ectr oBCHUSZN09/003015

Chuck," filed on May 19, 2008 "and U.S. Provisiona
Appllcatlon No. 61/094, 700, entitled "Electrostatic
Chuck," filed on Septenber 5, 2008. The entire

teachi ngs of these applications are hereby

i ncorporated herein by reference. BACKGROUND OF THE

I NVENTI ON An el ect r gt TROSITWakcholidekand supports a
substrate during a manufacturing process and al so
renoves heat fromthe substrate w thout nechanically

HENRTED APPLRULBIONSe. During use of an electrostatic
chuck, the back side of a substrate, such as a

sem Conq_u ghicatied Elaimd theRhébitdT 1 BePfodestori Athﬁcatlon No.
el ectrostatic chuck by an el ectrostatic force.

sﬁ]ﬂ&%weemtﬁleﬁe“@rm@tlﬁ Chnckofi diled omvtay 1), 8095, @@ésU Sn

SR S G PACRIB5H0 S Kyt R Y on

cSa:pfdfnbetr 5e2(08" Tae entiRkytedchirgs f @edse bpplidayiohdsy |hafdb29,
while in a Johnsen- Rahbek el ectrostatic chuck

Juwaraeratedyeegin by r¢feERES: conducting. The surface | ayer
of the electrostatic chuck may be flat or may have one

; ' fons or other surface
FAOR! S@{Iﬁ? éfurt INREN BN

feature er separate the back side of the

SUbS! 126 g1l QN ER VIR dnf LIRS RAL ddEhd ¥ Lffacruring

to the su strate during processing can tra erre
away:si aMlB@&:mﬁsheatfmmnid: fubstrite vetheat mshamqafbly(cﬂmn;bdng the
ction.with rotrus and/ or

t heat d t
Sy RBiintaBh ahen RIS S bR AUGHAE LB ARaCae Such as a

he@iconaBAYEWARR ik heldad ehéfaky ofhe@]&RkbbEtE Bhudk B arB@8ctrostatic
heat conduction in removing heat fromthe substrate.

Howev dihe selostrateois Iscmagatf:dm éroan@mmr roprecadentizodes bletbe\ém aftilee

the L Q diffi
HRBRALE PR AL PERL LR R Rl RRL AR St B Fleapple. 1n-
rEsbidenuclg tlgﬁﬁﬁfﬁbé 18%r ts&mmca@lngms@rigv hyleSAalJbBiisen-
and the sizes of wafers, flat screen displays,

rathbek elsctzoptist dhwek ghe swdacedaysups Weaklk somducypg. The surface
ﬁ%%g LEAR! Y& bstaitt Yflick Ilhgf bé EPW%QE ther (;riecdflrﬁl(;rg é)rotrusmns

tam nation process specificatli econe
rpeegtectums iov ethel bwr fafeffeatires fthqy durtherIseparate tkd bmikrsmﬁ @ftthe
chuck

art|£ | ar congern hecayse thewafers .

STt P e Reeced Hehasing g SehESeH e e ngnih gurine

s deasify cdrf bd fignsfEHH 4V from the substrate and to the electrostatic chuck
by contact heat conduction with the protrusions and/or by gas heat conduction with a
cooling gas. Contact heat conduction is generally more efficient than gas heat
conduction in removing heat from the substrate. However, controlling the amount
of contact between the substrate and the protrusions can be difficult.

In microelectronics production, as semiconductor and memory device
geometries become progressively smaller and the sizes of wafers, flat screen
displays, reticles and other processed substrates become progressively larger, the
allowable particulate contamination process specifications become more restrictive.

The effect of particles on electrostatic chucks is of particular concern because the



surface of the electrostatic chuck allows any
particul ate to becone entrapped between the nounting

waemwbaecwi@and t he substrate, the substrate nay BPET/US2009/003015
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defornmed by the entrapped parthcle. For exanple, if
the back side of a wafer is clanped electrostatically
against a flat reference surface, the entrapped

-3 r t
DTS RO B ol QEAELARR b shifBL 1P ifnounting
plsarfece dfheecmgstitic dhuSk aRatvenhy plarticblai3b béddme emmbpes

have sho t hat al cron particle on a flat
eﬁé&\t@e&éﬁgm%ﬂev&w A .t@pqugetéat? b Sthsfrateaney bedeformed by
rehd Gl bd Particfe. F&ﬁ xaffp1€ i ? thfﬁ%rac sii8 Sk hwaAdrSk @ﬁﬁfg)eef

one |nc or " nore. act ua el ght and di anete
t redaecpastatlmlbf agathste ﬂadneﬁqyérmesm-fad;e ithe cleppelbpartiole could cause a

BB B BT iR R aen SRRl il sSlbFSior b o it planc.

t M&Bftﬁiﬁ% to D\, 'PaﬁanﬁNGSé '8@5 81 PIAsRSSHAE sh&wh $hdt AAOLhR&Rén
to be able to control the terrperature of

swegicdlaora flap nhectrqmlqﬁwplﬁgm dispipe &wuefacrei @fea wticker(ge., a test

24 3 P B PIREFERE R TR amecr o

t ¢ partitR-iAdGREisptadeARRETs AePérRicHBon Alimherdes paraffetert Bh as the
substrate surface due to poor and/or non-uniform heat

t PaRidepize.ithepatiplsthardnsss die dawpig farcsand thgiresigle thickness.
proces %%@E%ﬁ ;@?&e?ﬁn ﬁ 1t§ﬁﬁeﬁg‘}ang-{bebeg£bq9{oeéo RJ&?I(he

area of act VVI ectrostatic c
t hempereatreof thhaubeate, findndkenaxecubytempatanat riseaf the substrate,

conduction. The size of the area of direct contact
a YRR @H‘PSfat‘frﬁémffS{Iﬁ’r‘i}ﬁ gyyt ?F‘ilsﬂé@s?“ AtF ﬁg?ﬂhg@gbl&ﬁtlon of

t hResC OIMRGE aRtlexcBGHR BptRRIrs YRFI s BcRRthe substrate surface due
el ectrostatic chuck, as well as of the applied

prie peomr @dlz&mnmetmlfohm heentrastersihe fsnbwtmte Ginegomkalistorted and

char act ristics o e c act surfa
S ARARES Fheriind itbs e E HRC R tRatea S dleeel fiflast agth the
ofeldch@safO tRedk, fiéldrédter thaReNANSREY 85 cbhi¥Es heat conduction. The
accurately control ing contact heat conductance

betaged the #rea ef diceqt gartaet is adpnstion o thestopghness.dfldtress and hardness
di f | t
| 5%# éjclntta nf%)x%geg o% {H%%ub%l?até 2&8’8%&%%;%2 ci‘,”‘g(ésa? gs‘etllra% of the

e nu articles on

i nippliéchpﬁessfm betwéeu@ thegontacesurficeat $inge thrrohgeictedistics of the
m croel ectronic deV| ces, reticle masks. and ot her such

stePR@eY ustace Yary fryp sp@%@gz} tﬁgsugq‘.tram rngiscg éhe characteristics of the
f

TRAHaPELLLE G LR T AL IP L PSR

arcendurftance lh:gtve&wdh@elottrmtmmuclamu substrefefis diffiodlt.

| appi ng. and . pol i shin i ons, duri th manuf act.ur e,

el ect r aeqiEo Illgngcﬁl?a é%g%{;\reaﬁ) a substrate and the number of partic efs on its

back side is important for reducing or eliminating damage to microelectronic
devices, reticle masks and other such structures, and for reducing or minimizing
manufacturing yield loss. The abrasive properties of the electrostatic chuck
protrusions, the high contact area of roughened protrusions, and the effect of lapping
and polishing operations during manufacture of electrostatic chucks may all
contribute adder particles to the back side of substrates during use with an

electrostatic chuck.



contribute adder particles to the back side of
substrates during use with an electrostatic
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embodi ment of the invention, there is provided an
el ectrostatic chuck conprising an el ectrode, and a
surface | ayer activated by a voltage in the el ectrode

t UM RK @i:qq{%'gq Fw @R to electrostatically clanp

a substrate to t ectrostatic chuck. The surface
| ayer Gl
a het ghi Ao B fthbaBlenPt O #CANEn 2HLRASHRIidA an
s uzrlerotm statio ghddke:omprtsm@moﬂecttcmlesamkmmfabh éaysu betivatideby a
T t he rusi ons. duri n? ost ail c cl anﬁ ng of
¢ e iagmar e ctradietogopp ans f‘&ﬂ%c CHRFtRUF l}/ amp a
equBliare RPAE SR cAGHATScHRR. THERTR lﬁy&ﬁnﬁﬁd&%ﬁ%&@y by
a center to center distance between Ppairs of
nmrgmmnsrfgtMg tosi leight abeve pottibes of the burfang layer surrounding the
di nents, Rrotpusions rra
trnrat&?é?nsr}gtsmw g BUpEA oY Pt AP sfbgfgstatic
hg AF G sBStrdtO UTHO Bfotrusiont B sﬂbﬁhﬁt&tﬂly@@aﬂ?yp&@d across

such that at | east one of the tenperature and
t dhpaurfacglayedps meppued by agentehie csnivs distanse batyeagnpais of
S d during the electrostatic clanping,

%Eghh%g{la%kﬁ%tﬁ%ﬁo gont roll ed by gas heat conduction of

a gas ila fartli@afbéat%‘emadlrﬁdﬁfs gHelygbiradiéns hiiebe arranged in a
pr ot rusi ons, and t he por%i ns of the surface |ayer
B

Sl}Fngﬂﬂll ARkt Ke leAshonq Rl elg@@&ae?omfr%ﬁre&@&dtmlz@%ess of the
Or o G @36 mby' B8 mQH{{lt a’é?e@sﬁj@f{e cgftrr@{eﬁ{ ct AR AR te ?rgaé}ature
of a top area of eac 't Usiions may conta
t hidstabriptsarr aff the dubstnag:, twhen dieembstwe ot heratecdl da.mnngrtge cleetsestatic
th about rt [ cI ers .th abaut
SGRoMIAR  Hetansaly st ESCERheR! sardictonalc: gRat Acpace
adgeréen 1 shibdtel iRMHraf@ibnsl 2k thR okt Gl fMMIRIrFace MRMr
be deposited on a back side of the substrate as a
r esyu‘ptm@flg tha pretrosions Grsiater thansbau| E%ma{eathlafban about 50%, or
[ ncI b e.of th ost
or il Badthed e SL8 harsh MRS HREb L EoT pATRp Ao the
el sﬁB§ti‘e@6 Hading thelcistpion@tic alaﬂl;mg fIQdfsmtm dboat 5000 pamcle adders, or
el ectrostatic clanping duri a manufacturing proce

pdessdhareebayh 3P0 patipletadders, quﬁssdbﬁé?bqué 2a@@particle adders, o less
e W’H&Wé%%‘i‘tl F@(\)APQECE AAHEN anQ? %F %ﬁgﬁ BH 5'5‘39k Eldg ryfa{e substrate as

| east one stress nater may conprise
| earsbulooka ode ofrthaalnctpdmmm c[huek deit inctudeabieleasti onard: the

pol ycryst.al]ine ditel ect lil al.. The protrusions
nsﬁyé/cgg HE € ing of the su strate e clamping the substrate from the

electrostatic clamping, and performing the electrostatic clamping during a

manufacturing process performed on the substrate.

In other related embodiments, the protrusions may be formed from at least
one low stress material, which may comprise at least one of an amorphous dielectric
material and a polycrystalline dielectric material. The protrusions may comprise a
dielectric material having a resistivity greater than about 10'2 ohm-cm. The
dielectric material may included at least one of silicon, an alloy of silicon with at
least one other element, silicon carbide and non-stoichiometric silicon carbide.

Further, the protrusions may comprise a dielectric material including at least one of



dielectric material having a resistivity greater than
about 10 12 ohmcm The dielectric material may

w0 pwbaesaw at | east one of silicon, an all oy of PGI/UEI091003015

10

15

20

25

30

wth at |east one other eleneny, silicon carbide and
non-stoi chionetric silicon carbide. Further, the
protrusions may conprise a dielectric materi al

I wma@gdalurﬁnﬁaﬁtmﬁf& AR S iRorRANHay P SHIprive R diél%&ﬂn@enatenal
The protrusions mai; nprise a dielectric nmaterial

suobh thaae Jehnsomiab elf@htﬁedkr nammzdélybnd ;JalnnscaiRath fagce does not

tac on t

dLﬁcF Y H}e;%g%rag% Ei?%%% té]lel ec&rpatﬁtd? ﬁ gmPHE gﬁsc} € proiarusmns may

Prdbhipise @Qénﬁﬁﬁnt@@l@étkﬁ enateriflRld RBY céthphigcd dhleﬁ:ctrlc material
material; and may conprise a dielectric nateri al

hadving arepisdyisy whttbatgh‘t substate it reéaisefbunandhe elestrostatic chuck via

R AR el RAR IR A Moo Baloid, 7

cl anpi rig.futtherf wiztth@embb@h&tntsdaeaimdj drendSthe gprowudiond with the
area of the protrusions W|thth subs gterm

VB TAR TR SRITRESE fromuatoyt Aiarabesbl e ohe fasplareap Ehe of

t I@eéﬂo@ﬁ“ (frkt Ithe GG sioddYRa nfrl?\fer H3RRRr TRYroRPMRDLR0.75

di amet er o roma out 0.75 nmeters to about 1
mithillimetees to abbet kemlligret¢ro Thererter th cengm cestdyet \webyeen pairs of

b stihtSring proatos ars e eiBed o RintEmg R of (&5 thap gbout 6
Ormi1B&Stels) 8P 1639 Mah afloti4 millNBIc@SS, or Wss |tl§h§15abbtiﬁ® nAlkdterd. The

mllinmeters. The protrusions may conprise at |east one
paITDirBﬂIOI;Srm@Y chpnse atheaspeme paatlalmr@uru&;@,n,éhﬁ pashipl proiragion

el Cé)g%ep?%tr}gga? leasP P]arg&fs & \srlé{ accﬁ s r{,tgcg UCt(ﬁr tg? glgftr%s??tlc chuclt( which may
| esdelcoita fﬁfm at Bast onb dfAas claanlnef ta 1371 pln&ﬂd agreuirAusid. The height
pin. The hei ght of the protrusions nmay
s mféb%\mowﬁlpys By & substaniallyegralite dhe @s@rhfrw path@fa gas located
cﬁ%gthﬁé&tg&bé}t[lr ?Jns{{‘l% ng ﬁ%?édte?oﬁg\%v%ér@hggu Cfﬁa tH3t6trusions,
pamiditherportibng bEths suffaceelayerysarroanding urwbmgumhms

protrusjons. In other related enbodjnments,

pr ot r usi@RerFgkpted fap eq?a*ansntﬁ»&ge BYAUFUSHOBS AV lﬂﬂuge 3 1R Jrlace
I QUSRS SurfiRE FdihhSHUAGRC rE¥ckd Iy MartaE oPht 1bARSEmS ARhine
machi ne polishing, by between about 25% and about 75%

orpdbighing bt btﬁ@%n hlyout aﬁ%amdsarhtpuw 3%, @i byi 4ot 50%, by comparlson
protrusi.on o i shed h he ot.r usi ons

SR R Br i e on by R SRR iGE S pal Tne T
SQHiBdifie Bdghegdb%dt broGucedUht 18t sotnCinasiand gdsmsﬁﬂgc such that a
roundi ng height of a protrusion is shorter

c vpractesistic ypunding heighit ©f pametrurdorhisisherterdsy C@nmamsmawth a
pr A
SRR L DAAOF 05 890 v
W dhiaragte¢iotic emmdirgj lngth&sﬂlﬁn@er by comparison with a corresponding length

of a similar protrusion polished only by hand. The ratio of the characteristic
rounding height to the characteristic rounding length may be reduced by a factor of
between about 2 and about 5, or between about 3 and about 4, by comparison with
the similar protrusion polished only by hand. Less than about 5000 particle adders,
or less than about 2000 particle adders, of particle size range of 0.16 pum or greater

may be deposited on the back side of the substrate as a result of the use of the



of a simlar protrusion polished only by hand. The
rati o of the characteristic rounding height to the

wW@b@paed7er i stic rounding | ength may be reducedr@lyus2009/003015
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factor of between about 2 and_gbout 5, or between

about 3 and about 4, by conparison with the simlar

protrusion polished only by hand. Less than about 5000

p%‘iédtr%kt%tlé‘g%ks Fu?ﬂ'he} ?ﬁép%t}ﬁﬁoﬁ‘pﬁ?ﬁg inQd: RaAities |e8%e geometry
ders, of particle si ze range of 16 mmor greafe

myclb thatle poBi afecharctdristip a@mdsngﬂeagmt aflaepreipsion tot @chasacteristic

AT

geORE1IN Yan8 UBbuttdd@i24a4r ati o of a characteristic
roundi ng helght of a protrusion to a characteristic

roundi g 4 fertherrembodimenieaspording o the gusotom e sstage layer of the
t 6 (oF
I neq)%c’{’?) glrnpce (95 IQ%I%EI? ééa c%c?r %ﬂ éIOn}rof' E‘.ﬂﬁﬂg %r#{/ L ntTRQ %ﬁadrée control

t hr,erfsw ragxexemhyah@we Dfurfae r@ﬁse@itymtmtraﬁge:dsm&nmayut x 108
nprise a charge control surface |ayer. The charge

ccsmnrséqquwtp aé%uq Iy dp" ﬁaWSﬁa\;%reaawﬁhE@np&q as%lllwrt garbide
' %Hbgiﬁx%ﬂg%g uxffé&'PeQQt‘?\Hff thﬁe ng@ PEhRA $aF cetlg%éar*mw be

Feqtiar e’ rirse a m
c ambtrdkbed:k»yrpmntgl the amdhmet (fﬂsllicam@rcmscstgav and/caybort precursor gas

char cont r.ol Surfa | ayer controII b

vdPY Iymakethe SRR <BoIds ¢ n&m%“mynehﬁ}e lag'a SQmpeion may
PrRGHrROIlES cADRR Jr%om&ﬁcﬁlhﬁleﬁid 4iG&h %Elaé d¥he charge control
conposition. The silicon carbide conposition may

conpiats Ryl hay opmprseyit d@st)onmmtrgmon ehd asutfageccogting tayar. The

carbide., Th e cont surf.ac a rise ..

i SoniHE KRR Pef B BR o R B e B Rip SR Erbice
T%nﬁﬂﬁ)@ft@ﬂ 18R aldigleétiacsatletiifg tHmylidiR datlid® toiposition layer
bl anket depositing a silicon carbide conp05|t|on | ayer .

o risingapherelghographyp and eamevige paions pf thersilienisiaghide composition
P9 Sstrled aét%%n iu'ﬁ P NaLo h%Qé?%@Qﬁ%on @&%lcfeeés?ﬁ’ﬂo@&on

r i ons o carblée conposi t
usprngusnaacThe/ehairgmcceﬁmm surfadedayee avay @so befmﬁned bg patterning a
|con ar bi de §£05|t|on pr.otrusi.on. .The char

ilFeiFic aier yBe PSbblasrng ofl SRS a0 RRMTBgIIY So4tBierih giclectric
Qj{&'v%?& he€hhrd¥ Contl A ELAYD ! AR (A elonBibF e 142 may

or mal y coating the dieléctric layer wth
c rranygeise ahleasilons mdtercad sblag/ted fronhthegranyeonsosting of dlamond like

f I t, | t t
R G e N ML i
car bon, anor phous S|I|con, net al - doped oxi de and

C BRIFRDESTRIPTION ee THBRDRA VOBRGR! PTI ON OF THE
DRAW NGS The foregoing will be apparent fromthe

fol | owi Tig: fopsg@inpawill B&lhgarent from the following more particular
description of example embodiments of the invention, as illustrated in the
accompanying drawings in which like reference characters refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead being placed upon illustrating embodiments of the present invention.
FIG. 1 is a cross-sectional side view of a substrate bowing between

protrusions on the surface of an electrostatic chuck, in accordance with the prior art.



description of exanple enbodi nents of the invention,
as illustrated in the acconpanyi ng drawi ngs in which
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throughout the different viewsg_The draw ngs are not
necessarily to scale, enphasis instead being placed

upon illustrating embodinents of the present

i nvent i@, %Fé ?bro% IsSctfdnal Aew ot ah kleRfBltafit gﬁuc‘k'a%gbrﬁfngato an
substrate bow ng bet ween protrusions on the surface
arendlodoherosif ¢hid imvertiook, in accordance with the prior

art. Cross: sect.i ona : :
o) cot r BUGAISa EHGEROIORE PR ted oL B i lpygg of an
| RY&bs@fe chide ac@oﬂd%gato%%oﬁ%éﬂt%@ﬂ)e e a first
| ayer and a dielectric |ayer of an electrostatic chuck
accor di 1?1@ #as aprcé'ﬂbmdtennmp cxffa cpn@urerd/@nlepm pretrgionjon ghe
[ oneter dd| l ectric

o BiBer o G o pnde 47 Bi3HiREs iR X fiment pfghe
| Nnegiehdance with an enbodi ment of the invention.

FIG 5Ais an illustration of a pattern_ of protrusions
on t he HGr PAds apfllugtratipe of # pattern of peitnsionsop the surface of an

G
S g/ AGE M uPReBHRREL R sn At a6 e B0emlanl.

| oadi ngFIGY. 58 1pa(shaideell s@helﬁﬁtlcﬂha@iaﬁmﬂlnmdtﬂigl Lmlfbhudkadmgofa
in an enbodi nent accordlng to the invention,

c PHPEYERN OR &R el@ﬂ&j@@%@ﬂﬁ a5fin gn SMbEAimEN gocox mg o thee
prlh%ntl%ﬁt as (#@} 3N ﬁh %d foRlingfof %%rﬁt‘r'l!l%r? ds iPHESrior art.

between a wa trost tic chuck protrusions
f or varkleus$ ipa (gtaphsnf@alcdlamtbﬁoecresbeawdemaewa’éar and ekcetnbstatlc chuck
' di ment, of th

aci , Ln accordan
B fop o BRI SAMeiFS 5 CORe A Ugy e SPocing, in
ara%aoxﬁeﬁcedwﬁﬁ%eﬁbo@lﬁ%ﬁ BEiheMnwtn@BRt €rs and center to
cent er rotrusi on spacli n in accordance with an.

entbodi iRk, 78 & greph qfwem?am coptag! axaifer ifiresgpratusion diameters
pr QoL rcﬁ‘sa Iexo Fos’ced1 r rot us &r} sr é g ié g?%ég%lﬁ%%gl{hgéda%k)@iég?t of the

cen
lzﬁermohl i meters, |n accor dance wi th an enbodi nent of
t he |nvent|on FI GS. 9A and 9B are&gq aphs of a

cr oss- Sd& Bdmardiagramiof erafusipns e e glscRsiatic ghuck featuring a 4
relelggfé{(i:ltgtl%%/g ﬂt?‘r t‘g%lélgtg dé\ﬂg‘cﬂltgg%‘é Vﬁl’éﬂ’ﬁg f of ff Psg;hﬁ?lgllgl‘,ﬁet?%dmgﬁcordance
acweith aiaambodintent afitheiineatioent of t he i nventi on.

FIGS. 9A and 9B are graphs of a cross-sectional profile of a protrusion on an
electrostatic chuck with and without (FIGS. 9A and 9B respectively) an added stage
of pad polishing, in accordance with an embodiment of the invention.

FIGS. 10A and 10B are close-up graphs of the cross-sectional profiles of the
protrusions of FIGS. 9A and 9B, respectively, in accordance with an embodiment of
the invention.

FIG. 11 shows an electrostatic chuck that includes a charge control surface
layer, according to an embodiment of the invention.

FIG. 12 shows the surface pattern used for the protrusions in the electrostatic

chuck of the embodiment of FIG. 11.



FIGS. 10A and 10B are cl ose-up graphs of the
cross-sectional profiles of the protrusions of FIGS.

wW@200an¢k79B, respectively, in accordance w th aPCT/US2009/003015
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enmbodi ment of the invention. FrG 11 shows an
el ectrostatic chuck that includes a charge control
surface | ayer, according to an enbodi nent of the

inventigg 15LG sde 'aeve!% dsheciiotal Ge& Hahd SIRHRESn0l surface
msdh EJO% t he

the protrusions I n Tectrostatic chuc
endjobk cmhd)dmfenﬁbfG?ICﬂJllFl G 13 is a schemati c

of "t he 1BbOAHENE HoRENEVETTSIpR ef i pogitp orips desifositi

al dn@einat FKE 1\'1915%}9& Qt:oﬁft}?m&%hhﬁ\@of @Haréé"'&)ntrol material is used, in
el ectrostatic chuck 11 in which a confornal

c gaeondgnast with am g@lbgdnmempf thetieyengibni s used, in
accordance with an enbodi nrent of the invention.

I‘EB THEEIHQ‘V% A description of
exan‘p1k nbo .%g;ﬁ@ che rnvention tollows. The
| nvent OASdeg]c%V %8 gggg?m%e%rﬁb% }mt 1$ot tﬂg\{neyenglf)n g%lﬂ)qv

force petvealr TETES o rusions

el ect r oBiedinivent6fsUfake détbgﬂge@ﬂﬁc tHeQle8érl WadihgBfiftkge bStwieen a
sour ce o;ﬁgart icles that can be deposited on the back
yhsteite pRbPIOtNSiophpbameleatrostalig) qhu@‘f dyring electmptatisrhysleing is a

OfsohH:% of Hﬁi@i sHEVER bL, J‘tgd %fl th @acﬁ%’cﬁe 2hé s@&tr%@eas a result
; R

protrusi uring chu ng can a
i rafans bsﬂumtg usenifaled cthedt [hxemetukmamge)f lnlea smematb foa the
substrate and el ectrostatjc uck. The uneven Loadi n(gwtance

ofPIPHESIPRSY m@eﬁ%‘%ﬂg Pﬁ‘éa'é?: faineonssient cantast heaisop
I astibvien'E BubshGteitasld@ostatit Eﬁv?clé" E@he Eﬁ@veﬁ%ﬁcﬁﬁ Qf thE tf’@rce

protrusion and/or bows between the protrusions,
c dretwesguthe substnat@eankiqrrouudwtmamestuﬂtewmmte Babseramwldfts lhmlr the

atic chuck n tributed over th
c gt B IeSipron P Shee B RepRens, MBiGeaR resulin the
t hBtde betdhaBE sublsirafeiid tRASIRStrdific AV Bein AtAButed over the
results in less than the full area of the protrusion

comteredeneeaions of ihesprossionsirthdr thamacressaheir pyrfageni hsome cases
gﬁﬁ? SHéJeﬁtlbé)cf’]n%;esﬁl%r ﬁﬁe?slr}hﬁx ﬁu@% retaﬁorf?l?e o$ otrilg contactlng the

rusion neven 1 oadi ng o

t habsitdhs twititle cangsilo i phiphrcoacainations offoresoh b sﬂlﬁallélsz&ea of the
or during use of an electrostatic chuck can result in
pd¥OTeHi¥E t hat correlate with the protrusions. In

accor dafyee R 1GARifg BIAHE FREL b@ivel D ehel SO¥GRtE A8Y the protrusions as

a result of use or during use of an electrostatic chuck can result in particles that
correlate with the protrusions. In accordance with an embodiment of the invention,
these particles can be reduced or eliminated by distributing the force between the
electrostatic chuck and substrate across the area of the protrusions and by a
substantially equal spacing of the protrusions across the surface of the chuck. In an
electrostatic chuck according to an embodiment of the invention, the protrusions can
have a height, contact area, and roughness such that gas heat conduction controls the
substrate temperature and the temperature distribution of the substrate. In
accordance with an embodiment of the invention, greater than 25% of the area of

each protrusion may contact the substrate during chucking. Further, the number of



t hese particles can be reduced or elimnated by
distributing the force between the electrostatic chuck

w@ne9auysa r at e across the area of the protrusiPEEUSVAI/003015
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by a substantially equal spacLEg of the protrusions

across the surface of the chuck. In an electrostatic

chuck according to an enbodi nent of the invention, the

pgﬁh&éﬂ% SMthe %ﬁék ﬂ@é’ 6f helifbahke frsgﬂ @%e%qéadlﬁ?getween the
ughness such t gas heat conduction controls the
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Further, the nunmber ofparticles on the back side of

t hbstsbwmrr@ftselbstrasmqaﬁmgu }e@vmfdrmtnlge erotexed the mtrusmn less
rate and theﬁg&otru5|on
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i rhnfi Yhd sidstreR SWhich @&l afewkr paRichddonslatengith thesprbirhisions.
ot her cases |ess than 1, 500 adders. Lower nunbers of

pakhei lewesthe mymbst ef sush@atiisiqso e lawer the pumbsnolomanufacturing
S l&%&c&sa'ﬂ?e ﬂe%g{h%%gs s&at ??rw(ﬂg Efec rbgtgtb@éhutcp (Eietﬂ% E{%IQI the

protrusion
anﬂmhﬂwﬁﬁnmpﬁ&Bbt forces between protrusions and the
substrat e, ich results in fewer particles correl ated

with t 8 35eesdrRes wifsan emBodiggaF of the IRYEREER. 81 elspigpstatic chuck is
pgﬂf'rghﬁé@amt N \Gir faOVREvi %&H%%BSH éuﬁr@gg&‘atﬂ%ﬂrﬁ@ons across the

ects better t gas sea or ‘the el'ectrostatic
c hhucfkce afittic blwtrbstgﬁrechttch ¢hatenotaeicthe baclgsigé ef the chucked substrate.

o PAS e e D 50 PR RIS GPF P eBangian o provide
s %asatceéﬁtaaé kmRatatd ahds ?Sﬂiuﬁé QhifomhiBNGurify @ﬁ@c&daehat treats

surface of the electrostatic chuck that contact the
bdbk suhistrateo fI helagrapgeroes @f @cmgtsrcms @rovides astoaes begween the substrate
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t ahp pfo@x&:@foﬁs B tHag ot éxantpl¢, lfe@eﬁthaﬁ Q@O attivdds dorefdi&l with the
the substrate. The arrangenent of protrusions_ provides

a rrefresdonsargadded: tp dhesbaskiside of they éllbsaéteefrcé% theofores grcontact.
f ok Q)rz){?ﬁ’stlortko%rﬁ ?rlatdg ?ro?ﬁjgﬁ;c;\{l Aréss zﬂex‘i{él%{n{t r@dﬁc@&l‘fe%mber of

across e protrusions so or exanple
f epaeticléshaansRi lﬁ)pﬁrqsactalckst esfraaurce)| antdedn weduoe gheleaks through the

rotrusi ons, are add t he back side qf the .
p cetrostelC Fhysk %aﬁée‘iﬁ g‘&e&“aeg?ff‘%\'&tOfdﬁ%%e‘ﬁFoé{%“G@Bﬂ%

arp%ﬁ@éi'&lsflﬁme@ub@w éhﬁﬁﬁt% tﬁahﬁé\}ealloamg of @ UYGBSratd Epainst the
nunber of particles caused by stress cracks or

f rretrusies, arahuhaxz a¢duce @aﬁwlagas)rcb\eé«bettm teygratutecontrol and
el ecrastatic, shuck aos eal S blEndl LAMIRIPAL.ST the
In accordance w1th an embodiment of the invention, an electrostatic chuck

provides more uniform loading of the substrate with the protrusions, by featuring a
plurality of protrusions formed across the face of the electrostatic chuck, the
protrusions or a portion of them being equally spaced across the surface of the
electrostatic chuck. For example, the protrusions may be arranged in a pattern such
as a trigonal pattern. The contact area of the protrusions may range from greater

than 1% to less than about 10% of the electrostatic chuck area. The protrusions



protrusions may reduce or elimnate the uneven | oading
of the substrate against the protrusions, and nay
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and uniformty across the subsyrate, or any

conmbi nation including these. In accordance with an

enbodi nent of the invention, an electrostatic chuck

Py g@é’r&ﬁ%@& thHé\feOJ Jﬁhﬂneési bP o 0. t7§1 %lﬁm&&rsa& ¢ Mfllieter, and

t he “protrusi ons, featuring a plurality of

prrna)r brsslmﬁtanﬁdi)nwaﬂy ispaed ahart by @aligandernd less than 8 mllllmeters A

tic.chu t he. prot.rusi ons or rtio
CHEFDATA Y SERIER S ety o ey B eBined Alidscafly Fitnou
el lﬁ)"‘e\tlﬁé’ﬁi Ak ir&gi SR SdtwediPihe PXARRIdhs ahl SvitHoat [iftfigdh $hd@ter of the
be arranged in a pattern such as a trigonal pattern.

THeowemense thezgbyavoidingie mr@iucugn ohundgasirablg pgrticigsoin
gr eado%ém%rg{%g &gﬁlﬁcglt}gesl%vgn r%gl?c o}g %?Jatési})%gncles on the back

Fea ru5|ons
arsﬁc&r@&ﬁe tubshrarcaha cdireld @fith @ﬁe Isrbcmlang 5nmpkdvldatﬁwstanually
to 1l mllinmeter, and may be substantially equal

s prfoamderaperaye andiiepsrwe sangecy slistrbpian 4ﬁrq>qs|th%§l&8§ate

A mafer i

et al ndi EbfioplceM P BBy @ichPE B i Allbf bf¥lePided to the
betacke erdetoli@ spbsitatd i mmsulanﬂthwi unbreert lobdlhg ioffi oricer betlmceen the
center of the protru |ons t here avoi di n

prygsieats e shrfaesehans lectrosiafic e%& cagpe ﬁg%“d"pr?éﬁ iminated by

a t f
pgd?%r Clhlg% s%a‘%l : 6r élg)‘géﬁgiﬂ ec{xf‘aﬂk) %S&lt@% gtﬁétﬁ&?hagﬁoss the surface o

cahe eleatrestatict ¢huc:h dorpnontactisg theshack nidlepf the shbstrate. The spacing and

subst anti al uniformte erature

;i gtebireiet e B Rt e s Ko Saf e AL g Hired as o
agsevida aeRpribldheal réphddad igBNthe @fibstiate durit Y m@fufacturing process.
particles added to the back side of a substrate as a

r ddrther, ghe spesingrradeantagbarem gl e profrustonsaroide atferse between the

S Us%%%t?a% Cf?ﬂlg éi&:?ro&H{lI: @ﬁ?ckq{éat%lcﬁg hé Wa éﬁ v@l‘iﬂo(ilt BM% substrate
ere 'y "spaci ng,

S Wastiag betaleky tleopratrhgiosy and et dmtrﬁiutmhe teadaactass shet }Iiretrusmns

surface of the elec rostatl chuck f ﬁ ﬂaactln t he

belbRiely ErupmE henumber gl prEicle wgt ARPOgHEIRRs on the back

areg Hfih g],g)sgragg rusions on the eI ect rostatic chuck are

so arranged as to provi de acceptabl e heat renoval from

t he sublEiG. dtie admsb{sgctmnahm'dé el gpbpirate 66 boming between

prigoRRasss four 02 BEMERhaeh 0% Bt MigpE Shsts Bl T04. in accordance
el ik E}ié%irﬂ)tr laft. Qindek tHe"lﬂésstiﬁzl Stelddndsat Esrcil D51aHE substrate 100

causi ng substrate bomn@g bet ween t he protru5|ons and
t Hetwsaloypryasds nsregioas || B betaveen e pratusipns sl BAsand lifts in the

f,\,,h‘ieeh%?#&“%% r730§‘i tf(‘n)% §rogr#sr%ﬁ£e 1@;(}@%2 Tﬁé )?t %tod’frb%k\%ge gnd lifting is

S L&@ggamed in FIG. 1 for purposes of illustration). As a result of the bowing and
lifting of the substrate 100, high contact forces can be generated between the
substrate 100 and the edges 108, 109 of the protrusions, which can create local areas
of stress and create undesirable particles, the location of which may correlate with
the locations and/or features of the protrusions 101, 102 on the electrostatic chuck.

As illustrated in FIG. 1, during chucking, bowing of the substrate 100 between
protrusions 101, 102 and possible lifting of the substrate at the center 107 of the



FIG 1 is a cross-sectional side view of a substrate
100 bowi ng between protrusions 101, 102 on the surface

waoe®oni27an el ectrostatic chuck 104, in accor damcBUSE00$1003015
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the prior art. Under the pressyye of electrostatic

force 105, the substrate 100 bows downwards in regions
106 between the protrusions 101, 102, and lifts in the
Ceib@isicRA N0 REd 1d'éneRER idalfigUiSthd Ylotrukits 10TNF02 and
extent of bowing and Iifting is exaggerated in FIG 1

f qartpnlesposibs ba¢k side oEthesubsgirite. As a result of the

bow ng @and lifting of .the substrate.100, hi gh contact

For ces SRrPstash i s Branren ot BoBir s el SO B G ally
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create | ocal areas of stress and create undesirable _
patibstedtemay reduck periculate edntathingtiomthat egrrelates weth\the protrusions

t [ rf trusi 0,
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1,and widyngrodiiceckitroghg dhavking ferte.t The siehoF by Brot@iGion in contact
bet ween protrusions 101, 102 and possihle lifting of )
t et thehark side of therrubeteate gan Bognasen tayegpes oridinginate sphstrate lift
1 i . '
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i nvention, .equall ace rotrusiong that contact the

b AERIRGiRaBIGlFS hakeobiells poiths ProAHFIORE Al Ioaiey ol Sibstipis

Mo tr@SME Raliip! 1§ Hh@h%b&&&ﬁie%f‘ﬁ&%?diﬁ‘? td R tin kiR Ab&8r than 25%
wi'th the protrusions on the substrate back side,” may
prod dhcareanf ¢éashrprotonyien eaniacts thesubsrathdurngogdiucking; incangther

B RO D i 560 B Byl W s

S Wsing 2heclag) 428 ik A Fa@Rerletbod i of EheShlénitidal Breater than 75% of
substrate |ift at one or nore of the protrusions,

r dBei@isa Of eaghi pipiTasien seyaqts thesubyuatnduibes clisking. The amount of
fpr PEUTAP {:@xéacg Lo A 13 d@&(’rglingﬁ ﬁ)& &119 ﬁgfng% 0(}4‘ tpg’ glptfs?]ré@tcﬁuing a

rce on rotrusions, n uce particle
Cc pro@lssithy addcheakdrin qubetrite backsidéelparticies coeylatedsaids theat e
protrusion | oading.. In one enbodi nent according to the,
| PRSI Obll’ié%f‘@%“f‘ﬁ RRtveRsRJest SHestiafeandyt trangigrable marking

PrRENAI ANKE BRYtARSToRs! n?oﬁé@ﬁ&ﬁﬁﬁl%ntd ?fd.tﬂﬂio‘ﬁg léfé‘édggfa?iiﬁly

anot her enbodi nent, greater than 50% of the area o

eayhngnicd aod have adiatnetr ontthetopsbefhceathat clurbenig the range of from

chucki ng; d in a further. e di.ment  of e .
et B O3 it o e b SoHITAVER. &fthgtped protrusions
PRIt PR si@Iiras tesé Bsh AYPBE (eide during chucking. The
amount of protrusion contact area can be determ ned by

t he f| dnmeedaicerwith anpabedimentiof tha dnvengpmdhe srotiwgions or

AGREEARD £luflr? YRR LB oP LibSaRRAMy Sy GB0f GeRLE the
electrostatic chuck surface and are above the electrode in a dielectric layer. The
spacing between protrusions can be measured from the center of the top of one
protrusion to the center of the tops of adjacent protrusions. The spacing can be in a
regular pattern. For example, in one embodiment, the spacing of protrusions is in a
trigonal pattern that reduces the force per unit area with the chucked wafer or other
substrate by 20-30 percent compared to a square pattern of protrusions. In

accordance with an embodiment of the invention, a protrusion near a gas channel,



protrusions, or by a marking between a test substrate
and a transferable marking material on the

W@e@bnesions. | n one enbodi ment, protrusions aPEr/us2009/003015
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substantially cylindrical and jjave a di anmeter on the

top surface that can be in the range of from greater

than 0.5 mllimeters to less than 1.5 mllineters.

Qi¥epinS BARRS phY Stk sQfscbchiinal nfdy QAT bt ¥hdr PréthRTshs by
can al so be used. In accordance wi th an enbodi nent of

t having\agruriiomef the @rgrusionfomad apthe sorfa¢eonipicbire andanciher
spaced equal.ly or. substantially equally apart across
Nt G T S ek e S A

el QedrhAfRly, Buch #pRH@Siohinkay [era smbller SPREIN dize O Welgferent
protrusions can be nmeasured fromthe center of the top

ofshapeethpr ethetiptotmisions ph shecawmfaee obthe elpstrpgipic eluck. For example,
adj acent. ot rusjons. .The aci C [ . Mo
ot BERRie el 3B bR OBl TR Pl b B eytiner
offofrhéd 4sulié @ixSseabardandtlidt ipgfrival exiidigy suttfford tHeqthyees. In
the force Qer unit area with the chucked wafer or

t

otadgriosyhsiecetion pyd sige 96 thsegas shanretsnplirmies. gfpuadg%w@ other
g%%tg%é']stﬂfcuﬂ?so%lﬁg B miﬁéd"toa;ﬁgﬁgg g{fl?‘ﬁgf"gltd?rug&n S acin%; and

nment o I nvent1on, n near ga
C hpaotnadiorisi rfetr srich sufacastcicpires may diehspacesifrérackem such that the

structure nmay differ from other protrusions by havi
2 SBBFIRE G} PORRSIORP ASUTTERF FOICHHER1540C SRS ay,pR sEalier than the

StophGhs FenPhd rdfieh REprddR&ion0 Tn 62 ERBbdithet ithd pOMubiBA spacing
surface structure as a parti al protrusi on.

Almay baalebsy/hhy 8 millihetgrsrenter ¢S tanterpmyanoges embodungns theor

| arger .size or a dgfferggt i¢age th@n othFr ter i th
prSPTLRYLIRECE] PREOSTHME QT MERES Of) 8 CPRSE i f g Apother
Faimtpdanettehe protibioR @padciag IsyabdliePaflllipieddrs WE 1638 cétftél toRenter;
gas seal may have a portion of the cylinder formed as

t rad dga 8nefber eahndimanit the proyostonsRacdng sabiony2 sutlimeternor less
t _ addi-tiona i i O ' -
D52 SR BSOS PRI PORSER Shitimerers o
suedsat eqsivaleatsuhasofimy be nodified to provide uniform
protrusjon spaci ng; and_protrusions near such surfa

e
st r uct UPEETHRY N5AaQHE 8F COMBtharHehr e he u?éqmtswélsang the
SRAGIARe SFAR MeRIRIMHST Qhtdd? hearBhERGRn T I Bl luBstrate to the

the sane as or smaller than the spacing from
prootrusorsnandalpe effects theramdunt ofibovemigadi ddting of the substrate during

protr.usi on spacjn be l.ess than .8 m || inmeters

e bR ol ARBEA% Hi BB A TnY BF e HIOPp PGP aebFen of
SRAE prErusRYs Rethah® tibstrafl baded®h ehSgImdtAs area TtIRS profrusions and
center; in another enbodi nent the protrusion spacin

i noabslnding gas seplsetasrbe ipthe mage e gieatepthaadf/e o lessihan about
| BRI STRIAL BRDloddif Bk’ 4aHAd. SHRE D8 el @Rbion with
a cooling gas is easier to control than contact heat conduction, another embodiment
of the invention has such a contact area in the range of from greater than 1 % to
about 4%; and a further embodiment of the invention has such a contact area in the
range of from about 2% to about 4%.
According to U.S. Patent No. 6,117,246, one disadvantage of using an
electrostatic chuck body fabricated from a ceramic, which is a dielectric, is that

during manufacture of the support, the ceramic material is "lapped" to produce a



center to center, especially for small dianeter
protrusions of about 0.5 mllineters of |ess or
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area between the protrusions gnd the substrate affects

t he anpbunt of contact heat conduction fromthe

substrate to the protrusions, and al so affects the

arpRlibel 9 oo ﬁ@fa@&%écbf&ih%‘% ofs. PaRnENBSE 1 89,946 Ut R thpping
chucki ng. I n accordance wih an enbodi nent of the
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the area of the electrostatic chuck's surface. Since
gesnhegusbygriadeced by theseHragtures A lsrjacgarding teesy. FateppNo.

c c 0 .
CBDLEFb ed RALBl280e, SO U PR Spcs h warovide
t Heorh dtahdefside sfithg wadrefesiilkiag il ferther Alnductidh ofgpaticulate
further enbodi nent of the invention has _such cont act
arC@RIAHNIHB LY the JEOCEES IVERNEISBL D Yingtuse Qb Bgtchugk or as a result of
AGgar di

250 R SpOpuliES o dfherpiodtt LpSiSigp BF gyl and can o
f adarrieclab ether pestess danmdrrcor canscdefeds i e eiregitnyifabri¢ased upon
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dbepele Aeeorfiag salhS e Ml B PBRoteis of ol hf contaminant
S YakR9& mAY 60 FSindDnltRe bhck: siff@bLEivRR waber hftky refdflionSipeh a

| appi ng produces particles that adhere to the surface
ofcetdnaic slgoprostatic ekt hat are very difficult to

conpletely renmpve fromthe.surfacge.. Furt . the. .

" appi nd brObEEE Mhagroriney S B it pdis e iivERign, prptrusions
bagly forfiel PRGN dindstafis chitk Hprokessss thae@sulPaY IbinCdtRSs materials,
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actlick rastpt exacking anpagsistchagges g dimensagthegpbyimigingging particle

or ) C .
0rSOAERF proh Mg SLRLL TR RhlyRl PR ABLAHE o i 130 BF tre

f ysrbtievionsn tHop éxahplenprotrupians may batfernmaidfamorphd s films made by
t he process environnent. During, us f the chuck qr as

a Iflagpg Enlgneed Chesmical g aper Joposttion (BELMIO) ggledaﬂt%ﬂ%way be
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ot her process chanbers or cause defects In the
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Pat ent . 6,117, 246,t tens af thousands of . .
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ardiela¢ioid brdHms siepesited iopvvenafenand theo chare¢torized by wafer bowing, X-

ray diffraction or Raman Spectroscopy. .

In accordance with an embodiment of the invention, the electrostatic chuck is
a Coulombic chuck, and the dielectric for the Coulombic chuck may have a
resistivity greater than about 10'2 ohm-cm. The dielectric may be silicon or an alloy
of silicon with other elements, for example silicon carbide or non-stoichiometric
silicon carbide compositions. The dielectric can include aluminum, for example
alumina or aluminum nitride. In a further embodiment according to the invention,

the electrostatic chuck is a Johnsen-Rahbek electrostatic chuck. Alternatively, the



are formed on an electrostatic chuck by processes that
result in low stress materials, which resist cracking
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particle sources and providingsmre uniformloading of
the substrate on the area of the protrusions. For
exanpl e, protrusions may be forned of anorphous filns

MRge ud¥tatit BRI FAPARGRG ﬂﬂﬁggngg&%b\éﬁ%%gnggtﬁﬁé 'bﬁ&clqw and the

(PECVD). The protTusions may or nme a dielectric
medigedtat mayhehrhaseraso thator Jolmssn-dahbelc (JIR) doncrbe pardial lyybrid

a | ycr l.ine dielectric,material. The dielectric
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of the invention, the el ectrostatic chuck is a
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C ' i.yi r r, 0
Bl LR B A B
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cc%flegq%%x 5iflsposticd torp dhigkness i 2 EARER RERRRIE 22l URHGEORS: f or

exanpl qn%HfHeP@mB&diﬁleH%&Egﬁilﬁ%H fng ?nvehﬂ?xﬁ, etﬁé’ Bfet&kric for the
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elpeatrusiatsas made ook a charge dating enRahlbedr redtecalriasingta resistivitly
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ot 3o A DR it el 55 i 5. v ed PRV il stress
di 71186 thdnCabdBy 4 SEEMPROSRIMSR ﬂr@ﬁ?a@% b ppanbBatisivbd s
force or partial hybrid Johnsen-Rahbek force does not

actepovitedheTheadhargorontioblayenmey bodepenitedite @ thicknassii araoge of
: . Colectrl e
TSP FFLD B I HEPE AT P ap B tpouc

U.nficrdmdtteiok. Noadditid®g the didlectrictfor thegebwssis® iy bé foithed Svith a
hereby incorporated herein by reference in its i
enPYVisess mptgrigl{sudnasane igih ambigpel qognaressivgdilm stress in a range
| RO 't}%i abbll€44Y ﬁLPﬁgtaEx? ."Elilefno Vet Wi H iR Sa @ SBflSmond-
froma silicon carbide filmhaving a resistivity of
abiketcaft®d (ohothenmatriabthautypit@ll P hahwhpher campmsstvenfilm stress) to

conpressive filmstress in a range of |ess than about
45’38%?*1%%3“%%?%?&5&}%% | ess than about 450 MPa
(as depashb@ée emE&ﬁnJeﬂV@JcoRfin%ld thE AV enAbRi tHE dielectric may be a
preferably is deposited to a thickness in a range of

atsetamig o1 polyinerigneaterial havimgherontreedirasistivitp sddinla rapge of about
t q%7 i-we(r}ltnins) rr]n, vEflI{]lce:h gliloevlvse & twra. &t ofr %{hetr I'\]Neorkpiece to be supported and
retained upon the electrostatic chuck via the Johnsen-Rahbek effect.

In order to characterize an electrostatic chuck according to an embodiment of
the invention, and to compare such electrostatic chucks with each other, there may
be used a technique of correlating particle production with protrusion locations. In
general, during use of an electrostatic chuck, undesirable particles can accumulate
on the protrusion and channel surfaces of the electrostatic chuck and/or the back side

surface of the substrate. Such undesirable particles are referred to herein as “adders”
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filmstress of |ess than aboutj4450 MPa, and nore
preferably | ess than about 450 MPa (as deposited). The
charge control layer may be deposited to a thickness

' rbr E&%@Qeadgérsf”r P RRRYEN Be MeaSure® MM cdrlpdfeg bEfdse and after use
or preferably fromabout 1 to about 3 mcrons

t mfalke: electramtidiictchoek int precessmgec phm@clmgﬁdecthneklpgoﬁr qpstedgion

be f d
i PP T e e An Ty BELR AR 5 AR, B Gptrusions

| esmsthé BRBtredai citieR ahiPehe loé‘d”tdm% ReRroyLiicleshad bideh Iibrcﬁ:luced on
thin coating of dianondlike carbon (or other materi al

t Hh@ bagksidenof the mulstraten i Brsed on theplegses afeofrielatios bewgasn the

hi h rf
T R

lTElMacb:ﬁ isitheellévtilostadic fErot Yemvees therduBkirdit ahdihefgousions. An
controlled resistivity within a range of about 107

- 1peyerploadiamot Wi AeCESINROTe Banernl 1D Pragiipsnd SlBsek sPEglation
t %eﬁﬁe&%ﬂé’?ﬁéﬁgloﬁﬂgc&%&ah@&% g:gfﬁblé R ﬁ‘&&cg)}xﬂéh%&e even

chuck via nsen ect. fn of
cHasding prodneesanlack of torodatidn. cTtehuwocicl aioadechnngetoayamclude

enbodj nent, of the inyention, and t such . )

C e |58 the Toc M e P Bionh 8 dratoh of the pgitysions, with: the
ug8chi@dnlc? phRicHL H nuefer BhdizO8f 1%{1&1'&' tﬁe BfsABith OF particle
With protrusion |locations. In general, during use o

arsizels pibt pesgickt ¢ampdsitida, ouamecsmnlabatmqazfrthcscl @articdes that correlate

e s ot Bk el BAP Rt o B oL yRrace and

ofthé BRcosRstd AHuek, acﬂd%td#ﬂﬂﬁh‘iﬂoh@liﬂt& MBhbdrCdits add distribution of the
referred to herein as "adders"or partlcle adder s.

Parartidescasided aftpeproeessinged caWIwWé@nBeB@p@at%amcessmg
(éﬁ[gm%g %&ghﬁﬁg}ﬁ?ﬁ(}é‘e&% gl%:lﬁttg a e?)&&&? eﬁﬁs(fe'cﬂgck%g of the
| nsubstette elopbyanplg, peforig @leahillion Hﬁtc‘kﬂereaief@cles) pop off

| ocati ons_ of protru5|ons on the el trotat| c
arfEStt“Igeadeo%tH?li Bmalaigpbpracessig; a&FSé-‘§n \ge Iébwaﬁ}a&d@eél&mber of
harfiGe Q{r’d%fsﬁir%ge?écnfobﬁnﬁeﬂw ate. Based on the degree

of correlation between the protrusion |ocations and
t he parhm acterdhnaeawitlo ais embbdineent bfthdenemtiongettic momber of particles
eve aded s the el ctros tic, force between the .
t{h¥ ped ot 8 it G el iy s R RRG AR RispFusions, the
M@% BdenGrdUces byemeve MdlaF Q€ E58S bawekR HRY substrate
correl ation between the protrusion locations and the

p&ﬁfnﬁltb‘# profrggians.onay, baess dan SAEN.an svma chisadesh ghasr HAYL és further
a l(??é:sﬁeé)sfth r58b a&nldolg StllT ef 2hde§ lless R 1t ?(f(jh ﬂ)l 9480 B limeter

diameter wafer after clamping in vacuum for 60 seconds without cooling gas. For
substrates having larger or smaller surface areas, for example 450 mm or 200 mm
wafers, the number of particle adders can be scaled according to the substrate area.
Lower numbers of particles indicate a more uniform loading of forces between the
substrate and protrusions. A more uniform loading of force produces less substrate
lift at the center of the protrusion, less substrate bowing between protrusions, lower

contact forces between protrusion edges and the substrate, and more consistent heat
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di stribution of particle sizesjsthe particle
conposition, or any conbination of these. Particles
that correlate with the protrusions can be detected by

| a5.6fsfe? UTha ffvet RO RIMBerdt talbie sidk Baticfls®naRdsitifate that correlate
el ectrostatic chuck, and determ nation of the nunber,

si wigh thermodusiens thetlpwar b numbepaf mantfesturig defeatstand the higher
processi or chycki ng/ dechucki ng. Repeated processing
(et?’ﬁmaﬂﬁggfué’ﬁgiyﬁ%ﬁant ation, and the |ike), repeated

chucki ng g Enthdalnéltiabebraing!th thesiabedtiont thetd @ra redwealt6tal back
perform ng one mllion chuck/rel ease cycles), pop off

t eidd logdingofi partigles thatientralatadwish prassisiong ag e resuli thgeuneven

u . u i

LG8 bR P BhEuhRR PUTERL Bl ARG Gt er o
of subkeate BvE ek ttesstaticshubk si€iceProtpasidnsC T ste dndelidifibition of
side of a substrate that correlate with electrostatic

chibie bagk B¢ pastielss mayhtorsupmpler Beahipliong: 198 8n 29 fetemipron
b%pawax e ! 1084LAY 360 a{)&&f, eroPBlIRRE0 %18cr§ﬁ' géﬁmt 2215 than 500
t may be 5000, |

e protrusions, ess than sone cases
| eskletshfor 02 ©0D3 microhyrattide sicades thasS0Q dblers? f&AD3 0tarod). 5

in still aqther cases | than 1,5Q0 for a 300 . )
iR PECl Siokes A oLD et Ok Pa Bl LmiEon Rt S less

60tha ¢ 945 Siderd; trhOL o £ AfbIoAPakiRTe siFQess Wkt 100 RIdeRA¥Ir Do 5
| arger or smaller surface areas, for exanple 450 nm or

200iaren paficlesizet less thantd@raddérsplar Hite |18 nudwarparticdeisige, less than
' t t yat . L nber s.
of 2 aerE pes it dSiedPep TEPSR FosPEF acraRBessARTE e

betaneanhitterelksivith e BotrubioRs fd#%i IV0SmilkmBRE Biakididravdter after
| oading of force produces |ess substrate |ift at the

c eflempingfin vheuupy faridiseernds vatous epplingges. Boegengance with an
beé §d?m@ﬁt°c¥fgh'e§ in%ﬁt’aox{, ?l\ﬁéetrotag %PII)%Q; oif ﬁdgpﬁ%lha%m%g be less than
protrusi on edges an he substrate, an re

Cc oths itGthlesuin bdriet sranske@if thebb izt darpes.t Rer exampds, fof pdreiclies

side particles on the substrate that correlate with . |
t hREER 0-08ndAQ micrans yipbe @ewﬁ%h%thﬁ_éﬂ[mes distription of
gﬁgaggaész%&do.s he1 {g AREEn pAIRC IR RES tah rigﬁxa@érgl,- fol M t&P€nicron

I ment accor ng to the I nvention, there I's a
r eptutield stzof labs thaw k0@ adkers;dadi? tgS aficroampeitslesize, hess than 50

" aer R oS B R bR R s SR Dot = 1T 6F s than
el 2ot fqast partiSiR horoSdheseshri@E 87ze @ingRy B CorlafNWith the

el ectrostatic chuck surface protrusions. The size and
di protrugiony ton ag00mmdietek digmgter peader afles slampyng movacuum for 60

ex%rcrgllmes,witt)heou?%oélgjlgl g()a\/§§: for 0.12 to 0.16 mcron
In another example, the distribution may be as follows: for 0.12 to 0.16
micron particle size, less than 600 adders; for 0.16 to 0.2 micron particle size, less
than 275 adders; for 0.2 to 0.3 micron size, less than 325 adders; for 0.300 to 0.5
micron particle size, less than 450 adders; for 0.5 to 1.0 micron, particle size less
than 300 adders; for 1 to 2 micron particle size, less than 120 adders; for 2 to 5
micron particle size, less than 30 adders; for 5 to 10 micron particle size, less than

10 adders; or a total of less than 2110 adders across these particle size ranges for a
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0.300 to 0.5 mcron particle sjge, less than 500

adders; for 0.5 to 1.0 micron particle size, |less than
175 adders; for 1 to 2 mcron particle size, |ess than
10903 Siey Hfé‘fne?ertv%fér ATt CRMPIRE I @Acﬁuﬁn‘ BE60 k&R aﬂﬁout
50 adders; for to 10 mcron pafticle size, less than
2@oativggss. Ioracaortianwl with an embodiment 06%S imduiéion, the total number

pard i Iesaross h article size.ranges th .
C SR e e e sl S OTRGH fpare s size ranges.
di Rk ShpMafd parfd @rocthediiid. B dnd M0 YisiEduE) dnQimfiHemansiShave
wi t hout coolin gas. |In accordance wt h an enbodi nent
ofthe fdlawipg distr tlonwép@mcms fou 90 te0. andksen paticleciizes less than
s f t of
Si ZSé) a‘r‘?’iger% ?ort(){;)@ eg §11£r%n ér%)laér,tl?%ﬁléasr{ %(ﬂ? gdedgrs Borg 2

andiciéh particloRie, REs tehabodo waars ;oY 2 fay enitioa ﬁa&ﬁdl@magess than
distribution of particles: for 0.5 to 1.0 mcro

paﬁQadéiPré, £rto 10ggicronpatiglesizggless han fleradierﬁoorza tqfat phless than
Y | on
D00 b Bha0e IS el SUORR IF cSrdiRg 3 B
pgrdiradienssfor e 300 asHimdtandi2beted darl; aflrar clampo'@nln vatudre $er 60
than 345 adder parti cI acr oss art| | e si

Smﬁ@} ouLgodlinegas LI S{758 ap E{SF 19R%© laé}ckéwéd@mcles
n rhay BELBindl AT L RImMIRS BEs @bk ssmﬁlsétm bMeripArAEUR difheter
60 seconds w thout cooling gas. In another exanple
t r@rezdcstbam Bdt6|m1nrqmynayebca@btambdl owdessftivan ghotip 5@ alldﬁﬁpamcles

0 rtlce i z ess than dd for 0.16
[t BaRRGt sfefr e 1 EGeh Ry BOPRBISTS stiders. sor
0 2 10 1o a3fufther @hbsdiment 4:08”ind1RdNhe AveAHSE the sdrﬂice layer of the
0.300 to 0.5 mcron particle size, |less t han 4

acliesirostatip checkgmay, camprise & ehange enntral surgacei lél@rl éf bg charge control
Lo LB G mpPheds Gl aR i3 epiadhtfom B8 { 10"

3mhatkdeuare thabolt 10108 omlﬁrsqnamamtd ©hp comptise 4 aﬁsort tabide
10 adders; or a t otal of less than 2 110 adders acr oss
t HromPposiion; dhg surface Tesislialy ¢ighe shayge aomirl surtace layer may be

di RAEbRE W(riﬁ?{u@ th€ hmbL AT ﬁl@c:g‘nﬁge irst ;Eag Qhd ogxl?ﬁggﬁr%or gas

wi t hout cooling gas. |In accor an e
ofustthéo makethei Sdrc,onth.ﬂ)ldlﬁDt(tho‘SﬂmﬂJE r Theef sibhchohevarlpde toropestion may

T PSR gUGon APIdR T AspeoipHPMsis Abresct s Be e ghafes control
angrfafe ﬁ?'élr 112 corﬂﬁrlﬁm%ﬁsﬂgﬂg pﬂ%ﬁﬁs@ﬁ\éﬁd tRErthQl danhg thyer. The

di stribution of particles: for 0.300 to 0.5 mcron
paﬂhtirg@l C@ntrplz%lrfap@lﬁe'et man b Sormedder klankes deposftinga dilicon carbide

%sﬂ%r tlilyer on3 eﬁectln‘ésﬁa r1Jr1a1rr}g ﬁle sili (go%ecra%ldef: %mposmonzlayer

using photolithography; and removing portions of the silicon carbide composition

layer using reactive ion etching to leave at least one silicon carbide composition
protrusion. The charge control surface layer may also be formed by patterning a
dielectric layer using bead blasting or etching; and conformally coating the dielectric
layer with the charge control surface layer. The charge control surface layer may
comprise at least one material selected from the group consisting of diamond-like

carbon, amorphous silicon, metal-doped oxide and combinations of these.
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of I'ess than 910 adder particlges. across these particle
si ze ranges that correlate with the protrusions for a

300 mllimeter dianeter wafer after clanmping in vacuum
for 60 RerOAYST g‘l‘e&t‘i‘&%txc%ﬁlslwgr&ﬂénongohfiﬁ él'eé @%huck that
di stributions o side pafrticles nay t al ned;

f monmatlnp Iback bide of theanbsitatecarbOG farkdgp ap mdsam bespsfpiss,

- a8 S S Gnd B bk R E LT S8 idh BF SmBpgient of the
9 rigedn@iont ﬁ@ﬁugoﬂ@orﬂh&él@&%s@ﬁi& dhace ma?'}ﬁ%* a sl @acmg, and

further enbodi nent according to the i nventi on,
S mOfrm@éltlloay}eat ajpws e rediatainiog pha isebstantiely mlagfom m:nsstsre across

tr rfa el a tro
2 57 SRR 0B P RS Bra Pl MR LB RIGAR Brer the force
r aiémedhfthé ﬁm‘ruaimy tind the sllearaw@ NEFIEH 23k @ ckddsab@itnallvi$w of an
ohns/ square; and may conprise a silicon carbide

c (ﬁlﬁ%@ﬁfﬁl% ghuckddacearding tp@@. egthogiment ot thevaventigngelhe top
c %ﬂ}fgl?é %i?ﬂ% r?§8n4 NSontRY tlpieoaglg Qfdk %If Ia %H%anté/ aH&’ b& tﬁ%lr

anoun I con precursor gas an recu
gaspparedf the sobdteatd Im) prdwdmnnmﬁﬁﬁblbdcﬁng ang eaiut:edn naveIE fo€ particles

silicon car glde conposition may conprise silico
1t

C SPBF e ARItR 15 RpISPRanSlt rNe REPHSIONs 201 grvaside pradls 210, and
Cha¢ §9ardd by %ap%l@lfl aq@ el ALEHsHBY clﬁQ:‘iEplrMSiﬁ%lﬁHesl £@slecM8ayer

protrusion and a surface coating |ayer e charge

c @rierthdt nsayr iave protaysionsPy fhemddomnie dAbgrnbtiegikahe protrusions 201
deposi tin silicon g rbi de.co Ltion.lay on a
cirBvots Ped hbne et Tovie® §F FRRER wispeied sniBhaBEieF opme

| y&lecttis 14y@r PIDt Ohé bhRGEAEBMToRED 1 5 QRIS RBP4 FitPNsepP14,
the silicon carbide conposition |ayer using reactive

i avhigh tsmowgresi&w theydislegtriq %la?sthethéhe fie hryea P bt dee a first
f
SRR 558 20 S s 20 AR a8 7R 217, and o

| dpaomuayad 1l8eha:t cbhastslart@oﬁﬁg auid)stigh asanste ONHeodiBREAr layer
[ he dielectric |ayer with the charge contro

: oa%l I:;'\g“g qt’%%fesas s§Hanpwar gBe ebhformieddn its ReBphesy e Praegss energy is
cqe&ewe%:eo ¢ F%mng_@pﬁe Cgr ggw 255 9&1& b §1Rnfd O Bs

consi st anor p S|I|con
nenébmdmbgdnoxﬁﬁﬁ and conbi nati ons of these.ln the art

of ele t.ati c chucks,, protr.u t he . )

ol cot £ JUB03 164 phstretiioRa Bon oL adirey Iy Salh ed adipetripayer 312
S pah eRlcRo&iaic fuck 808 at&Stding 8an @ﬁﬁ)@ﬁlméﬂ %P%xe iRb&ftion. An

i sl ands, surface structures and t

a@b@ﬁﬁéﬁé@ Vi thi fiast layen3ds mﬂetmvemfd ltyhtéle |dml@mtl¢ tayer 312. In addition
(9 'é QSQ‘ Ee%'ﬂ%l& hé dle?ec?rf:ct laggrtﬂblmclﬁgeuscpl%opa %onsafy(ﬁ. ) eI feStures and

dlmensmns of the protrusions 301 and dielectric layer 312 include a channel or gap
surface bottom 322, a gap spacing 323, a protrusion top surface 324, a protrusion
width or area 325, and a protrusion height 326.

In accordance with an embodiment of the invention, protrusions may be any
regularly or irregularly shaped three dimensional solid or cavity, and may be
disposed in any regular geometric or other pattern that substantially equally

distributes force to the substrate and reduces particles due to uneven loading
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di stribution of the force betwgen the protrusions and

the substrate. FIG 2 is a cross-sectional view of an

el ectrostatic chuck 204 according to an enbodi nent of

t hRrivestant 's&’&btrairehﬁ'n Oﬁ?&rﬁﬁbﬁ@%cﬁfpr&ﬁ%ddﬁh? H§ve2£)é-yhndrlcal side
contact the back e of a substrate 200, and by their

S Lqrmlurabfy @M@Lmdtartap eThoedgss odvhegrotmsipng may dadiweage, as in

or By BEPPEREns 51 FIG 2 op PR GBSt TR Bl kg berween

218e sattrarrmdhpak.ated by gaps 2 1 1. The
el ectrostatic chuck 204 includes a dielectric |ayer

212 t halGrdyis B avefilpmstar mapfe @otourest dislecirie prtrusion on the
Al i .
orRFARPL e iR 7 005 AL TG bR e

ofinvéiriofli dherotresidralyssra cbhour rith RuUndey @lgel,aclichdRy be formed,
213 are forned ina first layer 214, which is covered
byfof peangple, lé’c@??*@“é’fb?"@@ﬂ@atlﬁ thggmbpdiment @b G 41 the pratrusion

a ffds a%?fﬁ&gleéf Pl{/ﬂéﬂ'ﬁi% a Ik %‘ng()dtgy%bot ! ur%ﬂr(])ther

opti1 onal secon ad ay er "ayer
21cﬂntehabn$mayhemech cool ing fl ui d such as water. The
di el ect 12 |ncI?des a seal lar, rin

o | A
219 for 5ﬁil%- ?fé’iaflﬁﬁg § paigry i)gotgﬁg}na&%lll onthe sur?ace of an

I e4&i1NBRALHE XA irF ARJEdALE With anneH oAlREhtRY t1Rd ih%\btﬁ%o m whlch the
and energy is removed as indicated by arrow 22 1.

3 pretrasien patters écesed rﬁ@redsap@vhecff)rcas betwesen Iaaybstragqalnctathd a

adaoa s 3T Gn Pt Ber Ry e et may be used
el e bxafifle TigoraNof FhefdllyHexh@RIl patiednd S roMtasi6Ak. DY shdidd be

dielectric layer 312. In addition to a gas seal 319,
t rPPERcEtetthat, @s nasddiergnoa ithigparlé pafieray innsled taprean Fpegularly

di ef)ééﬁ i p@ﬂ?myer gliégﬁistrfag‘lg e@ %f Qltlfs 5 O\ %%Jt tlﬁepéjrotrusmns are

ect i'nc anne ‘or gap s
b cubstantailR, eqaakjﬁppa&paapéﬁg &Bh aépatlémtrﬁa,bsal@dﬂ bt @jewed as being
surfac otrusiaqon wdth or area . 325, and

2
pr&stF i}'glﬁan@ 8pe, With & eenbralBrolusign{p ttgrpenter o? an array of
FoiRon® thak Gl MY %fﬂc@ of QF {aﬁ'%'ef? nfJB¥oRREs fHQ¥ also be

regu?ar 'y or irregularly shaped three dinensiona
sakdecedibygnuieasing ﬂmdilmgﬁeb@hofstbo pedrusionaor lrye@mtemsing the

o et ety B De Bl o P iTiate Tt ey e Bmbbdiment of
PTG, glAe&ledptStraQomauysae h&ﬁ@éeﬂghﬁh‘éﬁﬁdllﬁ Mcs&thsdngdi®nt, in

and protrusions. Each protrusion may have a
cyWhigl eacheproypgien iy substgntiglhy equplly Spasied eparh figmathe gdiacent

Tr}ﬁ'oﬁgsq&% 637 a I:Jh?elptg) QAP ép%@ﬁ)g'@%egsqoé 4y r}% vittie o'? such spacing,

as shown in the embodiment of FIG. 2, a substantial portion of the back side of the
substrate contacts the top portion of the protrusions, which may include surface
roughness not shown, leaving a gap 211 between the protrusions for helium or other
gas for back side cooling. By contrast, without such protrusion spacing, only a
small portion, 10% or less, of the protrusions may contact the substrate. In
accordance with an embodiment of the invention the substrate may contact greater

than 25% of the protrusion’s top surface area.



t he enbodi nent of FIG 2, or may be contoured to help
distribute the | oad between the substrate and chuck.
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protrusion on the surface of ajyelectrostatic chuck,

i n accordance with an enbodi nent of the invention. The
protrusion has a contour with rounded edges, which nay

be for iaq'n @@Dﬂgsd@a RS Beftdeft unRBrh $SHdRME of d'prot

t he enbo 5 v 4% he protrusl,llnon has g}%o dprotrusion
di (asrgt @r emlﬁochimeutt acboflimgnoahe irvehedmjland eflga bading® fraprotrusion

[th h aoth d

|GG Pepnh a0y AL B B | B PinineshySGnes i relative
S HrhAhe opfoaaag,ef&%ﬂp@ﬁﬁ%rﬁl AYRk ant A 1@%@dgia6§(ﬁngv(ﬁd1

an enbodi nent "of the invention, I'n which

proscessaiilyriogeale)ern i s used to reduce the for ces

bet ween,_a substrat and L SI ons 501 .

pr ot r uar QiR B SrbBfaRin? bF the PRy rotgusions may be
f afitiesrowgl ob polisird, providee We@u&fab@ Bﬂﬁd loo¥ stfEef e rak kyample,
hexagonal patterns of protrusions. It should be

appPEesion surfackamay ke nobishednaichias byamechanigakpalishisgs togeduce
| %lgﬁggﬁggﬁ%}cgs tHaEHedhr bi Q%Hrggl[ﬂrxtrﬁﬁl?ﬁ Qﬁﬂf&g% Pﬁéc%Bf%ﬁée with an

equ ral "triangles o rusions, suc
p revit adsreritof a]li@ns'drhmdrﬁ ptataisions atpyeiavy appealc edvallegrbughness of 2
(Such a p al so, be viewed as being _generally

tt
héﬁaé%ﬁalr??%% ?‘gh gbéomwlﬁloas erpicapnsgirdessder 30 frtase Youghness
CehShrofle Rt nﬁ%&l{ dﬁtﬂbu&ae%ﬁc ?&rbé’ AGosdYAL sat%met chﬁmg

vertices of a regular hexagon). Forces may al so
r ediucladg bifhé nafazsbughnebemdy beptashifietPhy vkt ttthlsng and/or blasting
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I mensi o

t hbstrhedinded t:oxﬁfol thk&i trahsfe dael hspmtdaabomm tbeteeafthd hfbstrate
back side of the substrate contacts the top portion of

t FRdprefrysianse dde agauahohesntach Seiysen songhsped swiaganandsthe
1 ShioSRANGan AEPYL RGP icrhaBRhHESR ihd e R RLA S AiiFing
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orel | RLhen s 00.) 855, L PLOLYUSLOnS SR cbsirso

S:@%ggew m&y bé Bgpportéd Bl iaar1dchd st ehiRiRiriiR s A &fdus
coating, etching, lithography, and implantation processes. Processes or uses can
include chucking (attraction) and dechucking (release) of the substrate. Processes or
uses can include those that result in the addition or generation of heat. In some
processes the substrate piece is held in a reduced pressure environment in a vacuum
chamber, for example during reactive ion-etching (RIE), plasma etching, ion-beam
etching, etching, physical vapor deposition (PVD), chemical vapor deposition
(CVD), or other processes. During use, or during a process, an electrostatic chuck

may, for example, retain a substrate in a chucking step; undergo a coating, implant

or other treatment; and then release the substrate in dechucking step. These steps or



than 25% of the protrusion's top surface area. FIG 5B
illustrates the differences between uniforml oadi ng of
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i nvention) and edge | oadi ng afy@ protrusion (as in the
prior art) on an electrostatic chuck. The shadi ng
illustrates the relative anount of |oading, for both a
Unjcfhay B@?éﬂ)'eﬁ‘tgd aﬂgth@ AR08 8f irﬁ@ﬁht@g c(r@&“s a number of processes
necessarl y to scale). In accordance with an
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duwafegdurss the chmesso u,scaepaiblenl@at fingdiiab gesults inogibaahyially uniform
and i npl antati on processes. Processes _or,_uses can

i Emperaturs ARk [Smperaliiie TARES. OR jempsiatiredisERIToN. Arwse thegyafer
ddri?lgt P,%tcés%t § aE’Joggﬁéé S tt4n HABSHifRM 6tﬂﬁ!f= Hﬁ@nﬁ&?%ﬁe
es t In e

t hat tion or generation o at
s oxmppraore g seibution asidss theavafepmay evar}sb)h:elfd°€ or &ss, for a substrate
ym chanber,

reduced. pr ure, envir

CoERF B G T G BERTTReR g AP T (ARIEES: i 3G cas%s to abou

et 030l Wor le ) oPRAMIEStREY ks tstassutnmo RN 62l In wdRRBance with an

deposi tion (PVD) chem cal vapor |i)05| tion
embodiment of the invention, a process may result in a heat input to the substrate
that may range from about 1 watt/cm” to about 8 watts/cm®. The temperature and
distribution of temperatures may be measured at various different locations across
the substrate, and the temperature distribution across the wafer may vary by £5 °C or
less for a substrate temperature that can be controlled to about 100 °C or less, or in
some cases to about 70 °C or less, or in still other cases to about 10 °C or less. In
another embodiment according to the invention, the process may result in a heat
input to the substrate that may range from about 0.1 watt/cm” to about 2 watts/cm®.

In an implant application in accordance with an embodiment of the invention, the



(CVD), or other processes. During use, or during a
process, an electrostatic chuck may, for exanple,

WO ed0ai1#2730 substrate in a chucki ng step; under gpCHUS2009/003015
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coating, inplant or other treatynent; and then rel ease

the substrate in dechucking step. These steps oracts

may be repeated. In the fabrication of integrated
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| ess, Sone cases about ess
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t hat ey dhalerobihAPtRRRYU back M@ §dsHBt Eshdb@oH is8he transfer of

watts/cn?. The tenperature and distribution of

t ghprorahenerey bmvyeewethﬂr@a@mamndtchuak penfacediHeat ransfer can occur by

o TR e ARk St S Bl By TERGLST g Snuck and the
wafer. Back side gas conduction takes place when the molecules or atoms of the gas
leave the back side of the substrate with heat energy and deliver that energy to the
electrostatic chuck surface. According to U.S. Patent No. 6,839,217, gas conduction
heat transfer has the disadvantage that the area of the protrusions must be strictly
controlled dimensionally to match the characteristic distances of the mean free path

of the gas at the pressures of the gases used. Further according to U.S. Patent No.

6,839,217, leakage of the gas can be a problem for vacuum processes and may result



| ess for a substrate tenperature that can be
controlled to about 100 C or less, or in sone cases to

w@bmwat427® C or less, or in still other cases tPCHDS2009/003015
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10 C or less. In another enbadi>nent according to the
i nvention, the process may result in a heat input to
the substrate that may range from about 0.1 watt/cnR

t Gn@BAYNIRrRbbBAL A pdsBibRddgiRagbh ofRHe! frédsh 89 1ddalized gas
accordance with an enbodi nent” of the invention,
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and gr otrusions respectively) of contact betwee

Lkl eide gas preissure, Andtohacking faree. r isangtdnabashment accordmg to the

nterface he aII heat transfer coefficient of
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reci pr ogakledfrodthte: Rk atéROm ?Qé afi efbbiih @i bs tHedhvédoh may
of the layers. If the area of the contact surfaces of

t Rptienaldy inslds epe inketsoges shamalscangrthe hlse jasatediagross the chuck and

T N e

nmosubstrdtehelebbyhe ehuck. aht siapdoedtionsaridshgpe of tha&ﬁalﬁxdlsaand/or gas
400, C. . This is because the tenperature of th
saRletligbrss gawetﬁe [ g@nynaéw@a%% gradiaty ﬁn@ fasilitates the

Capdndfet oPRE AP EHEGHATR ol t 9@1&&9 ’ﬁﬁé%%% itk altcgngl H?(?the spaces

protrusions. The anount of heat tranfsferre cont a
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heat conduction is the transfer of thermal ener

bedimishedh Anselpetrastatic chnek agngeding tr dmembodigent o? éﬂ gitention
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6,608,745, near the edge or outer periphery of the chuck. These rings can have a
height similar to the protrusions and a width sufficient to provide a gas seal between
the substrate and ring edge. In some cases the amount of gas that can by-pass the
gas seal is less than 0.2 sccm for a gas pressure between the chuck and substrate at
vacuum chamber pressures less that 1 atmosphere.
An electrostatic chuck in accordance with an embodiment of the invention of

the invention can be used to hold a substrate in place by electrostatic force. The



waf er. Back side gas conduction takes place when the
nol ecul es or atons of the gas | eave the back side of
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to the electrostatic chuck swi4sce. According to U S.
Patent No. 6,839,217, gas conduction heat transfer has

t he di sadvantage that the area of the protrusions nust
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c hsaon et g wafict, Nwofté& en kloeatifigiass isadreppdded codrucikto a]mfdpmtrusions of

S the he of . the chuck, to_distribut
B’aff@&r@%%tl 5155 BOVHroT oLABE oAb eIy chuck i

t herrel ek CoT)lllﬁg %‘a@ %ucﬁ SCRdIue) is AYdsEANoATa fré&ure controlled gas
channel's and/ of gas inlets di'stributes gas in the gap,
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not seriou
gas ports may be needed for this purpose. In operation, the substrate is clamped to

the chuck, valves are opened and a gas such as helium is introduced from gas inlet
holes under the surface of the substrate, which is supported by the protrusions of the
chuck surface. At the end of processing, for example after ion implantation has
occurred, the valves are opened, the coolant gas is pumped out, the electrostatic
chuck power is turned off, the lift pins are raised, the effector is inserted and the

substrate is removed from the chuck.



di m ni shed. An electrostatic chuck according to an
enbodi nent of the invention may include one or nore

wanvah&7iechaped rings as disclosed in U S PatBOr/usmn/003015
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6, 608, 745, near the edge or owger periphery of the
chuck. These rings can have a height simlar to the
protrusions and a wwdth sufficient to provide a gas

seal bepuresdhite withah ERAbSAAN: bi (e ifdBEion, dh §&Rstatic chuck
cases the amount of gas that can by-pass the gas sea
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3 PLOOLRT TSP Hiafletd? vafst 8700 hiiBimaks d19fn@&r Waf&)ca BO@shillimeter
vol tage provides the chucking force). The voltage
apb@h@ﬁrW@ﬁiheaéﬁéonﬂud@mthGQGESM§n electrostatlc
charge n_the ¢ act s e he |n trn
of 't e Bikchiial SRR EbuF HuleRS jifts, b Ruinss Rk Sy ¥ simitar o

ante appOBéthRehes Fatb%toﬁtalc@ &0Rd¢,36 hol 4 ﬁﬂ)sﬁr@t@t akh as a wafer, in
surface of the substrate. he el ectrostatic charges on

t Hlacsolt areprdanes with ensmbordiment o theggvention, tiudrmaing force may
S I e
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t B8 tetreanid athtmt iIfthe watdr id sepagattd from thy ehuckilsy amninsulator of
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el ectrostatic chuck which is cooled, typically with

cool i ng ma er In use, a substrate such as a wafer

support ree lift pins, is dropped down onto the
protrus onszgf 4he el ectrostatic chuck and then the

power or voltage for the electrostatic chuck is turned

on. Cooling gas, such as helium is introduced froma
pressure control |l ed gas source through an array of gas

i nl et s. Whitie Agig$hg ¢tramen geap f dhewafes erdehusk edectrode. To obtain a

large attractive force for a given voltage, the distance d separating the wafer and the
chuck electrode can be minimized by using a thin dielectric layer. Therefore, in
accordance with an embodiment of the invention, in order to obtain a chucking
force, the dielectric layer may have a thickness of, for example, from about 25 to
about 250 microns. Among other considerations, the thickness of the dielectric layer
is limited by the breakdown voltage of the material, which places a lower limit on

the thickness. Thinner dielectric layers allow greater force to be achieved. Also



mani fol d and hoses to a vacuum punp. A central gas
inlet may al so be used to allow the gas pressure to
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al so speed up the renoval of tfie. gas at the end of

waf er processing when the wafer is about to be renoved
fromthe chuck. Gven the small gap between wafer and
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t r@e%ﬁf‘a%mf X%améstt Mfat %él%e%? Wik &H Jn?xra ?cpgﬁrwgl%g] could cause

t he substraté *hirck or exanpl e

par daformsatioh gitiot froust sidesofabe diatapehet vatlahﬁefo&u bsﬁ lieaitnestlat

used with an el ectrostatic chuck according tq an
rrﬁmﬁ%m%afcaﬁ%evarlﬁv%m Gl Presstesud SBtnEeeid e

V‘ﬁi&fu%mgfth@éorﬁ&rt%% RO RYRsioRo Eﬁ{ reﬁﬁ&é the tp?(%a'bﬁit? of trapping

phot omasks, and the |ike that are

elmcntl)@esatl c chuck. Regardl ess of the shape t he

100" mi PPRET P KT EbF RRTBIT A BEa YA PrrfBt g intodulbd int

di aeepRes Beheen the sab&rdit hnd e teRictidsRABERICkWAAEproRidedufficient
450 mllimeter dianmeter wafer. In general,

el themab beatttransten trcsantigl fhej spbstrate temperaturel v thegvame time, the gas

\M;irg;%u esm§y P%Llﬁ%sféi?a Sﬁbv\; ?r( “h?lékﬁ&t fﬁghr'égﬁvepllo e%lcﬂtng the

paCI such as a wa
pI sabsiraté to the elrctastagc vhick mﬁotmi@mﬂcmlytdlmﬁmkl’(w or overcome. The

ention, this c ing force may be in the range of

ogheraondicpvity AER 3% ﬁﬁsif’ﬁpﬂli% IndepIdsnt of a2s PEFEgYe as long as
S Utﬁp féfin &8¢ pHhof tﬁé%iﬁﬁﬁlecﬁggls%ﬂh‘ﬁr mpated QQg&ﬁ&ém 'dfmensions.
separated fromthe by an 1 nsulator of di€lectric
c doailmgtgasesarsdiul in adcnskscelwithrad embodirheyef Vhd mvenpini realy
bet ween tcpeng an. : .
include hydrogen, helium, argon, nitrogen, and mixtures of these and/or other gases.
The back side gas pressures may be within the range of approximately greater than 0
torr to 20 torr, or in the range of about 2 torr to 15 torr. Further, in accordance with
an embodiment of the invention, the temperature of the chucked substrate may be
controlled by gas heat conduction by adjusting the back side gas pressure.

In accordance with an embodiment of the invention, discussed with reference

to the embodiment of FIG. 2, an electrostatic chuck may include a dielectric layer

212, which includes one or more protrusions 201, overlying a first layer 214 that is



attractive force F is generated between them as
follows: where Ais the conmmon area of the wafer and

waehwek4xhectrode. To obtain a |arge attracti veP€DUS®09/003015
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for a given voltage, the distapce d separating the

waf er and the chuck el ectrode can be m ni rri zed by

using a thin dielectric |ayer. Therefore,

2GRNSR &R AmRf cobfiPsitd VORE bPfrord Aectrodes 213
order to obt aii}hnbégg uc@?%%%?or%ec thesztgl gﬁéectrlcr: g(;/re? ©
meaye Brabeddrdtih thekimstkyerf214fand coxenegivath 4 dishactipan aﬁ@mh:vus
abput 250 m crons. t her. consi derations, th

¢ RfksiBE oG Sh e B ieELigler Ont OF i Bdiiignal fayers may be
brlﬁ@lﬁﬂ’&i’\i‘ﬁ tH® Ek@ﬁ@stﬁfc dhiigk PRt Efd\ﬁ'?clle méHanltaPhifpdst 8 the first layer

lower limt on the thickness. Thinner dielectric

| ldrandgivedying rdeziccénc 2b2.céhat @dbethmhn@v@lobf hept and giat may
ﬂ:cg)l E’f%or Ceolml%quulg such a§r( ?vg iecgr(le ayer rr%é%&%r example, be

chileky dufead silisord d:ddtzﬁﬂlngldiélect’trlw H‘he Bow otre s IdRsEdtFi e g eor
a vacuum then the dielectric constant is essentially

t atorphousrand vapercdepesited, forexample by BECHD sfdewdemperptures. The
trmmr%eelgétﬁanﬂgg )37) hﬁéqav?g)flﬁpl&e@s gf" +reé&aﬁ‘£pﬁéj Gt Qbé{g'lr}glcrometer

ne materi a or exarnple di scuss
f uotaheut Sahmvomearsabufromabdue] ri¢rometeaboabout A0 rmcmmawrs The

e. Coa ed with a silicon, carhide |aye
G a2 BRI o Bt GATmic GHeT Skt S0 Fmiias 1o alumina
alo?%ltﬁhlhhﬁﬂﬁtrﬁﬁ:r Wlﬁeﬁrstqfayeﬁ 2”114%%”%13%' tﬁl&i(nes%%f for example, from
di sclosed in U S. Patent 415, if th

meboui Hymaarehatsestoaboth20( migremetetsoar ﬁmm ghant lQﬂJtnatremeters to

& (0 BTG RBRES SR hiRRSs O e BB o ity 8 8 control
MaBK chRkidpefoflRf RId¥BetiteY hehten 8hitH GidRRE |HRFS proVRingDpreater force.

exanple, if a wafer is clanp ed bi/}vacuumor

el'lss ’GQ?SaQﬁ forning a w@m@telf@tmrige ef thedinddesgribedabove are
ar{Xu ?gte%‘ﬁ 161183 9‘6&" By m%ﬂ&%%m%p ‘iiseltng&ll};%%dtgfheq&tn by

the thev\ia ore no

| Irefelrdfnca 1ri Itatntiegn eElechtica c@ﬁﬂeoﬂ:laus eydthicaghpthréugh one or more
[ ential yjeld |oss. Reducing

| ant d
éyeggﬂf '%Ete e?régﬁg%? Q‘% EOQSF%?WB? slsstredas and gytesnal pgwer supply
prﬂ@ﬁ@vkde‘cﬁ(n&f shbWal. DFQQ a5 hld Lglﬁt t?esfonhgd fGUHACS more

an embodi nent of the T nv ntlon e gas
[ riayemeluf:@d clastrostatieclapidast shonp siithtdpenimgh i thatdéclestdc gap

th I ' huck. na rovi de suff e the
hrtfes e, AtS Bl OhebaRb ety or e tive vy 215

t hRaysBBsctitdBond iR fA8SlaPered IUlieh WMn&@ly‘PrEFjﬁeQBnd RyB€216, which
| ow enough that the attractive force holdin

s188 toe atceramyyc oh & nestele thgdhermadly shnductive rmﬂi@rlal of the first adhesive
S| lgﬂérf2 15 %{Q}J Be 4 ﬂh@él%g esqcl%ls Bt ﬂgﬁted-w 4 thermoplastic, an epoxy,

or another material that can bond together the first layer 214 and the second layer
216. The second layer 216 may provide mechanical support and thermal
conductance and may be a ceramic, metal or other suitable material. Optionally a
second thermally conductive layer or second thermally conductive adhesive layer
217 bonds together the second layer 216 and a bottom layer 218 that contacts a

cooling fluid. The gap 211 and optional gas channels can be filled with a gas, such



thermal conductivity of a gas is essentially
i ndependent of gas pressure as long as the nean free

w@adok/1¢71¢ he gas nol ecules is small conpared tRPCT/H82009/003015

10

15

20 &

25

30

system di nensi ons. Cool i ng gasgs_ useful in accordance
wi th an enbodi nent of the invention may include

hydr ogen, helium argon, nitrogen, and m xtures of
 NRSfy AR KA unR Wi8FogdRSRBon SFBRGK AledEsGRI1PRERSPr&nt
may be within’t ange approxi mately greater than
0 lt:dtmgebﬁgé’sﬂintmﬂle sunoumdmgbmmbmge of about 2 torr to

15 torr her , or dance h, an enbod t .of

the. | nWiiptrech a0 theBaRiinpg off 10nd A HELREGHORA viel of an

SulhlaAk8s Y3 bgearﬁpﬂw EIIOIIﬁgIOI%/?) @Pfiro eea,.lgorﬁ@ﬂ d¥ eHel sQBsthitially

adj usting the back de gas pressure n accor dance

W| Q(haléh spachd ;;Iatmmpf pfotnh@ns avreps theelectipstaiie sleurkygre phown in that
eren i ment

é%“fr? OEII%II p1Q r}g‘ﬂﬁ% E‘Bﬁ,gsya {%Sefl&arfg%e %f %ﬁn a%F area. n one embodiment,

21¢Ee lpvdwsibnb B0l dftesyliabficallandBa e » ARInfds| V@lﬂfﬁn %GAmge of
overlying a first layer 214 that isinsulating and ma

beappreamalel 0.6 midlimaissdo dodppmylimeter coreof @ppipyimately 0.7

el Sififif gfti,?ssttozllr%llgﬁl%teqn?\ gfIfs‘gatIa Bob IESCIL.H Dl Ie?I(seere tﬁelémﬁ&ﬂment of
covere rrc, an anor ous I el'ectric, or

a Flan23tomsss dle&llelettnk:dlﬂmlcmgi thé top@mefaoefs 3 & the projections

SN RN ARE T MRS T
I at)ﬁ@I e;?%éw%?'t}féve%ﬂddhxﬁgntg bEFRS! S hitd 8k cifdufr, @bﬁodl&‘ be

of hea and that” may contact a cooling
f I mnddrstmgidhatabe pettersion§ 38141041, 88t carcbd myemry shage, derygxample

for. I I
o BB eeetongdf o Uhr bR et iR eamm e d appmaiorm
andadiap of tieepBsitdi€dn ticprofyasm. e by PECVD at | ow
tenmperatures. The dielectric |layer 212 nay have a
t h| cknelslsﬂcéﬁrdan@rwéh angmbodimentofBsunventiohcingriderdp cpptain the
f
k<8 i B0 BTSRRI ot

I nélbﬂtﬁistaltl@ chiick 1Rprotide a gae Ecﬁilﬁaét,we&tj clie anstoatt aﬁd’bhuck. The gas
limted to alumna or alumnumnitride. The firs

| agf:elr may e pregniinss SIreWRE|0F dedurstshapest ring i Hhe élterffmhetween the
btk ?g% me%%ﬁﬁﬁﬁg vhQnAP LTt ﬁ&g%? behind Iﬂhef w23t with

about m cronetefs to about 150 m cr ters.
t hingkmekgasdéakiape dThebhwotlan ring mye havecaslightlysewdlet diameter than

trol. the chucking f as descri bed here wth .
C TR et e BR ) s e s B rpite e LA eser i
OI mIs%Id&(III EheagaQ 3td1e¢ H&(I)r@dcﬁ&! I OflReré %s%lettlﬁkﬁl\%&@ SR8l structure
descri bed above are Ia@%fq,r in U S "Patent

4, predideganiéermpdistyibution whfaske bewiepe dreps@bstreé@l anbelayok. By one

refere cel |tset|ret Eletrlc onnhect |
( £ SERRGM oIIg }’olrf]lélugﬁ parti nSP gerrsusg) § Ihgr%%r to provide

el @ﬁfdr@xsdlﬁilbﬁtl@nhdﬁfbr&v&t"ﬂbﬁeg’asbbﬁdt&ﬂta&&l’a b eiRsan@llhr gas seal(s), gas
external power supply
inlet gas seals, and lift pin gas seals(s) depends on the roughness of the contact
surfaces that create the gas seal, for example the roughness of the surface of annular
ring and the roughness of the surface of the wafer that contacts annular ring.
Another factor that can affect the gas seal conductance is the presence of hard
particles on the contact surfaces that create the gas seal. The magnitude of the

clamping force between the contact surfaces that create the seal also effects the seal



are provided (not shown). Gas inlets may al so be
formed through one or nore |ayers of the electrostatic

W@ hbwek47mdt shown) with openings to the di el ece€T/TSHaP003015
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surface bottom A first thermajdy conductive materia
or first adhesive layer 215 may be used to bond the
first layer 214 wth an underlying second | ayer 216,

WhighBu&aiteben ﬁc&ﬁ&ﬁﬁb GuifH arPeriBdmentld¥ahé HeARod, ¥ low stress
conductive material of the first adhesive |ayer 215

medieloetrigmedugheei elimingtes ieragks pud other surfage delgcts ghag can provide

bt pyatrie PRl FFRafope G g, FLaP b dineh (80 pifllr eas

21&a1 ﬁbeldeesmaﬁ rh@YEabddtd). mnpmoressﬂa arehahber grébsure for example
support and thermal conductance and may be a ceramc,

mabla nobimgedh &y aboyt ﬂQbFQéT Heabouf 40 tap @i '?@ﬁlé pidg cgolinggaspressure
t h&r % ep%) gﬁturgc}t 'thﬁ éda% %rtg%}o 51%? q‘o} Q%bﬂmlll%ﬁﬁeter wafer of

con Ive a er bon
s e:@ug%dsawéxboﬁt 16 nanminaelksc(hmo R, aagasrseﬂ]rsuglh&ts chfor agdraple but

I fl d. Th t I
2hr§g‘%%gil”%aaﬁ“@g 20D h dhoon 300 Bk 8 pefeagal g founee of for
% atiPle BHGLP gﬁﬂeﬂ% 99@1) P1tYckdR @%ﬂsub&r&em eRLtrédd

hel ps "prevent age of gas 1nto the surroundi ng

chanber. Wth reference to the enbodinent of FIG 3, a
cross-sectional view of an annul ar gas seal 319 and

five protrusions 301 from EXg6vIPLB of the

substantially equally spaced pattern of protrusions

across the electrostatic chuck are shown in that .

f i gur e. TiHaekampplstilusitains calplated foreesiferatrigopplpastegs of 6 micron

nt @% éga rolkrum% g, fgprgé)cp 61?51@5\.1{1‘596 oip?{%élééﬁ%'s%ﬁﬁ cﬁgéll? in

d>have a '
a pincODdlaﬁ&t witl af) embadirhéntef efeSinténtibn2 A srshbivinrie ther emlwdlment of

%&"DL% C0PIS SRSHI4ES PROEN {00 bt TR b B R Erfenter o
%te@sg% §rﬁ]§ BiaftH Rl %080, 7%%11%9&95 t8hd &Bbodiment of

ace proj ections 301 can
0 pF]iCb matheyprmummsgm:lnaaiy b¢\irtatlc) trgim t (hmlqﬂ'DDﬂllGl]S B saps® teposited

80 in the he. d t Fi

S Bl B 0 S PRI G Y Bt AN iR e BF Gt Rt Sithas alow
préﬁe%ys’l"&r@lcsﬁ}er my be SRkeF B réﬁ@tlbé‘loﬁr&’c}ﬁﬁ?ﬂ@ouw 30 micron
exanpl e triangul ar,” rectangu or other shape that

r emat@saanaptfonm de mg@uv@nsn o@awak RgH thaymblé frgmed ardymd the
S ﬁlg%%{l fqg? l[eﬁtégﬁt qt r féﬂ a:ﬁg%?dgfg ?t %e Wlur}(f1 1 rilloles of the

ba&lﬁctﬁdsﬂi@lc @aack. 3G§§)pl§rtm9 H&diag abd Sdmdvinga gasn Sb@h isd{elmdu or
at the periphery of the electrostatic chuck to prOV|de

a lyulsogenr apathge BHid for saubeat frapderanay b frrmed mh ghegrhack.

FIG. 6 is a graph of calculated force between a wafer and electrostatic chuck
protrusions for various protrusion diameters and center to center bump spacing, in
accordance with an embodiment of the invention. The calculated values assumes a
load uniformly distributed over the protrusion surface; however, it is also possible to
calculate the force using percent loadings to account for wafer lift (for example
10%, 20%, 27% or other portion of force due to edge loading). The results show
that 0.75 mm and 1 mm diameter protrusions in a trigonal pattern result in lower

force between the substrate and protrusions than similar protrusions having a



seal may be a continuous circular- or feature-shaped
ring at the interface between the chuck and the

W@ 0p0wRTdl ng vacuum and may act to hol d gas beti/ns20p9e3015

10

15

20

25

30

wafer with mninml gas | eakagepg The annul ar ring may
have a slightly smaller dianmeter than the wafer to
accommodat e waf er placenent tol erances, so that if the

weh 85 mbrSor ). ShPgiamhetdd e THE PestRhisb Sh&W® fth@ﬁcﬁﬁﬁﬁb@@ rel M{sBip
possi bl e the gas seal structure provides uniform

du twiruptiomusioh spm@arbiefwu@e and the mkimeaateéatmahlorhgwen

of prﬁp'gflpﬁg}ag}%er aﬁd Cﬁ)x&:& I%?‘la %l%re mp O rﬁ dlgt(%{bu{e% average

di fokdd ﬂécheQﬁo@um&W 804 of the eiBSdiGRALHCF G @em &Y bé Bempared with
annul ar gas seal (s), gas inlet gas seals, and lift pin

gathe Seraps{os pthes peaitisions using thogghhe§ E1G16.1 Fee @ 85 maa protrusions
SPGB HPbOLSELETID 85380, 9l A BSmm

r oprotrusisns afd relidt Bl peoximateeeighf imes h)a\ter divnilanédaverage
annul ar ring.. Another factor that can aff the g
efzs>|rcec ahmlﬁcFéGi & $HBPPEd i QAR pfmfrlaogafmrpw%%sn?ﬁed §mm

%’ art u 51% ®r bPas '{fiﬁ‘r Ce%ﬁl&?t}gﬁlcﬁﬁﬁ’éd fo}_é@s indicated by

anpi ng etween the contact
sua §tax:msF ICh ét T(hE é)aiSemtrhproﬁuabnsabﬁﬁne efifbedingertt k€ FIG. 8 are about

se nduct ance. ccordance w nbodi ne
© hal e dcampareg oS BoRuGay i reRl: Fra QR ghes higher

el EIPARBRA. %@%ﬁta@mle@fdme pretisieRs 86f 6£the chibdlintd of FIG. 8
provi de particles and | eak paths for various gas

sempy be less ghee czghuaitodfie andagreatenthanrl Ygathis é@igemr@vld@he@duced
a | eak r te em or

or BERReB1 PRy RIHE it AR arEaRe Bl iR The, white

t OfhintAiniaB A5 -IDtofr Wafefk hoRipafolces( cliﬁnpiﬂngdrﬁé) a@dSs expected to
pressure_of for exanpl e but_ not I|mtedto torr to

15havgno, Slgfbﬁcaélt sHectian the gealine eficispcnef the O@ﬁ‘ﬁess of
bout 1
For exanish g TEitpod IR o S AFRUER BFRusfin diameters

30shdgentea to ecrmm;ﬁntruﬂbn sbafcfr%s,eimcaec@rﬂalﬁ@rwmlx anrrp:lnbodhment of the
nog Ilmt to 1000 vaolts acros the substr

el BYERtRNe. Eomt&ﬁﬂiasca@%,[mﬁs gonigqt agqawépzié% or a protrusion
Caédﬁk!in@to?@ S ALEAR 4 Yuafe pdepPBPproRabibRE.N of 6 mcron

bunps or protrusions, fornmed on the surface of an
el ectrostatic chuck in accordance with an enbodi ment
of the invention. As shown in the enbodi nent of FIG
8, on exanpl e includes proErYSVIBRE B01 that feature a
4 mllimeter center to center spacing 827 and a
di aneter 828 of 0,75 mllinmeters. In the enbodi nent of
FI G 8, Thisexpmplerdessriies agugonah patiern of geotrysinns that yyas fepmed on

t g kuthde FARYeRRAEE tt:ﬁlgck, with 8 millimeter center to center spacing
between protrusions in accordance with an embodiment of the invention. The
diameter of the protrusions was 0.5 millimeters. The protrusions on the platen of
the electrostatic chuck were divided into three sections and made from different
materials (SiC, a non-stoichiometric SiC deficient in carbon, and an Si section). The
individual sections were made by PECVD of suitable precursor gases deposited on
an alumina dielectric layer. The sections were etched by reactive ion etching

through a 30 micron photomask to form the protrusions. Gas seal rings may be



fromSi and C sources by PECVD on an al um na
dielectric layer. The SiC has a |low stress. The SiC

wo ag0en421mey be etched by reactive ion etching tPCDUSV0E003015
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30 m cron photomask to form thgyprotrusions. Gas seal

rings may be forned around the perineter of the

el ectrostatic chuck, and around the lift and ground

pl famlﬁea &uffl tﬁeh;?erﬁllléi&t dfaRs a%b&osffm%uc@ﬁd ROUAE tHeift and
ding and renoving a gas, such as heliumor hydrogen

orgranmi piarhof¢sinfdhd dﬁctgzs@thsﬂwclt r @ns perts fmydcibegfaod nmlovmg a

pekteaii A nevwp oz hyoedn br Gl Bid il hP e Rh gy be

f oforvad irPihe cﬂﬁ@g rusi on dianeters and center to center

bunp spaci n i n accordance with an enbodi nent of the

i nvent | BYOS. Pheands?R arcagraphsvaflaaressasestionad peofile afia protrusion on an

un i hut ph Rt . ;

notlePatiethbl yit SR8 Bl (85 O b stk 5T an added sage

usegadherieciulishingaih dtgsrdafceamith ufenfbodini@it of thelihtertioar In this

exarrgl e 10% 20% 27% or ot her ortl on of force due to
dimgnthas peen riee@gnl%@ hafaddingaan adionahitagriolmashine

di I t

| iRk TR PSS 4k BobliiBA B IAG S Ref Bhbpel b

si parfaamapeceohemafiisdrysretianing gam@le&ﬁn@m@mnoarﬁimmdtsarrﬂt) ardlfferent

SEETRENCIE CF TR X [ —_—

n O&Hlélﬂﬁfl‘i gbéﬁdti%ﬁ%‘bdéspﬁtﬂ@&rhdﬁé@B{aléﬁl'n@ ‘ﬁoﬂé}ﬁﬁ@hﬁs hand
and force. a particular exanple, the distributed
avenlshmgfamly; doff exantpileby polishirsg tb\nsom gurfast of e electrostatic chuck

AT 3 N, i 0 s
. 163h&Wh 1 PIG. WA, GR ScdPdarRt witkearteHibsif®At ofahe ventidh. As can be

are about 50% | arger conpared to 0.5nmm protrusions and
r ess@ntthe profie apihedan prrfaseP28ifepiures seme roupliaess. In addition, the

di e

c o aanEfly AR 1Al Bhg BB fibl dimEnsion 93¢, with o

anf&tdlilvarshl%lhfmUnﬂglgdeﬁlgthgﬁhatsugf %3)1 SAnram 1nfp®d$vedfﬁnﬁh)di1ha?1t, the
cu e orce is indicate astrlnFIG . The

0. hand polishigg of thegpetrysion Wéue%@ém?éﬁvl maghipg pgllg%g for

PO ib EAERinE BPPORKAE, TR PRI RigR By be

c qvﬁrﬁxrm% ata s;ﬁemﬁetdlme;surﬁ fousispersfi@Dtimef Fuitbere maoblineypotishing

f FIG .8 | th | 4% t
0ty Bre TG, sy B b e el Braghg dn aGaiH e Bloe, and may
behwrRas utder M\aftesr ind pGﬁQﬁl’igjgécp REthAe oras sNY?db‘?é pollshlng media
bow ng, while maintainin torr water

£ oich at pphshspamedio that)inelndesi ct»,arewpb A auobls of thasengting protrusion
\?vla? gifléwﬁ ﬁpf:I(JefJBe, % agc%r&ali]l%e 81' I an Sn fdflrln(e:rllteor}qxe Pnfve}mon It will be

seen that the profile of the top surface 932 is smoother by comparison with the

roughness 929 of the hand polished protrusion of FIG. 9A. Further, the protrusion
of FIG. 9B features a modified edge geometry, with a shorter rounding height
dimension 933 by comparison with the corresponding height 930 of FIG. 9A, and a
longer rounding length dimension 934 by comparison with the corresponding height
931 of FIG. 9B.



FIG 7 is a graph of calcul ated contact area for
different protrusion dianmeters and center to center

wEe@vnesion spaci ngs, in accordance with an enmpOOUS®NY/003015
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of the invention. The arrow pojnts to a cal cul ated
contact area of 0.36%for a protrusion spacing of 0.5
mm and a square pattern of protrusions. EXAMPLE 2 This

exanpl en‘i{,gsﬁ{e ou?e Jd';ﬂ)%@?h%%ﬂlieeé'n% i mBASF S, 9B%rovides

that was Torne e ‘sur an electrostatic
C hhotlk a reductd Burfick rouginess aneret mpdified cdpt geors@acbygomparison with

bet ween tru3| nce with.an enb

o PiRBusinG i Fory pred nol et o Poramald iR Bof BOPRMEeL the

0. RadHind } d@ﬂ(ﬁfsﬁed ﬂ_ﬂ%?ruﬁibﬁtof ¥ $5 09K nﬁl@r shB& abbodt £50%fredltion in a
el ectrostatic chuck were divided into three sections

arsrigecieuighoess dictfiarsach anBy, evhieh & AiBeBuraof average of roughness

B Sk e e By S

of re@ulitionlth®y Y, E6iixaftpld) Fons a deFaRi rbeghress aNatdut mn)mﬁm to about
dielectric Iayer The sections were etched by reactive

dﬂ“@?chlng through a 30 m cron photomask to formthe

Pr Ot T USERS log%édsll?)?&r oNgE. u??‘ clﬂﬁ é’& EG - M) ncJ{IE)goﬁles of the

perl met er I ost at ana aroun

li ;frbtrasidnsgcsfdﬂm 9Aranldc9B3$espécthy,eh acdordaicatwith athembodiment of
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pridG. u6Bame mwea thanl the peakstl@B 6 of Mdmoilhhmotmmmmf FIG. 10A
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et dbF enetRghsy Rotheceatei 0 Rttan bl EspuPherubpess
t r}ﬁeﬂn@Vﬁi&h'aQ R, ik ReduRb® PHRIAIIPH) the durfdld$olR@Bss R, may be

recogni zed t hat addi ng an addi ti onal stage of machine

pdﬁdwdrfgbr@ﬁbw@ lt(bﬁpmsu FlGc ) Ato abgut 8t04usndon Fip oMBi ellore
Sll(e:lfa;]l angur ICE | gu% ?t;rrlfcor negr%plg(ge@l f tbollilp %9% or by between

difsee ﬁ@dWS%I; sz flashiae padi poligangref thy sudidt oda protrusion. Further, by
significantly inproved surface roughness. More
pafftpeaf @mr@achalemaém@ﬁbla& thers cnaysbePhsBiFd adnedified edge

g@%'a & Q)‘fltl‘leslf}'oﬂﬂslUﬁ chapd sﬂ(ﬁjtér?ace é’ﬂ%ﬁm diffension by

e by |ng e top sur
el Qw’tpausdnahmth tehearkesponding height dfya $iaildr haridpdBBedypiotrusion, and

silicon file of the resulti rotrusi

" oREshDrting tenelhimienSioR caramEEsan Wi b CarisoRo g length of

ofa dil@lal RARISJIRRed ﬁ%trﬁﬁ@nb?oﬁéga?nple heralb QJff'alcﬁaﬁEtehE‘t@c rounding

top surface 929 features sonme roughness. In addition,

t Height dimension to a characteristic rounding length dimension of the edge of the
protrusion may be reduced by a factor of, for example, between 3 and 4, such as a
reduction from a ratio of 0.01222 to a ratio of 0.0034 (i.e., in that case, a ratio
reduced by a factor of roughly 3.59) for a height/length of 0.7802m/0.0638 mm
when polished only by hand as compared with 0.3525um/0.1035mm when machine
pad polished; or by a factor between 2 and 5. It should be noted that a similarly
modified edge geometry may also be obtained without machine polishing. In one

embodiment, a modified edge geometry such as that of FIG. 10B, which features a

relatively shorter rounding height dimension and a relative longer rounding length



edge geonetry indicates a relatively |ong rounding
hei ght di nension 930, with a relative short rounding

woO envgtie7dd mension 93 1. In an inproved enbodi nRCL/PS1008003015
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hand polishing of the protrusjgn_is supplenmented with
machi ne polishing, for exanple using nmachi ne pad
pol i shing. Such machi ne pad polishing may be perforned

at ditheRPBA) rilhf He REBSWANS Jrﬁrr ed@e- %ﬁ’(ﬁﬁﬁédtﬁﬂ tbd ueFtH l'rcgﬂ?d'ce the
machi ne pol ishing may 1’nclud |'appi ng, such
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| ngihiédl§isn Gif BEMREn aBolR'000040F 288 ab&ig 0.60806! bretween about 0.00611
protrusion is showmn in FIG 9B, in accordance w th an

entisibeuh.00244hmayrbgarsed-on. It will be seen that the
profil °In efddstlc?'nhi) %H?u%r(];ﬁﬁeﬁ renggl%gi Qag E&?ﬁt%m%‘l tﬁ %pr&)rusnop| an

conpari son w e roug

pr &cordahenwith afrlefmbo8imerftof tHedhverition, &1 Slectusstait duckhfay have an
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g e&@@ﬁlbﬁm@&' by ATRA (5f919ﬂ)a¥‘ﬂ Shth@rnkdl Qhﬁﬂééﬂeﬂgtlésh @\'}en' \§1tﬁ’ Bh Yncrease in
hand polished. For exanple, In one embodi mént

messinitace alpadbemensmtdumr@tmdssubﬂra@f sE¢thGas eQBnnEyse'e‘,(bfow to ten times
abou% %’€P96reduct|on in a surface roughness netric,
sulif°’ which is a neasure of average of roughness

hei ght , Fiy. 19GKBa% lafi Q[choEtﬁtléélﬁRkahﬁﬁﬁd]h&esfﬁhaﬂger@ﬂﬁ'o] surface
pol i shed protrusion, The reduction may be,

exian acordipgicanenbedimenbelghn dtventen. abolis qxﬂwdmsmoa surface
ablg%r }{%er{érg cdnliGie }gﬁ% ?Q?mgt%q secd t8§ QU (L Hﬁ’ehﬁaogd of

cross-—sectiona ru3|ons
FI %fe@s@vc&mﬁ "OBhich@spas twheﬁlawafemomhar sidstete vlettioAdtically

T e ki b e i
thd%/h% LrBice rOERAS ﬁaﬁgég?r ?Eat@ &!{Ehfb%tﬁ)g alﬁgle a range of

polis ed protrusion” of are [ ower
peﬁtdm; aboasl ufl 0% bleméisquirgml dbehet xdi0dt ohuss/suacd, hid &en]s@&wn to

Rl A UG TN 10 05 SLATES S S LR e an

r egdtfRely fowafK 3akigy. THEsIBhil BBAUPHWE BTSSR 1Ry FeddS charge to
ground (not shown) while not interfering with the electrostatic attraction between the
electrostatic chuck and the substrate.

The electrostatic chuck of the embodiment of FIG. 11 has been tested in an
ion implant machine with good results for wafer cooling and clamp force, and with
low particle generation and minimal wafer damage. In particular, there was less
than a 50°C rise in temperature of the platen from the 1800 watts power incident on
the platen from the ion implant beam, and after testing, less than 5000 adders of a
size greater than 0.12 microns were found on the platen. Because of the materials

used to make the protrusions, in particular a silicon carbide coating, and the intrinsic



reduced fromabout 0.10 mmin FIG 10A to about 0.04
mmin FIG 10B. Mre generally, a surface roughness

woreaoile27mey be reduced by about 50% or by bet MEEOSR59603015
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and 75% by machi ne pad polishgng of the surface of a
protrusion. Further, by virtue of the machine pad
pol i shing, there may be observed a nodified edge

gegiiRioll¥d Bhiktras sthfift 6fufé Bdatingl Gafeds wareslBsy lii@ly foaslédidithtically
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q“g characterjstic roundlng i mensi qn

be$thek inigd aat VisibsowdACad d) aﬁaﬁfaﬂowewé%et Al B%ﬂ@ehl) shows the

ab i1 and about 0.002444, may be used. In

ad@#hrgﬁ&pg§)Virtue of the machi ne pad polishing of a

pr ot r usFl§n l|2rshaws thedaumtaee pattdmn ancdfuo dlti pretrusiofs 12(H in the

i nvention, e trostgtic c have an i ved
ot prastanc sPo o Bh GERg e Mo Srhipuirion] BT ére made
Usg d¥riaAgdaSpiieid *ith.a &H&Ht@-@exﬁeﬁ%iﬁ@ﬁ@% beh rmfa%a a diameter
For exanple, fewer than 5000 particle adders, f ewer

t hla2~272ctf(8@0|mucrqn@|(@»8mér dhe mnb@ng &Rer hada hclghtal326 (see FIG.

f.
pagsf} of 3etpr OZIeCI' | g%’%b 1B§ rl1<51 tgﬁ ?Ipegp% ono\é/ﬁh back side gas

aceran gesshye. ar He&!ﬂﬁtr@ﬂed ﬁﬁﬁd‘c& r@sﬂstivﬁl@flﬁi%r was a silicon carbide
char acteri stics, even with an increase in contact area

be$aAuRA PEdYEsd BY A RlesaRRsEsisd Phusieal vapetrepesisian (RAFYADeprocess,
of al%uﬁﬁ) ol sdﬂdﬁesprocesses may be used. For example, the layer may also be

deposited by physical vapor deposition (PVD) (sputtering from a SiC target or
reactively sputtered from a silicon target in a carbon reactive gas), atomic layer
deposition (ALD), high temperature CVD or other thin film methods.

The protrusions 1201 were made by blanket depositing a silicon carbide
composition, such as silicon carbide or non-stoichiometric silicon carbide, on the flat
alumina dielectric 1312 (see FIG. 13), patterning the silicon carbide composition

using photolithography, and then removing portions of the silicon carbide



in contact area. FIG 11 shows an el ectrostatic chuck
that includes a charge control surface |ayer,

waecwondi7my t o an enbodi ment of the invention. PET/UR089/003015
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enbodi nent, a surface |ayer hayjng a controlled
surface resistivity is used to reduce the likelihood
of "wafer sticking," which occurs when a wafer or

otaﬁﬁ o%}tkb%twlﬂi Fea@ﬂ“eec&m%h%g foakive 186 detﬁéloh@ 1301%(5@9 PEE. 13).
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wadigiilarI Waefosited on kthddiidaCarkll Rtk red! Fot eadnhple %ﬁﬁﬁ@ Wwihh an
t he chuck surface after the chuck power was reno

| ninfereal eemppesai ve filmsireanefdesstban abﬁut EPEMHa and ﬁ@rmre&rably
Cof Sl 3804 958 \E2 b D00 08 S ARL S contines may o
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si X- phase alte | urr ower us
ch¥FegRInhERngr oths @égtaﬁgut A00PingE0 Tehretroaed M
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i ncorporated herein by reference. Specifically,
decscumprb@dvaaﬁlnwtcsswo dchigee €6 delsrrgbghfa@g Iresigivityi H@G2B3 is a
des

8 h |
o1 e HossshrigRy i 8L Bto. BesiC ESDrsuRB G Sruft Epbgaiment of

hapigg 1smhed1hélécﬁﬁ@ ﬁtatd&taas 852 afAudial AkPthe @réthdion 1301 material is
el ectrodes. It wl preC| ated that other power

su%bwne@r‘?lé@»dhhlﬁ%lmoé its ppght hasdness aad adivptablgbukk resistivity. -

The silicon carbide protrusion 1301 and coating layer 1342 has a bulk resistivity of
about 1 x 10® ohm-cm, which results in a surface resistivity of about 1 x 10'° ohms
per square. Surface resistivity in the range of from about 1 x 10® ohms/square (made
using a non-stoichiometric silicon carbide composition that is richer in carbon) to
about 1 x 10'' ohm/square (made using a non-stoichiometric silicon carbide
composition that is richer in silicon) has been shown to reduce surface charge
retention that can lead to undesirable electrostatic force and ultimately wafer

sticking. The coating layer 1342 can be from about 0.1 to about 10 microns thick,



for charging and di schargi ng the chuck nmay be used.
The el ectrostatic chuck surface includes gas inlets

wai®%1421@r ound pi n passage 1138, a gas seal rpremuiDAYY03015
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alift pin passage 1139 that jyyxl udes its own gas sea
ring (outer light-colored structure of lift pin
passage 1139 in FIG 11), and a snall gas inlet at

115'(9 id ﬁeféﬂ%l? %H?ﬁbd%ft 1% gb&uaKickdidl tRick N céﬂteﬁ"—t@lc‘énief‘ spacing
detail view (inset 1141 in FIG 11) shows
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other tThin filmnethods. The protrusions 1201 were
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TPt LRI AL A3y 1440 R AR b sepitivipy iyt range of from
al aysun 8 xdiod bBeb /st ard Slabous e& F' Cohrhgyquapét T &hB@le&ﬁt of FIG.
silicon carbide conposition using photolith

antf AE Rayeethe wivantagsrafilower manyfagtusng ceg than t%at of FIG. 13. A

AEOASER AR LR b1 SRAH 4 pRnELE DRt ASGNEp. b
t hethad progasio A¢ightd and spgairgdstrhaynbe ududch may be either
silicon carbide or, hgn- st0|ch|onet SI|I on ¢ rbi de %

was co n]tnraé‘/F‘Pl'éan?j”-‘yW\}]éFW, qﬁlgbqql,@e%tlsﬂg Sl lgg ace resistivity in
Pr e YnpRlof $dtn 1 §8F PR hRsRGHARYS ggﬁﬁ 1Us ?G’” oRmRY Bare is

the silicon carbide conposition and to achieve silicon
caprbfemﬁ)l@for!’ukmc_-:lm_rgn mntmﬂmtmfaoc laydrild0hY1842,0i4d2. Rirdferahly, the

sur.face r st Vi int range of from gbaqut 10

ohePefgfq‘i?gfrgi s e St bE § N9 pRsyieCiactve e, ifce a
e XgdFRitgo cddaac@mag@ WA uRflesitaBlysdoupeQRe ERERbHRIC force of the

conposi tion may be varied by adjusting the flow rates

orelgeirastasic ghuek foj the pharggeprien] seracedayatirathagthen é¢ thesypstrate.
gaﬁelc"(eeplr%%% ggﬁ‘a%)}%glsﬂwég%tgth %ﬁlgr%é) or?trolasurface layer in the range of

from about 1 x 10% ohms/square to about 1 x 10'' ohms/square, the electrostatic
force of the electrostatic chuck is coupled to the substrate rather than to the surface
layer itself. If the surface layer has a surface resistivity that is either too far above or
too far below this range, there is a risk of either a reduction in clamping force of the
electrostatic chuck, or of insufficient charge bleeding from the surface of the chuck

and an increased tendency for wafer sticking to occur.



The precursor gases deconpose and forma coating on
the electrostatic chuck, with the conposition of the

wa@rlovaeTicar bi de coating bei ng determ ned by tPEI/US2009/003015
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relative flow rates or ratios.gf_the precursor gases.
The surface resistivity of the coating can be varied
by varying the conposition of the coating. Oher |ow

Stress oft hiasia in Lo FBidR WohBRSiOAS ikl IbEN to form the

range could be simlarly deposited on the alum na and
p athaegermsatrobaurfass dayst.an aceadaneg svithi arherabpodiment ofzthe invention.
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el ect r ok tshauld be notek thdt as meedeidyeidiamd i thef appetedidaiins, the
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have the same meanings as commonly understood by one of ordinary skill in the art.

Methods and materials similar or equivalent to those described herein can be used in
the practice or testing of embodiments of the present invention. All publications
mentioned herein are incorporated by reference in their entirety. Nothing herein is to
be construed as an admission that the invention is not entitled to antedate such
disclosure by virtue of prior invention. "Optional” or "optionally" means that the

subsequently described event or circumstance may or may not occur, and that the



FIG 14 shows an alternative version of the coating
for the electrostatic chuck of FIG 11 in which a

w@ewbosamed coating 1442 of charge control nmat ePCHIS1089/003015
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used, in accordance with an emppodi nent of the
invention. The alumi na dielectric 1412 (el ectrodes not
shown) can be patterned first by bead bl asting or by

us, t

gaaRg iAo Ok ER S AR I, YPRCRh TR s fidre it docs

benat o dlledim@gsehidsdietein canbomodified, bywhe terinhabsut iocon

ca[b de or gother charge cqntrol ral layer 1442
nstbsenyialy S uhethetof ndkeap o yndified e e iegs™ Bhoutf gy

ab%%st&nt?&llgfegel‘ié?ﬁ'lw R4 ESa Hﬁlg@%@ Hﬁmiae?& thé o]ae bf skill in the art

ohns/ squar &. "The €nbodi ment of 14 may have the
adwatrld agesidgr elqgmlrenmuhf: acqu |vakye c(ost hamxag]thersamecfﬁnctlon or

e RS boFntiie e S, GRRS B Suishfefly SR 1o of

h erthg bfatedaathes RASthBOEMBRNmMESts Wsee@rm “BbART OF CkuBSEntd1lyT refers to
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b ’
o 3Wheete o SPRLSAUDE hSGRERELEL fhtne Dudin, b

Pr et dmawdyo")t the o@h@bguaoﬁ@mid ®ktheds Eacssd ayvasissdrsentialipaf” or
a non-par asitic conductive | ayer, SI nce a par, asitic
coﬁa&%%tWetheégﬁélPUWBOWWrsmy ‘Conpstesygngially of” or “consist
el t he

cra LA BE UfprpRUE el S ERIIG Vel i ford

subst r aWaile Byis neeptiog hahizeea paftantarlyeshosmi anldtdﬁscnfbeti tveth

gr&gff?éerf%%fl%(o v gglcgp{g s&il%{sg{ﬂflthvz?lll:(ban%e o cg%tgpée skilled in

t hie gh o6dt VASDA é}ﬁnéé)srlﬁ%ﬁﬁ aﬁ&aetsilﬁﬁltap @8 h@édle%@rewltmt
coupled to the substrate rather than"to the surface

| edepertingdegn thel scophref thgmveption gpenmprasedabysihie fappended claims.
resistivity that is either too far above or too far
below this range, there is a risk of either a
reduction in clanping force of the electrostatic
chuck, or of insufficient charge bleeding fromthe
surface of the chuck and an increased tendency for

waf er sticking to occur.ther materials than silicon
car bi de conpositions my be used to formthe charge
control surface |ayer, in accordance with an

enbodi nent of the invention. For exanple, dianond-I|ike
carbon, anorphous silicon, netal-doped oxi des or other
materials may be be used. Preferably, the charge
control surface |ayer should have a surface
resistivity in the range of fromabout 1 x 108
ohns/square to about 1 x | " ohns/square, regardl ess
of the material used. The material used for the charge




control surface layer should be thermally and
chemcally stable, while al so having a surface

wOe@9ai7voty in the appropriate range. A surf aP€I/Uus2009/003015
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resistivity range of from abouggl x 106 ohns/square to
about 1 x 10 10 ohns/square could be achieved with

di anondl i ke carbon, for exanple, although preferably a
range of from about 1 x 108 (ghhpyi§quare to about 1 X
10 1 1 ohns/square shoul d be used. Di anond-1ike carbon
can preferably be used with the manufacturing

t egmat QUBiRkdi:G 13, in which bl anket depositing is
used; and is preferably used in a thin |ayer.

GEneraIIy, for a given bulk resistivity material, a

t hi nnerl| ayeAnmlftm@@t@Ec ehuskgomprisingt ace resistivity

and vi ce versa. ner he conposition and
t hi ckness of the Eﬁgﬁﬁ%m%oHPé surface | ayer shoul d

be adjusted to aCB's&ﬁf&eﬂQﬁ:r%ﬁWaﬁ&i byh ®oRad iaqRe electrode to form
resistivity. I'n accordance with an enbodi ment of the

i nventi on, udeclegtrigghapeta eleetregtaticaldy glarpcshbistiate (o e

the acts or f g

a mi or oel ect%?%ﬁ%%taﬁgﬁﬁif%é S L1 ol dne PRl IR

waf er, and cprotrusiahd m&ldlmg:tdwhmghtwbyv@bomhﬁs oef thetsurface layer
should be noted that as used herein and i

in_the
appended cl ai4Hounding tas profmsiens @rwpmaghe subsfrate ypgn the
ther 1 ncludgoRlib dirfife & Riatielfiind6r #RBtate, th
clearly di c?lgtoes othervmg?e Th ljls ¢ for 1e anpl e ate, the
ref erence t opratrippng baisg sub‘stansaﬁty cqaiaélryespa@dtanrqm ¢heosurface layer
nmore protrusion reof known ta

| t th
Mo el erl | oty iheashitd 1 Cohe 50 L Rl FREDh BFs e

ot herwi se, qﬁélgﬁmlkyglp@@kusm scientific terns used
herein have the sane nmeanings as conmonly understood

by one of ordinary skill in the art. N@thods and
materi a s si | ent 4. t
her ei naic an bAerH %lgget(r]o%fatl%?cﬁu&?acco%dl}é o el% es f | 21 re1 e protrusions

enbodi ment Sam‘artehge@ﬁxes&igonanymmon. All publ | catl ons
nmenti oned herein are incorporated by reference in
their entirety. Nothing herein is to be construed as

an adm $si O Q@Etr{yﬂ&hd &‘ﬁ%f@ta&&ﬂdl g t@?ﬁalﬁlnf 'v&ﬁe‘?gnta?least one of
antedate such disclosure by virt ridr invent

"Optional " che heighi amld ¢optactresmasnt Inaughnhss ofiths pnpmmntohy are
descri bed event .or C|rcunst may or may .not occur

and that t hedES P Bt legs onR el thedempHatisn ead thirlempsTatie

event occur ligfilutislpBRe SSbotaRy G/hch tHlORBstAE is M¥aked during the
numeric val ues herein can be nodified by the term

"about" or “elestrostaic pbalmwng whsubistantially mtr(élgé |b|ycgas hgat
i ndi cat ed. st a :
general ly r ecpggéﬁ{on o n glgne a g?aclgaaﬁgv%?eg%% %Hbs ﬁt& glfe protrusions,

skill in thendrhe pomons of the surface layer surrounding the protrusions.

4. An electrostatic chuck according to Claim 1, wherein greater than a
proportion of a top area of each of the protrusions contacts the
substrate during the electrostatic clamping, the proportion of the top
area being selected from the group consisting of about 25%, about
50%, and about 75%.



woul d consi der equivalent to the recited value (/. e.,
havi ng the sane function or result). In sone

wepodiament s the term "about” or "substanti al | pCT/D8f009/603015

10

15

20

25

30

to 10% of the stated val ue, in3@ther enbodinents the
term "about" or "substantially" refers to 2% of the
stated value. Wil e conpositions and nethods are

descri bed i m{ 8e&Bositic GREPhEDrdifg tf 8ldiMUS WiHRFRRIRE ttan a
or steps (interpreted as neaning "including, but not

limted to")numbeeotparpolsiadden sredapositedhats backrsidg efthe substrate
"consi st essentially. of or. ,"cqnsist. of,the.varipus

conponent s &né rgﬁuétp(if. a “S&&ﬁ g?es%ieczg%taﬂf icg}l%lﬁ/t_hé‘?mfiﬁllées at least one
"consi st of oFhablelbchBsthtid SaRpaigest tBS siltrafe] 8€clamping the
essentially cl osed-nmenber groups. Wiile this invention

has been partbdttafpy theelsatrasieticida@pingeandparfprming the

references t i o .
under st ood ﬁyecﬁﬁgtggé g&?lﬁ{ﬁ%%a% %@%g‘r?f%&%hgg bi/oé:\rél%éoéjegf ffmed on
changes in fths sabatatedthe auhtbermapardclemdderts beingisblected from the

W t hout departing fraomthe scope of the invention .
enconpassed 25UR ¢RnsisPpe AE Aot A100pariicls pislepy #bonts3000 particle

claimed is: (Pﬁatrﬁél' GdGdt -%d%%%@( iﬁio:;ﬂap' i@l adders.
el ectrode; gﬁge{g\ﬁ%’bﬁ'ﬁfg& ayelf act |y’vate y a vo tlagcii\l o
in the electrode to forman electric charge to

el ect rgt atically clanp.,a substr.ate

.the ) .
el ect r &t at {40 fitfERsathugk pecoEting é@@fmﬁnﬁc "{h§reip the protrusions

plurality ofardfRiedHoanat 18Xt SAEIAG str&sandigiaht above
portions of the surface |ayer surrounding the

protrusions to support the substrate upon the

protrusj ons dur;i lectrostatic clappi.ng of the
Cubstraro (hECIsBeFaiaheR hiording LpLHiRk. SherelS e Jopsiress
spaced acr osfatéridl cdHIprid€Lat!1@asebnast dPaRorpREudYieRctric material
center to center distance between pairs of neighboring

pr ot r usi ons.and a palycayséellipe dickactric WAIGERL accor di ng to
Caim1l, wherein the protrusions are arranged in a

trigonal pattern. 3. An electrostatic chuck according

to C aidn 1, Ameeetrasstaic dhaals icaondingto Chémhleivdieteiaitt @rotrusions

contact area and. rogghness of {agg ‘?rotrusi,ons are chh
that at | easPPREe BAIGIFRUE Majsaial PYIRg 3 fepistiyily greater than about

t enper at ur e 102 ghm-cm.

9. An electrostatic chuck according to Claim 1, wherein the protrusions
comprise a dielectric material including at least one of: silicon, an
alloy of silicon with at least one other element, silicon carbide and

non-stoichiometric silicon carbide.

10.  An electrostatic chuck according to Claim 1, wherein the protrusions
comprise a dielectric material including at least one of alumina and

aluminum nitride.

11.  An electrostatic chuck according to Claim 1, wherein the protrusions

comprise a dielectric material such that a Johnsen-Rahbek force or



di stribution of the substrate, when the substrate is
heated during the electrostatic clanping, is

wag@adpstizatié al |y control |l ed by gas heat conduct i PeT/082089/003015
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gas in a space between the subgjrate, the protrusions,

and the portions of the surface |ayer surrounding the
protrusions. 4. An electrostatic chuck according to
daiml, \Ahqfaﬁian hﬁf)ﬁ@ﬁ&ﬁuséﬁlﬁﬁhﬁel@fo?&odde's ABt &t ot thd@ubstrate
area of each of e protrusions contacts the substrate

duri ng the elusiogtipstlettiastagicatgnpigg. t he proportion of

the top area being selected fromthe group consisting

of about 25% about 50% and about 75% 5. An

el ectragt at ign slostedstaccdibl Aot d@inLt@Chidh, 1, WiRE€h thd ®S&usions
than a nunber of particle adders are dep03|ted on a

back side ofcompsise alsempliant digdeeirie auaterialof a use of the

el ectrostatic chuck that includes at |east one of: the

el ectrostatic clanping of the substrate, de-clanping

the subistratsn éleamostdiz chuek héovsdiag ite Chdiany ivﬂ@reiﬁlﬂﬂ: protrusions
perform ng the electrostatlc cl anpi.ng duri ng

manuf act ur i FEMPFISE 8dielertnie piatastal Bﬁ‘”{lﬁé r%%sve%?véh thapthe
nunber of P%ﬁﬁétﬁ{t@%sqgggge uggfag‘% é@étﬁﬁ{ ?‘iq cimgﬂmrlltahﬁe ohnsen-

group consisting o part|

3000 part i clRahhekieffect dabngntheZél&ﬁrqsmtmw&zlmplagider S; and
about 1500 particle adders. 6. An electrostatic chuck
according to Caim1, wherein the protrusions are

forned jfsr om g elle@t?(%tati%%utlgﬁé&wlﬁ%% m’ehﬁrl herein aBntact area of
el ectrostatic chuck according to aim 6, wherein the

| ow stress riht @rotausiasmpith ﬁles;ubstrat@a@npm frofim abput 1% to about

anor phous dll%L,/SCF to(%al%éairfte? Sla Andog %tg c}}{lc[(yst alline

dielectric mateé 1t 5¢“huck
according to C a|n11, wherein the protrusions conprise

a dielectric material  having a reS|st|V|t¥ qésater ]
than ablout ¥oAgleeronaiin chyck agroadiag ¢ Glainy §. evhergig khe protrusions

accordi ng tgq,,Cl gy te%&g 'élb&ﬂeb.f’f{ RETHRAGE B ?B%'EP‘i InSiflimeter.

a dielectric naterla Ing at 1east one

silicon, an alloy of silicon with at |east one other

el enent con carbjd nd non- stoichio riG

sili Conl car b#lﬂ ectrostatic chuck according to C?axm ﬂ%vhereln the center to
center distance between pairs of neighboring protrusions is less than

about 8 millimeters.

17.  An electrostatic chuck according to Claim 2, wherein the protrusions
have a diameter of from about 0.75 millimeters to about 1 millimeter,
and wherein the center to center distance between pairs of neighboring

protrusions is less than about 8 millimeters.

18.  An electrostatic chuck according to Claim 1, wherein the center to
center distance between pairs of neighboring protrusions is less than a
distance, wherein the distance is selected from the group consisting of:

about 6 millimeters, about 4 millimeters, and about 2 millimeters.



10. An electrostatic chuck according to Claima1,
wherein the protrusions conprise a dielectric materi al

wo pwbadh7ng at | east one of al um na and al um nuPET/US2009/003015
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nitride. 11. An electrostatic.ghuck according to Caim

1, wherein the protrusions conprise a dielectric

materi al such that a Johnsen- Rahbek force orparti al

hybri d j4ohn S%?rpélg&ﬁ%%ﬁcfc@xhgl@ a&%ﬁﬁng % CBfitn ©WHeREn the protrusions
substrate during the electrostatic¢ clanping. 12. An

el ect r ost at icomphige kt laast onel pargjiat proGiusiom the parizd pratrusion

protrusions conprise conpliant dielectric terial. .
st e ecrPBBTaInE A SRl A S et g Eebifostatc
wherein the cgp&t.rusions conprise a dielectric materi al

having a resistivity such that the substrate is
retai ned upon the electrostatic chuck via the Johnsen-

hbek gf f ing the el hecl aing. 14
A ol 620t ostat PECUHTlE el FoRgik 8 B Nriin i pugfece

contact ar eatrattuidie spledlet ivinDMSeidt bhe bhe gadititinhélt & lift pin and a
conprises fromabout 1% to about 10% of a total area

of the el ectd@¥¥dRinc chuck. 15. An el ectrostatic chuck
according to Claim1, wherein the protrusions have a

di aneter of fromabout 0.75 mllinmeters to about 1

m i m2ler. Aibele@nosetrathnols aaiording i Claimclc ovidreig thecheight of the
Claim1l, wherein.the center, tlo center di stance betyween
pairs of neiR§NBHINTGs prbstantailyraual Lo thedue ?F%?ﬁ%ﬂ%ﬂgsas located
mllineter S.dufifig tl‘%‘el@étﬁfs%i@%ﬁﬁﬁ;&iﬁ ‘?xhh"éﬂfac@%%é@nriﬂe Sibstrate, the
Claim2, wherein the protrusions %ave a di aneter of

from about @rqBusadrs, ambthe portioms aif thet sutfape ldyensitremundmgdhe
wherein the center to center distance between pairs of

nei ghbori ng YOIt ons is | ess than about 8

mllimeters. 18. An electrostatic chuck according to
Claim1, wherein the center to center distance between

pai rs @2 neidfheleerontptisrabuek a¢cording so Claim k yéigrein the protrusions
di st ance, ' e. di ' f

ar oup. consi 405 G471 Suflal AL b STiiebhBhest B¢ duced, by
m | 1i met ers,vimndofoddedst shnié hchiré pokshlith, birbetween about 25% and
el ectrostatic chuc(:)k according to Claim1l, wherein the

prot r usi ons 2S8HpFI”8 BY gpPmparisan Witk sigytarPEetrusionsnedsksd only by
the partial pp@trusion

23.  Anelectrostatic chuck according to Claim 22, wherein the surface

roughness metric is reduced by about 50%.

24.  An electrostatic chuck according to Claim 1, wherein the protrusions
include modified edge geometry produced by at least some machine
polishing, such that a characteristic rounding height of a protrusion is
shorter by comparison with a corresponding height of a similar
protrusion polished only by hand and such that a characteristic
rounding length is longer by comparison with a corresponding length

of a similar protrusion polished only by hand.



conprising at |east part of a surface structure of the
el ectrostatic chuck. 20. An electrostatic chuck

waewondi7my to C aim 19, wherein the surface stpCUS2089/003015
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is selected fromat |east one pf.a gas channel, a |ift
pin and a ground pin. 21. An electrostatic chuck
according to Caim1l, wherein the height of the

pr ot r usgkons ArSelsdthitaaRtchatlt XccBRiARY 1d Clalf24MRABreld 88 ratio of the
path of a gas | ocated durln%mthe el ectrostatic

cl anpi ng i n charspigtstiteoungdiog height tuths charaeteriptierounding length is
protrusions nd,t he rtions of.the.surface,l ayer .
surroundingr?ﬁgeﬁﬁﬁ?ﬁﬁgP% sqnﬁﬁywﬂﬂV@ﬁ@%f?ﬁ%%%ﬁ%%“uaon
chuck accor golishddonly B%th’ld wHeRig tHe fhévor R seldcted fodifi the group
include a top surface having a surface roughness

nmetric redu€eusistig afi betugenpbant 2|aad gbowiorrandhenyssa about 3 and
pol i shi ng, ¥olief ween about 25% and about 75% by

compari son Weth Sinilar protrusions polished only by

hand. 23. An electrostatic chuck according to Claim

22, wherein the surface roughness net{lc i S reduce

. d by
about 36% 24 clagirestaticichpet axcpeding ifcklaim gy thARgIR I5sS thém abou
daiml, vvhgggo gé&%}’e Md@fsrdf?aﬂﬂz‘f’e éiE&}a'ﬂgS ofBdbl R s gﬂlzgf%r are
geonetry produc y at |l east sone machi ne pol1 shi ng,
such that adepesitadierthsback sideurfdhaignbseaghis agkswt of the use of the

protrusion i horter, by conparison with a
correspondiﬁg”ﬁ@ﬁ@ﬂfdﬁan simlar protrusion polished
only by hand and such that a characteristic rounding

length is longer by conparison with a corresponding
| engt h23f a Adi eledteastgticohnels iesarding tosGlaém@al whisein less than about

T T I R e T,

hei ght to tRepsdiRaaatied backistde sTURE butgtrhengtaltesifit of the use of the
reduced by a factor by conparison with the simlar
protrusi on gkciestatc eilck by hand, wherein the factor
is selected fromthe group consisting of: between
about 2 and about 5; and between about 3 and about 4.

28.  An electrostatic chuck according to Claim 23, wherein less than about

2000 particle adders of particle size range of 0.16 pm or greater are
deposited on the back side of the substrate as a result of the use of the

electrostatic chuck.

29.  An electrostatic chuck according to Claim 1, wherein the protrusions
include modified edge geometry such that a ratio of a characteristic
rounding height of a protrusion to a characteristic rounding length is
equal to a given ratio, wherein the given ratio is selected from the
group consisting of: between about 0.00407 and about 0.00306; and
between about 0.00611 and about 0.002444.

30. An electrostatic chuck according to Claim 1, wherein the surface

layer comprises a charge control surface layer.



26. An electrostatic chuck according to Caim 22,

wherein | ess than about 5000 particle adders of
w@aowiteld7eo si ze range of 0.16 mm or greater arePCT/US2009/003015

deposited on the back side of_jhe substrate as a

result of the use of the electrostatic chuck. 27. An

el ectrostatic chuck according to Caim 22, wherein

| ess th?f‘ abgﬂtel&%gtaﬁé'éﬁﬂl&l a%c@x‘élﬂfg't% Glfcunﬁ’gbt\!vﬁér@lnsth@ @harge

range of 0.16 mmor greater are deposited on the bac

side of the scnmmi saitfacedgyea lnealsultfa@freslhtewtysm theé ranige of from

ot oo 2t e By PS80 P51 B e

particle adders of particle si ze range of 0.16 mm or
greater are deposited on the back side of the
5 substrad? asAa elestngbtatio thudkeacgerding totGlaine fecvhersinghe gharge
chuck. 29. An chiosta a d
L eherei n ¢ Rt StRR Bhe oL TBGM bk SobBbiton
geonetry such that a ratio of a characteristic
roundi ng_hei ght of a rotru5| on to a characteristic
roundi n&| engpwlq%mé'a ja chyck ageerdingntorGlaing 32, whereinthe parface
given ratio
bet ween abo u e%gﬁ%k? ggﬁfaén%'%%?otgp 689%1 8%8% &?gﬁ%%%g?&g&f by varying
10 about 0. 0061tht aamwhnabbdsiticéh PESdrddr gad3@nd Aarbon precursor gas used to
el ectrostatic g accordteﬁ‘gto C.aim1l, wherein the
surface | ayef@ 6%%‘2‘5&‘ FBPRYMMY -0l surface
| ayer.31. An electrostatic chuck according to Claim
30, wherein the charge control surface |ayer has a
sur f ace34.esi dniekddinpsiatic ph@cwmg@ir@‘ tofClaim 3B owherginthg eicon
ohms/ square to ﬁ%out 1 X { uare. 32. An
el ectrost ati £IR &Qm&’é’é‘é‘roalcﬂﬁ‘l’f‘aescﬁlé‘f" SPiGherein t he
15 charge control surface | ayer conprises a silicon

carbi de conposition. 33. An electrostatic chuck
accor di 3% t oAglegatrogtatic ghegkedcqording @ fflpir 82 whersin the sijicon

of the char ggarg%t g‘{[pogtfﬁoltlggﬁlpklgé’ser{onl &o&ﬁi@ﬁr{eﬂjlé § ﬂcg%carblde.

varyi ng the anou e
precur sor gas used to make the S|I|con carblde

conp05|t| on. . An electrostati¢ chuck, agcordi ng tho
cam 3% Whép(_glqptrloﬁt@tlg chuckgecording to Claim 30, wherein the charge
20 control surface layer comprises at least one protrusion and a surface

coating layer.

37. An electrostatic chuck according to Claim 30, wherein the charge
-control surface layer is formed by:
25 blanket depositing a silicon carbide composition layer on a
dielectric;
patterning the silicon carbide composition layer using
photolithography; and
removing portions of the silicon carbide composition layer
30 using reactive ion etching to leave at least one silicon carbide

composition protrusion.



car bi de conposition conprises silicon carbide. 35. An
el ectrostatic chuck according to Caim 32, wherein the
wa@RlovaeTicar bi de conposition conpri ses PCT/US2009/003015
non-stoi chiometric silicon carfjde. 36. An
el ectrostatic chuck according to Caim 30, wherein the
charge control surface |ayer conprises at |east one
protrusi®n apd efechdithas @h\i&%b&ﬁiﬂéﬂb@l&iﬁ?@, v¥erein the charge
el ectrostatic chuck accordl_nfg to Claim 30, wherein the
char ge cont reintel stirfacs layey ey tarmed byned by: bl anket
depositing a silicgn carbi onpositi.on,l r..on a .
dielectric; patt epﬁq?%ngﬁeﬁg?&flggweég?lﬂg 88@@%%8% i e(t)%hmg,
| ayer using ghptolithography; and renoving portions of
the silicon carbide conposition |ayer using reactive
5ion etching to | esqfompallysesting the dpleptEigayes mthyibe charge
conposi tion FUSicon. An el ectrostatic chuck
-accordi ng topc;aqglgwéﬂgggc,%l erein the charge control
surface layer is fornmed by: patterning a dielectric

cantt nadng AR efesBpRAtS FRyrBacopOE L1 BHn (v eahi g tharge
surface |ayeg,n(R? suﬂbthyge?tcgﬁ?}igéé £ 1ERVGHe RafeRaiNttdOfrom the

Cl aim 30, wherein the c ontrol surtace |ayer
10 conpri ses at gloepsbnostmgnetdiamaend-bk¢ erben) aimayphausesilicon, metal-

group consi sting of,di anond-1ike carbon, anorphous
silicon, net‘i(mfgﬁ’é‘édeo%océ’ %at'@é‘ﬁﬁ? ?f'ons of these.



