ELECTROSTATI C CHUCKASSEMBLY W TH DI ELECTRI C MATERI AL
AND/ OR CAVI TY HAVI NGVARYI NG THI CKNESS, PROFI LE AND/ OR
WO PEE4095ETHOD OF USE AND APPARATUS | NCORPORAT PNIGUS2(0E/036110
FI ELD OF THE DI SCLOSURE The present disclosure relates
generally to an apparatus for and a nethod of
manuf acturing a sem conductor device. Mire
specifically, the present disclosure relates to an
el ectrostatic chuck assenbly, for exanple for
supporting a sem conductor wafer in a plasna
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el ectrostatic chuck assenbly. BACKGROUND In the

di scussion that follows, reference is nade to certain
Sstructures and/or methods. However, the follow ng

r ef construed as an adm ssi on

t hthE?Pese str uc?cur eéugﬁd/ or methods constitute prior
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devi ces ical electr I c,chucks
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oo B R AT B ol B W A rporatipg the clecpostati
|onmhdnmaemm5nt use high-purity ceramc material for
seating surfaces to reduce contam nation. O her
seating surfaces include electrically insulative,
5d|gé§@ drovRerial, high-purity ceramc, netal oxide,
er materials such as sapphire (S|ngle crystal
Al 208) .InBh¢ fliscussion thad éalowfs, mtf@rcmaeos mﬂe to @dmuksrucmres and/or
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el e Qs fuf theg s‘%@ﬁ&?@s%ﬁﬂfok H&ﬂﬁfd@ e6Stififte bﬂopérﬁsﬁl?phcant
processi ng apparatus, the workpiece sits on top of the

s eatxpregsly wedeass tlzermilghe toy &mw@a‘sdmt@ecleiitsmwrﬁs:md/ g methods do
b| ases t el ectrode.so that electric charge
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Electrostatic chucks, and/or susceptors, are employed to support a wafer,

substrate or another type of workpiece during the manufacfrure of semiconductor
devices. Typical electrostatic chucks include an electrically conductive electrode
that is mounted on a pedestal and covered by a seating surface. High-temperature
25  processes such as sputter-etching and ion bombardment use high-purity ceramic
material for seating surfaces to reduce contamination. Other seating surfaces
include electrically insulative, dielectric material, high-purity ceramic, metal oxide,
and other materials such as sapphire (single-crystal Al;0s). Different types of
electrostatic chucks include bipolar designs based on dual electrodes in the chuck

30  and monopolar chucks with a single electrode.



surface. The applied voltage al so i nduces an equal and
opposite charge on the rear surface of the workpiece.

woheo7aaeisul at ed el ectric charge generates an PCT/US2006/036110
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el ectrostatic force that attracts and cl anps the

wor kpi ece agai nst the seating surface of the

el ectrostatic chuck. While the workpiece is clanped,
vari ous processes can be enployed, such as cheni cal
vapor deposition, ion |nplantat|on ion beammllln%h
and r eaddug MEMITAGtBIHASRIOCTNGS 1A HIaSHA Dyegesyng apparatus, the
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s ecshefhidal gapgor depositive, fdnﬁﬁipldnﬂattﬁhf me),ealﬁmﬁillalgcandlrmwe fon
material insert in the cavity. Another enbodi nment of
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ace and a second surface, st
surface operatively connected to a connector for
connection to a RF circuit of the plasma processing
appfMMARYa dielectric material layer contacting the
second s f :
Firet i b profufent A idGRY BRI for {31 processing
| aysppataais] camprises b sdndiutifaappon opantiedy conreotetite a connector for
dielectric material | ayer at a second interface. The
corf@REGHPR 1Q A RIorifcuitioh hehlamacRrPPessing ARPFTAIS, agyAlseirgsigtic chuck

t heceﬁin’ﬁﬁ g ?hﬁlhgﬁ Gy %ﬁ'f?{:@r ﬁ‘%l?taét B hb QBﬁﬁlﬁPve support at at least

multi 1 aye struc urther e odlnen
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appar at i ses a conductive. support operativel
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t heconduct i Ve support having a first surggce and a
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o S5 20 R B PR, L

andieBehe RYfase, IRC BRI HLE BF& iRy 8681e¥Rd %o a connector for connection
to a RF circuit of the plasma processing apparatus, a dielectric material layer
contacting the second surface of the conductive support to form a first interface, and
an electrostatic chuck ceramic layer having a first surface in contact with the
dielectric material layer at a second interface. The conductive support, the dielectric
material layer and the electrostatic chuck ceramic layer form a multilayer structure.

A further embodiment of an electrostatic chuck assembly for a plasma

30 processing apparatus comprises a conductive support operatively connected to a

connector for connection to a RF circuit of the plasma processing apparatus, the

_9.



wor kpi ece, and a cavity in the second surface. An
exenpl ary nethod of manufacturing an electrostatic

wohork4essenbl y, the el ectrostatic chuck incl uBCTES2006/036110
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conductive support operatively connected to a

connector for connection to a RF circuit of a plasma
processi ng apparatus and an el ectrostatic chuck

ceram c layer, conprises formng a cavity in a region

of a surface of the copnductive support, the surface in

c orfoadectivieshpparehavingc Higbsusface andha s¢cone Suiice. hglegtrostatic
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pl a processing process Is |ess than a g
valstigctofe inemdidgitke toreludtifeosupport ehe therebestratiatic ciueklceramic layer,

assenbly w thoyt the incorporated dielectric terial. )
Th @ﬂﬁb@@ <9 Y h Toreng % €D dP dretiOwPE? &&?wsﬁlréa%g? &g Jpctrostatic
S QBbUESTnR: 18OAHE Rirkin® X BRALHiOREEAAI Pdobe RN &hductive

to a connector for connettion to a RF ciTcul
pr conppait ayl the phcabststicchichneremicyest ati ¢ chuck

ceram c | ayer. Another_ exenplary nethod tao inpr t he
Gni £ or mi 4 SRR Usined (1 PEBGES U adlfiieifgboye a
SssfRRb ¢RI € SorhPHidth Rt ofbotMiclddielectric

in an outer surface o?ﬁgn elfectrostatic chuck ceramc
| aymatendl into asdegionod s alectrostdticathasls asstinyly, mountingiigpe twoakpiece to

[ to.th t f f_th ti
e bR eEeFoti hgersehband e Tube i S a0 8bEl G
t heyiRpieBé. e 8l 1RsBlfid1d Ab&& thd fegion with the incorporated

dielectric material during the plasma processing process is less than an original

value of the flux field for an electrostatic chuck assembly without the incorporated
dielectric material. The region with the incorporated dielectric material is between a
conductive support operatively connected to a connector for connection to a RF
circuit of a processing apparatus and an electrostatic chuck ceramic layer.

Another exemplary method to improve the uniformity of a flux field above a

30  workpiece during a plasma processing process comprises forming a cavity in an

outer surface of an electrostatic chuck ceramic layer of an electrostatic chuck
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flux field above the workpiece. A value of the flux
field above the region with the incorporated
wdized7@aeass c nat eri al during the plasna processPag/US2006/036110
process is |l ess than an original value of the flux
field for an electrostatic chuck assenbly w thout the
i ncorporated dielectric material. BRI EF DESCRI PTI ON OF
THE DRAW NG FI GURES The foll ow ng detail ed description
of preferred enbodrnents can_be read in connection

Wi tasset ya@@@wrﬁ@q VerkpiesMings onter witacs of th@eelrﬁsr?éraap ghuck
des fio iayek ls(o it t%!é‘%@&@ ﬁggvérgd g”ch%nxrorﬁél@ce, Ing Q&Xﬁlsﬁmg the
a an exenplary

SChg 0ss-sectl o VI ew

entmed ﬂi@ﬂ' bb®fe tAOwelleidce 02 wliecofthel Qlix fisRieatoly theirtfioA with the
dielectric material insert in a cavity of ja conductive

supperporaied dirleciis mateéuab@urmsthaplaém@ RERSRSSERE RIRFESS is less than an
5; 2 Haind v S IR aHO R SRR hRCRIL Sy GRAOATR:

I'IC

p|aﬁﬂapahﬁﬂﬁﬁeemgcﬁmﬁﬁﬁss for the exenpl ary enbodi nent
of an electrostatic chuck assenbly in FIG 1. FIG 3
shovvs a schematic cross-sectional view of another

e Qb By SERAPRODE AR DAL PINGIRGRIS ohuck

ectric materral layer between a

conduct i Mg folewpiptdetnildd desceibgien oDsbRied emibuditneney @mibe read in
| ayer. FIGS. 4A and 4B show schemati c cross-sectional
10v espamestion ytitbe aesoamenying deatraes inericlfikepmerals designate like

eIe gﬁgg%t@éﬁﬂ%gr assenbly with a di sconti nuous

|nter ace ) and a continuous interface (FIG
4B) . Fl GIGH liskows gschematib ontissgedtibraltviéwe khasexendplary embodiment
tap ered dielectric material  |ayer as a function, of

‘ acﬂ tan elpsEpstalinchugk apssmbby with palislectiip Baichahtsegt iy cavity of a

gr ap%ﬁgﬁgv\%tsk% %%n%gm | zl%tréslgaetgt ?P%lé&raxﬁ Q?oé?rr{ez ?n

15t he pl asite. priog geph Bigowing tlessfeas obchatigestih anglof( oy adlih@lelectric
position at various operating frequencies for the
ex eﬁﬁéqi écrryleénamﬁmnlrema rEpcossiag prasessrigs thaexemplagcgmbodiment of an

asse g\ét&hg ﬁ:dc?assdé ﬂlﬁ@fu {ng the thickness of the

t aper e e na er’ [ayer as presented in FIG

5. FI Q T7FIshOwhows & sdhefmtit Cross-&sioaglotiéw bhhnothewxemplary
anot her_ exeml aré enbodi nent of an el ectrostatic chuck
¥

as SEMAdmeRtof 2 © et sEckarenba) withyg dielsgriqymaterial layer
204N l;e%gg DL GROGRR- ‘support and an electrostatic chuck ceramic layer.

FIGS. 4A and 4B show schematic cross-sectional views of another
exemplary embodiment of an electrostatic chuck assembly with a discontinuous
interface (FIG. 4A) and a continuous interface (FIG. 4B).

FIG. 5 is a graph showing the thickness of a tapered dielectric material layer

25  as a function of radial position for the exemplary embodiment of an electrostatic
chuck assembly in FIG. 4B.

FIG. 6 is a graph showing the normalized electric field formed in the plasma
processing process as a function of radial position at various operating frequencies
for the exemplary embodiment of the electrostatic chuck assembly in FIG. 4B and

30 having the thickness of the tapered dielectric material layer as presented in FIG. 5.



FIG 8 shows a schematic cross-sectional view of a

further exenplary enbodi nent of an el ectrostatic chuck
wagsEmdiyswi th a cavity in a seating surface oPCams2006/036110

el ectrostatic chuck ceramc layer. FIG 9 is a

phot ograph of the exenplary enbodi nent of an

el ectrostatic chuck assenbly in FIG. 8 showi ng the

cavity in the seating surface of the electrostatic

chuck ceramic layer. FIG 10 is a graph show ng the

change iFAGf7 &wswssoaemamerpwmomgmea\r ofeAnsthen exerhplpry

chaepofindhr 5 RSt FRCH TR Rl BleRi gL yer win

sealini@rd Witlares.of the el ectrostatic chuck ceramc
| ayer and for an electrostatic chuck w thout the
cavi ty. B showvs asschegptageross-sesiiprpd vieveef & Brdenexeqplary

functiqn of radial itio . . .

sel dotoegtedt PEACH SR BRlehi A Sy SHROHEN i p grying surfuce of
emhadid¥RBitates cltidk eb@ffi¢ Rgb@at i ¢ chuck assenbly with a
cavity in a seating surface of an electrostatic chuck

cer ani c Higy2is a pha®graphrofihe exanmplary epbodanent g€ an electrostatic

rr ORI TG IR B B BaERARE MR ATIER

el egdctroghiad tifuck beekniaksenbly and FIG 12B is the
result for a workpiece on an exenmpl arg1 enbodi ment _ of
10an el ectilgstQisiaceraphuthovang dewhgnagin ficld asa fupgtiqnpofgadial
seati.n f t ' i
e P L5 e B IR R oD AR Bk sty

exeapl@arywantadiarantn tie seatpRl sarfped dfahé elet§statithhabtliovaamic
a schematic cross-sectional view of an exenplary

entexsr gach{or 6n elpqtrestatic shyk aritheucha eV iBissenbl y with an
embedde ‘%1895 Ieis%géréﬁ{ Q%é)?dé thh ﬁit@ %st % )?ﬁ‘x{:%ﬂ 8{ ﬁﬁﬂf 5osition for a

ceram c layer S a grap normal i zed ener gy
15dengintyrdagectroftatic thueh asdenttdyliad fopas exémplafyosmbaiimentof an
enbodi nent's of el ectr ost ﬁti c chuck assenblies wt

i an_ .
entsdsiestapostaick asseably Wiheravily B fegirgeyrEace R ek clecfiostatic
cercﬁm cérﬁ}{f%rlaﬂ?er e the enbedded pole pattern is

di scont I nuous across the radial dinension.FIG 16 is a
gr aph ofFI6ot 2k khd BTG @ dywiba arimutlad varidtiondh heighodf an etched

g?gykqarlkgggezltl% I:g}og %.ggathézrgl % T ggvbogﬁi%:%g{qsa s%afmdard elecfrostatic chuck

20  assembly and FIG. 12B is the result for a workpiece on an exemplary embodiment
of an electrostatic chuck assembly with a cavity in a seating surface of an
electrostatic chuck ceramic layer.

FIG. 13 is a schematic diagram showing an exemplary embodiment of a péle
pattern.

25 FIG. 14 shows a schematic cross-sectional view of an exemplary
embodiment of an electrostatic chuck assembly with an embedded pole pattern in
the electrostatic chuck ceramic layer.

FIG. 15 is a graph of normalized energy density as a function of radial
position for various embodiments of electrostatic chuck assemblies with an

30  embedded pole pattern in the electrostatic chuck ceramic layer where the embedded

pole pattern is discontinuous across the radial dimension.

-5-



enbedded pole pattern in the electrostatic chuck
ceram c | ayer where the enbedded pole pattern is

woani7inewssis acr oss the radi al di nension. FIG PpZTAISZMWSE/036110

5

a schematic cross-sectional view of an exenpl ary

enbodi mnent of a plasma processing apparatus. DETAI LED
DESCRI PTION I n a plasnma processi ng apparatus, such as
a parallel plate plasm etch reactor, wherein process
gas is sugplied t hrough a shower head el ectrode and a
wor kpi eddG. tGiisre greplhoSeormebzrdireetsy deupibt ase Binction of radial

Tt | ect. ' Ly
o BRSO e SRR RRA B kGBI ARG R gpl 3
t hexnseau®t ftegatee af the dRcapdits chuble ce&hltd 108t Wlidré the embedded
chuck assenbly, plasma uniformty can be affected by

RF potupsiticryisisenijrusys aeresy thoadiad dupensitfe assenbl y and
the pl asiyp. i e 3 ' '

el ectr o?li_g't }Zg% V{;ch){gc g%léﬁ%?@&?%gan%%%’ Feg%&%%?xee gar%l e,
by dnitfeolitisém@df @blaameipedRedifgd ppariney i al insert, a
dielectric material layer, and/or a cavity in a |ayer
of the electrostatic chuck assenbly, to nodify the

el | i he wor kpi ece and thus to nodify
thgi%fégﬁéﬁf#%%ﬁgﬁg§m$ostatic chuck assenbly conprises
a condughia\asiiRodssingd Bplr&as, S0 &id pargliel pkat€ plasda etch
| ayer, and a dielectric nmaterial insert, a dielectric

10ratresdter whespéy progesd 2oy issupnlisditlrongh a shopyerheagkelegigode and a

15

el :‘ﬁf!(ﬁ%%eg%{l&l g{hﬂ%@lcmugﬁp ﬁﬁ)gﬁgte,psﬁl_égoﬁ&f &?%rp?lim;{rc%%?ic chuck

el Ic C ceramc | ayer opti ona

| ncdsseetly isplhdien ebleat byosihsitid genefatmibyaspplying/RF energy to the
I ncorporation of the dielectric material insert,

di ehewerhed plgeteadeandos fhereleckiqetatic clugkiassemtly.Plasmpamifgrmity

t he [ 3 [

ot CRITREGHEAR B KF i BRI 1506 JQEEAEARPHARIR he

t heplghned tTosipabvethe lisstaaan oty thaelbetrhatasic bhsepdsadnably is
(also_called a | ower el ectrode). fornmed of .a cond ciive
mateedified, fonexample by drdusiomefe dglscisic PR deseRy2 a}? qefrc

SO : t ' 1LY bgh
oA R R B L PR M bl

t ermedift the elecait ficdd hibaheaheworkpicep tihd tais Ity mioddly dltkeplasma. The

heati ng arrangenment. Both coul onb force type i n .
di efledioptatic Pk astconly COmBIISES RITSBIHHENNE ST Pli glsef?%éaﬁc chuck

101 €l ectrostatic chuck assenbli es can be “used.

20( usdg%ig %96 ORA UG QEGrib A4tdr1 El@&‘t',raadiel'é_@tﬁic%m 14488 ah@/or a

FI Gavity fholayenof thx elepirastaticetibddi Arembeddedrpole pattern in the

el ectrostati c chuck assenbl : . . :
electrosta’gc chuck ceramic ?ayer ma¥ optionally be included in the electrostatic
chuck assembly. Incorporation of the dielectric material insert, dielectric material

layer, and/or cavity in a layer of the electrostatic chuck assembly can increase

25  plasma etching uniformity of the workpiece. Other features of the electrostatic

chuck assembly include a baseplate (also called a lower electrode) formed of a
conductive material. The lower electrode can be powered by an RF source and
attendant circuitry for providing RF matching, etc. The lower electrode is

preferably temperature controlled and may optionally include a heating

30 arrangement. Both coulomb force type (using dielectric insulators) and Johnson-



100. The electrostatic chuck assenbly 100 in FIG 1
conprises a conductive support 102, an electrostatic

wohork4ess am ¢ | ayer 104, a cavity 106, and a PCT/US2006/036110
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dielectric material insert 108 in the cavity 106. The
conductive support 102, forned of a conductive netal
such as alumnum is electrically connected to a
connector for connection to a RF circuit of a pl asrra

processi ng apparatus (not shown) for plasma process
a Wahkeikeloese typrcfising semizondypters hadog nakrahagsistance éQt t@dl

on ADESISEMTH S BT B 2re 1% 0 e

el ect r ogtiat | ghedikexeRipRiry @mb@&iﬁ{enﬂ@f”anf‘eaéct@sﬂ‘atlé ghuck assembly
surface 110 in contact with the conductive support 102

at 180. Thastechostaticsthuelegisembly104n F3Gs | eesaprises @ cpadustive

5 <o 61 Seter g b B LRT Rt 104 EbarfSaPS ] gifecni

C hyfdteref RAYEHC 0B 3Y Bie chPiy 166. fﬂ{d@ﬂd@étlvefsﬁp @K 80 férmed of a
dielectric insulator materials and/ or sem conduct or

matcendhedtive mpted seehastajunioemeis dlendrieally coperetasktp @ coRpedtor for

R T S

ex E}ﬂ&ieﬁsm%b] vogiiédeysut@Bs b 2001 ¢ 30mnmherafe@ rseated iox ¢he
ort I n exenpl ary enbodi ments, the cavity 106
i s ostatie Phiickyermie laypial¥d, e.g., having an

eccentri f t]%ey el troggt?lx\%ﬁ&k s?eg&) ng 1 §§ in ?‘h%g 118 RLBULEE chuck

edge 122I xerrp ary e direlectric

Mmatcefangt ldyﬁﬁ 804 hakQirktssukfacatl Filini dantabewith iet gond@divesdpport 102
for exanp is bonded into the cavity 106. O her

metah abll@a&t@ Thrgiragiand} 2pf it intekace i e 8 FeGonfRpReSiag surface
| nsﬁ%tfgll &%*@ggf gfe[ﬂﬁééndhgfa{ gﬁlfsﬁﬁtfg )S}fot' s‘%&n} h'Pn &é’étlto\étatm chuck

dewéﬁdrﬂilb Gdyer 004 isfomidd&ff foh }tsan@pih diéiéctﬁb erm,ltaatr m&tp@ﬂs and/or
deposition techniques. The dielectric material insert
108erigengectaniatetialeabl e shape and/ or profile. For

exanpl eaTt%en:%vﬁﬂ( %(f&tt{lég eBBOEH caéhHl:lg ﬁs%l%ﬁlbly)ﬁ)ggg@o % he

essenti a vo ume o e cavilt has

a fdon8iictize rsﬁp;ﬁﬁft IRQit @ @edand wegisn W20 bf thhdirdtiimtstface 114. For
interface 114. 1n another . exanpl t he di el

mateXpmale, thesarvity 1¢fpismilled in thg Pglpqelvt%@%pﬁa 195 I & exemplary
fr %oﬁﬁﬁéﬂtgg%l catvg& qE@ ?ssdﬁ%bftbﬁhﬁfy' dide-aR3 - e?&ﬁ o, %@I@'

he cavity ectrrc ma I al |nse
ar ecsettstignof ekweentthendadE aadh hmaWelsadlge ak2.e shape

el U AheRet) or SRt A0l 2Ll 155 ShARR, o n e
cavity 106 and, for example, is bonded into the cavity 106. Other methods to form
and/or mount the dielectric material insert include deposition directly into th¢ cavity,
e.g., by plasma spray coating, by chemical vapor deposition, or by other physical
and chemical vapor deposition techniques. The dielectric material insert 108 can be
any suitable shape and/or profile. For example, the dielectric material insert 108 can
occupy essentially all of a volume of the cavity 106 and has a first surface 130
continuous with the first interface 114. In another example, the dielectric material
insert 108 has a radially varying cross-sectional thickness. In still another example,

- the cavity 106 and the dielectric material insert 108 are substantially the same shape.
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In a further exanple, an enbodi nent of the dielectric

material insert 108 has an outer edge 132 that neets
woOheo7oue9s8 edge 122 of the cavity 106 at a secea@/US2006/036110

interface 134. The second interface 104 has an average

slope that forns an angle (a) wth a plane contai ni ng

the first interface 114. The angle (a) can be, in sone

enbodi mrents, 90 degrees, e.g., the average sl ope and

the first |nterface are perpendi cular, and can, in

ot H2ne sitholdishapetincludps\disst shapedoon substendigily isc-shaped, eghdiaving an

avera h} nd thedf interface are

nort*f ‘EE éj%feferred enbodi ment, the

angl e (ay a'fﬁrtl'lé? eﬁarhﬁl@Qeﬁl ShbEHRBHESE the\ABleZ@icandteridl@srt 108 has
t han or eg to 45 degrees, alternatively |ess than
gc

15 anezglt@@ Ei%cthall mests teiontdrpdpe 52 afithecayigd@osé s seeond

al t.er ess than rees. e
oS ABAE eS8 R 583 el e PR n ot
forg ﬁﬁ%t‘h@l Pl RhasiRe HeFHSSintet@cd! RE Chife an%lecéoc) &t Be,3n some
graph 200 showi ng the effect of changes in angle ( )
on entedihents, OD cegiiced, ¢.gf dherecbrage slipe apt dlxnfirshinta s iareg
process el.ectric _fie
deme&e@dlcag 408 G §FRep P E%%F]%Pt)sp%?@ gﬂm& %‘?ga%e)s §- the
th |
A L e e T
10no ranrdiadzm&t,t the axli@e faelks dn arange b5 greater tanabrodibdesatican, or equal to

O her paraneters for t ra 200 | ude avit

r adtudsgenes slierapeelylesy ¢ Uranchs e rreacnk Sc oty ohs s et fydegrees,
t heanﬁ%‘l‘tblgrﬁ%ve n%letsg“chgﬁ &b B @hdii/r?ﬁé’r&tnr ih% aliBleGiifels the shape
i nsert ect rostati c chuck power

supglthe dedttic figld(fepsgd mfth@pla@ua pmcemhg; prod;dssa el ectric

field for an electrqgstatic c assenbl y V\/ltholut a

cavity of§- 4its staph PP shovgpgf eTeChRIGIANEce R gREle () oristhe

15t h gétrﬁf& héld%mfnlle Htﬁe la fﬁog&g{rgﬁ)tr@ctekf ”Fﬁéuéigctﬂﬁﬁl@ﬂbl y
cavity c rnc erial 1nsert ere
% h Q‘T?‘Zgﬂ fg Egqo( a) 1s:cﬁpﬁfkd(m @rfﬁﬁﬁlorl‘]l@f ia&ral&ﬁéatl:oﬁ (tadimspfoe ther éxemplary
ie or an electrostatic chuck ass

ca\Fln@‘%P dipent oT an elegizesiatic Ghyelepssgmbly{a %?8 ﬁhﬁr%{‘}t Rethe field has

i g gﬁmﬁ@d & thk g1 8! 1%%{@%%& n'cﬁ. otHes ?Eutanie?eré R the

same ra di nension as the base of the cavity, e.g.,

I s greplp2iddinclutias cantmadluanf Al (eavity) radius aasiegd eethe base of the

Curve 206|sthe ic.field for an. el ectr tic )

200 I ARIL S B He dheiskic Polariel 19ucat G on s R lpogatic

| nsghbx &%ui)]%l? sf:‘ﬂtlrh Yepry bt ?C@uﬁife Job&s @k %ie%&w ﬁéld for an

material | nse has radla dinension that is 0.5 cm
| argjetrostatio chivk asseditdy miﬂhnewsc:amty and & deeldzaisemeferiphmsert. Curve

O e S SO o B SR B
deg&l@l@@trlc G 28t ‘vﬁlel'é"tﬁe eh@e (&) & obidebded. OCuRR 204 is the electric

el ectrostatic
25  field for an electrostatic chuck assembly with a cavity and a dielectric material insert

where the first surface of the dielectric material insert is the same radial dimension

as the base of the cavity, e.g., is perpendicular or has an angle (o) of 90 degrees.

Curve 206 is the electric field for an electrostatic chuck assembly with a cavity and a

dielectric material insert where the first surface of the dielectric material insert has a
30 radial dimension that is 0.5 cm larger than the radial dimension at the base of the

cavity, e.g., is non-perpendicular or has an angle (o) of less than 6 degrees,
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chuck assenbly with a cavity and a dielectric materi al
insert where the first surface of the dielectric

warb@rimedssi nsert has a radi al di nension that i 8CT/USE006/036110

10

15

20

waf er, SO dghews 1 prberptic crogsseectipral VigY: R

25

30

| arger than the radial dinension at the base of the
cavity, e.g., is non-perpendicular or has an angle (a)
of less than 3 degrees, alternatively less than 1.5
degrees. As can be seen in FIG 2, the step change in
electric field is sharpest for the perpendicul ar case

t haiﬂemtw@llﬂ despdrinfedogeaca Curvar208asthe etmctricdhiel @ fgr, angehectrostatic
S;:hggl% %ﬁlsgm tV\éth £ {;a\)n&b gata d}qucthg‘ ma?ergF %%Ig Ig@cé%?cge first surface

Wever ,

mD rof tiid\@Bleotnie nekit€ad Giskit Chamfﬁial @lhm@ri%ibrhﬁatlis ¢ @m fagder than the
exanpl e, where the dielectric constant of the selected

matr inkdimensien aiibe basetof #1d GAVEYA.8.ads nog-pgrpenéicﬁlar g has an angle

t.t d t f d_of
5oy SEL0E ARt 3 2ELEES Bty i st g et AL P bE SR in
t hgnconemeieh %thfgb@n BREEGifRld ﬁ%ﬁal?@st w&qﬁe pé@encﬁ&ﬁmage than
where the dielectric constant of the selectéed

matfer thamen-perpegdibslanenstal |y different, e.g., different

SN TP ERIRIEIA AT a2

MatRitbRdl, HaWRWEr, 4D nieSerhiydimentt,Asve BRnherdidlEdtEle nRkerial can be
alum numnitride. As an exanpl e and for a 15 cmradi us

eI awsed,det exaimpla iele the distashg coeaﬁtae&@fﬁm @ﬁlcgﬁt@imwrlﬁlé @te
ai <UbSitsDy Sl p Eas Eilah bR TPt iRy AR AC Foflorhe

al tasnat Ibrﬁ@éséﬁng Bﬁié%sslﬁ)nd?i@ﬂ d@l‘ier'eﬁﬂ)‘édm@eﬁh@s tord ek as Sle‘&fctrlc
about 5 mmor Tess, alternatively about 2 nm or | ess.

Si maternal a0 be usash ﬁm ew:@mp,lgswhgg theedigleetgicfconstant of the selected
'ezll gétéro %}%t | %SS%%I#}?QX@ eren rS % % dﬁ?e%%nt %na}gfhftg ﬁ&l%gre tﬁéjﬁéld of the

treoce sectiona

anqilieia [9¥E€d¥Bih A hybcesEh afl ipPeFaieémByllim k@S, theo dleRictric raleH] insert
assenbly 300 with a dielectric material |ayer between

a dé8dstarmge fiouphrsen nidnde errplenbwry wiFidet i ¢ chuck

ceramc e f

el ectr os‘it‘sa%ll %:X%L assen‘g IcMl gg;glgg eg&&%@ cPk assembly, an

Congtemplaye ebpdimkht &Qﬂe dleledtrﬁl Bgkidldndeatcan |balsulbﬁatﬁmlly disc-
302, and an electrostatic chuck ceramc | ayer 306.

corfhapad hawing prfiametenelabonb  hem opfess allmative! V@Emﬁeltoéam or less,
S ug d%schl% égk Bi"gﬂoult 3 trrﬂ‘H%f Fetsg‘,,\éﬁ aﬁ%i (%Lﬁ‘é Hfd cﬂ less Slmllar and
COﬂﬂECt or or connection to CI r of "a

pr aekssl vafies pprabaiided fémneéctiavio thior assﬂnaiﬂtm hmmg dﬁﬁamg radii.

a wor kpl ece, such as a 200 mm or, 300 mn?emﬂg:ondurcr:ltlgl[y
another exemp

embodlment of an electrostatic chuck assembly 300 with a dielectric material layer
between a conductive support and an electrostatic chuck ceramic layer. The
exemplary embodiment of an electrostatic chuck assembly 300 comprises a
conductive support 304, a dielectric material layer 302, and an electrostatic chuck
ceramic layer 306. The conductive support 304, formed of a conductive metal such
as aluminum, is operatively connected to a connector for connection to a RF circuit
of a plasma processing apparatus (not shown) for plasma processing a workpiece,
such as é 200 mm or 300 mm semiconductor wafer, seated on the electrostatic chuck

ceramic layer 306. -



ceramc layer 306. - 9 - iln the exenplary enbodi nent

of FIG 3, the conductive support 304, the dielectric
worbeEruedss| ayer 302 and the el ectrostati c chucRCTRIS206/036110

| ayer 306 forma multilayer structure. For exanpl e,

the conductive support 304 has a first surface 310 and

a second surface 312. The first surface 310 is

operatively connected to a connector for connection to

a RF circuit of the plasma processing apparatus. The
di el ect rIndhmte@ml@w enﬁwénnezlogf EléhBatesondustive supnert 304, the

P R BB SO TP SR bR 10 B om

el eallkinstathenss UFKr SR, ehd AYBHctHO Gupsurt 0L asta st surface
dielectric material |ayer 302 at a second interface

318 101and ersecandestphes 31 % mwdirpiestiace hi igioperatively ¢onnected to a

e o B g S 05 5 LD GEh HEbsBlge. To

For digi¥ &b nfuteridl Gaydi 8OPEntdces B b&ohd budfaye 230 heccdnductive
i ncl ude one dielectric material formed into the

di efuppert 34 ipefoamiadirst lagpéﬁaceablzl o Tigsh susiferel @t s deatrogtatic

one.dielectri C j

oc AP E PSS g ol PR g B b AU 1 SRL APt sccond
congtegMts31810 have a radially varying dielectric
constant for the dielectric material |ayer 302, an

10erbodi rrelmon@ fexerplag enbedimpns, e diglecitic matpsiel Byer Hgdas a
th rtﬁ %6@ DiPat Var1§s|r r%é%ng ?r%h{ PLhntel 38 rﬁ%’tg n bfe @(ﬁée%2

can fant I nuous or SCOH I NUOUS

one e xa l”liﬁr%x&ﬁbl%mfeldﬁc’iédtﬁc fapiial 1@.9‘611 302Fchfsinchile dﬂeehelectrlc
dielectric material |ayer 302 is thicker in a radially

ce nn@fpnalefgnmd intothe Wigheqtric @ateﬁelrlamr 39210 eay inchgle anqry than one
e&%‘ ?ﬂiht%ac SEnBe ﬁl%%?f{iﬁcgrl 2y :Hé 1age sﬁﬁé?éér&{éng%ﬂnﬂar

e I'n ween y center

153 3 0d1alearib Rendtaritst To agvead tagliatig g@ryﬁ@dlel&cﬁiﬁiboﬁftaﬁtffer the dielectric
second radlallg edge region 334, the diele Eﬂ
matBpteepl 1pyey 802 g ‘%ﬂﬂn@ﬁaﬁé@lq%l@%ﬁéé@t@r Yer 3 has three

glbf%g{&hé HE&H& RO f%&gdﬁh@arﬁ'ﬁ@ﬁ?%gb% Fﬂ Faﬂﬁéﬁy EMinB8us or

e.g., over t I stance o neters or
| esdiscoatinw@n. be gradual, over the distance of

centineters or |ess, depen g.on_t ired. effe
on the dingme @mmalec%%@%mﬂség@lﬁﬁd t@ﬂg I‘%@ e Sl B epaterial
20  layer 302 is thicker in a radially center region 330 than in either of a first radially

o

edge region 332 or a second radially edge region 334. At the interface between the
radially center region 330 and the first radially edge region 332 or the second
radially edge region 334, the dielectric marterial layer 302 can change thickness
resulting in a discontinuous interface. The changed thickness can be abrupt, e.g.,

25  over the distance of millimeters or less, or can be gradual, over the distance of
centimeters or less, depending on the desired effect on the dielectric constant and on
the electric field.

In another example schematically depicted in FIG. 4B, the dielectric material
layer 302 has a tapered surface 340 and a planar surface 342. The tapered surface

30 340 can, for example, be continuously tapering or substantially continuously

tapering from a center region outward. FIG. 3 shows an example of a continuously

- -10-



In anot her exanple schematically depicted in FIG 4B

the dielectric material |ayer 302 has a tapered
woeurd7aa®s840 and a pl anar surface 342. The tapeCeas2006/036110

surface 340 can, for exanple, be continuously tapering

or substantially continuously tapering froma center

region outward. FIG 3 shows an exanple of a

conti nuousl yt apered surface and FIG 4B shows an

exanpl e of a substantially continuously tapered

surtepared surfacepel FUB 4B thows ap exeaple of £ selestauiplly gontinuously

- egrasteaitat. Gl ABY R ARt ARELtER ) b by sgmippousty
346Gapdinghiigha FiRe rézgmlqum& vhfol8 Shiekebss Bnd ARROBAregIdE346 in

second surface 312 of the conductive support 304 is .
cormphielthetthickngss yarigsead ivtapenad. ol he sesondhsurfagp S 3 @f the conductive

surf ace .of the dielectric,mteria ayer

st heuPiort J0F s apielneEl Sideef i Biniiintlo b8 PReed YGuBle 0 ot the
t hediglb&itie ehatérial TRELT02dt thealiRt ink@ace 94 asd thetpliaf surfidce 342 of
surface 316 of the electrostatic chuck ceramc | ayer

306hediclestricmatorial lnyar 8P2 getagy the firpisurfaem3ia ofdhe claptsergatic

or GUER SRR e i oS PO 0k, AR R0 08 e

exappdreesurtfe 3uh h&@%ﬁ&allfﬂboﬁtﬁﬁlb@y@dlﬁdﬁ@e ahfifgous liMBeace.
the dielectric material 1ayer 302 is such that a

10desi r ed Ingheleotihe abejiesxamples.che Breknast ativerigusipdiabpoints along
The,val ue. is sel.ected, at | t i [t . .
it B TR po 2 ufE bl Qe BT S Bleh Bonstan
fi ek dchétdd. SI%ESI@Hl'éQmelécﬁfcﬂ, b)telg&‘s@ 1rﬁphrg fb@se{d oa}StHainﬂufence the
processi ng process, such as by the devel opnent of a
rordiclaeffie sppatant dag o tereiestrip fighd withsahysaaentin@uopss g the plasma
o G ERESS L RPN a0 len b Sob Ryl e
15a ct'rfleggr_hpieg:the @gﬁ%ft?ithegieuémicdcmbﬁﬁt a(sjﬂ thleq dﬁleetricaidlaﬂeﬁylelayer in
inthe first radially edge region and the secon ] i
r adharadjalbyagater &ﬁlwanmgow_ 80 fislesti sansigniRithpiclectric
CorFLAUSR L el BURAPORLEn SOl SRRy s,
di eftedbwee dielosicanhstaft corelatkised ed:dwémapaﬁtﬁrei @uplimy &nd a
inthe radi ally center ,reiglin i&elo%(\@r tr11an_a fih
di elvgrieried echiateanticaratively, tieapect P e firleiigronsipppt the
20, DS TS L o PORIE S0P Ao Ll e
s ecnstaniastithd Higleettpematexddl dayer kutht iest radiallyatdgensgionnr a
i ncl.ude, for exanple, the radially edge regions, havin )
t hedielgtgic CH%%F?YH@?E"F@‘FI%“%HW%A e HghgFes mﬁﬁdsﬁllx edg¥region.
24 E8el O s BRI 5 SOl Uy RRRAS i e
di edaaet ilé\dng: sinsthamid/orhaving dissimidarsvatueg if@rtbe diatectriz constants in

altered by. one .or re aof .chqosi ng. material.s havin .
254i tthe Fespective regions. r]ﬁle vagatlons% %he xgalues to? thea(iléclectgc cogstant in the

various regions can be altered by one or more of choosing materials having different

dielectric constants at a particular thickness and choosing materials having the same
or substantially the same dielectric constants and varying the thickness.
FIG. 5 is a graph 500 showing the thickness of a continuously tapered
30  dielectric material layer as a function of radial position for the exemplary

embodiment of an electrostatic chuck assembly in FIG. 3. In the FIG. 5 graph, the
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dielectric constants at a particular thickness and

choosing materials having the sane or substantially
woheo7gaemss di el ectri c constants and varyi ng t hePCT/US2006/036110

thickness. FIG 5 is a graph 500 show ng the thickness

of a continuously tapered dielectric material |ayer as

a function of radial position for the exenplary

enbodi ment of an electrostatic chuck assenbly in FIG

3. Inthe FIG 5 ?raph theradial position varies from

0 (radidl mtthlig/atlh% r@@rﬁ @ndlgaanslthixmtqruaéwi Potiarm te &6 cax (at the

t he ut thICk ess Les, fr

abd ?15?) ﬁgﬂ otﬁ{c esg vatrlgs grggjue% (oét) (}étatﬁe og&er £ 10 to about 0.25
Cenh@rat 8id RhtePaShL piRionANLSRMYIAY Yelhitedrzhi [p%ﬁﬁilcﬂcnfeﬁrof a
thickness of a tapered dielectric material |ayer as a

fu rtapar%dlelfectmanﬁmqi daster pon funstige peragial pos%@talsu generally

Sai SeBRtiRGond el R fho  BLBbudiN bR g G0y hous
gr %Htlﬁﬁb%épsﬁﬂaﬁﬁ&sﬁ@f mal i zed el ectric field Ez(r) /| E
fornmed in the EI asma processi ng process as

f unct i orFIEf 6 isaigrap pmlﬂg(ﬂlﬁ T(Qﬂ)nahted\ﬁéﬁquﬁeldp%fiéf £x{@) formed

encies for the ar
o1 oG pEsebilf pESERR Y MR SRR il o yorious
t hi dﬁéfh@ﬁag febudretes tfanﬁé eﬂerﬂpleﬁyaﬁﬁkrddmémtoe theadledt@mnc asuck
presented in FIG 5. Inthe FIG 6 graph 600, traces

10ar @SME m EG. ﬂ&amrb@é{%ﬁb‘i thicknassifiee PPYRY sialaqsriq waterial layer
,1223]5 é)gesgnte% %* %f@ $ {@{ c{"@é&p%ﬁﬁo;)'p s % I)ég)e?l?e%¥ ﬁjequenmes -

pos

outraagifly FroAm BMILARt108IMHAd TA tradd for R OMEY. 6021 @hcswst z&fexponentlal
edge. As the frequency increases from2 Mdz to 73.5

VHADCIERS ieshsdirbdas die radielmosiion geqyics gutagrd,fom a cegfralradigl axis
4
gyl §R6080 0L SRRLENTRL S 2 1908, e b e

1573. éipbﬁﬂltihbﬂ!@fedse]&@re%ﬁ untihet 73. elNﬂHh&h@ﬁ‘E& 604 is approximately
exponent| al ative. In another exenp

DRI Ao B el Botieithe RRTIRRanCr Ry ototer tha 7S MHz
unlt[)‘%m ]{dall\qggg@g ﬁ@bgﬁ%@%‘é %ﬁtm@’ %R)teer axis 320

to an .ou or ex lelectric

mat er i alInlagyther S@plan ehiboﬂlmbﬁt alie <ﬂ1e1asﬁr1ctmu1emhlédi}©c802 has a
materials where the dielectric constant of a fi.r

di emsiorm;thickreselt) Eadialiyriram & oppteds Hiogaquies e, %%%mt
Of a sec}gﬂgf( ]tﬁleel‘ﬁg Eﬁe‘fec% 1?15 eﬁLﬁl gé} 3 9\6 n ﬁlcﬁlﬁg'a@ da¥t two

varylng ric constant ectric
matdeleettic nayeial3ORere die daaibciﬁlc rcmnrttarm fof a Iﬁmt (dln@éc&nd: ndaterial differs

i et i St e ENLO L 3708 P BFBIRTAFEH e Ege & fadially varying
?gglﬁ%lﬁgﬁﬁ c@ﬁs@anlt e5ah&ieledtr hiBfifNhye: 308 SnI@LEdadAAt of the
dielectric material layer 302 has cross-sectional regions and the dielectric materials
25  with different dielectric constants are located in different cross-sectional regions. .
The radial variation can be substantially continuous or discontinuous, depending on
the dielectric materials chosen.
In one example schematically depicted in FIG. 7, the dielectric material layer
302 has three regions in cross-section, the three regions including a radially center

30 region 360, a first radially edge region 362 and a second radially edge region 364.

A dielectric constant of the dielectric material layer 302 in the radially center region
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The radial variation can be substantially continuous
or discontinuous, depending on the dielectric
worb@Eruedss chosen. In one exanpl e schemati cal | PCT/US2006/036110
depicted in FIG 7, the dielectric material |ayer 302
has three regions in cross-section, the three regions
including a radially center region 360, a first
radially edge region 362 and a second radially edge
region 364. A dielectric constant of the dielectric
mat360i 1alovsreayl@n a3bigle¢tric chastans of tieldjeleasrie arateriaglayasBi® inghe first

ha tr const.an he dielectric
Bty ofegyepiosg52 ahd fireSemsdndip Bt pdstisEiol oB % egi on
362 and 1hheers a%mﬂmahh )sz ﬁi@%ﬁcfr@ﬁh@dﬁ@ﬂ aséefhbly, the dielectric
exenpl ary enbodlnents of the electrostatic chuck
as seatbitial layteh écllidek bmtommtrndape allummunayérld¢ nmeﬂwe,sexbmplmw

n|tr|d or ,al uni
iR G B oot mpteig Rl by BER RioKngsg ot about 5
ha\&hﬂlq)rqes%fm&hﬁﬁs tycﬁfooﬁ’tbpﬂrﬁnélm or |ess,
alternat|ve abou mmor less. FIG 8 shows a
sche rrat iFGe B @h@vm sahiconatic capsegectibnal view phe furthee axinapnlyry
enmbo nt 0 ectro tic cC asse
e nrepdinent OF ad Pef SR apeRR SYiuEE ALY o delhgliurtace of
c erzﬁ%l&tﬂo@%ﬁé chuck cbReni8XSeR | Mitie SR rYRAbodAnGAVA daity is
is formed in the electrostatic chuck ceramc |ayer at

10t hefogmed inrfhe elaettastasicichnck ¢rsamiorliysi etde seiingsarpeeaioy the

embodi nent of an ectr.ostati.c.chu e

corgTiBBE &8 shindr PRl Rbie B e aRRaRTRes dodply s00

¢ hugknEREPNEchdueikeS suppékt 362 Anlceavithtic &Rk icBratis 14fEE80E, and a
of the electrostatic chuck ceram c |ayer 804. The

cormduidy Bl@inuppice obhe elqca"pﬁ@tep dtuck ceremifuley ¢1&04nelhgiconductive

corinei P BtearadeRaR b b P RARRRERR. & fremuivgy

15Pr QRREdtEDtoARPAN St biSfof &ﬁmeawm)a RIO6ir S Bpl NrC ;98¢ sHig
a wor kpi ece, such as a 200 nm or 300 nm wafer, seated

on apharagiispetsbewva fOg Plaswe Prasessing %Wp@lspeqceemh ag f 2P &m or 300
| th
corrae el S SRS ERTR ol buld fretbod 00

second sdrfi@électibbehtiarbudkusahislg800 st BIG.@, aluwkdaaivesugport
| ayer 804 has a first surface 820 contactin

h
sect¥Rdas adr surface 19rand peceudauepss &l 2andbe gletswist% chuck
20f oz&%ﬁm}; '12[8%} 864[]f1§sr f ?su%f%%e gg(g &ﬁctﬁg%&c%@&léﬁfrfaég 812 Qf the

0O recel ve pl ece a-pretrerre

enheddingive sulbﬂw‘t 81)2\/tbtﬂy‘rn11 5 figst igteifao® 82a \antl Yias Asecoded swifed 824 to
schematically.in FIG 8 and phot 0%raphl cally in FIG
9, TEOEW/R Mptkpiseid26s bt arbrplerrediembodupatdhe Rl agaguigh cavity.

the el ecgy &’ei)tlc%d &h@&gﬁgalﬁfelﬁ FiE;C3 ﬁﬁyﬁ{otégqg‘phlcally in FIG. 9, a cavity

806 is formed in the second surface 824 of the electrostatic chuck ceramic layer 804.

25 The cavity 806 can take any shape. In one example, the cavity 806 is disc shaped or
substantially disc-shaped, e.g., having an eccentricity of between 0 and 0.25. In
another example, the cavity 806 has a radially varying cross-sectional thickness (t).

In a further example, an embodiment of the cavity 806 has an outer edge 832
having an average slope that forms a perpendicular angle (f) with a plane containing

30 the second surface 824 of the electrostatic chuck ceramic layer 804. The angle (B)

can be, in some embodiments, 90 degrees, e.g., the average slope and the second
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The cavity 806 can take any shape. In one exanple, the
cavity 806 is disc shaped or substantially

wdizeww/gémaped, e.g., having an eccentricity of BeTwszm6036110
and 0.25. In another exanple, the cavity 806 has a
radially varying cross-sectional thickness (t). In a
further exanple, an enbodi nent of the cavity 806 has
an outer edge 832 having an average slope that fornms a
perpendi cul ar angle (b) wth a plane containing the
s e corfdces¥ ofdhe gledirastaticishuek eesamigdeyver 864 ereusrpasdicalarcand can,

| ayer .804. . The apgle.(b) ¢ i.n. so enbodinent s

00 halp sty AR i Ehofth Bressh o R atgEe MORCAR he
S eGRERILLE eSS B2 B elehtpostitie ChiickSéerirhiz 18Y4 84 GRY @I C

| ayer 804 are perpendi cular, and can, in other

entpsdiendictler. Heaprefasredeathodmanbghearngle @)ds in & taage of greater than

aver age ,sl gpe and the ond e. 824 of
Sl derrgdreadne: Srtaen B4 SO0 BRERY e fan 13 Begrecs

NONXBFAR RSty Gtk Wan d deglech! AllQNtEEELHCETH Okl HRAL3 ddghges aARYIsBown
(b) is in a range of greater than zero to |less than or
equerein,chesngle g&@fést,heéhamrqf #hq legtic figlisformedhingthe plasma
deq{e%§inaIQ%EQ9tively | ess than 6 degrees, and
alté?%gil%gfy Pess than 3 degrees. As shown herein,
the anglmGaf act sraph 0G0 to®igf the BRareas blebwicfietd 8, (1) / E.(0.15)
fornmed in the plasma processing process. FIG 10 is a
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the electric field for a second trace 1004 .
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5 L f Bl G0 It 1 o Syt e
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¢ adrdie! ! ades of ity AvaaTRGTHe Snalrcipsial Shick dge Ty
tth%§¥&5¥a@> conpared to an el ectrostatic chuck

y Wt

asse out a cavity.

FIG. 11 is a graph 1100 of oxide etch rate (in A/min) as a function of radial

2

o)

25  position (in mm) for a standard electrostatic chuck assembly and for an exemplary
embodiment of an electrostatic chuck assembly with a cavity in a seating surface of
an electrostatic chuck ceramic layer. In the graph, trace 1102 is for the standard
electrostatic chuck assembly and trace 1104 is for the exemplary embodiment of an
electrostatic chuck assembly with a cavity in a seating surface of an electrostatic

30  chuck ceramic layer. Trace 1102 has an approximate bell curve shape, with outer

regions from 90 mm to = 150 mm of lower and approximately constant etch rate
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FIG 11 is a graph 1100 of oxide etch rate (in A/m n)

as a function of radial position (in nm for a
weoerenTdasds el ect rostati ¢ chuck assenbly and f or Pa@WUS2006/036110

exenplary enbodi nent of an el ectrostatic chuck

assenbly with a cavity in a seating surface of an

el ectrostatic chuck ceramc layer. In the graph, trace

1102 is for the standard el ectrostatic chuck assenbly

and trace 1104 is for the exenplary enbodi nent of an

el entlrostitt ragiahefci®Oasmarit an inerehsed etchatey(over that of the outer

seati.ng.surface of an. electr atic.chu er.am

; gBriotsaeiRs e A P AR {0 Srrap amore

Wi tufhifRkth @Fchir8@i 20 Rs fHe@miRQadMl distanddé¥ 0950 mawe Traed 104

approxi mately constant etch rateand a center regi on of

90 exhibifs threaregions reaesater sagion +ilea fissi opter Fegioro} Iglt2haéld a second

R

acrsafe, bdigs Stut 1880+adilamidli BétareR eth df thdouk&Gedidhs and the
Trace 1104 exhibits three regions - a center region

11 Jentenrdgionsis ap arearof relgfively deceasedheich raje & bt feypiieg a dip in the

regi,gn 1 14. . The _etch.rat.e i ach of .the -t .
e Baty el RERF mERERY oot Do BRERa Ry B R0 Fhgyec in
A pokitioBs tHaeesrRp6 1fthd Agiad Bo&tion 60he Bsvignsligthe

center re% on is an area of relatively decreased etch

Orate 113G i3AmnalG BBpshow thpeziawdhel vatidicnip heightplagestched
ar exggc're fcelc?r]. eh@‘ | gl iy th%%%srau?taf%F vi%'f e gaotnga %@F%?gfostaﬁc chuck
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i N diednggxentphsy ambedimentdfilm addctrb8iatis cinrok assedatdy giith a cavity in a
value of 11.8 nm (6. SO%f,and a range of 17.3 nm (i). 29 . .

As ssHiughsuriacepian elogrosigtic shyekqepmic davsr thnaznuhal ygrjtion in

A . tig !

SRR o AkgS0nELSELCOERA! L5 SMERIBESETPL 1 B e
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( 4.379§1kDIgGE OB AP SFeyRPlaE er%eoélrﬁ?ﬁqg??@ géef’tffﬁi%’, chughpsspinhly with a
the. Lupid §§ééltih§ surfdte O?Qﬁ‘ eﬁ@@n%sttﬁﬁ:t chubie &St her(RIG.212B) exhibit
wor kKpi ece on an exenpl ary enbodi nent of an

el ecmorestraforn hetpht with adewtd wariatiomamd range of heights across the entire

25  wafer surface. In general, typical ranges for azimuthal variation for a workpiece on

2

()

an exemplary embodiment of an electrostatic chuck assembly with a cavity in a
seating surface of an electrostatic chuck ceramic layer are expected to have a 3-
sigma value of less than about 5%, alternatively less than about 4%, and a range of
less than about 7%, alternatively less than about 5%.

30 A pole pattern can optionally be embedded in the electrostatic chuck ceramic

layer of exemplary embodiments of the electrostatic chuck assembly.
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cavity in a seating surface of an electrostatic chuck
ceramc layer (FIG 12B) exhibit a nore uniform hei ght
waei20d7/0a0959Wer vari ati on and range of hei ghts aeCo8$2106836110
entire wafer surface. In general, typical ranges for
azi nut hal variation for a workpiece on an exenpl ary
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r
o ASETRIL iy 30 B Sy i
di f1f3ee emubpﬁaﬁﬁalmpmteﬂégin@ nsewhd hbmisphatilBg6 sficdreestric

of the electrostatic chuck. For exanple, a fir ilg .

herfcapHEes 1389 by a\fea@aaé%mt@u@érhn@.Wlé}l%gnqe%@e mispheres and

su t DREF :

of Heiftdnthiok pSERS R SfH ol B PEREORIL YOI AR rmisplbres. This
15congroducesis discotinabtispole paeernfl 32Macrbszr mmlabdlmenaind of ten

at an outer point 13 O and . at an i.nner 0| n

i o.q%wﬁ@sfta%cwﬂﬁ SBhER génto %re?)"rIS%FBE%@ arg |r%‘3é Phuous
|
po &rcﬁﬁ%&r@ﬁtﬁl@%ﬁﬁacgt’%&,géae?h spﬁl hlelglt'ag@gl%'fsfgec@itm&l%w of an

el ectrostatic erent
r egaxem@ldm ambadimeniacti aal digctrostatic cliuckfasseently sithyan embedded pole
separ at e

vi diptiem 1gﬁheeeigq.s{fg%§|n|9% ke Szﬁg]g ay%:lf(s: o oﬁq}ﬁ g%t g‘g? different
20ch %?oﬁ§§§m?:l Sbupleli o @&h‘%ﬁf?&%?%%l@l? n%u&ﬁtetc%hghﬂé‘. filzh%dltlon to the

el ectrostatic chuck ceramc layer shown in
Th edmhohﬁmmmﬂ polegyitoms] 328nF16e 14 aisolsbows @ gemaral aptahgemént of a

a hi, ctive couplin | ddition to .the
o R Ao et B e O o e Sitoptaous Solf B5tern d320 o
gener al @I HMGSTRIBbdRents of the pole pattern are preferably formed of a

conductive material including tungsten. When the pole pattern is formed of a

25  conductive material including tungsten, the width of the continuous line is
approximately 0.10 inches. It will be appreciated that various pole patterns can be
used, including radially continuous and radially discontinuous embedded pole
patterns, and that the dimensions and arrangement of the pole patterns can change
based on, among other things, the composition of the conductive material forming

30 the pole pattern and the desired radial distribution of energy density.
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circuit 1322 electrically connected to the
di sconti nuous pole pattern 1320. Exenpl ary enbodi nents
wofhod7hva0938| e pattern are preferably fornmed of BCT/US2006/036110
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pattern is forned of a conductive material including
tungsten, the width of the continuous line is
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iy HEURRARRT LY PRRER, Pl B3l At A iy fhonous
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el ectrostatic chuck w thout

, h
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distribution of energy density, preferably a more uniform radial distribution of

25  energy density.

FIG. 16 is a graph of normalized energy density as a function of radial
position (in mm) for Various embodiments of electrostatic chuck assemblies with an
embedded pole pattern in the electrostatic chuck ceramic layer where the embedded
pole pattern is continuous across the radial dimension. In the FIG. 16 graph 1600,

30 trace 1602 is for an electrostatic chuck assembly having an embedded pole pattern

that is continuous across the radial dimension; trace 1604 is for an electrostatic
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further influence the radial distribution of energy

density. In each case, it is shown that selection of
woOhew@4é93at ur es, al one or in conbination produes/U&2006/036110

tailored radial distribution of energy density,

preferably a nore uniformradial distribution of

energy density. FIG 16 is a graph of normalized

energy density as a function of radial position (in

mm) for various enbodi nents of electrostatic chuck
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15el eﬁﬁheésﬁlaidncacchuh Khe&ﬂ&ﬁﬂdibﬂatle shubksetapsie thyles raﬁ&i tnoogporiting a
nanufacturedlgﬁ one.  of various nethods.
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conprises formng a nultilayer structure,
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sequential deposition of the various layers with interjected milling and forming

25  operations. For example, where the method comprises forming a dielectric material
layer between the conductive support and the electrostatic chuck ceramic layer, the
dielectric material layer can be formed with a tapered surface in contact with the
conductive support. The conductive support itself can first be complementarily
tapered to the form of the dielectric material layer by, for example, a milling

30  operation, and the electrostatic chuck ceramic layer can then be deposited on the

milled tapered surface or can be formed separately with a formed complementarily
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region of a free-surface of the electrostatic chuck

ceramc layer and formng a dielectric material |ayer
woebomwaopss he conducti ve support and the el ectr BeTAISRM®6/036110

chuck ceram c |ayer. The nultilayer can be built up

sequentially by, for exanple, sequential deposition of

the various layers with interjected mlling and

form ng operations. For exanple, where the nethod
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(o)

appar at us pl'asma processi ng
apparatus.
25 Any of the electrostatic chuck assemblies disclosed herein and incorporated

into a plasma processing apparatus can improve the uniformity of a flux field above
a workpiece during a plasma processing process.
An exemplary method to improve the uniformity of a flux field above a
workpiece during a plasma processing process comprises incorporating a dielectric
30  material into a region an electrostatic chuck assembly, mounting the workpiece to

the electrostatic chuck assembly, and establishing the flux field above the
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apparatus 1700 in FIG 17 is a parallel plate reactor
havi ng an upper showerhead el ectrode 1702 facing the
workpuese seating surface 1704 of an el ectr osParius2006/036110

chuck assenbly arranged within a reactor vessel 1706.

Any of the electrostatic chuck assenblies disclosed
herein can be incorporated into the plasm processing
apparatus. Any of the electrostatic chuck assenblies

di scl osed herein and incor&;&ated into a plas
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pr S i
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ce ragrgu?erleﬂgg bt G MALhS: AeRaltfGethit 45 ittt 8GR f st @ngle with
conductive~support and a surface of the dielectric
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materi al_, igﬁert is a d',éﬁ and the dielectric nmateri al
haeRPengigh Pf/n%PV‘PF@il Yss-sectional thickness. An
outer e ] ﬂ%ﬁM; Y; n e iHf dielectri
20t he di elcig?tn ?tfhglt &rr%? g’?él’ g;}%@ et i%tmgﬂg?sﬁ?gﬁi?g?eafﬁﬁg’t Hie dielectric
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surface of the_ conductive support.. The an .
electrostatic chuck cerarrﬂc tlayer. I a%pexemplary emgocﬂ%n%nt? e lgfer is formed

from one dielectric material and has a thickness that varies radially from a center
axis to an outer edge.

25 In a further example, incorporating includes forming a layer of the dielectric
material between a first surface of the conductive support and a first surface of the
electrostatic chuck ceramic layer. In an exemplary embodiment, the layer has three
regions in cross-section and the layer of the dielectric material is thicker in a radially
center region than in either of a first radially edge region or a second radially edge

30 region.
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per pendi cul ar or non-perpendi cul ar. | n another

exanpl e, incorporating includes formng a |ayer of the
dized7eaeassc material between a first surface oPCTIS2006/036110
conductive support and a first surface of the

el ectrostatic chuck ceramc layer. In an exenplary

enbodi nent, the layer is forned fromone dielectric

mat eri al and has. a thickness that varies radially from

a center axis to an outer edge. In a_ further exanple,

i ncor podagristl further esanpleoneerngrating iphides forniieg a layer of the
diel.ectric terial be en.a fi.rst face of th

corticatic Bl g Fean Bt fitade o fiRrooBHlici e fygport alft a irs
el Qatmesdfakd Sle@iuitiic GRAGEeBarhRYBer. Tardéke@fdrp ledit¥diment, the
enbodi ment, the |ayer has three regions in )

cr deyer baca i forarilickhess|aag dre layerthh@t%m@eéms irccrpgt-ection. The

is thicker i.n.a.radially center regi .han_ in eithe

of thiep Fens i £ By oeR BE o, F Bk adiiieded Bkibi §ha o
edgecdndghdialy 8dgd refioh) Af dlEleheic cEXsHploethel dI€10EtHO hidkdrl@ in the
includes formng a |ayer of the dielectric materi al

betredielly eenterregion isrlpwerther adirtectiihennstant ef the gisdactrigmaterial in

afjrst surface of the electr td G C eram c

gl Bt R B3Rl P B B Bt SREE o2

uni f or m Adviticds RR&BpIBAOmEMBd tkPniroVeathe uhifeenityedl Hftgx field above a
cross-section. The three regions include a radially

cemmaskpieegyduwing agplagmasproeesding|prgceatRpannTisgs EWmangR eavity in an
d radially ed ' A di i :
R s B BB PS4 6 RS ol

I S théuMeihg takodplcetEtt bukr @t afthelectiostatle ehekisbitliat the
material in the first radially edge regiaon and the
SecBhly isaaveard py él_tfg‘@%gicmndpzﬁébhﬁ@mgég@ FpK aield shove e

L0 JARbRYE A D&Y Al He1@ hn e thd ol dnSh ﬂf%%@orll—gorated

wor kKprece during a plasma proceSS|n§ process conpri ses

f ordidgle@rianaeerial Suring the pliding freoesdidceroodss ddless than an original
el ectrostatic chuck ceram c |l ayer of an el ectrostat.i

c E wiekue ofshmilwniield i aporlegiostalic enakyathoyt Bre inepparated helectric
t i . i i s .c
oy SRR FREbRRORe T o PR, VY e BpYAIEHG. 1

abaiewt bieanges kwteiciate, Bothalfwwehidi retaetof fluxxfidlde| An abawelary
the region. with the incqorporated dielectric na

ot

durm#iBod priioppll b & PfisTh frpibg glecirast fiscaliigk Seragic layer.
i i | . t . 1 | . .

grh Iug |k n \?vi xh\égla%ign Qithith€ cdvityeah 'vgxl}/dj _Pfo? E}c(:t 18] 1BE H G @it in ar

the incorporated-dielectric material.
Forsestigquiface ofl 48 elddirosfativshuckdecamiofeyet.n ener gy

densities and FIG 11 shows changes _jn etch rate, both
of whi cHiBERBPleqthe| leeﬁicgvl@gﬁasmagwﬂwpgﬂgg cross-sectional

thickness. In another example, an outer edge of the formed cavity forms an angle
with a plane containing the outer surface of the electrostatic chuck ceramic layer.
The angle can be perpendicular or non-perpendicular.

Although the present invention has been described in connection with
preferred embodiments thereof, it will be appreciated by those skilled in the art that
additions, deletions, modifications, and substitutions not specifically described may
be made without departing from the spirit and scope of the invention as defined in

the appended claims.
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nmet hod optionally enbeds a pole pattern in the

el ectrostatic chuck ceramc layer. The region with the
woanintogossan vary. For exanple, the regi on can BeETiUS2@6/036110

seating surface of an electrostatic chuck ceramc

| ayer. In an exanple, the fornmed cavity has a radially

varyi ng cross-sectional thickness. |In another exanple,

an outer edge of the formed cavity forns an angle with

a pl ane containing the outer surface of the

el VHABISELAIMELRCIS: cer aic 1 ayer. The angle can be

di cul - ' .
penen il e P TIEREA O Pt KRB B
W telecloStaé &Mk&a&&dﬂmﬁgiﬂh@r eof, it will be

appreci ated by those skilled in the art that
addi tions, ded conduiiye SHRROTE oRezativelsconaemed IprseanneRtPLiRg

not speci ficably . ' | ut

> dep%?Pﬁ‘r“’ﬁlanﬁ?a tﬂlgﬁlg%ﬁ}%%& %@pgccgeﬁge{ﬁggp%é{lgnventi on

as defined i nptdtappendadkcbaidis 12y Haviry £hAt biBck & contact
1. An electrostatic chuck assenbly for a plasna

pr ovids thersgndyntize senport af pideest adirstgagian o€ 2 Epy dkeriacsang |aypecond
conpr.ising: nduct i v r i.yely connected
to gpgéﬂ%g%?%? IH%Q%& %@%%ﬁgﬁgp%dgpgﬁg%?¥tu¥t of the

pl asma pr ocesséaRity aphaicatdiRtivasupposiclt b esdoatl iregiomutie first
ceram c layer having a first surface in contact with
10t héniesfaerienfive support at at least a first region of a

first i nterfaac(ﬁel%@tgic%ﬁ%&@ﬂ%elggl?ﬁl%icggit};urface for

seating of a sem conductor su rate; @ cavity in the
conductive support at a second region of the first
interface; and a dielectric material insert in the

cavity. Hhe efprirostelie pliuskpatemble ALERITaSSERBPY: of cl ai m
1, wherein: ttF? df%;«.a%{r?c%{tleﬁal e %@h ile?és%éﬁtiaﬂg%ﬁwf%%mme of
essentlallya (0] a volune O t e%awty an as a

15f i rthé coutyfamdéhas affirit Suidacs contiticub evithi the first nftenfdcace; t he

erjal insert is a dis¢c an

3: :: cctr 3. el ﬁieiqctrrcr@%tﬁlalﬁa@ﬂds ﬁé)@ﬁczimﬁ;&ﬁqr}ﬁﬂ??ﬁﬁig material insert
MRy sdoe of (1e Sl 1y
neet at a secanshtérridgs dfthe cavity addemeiutertekige sftheditlectric
! ntrgarlttaggleinshe?tsmgeq at a second interface and wherein the second interface has an
20  average slope that forms a perpendicular angle with a plane containing the first
interface;
an outer edge of the cavity and an outer edge of the dielectric
material insert meet at a second interface and wherein the second interface has an
average slope that forms a non-perpendicular angle with a plane containing the first
25 interface;
the dielectric material insert includes boron nitride or aluminum
nitride;
the dielectric material insert is substantially disc-shaped having a

diameter of about 12 cm or less and a thickness of about 5 mm or less; or

30 ’ a pole pattern is embedded in the electrostatic chuck ceramic layer.
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average slope that fornms a perpendicular angle with a
pl ane containing the first interface; an outer edge of
woheo7maedssy and an outer edge of the diel ectri 8CT/US2006/036110

material insert neet at a second interface and wherein
the second interface has an average slope that forns a
non- per pendi cul ar angle with a plane containing the

first interface; the dielectric material insert

includes boron nitride or alum numnitride; the

di &k ect Tihe etrstrostati¢ cliuk @psembly ofphaimeh twhereiy:
di sc- shaped E@%ﬁ%? sxgga%la ?F@e%el@&ri?&%&iﬂlﬁlsg bs%lglla? With the first

and a thickn nm or Tess, o
patifefiicd: S enbedded in the el ectrostatic chuck ceramc
| ayer.3. "The el ectrostatic chuck assenbly of claim 2,

wher ei n: t he the pesr-peyperdiidargnglerie ing @nge of greaterthan zego to less

insert is planar, Wt first interface; the
5noﬁgﬂEF§@H§ﬂgHsgfggﬁ%@égﬁg in a range of greater than
zero to | ess thdgdle phttefl idisdontifdoud @groses radidl dimensidieof the
pol e pattern is discontinuous across a radi al

di rebasspgatioghucke el ectrostatic chuck. 4. A plasma
processi ng apparatus conprising the electrostatic
chuck assenbly of claim1l. 5. An electrostatic chuck

assenbl YA prREma pRlcassive Qpacesonprispgahatlesrostdie chuck assembly

el ectrostatic chuck assenbly conprising: a conductive
10supdsleimtavi ng a first surface and a second surface,

the first surface operatively connected to a connector

for connection to a RF circuit of the plasm

pr gc es siMmgelagtiuataic thicloasdérable dorr 4 glagmi pracedsidgeapparatus, the

contacting the second surface of the conductive

susirstostatic ehgickhagsembly EoMpeRg ace; and an

el ectrostati g C%“g‘ﬁé{t{,&%t%ﬁaﬁﬁﬁhdﬁﬁ fifieNirBRe and hrs?éolnd surface, the

surface in conta ectric materral Tayer
15at fasisacfhcdopemitbielacmnestbdtoa conhbeociondowtectien ®upRBcirguit of
the dielectric material |ayer and the
the plasma processing apparatus;
a dielectric material layer contacting the second surface of the
conductive support to form a first interface; and
an electrostatic chuck ceramic layer having a first surface in contact
20  with the dielectric material layer at a second interface;
wherein the conductive support, the dielectric material layer and the

electrostatic chuck ceramic layer form a multilayer structure.

6. The electrostatic chuck assembly of claim 5, wherein:
25 the dielectric material layer has a thickness that varies radially from a
center axis to an outer edge;
the dielectric material layer has three regions in cross-section and the
dielectric material layer is thicker in a radially center region than in either of a first
radially edge region or a second radially edge region;
30 the dielectric material layer has a tapered surface and a planar

surface, the second surface of the conductive support is shaped to conform to the
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el ectrostatic chuck ceramc layer forma nultilayer

structure. 6. The electrostatic chuck assenbly of
wobhkeirrmu@sswherein: the dielectric naterial | ayecThas008/036110

thi ckness that varies radially froma center axis to

an outer edge; the dielectric material |ayer has three

regions in cross-section and the dielectric materi al

| ayer is thicker in a radially center region than in

either of a first radially e region or a second

r adamrq:q/m@g@m? g dmlpctmm@a@né yerrat therfirstainteaface agcsthe planar

<o B el AR de 2 B TPRS 18 HiniBed AR SRR Rt

t o dhhst spanRayed bf M6 Secdndtifterfideg! ectric material |ayer
at the first interface and the glanar surface of the

di el ectric nihedickrtricayaterial daseabesa whigorm thipknesgiradiglly from a
of the el. ec trost at Idé chuck ceram c | ayer at the second

|ﬂf§??5@@s‘}ﬂ%mﬁ?éi Bric material layer has a uniform

t hi ckness r adh@diklectricanataridlemfee s Pxhed fromain least o dielectric
edge; the dielectric material |ayer is fornmed from at

| eamateriale adlielpetti poustanhobe fist dielegtin wpisdak ifferipg Fomya dielectric
S | differing froma
dléﬁn& ﬁfgagongg %&ﬁ?gﬁhgéggnd dielectric materia
the di el ectr ithe dleefricahatbityldhychass ﬂhfh"e&@gmﬁginm’ﬂ&sl-s&ctlon the
cross-section, the three r?’gélfons including a radially
10¢ erﬁﬂ@ﬁ r%@mdnclu@ng pradialpernigrirogion plinsgiisHy gdge reglon’and a
secQ
ﬁ{r ﬁ(:le'gegg%?e %VQM’,‘I‘GI Q%ég%@{lg bghs@ang b?ﬁl@%‘ieﬁé&nc

COI’]S

r adhé?cbhad I@ﬁiﬂ irethe Ifzﬁﬁallgncdm?er hég&@t istlbwer mamla dieﬁbtmc @onstant of the
constant. of the dielectric material layer in the fi
! adlielpgtyic awraial layeion thedrst rdiadlyedag rezaen and the gzrgad radially edge
%g a pole pattern is enbedded in the
rostatic chuck ceramc | ayer; the dielectric
15mat eri al | ayerpdlpdtieciess dntreddednintthé electoustaticwhiiclucaramic layer;
nitride; or the dielectric naterl | layer has a
thi ckness of tAbdiglecticatgaljlgs m‘*%.‘ efr%@mé‘lnété‘ldl: 9% el igum
chygkiasgenbly of claim6, wherein the pole patternis
dlscontinuous across a radial dinension of the
el ectrost at i ghebiekktricBnatérigllasmhaps thicknsssnaf abppia siuer less.
conprising the electrostatic chuck assenbly

20 7. The electrostatic chuck assembly of claim 6, wherein the pole pattern is

discontinuous across a radial dimension of the electrostatic chuck.

8. A plasma processing apparatus comprising the electrostatic chuck assembly
of claim 5.

25 7
9. An electrostatic chuck assembly for a plasma processing apparatus, the

electrostatic chuck assembly comprising:
a conductive support operatively connected to a connector for
connection to a RF circuit of the plasma processing apparatus, the conductive

30  support having a first surface and a second surface;
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of claim5. 9. An electrostatic chuck assenbly for a

pl asma processi ng apparatus, the electrostatic chuck
wagsEmdiygs conpri si ng: a conductive support opeprParivgedog/036110

connected to a connector for connection to a RF

circuit of the plasma processing apparatus, the

conductive support having a first surface and a second

surface; an el ectrostatic chuck ceram c |ayer having a

first surface contacting the second surface of 'the

conducti ve supmiactrostatiq %ﬁlﬁk sepmislayprhawitga Brshsface contacting

havi ng a second rface t.o receive.a workpiece: and.a .
b ShePat FiERag ob e e e BHHRY 16 e St R g tes i pving o
ChuekonASEERR 1 redeied AivbrkPieckmbei n: the cavity is
substantially di sc-shaped and has a radially varying
cross- sect i orfedavithircthaeecond swiangt er edge of the cavity
has an average slope that forns a perpendi cul ar angl e
with a plane containing the second surface; an outer

edge, of THeel&abktadc Hagkakeaibey 80daisl Qpehdréial forns a
nonper pendi cul ar angle with | ane containing the

a
Second sur f adbe camyousstaatgly Gro-tinece A ks dradially varying
average slopge.that fornms a nonperpendicular angle with
2 praee Rt LS

5

t he second surface and the

nonper pendi ¢cuhdutaRggeof the taviey Hagag avahg@slesd ®nt fohana
zero to less than or equal to 45 degrees; a pole

10patpeanendicylos ppgle dddh 4 planerontainipg thsseeandsuefe®k ceranic
| ayer; or a pol ' ' )
el ectrostati Ca%a%&e?%ﬁ%%éf{}lr# gaﬁ?}%‘? gg(r%\élér? %éeﬁg%ﬁ %1 atp%){rfl er A"
| S Rieasituiad uels watirosisneccontthing thdi seenisl supfacd; t he

el ectrostatic chuck. 11, A plasnma processing apparatus
conpri si ng t & eitesedgoet the Fevityhas Rn geyagpilgpothatiognsp non-

ch e oepdiell Afs P ARG B RO non-
151 NQetisbiniguRer a0F16 ikCihiarengeifpoedierah@r Ao weleys thamoeefualito 45

to a connector for connection to a RF circuit of a
pl &$8%8eHr ocessi ng apparatus and an

a pole pattern is embedded in the electrostatic chuck ceramic layer; or
a pole pattern is embedded in the electrostatic chuck ceramic layer
and the pole pattern is discontinuous across a radial dimension of the electrostatic

20  chuck:

11. A plasma processing apparatus comprising the electrostatic chuck assembly

of claim 9.

25 12. A method of manufacturing the electrostatic chuck assembly of claim 1, the
electrostatic chuck including a conductive support operatively connected to a
connector for connection to a RF circuit of a plasma processing apparatlis and an
electrostatic chuck ceramic layer, the method comprising:

forming a cavity in a region of a surface of the conductive support,
30 the surface in contact with the electrostatic chuck ceramic layer; and

incorporating a dielectric material into the cavity.
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el ectrostatic chuck ceramc | ayer, the nethod

conprising: formng a cavity in a region of a surface
wofhod7leossenduct i ve support, the surface in conPattusobh3c110

the el ectrostatic chuck ceramc |ayer; and

incorporating a dielectric material into the

cavity. 13. A nethod of manufacturing the electrostatic

chuck assenbly of claimb5, the electrostatic chuck

i ncludi ng a conductive support operatively connected

to a connector for connection to a RF circuit of a

pl asma pfocessi appar at a I ti.c ch
DL 2 85858 Do RRR B ARG SRS FOHES e
nuldidckrdyiatic SituckGhdiiding Aebitdtictige §UbPo @PEIACivElY RofkRRAND a

and the electrostatic chuck ceramc |ayer; and at

| eaonnesins forf cqnapctiosrtpiaRf eiravdhaleyplasmagdrpeassiag apparatus and an
free-surface of the.electr.os ' >k _ceram c | ayer

>an ??%fs?g? ﬁ?"ﬁ& Kt baé’ & ecﬁ]%é%‘g ?(?lgﬁ?@%ée r between
the conduct i grisidpRAiltiRpE: deed Reluda! tht téndidti¢ksupport and
ceram c layer. 14. The nethod of claim 13, wherein the
nettheeleetonsticsbuck esramisdaerdand ectric material | ayer
bet ween the ¢ ctiv r t td
chuck ceram ca? P%gt eorneéﬁ&g)ﬁﬁrgl%aé 3?@‘2@& fl?lga %gfbér".rfgﬁ{ﬁ%fy”?}a“ of the

has]@tloapté ethickefaate ldydr apnbafdrmmd Hdieletrivanstedililyger between
support. If. A nethod to inprove the uniformty of a

10f | (fhe eqnsliugtivesappor apd e slestestai shivgk gergnig hayer.
processi ng process, the nethod conprising:
incorporating a dielectric material into a region of
t hel4el ectheandthdd 6f dlhiuc k3, adreati i méthed eomprises foruiiig adielectric
the workpiece to the electrostatic chuck assenbly; and

es tTaBpial fayeg betyeen hgconfeqtiye swenast anddheplerippstatic chuck ceramic
wh f . . i el - .
i 0h o A HE L plelfiel ke b S AREUR L0 LR B the

15p! asmudqiivee@g®irtng process is | ess than an origi nal
value of the flux field for an electrostatic chuck
assembly wi thout the incorporated dielectric material,
an er (=Y [ . .
i elfber v mbcdfo SEH R Al Ll DS ARHR! bve 2 rorkpicoe during
oper plhdnveprycesongeedaess, tie method p@nprsing:or connection to

a RF circuit of a processing.appar.atus and, an .
el ectrost at i dNEHRYRUBSR QP?:IQ?%F%@EWI?L ntog kegipn ¢ dp gectrostatic
20C! adhﬁbl&ésse%ﬁrrcﬁ*cﬁifn%‘}or porating incl udes:

mounting the workpiece to the electrostatic chuck assembly; and

establishing the flux field above the workpiece,
wherein a value of the flux field above the region with the incorporated
dielectric material during the plasma processing process is less than an original
25  value of the flux field for an electrostatic chuck assembly without the incorporated
dielectric material, and ‘
wherein the region with the incorporated dielectric material is between a
conductive support operatively connected to a connector for connection to a RF

circuit of a processing apparatus and an electrostatic chuck ceramic layer.
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formng a cavity in a first region of a first surface

of the conductive support, wherein the dielectric
worb@Eruedssi s | ocated in the cavity and the PCT/US2006/036110

el ectrostatic chuck ceram c |layer contacts both the

first surface of the conductive support and a surface

of the dielectric material; formng a | ayer ‘of the

dielectric material between a first surface of the

conducti ve suEport and a first surface of the

el dét r osthetrnetheheicdtaivetamberdimineprparasingiiecludes: | ayer is

formed from |elec ric eria

hi ckness.tndproie F &8 - AR Relol g A i iedb.of the popauctive

an sappét, vafkesn tHeQlidTedific takeit®ls 16€atddia thlé edvtgtant he electrostatic

mat er’i al between a first surface of the conductive

supboelk caapricdaydrcantaels bothdhbe st surdace |oé thercgneuative seprpkand 2

scera rei e layer has three regions in

Scr égga% %ﬁ?{%ﬂle T wtlﬂn[eﬁl yer of the dielectric material

is thicker i rfoﬁmh?@'l@ek ¥f GRWidéctfiefHaffial PaWwetma Gt b@iface of
of a first radial e region or a second radially

ed gbe eaiuotive fuppert h@d alirshyafacgfof theeel@ntr@ls@e@ ehuck ceramic layer

T R R S 58S IR SR g

C erafie€ rddayi§fronih QErbrnxidie dnayedr eigs a uni f orm
t hi ckness and the |layer has three regions in

10cr osssect i on fotfhlégtaﬁ%@é of Bgidémlectripeairaiehbetycemne figt F‘}Tface of
B ool P L RSB0

of Wikgeiditled R§értas tHred REionk in erokeectiad il fhy loenbethe dielectric
region is |lower than a dielectric constant of  the

di enatetialiis thigkepin ial’adlaHthﬁlételf region thapinggither fgfarst wgiady edge

an region; or enbedding a

di 28%1%3"?1%%%@8“?&@ dég (?I}i the electrostatic chuck
15cer am c | ayerfornlifig a Tier otheakicledtric hataral betwabres dirst surface of

the dielectric material insert is a_disc and the
d| dhe eqndugtivaagupporh pncha drst syriase of (he gletipsige chuick ceramic layer,

\ eréﬁ%%é 9123] ha% G ﬁuc]gléﬁﬁsoéhglec BGe R thB Eedi r%f ﬁfsrﬁ‘?gross-

caV| y-an er e tric mate
e &dectidn, @ik thive eéglamsantlhémgfaaadmllﬁcq:mmreg’ldn cafiat radiadllyedge
W th aplane contalnlngtheflrst surface of the

coriggienae aseqopdradially wlgeapsienyad ardiglerdrie ponsiagt e%ﬁbﬁdgﬁlecmc
202N 28245 Be ALy Antb1Eeidh & BGkE an a dielectric constant of the

dielectric material in the first radially edge region and the second radially edge

region; or
embedding a discontinuous pole pattern in the electrostatic chuck
ceramic layer.
25
17. The method of claim 16, wherein:
the dielectric material insert is a disc and the dielectric material has a
radially varying cross-sectional thickness;
an outer edge of the formed cavity and an outer edge of the dielectric
30 material meet at an interface that forms a perpendicular‘angle with a plane

containing the first surface of the conductive support;
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material neet at an interface that forns a
non- per pendi cul ar angle with a plane containing the

woiowto4e3sf ace of the conductive support; or tRET/US2006/036110

10

15

dielectric material includes boron nitride or al um num
nitride, the dielectric material is substantially

di sc-shaped having a dianeter of about 12 cmor |ess

and a thickness of about 5 nmor less. 18. A rret hod to

i mprove the uniformty of a flux field above

wor kp| ece duranmyicy eég%l%f{fhe ﬁ}i@@é%‘flﬁ’gaqﬁrw@ edgﬁ@fthe dielectric
nmet h Q t

curP e SRS T Bl Rt DB aP e vigp s ope

ramc

el %@hfaﬁﬁﬁ@iﬂe%rﬁhﬂﬁfﬁc%f&ﬁ&tﬂrﬁduﬂiv&d pﬁd&ﬁt Jdgr nount i ng t he
wor kpi ece to the outer surface of the electrostatic

chuck cerani dhe dipleetriggnatprial n@qlwie‘équrgmtrgiew\abmaur@yntrlde the

E E:dl crté geéi’al \i?%sgpgc?l%tﬁglg/ dR sﬂg%%drlﬁh Agfblf(mguln pE g}ég 12, cm or

thegsrsagd@mhmkﬁdss bh@oduns@momtmd dielectric rrat eri al
during the plasma processing process is |ess than an
original value of the flux field for an electrostatic

r i a|‘§ %%gmf E@l&% tl{éﬂ%ﬁfoﬁﬁﬁi 89% @{l?%gfra:qoﬁg b o‘fkpiece during

f 0fa"piﬁhn@p&‘obéésiﬂ@%r@beﬁs’;@heahéthod/&impﬂi@ngzr 0ss-secti onal
t hi ckness; an outer edge of the forned cavity forms

per pendi cul arfOBRGE@ CarifhinAngIuRH éutf&?tq{laﬁleﬂf’@tfpﬁéﬁ%ﬁh"ék ceramic
Su rlgey?e? £ ﬁfe etl{&?rogtlaﬁ? Eﬂlﬂ:ﬁ %eh%lfgf‘cﬁ}émi:?r am c layer; an

out cavil orns a

non- per pendl Qﬁdnamngm]@ woilbiche & t}hb aneer swfidcaiofithregslédi@static chuck
outer surface of the electrostati ¢ chuck ceranc

| ayFeramip jayshenthat the cavibi 1§66Yﬁr?4611 biothe ykeieggaepdr n i n

the electr OSte?;{abﬁslﬁHéJﬁllé &M Jé"oolv@ﬂ?erworkplece,

wherein a value of the flux field above the region with the incorporated
dielectric material during the plasma processing process is less than an original
value of the flux field for an electrostatic chuck assembly without the incorporated

dielectric material.

20 19. The method of claim 18, wherein:

the formed cavity has a radially varying cross-sectional thickness;
an outer edge of the formed cavity forms a perpendicular angle with a
plane containing the outer surface of the electrostatic chuck ceramic layer;

an outer edge of the formed cavity forms a non-perpendicular angle

25  with a plane containing the outer surface of the electrostatic chuck ceramic layer; or

embedding a discontinuous pole pattern in the electrostatic chuck

ceramic layer.
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