ADJUSTABLE THERMAL CONTACT BETWEEN A This application clains priority
benefit of U S. Provisional Patent Application No 61/194, 277, entitled,

" Adj ust abWe 20wl Cont act Bet ween an El ectrostati ¢ ChiCl/Use@9Asdded Edge
Ring by Cocking a Coupling Ring, " filed Septenber 26, 2008, which is
hereby incorporated by reference in its entirety The present invention
relates generally to the field of process equi pnent used in the

sem conductor, data storage, flat panel display, as well as allied or other

i ndustri es. I\/bre particularly, the present invention relates to a system
f or enhanci ng per f orxlaHdET 4514} éﬁﬁﬂﬁ‘ﬁtﬁéﬁ*é}\bﬁ&&ﬁsﬁ%ié‘d‘iNﬁpﬂ‘lasrra based

fesi on rul os) Fhder B bRecHUGRA SR HO R G b By B e 8RE CFrcui
(1C) deviges were first introducgd-sevenak; gegades ago. | Cs have general ly

foll owed ' Moore's Law. "' which neans that the nunber of devices fabricated
on a single integrated circuit chip doubles every two years. Today's IC

fabrication facili t| Ogg%ﬁgﬁyﬁ? Lﬁ'w@ﬁg‘fc‘iﬁg%%@ﬁ”?( TSRS -m) feature

si ze devices, and f urefa soon uci ng deV|ces havi ng even
smal l er feature siZgsapphsalid \damagmdhw B&c&hbfﬁlﬁ Pagvidimesl @aghng trend in
sem conduct or nanufacturln i s ut IZIQ si ngl e-waf er_processing for a

variety of fabilcaidbhostlepd 27’ mé‘lﬂf}&dn ‘éf’%{éﬁ% Taeem! ﬁg’”éhaf?ﬁéﬁ@éf“h on
chanbers. (S rgl& Mﬁ%r HERCHOUS C,a?é?nﬁ%%ﬂﬁ%@g%%&@»‘i’i V\%RP@ VEly secure

t he wafer (or ot er su stratety duri*ng processing control ling
bot h t enper atSependrd 26.61968r abwh & kmelfonmepyraaeriyssidrdrec wafteeniMeighani cal
waf er cl anps whi ch engage a portion of front surfaces of the wafer where
processing is to be performed potentially create process uniformty
problens by interfering wth gastkkewi@ii.ereng pl asma di stribution, and
acting as a heat sink If inproperly designed, nechanical wafer clanps may
al so produce partlH‘l@lm@‘ﬁstWtiﬁiﬂﬁﬁe‘séteﬁlgﬁ@ei@‘mmah@ Aaldidprofst hpimafer as wel |

as ot her .probhle An e static chuc es_an el ectrostatic
potenti al @t o ‘K8 ({i%l tgu mmlcomﬁug?or (? ta storage, Elfai(pcmc hbp? as Vvd?d‘:} gihu? Or

other industries. More particularly, the present invention relates to a system for
enhancing performance of clectrostatic chucks used in plasma-based process

tools.

20 BACKGROUND
Semiconductor device geometries (1.2, integrated circuit design rules)
have decrcased dramatically in size since integrated cirenit (IC) devices were
first introduced several decades ago. ICs have generally followed “Moore’s
Law,” which means that the number of devices fabricated on a single integrated
25 circuit chip doubles every two years. Today’s IC fabrication facilities are
routinely producing 65 nm (0.065 um) feature size devices, and future fabs will
soon be producing devices having even smaller feature sizes.
As IC design rules shrink, an increasing trend in semiconductor
manufacturing is vtilizing siogle-wafer processing for a variety of fabrication
36 steps, including plasma ctching and deposition chambers. Single-wafer reactors
must be designed to unobtrusively secure the wafer (or other substrate-type)
during processing, while controlling both temperature and temperature

untformity across the wafer.



wafer in place during processing, thus avoiding the problens of nechani cal
cl anpi ng by having contact with only the back side of the wafer.

El ect r ostwiDI20100136KSs oper at e by i nduci ng opposi ng char gesTas2e0ms8abst r at e
and the chuck thereby resulti ng in an electrostatic attracti on between the

chuck and the subst t ree of %Fﬁtiractl on is depgndent on a amount of
charge induced as "“r ‘m§§ dir"afémﬁﬁ A SPaf” RYEPYE! HPESPHATSS Hife to

conducti ve ef‘,tﬁ&txsmy@l(t@% 1538 b Bor SR IBLRNAG BohBFUGRARAIRONLT Ol the
electrostatic force and e app ied for onl y a pOI‘tIOI’l of a pI‘OCESSI ng

cycle, for exanprws byu@tnfmrtﬁes it geulbsw radteeng gl atsmaudsstrei:mﬁed gngt achieg ehuck.

Al ternativel Yy |.t age..bi as 1 1 nuousl y .t hr oyghout a
or ocesa ng. oyt iPpE PRieREiHE ke g RRB LR BB RS B BB bl acm
can provi de aarRanseoliietRetih:cahiaGRMHes bl 0R WAsonRevdBfNiiRalprefle@s ESC and
waf er system Various types of electrostatic chucks may include consumabl e

(i.e., sacrificialjn @G@@%WQ@U%@&G)G&W%&%WB@M pa%euﬁdo fifld ssubstrat e
for purposes \,x(?{tei Li?iga]ciéc[%.'dﬂgﬁn “ i tﬁtﬁew&ld%as ggf)%ie% Mne%é%%ﬂ%ﬁm e to and

above the subs rom er osi on
by the pl asnmalaiitii by ﬁﬁﬁhgﬂﬁﬁa&&@vﬁi nly 1hc t&gp@rdbm@mwtdiam Emmslﬁmy pri or
art ESC? structure 100 j ncludes an anodi zed al um num base 10 a heater
bond | ayer 103ucks HeEieby Tyscig ORRYE Y Cress & trrsubalnge ane e aﬁi«% bond | ayer

109. The 1680?&151%‘5‘9913{;'3&1@% , 109, M%ctﬁ%eﬂﬁ %tﬂcﬁ Qn gct%%EﬁfﬂcCchhﬂpmﬁi @ece 111 The

heat er bond | ayer eater eater plate 107, and ceram c bond | ayer
109 are prot e@bﬁdmfrem!kgner:etuttmamfastdﬁmr@hniamsmramumdnhgmpgcasdm,eénv| r onnent
and caustic chem.cals e bondi ng seal 113. {he ed%e bondi ng seal

113 thus prot®ects! %*fﬁéaﬁééfwélf fgsd%ﬁ‘edlﬁ BEtet Y40 BERGHEYC SR Y he heater 103

and ceram ¢ 10Q;bendisng it @Mﬁl‘(@’»d [OOSR BEOShOBcc iR Resienbpond | ayer
103 is typically conprised a silicone layer inpregnated with silica

(e.g., anor phoﬁbsb@m)h)“«d Tﬂfﬂiﬂév heatien Gi@m}ces%ﬂrrzeqeémt?wemh Betkisf amet al i ¢
< typi canry FanneafBETRRH LGk i Ao D Wil Gt G ireer Pt 107
applied continnously throughout a processing cycle. For instance, using the
conduction properties of plasma can provide a means of electrical connection to
one terminal of a BESC and wafer systern,
Various types of clectrostatic chucks may include consumable (i.c.,
20 sacrificial} edge rings positioned below and around the subsirate for purposes of
confining plasma to the area immediately proximate to and above the substrate.
The edge rings may also protect the ESC from erosion by the plasma.
With reference to Fig. 1, a portion of an exemplary prior art ESC
structure 100 mcludes an anodized aluminum base 101, a heater bond layer 103,
25 aheater 105, a heater plate 107, and a ceramic bond layer 109, The ESC
structure 100 1s capped with a ceramic top piece 111, The heater bond layer
183, heater 105, heater plate 107, and ceramic bond layer 109 are protected from
direct contact with a surrounding plasma environment and caustic chenucals by
an edge bonding seal 113, The edge bonding seal 113 thus protects the heater
36 1035, the heater plate 107, and the heater 103 and ceramic 109 bonding layers
from plasma evosion.
The heater bond layer 103 is typically comprised of a silicone layer

impregnated with silica (e.g., amorphous S10y). The heater 105 18 trequently
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alumna (Al @3)) silicone material is commonly enployed for the ceramc
bond | ayer 109 The ceramc top piece 111 is commonly fabricated from

al um na awo 208/036Mfi gured to all ow a substrate 115, suclRCRaIS2009i058036n
wafer, to be securely held in place over the ceramc top piece 111. An edge

ring 117 is typically.circular in oyerall shape and is secyred tg a
periphery of X ?W%%HL%/E iﬁ&ﬁicahfﬂﬁfmw mé%‘nﬁ%?%{‘fmrfp sncfrp%ﬁr'lfm%@@gé% Pt ure
100. The edgechi-PPiaklih7is 1Rh@GSdasRRCAN I RN AP AW rdhe. dinagE gpor ti on of
the ESC structure 100 and TeatlUres a vertical, single-surface inner

di anet er. Thelwhmgl{A&ihDadechnnetcrdl amemsrontoaspioarhr theccedys bopdg 117
agai nst the al um ase 101, the g e bondi ng.seal. 113, and.the ceramc
Cop brece 11104 Mo a7y CBREREF naF er Bagey Athg et 3o RUGukia ™ an
edge rings(e.igconfRnifQlto@dge & dBgeatbER), shitiads 4 URcort OOheE bewchiRgy hi gh power
pol yneri zing chemstry in a plasma reactor forces polynmers to the edges of
a substrate (WlkintBaecHeendplomnets orfreEdd). The increased | evel of pol yners

on or near the edgf%%ﬁg«% Y‘Esi‘%gls 1?&2@@5&%}& cfr&‘.?i.;c%%{v%&%il}éhg%ea e&g@@&&&ﬂ%.a(cm) of

pl anned features on contrast, ering is running
| oo cool, thenrripbéyEn depositied cOthetcdhemegephomgt ESS elrfictincinéades t her eby
causing i ncre%seda CDs_on or near the edges of the subst] ?t e él .e., the

ther mal gr adi®@8t "Bat We & #4958 SltRETHAt s 2 ?f&%}éﬁn@d@ém?qﬁé%@&% es pol ymer
precur sofg  QudeRas)do 8 (t0E:edaRIdNGholcThefel fhe: aidmbal angeshatueen hot
and cool areas on the ESC nust be achieved to allow proper CD uniformties
across the suuffacemofr dasubstaatrens Addidie angli 'y pgamt dpt dlamicuthierseal  bal ance

configuratio 0.achi eve expec CD. resul ts nust. be ,achi eved wit hout
SRR RS bl R igosd R R A g A

chem stries apdicphasi®.qRowaL thevel s. Therefore, what is needed is a thermnl

interface systemto bal ance a tenperature of an edge ring between running

too hot or too colid.geMirel. ehedgrating (stzerd s edgystmiiishobiidubetoq ot iy srigh
tem,sh

eas l y Ccaigf i g;iér re—ad fOPfrledii*I fcret.%e’.ntr* &riocefﬁssg? (‘ic‘t TR ct“xh SolSNRra R c?d’él :dof e
readily adj ustatt 8OV TRESATEIE}Y "AGATPTEARTTY  PTRePY égﬁber at'tr €56t °the edge
ring shoul d cubstrate (due to thermophoretic forces). The increased level of polymers on or near the

edges of the substrate reduces critical dimensions {CDs) of planned features on the

substrate. In contrast, if the edge ring is running too cool, then polymer deposited on

the edge ring itself increases thereby causing increased CDs on or near the edges of the

20 substrate (i.c., the thermal gradient between the substrate and the edge ring forces

polymer precursors to deposit on the edge ring).

Therefore, a balance between hot and cool arcas on the ESC must be achieved to
allow proper CD uniformities across the surface of a substrate. Additionally, an optimal
thermal balance configuration to achieve expected CD results must be achieved without

25 incurring productivity issues that are unique for both differing chemistries and plasma
power levels,

Therefore, what is needed is a thermal interface system to balance a temperature
of an edge ring between running too hot or too cold. The thermal interface system
should be quickly and easily configured for different processes (i.e., the syster should

30 be readily adjustable in the ficld). Additionally, the temperature of the edge ring should
be readily tarlored through the thermal interface system for a given set of operating

parameters, such as plasma power level.
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be readily tailored through the thermal interface systemfor a given set of
operating paraneters, such as plasma power level.ln an exenplary

enbodi nerw9 2810d3610abl e device for use with an el ectr ost CITASCINIOES034
configured to hold a substrate in a plasnma environnent is disclosed. The
dockabl e devi ce conprises a coupli n%ﬁﬁi’i&ﬁ&e}ggnfi gured to surround a

peri phery of at |east a portion of e e rostatic chuck and thermally

contact an edge rimg,n@émf)gg M REQXME Eibck il B81&! BeliostiRbd ¢ chuck. The

coupling ring conprises a first portion of the coupling ring having a first

set of opposiakytfaicescinickivonticiredst hdde sofstelanfaipistmasatvirofimegpesi ng f aces
having a fi rst _I\g)ralrh; ¥; oj; Iioa' sed features formed tTh,erieor}&, & second
portion of tHE TN i AgTPIHY e ' SOUSHRE SE1PErE 5ppsLi g fhces with at

| east onesof $:ReusEEREhise! o0ft |QRPOSINON bRageSINVERG: SisRGANthephim@l i ty Of
rai sed features fornmed thereon and arranged to be thermally coupled to the

first plural iqotast ary iz edefesinitdas proxigreyre hogfoctieipharhussughing bet ween
the first an sond. portions i Lgured. tahe cont rol | ocki ng
the first po%tﬁgggl&%g%%%@sig%g? ln? 33%;3 ﬁfe@ng)gré%%éi’tl%g% flgﬁ %‘T}ﬁé Iglﬁg%t%é:ré\éexerrpl ary
enbodi nent, apgodkabices dauiacrafiamnc v ehovitibican’ @lpechg dstatidng hiek
configured to hold a substrate in a ﬁl asma environnment is disclosed. The
dockabl e deviRE2EHMrHees A @dgensd HEFeeonf GHBEP TS PREMP @Eper i phery
of at |eagt aiforkhascdl Lher Sheths ARbaki LRUGlBRAENEEIRI Ly contact the
el ectrostatic uck. The edgering conprises a |ower face having a first
plurality of apabsegd{dceabunesa fapndhtdiey ebmisch fsegonbrpledtialiédnsndf rai sed

features is forned ogya{ EEr){or hi on pgt %}}Tﬁ“ I %Cy ostat.ic Achfgck in thermal
contact wi t h FREZEHGDe I rRE et bHle BRIPAITEY s S et ur es i s
arranged to hegthenmkiy &RUBhEdel@ch®: fils Sid RLaBdtivnOE chaiapeh features
with a degree of thepnai coupling between the edge ring and the
el ectrost at i dobhuekrgbrafiygiraena the best contonoyitiensiprt 6 the kéaegd pheicadge ring
wth r esq%Ct to the AL grnfgxe | 18 lei i’;}/x iiOfcr# a‘ii c%ecg(‘ {ﬂie%t’uirc.“eﬁdr L0 &%?a%t her
exenpl ary “enbodi meAt’ A dBERABT € “deViEE or USE Rt h “an” el et 'dst at i ¢ chuck
configured t@ihobdadc sulRglcoas Qutdtahnl aSIB:RMVhRQNARR enviofihsgliosed. The
dockabl e device conprises an_edge ring configured to surround
disclosed. The clockable device comprises an edge ring configured to surround
a periphery of at least a portion of the electrostatic chuck and thermally countact
the electrostatic chuck. The edge ring comyprises a lower face having a first
20 plurality of raised features formed thereon. A second plurality of raised features
is formed on a portion of the electrostatic chuck i thermal contact with the edge
ring. The second plurality of raised features is arranged to be thermally coupled
to the first plurality of raised features with a degree of thermal coupling between
the edge ring and the electrostatic chuck configured to be controlied by clocking
25 the edge ring with respect to the second plurality of raised features.
In another exemplary embodiment, a clockable device for use with an
slectrostatic chuck configured to hold a substrate in a plasma environment is
disclosed. The clockable device comprises an edge ring configured to surround
a periphery of at least a portion of the electrostatic chuck and thermally couple to
36 the clectrostatic chuck. The edge ring comprises a lower face having a first
plurality of raised features formed thercon. A coupling ring has at least a second
plurality of raised features and is configured to be placed into thermal contact

with the {irst plurality of raised features on the edge ring, The sccond plurality
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a periphery of at least a portion of the electrostatic chuck and thermally
couple to the electrostatic chuck. The edge ring conprises a | ower face
havi ng a worsto/gbwral ity of raised features fornmed ther @m/US200006§984 ng ri ng
has at | east a second plurality of raised features and IS configured to be
pl aced into therm

contact with the fir | u ra| eatures on
the edge ring! %l enas ff”ffcmgggﬁt &Wﬁ%ﬁ@ hpldin PP Eed t o be
thermally coqeéb@(@u;a&;@shmthlﬁ@%ﬁ@w@@mmxogg il la%@&rxftﬁ@’é&g&%xg"!ntdhh@ degree
of thermal coupling between t e rlng the coupling ring configured

to be contr oldoeghitgmm; cmi& ng:dtthéced@m feidriy alokingribs pégst ritgowitheespouipl | ng
ring. In anoth i{{ gp 18 " enbodi nent, a dockabl e device for use with an
el ectrostatic ‘Wp 6hffﬁured to hold a substrate in a plasma environnent

i's disclosed. The idagkabl @ cHVIG nGoNRIdns @] dkhbie SibvipOFdr @B waf: ahhe
el ectrostatic chuck having at | east one face with variable thermal contact

areas | ocat edleereoncincseepharrpdia hdh s orbm BlRattsrystiatiPemetuek has at
leas! one facg. s%{i]h‘fﬁ‘é Li%@ii éJiL%r &%n&%&@f 11’»?{5]&% 'og&%?é%%&%{ gon. The at

| east one face e secon i'on I's con Staced in therna
contact with dhbek Biv 11|1g§ﬂ$§d‘~061& ﬂ’da@ eitbfvatilige fholf@hi Pardt ﬁrﬂa&ﬂm gehtrol a
thermal gradient across a face of the substrate. Various ones of the
appended draﬁﬁﬁ@@ﬁwéﬁ@ﬁ?dﬁppﬁgi@3@%“é%§ﬁﬁF%ﬁ§“€h%%d$Hﬁﬁﬁ%“éf“ﬁW%?pwesent

i nventiongand,, F’E‘z!ﬁltﬂ tﬁ&&gp&n@&@ékgﬂa}% o@%hckddl tiHdG: | ca& FEWE-of O A Ts a

cross-sectional view of a portion of a prior art electrostatic chuck. Fig.
1B i s a crossesachpoomnal m\me‘i\z\gméd W m}aaaﬁnrxdfmadimmmmaﬁh tlel Bd¢asosteat i €

chuck incorpaorati u n n nd var ers of thermal interface
ot ori il CF galtonEe Brg iRk A etr R A e R A i S o S Cheab

coupling ringyyges on an electrostatic chuck (ESC?) to vary a tenperature
gradi ent between the ESC and a hot edge ring.

15 BRIEF DESCRIPTION OF THE DRAWINGS

Various ones of the appended drawings merely ilhustrate exemplary
cembodiments of the present ivention and must not be considered as limiting its
scope.

Fig. 1A is a cross-sectional view of a portion of a prior art clectrostatic

20 chuck.

Fig. 1B is a cross-sectional view of a portion of a prior art electrostatic
chuck incorporating a coupling ring and various layers of thermal interface
material.

Fig. 2 1s a cross-sectional view of an exemplary clockable coupling ring

25 used on an electrostatic chuck (ESC) to vary a temperature gradient between the
ESC and a hot edge ring.

Fig. 3 1s an exemplary plan {i.e., obverse} and back view of each portion
of the clockable coupling ring of Fig. 2.

Fig. 4 shows cross-sectional views of varying thermal contact positions

36 of the exemplary clockable coupling ring.



Fig. 3 is an exenplary plan (i.e., obverse) and back view of each portion
of the dockable coupling ring of Fig. 2. Fig. 4 shows cross-sectional views
of varyi nyorzhsyvasalo7cont act positions of the exenpl ary decRAlSk@o©sRp4 i ng
ring. Various enbodi nents di scussed bel ow descri be an inproved coupling ring
designed to enhance process performance. Process performance i s enhanced by
ensuring the coupling ring is able to provide a known thermal gradient for

gi ven operating conditions (epktTAaBtEd WiveRiPrasNa power |evel). The
thermal gradient may be controlled by, for exanple, a dockable coupling

ring having adjusﬁ@bk@sFh@p&@kﬂéﬂﬁﬁa%%dﬁ@kweénCﬂhEMEﬁﬁﬁaﬁdNEMBbmgéd@e ring
(HER). Ther ma‘ci %qn#ﬁ TiRgy x,pf e !3 gred CL Epm@ S g eaglflysewhzt hg%l%,
necessarily régi't é’éﬁ&’t ghﬁT HarthAre drea” BHaNGE " T h=SEIEELTY 6h of
thermal i At erdnagehd e ebib@ins rinit Rbit ef penee RwhitBemdi sRJhORS psRet | onal
view 200 of an ESC includes an exenpl ary dockabl e co%gﬁlng ring 201. The

exenpl ary dodl@aﬁ*lﬁlére@%lii*m 1% mﬁgdgoynlp@b@@m@waséd@bf tthugasitgrﬁwltp@r‘«tbcons
an upper Coupc{oh{}gnéq g t&roe&&n%{%hg%ufﬂ ?e@s hOVRL %gapﬂgmk queiggﬁ %%“35%501

B. An optional cou erna aEe ayer

sandwi ched békm@ﬁﬂxh@é%ﬁ@némh&O&k&rﬁ@d}EﬁMeﬂhZQEBgﬁﬂMﬁhuﬂ@aMdmghﬁq&kkhns
Addi tional ly, an aptional ESC thermal  interface nmaterial |ayer 205 may be
added bet weerf £ K85 H TR AP aRE proarBectddng 2l ey B e de%ﬂam ihEpiFstng of

portion ﬁ@ 1@h5ﬂ%ﬁﬂﬁﬁ%ﬁc?&ﬁ&ﬁi@”d | ower 201 B coupling ring portions may be
conpri se vari et materials The variety of materials includes, for

exanpl e, aIunlnunﬂ@mhde&%#¢aﬁEFm"hhumWﬁa‘wumm othe0tyf pegdofincledam cs.

Silicon, silicon carbi i con di.oxi, ne or anorphous
(5 00) and TrargPEronaH ki eTebuRe 40T s gty Stk SrEhinL t abi e
material s fraomadiichcdapfiabrdraplgsthe pRAREE, £AQkA-ands| iﬁg\’ﬁﬁg g@rl@ncoupl ing
ring portions. Additionally, various other types of netal i nsul ati ng,

and senlconduéﬂﬁmgﬁwdp@ﬁiGH@“H&V“SPQ%MBQQﬁBadhi%ﬂ@ﬁﬁﬁmyeﬂheﬁﬁga speci fic

felxﬁlms)La;y enbig q?glljgsridam %ﬂtcry mldyc,r 9{% Iglul‘y’ %c &(}ndwu%cg%uwun 1§m uﬁit frium oxide

201 A and lower 2018 coupling ring portions. Additionally, an optional ESC
thermal interface material layer 205 may be added between the aluminum base
plate 101 and the lower coupling ring portion 201B.

The upper 201 A and lower 201 B coupling ring portions may be

20 comprised of a variety of materials, The variety of materials wnclades, for
example, aluminum oxide (ALOs, “alumina’™) or other types of ceramics.
Silicon, silicon carbade, silicon dioxide (e.g., crystalline or amorphous (85104},
and transitional metals such as solid yttriam are also suitable materials from
which to fabricate the upper 201 A and lower 2018 coupling ring portions,

25  Additionally, various other types of metallic, insulating, and semiconducting
materials may also be readily emploved. In a specific exemplary emabodiment,
aluminum oxide {ALO;) coated with an yitrium oxide finish 75 micrometers
(un) to 125 um (approximately 0.003 to 0.005 inches) in thickness may be used
for the upper 201 A and lower 2018 coupling ring portions, The yttrium oxide

36 finish may be applied by, for example, thermo-spraying or applied from a
physical vapor deposition (PVID) system. In this embodiment, the yttrium oxide
finish may taper in certain areas as required or entire portions of the upper 201A

and lower 201B coupling ring portions may be left uncoated.
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(mm to 125 nra (approximately 0.003 to 0.005 inches) in thickness may be
used for the upper 201 A and |lower 201 B coupling ring portions. The
yttrium owpae1fd3siogh nmay be applied by, for exanple, thecwuss@wagsodg or
applied froma physical vapor deposi tion (PVD) systemIn this enbodi nent,

the yttrium oxide finish, n certain areas as.re ulr d or entlre
portions of the upBérPZpic & R SR 50 EHAPIIH Cmi&&gq gﬁgdmay be

l'eft uncoat edySpse ﬁ)@@&lﬂcﬂaﬁrﬁ%ﬁﬁphﬁﬁ&la@n@%'iﬂﬁma cd‘rﬁ}ﬁm@@&i @mimﬁwpl i ng
ring 203 and the ESC 205 thermal interfaCe material |ayers may be conprised

of, for exanpl@;Pzd" GrPagnshempteringnsdhers @a&*ﬁérﬂal@ Psfucts reau@cPadd by L Q Pad*

5 B Tol It or T Y RUP T Gras ey ER e et aeg ek T PO FIMaPaa for use

wher e out gasshig:alatatd @bBc&annelpRR VIS uISHE ﬁsr@;%e therchighaguum
environment of a plasma etch chanber. Q Pad is conprised of al um num foi |

formed on oppB&Fiys FaEesbonsed, ftlhbraﬁrﬁhu19@%%%&@@%9@@@%@@@%@thﬁé rubber

with a t her ha HHQF g?@ﬁgogfco%é‘]igecgoicaﬁﬁg{r\@{n(9}9%&%% L %si@lb %guego%

345 kPa (approxinat er ‘speci odi msnt
the coupling thd:rﬁgﬂl?&ﬁd andirichiey ESQu20%: mahanfrmkmrlicﬁnﬁaﬁ@mmﬁebl akg may be
conprised of,, for nple, Sil-Pad(r) heat tr nsfer mat er such as

Si | - Pad* 400. ¢S Wa ppgxigpale)y ﬁ)a‘r:r)u%afélt Y ied 2By ﬁ‘ﬁéﬂ%\r@aaﬁ% pany (see

above) angd is a coERQASHLE; Qf:m%kk!:&ﬁﬂ? u’ﬁ@&&ﬁznﬁr‘ﬁm g@ﬁ&%‘ 1%?«3*035({& fad* is a

thermal |y conductive | nsul'at or W t ermal I npeda 29 CcnfvV'W
(appr oxi mat elBEA 243t EIn2kEMiccanadd s kiPg Heap prp@mdfmit Biry’XQQprb@—)P.ddb her

thermal Iy conductive interface |ayers. kn endently _.in the art may be
oadi Ty used Bt e e iR B S PaE PR b el Bt e B vi ew 300
of the upper mEURl: bLElQ%t"ﬂ‘(@deﬁ@r(&*@%'ﬁm?xq:kﬁdN‘;QJ: ARSI oPLUEMd Ay Rhang ai sed
pedestal s 301 located on a |ower face of the upper coupling ring portion

201 A Sim | arfier zéﬁgqe%éﬁifﬁdarly attioprpiipwoBBOLiod inshletdr swera el ng ring
cortion 33 | Bl sk Aot Ak Skl s Rl g a0t o en
plurality of (agisedhipadeshals Sibr thermally conductive interface layers known
independently in the art may be readily used as well.
Referring now to Fig. 3, an exewplary bottorn view 300 of the upper
coupling ring portion 201 A includes a plurality of raised pedestals 301 located
20 on alower face of the upper coupling ring portion 201 A, Similarly an
exemplary top view 350 of the lower coupling ring portion 2018 includes
another plurality of raised pedestals 301 ou an upper face of the lower coupling
ring portion 201 8. The arrangement of the plurality of raised pedestals 301
allows the upper 201 A and the lower 201 B coupling ring portions to have
25 wvariable mechanical contact areas when brought into physical contact with one
another, The variable mechanical contact arcas consequently allow variable
thermal contact between the upper 201 A and the lower 201B coupling ring
portions as discussed immediately below. As will be readily recognizable to a
skilled artisan upon reading the information disclosed hereiu, the phurality of
30 raised pedestals may be varied in width, height, number, and other parameters to
achieve a desired result.
Referring to Fig. 4, a first cross-sectional view 400 of one of the plurality

of raised pedestals 301 between the upper 201 A and the lower 2018 coupling

nny
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all ows the upper 201A and the | ower 201B coupling ring portions to have
vari abl e nmechani cal contact areas when brought into physical contact with
one anot EE.20IMSe%0ar i abl e mechani cal contact areas cons@quaskeoy/os8oBow
vari abl e thermal contact between the upper 201 A and the | ower 201B

coupling ring.portions as discussed imedjately below. As will be readily
recogni zabl egfi LU ‘?g‘ﬂa‘tﬁ%?fi?éﬁn%gﬁrmé “dﬁnﬁﬁyﬁlﬁ% %n?‘c‘ﬁ‘%ﬂ?%h di scl osed

herein, the plLurali txwofzorAiaedr Pedestil S romydieavasi edy bawwhdih, hei ght,
nunber, and other parameters to achieve a desired result. Referring to Fig.

4, a first crupps: ddct ponthb lwiewliBeooflingrenpfortipres iptlignias i thenod! rai sed
pedestal s 301 between, the upper, 201A. and, the, | ower. 201B coupl i ngri ng

ot oms. i ndi‘SACEL o Tl riar Rt " Gonehcs naf IS WSSdcsna Rrbesketi onal
view 430 af ome Bt 4 heeddlst abiiapicaf cdrdics ela pgdesdal 8 (3Qlchelyweasd he upper
201A and the | ower 201B coupling ring portions indicates a ther mal contact
area havi ng hHilghéfo eheimalithy ﬁb@gé}ﬁééfﬂﬁﬂﬁé@@ﬂfﬁﬁéﬂﬁ$Qisltf>f‘(‘:‘?%ls@@§@mfi48hél vi ew
400 due to a N ical t_ar Simlar. third

cross- sect i ofd Ty gueheg P Gne SRR R Rl RR R e o LB < s
bet ween t he uppak @AQNAL Anltlet thermb0waped20de Bag dupletargt arbygepidrtal o, | ndi cat es
a thermal contact area having an even higher thernal inpedance than the
second cr oss-BEGFE Shalvics sy’ ‘6‘6@1%&"‘%1“?‘“@’(‘1“% K&t r“*é‘&&éé’d‘“ﬁé@hani cal contact
area. An ygnd-HSer, x&!&%ﬁtﬁ&%ﬁﬁ%ﬁ@ﬁg}’h, i 'F(@tggf&‘ﬁgh@ru}bﬁ‘fa' nite
variability (depending upon a mechanical or chemcal joi'ning neans,

di scussed belowhadependhagicabomianmamudtcekedipdbanidagahdicgnpactn bet ween t he

upper 201A and th ower 20] B couplin in ortions. Additi, 1y, a piece
(ot shown) - FEHbP HaF Al RuGet Rettert e pePe A TRab Al 28R aut i ve or

thermal |y inSdéhﬁ;tii? )e P@YioRe placed between one or nore of the plurality of
rai sed pedestals 301 ff‘o further affect an overall thermal conductivity
bet ween the upper 2¢Hcttd, 2 hecd ovwesh20l B! douphl ingriringaport (coh.

Therefore, a gombhDatleRa9L of RS HARSLsGAUR) LY ' MR ROLLIRR 70l A and

more of the plurality of raised pedestals 301 to further affect an overall thermal
conductivity between the upper 201 A and the lower 201B coupling ring
portions.
Therefore, a combination of the upper coupling ring portion 201 A and
20 the lower coupling ring portion 2018 provides a clockable coupling ring by
arranging the upper 201 A and the lower 2018 coupling ring portions in different
raechanical contact arrangements to vary the thermal contact between the two
portions.
Although not shown, a skilled artisan can readily discern various means
25 to affix the upper coupling ring portion 201 A and the lower coupling ring
portion 2018 to one another. In a specific exeruplary embodiment, the two
portions may be bolted to one another by, for example, a flat head machine
screw passing through a countersink and hole in one piece into a tapped and
threaded hole on the other piece. A plurality of threaded holes may be meluded
36 in one picce that 18 placed in various offset positions from the countersunk holes
in the other piece. In another specific exemplary embodiment, the two portions
may be bolted to one ancther by, for example, a flat head machine screw passing

through an elongated (i.e., slotted} countersink slot in one piece nto a tapped



the lower coupling ring portion 201 B provi des a dockabl e coupling ring by
arrangi ng the upper 20 1A and the lower 20 1B coupling ring portions in

di ff er entwoeotva3s®al contact arrangenents o van' the th@CFAIS2@0/058064

bet ween the two portions. Although not shown, a skilled artisan can readily
di scern variou§ affix the, upl.in portion 201 A and

means, .t u r co ri
the |ower coupfithg? qdrl@?* %ﬁ-‘ih@&ﬁ%f@égf @ %ﬁ‘e@ﬂ*gmﬁf‘ %’é‘“rn.lpq%ﬁ cnhadae i o

exenpl ary emigdiy@ptecst B, SMDGRA! & QRSIBY: BEa RS pdQnangrRRet her by, for
exanple, a flat head nachine screw passing t'hrough a countersink and hol e

in one piece into “Grtappudngmrbntdridadenbehobwrliog ringercoidiell1pi aeidhe A
plurality ofithgegde hol es na¥“§?>iQﬁ%ugeg_Ln qpq pﬁecgrthgt\is pl aced in
various of f sét™BoslPIBRE % PO HE Eouhtsr SURHE HEEE AW P RE"SPRET pi ece. In
anot her specidiit gxeRphal font@rbadica®pty hihegt Wag POER) @Bad@YcRewel ted to
one another by, for exanple, a flat head machi ne screw passi ng through an
el ongat ed (i .c@uck sTiotst ean)ous suwperyinhRt & prospH ipvratipn epesteritydaingdppedand

t hreaded hol e,0n:.1he Lecen: | L] t.her. .3 ¥x €bodi nent
the two pi ecdltaly BamsrFioRHE 30 R borh oA B R 2L A P e ve.
Vari ous arr arigenetii® afuptihgerivgpenicaouplrinagdrib agifachieinoh Aland t he | ower
coupling ring portion 201 B, relative to _one another, allows a neans to

adj ust the t ﬁ@ PRAFIEBHE A8 HEE REEAVHY “ROICOBYGEH g S HERY hiarahn

el ectr ostgti Goihllekon TS, VBlfRus pRIBAMLIRAL naludie, gresahiighnvent | on
operate by having the plurality o? raise pedé tal's 301 in a pattern such

t hat as the upppcra2ddAnare balierac2@iBodaupkinnmgy by nprporg dronsowtef rot ated to
a different orientation relative.to on not her, a different nmechani cal

Bnd. | consequantagiical FrORENET R rRar oo hraados g T PUSHP e B £ f ar ent
process recipRsicdsequiring a different HER tenperature, may be readily
accommodat ed si nply by changi ng an anount of nechani cal contact between the
upper 201A and | ovierctz0tBepap dotpdiinerygs pot shonsbutlrpadoyhedenicedgilaby a

enbodi msrlﬁs (< %%. i.sahos\!\iﬂ.ubtl“\;llg & gadi,! y 13‘{1(1'13{ %E&indgaiqléce ibi/ft. & %kri%lig 'e(%rgi%&! san upon
readi ng t'Re ﬁ%f e TR R S e R S S A K
pedestals 301 may be arranged, either alternatively or in addition to the arrangement
shown on the clockable coupling ring, between the ESC and coupling ring. Further, n
stitl other exeraplary erabodiruents, the plurality of raised pedestals 301 may be
arranged, either alternatively or in addition to the arrangement shown on the clockabie
20 coupling rving, between the coupling ring and HER.

Moreover, additional embodiments include producing the plurality of raised
pedestals 301 such that the pedestal pattern has more finely scaled featares {(e.g.,
approximately 1 cm wide) so that azimuthal non-uniformities do not result. Further, the
pattern of raised pedestals can be formed in several concentric rings so that possibility

25  of arcing {(L.e., plasma light-up) in the gap between the two parts can be reduced or
climinated.

Rough and smooth areas can be substituted for the plurality of raised pedestals
361 provided thermal contact between the two areas is different from one another. For
example, a rough area prevents jutimate countact between the upper 201A and lower

36 201B coupling ring portions, thus increasing thermal impedance. In contrast, a smooth
arca provides intimate contact between the upper 201A and lower 201B coupling ring

portions, thus decreasing thermal impedance.



pedestal s 301 may be arranged, either alternatively or in addition to the
arrangenent shown on the dockable coupling ring, between the ESC and
coupl i ng wonegro/Batorher in still other exenplary enbodi meeTaiS20000858Bural ity
of raised pedestals 301 may be arranged, either alternatively or in

addition to the ar nt shown on the dockabl e couplin et ween
the coupling ring AGRITRERY : v BURRES S D RaTd BRI CHE sl e
produci ng t he.Rlauf @hiteysuBfuihidl %@‘Qh@%?ﬁﬁ@l@m&@é pedshid At bhacpedeatal
pattern has nore finely scaled features (e.qg., apprOX|nater 1l era wide) so

t hat a/i nmut halonidghbainpdrothaied exado dibtrentedigh exarfpet dveringsthigh p@hm eriferoft
rai sed pedest C .

possibility & “gﬁs“ﬁéﬁehﬁ%kgq%ﬁagﬁﬁm(ub%vuﬂb§mwE F%@‘&aﬁgb t%% Qﬁ%ﬁe t wo
parts cansbe feduceeh afuahbipiinahedonReugh and snooth areas can be
substituted for the plurality of ralsed@ﬁedestals 30 1provided thernal

contact between thewetiipscat esetion igledapentbove srittgaBrawetherciiFor exanpl e, a
rough area p re%%%rﬁ%dtgﬁae%ﬁ it HF a6, epeef“t %ﬁndetn? ?u y%ﬁ%ﬁ 583‘&11’%}“&“(1 | oner 201

B coupling ring us 1 ncreasing ance n contrast, a
snmoot h area pmgMuﬂesdﬁQMmﬁamad@bmﬁ@ghﬁﬁﬁmﬁﬁﬂﬂmﬁﬁjwpp@an@ﬁuﬁgaﬂdxIomer 20
I B coupling ring portions, thus decreasing thermal inpedance.Additionally,
various coat i'AgRropRdisPHEIRE gl of Hérmaﬁwbwvraw 856t fﬁéa i HeraREridednt act can
be substijut eq;fQr the plurality of raised pedestals 301 provided therna
contact between the two areas is different For exanple, coatings with
cither different tHvrekmalsse;mrmi mﬁfrrﬁmxdemmt becnbd voonductdnal tipesamby be
used io achieve docKég ﬁ temw th adj Ug | e thernal cont act The
present inver %“6?%“”?*25 desTrihed Hbbve “Wid PR O S PEd 188 bodi ment s
thereof. It whldpe NOWRER ihdR€ s8UIBALIntPe BirSibibi @!fi AlbbRabnihabrear i ous
modi fi cations and changes can be made thereto w thout deparfing fromthe

br oader sp|rﬁv1éﬁham9@opes@%G@hefﬁw@égmﬂngnV@ﬁv@mpkasp@ema&agﬁw in the
appended For. rlous

. 1?' al, O {1 i{ﬂ g}ﬁ)’e%h RI %Li} g E,?brrbo ’lg 1(.&&? TN ﬁaﬁ i
mat eri al ‘types cand Pl AcenEnts. TR AP TS AN WA ?%éﬁ “that these
mat eri al s andh@haeemRiitSreas of the coupling ring may be incorporated either
additionally or separately into a hot edge ring. In such an arrangement, the HER
ray be coupled divectly to the ESC without a need for an interspersed couphing
ring but while still providing the variability of thermal conductivity, and thus
20 teruperatore on the HER, as discussed herein. Additionally, a skalled artisan will
further recognize that the technigues and methods described herein may be
applied to any similar sort of structure operating in a harsh plasma and chemical
environment in which precise and accurate concentricity and placement need to
be maintained, The application to an clectrostatic chuck of the semiconductor
25 industry is purely used as an exemplar to aid one of skill in the art in deseribing
various cmbodiments of the present invention.

Moreover, the term semiconductor should be construed throughout the
description to include data storage, flat panel display, as well as allied or other
industries. These and various other embodiments are all within a scope of the
present invention.  The specification and drawings are, accordingly, to be

regarded in an illustrative rather than a restrictive sense,
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may be varied and those shown herein are for exenplary purposes only in
order to illustrate various aspects of the edge ring. For exanple, upon
readi ng twe 20rfssmodt i on di scl osed herein, a skilled art iP€RUSaN0I058984 ckl y
recogni ze that the thermal contact areas of the coupling ring nmay be

i ncor por at ed %kyher addjtionally or separately into a hot edge ring In such
an arrangement tt'He “BERENEY be coupled directly to the ESC without a need
for an interspersed coupling ring but while still providing the variability
of thermal conductivity, and thus tenperature on the |i ER as discussed
herei n. Addi th.onal | yA dogdbleldedicaden wanvithi dnl elfagostabe cregogniigect at t he

techni ques and, met hods described herein nmay be applied to any simlar sort
of St 1 uot ur o LT AETHGCR I8 Ao’ B et TR ShER TP RN 1 n whi ch
precise and ac&ubahLrigOBSEukdChiyrrand PhaGREBRNS Aead 4 frhen FRBt ai ned The
application to an éfectrostatlc chuck of the sem conductor industry is
purely used adccas@sieniichrng sheginglivpeutof a8 kg MphrooHelod it PIORISEsEr | bi ng
various enbodj LS. 9f: .t h sent ol ovention. .Noreover, the term
seniconductoghé %h %8i%C@%ﬁgﬁgﬁgﬁk?h?%ﬁﬁhgﬁgn? description to include
data storage, fiatathaneltici sphayoudigwilg haahigal fidsedt of oglohiep hadustri es.
These and various other enbodi ments are all within a scope of the present
i nvention. THE*EPRCTTE 1S 87 CARBPH BRI UME @ ASeHMERGPY 2589 be regar ded
in an illustrative ¢.atder.than,a restrictive sense. What is clainmed is: 1. A
dockabl e device for use w?tﬂ”aﬁ el ectrostatic chuck configured to hold a
substrate in a pl aseerehvirionnight pothegdogkabing sdeviceccogiosiopg: a
coupling ring. configured to surround eriphery of at |east a portion of
the. el eot r ostATFC ARGERIHANT HEPRANLT cBRoAE St NBYE & PRYTRIEATEG i n
proxi mty to dhgs&l RetrQIbabdCiheYE kad 108 L@UPLd MGrhd (R o&PRRLS Bleng a first
portion of the coupling ring having a first set of opposing faces, at |east
one of the filrstplsetinod! reppobihgest adegchalitaygna chiplor pttweat ieyiref rai sed
fsgg'gg(rje: eI Og][?i%g Stﬁﬁgcg*ﬁr{i%g}pdonas%gn 1gusu.6(f %qscg. &)%{rgbil&flbf éiogﬁiﬁg ﬁ}%%ﬁlxtl p% Ei{l;lili ng having a
with respect to the second portion.

2. The clockable device of ¢laim 1 wherein the first and second phurality of
raised features are arranged radially on each of the first and second portions of
the coupling ring.

3. The clockable device of claim 1 wherein the first and second plurality of
raised features are arranged radially in a plurality of concentric rings on each of
the first and second portions of the couphing ring, cach of the plurality of raised
features being thermally separated from a raised feature in either a subsequent or

prior one of the phurality of concentric rings except at 4 base portion thereof,

4, The clockable device of claim | wherein the first and second plurality of
raised features are separated from one another by a thermal interface layer
placed between at least certain ones of the first and second plurality of raised

features,

11



faces, at |east one of the second set of opposing faces having a second
plurality of raised features fornmed thereon and arranged to be thermally
coupl ed tworhw/dp103t plurality of raised features, a degc@asedoonsssssal
coupling between the first and second portions configured to be controlled
by clocking the fifst rtion with respect to.the second portion. 2. The
Gockabl e devite of!eickear il dRabhhotie P Piieet dhdmeaRone PPEIF Y of rai sed

features are ¢ rangad rfadialdn0nieachieh i&%&%ﬁr it u@s&ﬁ 188G RQYt 1 ons of

the coupling ring. 3. The dockabl e device of claim1 erein the first and

second pl ur altht §irsofing sicerdipfuegdity peisad godionanged treadibddnyect with opbural ity of
concentric rings on each of the first and second portions of the coupling
ring, each oﬁﬁgﬁﬁiplurality of raised features being thermally separated
froma raised feature in either a subsequent or prior one of the plurality
of concentric rings except at abase portion thereof. 4. The dockabl e device
of cl ai m 1wherei n kiseigakplle darige seelame ! pihgrean ritlgasopng af Sedrfead ures are
separated fr ) n - o, f.ac erlp gl ween at

| east certai%ﬁgﬁgﬁx%?8%2§E??%??hgaﬁggg%gﬁg&g%%%ﬁﬁf%gmgph?%?%ggﬁaggtures.5
The dockabl e tHewvist eornfct baidam Ivheresm Bvhetding she @ndpedcondhposktans of the
coupling rin% are arranged to be bolted together such that at |east
portions of tHeFPRSPUHRE second plurality of raised portions are in
thermal contact with one another 6 The dockabl e device of claim1l wherein
at |l east one of the first and second portions of the coupling ring have

el ongat ed sl dts t A tlackdhit dt-eccald) ustaidh en thheramadticotntiacinigetodgehotdhe

portions by rotating. the first .portio M‘tg%{ spect to the second portion.
7 A dockabl e TRVMERS it P GV IR POED B ERGRRITERT | gur ed Lo hol d
a substrate in a %@ag@ﬁ@@ ¥4 RRRRNG so kB8 D054 BNLE, dayiGe LomE) 8i ng: an
edge ring configured fo surround a periphery of at |east a portion of the
el ectrost at i dhehigekostnd dhihelr aral thyroodintcaotact the ckbeetistosthack.dhetdgsk, the edge

ring coruprising a lower face having a first plurahity of raised features formed

thereon; and

a second plurality of raised features formed on a portion of the

clectrostatic chuck m thermal contact with the edge ring, the second plurality of

raised features arranged to be thermally coupled to the first plurality of raised

features, a degree of thermal coupling between the edge ring and the clectrostatic

chuck configured to be controlled by clocking the edge ring with respect to the

second plurality of raised features,

8. The clockable device of claim 7 wherein the first and second plurality of

raised features are arranged radially on the edge ring and the electrostatic chuck.

9. The clockable device of claim 7 wherein the first and second plurality of
raised features are arranged radially in a plurality of concentric rings on the edge
ring and the electrostatic chuck, cach of the plarality of raised features being
thermally separated from a raised feature in either a subsequent or prior one of

the phlurahiy of concentiric rings except at a base portion thereof,



ring conprising a |lower face having a first plurality of raised features
formed thereon; and a second plurality of raised features fornmed on a
porti on ovouhw/eb®etrostati c chuck in thernmal contact wPCH/USk@9mssya4 ri ng,
the second plurality of raised features arranged to be thermally coupled to
the first pluralit d feat ures degr.ee. of ther coupl i.ng
between the edge rﬁhgcfl%%gb RVt Bttt Bt ater e orrgtn el g

control | ed by,ghoeking &b@bp%sstg&i frbz@%uWaB&héﬁ%pﬁ%nﬁﬁ 1&:@@4&%?&(1 p! urality
of raised features 8 The dockabl e device of claim7 wherein the first and
second pl ur alilagdbbtwean seigafleatttinescaeidhafirangbecoadivakdlipy ohraidsd edge ring
and the electrqstatlc chuck. 9 The dockabl e device of claim7 wherein the
first and sect 51urallty of raised features are arranged radially in a
plurality of concentrlc rings on the edge ring and the electrostatic chuck,
each of the plurality of raised features being thernally separated froma
rai sed featurld i n dicthekable dapsegldng dwhgraipicgdec srg ebthgl ural ity of

concent i 11 AG%BERh, Rt PhAsE.ROr8 AN.LNSLERI 0. The, dogkablisdevi ce of

claim7 wherein the f ond ur al'i ures are

separ at ed fr amiengrsamoi il’fl:ei’m(.biyluﬁﬂlt}h@ﬁ’mm pﬁﬁleﬁsf aceén linyesl phacedithetyeen at

| east certain ones of the first and second plurality of raised features. 11
The dockabl e {&WiEe of claim 7 wherein the edge ring and the el ectrostatic
chuck are arranged to be bolted together such that at |east portions of the
first and second plurality of raised portions arc in thermal contact with
one anot her 112. The m@mmﬂe ddevé oclefn € hdicrouv ambet enqolahe béastinonsl of die

edge ring and,t eeI sta huck .h e ate to facilitate
S st abl et HEY AP SOREARES o ShOk Ry oor DG H T SGE 1 ng i t h
respect to theseleakx 9@&&%“19& ﬁh&ﬂi@ﬂ%}thé%ﬁ@ ﬂzgﬁisﬂpk@ »@@% 6R JQkrosgc W th an
el ectrostatic chuck conflgured to hold a substrate in a plasna environnent

t he dockabl e devi.ce conpri sing:

13, A clockable device for use with an clectrostatic chuck configured to hold
a substrate in a plasma environment, the clockable device comprising:

an edge ring coufigured to surround a periphery of at least a portion of
the clectrostatic chuck and thermally couple to the electrostatic chuck, the edge
ring comprising a lower face having a first plurahity of raised features formed
thereon; and

a coupling ring having at least a second plurality of raised features and
configured to be placed into thermal contact with the first plurality of raised
features on the edge ring, the second plurality of raised features arranged to be
thermally coupled to the first plurality of raised features, a degree of thermal
coupling between the edge ring and the coupling ring configured to be controlied

by clocking the edge ring with respect to the coupling ring.

14, The clockable device of claim 13 wherein the first and secoud plarality of

raised features are arranged radially on the edge ring and the coupling ring.



an edge ring configured to surround a periphery of at |east a portion of
the electrostatic chuck and thermally couple to the el ectrostatic chuck,
t he edge wonglrasspri sing a | ower face having a first pl ecalusegoossossi sed
features fornmed thereon; and a coupling ring having at | east a second

plurality of rals ur.es and nf i dto.b aced i t her mal

Pont act - ui th Ehe:riest %F‘Ei?}rér‘rwﬂg%ﬁ% irunpond 98 St @ﬁg@ﬁw.ﬂﬁg t he
second pl ur aldyg Q,fauﬁ@shx?r@gmiu@%ﬁ%&ﬁ >aﬁ1repgng@1@lut<q&@utfn% HRLd éﬁ @eupked to the
first plurality of raised features, ‘a degree "of thernal coup i ng between

the edge ri nglwdtth@u@mpwmg, qaphgt t%@r}‘sﬁmgmeﬂ raiecdoleatsontbeoiel ed by cl ocki ng
the edge rin respe to the dockabl e .devi ce of
cl'aim 33 wheraP R sSFRRES il BBef TPk i hidy e tadE s BREas e ar o
arranged radigl byurOny tshm@@l@ﬁ&magvajagt 4@%@@@&@%&@9 15 The dockabl e
device of claim 13 wherein the first and second plurality of raised

features are arranged radially in a plurality of concentric rings on the

edge ring and,the GOUBLANG, LN, (PARN, O Wh0e PLUTALILY 0L 3 sad Lpat ur os

being thermally separa Fom a‘ raised Teature in a‘su quent or
prior one of mked ﬂzldwi”@gl drt yepafatebiic@ning Idﬁmhllf‘ig,Sd gxaegtin@tfa@iage portion
thereof. 16. The dockabl e device of claim_13 wherein the first and second
plurality of Farddalreartl-ay carengapar/dred s ryhisasd ARGt eP B4 t her mal
interface |aygr, placed between at |east certain ones of the first and
second plurallty of raised features. 17. The dockabl e device of claim 13
wherein the edge ring and the coupling ring are arranged to be bolted

t oget her suc that portio the first and sec rality of
rai sed portions arék“ﬁ“ia@pﬁ ’CESE?Q%?Ez“@h“&ﬁ@”&ﬂ@ﬁﬁ%ﬁanéﬁg %ﬁg“ﬁockable

device of cl aifpl3.mhelgiifsabokeBskeRneof iH:hg 184980dibRgo@RE thhigugoupl i ng
ring have eIongated slots to facilitate adjustable thermal contact

t her ebet ween sogondatiaelihpettrhieckpiybons g imihchnsl eoplect wish pheamopl i ng ring. 19
A dockabl e device for use with an electrostatic chuck configured to hold a
substrate in a plasma environnent, the dockabl e device conprising:

18.  The clockable device of claim 13 wherein at least one of the edge ring
and the coupling ring have clongated slots to facilitate adjustable thermal contact

therchetween by rotating the edge ring with respect to the coupling ving.

19. A clockable device for use with an electrostatic chuck configured to hold
a substrate in a plasma environment, the clockable device comprising:

a first portion of the electrostatic chuck haviug at least one face with
variable thermal contact areas located thereon;

a second portion of the electrostatic chuck having at least one face with
variable thermal contact arcas located thereon, the at least one face of the second
portion configured to be placed in thermal contact with the at least one face of
the first portion to control a thermal gradient across a face of the substrate.

26, The clockable device of claim 19 wherein the variable thermal contact

arcas include a phurality of rough face and smooth face regions.

14



a first portion of the electrostatic chuck having at | east one face with
vari abl e thermal contact areas |ocated thereon; a second portion of the
el ect r ostwDI20100136K havi ng at | east one face wi th vari alpCe/ush@omsdos€ont act
areas | ocated thereon, the at | east one face of the second portion
configured ta be pji rﬁther mal, con ﬁi W th the%ég Iyeaﬁst} one face of
the first port'ion SHEPBKCGT Ros R | G UOEhTC AEFBLS AT TACET0! ¢ ne
substrate. 2Qnd n@(, Qg&l&ﬂ@i @i &'@ﬁéhﬁ@ ﬁs}tmg @mmuﬂe%nmgm%lga iBr'&@aMﬁ%hQ%@a e thernal
contact areas include a plurality of rough facé and snmooth face regions.2 i
The dockabl e feehvdndecofndgloaiions19 wherein the vari abl e contact areas include
a plurality of differing thermal conductivity coalings fornmed upon the
first and second portions 22. The dockabl e device of claim 19 wherein the
first and second poiktdqrshiBaviibgovahinabd enthel fRlirqant asdonansamndr e
separated fromone another by a thermal interface |ayer placed between at
| east cert ai fagi@s appblepeerip @tﬁlt@hdrusfe@ém@pwm tr@ﬁ@m@w%gr Yati abl e t her mal
contact areas;, . f id.t. first
portion and tsl he@i %:ng%gacg?%léggﬁa&f@é{%%aﬁ %a ?éi%%grb\glgt? Eeh ig)ttg]ge}lt%her such t hat
at | east por tseonsi ;Qﬁmmelaimﬁr%rﬁhﬂdﬂ&ﬁ@@in@bnpmtmt,msns havi ng vari abl e t hernal
contact areas are in thermal contact with one another. 24. The dockabl e
device of claim 19 wherein at | east one of the irst and second portions
have el ongat ed si o2 SQEACILLLAL LRt v babls, fRSH I rfRANLAGh: [digFEbet veen
by rotating the first portion with respect to th ond portion.

portion are arranged to be bolted together such that at least portions of the first

and second portions having variable thermal contact areas are in thermal contact

with one another,

24, The clockable device of clanm 19 wherein at feast one of the first and
second portions have elongated slots to facilitate adjustable thermal contact

therebetween by rotating the first portion with respect to the second portion.



