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January 24, 2003. FIELD OF THE I NVENTI ON The invention relates generally
to a wafer handling app&f4FER HANDLIEIGI APRARATHSANECt ur e of

sem conductors. BACKGROUND Wafer handling apparatuses, e.g., heaters and
el ectrostatic chucks, i applications such as
nol ecul ar beam epi tax%@gggggg%m%méﬁ%@heat ers for electron
m croscopy and in the growth of superconducting filns, etc. Heaters are

typically used to heat a sem conductor wafer i.n the nmanufacture of
sem conductors. A wafer handling assenbly may include a susceptor for

supporti ' a plurality of heaters disposed under the
suscepto%@sﬁﬁﬁwanggﬁEwEQéﬁPM@&W' wafer is heated within a
confined environnent in a processing vessel at relatively high tenperature
and of t enyid 2tk PSS RRY £ [ kS Ahi . I rasi The, t erature-to
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range af t1dy 2008aidiih§. PateetAppdidatiéroNes60/Mp40eied ah Vatuary 84, ogi or e, the
heati ng device typi-cally consists of a heating platen Tornmed of a sintered

ceramc i i fractory netal wire was enbedded. The refractory
metal w &EE%BQE%M@ generating resistive el enent when connected
to an external power supply.. However, because the resistive elenent is
enbedded The Bve@EHTrEla 8L ShibAlllyt RE ARG ardtl AFalhNg gevi ce can
generate and deliver t.o,t%{e waf er srﬂ%lyér}n Pgl{dﬂl\?\’g:/\@c#df tflsagtuﬁg I%a unt of
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BACKGROUND

Wafer handling apparatuses, e.g., heaters and electrostatic chucks, are used in a
number of system applications such as molecular beam epitaxy, space experiments,
substrate hgaters for electron microscoby and in the growth of superconducting films,
etc. Heaters are typically used to _heaft a semiconductor wafer in the _ménﬁfacture of
semiconductors. A wafer handling aséembly may include a susceptor for supporting a

- wafer, and a plurality of heaters disposed under the susceptor to heat the wafer. The
semiconductor wafer is heated within a confined environment in a processiné vessel at
relatively high temperature and oﬁgn in an atmosphere, which is highly corrosive. The
temperature to which the wafer is heated is also controlled to within a p're'determined

, range after reaching a desired processing temperature. Hel;etofore, the heating device
typically consists of a heating platen formed of a sintered ceramic body in which a
refractory metal wire was embedded. The refractory metal wire operates as a heat
generating resistive element when connected to an external power supply. However,
because the resistive element is embedded in a ceramic material the amount of power
the heating device can generate and deliver to the wafer is limited which limits the

amount of power available.
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graphite post (or shaft) connectors are used. The shafts have internal tapped holes for
attachment to .an‘ external power supply. The assembled heating element and ‘shafts .

are then coated with a pyrd]y‘tic béron nitride layer to encapsulation the conductor and

shafts to isolate the graphite from the process chemistry. In this design with multiple
electrical leads in-separate posts, the mechanical connection afound thé leads tend to
increase stress in thermal expansion during operation thus often breaking the heating.
element or the leads. In some applications, the thermal stress of the installation can

cause an arc at the point of electrical contact with the heating element which will

damage the heating unit and render it nonfunctional.

US Patent No. 6,066,836 discloses a heating structure having a resistive heating
substrate holder including a support surface (wafer holder) and a support shaft

comprising a relatively pure compound of aluminiim nitride (AIN), wherein the

support shaft is diffusion bonded to the wafer holder,




2' WD 2004/068541 PCTI US2004/001128 Applicants have al so di scovered a

waf er procggsh aratus, e.g., a heating device, enploying a unitary
const ructi on, @%ﬁ@qan assenbly of a graphite support pl 8C&USemmbailzé ng CVD

(chem cal vapor deposition) filmof pyrolytic graphite as the active
heati ng el ement connected t hrough conductors to an outside source of
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pyr ol yti & A&l theg sanisprdictarayifeg amprogeghitechafi eltaifipemat deanhl ext ended
life in 9&%%}30% SéJM}AARY OF THE | NVENTI ON. The invention relates to a

waf er processi ng ML prores W8 Prmsirery axpostus datshs hettile gprrasive;ntodspherepl at f or m
adapt ed withinptha s tsed o | the platform .including a
graphite substrate; and b)aé}gé%lﬁgﬁlf%%&s}ﬁdal{aﬁ?é%}eerhdi L?ﬁl?é‘tgé 'tﬁlafsy

t r ansver SPosed tohAIN imtheqrior aﬂhmrgﬂﬁ'pglyﬁmpﬁw%ﬂfeqieefohﬁandéqgttﬁ@hé@ﬁflg a first

| ayer Ofst?ucuﬂ@%ne%i ?‘léfvsfl cted frompyrolytic boron nitride and alim num
nitride, a seconds FEFEtaCcEYe o F‘?/‘iq%&toﬁfwéﬁﬁ-te di sposed on the first
coating and patterned in an arrangenent of predeterm ned geonetry having

two sepafiat preeadSint@hioh Ofufth&0rehited ﬁﬂgtno%@l Sésgg%% ?’fs ,e&eﬁg@cga%%ggcgd coating

of a dielectric material superinposed on sal ®at i ngs.
In one eEBaeREt aghraliiéc heatingt dlementt lwirgy Apfibvel eRERNR%I shsng@hakd My be
solid orgy (ah&ﬂ%- fourt’ger conprises at least two electrical conductors for
connecti ng e e egﬁa 88t o an external source of power. In one

enbodi ment, the electrical conductors are symmetrically di sposed on

opposi t SEMMEARYIOF MEIEMNpbNTRORhaft. In a

The invention relates to a wafer processing device comprising an assembly of: a) a
graphite platform adapted for placement of an object to be heated, the platform
including a graphite substrate; and b) a graphite shaft extending su_bstantially A
transverse to the platform; the graphite substrate is coated with a first- layer of a
material selected from pyrolytic boron nitride and aluminum nitride, a second layer of
pyrolytic grqphite disposed on the first coating and patterned in an arrangement of
predetermined geometry having two separate ends fot formiﬂg at least an c'alectrode,

and a third coating of a dielectric material superhﬁposed on said first and second

coatings.

“In one embodiment of the invention, the graphite core of the shaft niay be solid or
hollow, further comprises at least two electrical conductors for connecting the

- electrode to‘ an external source of power. In one embodiﬁqent, the electrical
conductors are symmetn'cally disposed on opposite sides of the graphite shaﬁ. Ina
seqond embodiment, the electrical conductors are concentn'ceﬂly disposed within the
graphite shaft. [Good!]




second enbodi nent, the electrical conductors are concentrically disposed
within th%«)ﬂ%ﬁ&gkbe shaft. [Good!] 3 WD 2004/ 068541 PCT/ US2004/ 001128 The
i nvention further-felates to a wafer-processing device WHfeVE2A40E28
connection posts conprise a carbon fiber conposite and the .exposed ends of
the electrical connectors are coated with a protective ceram c paste for
ext endedrid indentibnOfeihef rdhss to BRivEfer-PRooeiifg H6NeOwnt-m BRAWMNGS d gure 1 is
a cross sectional view of an enbodi nent of the heating device of the
present NoAlieerppsise Ficgthoa fibérs cemposis sandethei evpabedsiends of thhelestfcel support

| at f or en_along.,the lines,. B-B in Fi e |; Figure 3 is.a Cross
g ecti onaon%l/]&lg?ﬁ%ﬁe A d&%ﬁbﬁ?ﬁ?@‘f%wﬁ)ff’r@ﬂf @ﬁ%&f”r ?’itsr%gﬁqg? BhPHRenS j nes A-A
in Figure 1; Figures 4 is cross. section view of another enbodi nent of the
shaft OfBRIFF DESERIFTION OFakem DR OoNINGRe i nes A-A of Figure 1; Figure 5A
is a cross-sectional.view show ng the contact hole or via in -a heating
device. in the prior, art. Figure 5B is a cross-sectional view show ng the
cont act Higme Ji ¥ &eoss sepiintishwinw of antembedimeni pfitheiteting deviee vkt i on;

Fi gure IS rQss sectional view show ng exposed conductor ends in a
heat i ng%r% I\}tllf:l eni%ﬁgt he prior art. Figure 6B is a cross-sectional view
show ng coated conductor ends in one enbodi nent of the-heating device of
t he i nveRigiren;is kicgdss 8edtionsl RietvadT thié Féfes BRI BIHGE THQH ARY thefinthe
patterned _heating element in the heating device of the invention; Figure
8A i s aBBds&igeeli onal view showing a heating device in the prior art.
Figure -8B is a cross sectional view showi ng one enbodi nent of the heater

of the iﬁgﬁgﬁf'ji ' crold bBHARNER OGR! GlbMhEACSE h8'snifWoked AR the

conpensat o
lines A-A in Figure 1; :
Figures 4 is cross section view of another embodiment of the shaft of the invention,

taken along the lines A-A of Figure 1;

Figure 5A is a cross-sectional view showing the contact hole or via in a heating device
in the prior art. 'Figure 5B is a cross-sectional view showing the contact hole in one

embodiment of the heating device of the invention;

Figure 6 A is a cross sectional view showing exposed conductor ends in a heating
device in the prior art. Figure 6B is a cross-sectional view showing coated conductor

ends in one embodiment of the heating device of the invention;

Figure 7 is a top view showing one embodiment of the patterned heating element in

the heating device of the invention;

Figure 8A is a cross-sectional view showing a heating device in the prior art. Figure
8B is a cross éectjonal view showing one embodiment of the heater of the invention,

with extended heater surface for shaft loss compensation.




WD 2004/ 068541 PCT/ US2004/ 001128 DESCRI PTI ON OF THE | NVENTI ON As used

her ein, rocessing device or apparatus of the invention refers to
a deV|ce or pro ucing a sem conductor or exam ning a Fahs
Exanples - include an electrostatic chuck, a heating jig,. a hot plate

(ceram c heater), and the like. Unitary Assenbly of Substrate Hol der and
Support Shaft Conprising Graphite. Referring to Fig. 1 showing a schematic
cross section of one enbodinent of the wafer heating apparatus 10 of the
inventiqn. with a resistive substrate holder 12 and -a nounting structure

14. The Q%@%EJIQM@FGE‘IEMEH H#P¥nar surface upon which a substrate of

sem conductor neteri-al (not shown) nay be placed for processing in a
sem con r r e
vent] aae b HELE b SR ALLATLE 0RTRE by phila BP0 TROM AR 8o B3 oy o

a pl at f alemicd 2foandoducinu atdefgesiductot WE exdrhitifg Tahﬁ:nil@(ﬁr[ﬂu@ﬁcora Bhahples ext endi ng
fromthe pI atform 12, and substantiall % transverse to the |ongitudinal axis
0

of t he IpFluds &y ghperostatis chiek, @ hBwingiig e hot platedreramin hnater), eadiheilikes a |

substrate 16. conposed of graphlte ~which may be machi ned into any 'desired
confi gur@ﬁl{ : hlteF' gure 2
is a cross- al ong t he

O - 12 ;
l i nes BI&fahnEIt@HfgelkhoWhigW swexﬁwﬂnséragstseahdnyoffdr@temaﬁﬁﬁﬁ@fﬂh%wafdr 18- on
t he oppgsite sides thereof representing the upper and | ower surfaces of the

subst r athsatings apRgrats dfeol thenisventions ayittimgorssigtive sebstrateallder 12erd e by

chem cal io S s, hereafter
expl ai nen(.ﬁ(%ql BB%D gl?‘?allhl Fi‘hé@%\fp%]tra% hegﬁgl%égfa rP llélﬂ%asei?al% %r%lsla‘{%w%nd 20 are
deposi t edbagitaof @eimlcﬂghmfbr&ﬁﬁtbnﬂf (nbhshovid)ahayp bE phees 1/ @Béksﬂq% iafa t he
graphite substrate 16. Thereafter, pyrolytic graphite ?ayers 21 and 22 are
deposi tégm(c'@n@uctor\,wzafedabpcgmrc Pr-of the dielectric base'layers 19 and
20 respectively. Pyrolytic graphite is essentially highly oriented

ol ycr [ h d of a
Eyd)r/ocgﬁ"t%g}ﬁlleg%gbos?% bf ﬂ,ep gllg\%)% tﬁ%é{%‘g&hh‘{ ﬁ@%ﬁéﬁr&%&l@é& &ég acetyl ene
and pr opaitaery assembly of a platform 12 and a mounting structure 14 in the form of a shaﬁ

extending from the platform 12, and substantially transverse to the longitudinal axis of

the platform 12.

In one embodiment, the platform 12 comprises a substrate 16 composed of graphite
which may be machined into any desired configuration, such as that of a disk, a -
plateﬁ, or a cylinder. Figure 2 is a cross-section view of a portion of the platform 12,

- taken along the lines B-B of Figure 1, showing substantially flat surfaces 17 and 18 on
the opposite sides thereof representing the upper and lower surfaces of the substrate
16, with one or more superimposed coated layers formed by chemical 'vapor' ‘

deposition (CVD) or processes known in the art as hereafter explained in more detail.

As shown, dielectric base 1ayers 19 and 20 are deposited as a cdating on each of the -

~ flat surfaces 17 and 18 of the graphite substrate 16. Thereafter, pyrolytic graphite
layers 21 and 22 are deposited (e.g., via CVD) over each of the dielectric base layers
19 and 20 respectively. Pyrolytic graphite is essentially highly oriented polycrystalline
graphite produced by high temperature pyrolysis ~of a hydrocarbon gas such as
methane, ethane, ethylene, natural gas, acetylene and propane.
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5 WD 2004/ 068541 PCT/ US2004/ 001128 In one enbodi nent, an overcoat of
dielectri | 24 and 25 is deposited over the pyr I.C araphite
BB gy Bthifedniis

| ayers 21 and 22 respectively. The dielectric |ayers en upper
and |l ower pyrolytic graphite layers 21. and.- 22 | ayers respectivéely. The
upper pyrolytic graphite layer 21 is encapsul ated between the dielectric.

| ayers 1% enscergndiment, an beercoatef digjectiomateribladeand2s isslepodrfisubathed bet ween

the dielectri.c layers 20 d respectiyvely. The dielectric coating | ayer
of the. | RUSHEE eFbbiniccedl and P2 sepodianif og Grlesthubyerscaptmeslete e

car boni t a8 10%Y hdrhi gﬁpﬁt t . l.sting of
B, A, S}:)ﬂeéa re%?%%?wg ggéaprh(;?&geta 21 '%ﬁérlggsll |r%)?1&§é‘?glgf3{?ug}ﬁeg8é%?e earth .
met al s, pyrolytic graphiiz éyendtis/ enoapsobunddi et ¢enrthe tivhioaief laydrx 29rphde®4,iand | ude
pyrol yti oron nitride, alumnumnitride, titaniumalum numnitride, -
titani unﬁ‘eﬁf"f"?‘i %PIWFH%XETL%% 5| caRnTalsted herwesy theiddectrip dayerusl aad BS de,
silicon &gy, and silicon nitride. In one enbodinent, the coating |ayer
conpri seg‘%%BN. n a second enbodi ment, the layer conprises AIN. In a third

embodi ment, a conplex of ALN and BN. In a fourth enbodinent, the coating
di el ect r The [digjestric coginigs kayen of dhe disiehtiom cofmppigesobly 1dast bes of a nitlidd, de ( PBN)

and a carbon dopant..in an anpunt of |ess than about 3 Wt %such that its.
el ect ri cEOHEGaERINFiAG of exyHidec! cfqmgntsiselopted. Eom a groypeongisting of B,
enbodi mept , g CRFE| ' umi I Ll erein a
smal | anount "o a,. @fb%gy 4@3@%@8%&%{%& qﬁﬁgﬂgm%ﬁgfl%%] e%qﬁ%%“rg ’elogt ive to-
100 wt Y6amfipletes rind v or cbmbimdkdonBihicteofi BNEanhldslibcluiapgrofyticdddr@nhitdidig ul at i ng
and- con_(?ﬂct'tn g&tﬁgert,i es and can be easi|y deposited from the gaseous

phase. THER Ge IR RIRIRERY Bitlide tHRniRTY nityide, Aanipmoplamigim t hey
have a diff&h&sat (whi A . YT oLyt gr i te base | ack)
such that 1| nnftﬁhe’ Q@%[g%mo?g?éd?)m%lg& hgé}g}dgtta?lﬁcglplg%rgt@gﬁﬁs, t?@- oégati ng
| ayer caembwelimenst] the soatinglliyer coiprisesgpBNheld 4 seuohd Rtmbodiniet, e 1dyer one
exanpl e of the :Agvent ion, pBN js.used as the dielectric material, which is
very anf&BISEHANwi tIA & thir pivhedigsal aceaniplex, of AlNhandyBRhain e derdlee t her eof
of typi cahlohinbht, the coating dielectric layer comprises a composition of pyrolytic boron

nitride (PBN) and a carbon dopant in an amourit of less than about 3 wt % such that its

electrical resistivity is smaller than 10" Q-cm. In yet a fifth embodiment, the coating

layer comprises an aluminum nitride wherein a small amount of .Y, Oy is added, e.g..

in amount of 5 wt % relative to 100 wt % of aluminum nitride. Both pBN and AIN

have excellent insulating and conducting properties and can be easily deposited from

the gaseous phase. They also have a high temperature stability. Additionally, they

have a different color (white) than the pyrolytic graphite base (black) such that in the

step of forming the electrical patterns, the coating layer can be easily visually

distinguished from the patterns.

In one examble of the invention, pBN is used as the dielectric material, which is véry
anisotropic with a thermal conductivity in the planar surface thereof of typically 30
times or more abo?e the thermal conductivity in the transverse direction through its
thickness. pBN is typically formed by a chemical vapor deposition process as
described in US Patent No. 3;182,006. The process involves introducing vapors of

ammonia and a gaseous boron halide such as boron trichloride (BCIg) in a suitable
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times or nore above the thermal conductivity in the transverse direction

t hr ough i %/ é&; kness pBN is typically formed by a chem cal vapor

depositio&a% BE2¥3H s described in US Patent No. 3,182, RSH/USRAM/91 B8 ess

i nvol ves introducing vapors of anmonia and a gaseous boron hal i de such as

boron trichloride (BC13) in a suitable 6 WD 2004/068541 PCT/ US2004/001128

rati o to fatibnmoafopyr @l pribdl§ti® Hoddh M | face :
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appropri at substrate, which in one enbodi nent

gr aphi t e ¥OsIde Whishin pee eibodinkst, wouly be tenprbiytic @rdphitt BoRed @faphile
|nvent|onbég, igher one of the coated |ayers of pyrolytic graphlte 21.or 22,
is machined’info a pre-determned pattern, e.g., in a spiral or serpentlne
geonetry, so as to forma resistance heating el ement or an electrical flow
path in theydtoamoting @ﬁbdﬂhrﬁ&ﬁabﬁ@h&%hﬂ&?u thef U Pof? phite
havi ng opposite -ends (not shown). In anotﬁere e#’g %%8%%2&3% r| cal

f1 ow pat PYKI¥tiGgrapkites2] o2, @:‘pmaahlspﬂnm a pet-determinesl pﬂlt@ﬁl‘&gnﬁl aas}ﬁltapr n, a
hel i cal t ag. patt a contl uous _labyrinthine pattern, a
spiral l yp(%o%rl% ane%ef’g’gﬁy L B ?‘i’%a b"éisfaélf’ﬁ eajing & or sbeleetricaldldw pat t ern,
and conblpa&iinqnéfdxﬁﬁdf%f lod tefa%hﬂﬁ& '§i}g;ddf:f)§{l} ygf ! 'a e+ Of
pyrol yti ¢ araphlte 21, |e.o t he uppoél‘rg cdat Lyti %pﬁ VH@? ft(? ntact’ or
may be ugads fot ghowes. phi maﬂnerrmgboﬂﬂnm atle tlettriehlefidw pathddak 6t 1S YEK0f

el ectrod Sg lr'gp haft 14, which cro%ﬁ]éaictlon of . one enbodi nent of the

i nvention s sh \Nﬁnl%serﬁ“&t‘j?é’agemr 8 PARINS 2 Bigzag pefterg, Hoehfinubuyr aphi t e
to form aaHigintiene u@ﬁhlats gl I ffusion,bonde to the
graphite substratlseJar 16. Elra% %rgpenélgﬁggnvgnﬁhﬁ)aﬁ&l gﬁae{'flf’mﬂ qryo ﬂ\gﬁﬁﬂf actured
i n uni som’aﬁﬁmhalldh@nfbmaMnsther@ff the graphite substrate 16, such that the

shaft 14 and platform 12 define a.single unitary graphite body. As shown
superi nposed upon the hol | ow

th F |
Igpaph:at e C%ﬁ(ﬁh%r%m%;oﬁ i e th%f’?a g‘ﬂ? %%%WPPW@ 3lay-es theappgnepasd are t hen
formed dayer, midyebede |11§tﬁ<§trdr9nal}3%e&se§ 109n RBPARsH I)Iemla?{)g B?Ad Bt B2 Qhaie

graphite core 30. In one
chuck electrodes.

The shaft 14, which cross-section of one embodiment of the invention is showﬁ in
Figure 3, is machined from a solid body of graphite to form a hollow graphite cc;re 30,
to be la'telf diffusion bonded info the graphite substrate 16. In another embodiment,
the shaft 14 is manufactured in unison with the formation of the graphite substrate 16,

* such that the shaft 14 and platform 12 define a single unitary graphlte body

As shown in the Figure, a dlelectnc layer 31 is supenmposed upon the hollow
graphlte core 30 of the shaft 14. Two conductive layers 32 and 33 are then formed
over the dielectric layer 31on opposite lateral sides of the graphite core 30. In one

" embodiment, the conductive layers 32 and 33 comprise pyrolytic graphite. A dielectric
material 34, e.g., a pBN coating layet or any of the dielectric materials described

- above, is thgn deposited as an overcoat over the two conductive layers 32 and 33. In
one embodiment, the dielectric layer 31 is formed at the same time the dieléctn'c base

. layers 19 and 20 are formed. Likewise in one embodiment, the dielectric layer 34 is
formed when forming the dielectric layers 24 and 25 on the graphite substrate 16. In

this way, the conductors 32 and 33 are each also encapsulated in dielectric material.
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enbodi nent, the- conductive |layers 32 and 33 conprise pyrolytic graphite. A

dielectri lLal 34, e.g., a pBN coating layer or any of the dielectric
mat eri al S_G&’é)eé@%/?{%‘gi_ above, is then deposited as an ovddda20WP8128he two

conductive |layers 32 and 33. In one enbodinent, the dielectric layer. 31 is
f or med athlthe sane time the dielectric base layers 19 and 20 are forned.

Li kewi se I pnerembodboetityreath, of the ‘GogligCt laidrs hay o th}dknbs of n form nhg
t he di el eccﬁ_lr.i c'%g%gﬁr% 24 and. 25 on the graphite substra? e&?g@{{? \r(ﬁ%thi S way,
the condd®t6¥s e $mbodingenth frams gbewc 894 utcatOekd iimches. el BChr ihrdmat eri al .

7 WO 2004406854t ReT, O . In_one enpodi pent, each of the
"coating" layers ’haségéﬁ%%?c gess%g C%‘??fﬁgﬁe(%g%’?’?@gg‘?tﬁcq'ﬁéwheﬁn anot her
enbodi nent, from about 0.01 to 0.10 inches. In a third enbodi nent, the

overcoat i sipsld besiotedt thiat kness mérel 185ds F bR IR- t9.5%100ﬁ19‘?ﬁigr4\1 gshoul d be
not ed thﬁ%gg&g_g%rdﬁimr'e | ayers may be included to provide 1npr Vea- ther mal

mat chi ng A& bebrRsaIthn eempenepisdo emevebtbetiding ar frichre ol diffe@éntdi T f er ent
| ayers haxkmthatdol figle of .thermal expansion. Layers that

i mpr ove t!e gdhgsiﬁgﬁ%g% &egggﬁieﬁ t?egﬁt %13?%1 QRETee  Japee thatdmprgreathso be
used. Ita@wsiuhdbemwnﬂmelamseﬁﬂﬂi&%hbﬂxiaféiﬁéfﬁlkoﬁgh s can be used to deposit
the. coating layer or layers onto the graphite shaft / body / substrate.

I n one eﬂbgdigrsgt at | east aone of the Iag;rs can be applied through

physi cal VARST agehsdiotsd hai diffepent wiethods aan bruseddadepasitthe esdtial layerg. ' bor on

nitride gn ] |l bs. . are transferred in vacuum.into the

gaseous phg}ééés ?ﬁ?%ﬂ%}agﬁge{ﬁfhgﬁgg (/:gfbsﬁﬁatfho%é)nﬁﬁﬁl%ﬁﬁlén%ﬁé?ﬁﬁté’&e@ﬁ t he

surface the lbyers can deb. applivdnibesughf pRRicAD daporV@édoditiva ﬁ,afbs)gf;‘(ﬁ&quthé n one .
the r

enmbodi nent .. the coating material 1s deposited-onto ace under high
vacuum CORHRS Biafetial ¢ brsgR difride and 4resialuroinuni titsde fsr/omre thlsforbd ¢h Vi a t he

i qui d iveBuh R 98S r.direct dromjihe solid_ into the gaseous
Stat e usy 5o BrEotR? ERku SR bty rrYu I R el e dosiomben anent.
el ect ri dharsorfeseapobatdoatedor Bhaumbéeof FRMIEYIAME W FeSRed heysed,
wherein a_.sqglid target- which consists of the respective coating fhateri al
is ato HP‘?PR/. FPRtRY nHitegial dn denppitecbasto the gurface welet hiphSvacoma, | N
par ti culy¥erdh 908 HeBfdd to transition either from the solid via the liquid into the gaseous
state or directly from the solid into the gaseous state using electric resistance heating,
electron or laser bombardment, electric arc evaporation or the like. Sputtering caﬁ also ,
- be used, wherein a solid target which consists of the respective coating material is
-atomized in vacuum by high-energy ions, e.g. inert gas ions, in particular argon ions,
with the ion source bejng €.g. an inert gas plasma. Finally, a target which consists of
the respective coating material can also be bombarded with ion beams under vacuum,.
be transferred into the gaseous phase and be deposited on the surface to be coated. Of

course, the above-mentioned PVD methods can also be combined and at least one of

| the layers can be deposited e.g. through plasma-supported vapor deposition.

Alternatively in one embodiment of the invention or as an additional coating layer,
one of the layers can be deposited through chemical vapor deposition (CVD). Inyet
another embodiment of the invention, at least one of the layers can also be deposited
using thermal injection methods, e.g. by means of a plasma injection method. In

: mo@er embodiment, a thermal spray process is used. In another embodiment for a




with the ion source being e.g. an inert gas plasma. Finally, a target which
consi sts Wozotoz%ﬁs spective coating material can also be bonbarded with ion
beams under vacuu%r%9 be transferred into the gaseous pH4d&S2PY/ 0828
deposited. on the surface to be coated. O .course, the above-nentioned PVD
met hods can al so be conbined and at | east one of the |layers can be

deposi t edelatigely tthick!gldaRh R BHBr, $6RREOIBUNVRRY: (HRRSS ! é&'&ﬁg@ﬁa‘?%f‘}s' vely in
one enbodi eg#,of the invenfion or as-an additional coatl ayer,  onhe of
t he Iaye@gﬁ iglycps gdiuiépainhansien driedracaifficiaplyrhigle pospdritors (CHE) . I n yet
anot her adicgBRRf, of the invention, at |eaSt one of the layers can also be
deposite usi ng 'ﬁhermal I njection nethods, e.g. by neans of a plasma

i njection method. In another enbodiment, a thermal spray process is used.
|n anot hén onubodotiatin, e cacapByMOIINRANAOSRHAIECTLLSZI0HBALEZY, lcel ati vely
"t hick" ?oat‘ig layer, i.e., of 0.03"inches or tHhicker, e.coating:

mat er i al 19%er ‘%Eﬂﬂil éﬂrf§¢mpf¢he$raphlteqsumuma'i hi.. aGohducsins B2i ead 88 are
sufficie | e atures,to dry. out'the coating. In one enbodinent,
the enc agé#g{ég gp%@er %&f‘?’fgoé"f’iﬁw FREGIYG 8?&32(20"1' shoyny, %’gé daghinehdowdrower
bottom s & @iphite @osted pdy ) 32 .3nd are
connect egylfg'?ﬁon% pend therg}{)x‘&?%’s‘?ﬁgtﬂée?s%g%% ?/% en g% ﬁ% Ctosrﬁggﬁ?dgs t he
machi nedafapik to gxyand| autside tredpsating devioatl @dwhery etcl? 2ondiiciod 3oh@&dopp@si t € end

of the c rs 32 and .33 adapted to extend outside the heating device

10, mherg&glgg%gc@%td tW&S t@za"aﬁ’ﬁteg@ﬂpgwe’éé‘ﬁﬁ%t el cAgtembtpdimgntiaf tha ext er nal
power  sotivetion, RoARIASIRALTERE B sdera | opductar s 32 and 33 in
shaft 14 are connected to _ pattersne %@rﬁsﬁdgg@gr% HERBIRYYS S i a

connect i Sifphitsshesier A3 viasteonegtionfposBihatchbed) of pBM codted fraphis, anot her |
enbodi nent of the invention, .the upper encapsul ated pyrolytic graphite

| ayer 21 S Rf plane for plagma generation, in-which case an
addi ti ongi v é‘?";‘%ﬂ’i CP%%SBE?’RQ%%?%%?‘H&%@’& ypRer sheaniylates pyplytic gtaphiter
connect i lagert 21 bdreesRPEE RIGSIARNSSpIh SN LY 13 R
conductor.- In this case, fgé\af t 11? may §ﬁl§eéat[)®’.%ﬁgh?%}€v?as%ranp%i‘ﬁﬂ may be
slip fit&Pphity pOshHeist provistedi im. thehhdliovd 4hafo 1MhAk @haédtinkdtocar upper
* graphite layer 21 to serve as an internal conductor. In this case, shaft 14 may also be
hollow, or post 35 may be slip fit into a bore formed in shaft 14 so that shaft 14 can

remain essentially solid.

—K

Improved FElectrical Post Connections. In one embodiment of the " invention,
connection pdsts (or pins) are made from a carbon fiber composite material,
subsequently- coated with a-dielectric coating layer, e.g., pBN, for protecéion from
chemical attacks in the wafer-procéséing environment, As used herein, carbon fiber
composite materials refer to materials comprising a carbon-matrix, e. g céfbon/éarbon-
. composite or ca;bon fiber composite. .Such a material provides high stiffness, low
density, and essentially zero coefficient of thermal expansion (CTE), commercially
available from numerous sources in various forms, pre-impregnated with uncured and

heat-curable epoxy resin binder or as fabric to which binder is added later. -

~ Oxidation or other attack from the proc_éss chemistry is known to be a primary source
of post connection failures in heaters. Experiments have shown that heating devices

employing carbon fiber composite connection posts of the present invention in one
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remain essentially solid. Inproved Electrical Post Connections. In one
enbodi ”e.r%'o%of/(f%gau' nvention, connection posts (or pi n§}:Tﬁ{S§0og@@ﬁf roma
carbon fiber conpoSite material, subsequently- coated wth a - ectric
coating |ayer, e.g., pBN, for prot ection from chem cal attacks in the -
waf er - processing environnent. As used herei n, carbon. fiber conposite

mat er i al smbedigrent, oexpetiendeabslycomep thisi of the failire reatent of the graghite post

car bon/.car bon- osite or carbon fiber conposite. Such-a- nmateri al

provi des® ?ﬁ"&ﬁoﬁ?%ﬁﬁggaﬁow density, and essentially zero coefficient of
t hermal expansi on (CTE) commercially available from nunmerous sources in

var i ous NP{ES 1Ny MRARRA efin Chnufel oleant RSkeGihab! erPRRY resin

bi nder of as fabric t ch brnder 1s added later. ation or ot her

att ack flembodihmnpnﬁmgnmhethb $wo \conduckorswn eleptrival laearis lafaamya senoentgic of . post

connectiqn.fajl n heat er s, Exper1 nts have shown that heating devices
enpl oyi ng |1 &5 shE inFigei fee ?B‘F‘Fd F18, WC?%CBF@%%PWQ nventi on

in one alevx?e&g%/&ﬁaééar RO AR 2o AHAIBN o SSREBEAEG ONLY one

third of the failure rates o graphi post connectors -0 e prior

art. \af tsad Heaig ousidp pasaroimdng the e electrical khé.ct In el enflvdiaeit] ties: 1 n one
enbodi ment of inyention, the two (o]o] ductors or electrical leads are in a.

concent r |lc elestrical; ieopdnqiore 1ss Wathin alﬁ é‘ée%%ﬁFopﬂuqtﬁ’fgW@ both pgondudersher ej n,
h .
Concet Bt s 5, EACHE SO o, B

sur r oundembodihenttthe rIS‘ehlﬁi: 0 elatiricslacbndustosn &ee@b@dctdﬁeéﬁtnc tdas*ign Ja‘ﬁtl
el ectrical conductor is within a 2nd electrical conductor with both

conduct of¥MIREAN ergettialy spkihshadat re, or a relatively common centre with one
another. In .a third enbodinent, the Ist and 2nd el ectrical conductors are

f W) 1 fc I
R T O R i

conceniric con
wi thin. thecoliovl @re oba enitdryahathi tiaryyt slodier embﬂdiyiﬁnt aﬂ atwagsr lavtagdwoent of a
waf er havin
suppgrt posts or shafts, each pair of concentric conductors is contained within each of

the two support shafts. -

As illustrated in the Figure, the first electrical lead 42 (can be a positive or a negative)
ié machined from a graphite rod, and is isblated from the other reverse lead 43 (a |
negative or a positive) by means of a dielectric coating layer 41, e.g., pBN, with the
reverse or- second lead being in the form of the outer graphite concentric layer. Both
electrical leads (of conductors) are thén coated with at least -another dielectric coating

layer for protection.

In another embodiment of the invention for a concentric electrical connection, the
_ conductors are located outside of the shaft 14 with the first electrical lead being
“adjacent to and right.outside of shaft 14, and the second electrical lead being separated
from the first électr_ical lead with a pBN coating layer, and also overcoated with a pBN

layer 44 for protection from the wafer processing environment.

It should be noted that the single (concentric design) takes up less area than the sum of

two separate leads as in the prior art. It should also be noted that multiple sets of
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support posts or shafts, each pair of concentric conductors is contained
within each of the two support shafts. As illustrated in the Figure, the
first el ectPitlY0684Lg 42 (can be a positive or a negati Ve¢T/UBB04BSA Msned
froma graphite rod, and is isolated fromthe other reverse |lead 43 (a
negati ve or a positive) by neans of a dielectric coating Iayer 41, e.g.,

PBN, wi t hedrieentrit @leRfrbefts g formof the outer - .
graphite concentric | a‘f/erS egl%gg ?tiglcg{f%f% E’(t?)Poﬁf@ﬁéhﬁfE@flé}ha&re then
coated wi CatlcepMesmamebe uhedlvﬁﬂt h&aﬁngﬁ@hb@%mﬂléﬁﬁ% Ay ﬁ{ta,g, gﬁ g@g%

¢ nectlon

anot her e {pef the i.nvention for a concentri
t he conductors are’ fBOSEHM ROSHSsi de of the shaft 14 with the first
electrical |ead being adjacent to and r| ght: outsi de of shaft 14, and the

second- el lemroveddlonkRAHRENAS) S d omth first electrical- lead with

a pBN co |n | ayer, and al S0 0O GoBak \Rnnct'vhouﬁ YoBficatedy Applicants bave

prot ect i Q}ﬂ hf’euﬁvatbﬁgraphm:asshmﬁor@ﬁuwdhnﬁﬁﬁiéhal tch tﬁ@%ﬁéefhb&) g%’h fed- that
n) takes up less-area thant

t he singly esi

separ at e Feg(u%gé‘%gﬁl rt’iﬁfg q%ranﬁﬁhe mopning struttek Sd - Soeprivirighel p I:dwdesrgul t i ple
sets of 04, 1 2 ncentric el ectric |eads may
be used or contpgl ne Iﬁ%ﬁ% gﬁgﬁ%ﬁoé lé’ gh%"fcﬁ‘en&ﬂdﬂf%&tmletmee casncentric
desi gn nﬁ?mﬁ'efe@éfeﬂlewafﬁsmppmtquaﬁiaugeg%ﬂ@gjopgﬁng a unitary assenbly or

with multiple connection posts. |nproved tact Hole (Via) Construction.
Appl i cants have found that the use of graphite as

e !
t hep{:g\h!stmrj é}é%/ ngﬁ% ff’%thef Byentios, thesenitary asstmblyeis forrnat owttef Ngihgier /
B pport hppar aean e EhAdo YobH She blarthn 12l e vl s vl 6r ance. |

support pparat us with a -much as

conpar edt gothes Wéﬂnm@e platﬁ»nnaﬂlzaéﬂdstﬁé nﬂi‘unhﬁ‘? stk la{ J{ra ngﬁﬂungg a single

enbodi ne ntlon the unitary assenbfy Is forne
pi ece: of&%r af;t)‘h6 B feots cﬁﬁ?ﬂt’étﬁ g t}fe@rh?ﬂﬁ%togbtheﬁbmnng%m«dr}tis@erﬂﬂyntl ng

structure 14. In another embodi ment, the platform 12 and the nounti ng
r ria ché enitRdimeh
structurla d I079Rk invention wherein the platform 12 and mounting structure

-14 are constructed from two pieces of graphite, the mounting structure or shaft 14 is
assembled into platform 12 through via 51. As used herein, “via” is used
interchangeably with “contact hole” to indicate a hole or cylindrical bore through the

platform 12, for a mounting structure post, pedestal post, or shaft to be inserted
through

In one embodimentx of the assembiy process, a mill is used to machine the via 51 in
the graphite layer 53 of piatform 12.  As illustrated in Figures 5A and B, graphite rod
14 coated with a dielectric layer, e. & PBN, is inserted through and seated in via 51
| After the insertion of rod- 14 through via 51, the raised top surface of the rod 14 may
be optionally machined for to the surface to be even with the surface of platform 12.
" The top surface of platform 12, including the exposed top of graphite rod 51 (through.

via 51) 1s subsequently coated with a dielectric coating layer 52 such as pBN.

In one embodiment of the invention, a ball mill i 1s used to bore via 51 in platform 12
prior to the assembly of graphlte rod 14 for a contact hole having rounded corner or

recessed line. Applicants have found that the use of a radiused ball mill or similar
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out of two pieces of graphite and then bonded together formng a unitary
assenbl y. ne enbodi nent of the invention wherein the platform 12 and
nount i ng ?{&%@f@@éﬁb. 14 are constructed fromtwo pi eces FS/GRAPAOIES t he
mounting structure or shaft 14 is assenbled into platform 12 through via
51. As used herein, "via", is used interchangeably wth "contact. hole" to

i ndi cat e teolsdinewar incthei a1t ribe dbritip b &ohhtOHElR Hithe Bl FAf™ 12diuded! of
nount i ng sweagure, post, pedestal post, or shaft to be inserte t hr ough.
In one enf (FEHO0gH, ﬁde.cué‘é@eﬁ%n¥ 1ot ¥ e skapeaasiillistiagedu sie FipareméBhi ne t he

‘via 51 i ' r of platform112. . .As jillustrated in Figures
V5A and Bé,ﬂ I%Ar?’glp%?g ggmr&@g ﬂ#?ayf?z?f g‘%ﬁ?&’ﬁg St'(’rfq%e Biet Ltvepion. gy sempaedito BN, s
i nsert ed wdfeoheiterandvingatadthct Bolek avifil squid © | BSELLI - 14

t hr ough vl;f a 51, é)he ?Igﬁgsed tcoposurflacgq of t%es’&?%gi ?ﬁlﬁ%y&{}ugit&&%ﬁ onal |y

machi ned HgHe s fopa vinericastact iplomachined wiinga flaersunfiace of pl at f or m 12.
The top - surface of pl-atform 12, including the exposed top of graphite rod

51 (thro v i ubsequent |y coafed with a.dielectric coating
| ayer 52%&1 Ct&s% ot End PR e otiihe | eﬂqugﬁtf*gaah?é(ﬁl tha 1 is

used 10 Imonductira (3] 3547142} frOmBYRer ot @ipateus 1SRN oo ggeohi te rod
e p

14, for a contact hol e having rounded corner or recess I ne. |icants
have fouReFsiaee haging slecsodes, rigdi theetrhimal ends bof dhe shavhined /1patiéhed

2004/ 068¢ 04/ 128,,,t 0al,s .known in the art, for boring a contact
hoi e hav?—sﬁ%obg%@#t%ag%ggf@eodﬂ,%zgrto aPSWﬁH@Hﬁp&rmoth, and curved

transition or shape as illustrated in Figure 5B, surprisingly prolongs the

life of WRafteofisatarduchis tltcexpe@s@ns be rb‘kﬁ&ieﬂ%dh_@%hﬁ@s?ﬂ@feeﬂ the seif er
heat ers hav(glggorcont act holes with square or straight Corners as 1llustrated

in Fi gufe® drater Rrpepseing vesselaas ilivstratedrirc Figneedb A siithgxpodel abnduretori | | .

Conduct ot t aGty: A\ Pr.otectiye Layer. As _illustrated above, the

conduct o??@%gZ%ﬂgp %%ﬂ%?&%ﬁp {"I“? IO%WZ‘Freh(@ég?%B T S caproriveymateRialsi nyent i on

connect tfeepresentithé aﬂp@e&%aﬁduw)rqiaﬁﬁtcéﬂ%%eﬂc%llr atthée ,g{}ﬁis p?déigséfﬁ s of the
0 , to a

machi ned [/ patterned pyrolytic graphite coated Tayer
power Subxfgpyrgsmtance areas and locahzed ot spots. This in.turn, will accelerate the attack

and ultimately produce an open circuit.

Ip one embodiment of the invention as illustrated in Figure 6B, a metal covering layer
or a ceramic paste is applied to the eiposéd conductor 42 forming a coating 61 to :
protect the conductor from attack, and subsequently improves the lifeltime of the
electrical contact'.. "The covering layef prevents or lessens a change in the ohmic
Tesistance value resulting from the oxidation of the electrical conductor. In one .

embodiment, the covering layer has a thickness of at least 10 microns.

In one embodiment, the exposed conductor ends afe coated with a piezoelectric

~ ceramic paste / plasticiser /conductor éompésition; which becomes electricallj
conductive after sintering. In another embodiment, the conductor ends are coated |
with a composition of silver oxide / lead zirconate titanate (PZT) / polyvinyl alcohol
plasticizer. In another embodiment, the conductor.ends or terminals are coated with a
commercially avgilable ceramic paste containing a metal oxide, e.g., a silver oxide

- such.as Artic Silver Ceramic Thermal Paste. In yet another embodiment, the

12




Parts of the conductors are expected to be exposed to the atnosphere in the
sem - ng, r waf er processing vessel, as illustrated in Figure 6A with
exposed c 1/(55 S1hart 42. In high tenperature appl i catpﬁgﬂészgﬂ’l@P’éz%xygen 0
r other corrosive materials are present, the exposed conductor parts can
be chem cally attacked, thus producing hi gh resi stance areas and | ocalized

hot spot gondhétos ehdl hréf dbatedl With &Cé‘@hlﬁfoa&cﬁnﬁdthadohi}ﬁ’lﬁmgaﬁ]@ombtﬂaﬁm efy produce
an -open.circuit. In one enbodi nent of the invention as illustrated in

Figure Gﬂtmﬁnﬁﬁltdaﬂlmomandgﬂicay@m‘ld@r a ceramic paste is applied to the
exposed conduct or 42 formng a coating 61 to ' protect the conductor from
at t ack, A

.et'x? foHe 8I’11f6{lllﬁ tengé]e?é:cﬁlre' &flsgcont act .

The COV reS| st ance

S 24 ; C 12
val ue r eﬁlelvvamnglsfmm&élepr@&sgl%hwe Gbr Eéiﬁm@hdiﬁtdrl'ﬁﬁ’er egssdi0fwith An. one
enbodi nent, - the covering |ayer has-a thickness of at [east 10 microns. In

one enbotypmhtempsmlremmfgmtxquuemmt @ridsl%r@r@ééh%wafﬁr fih6Q;Q Bi eddel ectric

ceram c ast | [ | c

el ectri c e‘ib‘ﬁg (ngul%agf 3}??18?\{% lg(ggéghe
conduct Oﬁoﬁn@ﬁe %ﬂn&ﬁ@h&@r ooﬁfein ﬁo@@,ﬁagseﬁwmht S ixthichr 1@ Rally |#ad
zirconate titanate (PZT) / polyvinyl cohol | asticizer. |In another

enbodi nemnosp}kmommm and @mbmnbternr@raﬁm@allée@n® ootheshafiiconfiguratienmer ci al | y
avai | abl er am c nt aj netal o a_si.l ver oxi de
such. as® %'1114 acyg |i ? 8(5%? E‘Fﬁt él#ﬁé’gr@ﬂs BHIPE. X‘P?{e(}&{llpg%‘%fﬁé?g‘%%bt&?nent he
12 WO 20Rdd 0680 pREHI2004/ 001128  conductor ends are coated with a
ceram ¢ conpound corrprl sing a combination of yttrium oxide, zirconia and
silicon nitride. Extended Heater Surface for Shaft Loss Conpensat i on.

Uni f or m Ineenseembediment pb e invensionaeisheti ar: both of tthe gpaterd grapbie laversabl e f or

d |
Fequ r entitiinyd B Sab R R Himdi i, 2 GiRents BT Bl WL E F ol o
8A, the gaftaPleh ﬁﬁﬂallél”paﬁﬂ(@%ﬁdb%ﬁ‘e’s@ﬁnéﬂ At ftRdresbeniie sle@tiadl eebistidcam the

sem conductor . wafer processing environnment, which is. typically at
circuit paths, to help regulate and achieve the requlred temperature uniformity. a

second embodiment, either the top 21 or bottom 22 coated pyrolytic graphite layer is
machined into a spiral pattern as illustrated in Figure 7, for either the ﬁpper or lower
surface of platform 12. The forming of an electrical pattern, i.e., an electrically
isolated, resistive heater path, may be done by techniques known in the art 1ncludmg
but not limited to micro machmlng, mlcro-bradmg, laser cutting, chemical etching, or

e-beam eiching.

In one embodiment of the invention, the patterned pﬁolﬁic gfaphite heating layer 72
(coated with dielectric layer 74) is extended from the flat surface of the piatform 12 to
. the shaft 14 as illustrated in Figure 8B to overcome the heat loss down the shaft. Thé
extension of the heating element 72 surprisingly improves temperature uniformity

‘across the wafer. -

In one embodiment of the invention, the patterned pyrolytic graphite layer 72 is
extended downward from the flat surface of the platform to cover at least 5% of the
length of the shaft 14. In a second embodiment, the patterned pyrolytic graphite layer

or heating element 72 is extended downward to cover a length of 2” of a shaft length
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at nospheric pressure and anbi ent tenperature. Because of the shaft

confi guragj o ft 14 acts like a large heat sink and thus causing a

| ower tean%dé)r%%)ﬂ?égﬁegi on in the middle of the platfor mPCI/US20444L128

enbodi nent of the invention, either or both of the coated graphite | ayers
is machined into standard heating el enent: design, e.g., adjacent series-
webs, spiafalOvels a tifiel e@BbdinehS the Patbiell WAIPE. YdhliidlhRr (ESishance or
ot her serpentine electrical resi sta?ge ci r@ﬁ?fﬁepg’%s, to}.%ﬁeoﬁp regul ate and
achi eve tHanHddiil extendaslovamprdtognvenatteas 25%ofahe baghruf shatbd4li Fremt |

ei ther thgk -0r _boftom. 22 coated:.pyrolytic graphite |ayer is. machined
into a spi ra}F%gg)t% fl-grrl?‘}ll%’a i Rﬁttggfﬁé{yggyﬁlg)éﬁpbﬁ?éa ?q&eatg}& ﬁlg%epihp dpper or-
| over  suxfoaded 8bwhwiidabovenal toTjU%t)@ﬂf@l&ﬂgtRBf%ﬁellfC”ical pattern,
i.e.; an electrically isolated, resistive heater path, nmay be done by

t echni ques. known_ in the art, incl uding but not limted to mcro machining,
ni cr o- br aihike the Hyenptieruhey hepn ddsembedawitbtrefirenge tora prefdednanticdithag, | n one

mbodi fak I ition...th t d ol yti ite heatij I
72 contiort, B L BE Wil e By “aF aabtinolineie iaph e e 8 ace of
the pl at fequivalbatstBay b suthifidd fof cRenls tﬁéﬁeBMﬂoﬁt’Heﬁ%}]rgg% i%rr?g@g{e%ﬁg%ﬁe reome

the heat |oss down-the shaft. "The extension of the 72

' sur pri siof#hs invepiiery e sAH eitptionst refesred ticfein nir¢ yxpressfy Bssrpohgedbérein. by n one
enbodi ment el%fc-t he invention, the patterned pyrolytic graphite layer 72 is
ext ended cfomﬁm%rd fromthe flat surface of the platformto cover at |east
5% of the Ilength of the shaft 14. In a second enbodi nent, the patterned
pyrolytic graphite layer or heating elenent 72 is extended downward to -
cover a length of 2" of a shaft length 13 WD 2004/068541 PCT/ US2004/001128
of 10". In a third enbodi nent, the patterned pyrolytic graphite |ayer or
heating elenent 72 is extended downward to cover at |east 25% of the

| ength of shaft 14. In a fourth enbodi nent, the patterned pyrolytic
graphite layer or heating element 72 is extended downward to cover at up
to 30% of the length of shaft 14.
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VWil e the invention has been described with reference to a preferred
enbodi nent, those skilled in the art will understand that various changes
may be made and equival ents may be substituted for el enents thereof

wi t hout departing fromthe scope of the invention. Al citations referred
herei n ar grexqpfgssly incorporated herein by reference. 14 CLAIMS: 1. A
waf er processing device conprising: a platformfor supporting an object to
be heated, the platformconprises a substrate having upper and | ower

rel ati vel3i flat, sutfaces .th(f: Pl atformis conprised of graphite; at |east
one shaft exteﬁdWﬁ%rBWﬁgﬁs% NIeFOMPEiY8erse to the platform the at |east

one shaft is compifos@toPSupPbARY dnSbjét fd Eé&&@%b@@%%d a One of the
flat surfaces, with said first coating conposed at least a materi al

sel ect ed fubsratethavipgopperanddower relptively-lat isunfacds; the platfode is compvised of i de  or
oxynitrid a?%ﬁtg-l enents selected froma group consisting of B, Al, Si, Ga,
refractor?T ard netals, transition netals, and conbinations thereof; a
second coat i ngat R¥ebné ShaFOS@EhdMg fibs@hNAlIyCrAsAR8Y fodhé pREBARAhOR: eie first
coating in a patterned arrangenent of predeterm ned geonetry, the |ayer
havi ng at opeshaft is coppadnferaphiteds adapted for forming at |east one

el ectrode; and I i I, &l I.C eri uperi mosed.on
said first anda?é%%ﬁé&%%gﬁlﬁ%g?ﬁ% ‘}?lfetﬂ% glf{rasg’&%%%?t ?%ﬁ% Si"‘lgati:r(%fﬁ)ogg%c‘é PSP | cast
a mat er i abf atleast b adchtdriabseledied fromuhe gwpTofdisting offa ritridie] darlide, carbolitfde
carbonitride or. oxynitride of elenments selected froma _group consisting of

B, Al, Si Orexynifide Pgel@meptSﬁalﬁ_atemoa} 3 group gansistingrofikb il 8i; Cantefi@eieni nat i ons
thereof . RardthBaNARARIRNIAENS! A SRl metedpm 1. wherein the device is
an electrostatic ~ chuck and the at | east one el’ectrode is a chuck

el ectrode. 3. alsecondfceating lapersempysaiofipyeolpfic glaphine disposbdorihe firsle device is
a heater

%ggilfgqg a%%ttemed arrangement of predetermined geometry, the layer having at least
two separate ends adapted for forming at least one electrode; and

a third coating of a dielectric material superimposed on said first and second
coatings, the third coating is composed of at least a material selected from the group
consisting of a nitride, carbide, carbonitride or oxynitride of elements selected from a
group consisting of B, Al, Si, Ga, refractory hard metals, transition metals, and

combinations thereof.,

2. The wafer processing device of claim 1, wherein the device is an electrostatic

chuck and the at least one electrode is a chuck electrode.

3. The wafer processing device of claim 1, wherein the device is a heater and the at

least one electrode is a heating element electrode.

4, The wafer processing device of claim 1, wherein the graphite platform is one of a

disk, a platen, and a cylinder.

5. The wafer processing device of claim 1, wherein the at least one graphite shaft is

one of arod and a hollow core.
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| east one electrode is a heating elenment electrode. 4. The wafer processing
device of claiml1l, wherein the graphite platformis one of a disk, a
platen, and a cylinder. 5. The wafer processing device of claiml, wherein
the at | east one graphite shaft is one of a rod and a holl ow core. 15 6.
The waf er gproc [ | S
pat t orned 1 o e B En oAt Pbtidim 11\ e SRE ARG Rk Bihel o
arranged itmfam a@minumlseelmigateellsaﬁp of pyablytit graphi¢ hrriviped dn ad less bnoofe of a
spiral pat n ser patt er.n, .a . helical attern, a 2| z g pattern,
a conti nubtf§ {f}%@?‘mﬁ el}‘?é ggﬁté’r‘lﬁ of g spifgl pajterp, %ﬁﬁ"gﬁﬂ‘nﬁgf‘?@ﬁ wirled
pattern, Pak@fdPAbyacoRNeR] utceﬂumg fd\mnn&mé &E@?ﬁ 8 ﬁaﬂﬁ% hte@@ al- The
waf er proce55| ng eV| ce of’ claim 6, erein the 3 on coat| ng is
f or med on swiled pagomns asmﬁbad%C@iVOélaccﬂpmem,fandnomBmaﬁm therkef. pr ocessi ng
device of claim1l, wherein said pyrolytic graphite second coating |ayer is
encapsul ated in at | east a nitride, carbide, carbonitride or oxynitride of
el ement s el ectld waf@Préceging Bevieesf a6l vHerdin tf patteined SBecond @batafptior y har d
netals, transition netals, and rare earth netals, or conpl exes and/ or
conbi nat i §erEediparsaisklowsr surfase wsaid plsifetassi ng devi ce of claim 8, wherein
said pyrolytic graphite second coating |layer is encapsulated in ALN or
pyrolytic boron nitride. 10. The wafer processing device of claiml,

wherein tRBe at Theaafferqmecegsingtétice sihdiiin 1,avteréiheaid el ticgrpidte ednd or m a

si ngl e uni taré body. 11. he vvaf«iz roce55| ng device of claim1, wherein
the at | e&§qt ﬂ@’%r‘%&ﬂ?@f’%‘ atehinyat Igast a pigide, gy @Ge%afbﬂmﬁ’éﬁﬂ oxyitride skt r i cal

conduct or g1kt Cs@l%% g g rnal source
of power . 2. "the vva er ag goﬁgl%?f?é%lfgél ?’“’B&B%?é’%n& he t wo

el ect ri calragsichunietalss andaraee eaticmatalsi or sintplexesand/or edm&he@drfsnhméofconduct or
bei ng di sposed within the second electrical conductor. 13. The wafer

processi ng device of claim 11, wherein the two el ectrical conductors
9. The wafer processing device of claim 8, wherein said pyrolytic graphite second

coating layer is encapsulated in AIN or pyrolytic boron nitride.

10.  The wafer processing device of claim 1, wherein the at least one graphite shaft

and the graphite platform form a single unitary body.

11.  The wafer processing device of claim 1, wherein the at least one graphite shaft
further includes at least two electrical conductors for connecting the at least one

electrode to an external source of power.

12.  The wafer processing device of claim 11, wherein the two electrical conductors
are concentric with the first electrical conductor being disposed within the second

electrical conductor.

13.  The wafer processing device of claim 11, wherein the two electrical conductors

are symmetrically disposed on opposite sides of the at least one graphite shaft.

14.  The wafer processing device of claim 13, wherein said at least one shaft is
essentially solid and said two electrical conductors are coated layers symmetrically
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are symretrically di sposed on opposite sides of the at |east one graphite
shaft. 14. The wafer processing device of claim 13, wherein said at |east
one shaft is &essentially solid and said two electrical conductors are
coated layers symetrically 16 di sposed on opposite sides of said at |east

one gr aphidiposdaaint oppdsite st oFRhidlat RaQCHR PraMideNaEe of claim 11, wherein
said at | east one shaft has a hollow core and said two el ectri cal

conductors are disposed within the at | east one shaft, and wherein the two
el ectricalyccon ! re congentrig, .16.. The waf er, ocessing devi ce of
claim 15, Wher g;ﬁ%%%‘fner %es%lg%ggﬂf‘? ?%%‘PEH’M%&‘T“‘ S@Sﬁg{ﬁﬁ 8rs Sl?‘?%()_é“& conmon
center. lholldWeRomadndrsaidl thoaseichl enduedroire AispbsBdbaithiARY R ldhsbticthift! St

el ectrical conductor is in a formof a graphite rod, the second el ectrical

conduct or and whered) the\pwg elgstricebeongyctorseasel coesntsicn t he first and second

el ectrical conductors are separated by neans of a coating |ayer conprising
a material selected fromthe group of least a nitride, carbide,

carboni trilde. dihewafer gro¢edsing ieviteoPdlsim 5% Ivirtda tHe 1o cdngindipele@risdlst i ng of
B, Al, Si, ,. refractory hard netals, transition netals, and rare earth
met al s, OFO’%ﬁﬂr@ BE GAIBPN CIWPhi nat i ons thereof. 18. The wafer processing
device of claim1ll, conprising at |east tw electrical conductors connect
the at | east one electrode to an external source of power, and wherein:
each el ectlii calThe ovafierqiroces$ing denjceof daich hld aylteesin faid fiesirteetridahepnidoctbhe

external .source of. power, and the e of. each,of the e]lectrical conductors
i s coated Wt dt ofé%a}\'\pﬁge r%cg eﬁo"ﬁg F“énﬁag pRdustqrds gpoilcé\gg{apgﬁ%rqglf a
pi ezoel eclhpd th@féirﬁﬂﬁb(ﬁrﬂaaﬁﬁ‘éecoﬁdQie%ﬁfda?éo?ﬁﬁctofbl ar€ 9 m); m@iib gF@nbi nati ons

thereof. 19. The wafer processing device of claim’l eln the platform
has at | egeating laysicamprisiog e maserialistlectad fronhibe graupf afilenst & nitddeg tarbalest one

hi t ft. s i t. t h, t i.d at | t t..nple i
Sher" ol o EAPRhiside. bE BRI fide of PRI s e GR Hopit e ce S b Al CBont act
hol e in t hefrfetody hardhetaRStranstivhshedls] Ald rirel Afth Wsetsls &F @8mplexes and/or

combinations thereof.,

18.  The wafer processing device of claim 11, comprising at least two electrical
conductors connect the at least one electrode to an external source of power, and
wherein: each electrical conductor having an end adapted for connecting to the external
source of power, and the end of each of the electrical conductors is coated with at least a
ceramic paste comprising at least one of a piezoelectric ceramic paste, a plasticiser, a

conductor, and combinations thereof.

19.  The wafer processing device of claim 1, wherein

the platform has at least a contact hole bore through the platform;
said at least one graphite shaft is inserted through the said at least one contact hole in the
platform for coupling with said platform and the at least one contact hole in the platform

has a substantially radiused edge.

20.  The wafer processing device of claim 19, wherein a ball mill is used to bore the

at least one contact hole.
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20. The wafer processing device of claim19, wherein a ball mll is used to
bore the at |east one contact hole. 17 21. The wafer processing device of
claim19, wherein and the at | east one shaft and the platformare

di ffusion bonded. 22. The wafer processing device of claim1l1, further

conpri si ng1, at Theavdferd PEcRLIRE UEViEALT QRS WilfePeif b8P AREH 1M M Rhdgnpt | €ast
one shaft for connecting the at | east one electrodes to an external source
of power ; tke phiform aneydiffasiombengdedi on posts for connecting the separate ends
of the at |l east one electrode with the at |east two electrical connectors
di sposed within the at | east one shaft; wherein the connection posts are

conpri sed 29f amrv&mrﬁrbmgin%ama@@b{t@aml,efphﬁér-con%asinghe waf er processing
device of claim1l, wherein the second coating |ayer is adapted for form ng
heating el enent alesstiwsdlectrieal gonductonedispeses Withimie at leastone shafbforel ect ri cal

conduct or o0 it atdal the!diét udlied 63 exfiBfl SNRES of PhwggONNect i ng t he

heating elenen 0 an external source power, said at |east

two el ectrical aphmakitytaficonnettion postafgednndctiig theddparar@nbesS the af lesistoad
haft. 24. The wafer processing device of claim],

essentially sol i%ﬁﬁ \ Vi
wher ei n t KiscuedsWih theatilenst fwa electrical coppectass digpassd yathinthe at leps o8¢ shaffior t i on
of the at |eastp ﬁ{éa‘{ . LBl : trical
conductors di sposgﬁnw t o?nﬁe%l@lg pg%ié egcg){rﬁ%{r%g& gﬁ%?%b%frib‘%gcﬁﬁlt@g%l%gﬂteﬁgl' at
| east an electrode to an external source of power. 25. The wafer processing
devi ce of gl aim 24, wherein the .second cpating |ayer xt ends downwar d at
| east 5% 6 t h(Th§ T QracRsting H‘B"l‘é‘%@fg‘aa‘&’c ,|\@l§§%néh%§§p9mﬁqpagpg f%f@r %t | east
one shaft adafted fof Fort¥Rhe hedtfn@ ChTHnP BleEFYdes Card fufth&l Bhiprisingi€lealitwbhe second
coating Ia?/a;p?_ extendsgd%v\n?\%ard at | east ’10%%?t fhe sha p’%l ength to cover
at | east glepwical emduétorstispmsed wishistthoatdeash afi¢ shafiffor connecting the heating

element electrodes to an external source of power, said at least two electrical connectors

are arranged within one another to form an essentially solid shaft.

24.  The wafer processing device of claim 1, wherein the second coating layer is
further disposed on at least a portion of the at least one shaft; and further comprising at
least two electrical conductors disposed within the at least one shaft for connecting the at

least an electrode to an external source of power.

25.  The wafer processing device of claim 24, wherein the second coating layer
extends downward at least 5% of the shaft length to cover at least a portion of the at least

one shaft.
26.  The wafer processing device of claim 25, wherein the second coating layer

extends downward at least 10% of the shaft length to cover at least a portion of the at

least one shaft.
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