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APPARATUS AND METHOD OF MANUFACTURI NG THEREOF
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60/ 441165, filed on January 17, 2003 and U. S. Patent
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handl i ng apparatuses, e.g., heaters and electrostatic
chucks, are used in a nunber of system appl i cat.i ons
such as nol ecul’ar beam epitaxy, space experiments,

- substrate heaters for electron mcroscopy and in the
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manuf acture of sem conductors. A wafer handling
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is heated within a confined environnent in a
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ten 1’'nan at no which is highly corrosive. The
tenperature to V\,hl ch the wafer is heated is al so
The omtvertidne delates viehbitally atoprae dafer himidide smagauaffoeruse in the
hing a desired processing tenperature. Heretofore,
ma’PHg‘:Wé%?f%ﬁ’@n erdpetars. typical ly consists of a heating
platen formed of a sintered ceramic body in which a
BA[(?&G?@UNM metal -wire was enbedded. The refractory
netal wre operates as a heat generating resistive:
el enent when connected to an external power supply..
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etc. Heaters are typically used to heat a semiconductor wafer in the manufacture of
semiconductors. A wafer handling assembly 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 oﬁen in an atmosphere, which is highly corrosive. The
temperature to which the wafer is heated is also controlled to within a predetermined
. range after reaching a desired processing temperature. Heretofore, 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.



WO 2004/ 068541 PCT/ US2004/ 001128 Pyrol ytic boron
nitride (PBN) is fornmed by chem cal vapor deposition
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phase reaction of ammonia and a boron containing gas
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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 aluminium nitride (AIN), wherein the

support shaft is diffusion bonded to the wafer holder.



conprising a relatively pure conpound of alum ni um
nitride (ALN), wherein the support shaft is diffusion
woaod@dsi+o t he wafer holder. 2 WO 2004/ 068541 PCT/US2004/001128

PCT/ US2004/ 001128 Applicants have al so di scovered a

waf er processing apparatus, e.g., a heating device,
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substantially transverse to the platform the
hite substrate is coated with a first |ayer of a

ra
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material selected from pyrolytic boron nitride and aluminum nitride, a second layer of
pyrolytic graphite disposed on the first coating and patterned in an arrangement of
predetermined geometry having two separate ends fot forming at least an electrode,
and a third coating of a dielectric material superinﬁposed on said first and second

coatings.

"In one embodiment of the invention, the graphite core of the shaft may be solid or
hollow, further comprises at least two electrical conductors for connecting the
electrode to an external source of power. In one embodiment, the. electrical
conductors are symmetrically disposed on opposite sides of the graphite shaft. In a
second embodiment, the electrical conductors are concentrically disposed within the

graphite shaft. [Good!]



hol |l ow, further conprises at |east two el ectrical
conductors for connecting the electrode to an
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el ectrical conductors are symetrically di sposed on
opposite sides of the graphite shaft. In a second
enbodi nent th? el ectri %al conductors ar ) .
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Figure 1; Figure 3 is a cross sectional view of one
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Figure 6 Ais a cross sectional view showi ng exposed
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Figure 6B is a cross-sectional view show ng coated
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. _showi.ng one enbodi nent. of. th atterned heati . .
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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;

1

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 sectional view showing one embodiment of the heater of the invention,

with extended heater surface for shaft loss compensation.



Figure 8A is a cross-sectional view showi ng a heating
device in the prior art. Figure 8B is a cross
weeai4oessll vi ew showi ng one enbodi nent of the heawseooanori2s
the invention, wth extended heater surface for shaft
| oss conpensation. 4 WO 2004/ 068541 PCT/ US2004/ 001128
DESCRI PTI ON OF THE | NVENTI ON As used herein, the wafer
processi ng device or apparatus of the invention refers
to a device for producing a sem conductor or -
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conmposed of grap nich may be machi ned into any
desired configuration, such as that of a disk, a

In queadnsbndimentaot e mdentionfitgrvefd hetiag @posstuseldt comprises a
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rep esent| upper an ower surfaces of
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processes known the art as hereafter explained.in
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platen, 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 layers 19 and 20 are deposited as a coating 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.

5



flat surfaces 17 and 18 of the graphite substrate 16.
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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 exarﬁple of the invention, pBN is used as the dielectric material, which is very
anisotropic with a thermal conductivity in the planar surface thereof of typically 30
times or more above 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 (BCls) in a suitable

6



t he gaseous phase. They al so have a high tenperature

stability. Additionally, they have a different color
woOwehi40e3s4 han the pyrol ytic graphite base (bl aek)/usmmhoo1128
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fd

such that the shaft 14 and platform: 12 define a single unitary graphite body.

As shown in the Figure, a dielectric layer 31 is superimposed upon the hollow
grdphite 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
B embodiment, the conductive layers 32 and 33 comprise pyrolytic graphite. A dielectric
material 34, e.g., a pBN coating layer or any of the dielectric materials described
- above, is then deposited as an overcoat over the two conductive layers 32 and 33. In
one embodilﬁent, the dielectric layer 31 is formed at the same time the dieléctric 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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Figure 3, is machined froma solid body of graphite to

forma hollow graphite core 30, to be later diffusion
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enbodi nent, the shaft 14 is manufactured in unison

with the formati on of the graphite substrate 16 such
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are trans red
the respectlve 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). In yet
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

another embodiment, a thermal spray process is used. In another embodiment for a



vacuum into the gaseous phase through purely physica

nmet hods and are deposited on the surface to be
woaei4@dss+A nunber of method. variants can be useduskm4/001128

one enbodi ment, the coating material is deposited

onto the surface under high vacuum wherein it is

eated, to transition either fromthe solid via the . .
rel{i‘q}"&t}’i 3h]i° t 6038 léé%feb%sopﬁpétl%"%&f' O Flrelery ‘(flefc%tiﬁ& paterial is

RUIsHnpINLE at11G DRIRUH 1B | tif;d | e
mﬂﬁeaﬁid%? gﬂ@@%ron or |aé€§ <§§gg§i§%§$}ﬁ%‘g%ﬁ§#§&§$§>my
outghapmtiagi on or the like. Sputtering can also be used,

wherein a solid target which consists of the
respecti.ve coating terial is atom zed in.vacuum by
In (5 HEBimSYT (b ncteSeated ATty merapbie oyPn 204 disporedron the
TovRd AohP RErface Vb ' 2l |
? gas ploasma. ac'gi naﬁ?éﬁﬁhﬁr%@%%iﬁ crg%rgug%ogsag’fz 55?41?3 are
comesipe et oneeend dldresio nied espeative amlsdhstahbenpentha hieBined ldwer

i on bea under _vacuum ,_ be transferred into the
Pyrafifé‘& E%ﬁ §9¥ed layeh &2.duith the Gposite enveolsthe capductass B and 33

t , ' \/ ds .
a3 Gloatdls oi U B el B0AUP 1 TPhE NG, EoRulRE A9dRg 33 is
comacted éncleginsin 6d @ gxtetnal pugbr PhESR- I\ PROdnEKbdUABA of the

deposition. Alternatively in one enbodi nent of the

InVERHAE COBRHICHTS 22 anfl 34 dint $heffal 4 eemepmrgciedyter ?attemﬁél pyrolytic
erafife AN B2 Ed e RN B DB BT SPHER beab R

invention, at |east one of the |layers can also be
In yht posth¢remhbodéhen dfhies imbntion] eetippsr sRbpRdtEed ﬁyx@lytib)graphite
means of a plasma injection nmethod. I n another N
lay@ipbasivenes an Rihelapsforsplagya gerssation, iis Whiely casenan additional

' of; A ‘ 8541 ..
el B GBARORIBRY L hotf g XA K thectips 19, fhe woper
graphiee layerf21Qo 88rvieas A $ntefnal Sirclsetor. TheniS eale] SIARNEE B dlso be

s applied si n’pl}{ as . a liquid paint and then dried at
hollgw, for @PERXS Jray bg sTip ditpete At hore fonmepddnyshaf i¢ spibat shaft 14 can
.04 e enbodi nent, the encapsul ated pyrol ytic
ren%?g%)sh%}ﬁrgu*g?}g&r] 22 is disposed on the |ower bottom
surface of the graphite. substrate 16. Conductors 32

Immokd3 Flatigcal CRos eCbtbctibndNelne e t &Bb&RIehO off e invention,
respective ends (not shown) of the nachined | ower

congGiiony PPEs PRIHNDe Afoaadd fraer ombom filtert eampnspesinetsrial,
sub?&ﬁeﬁ’cﬁy tOgef g\y}@lug td%légtﬁg C%Qt%lgs?éyer, e.g., pBN, for protection from

chemical attacks in the wafer-processing environment. As used herein, carbon fiber

composite materials refer to materials comprising a carbon-matrix, e.g. carbon/éarbon
. composite or carbon ﬁbér 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 process 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

9



adapted to extend outside the heating device 10, where

each conductor 32 and 33 is connected (not shown) to
wano@vsenal power source. In one enbodi ment oPCThS2004/001128

i nvention, conductors 32 and 33 in shaft 14 are

connected to patterned pyrolytic graphite heater 22

ernlo iR cExDpHOR et Oa Gre o BB R ol HhgeEpite pos
Cmﬁﬁanﬂﬂﬂﬁﬁeg& sul ated pyrolytic graphite layer 21
n

serves as pl ane for plasma generation, in which
.case an additional graphite post 35 is provided in

Wafére HaatihgwAppafatus] 4viflor Comentict iBlectticalt i@onuggions: In one
raphite.layer 21 to serve as an jnternal conductor. .
et OF avéitiarh, fhs Dy Shadroirs 8T slsctrical [eads atsringpgeriogiric
- doRintRe AL bl hbinTHRAER, 7Y TR L Phkonkdl BRal Vo of
theElexttical cahdiRost isGaithiecthe atiser dicctrdead conthatorens, afe ?lbarical
‘nvention, connectipn posts (or, pins) are nmade from

lead bEEBIFIET HePUEBREBE; tg% off gleptgical lead,h slauerfimbpdiment, the
1% CRRERA] Whhdlycfordise Etﬁfnr ho%nc QeI lcﬂﬂ(ﬁ{cﬁorewgth’ b BENonfiQors
. protection from chem cal attacks 1n e |

haviggd e copnonassiraprenelativelfeninmascensedvitteo®d iotlgar barn third

i her conmpgsite naterials refer to materials | .
emé@ﬁwmsith@ 13 gy B%ﬁelﬁ%tﬂﬁqlxqonéu@prswrﬁb@fna c@npestitic design and

' fiber conposite. Such a materia
ﬁ“%%gglJ%%gﬁ@g%gg@fggﬁéss, |l ow density, and essentially
zero coefficient of thermal expansion (GIE),
In ereremdrodiméndtymukbtiplé 1 malirs® of canentticeomlivtEOtHag®e disposed within

arious forms, pre-inpregnated with uncured and .
theﬁ’egal?wd?@fea puifBx jhatesilh Yo angther smbadinreabpf & Wakerhayias two
sup?hﬁ $8kts lof sl?ﬂﬁegac!thtaﬁrof. cgﬁie%ﬁ{é %dﬁ%tof)stig ChnRhb8Siid U of

e process chemstry is known to be a prinary source
thed®o podoricshaftect i on failures in heaters. Experiments
have shown that heating devices enploying carbon -

f.i ber conposite connection posts of the present )
s fllpslied dh e Figive, t_%g b esirisebled 4d (PaTheusperityou PrRgative)
is RARAHIESL 2 %Fa?&'ﬁ{th §0¢, ean(anilsyis'ﬁgt%d tfmn'i Qhé) %‘;htep ?e\te?éel 1RLE 43 (a

rates of the~graphité post = connectors of the prjor
negative odMafpesitite)aiy ngafsombs aielsstrid ¢datibplpgentlj €g., pBN, with the

El ectrical  Connections; In one ) ]
reverse or second lead being in the form of the outer graphite concentric layer. Both
electrical leads (or conductors) are then 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 électﬁcal 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

10



enbodi nent of invention, the two conductors or

electrical leads are '"in a concentric design in the
wehed4osssid as shown in Figure 4. As used herei RCT/US2004/001128

concentric neans one of the electrical conductor is

within the other electrical conductor e.g., one

I r a outS| r. surroundi ng
corfCefi ARl tepdEiay B B Shaistin & mite RoRcor shag, and tht
the&ioﬁ@éritﬂl@@é SPRAG6E Q§ed' WithhédHng RvrBdesbR Lalit bl

conductor?ﬁtrlﬁoth conductorg hawngb 9&%| lmyawmm Y
OTYYéhtfrrUétlplelcOmlactlblapNtsal y common centre with one

another. In a third enbodinent, the 1St and 2"d

Imfib8&d bR FORIYED LBaRon!, A SONaaIL i atEr udmiainy have

foudl| thatpthe usgaifrg?ap}ﬁtfe ésome Q:Bhﬁhiétl@ﬁ HHEHAT Br wagﬁnplty of the
di.sposed w t hi t he | ow core of a unitary sha

suhs'ﬁaty drolden étplhéformnb’b dmd‘rﬂi@tmo:ﬁntmgv@tfuemrh &% isnprisimgly provides a

B PO b, Ty ST e, o
corﬁlbtﬁé’d)fotthé Ratdrsu pQﬁt %Jga%&s%sa&ﬁﬂe of Qe Figure, the

first electricat can be a positive or a
negative) is nachlned froma graphite rod, and is
In preperabedimeniced theanvirtion, thewmitsry hssardbly3is (faxmeaieq&tofmsmgle

e oG el B o 5uet 3ok eSO skt 1.
In dndtHdp %mfb@aﬂﬂ&lft thb ?la%hﬁflz%ﬁ%é ‘ﬁ%u‘ﬁaﬁg Shhéth i@%@f machined

Both electrical feads (or conductorsy are then co
out\gif t#io atecéscefgraphitetand theti teinded toigethenformitg a lidtaey assamnbly.
protectlon I n anot her enbodi nent of the invention for
nduct ors

in GieCEMGTIEY <y bE Frrenfih phEreGh G orin [ o strcture
14 @ﬂe%h!iti’&it’éd fr8RGtwREHBEEs oq(élregﬂl?t@t the On, ngegg&uﬁau&séhQE 14 is

of shaft 14, and the second el ectrica bei n
asseyablad aingal platfam tllie thronglt ‘a4 eflt.r i Aal usedadensirt, h“\aa pBN used
r coat.e

SE N T R T
plat®oiyd 1ONRRNE médntﬁ@%@tu?@ Pt e&d&ﬁﬁt 55196 HL?Jh% be Anserted

(concentric design) takes ‘up l'ess ar € sum
thraqugh. separate | eads as i'n the prior art It shoul d al so
be noted that nultlple sets of 10 WD 2004/ 068541

In o%%-lgm%s%g)nqg'rétoqjtﬁe assembly process, a mill is used to machine the via 51 in
the graphite layer 53 of platform 12.  As illustrated in Figures 5A and B, graphite rod
14 coated with a dielectric layer, e'.g., 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) is subsequently coated with a dielectric coating layer 52 such as pBN.

In one embodiment of the invention, a ball mill is used to bore via 51 in platform 12
prior to the assembly of graphite 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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concentric electric | eads may be used or contained in

a graphite post or shaft, and that the concentric
wdesisgassmmy be used with heating devi ces enpl opCm@sa004/001128

unitary assenbly or with nmultiple connection post s.

| mpr oved Cbntact Hol e (Via) Construction.

todf{ MBS Y e T Sing L Byt ke Eﬁvvlﬁﬁtefég?%r%? radiged, or
roukdsE nblll’]MOfPlf drlae cus @St iRltRnh el dghpd Rl At s%f&ilﬁl ge%ure 5B,

and. t he nmounting structure 14 surpr|3|ng y provi
supgisiaglyquploogs thegifapfiwater heatérs af ﬂwqhesh:n’gimeenticm\/ ed cafipared to

wal HeRRes Boiae sot8eChars i Senbr oL rahreoghgs & Histated in
Figgd oA 'f&ee[‘%a,%fr cBﬁlgct'}B}’eerHEéh%bd &Sh‘% i H¥mﬂsser‘b| y is
N ormed out of a sing pi ece of graphite, machined to

formthe pI atform 12 and the nounting structure 14.
4 . 4i He ayem 12 Aanidluktasted above, the

14 hined out of t
COY?&%%”@rSa{??%r LT B A et it o iRy oBrgorBe the
resﬁx%%@h{e){tqné rélé%ﬁ@d@sm? Qdi @ENEmAhal Bfis BY @Y Zr?%lrﬂe%g r/ebéﬁtemed

the platform 12 and nmdunting structure

pyrobtistgraphitedofited iayem@ 1 pir 82 $0 dpoweasupplye, t he nount i ng
structure or shaft 14 is assenbl ed into platform 12

hr h via 51. used. here ia" is used
Pait b candBais, 6 eScich i B b 10 the Pt DS i thepemi-
cofffuctoy Waf@@r&&'ssﬂi’é’(lé‘ssélhéﬁll‘ﬂ&r é&f:‘ln éﬁltef@[ Wltil?ex#)%ﬁ cBnductor -
nounting structure, post estal “post, or s t to
parp @2 riaéngletd:mgemtmngapphdamonmwhmetm gzereot odfer t:bnﬁosive materials
[ i n [ 51
e i B S B B B i
I t [ [
hlgg ggétigﬁﬂ& ﬁ'gas {:zt@(;f Ihgﬁ?lg)ssgr '%118 %%Jﬁ gﬂl a&%ler&té thet‘ ataack
andmﬁnmaﬂwpmdueeatqﬁmmncmna 51. After the |nsert|on of
rod 14 through via 51, the rai sed top surface of the

rod 14 ma optiaonally machi ned for to the surface
In qng é‘%/‘BiYPwtﬁhe g‘ﬁ%ﬂ@ﬁk%ﬂé@%ﬁ”&f@dﬁpéﬁlwr& (1 o metaiggverig layer
1 t :
or glréglfpaﬁ?ts gﬁ%tg RS %&ﬁl%dmoo%e he'xﬁ@%elﬁgdog%&?i4§ u@‘ﬂﬁﬁg (81%‘[1% 61 to
protestttled condurtax fﬂmﬁl ﬂmlck,l end @ﬂtSeqr@nltlgyﬁ[prEQesSthe hlfaﬁmBBN the
enbodi tof,t[]elnventlon a ball mll is

ele%}%@g %O&t% P OB 1qyPr PP 7 legspRop dhangenis the ohmic
res@éﬁmhbﬁeolfesﬁiﬁﬂ% :Hc;n? th bxdthtioh Yr e CQUAG LBhGtH2Y N Dne

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

In one embodiment, the exposed conductor ends are coated with a piezoelectric
~ ceramic paste / plasticiser /conductor composition, which becomes electrically
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 available ceramic paste containing a metal oxide, e.g., a silver oxide

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

12



recessed |ine. Applicants have found that the use of a

radiused ball mll or simlar 11 W 2004/068541
wWOCH4s&a04/ 001128 tools known in the art, foPChmS2eg001128

a contact hol e having edges with a radiused, or

rounded, snooth, and curved transition or shape as

illustrated in Figure 5B . surprisingly. prolong :
confferes GRANEF paiBatr & Grpih S pabdd RombyRiei £ §oiphaon of
yﬁﬁ%ﬁﬁ&aagqh%&ﬂagﬁﬁEﬂw5§ﬁﬁﬁ3é havi ng contact holes with
square or straight corners as illustrated in Figure
S5A for a via or contact hole machined using a flat end .
Exteidetl He@terduefaoe fi 0s tien. Prpifera fepperaipreracross
As il]ustrated above, .the. conductors (3 ,
the [FRSEiS GTBFa aare g e ot TAET o Wi Pilseifhe, W a
: hisf ROGBeh&R RS Blotetds daswafer 8 600°0E As
typ‘?gpt?}]ﬁﬁ’gﬁah{e}ﬁé‘%{o 1t%):hearra%hi ned / pa(l)ttersnedmgpyr ol ytic
illugragahirt BiguoaBad thayet of Skafoi4 29py fram sheplatferms dgpis isolated
‘Parts of the conductors are expected to be.expose
fromp, éheatsﬁ’@é‘iﬂﬁ‘é]*@mf iR RRIFFINE o%ﬁ'&@f’ﬁlreflﬁa?vgl}c‘ﬁp Fsog%éilg%ﬂ%’g at
atm\ég}%%?ilc'pr@s%ufé L élrgﬂiteﬁfjt efangd! SR &Au SMhe sRas *enfiguration,
C uctor part . I'n hi'gh tenperature applications |
shafttier s:tOhlyge farge head tinkrand diusosinsieg mdowei teinperagyre region in the
_(g{lesent, t he exposed conductor parts can be chemcally
micghle alke @latiornd 2or oduci ng  hi gh resi st ance areas and
| ocal i zed hot spots. This in-turn, will accelerate the
In gﬁré)@féjﬁodiﬁ{%ﬁt Pf RS 6nP ERRIGS Bifth QPSR Godt6d g‘ia'g_hitél 18R is
enbodi nent of the i'nvention as illustrated in Figure
ma@Bnedinbestahdacd testinggldnape desipr, ez, ajasmitcenesyebs, spiral webs,
applied to_the expos conductor 42 form.ng .a_ coatin
hel@ﬂf)%bs, prigtieldtaths, @ar.@g’fﬁﬂ?élﬁﬁm? ?TOQW%{tSFB’@E%,In%ﬂacmcg} resistance
irl ' v e st iiRedobmpBRitur€ 8 Fbmi6Al In
°‘r®ztbr§a§§¥.?@§?h‘§’ ﬂég@é@iaﬁé alazg\iyg/\é‘% ﬂ%r e{]/ent S gltrp | essens a s .a
secBhdB@®olimdniecitbiihe top 8% ios batice A2acaatedrmaollytic gphite kayer is
t he oxidation of the ﬁlectrica£,con %%tor. IE one {
maghisediinie arspiraheatiesy ay iwgirated, &) Figyee % 1opeithes das vpger gf lower
l.east.. LCrons & i RerBXPOS@E electricall
Suréagﬁ&fc}%lgtrfg}éﬁd@' a}TQE?Sg?‘Z% %b?ﬂ eg&g?oglzggl ectric e.ec nce% d
isoR@dd Misistiva Hestef pathashy be dene by teohinigher kreompiasthe adnincluding
whi ch becones electrjcally condu:l:t ive ﬁfteil . .
butsnattlisrifedgo misramesHBEInE iHFSRPRAGHE, [3sRECHBRg Fapgicakfighing, or

r .
efb%aI% elc ‘rilrtlge. d :

In one embodiment of the invention, the patterned pyrolytic graphite heating layer 72
(coated with dielectric layer 74) is extended from the flat surface of the platform 12 to
. the shaft 14 as illustrated in Figure 8B to overcome the heat loss down the shaft. The
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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with a conposition of silver oxide / lead zirconate

titanate (PZT) / polyvinyl alcohol ©plasticizer. In
wanoi4vess+enbodi ment, the conductor ends or terRCTAISS004/001128

are coated wwth a comercially available ceramc

paste containing a nmetal oxide, e.g., a silver oxide

| of 3 ot h]g’f Aﬁg A Y t,r?gneaéneg%wg g%giy@gggaghﬁe {]ayer or heating
~ eleRfehi ?@?soé;&érfag& H?n%nwﬁmg W6t @ at SIS P Of ﬁfé"’l&g@h %%lﬁft?lfm Ina

ceram ¢ conpound conprising a conbi nat
fouwrthi elmbodiirenty rtha pattetned byobicngraphittelaybix beheteihgHdaneit 72 is

Surface for Shaft Loss Conpe %atlon Uni f or m
eXtF’é‘iFﬁle‘foél‘fW?’éd Rrussat yorie 3\%? ‘éfpt ¢ dengtheofishakdf- process

variable for sem conduct or waf er processing, . with a

t &, ’

WP PRI DU DGR AL L B rofhgd eibbdiment
tho8é\, skilted andheofirtswaf Mndeirstamh;theitr variduls echahgést aram Ele2 masle and

i.solated fromthe sem conductor , wafer processin

eqUKIIERts ApaTRe s%tﬂteﬁd for elgmenty thereqf; withquidepasting &om the scope
of BBt ort o CRURA LERIRBIAH e SEERUETC bR by

refaedcd. hus causing a | ower tenperature region in the
m ddl e of the platform 12. In one enbodi nent of the
i nvention, either or both of the coated graphite
| ayers is machined into standard heating el ement
design, e.g., adjacent series webs, spiral webs,
hel i cal webs, parallel paths, variable resistance or
ot her serpentine electrical resistance circuit paths,
to hel p regul ate and achi eve the required tenperature
uniformty. In a second enbodi ment, 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 upper or |lower surface of.
platforn112 The formng of an electrical pattern,
i.e., an electrically 1isolated, resistive heater
pat h, may be done by techni ques known in the art,
including but not limted to mcro machi ning,
m cro-brading, |aser cutting, chem cal etching, or
e- beam etching. In one enbodi nent of the invention,
the patterned pyrolytic graphite heating |ayer 72
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(coated wth dielectric layer 74) is extended fromthe

flat surface of the platform 12 to the shaft 14 as
wokbugkssated in Figure 8B to overcome the heat PCDAS2004/001128

down the shaft. The extension of the heating el ement
~ 72 surprisingly inproves tenperature uniformty

Ciaﬂiﬂﬁs the wafer. I n one enbodi ment of the invention,

It e patterned pyrolytic graphite layer 72 is extended
downward fromthe flat surface of the platformto

l.xwa%réﬂécebﬁﬁgﬂeﬁ%&ﬁnﬁd%ﬁlgﬂ ength of the shaft 14. In a
second enbodi nent, the patterned pyrolytic graphite
| ayer or heating elenment 72 is extended downward to

fpr|suppRrHng n pbjest tmbe hadted,| tha glatform3somprises a substrate

T G T -

heating elenment 72 is extended downward to cover at

a dhefsdxtelingofubblantidlBngidtverdse 30 ahd plhfforth Nt shhRYS thmprised of
enbodi nent, the patterned pyroly?ic graphite | ayer or
SrapaHe; ng element 72 is extended downward to cover at
up to 30% of the length of shaft 14. Wile the

i vent. e cribed-with.reference to a
o SRR B8 el ol TR PSRttt NPT BodPe Sgmmosed of
at Usaber si angtefiflatelv@éd Gfin ChangRsp MB3hsREnFBEE aaffiride, carbide,
equi val ents may be substituted for el enents. theréof

caipppiiadn oepmitride 9f flesrentsheelestaspiomot grohp consiging offB, Al Si,
l. citati ferred herei .
G Yoo P 4 Fn A AeR cEm SRR G bisaf o651

PCT/ US2004/ 001128 CLAl M. 1. A wafer pr ocessi ng

a se@NdcdatiGOHYEl Conils e@of)ﬂ)ﬁbfyﬂb;‘gszph[te PRt dr e Fst coating in
j&%%eCt to be heated, the platformconprises a 4

a el rengpraentnef pispelermined (seometry,cthatlhyes| havingaat least two

S latformis conprised of. graphite; a
Sepé E%% ?& exaidgétg& rﬁ(gr @%lgtg gwteﬁglafl ethrgﬁegv%r}dse to the
platform the shaft is conprised of graphite;
a third coating of a dielectric material superimposed on said first and second coatings,

the third co'ating 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, refractqry hard metals, transition metals, and combinations

thereof.

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

and the electrode is a chuck electrode.

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

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.

15



a first coating on at |east one of the flat surfaces,
wWth said first coating conposed of at |least a
worb@rocgd41sel ected fromthe group consisting oPC&US2004/001128
nitride, carbide, carbonitride or oxynitride of
el enents selected froma group consisting of B, Al,
0 ansition netals

i f d N al s,
S A BIREE TR GO & CRTtindbe vt Shafy 5 one of a rod

. anE ORPRSRAoRS pyrol ytic graphite disposed on the first

coating in a patterned arrangenent of predeterm ned
geonetry, the layer having at |least two separate ends
6. Thgapafedpiogessingrdeivivg cdiclaimals twhareie ltexsacontt cozing ia phthérnet] to

T WA ST S S R0} E8 oo
 ele6@RRICBSN ffh Bds dt 9881 o HPL @ﬁi&ﬁlpaﬁ%eﬁggt%e%tg%%{%ﬁ)iadl'éelical

group consisting of a nitride, carbi

pattarn,ox y1grag pajermfa hinws datyeinddtepatiermma spigtlpepiled pattern, a
consisting of B, Al, Si, Ga, refractory hard netals,

st et PR CorA R AR T P b RGN GRerot The
waf er processing device of claim1, wherein the device

7.The Wil bRIb{sASt adviGe MMk ARche &R H ﬁgﬁ%ﬂé&s sddnd coating is

chuck el ectrode. 3.The wafer processi evice 0O
formlediomsaid laiwer wirface bsatteplatferni.s a heater and the
el ectrode is a heating el ement el ectrode. 4. The wafer

rocessi ng devige .of claim 1, erein_ the graphite :
S 10 T FRT TS e doyics, of AR, T BRREiTeriid AREP SHic aPHie sccond
coating ed Q@é}{cgﬁsﬁﬁﬁéh iRl (20780 Ld2R1e, é&rﬁ&ﬁ%ff.rox itride of
processi ng device of claim1l, wherelh the grap R ~
clemigntst selestednfzorafa gronpdonsistihgaohBl AdWS; @ reffacthry haad etetals,
r,ocessi ng device of claim1, ereipn the second
trasiit gtaf b nbanetdS. qrsomelenes i fereentangings themot
strip ' of pyrolytic graphite arranged in at |east one

9.Tot warkeptdcestlg HbA¥ BALRINAS RhekBashid %?'Folﬁfc %a?ﬂité 8bcond
pattern, a serpentine pattern, a helic patTern, a

coaging taygr pameanshlated io AN arpyudytictimron nittidee pattern, a

~spirally coiled pattern, a swirled pattern, a

10.rR0 qgarpely p?o%géls?rllguﬁeevqc g tc Attt 1,a n%h%%ﬂ? It}?eatglra%ﬂlste tslljlgft ea%ti' the |

graphite platfdrm form a single unitary body.

11.The wafer processing device of claim 1, wherein the graphite shaft further
includes at least two electrical conductors for connecting the 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 disposéd on opposite sides of the graphite shaft.
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7. The wafer processing device of claim®6, wherein the

patterned second coating is formed on said | ower
weuodsaees4of said platform 8. The wafer processpPagus2004/001128

device of claiml, wherein said pyrolytic graphite

second coating layer is encapsulated in at |least a

14 ghjts %ﬁ%&@%ﬁ%ﬁgg@l (gﬁq?m ) :lodgieg%ﬁ gfiﬁétsiléféisgqgs%tuaw solid and
saiitwo Gectli @ ofidRloks hRY é*oa%t %ﬁ»ﬁge M%quoaﬁﬁg@ b opposite

and rare earth netals, or co
sidevofsiaitbgraptite shafr eof. 9. The wafer processing device
of claim 8, V\,her ein said pyrolytic graphite second
at| enc ulated in ALN o
15 ﬁg‘ %iﬂr? festng desies, 5 pwlb‘%e§§?%4g$ha§¥%é)ﬁeﬂow|Caxenand
said tw‘ﬁhﬁﬁﬁhé‘alt&%d&fté‘r@ E%ﬁﬁt 3y %a;i/ﬂbeil‘iagﬁraaﬂﬁ' 1$erem the two

platformforma single u
elepinwelemsdmgorderﬂ @acaftric.cl ai m 1, wherein the graphite
shaft further includes at Ieast two electrica

nductors for c ect el ectrode to an ext er nal
16 B o prog e S Rer e i 5. BHStU Sit gV sopasanst cleaiical

cotfduion Habe aM3BISid cehite two el ectrical conductors are
concentric wth the irst electrical conductor being

di sposed within the second electrical conductor. 13.
17.Thke wafee Iprcpqem&m@ afeldimel 1ofvhetei said first wleetreahcdnldactor is

i b RaH S el W 0% g LTRSS o
and2 Q@lé{e% ﬁ)%“ﬁrs{: g{d L2084 Ae’l&@ﬁl-éa? %on%l %E%{é’\@égﬁfat&f Bf eﬁxg gf a

devi ce of claim 13, wherein sal essen
coatingilayea painpissingla material edected fbmetha drozip@ifdeaat @ rﬂtzmdb ecdtrblde

ers synmmetr, di sposed .on opposite sides
Cafg%fy Hid%r%;ymw@ﬂ a# ?I%mflstsgsﬁgckﬁa#&m %P%e% §‘i’1‘f$g5t1§é\ﬂf @e A5 Si,
gty R4S Bl SR sy ok LY, Eoees g

or ahmalfibatioantherdvdr ei n the two el ectrical conductors are
concentric. 16. The wafer processing device of claim

vvq:erel n the two. concentric electrical
18. ;Hale afer processing device I} claim 11, comprlrsmg 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 pasteé
‘ comprising at least one of a piezoelectric ceramic paste, a plasticiser, a conductor, and

combinations thereof.

19.A wafer processing device comprising:
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conductors have a common center. 17. The wafer

processing device of claim1ll, wherein said first
wehewniocssaal conductor is in a formof a graphPCeusemt/001128

the second el ectrical conductor is a hollow graphite

rod, and wherein the first and second el ectri-cal

R GRS AR B Sag i e
ha\ﬁng‘ uppdrdgd lfx%rt}‘eﬁﬁvely%'% QﬁIPéJeE 'tﬂ@ la%rrﬁ 1y 9641{)(%%8 R? graphite,

el enents selected froma groug S|st|ng
andsihe platormrtefinget tayt shamnthchiola IbSre thromgh ithie slatfomi;al S,
and rare earth nmetals, or conplexes and /. or

R N
 thr H@E&{téct%emme %Qﬁoﬁ‘i fdr% Wtﬂaﬁf& fa?t%ﬁnt 0 an

ext ernal source of ‘power
el ectrical conductor haV|ng an end adapted for
a figsh ienating ongattlenst oiee efthe flabdurfaoes; edth safd fst\@rating kOmpbxd of a

mafiah S SPE i b i CopSe SEGBIGS: artide. | @espitsie o
oxyitride RIf QTSR {dldFe L ROATE g‘&@sﬁ%msﬁ?é) !oﬁgt 1& | § g 'Ga, %fractory

conductor, and conbi nati ereo
harplrnmids,srangltldamemaés aadpombimgonslifedd6f; 2004/ 068541
PCT/ US2004/ 001128 a platform for supporting an obj ect

AT s AN R A s
f
¢ A AT M, W v

sepptatet dnols aylapdied foe fsing stiedst arxleetnotieng subst antially
transverse to the pl atform said shaft is inserted

tt'h ough .t he cont act hoI p formfor coupling

o i ROt FRp PO om o et PG BRFRES e GEG Reatde is

conipted |oRtat Se4st a%%ate%lt Eblécﬁécﬂ ﬁfoh{ $le &Rﬁ Msﬁﬁgg %?ead nﬁlflde
a material selected fromthe group~consistin

carpide,r admnitcide bi deynitalepdrel dnnénttesedectedofkymiat groae corsisting of B,

t t ed f t f B, Al,
Al %II ege fl 1%arcgqry§glid§p§;a otrlgmasn? rnorggtalgoz?nsdl cson*llbrllr?atlcc))ns thereof

wherein the 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

contact hole.

21.The wafer processing device of claim 19, wherein and the shaft and the platform
are diffusion bonded.

22.A wafer processing device comprising:

a platform for supporting an object to be heated, the platform comprises a substrate

having upper and lower relatively flat surfaces, the platform is comprised of graphite;

at least a shaft extending substantially transverse to the platform;
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hard netals, transition netals, and conbi nations

thereof; a second coating | ayer conposed of pyrolytic
wgnrepvcssal di sposed on the first coating in a parwsemedoris

arrangenment of predeterm ned geonetry, the |ayer

having at |least two separate ends adapted for form ng

t | east an el ectrode; third caoating.superjnposed on
a tyg Gpagng an atieest oBe sﬂﬁlecf@%wrﬁ?&?a iHesah iR Soasing qqglnogef ofa

f a eri.al e . . ..

O R £, LRSBbuB Rl br A hEAS i el Bitido or
oxwpiitrideyofi dlemelets GEleetbé foni 8 gelrecimitihg @By Ak @ipGa, refractory

consisting of B, ~ A, Si, G, refractory hard netals,
ha’fdrfﬁﬁtéfst rgpwitipmaetals, axlcopdvinations thsrott her eof , wherein

the contact hole in the platformhas a substantially

. r‘ | . o
o T o o P P S P o BTy i i
a pafeened 2drrahlgemetf eff pradeeasined gedmvirg ethoflapdrahavidOat 'least two
wherein and the shaft and the platform are diffusion
seppswie eads aslapted ferrlarming 3¢ least W Flerio®e conprising: a
platform for supporting an object to be heated, the
tf.of ' : j anne I :
B oRiR SRS By SHOSATARL pIBHS atiBRT it ¥iDe is
compagedi b at leatt | € asiterinl shktted efxdrantie ngowu bstsstingadfl § nitride,

YT RORYER S NI I -
Altsed I%'Er_aéﬁﬂﬁ l?aff& ﬁletééé,‘tt&n%bﬁ et dlS bng Q&Bbfﬁgti&%rm&?@ of
a Ial s of &

mat er el ected’fromthe group consisting
nitride, carbide, carbonitride or oxynitride of
at Edastnevnt decedat comtlictare dispogd ovifhin thiesshatti fog caineBingMhe heating
Si, Ga, refractory hard netals, transition netals,
elegiat elgriBrdeate ynextemal sogFce of PEWEBNd. coating | ayer
conposed of pyrolytic graphite di sposed on the first

a ﬂ%wydf)ﬂneﬁoﬁ ?D 58 nﬁécrti%g Qﬁ{%gértaﬁﬂ{ %.@5 o¢ %&Eé&%igg Hlement

geo the |l ayer having a separa
eleetrddesadidipthe dldctrical commiectgrsatisdosabvithin thé detfis ode; a
third coating superinposed on said first and second

coati,ngs, the third coati [ . .
where?n thegconnectlon posts are compnnsgd ois a carbon fiber composite material.

23.A wafer processing device comprising;:

a platform for supporting an object to be heated, the ‘platform comprises a substrate

having upper and lower relatively flat surféccs, the platform is compriséd of graphite;
. at least a shaft extending substantially transverse to the platform;

a first coating on at least one of the flat surfaces, with said first coating composed of 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;

19



conposed of at |least a material selected fromthe

group. consisting of a nitride, carbide, carbonitride
wono@gsi4iri de of el ements sel ected from a gr oBROT/US2004/001128

consisting of B, A, Si, G, refractory hard netals,

transition netals, and conbi nati ons thereof; at | east

two el ectrical conduct posed thlnth aft
a Sﬁaqndcf&ﬁﬁ%g:l%@cqrﬁwﬁi a? Pwaijﬂag&@ffﬁ \N&PQE?er}H trét cQting in
t t n
+ BUFEILAQUL Of pR8Eiinds BHUAA) e Lk BRI R eparuc

enéd ®haptet foﬁﬂoﬁﬁiﬂgd@@ﬁng%lbﬂeﬁﬂ'tﬂieoﬁiodeﬂ; rical connectors
di sposed within the shaft; wherein the connection

o G sopre srRRoned EF SPHoBaLSHhaF<IBY R tB s Girlgoaing is
cogl:pat 83108 RlastS UPRQUtLAA el%@teﬁ b Gt g{a/ Q@p '881%‘1&91# d{)if]g nitride,

ormco rises a substrate i-hg “upper a
canbaieabarbeﬂnyndd atoxsuitfide efcleinbrts gelattbd fiom s g&ﬁmdnmedng)éf B,
Eﬁ§l te; at l|east a shaft extend| ng supst.anti al I%/

Alt $1a visfiaetonphard @silatragpitipn mefals. apd combingtiorsthgreof; and
| east one of the flat surfaces, with said first
t A .
at gérﬁgtut'g)%geéér;&ﬂSI Paq’st I%ﬁﬁid&}org d1s eﬁ ﬁﬂln gﬂbg‘%h%car nt:i%tlhggleatlng
eleniient Oetgotiotles de em‘ eeieﬁﬁﬁa rﬁoarcfeebﬂe(pbwdr fsaddnad Igagdutvo electrical
consi sting of B, , refractory. hard netals,
COPREHYSS ere@ﬁaﬁ&dawghm@ﬁs ae@hﬁr A é@%meqsmaéldfso 14 ghafp
2004/ 068541 PCT/ US2004/ 001128 a second coating | ayer
C ite disposed on the first
40%%%23%&&1@%@1&%%%1&8{ ﬂ1%k]angerrlent of predeterm ned
geonetry, the l'ayer having two separate ends adapted
a flatforfro fori sugpdréiag iangbgdoe et hedtedtthe gémform ¢omiprises a substrate
coati ng syperinp sai.d fi rst nd second,
axlagﬂlpﬂasanﬁrfw@ertrﬁ afﬂagaf%@f FUiGoPs t ed%%ﬁ‘g 1§ coppsised bgraphite;
materi al selected fromthe group consisting of a
at THabt'd &R wifh?d SHafQendRERCRARE ‘s@&ta‘ﬁ'ﬁ1a@9‘%ﬂﬁ§v@ffsg %‘o e platform
el enments selected froma group consisting of B,
Si, Ga, refractory hard netals, transition netals, and
a ﬁrsimmiatiag poatleasiene of theafted sanfadee,azsitth sai fiest eoatirigoeimposed of a °

4 d t hi h ft f ti .
A S g OB DifeRiovRI iR (o nH e S cbiipide or
ox%ltlﬂfém@fr elel%@htg s@fecte® 38Im LVRo8) B&isidtndl of B, Al, Si, Ga, refractory

hard metals, transition metals, and combinations thereof;

a second coating layer composed of pyrolytic graphite disposed on the first coating
and on at least a portion of the shaft, the second coating layer forms a patterned
arrangement of predetermined geometry, the layer having two separate ends adapted

- for forming at least an electrode;

a third coating 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;
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connectors are arranged wthin one another to form an
essentially solid shaft. 24. A wafer processing device
woaoaoesi4ng: a platformfor supporting an obj eeCTS2008/001128
heated, the platform conprises a substrate having
upper and lower relatively flat surfaces, the platform
| S ed_of graphite; st ;a,shaft wt
ot {eBt PO elsegton! oy Eonsd St B %}wftr’fgh eein G bt
an eiea&édytman%xfelﬁa%o&e%fﬁ&v&n at |east one of the flat
surfaces, wth sard first coating conposed of a
material selected fromthe group consisting of a
25 dihe miadies, precassing devicarbdaint 24,dehapein tloxseodind cabdingflayer extends

oS VAR Tl Ger o Plleaelat et o aR it et

and conbi nati-ons thereof; a second coating |ayer

26 TAERAFEDrodestE Gla\)ﬂ:é 6f SIBAPDS b is @1%%%019& cda!ﬁﬁ fwe§ Extends
coating  and on at |east a portion of the shaf F

downwanddit deastt 109 of dheshaftdemath to patet arloastia partrowmg”éhmshaftof
predet erm ned geonetry, the layer having two separate
ends adapted for formng at |east an el ectrode; a
third coating superinposed on said first and second
coatings, the third coating is conposed of at |east a
materi al selected fromthe group consisting of a
nitride, carbide, carbonitride or oxynitride of
el enents selected froma group consisting of B, Al,
Si, Ga, refractory hard netals, transition netals, and
conbi nations thereof; 20 WO 2004/ 068541
PCT/ US2004/ 001128 at |l east two electrical conductors
di sposed within the shaft for connecting the at | east
an el ectrode to an external source of power. 25.The
waf er processing device of claim 24, wherein the
second coating | ayer extends downward at |east 5% of
the shaft length to cover at l|east a portion of the
shaft. 26. The wafer processing device of claim 25,
wherein the second coating | ayer extends downward at
| east 10% of the shaft length to cover at |east a
portion of the shaft. 21
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