21 JUN 2006 WD 113/057647 PCT/ US02/ 37358 [ 0001] REUSABLE CERAM C- COVPRI SI NG
COVPONENT WHI CH | NCLUDES A SACRI FI Cl AL SURFACE LAYER [ 0002] BACKGROUND JBN 2¢4e
| NVENTION [000 1.Field of the Invention 3] . The present invention pertains
to met hods of roughening a ceramc surface in [0004] order to pronote

adher ence oW ¥iiT®@7i al applied over the ceram c. The i nveiWEHHZ/a1380
pertains to conponents for use in sem conductor processing equi pnent which

i nclude roughened ceram c surfaces. [0005] 2. Brief Description of the
Background Art [0006) In sem conductor device manufacturing, physical vapor
deposition (PVD) is a process which is frequently used to deposit a |ayer
of material onto a substrate. Figure 1 shows a cross-sectional schematic of
a PVD processing chanber 100. During a PVD process, a plasma (such as an
argon plasma) is used to sputter material (such as copper or tantalun) from
a target 102 onto the surface of a sem conductor substrate 104 (typically a
silicon wafer), which sits atop an electrostatic chuck 106. A deposition
ring 108 is[00fbki t i REUSABEE CHRA MIRCTRAPRINING SOMRSGERT Whfcghuck 106

whi ch ext ends beyondNCIR/DES £SACKIGECINL SERFACRIUCYRR Substrate 104, in
order to protect the chuck fromdepositing materials. Deposition ring 108
is typicall jodtde of a ceBAGIKGRAQUNDI QF THEJNVENTEIONT num oxi de, so that the

| i near thernmal expansion of the deposition ring 108 will be the sane as the
al um num oxoode] sur. f Fihd ofthé beemibect rostatic chuck 106. A cover ring 110

encircles the outer edge of deposition ring 108. The cover ring 110 is
typical |y nif§4bf Therpsent invegtin pectans tognathads of fopgiening Buacizmic vofapein
nmetal |i zati on processes, a | ay?r of tantalumis frequently deposited
, order to promote adherence of a material applied over the ceramic. The invention also
pertains to components for use in semiconductor processing equipment which include

roughened ceramic surfaces.

[0005] 2. BriefDescription of the Background Art
[0006] In semiconductor device manufacturing, physical vapor deposition (PVD) is 2
process which is frequently used to deposit a layer of mﬁterial onto a substrate. Figﬁrc 1
shows a cross-sectional schematic of a2 PVD processing chamber 100. During a PVD
process, a plasma (such as an argon plasma) is used to spuiter material (such as copper or
tantalum) from a target 102 onto the surface of .a. semiconductor snbstrate 104 (typically a
silicon wafer), which sits atop an electrostatic chuck 106. A deposition ring 108 is
positioned over the exposed upper surface of the chuck 106 which extends beyond the outer

edge of semiconductor substrate 104, in order to protect the chuck from depositing materials.

Deposition ring 108 is typically made of a ceramic material such as aluminum oxide, so that
the linear thermal expansion of the deposition ring 108 will be the same as the aluminum
oxide surface of the electrostatic chuck 106. A cover ring 110 encircles the outer edge of
deposition ring 108. The coverring 110 is typically made of a metal, such as titanium.

[0007} During copper metalﬁzatjqn processes, a layer of tantalum is frequently deposited
omnte the substrate 104 as a wetting layer to facilitate subsequent copper deposition. During
tantalum deposition (and also during chamber warm-up operations, when a tantalum target

is in the chamber), tantalum is sputtered onto the deposition ring 108, as well as the substrate



onto the substrate 104 as a wetting layer to facilitate subsequent copper
deposition. During tantalum deposition (and al so during chanber war @l dgN 2006
operations, when a tantalumtarget 1is in the chanber), tantalumis
sputtered onto the deposition ring 108, as well as the substrate I 21 JUN
2006 WO O PCT/ USo2/ 37358 104. The ceram c surfa .Jdeposition
ring 108 §§9§§§§%%ned so that the depositing tantalun1&§ﬂﬂkg%ﬂ§¥% to the
surface of the deposition ring 108 and will not flake off and contam nate

t he chanber. Roughening of the ceram c surface of the deposition ring is
typically performed by grit blasting using silicon carbide particles. [0008]
At sone point, the tantalum build-up nust be renoved fromthe deposition
ring 108, before the anount of deposition beconmes so great that the
tantal um bridges across to surfaces adjacent the deposition ring 108 and
creates an el ectrical pathway between the netal cover ring 110 and the

sem conductoy. shAeHrAL SuckB2or HOUENSIio, AANORIMURAD AN 1 BRLIIAM (0

chemi cal etchants and is not easily re Chvent T onal “REANE. [ 0004]
Referring tamtahingwilbadhére tomie: safffcead i deposRioRYing @0§ 8id waINtR kL Jreprval

invol ves coating the roughened surface 203 of the ceram c deposition ring
202 with acemuningie gheaghampsre Roughening ohthepmemisuriaeayefithe éposifionsng ke sur f ace

203 of the_ceram c.deppsiti ring. 202 as | ayer 206 of tantalumstarts to
bui | d up O\W@Pca@%%ﬁ°ﬁgﬂéﬁggﬁﬁﬁf%dﬁwé ‘ét}nci‘@%.c pq:% S-al uni num | ayer 204 can be
easily dis d el i J t [N t he
overlying E@Bg]gi t%%gg?g?ﬁ%mg%%ﬂw@ﬁmﬁd u? r?g?e rgcﬁ,ggmﬂ?ﬁl tﬁ%ﬁéﬁﬁﬁn rg? t he

tant al um | a9% befor2Qfc Btuntlst deposttishibBGmeed ganUEChOENRRACRRBE e at i ons, it
pulls on the underlying sacrificial alumnumlayer 204, causing the

al umi num | ayréacesxgiipcent theedeppsition MngolPl tahd crsugsf aroxdectrR@3patiiwaydietwebc thdeposi t i on

ring 202, as shown.in Figyre 2C, This usually results in flakin of f of the
dual | ayer ﬂ}?fa_?f"gﬁw%}ﬁofgg e fgmise ‘HD?H%%E.‘OFoé{fQT‘_’% BHRYGHS Pllﬁg_ynat ure of
this fail Urré%isiaﬁﬂBU@JrﬁF% ledh B antRd r!oluébQi eab&ﬁ%y.cb@eﬁ Ray m@RgeErvations
indicate that the farlure occurs close to the'interface bet ween t he

sacrifici akooogl uriefiing @¥efur ), a8 ebptdich © Sfolie Gord@RASM kA al in@ve302, and not

deep within the al um num
coating the roughened surface 203 of the ceramic deposition ring 202 with a sacrificial layer
of aluminum 204. Figure 2B shows the surface 203 of the ceramic deposition ring 202 as
a layer 206 of tantalum starts to build up over sacrificial aluminum layer 204. The
aluminum layer 204 can be easily dissolved away (e.g., by dipping in an acid bath),‘ taking
the overlying deposited tantalum 206 with it (not shown). However, as the tantalum layer
206 builds up during semiconductor processing operations, it pulls on the underlying
sacrificial aluminum layer 204, causing the aluminum layer 204 to separate from the surface
203 of ceramic deposition ring 202, as shown in Figure 2C. This usually results in flaking
off of the dual layer of tantalumn 206 and aluminum 204,
[0010]  Although the nature of this failure is currently not well understood, mitial
observations indicate that the failure occurs close to the interface 203 between the sacrificial
aluminum layer 204 and the ceramic deposition ring 202, and not deep within the aluminum
layer. Itis therefore believed that surface properties of the ceramic are a major contributing

factor in the obsewed failures.



layer. It is therefore believed that surface properties of the ceramic are a
maj or contributing factor in the observed failures. 2 21 JUN 2006 WD 21 JUN 2006
113/ 057647 PCT/ US02/ 37358 [0011] The adherence of the alum numlayer 204 to

the underlying ceramic surface 203 is principally determ ned by the tensile

strength oWoltupgsgeram c matrix (which affects cohesive %{‘@,ﬁ‘g}/ﬁ# and t he
surface norphol ogy of the ceramc (which affects surface “adhere ‘ge).

Rougheni ng of the ceram c surface 203 by dianond tool grinding is known to
create mcrocracks 205 in the first few mcrons of the ceram c surface,
thereby reducing the tensile strength of the ceramc matrix and increasing
the brittleness of the ceramc, subjecting the ceramc nmaterial to cohesive
failure when the overlying sacrificial alumnum |ayer 204 places stress on
the surface 203 of cerami c deposition ring 202. It is expected that silicon
carbide grit blasting has a simlar effect on the ceram c as di anond t ool

grinding, d8011gri Thardherensk efthe sipmintimdayer 20ay0 thy edeNEag tRamibadgdedoi n t he
ceram ¢ surface. Therefore stresses created within the ceram c deposition
ring 202 did PreFipallydeicamingd by dheaispiilesensgh efiibe cyrarmici megrinf(whink affactt al um | ayer
206 and al um num | aver, 2 as they s rate fromthe cerapic 202 are
expect ed t&%ﬁ}vf i ?X%%Hcapg;tg%s h:ge %Eﬁ%ﬁﬁl’gﬁ(??ftﬁé‘e’é’ﬁ%ﬁ?mﬁ afferds pHrBEDCr acki ng
205, as  Sh@WRenbs). RbSUMERn2SE thd QPR sl D& B3 b f B9 O
roughening a cer?rri cgé']sllurf%ce whi ch ?or onot esy$ lggﬁgﬁg%lcgg{ngﬁg era‘své‘é?i ficial

al unmi num | ayeete nd€rdcradks 20tein sherfirat v RRDnO b thdreraiss ATk, TeRBSefi@ thé | Ng 202,
while mnimzing types of danmage which pronote initiation of or increase in
the anpuntiensie sFensls pigthefceramic maltiingnd weretsingethe brittiesesaaif|the seralnici shed t hat

sharp reentrant. coners . in the surface or outer |layers of a brittle materi al
can be of t SUITHing A coraminmSEEl i ARSTALGY PR dhe ovmHiRE SERfcia T SUWRRY OF

THE | NVENTICM-§0QF41, s DS o0 5047 Effarlc BBLRSE 2, 2621905008 P T 2 ©

surface in
silicon carbide grit blasting has a similar effect on the ceramic as diamond tool grinding, as

grit particles impact and may even become embedded in the ceramic surface. Therefore,
stresses created within the ceramic deposition ring 202 due to tensile forces applied by the
pulling of the tantalum layer 206 and aluminum layer 204 as they separate from the ceramic
202 are expected to further increase the depth and the extent of the microcracking 205, as
shown in Figure 2C.
[0012] There is a need for a method of roughening a ceramic surface which promotes
adherence of the sacrificial aluminurm layer 204 to the surface 203 of the ceramic deposition
- ring 202, while minimizing types of damage which promote initiation of or increase in the
amount of cracking of the ceramic surface. It is well established that sharp reentrant corners
in the surface or outer layers of a brittle material can be sites of crack initiation under stress

conditions.

0013} SUMMARY OF THE INVENTION

{0014] We have discovered a method of roughening a ceramic surface in which
mechanical interlocks are formed in the ceramic surface (such as an aluminum oxide
surface) by chemical etching, thermal etching, or using a faser micromachining process. The

method of the invention results in an effectively roughened ceramic surface which provides



mechani cal interlocks are fornmed in the ceram c surface (such as an g#ﬂﬂtﬂ&p
oxide surface) by chem cal etching, thermal etching, or using a |as

m cromachi ni ng process. The nethod of the invention results in an
effectively roughened ceram c surface which provides 3 21 JUN 2006 WO

03/ 05764 7wB@IALIGP2/ 37358 good adherence to an overlyi ngpsaasiiiiieisal | ayer
(such as alum nunm), while mnimzing mcrocracking and other danage to the
ceram c surface. Because there is essentially no chem cal bondi ng between
the ceramic and an overlying, typically netal sacrificial |ayer, the nethod
of the invention functions by enlarging the contact area between the ceramc
surface and the sacrificial layer, and nmechanically | ocking the sacrificial

| ayer to the ceramc surface. [0015] The nechanical interlocks in the
ceram c surface are typically, and not by way of limtation, forned by 1)
pattern etching the ceramc surface_through a mask using a chem ca

et chant, oB°%)ad4erERRe IRAN XFTBIREICficial dayer (Seph as pluminumy, whild médmizingst em whi ch
i ncl udes ' r._Rr ' erned .beam The, ceram c,.surface which
has mec han%@%{)&i&#{n%r g@%gygﬁ}%errgod&? %éer?neulcﬁ ¥ glﬁcaﬁ? [_Efr? WSS&_“H@ Foof
different applidafodddtiibettbeehtHa c%c%&%‘%e%in JHRERY ety saﬁ:ﬂﬁkiﬁﬁg \ when it is
desired to i nprove the adherence of a | ayer gf material applied over the

ceram c Sutieanshod/Aftiarihventibmfunatpik by erlirging cife chiact iarey Bérisieemthie Ser@ameleposi ti on
ring for use within a physical vapor deposition chanber, where an upper

surface of surfaee and dhssaqrifirigHayer.3gd machanieakip doskiagithe pagrifsial baykego thercamakict her ei n by

chem cal etching, thermal etching, or laser m cromachining. [0016] BRI EF
DESCRI PTI "THE DRAW NGS [ 0017] Figure 1 shows a cross-sectional

schemati c p i i | R (o] i 100.
[0018] Fi ggjroég 22[%’-% %ﬁﬁ?ﬁgﬁﬁgﬁgﬁﬁghﬁfﬁgﬁeo el l‘}'gné lﬁa;yﬁag{ 206 on
the surfacef Bhitations &fed b il phat@iiiniignhe oxteiic 2fhcatEouzha HaRSRREaNt

separation of the tantalumlayer 206 and al umi numlayer 204 fromthe
roughened clamigs ectant frid e tRORal etching profess wedsieins 2 laser system which includes

optics for producing a patterned beam. The ceramic surface which has mechanical interlocks
formed therein may be used for a number of different applications within semiconductor
processing equipment when it is desired to improve the adherence of a layer of material
applied over the ceramic surface. A particular application of the invention is a deposition
ring for use within a physical vapor deposition chamber, where an upper surface of the
deposition ring has mechanical interlocks formed therein by chemical etching, thermat

etching, or laser micromachining.

[0016] BRIEF DESCRIPTION OF THE DRAWINGS
[0017]  Figure 1 shows a cross-sectional schematic of a physical vapor deposition (PVD)

processing chamber 100.

[0018]  Figures 2A - 2C illustrate the build-up of a tantalum layer 206 on the surface of
a sacrificial aluminum layer 204 and the subsequent scpafaﬁon of the tantalum layer 206 and
aluminum layer 204 from the roughened ceramic surface 202, which increases

microcracking 205 of the ceramic surface.



m crocracking 205 of the ceramc surface. 4 21 JUN 2006 WO 031(157647

PCT/ US02/ 37358 [0019] Figures 3A - 3C are cross-sectional schematic vl 2006
illustrating an exenplary nethod of the invention for form ng mechanical
interlocks in a ceram c surface using a chem cal etching process. [0020]
Figure 4 MO®/idEs-sectional schematic view of a structrorRUSKDEIIZOION Ng
grooves 402 which have been forned in a ceram c surface 401 using a thernal
etching process, as described herein. (0021] Figure 5 is a cross-sectional
schematic view of a structure 500 showi ng two 502, 504 of the four |obes of
a laser-drilled cavity 501 conprising four cavities. Each of the four
separate cavities has one wall cut at an angle other than 90 to the surface
of the ceramic. The four cavities are arrayed at 90 to each other and
intersect in the mddle to create a single, four-lobed cavity. [0022]

Figure 6 i CrQss-s schematic view of a structure 600 having a
| ayer 608 [ﬁ%lfag] g%ﬁ?ﬁ g?‘c 3£”Frﬁ’i°é5r?55‘110“6’6555%?3966”%&“3@@!“8@ exestplérace 602 and

filling neghad Gethe iﬂ%ﬁfoﬁl%#énxyggﬁﬁcﬂz&%%eFéc%‘”e 7 1s a ¢ross-sectional

schematic view of a structure avin THETF JYee #1998 Beposi t ed
over cer andhemizblrtchif pféidssand filling rrechanl cal interlocks 705. A layer 708
of a sacrificial material is deposited over bond coat |ayer 707. [0024]

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS f0025] Di scl osed herein

is a nmeth f roughening a ceramc surface by formng mechanical
interl ock(s)[gﬁ’zg? thggg’é“éﬂfgmwt‘&&@s m&‘l‘fé‘fﬁ"t&&fa@t“étﬁierﬂﬁgshwéﬁmpﬂm ching, or

using 2 | A8 eidihel e E@glla[){f%%ﬁg%ggce%l TBLD9G iy 8001 Gabl e for

pronDtlng herence
described herein.

(0021]  Figure 5 is a cross-sectional schematic view of a structure 500 showing two 502,
504 of the four lobes of a laser-drilled cavity 501 comprising four cavities. Each of the four
separate cavities has one wall cut at an angle other than 90° to the surface of the ceramic.
The four cavities are arrayed at 90° to each other and intersect in the middle to create a

single, four-lobed cavity.

[0022]  Figure 6 is a cross-sectional schematic view of a structure 600 having a fayer 608
of a sacrificial material deposited over ceramic surface 602 and filling mechanical interlocks

605.

[0023] Figure7isa cross-sectional schematic view of a structure 700 having a bond coat
layer 707 deposited over ceramic surface 702 and filling mechanical interlocks 705. A layer

708 of a sacrificial material is deposited over bond coat layer 707.

{0024] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
{00251 Disclosed herein is 2 method of roughening a ceramic surface by forming
mechanical interlocks in the ceramic_mface by chemical etching, thermal etching, or using

a laser micromachining process. The method is applicable for promoting adherence of an



WO 03/ 0, 7647 PCT/ US02/ 37358 overlying layer to an underlying ceram c surface

for use in senmiconductor processing chanbers. To illustrate the i nvetiP¥{006
applicants describe the invention with reference to use in a physical vapor
deposition (PVD) chanmber. The ceram c surface has nmechanical interlocks

formed t hevepwshssrchem cal etching, thermal etching, or p@ESE&2/31358

m cromachi ni ng. Exenpl ary processing conditions for performng the nethod
of the invention are set forth below [0026] As a preface to the detailed
description, it should be noted that, as used in this specification and the
appended cl ai ns, the singular forns "a", "an", and "the" include plural
referents, unless the context clearly dictates otherw se. [0027] |I. METHOD
OF ROUGHENI NG A CERAM C SURFACE [0028) The present invention is a method of
roughening a ceramc surface by formng nechanical interlocks therein. The

ceram c may he any ceranic terial. kngwn in the art, depending on the
parti cul ar‘% ‘Rﬂn%é%c%ﬁ?pﬂ Wﬂ%‘ﬁg GFFapiG SURRSS JRfetie IR SeRispRdEcta proassEing For  use

'l ude o o aare BB AR PSS R Bl viR e 15 a1 i num

i ncl ude al um na, uartz,

nitride, ShldS98icANPbposiibd GD) cﬂhﬁgé.d%e%%ngzo£&ﬂcccﬁz¥s%&ﬁ iy way of
exanpl e and not by way ofp limtation. [0024] Formation o rrecﬁ‘anl cal

i nt er | ocksnteriodis érmed tueiein tyhbmice etrhingPherprarl feing o M Agoror@ichii@z. @ cheni cal
etching process, a thermal etching process, or a |laser m cronmachining
process. [FOBPRIYRreaFuRg WAditionscor periganingthe mthod of the inventios mivodti fowtnt  of t he

i nvention JeBg” formng nechanical interlocks in a ceramc surface using a
chem cal etching process. The first step of the process is the formation of

a patt er nggoaFRs k A3QHrePite id) Sie GRGRAM descRipfidr2 i ShotliPhe fite )’\ﬂusédr]nlt:}iigure 3A. The
patterned mask 304 may take a variety of fornms. Several alternatives

i ncl ude a speificationzsind eleappendet dlabmsytie kinpdiarddrms Sa"atiE ahd ghd) Giafl@elplaral Cl anped to
the ceramic_surface 302; a rigid nmetal nmask that is close-fitting to the
ceram c supfFals, Wirss the context kleprhdictates otherwise.

(0027} I METHOD OF ROUGHENING A CERAMIC SURFACE

[0028]  The present invention is a method of roughening a ceramic surface by forming
mechanical interlocks therein. The ceramic may be any ceramic material known in the art,
depending on the particular end use application of the roughened ceramic surface. For use
within a semiconductor processing chamber, preferred ceramic materials include alumina,
quartz, alumina/quartz mixtures (e.g., mullite), aluminum nitride, silicon carbide, silicen
nitride, and boron carbide, by way of example and not by way of limitation.

(0029}  Formation of mechanical interlocks in the ceramic surface can be performed using
either a chemical etching process, a thermal etching process, or a laser micromachining
process.

[0030] Figures 3A - 3C illustrate a particular embodiment of the invention for forming
mechanical interlocks in a ceramic surface using a chemical etching process. The first step
of the process is the formation of a patterned mask 304 on the ceramic surface 302, as shown
in Figure 3A. The patterned mask 304 may take a variety of forms. Several alternatives
include a conformal elastomeric mask which is adhesive-bonded or clamped to the ceramic

surface 302; a rigid metal mask that is close-fitting to the ceramic surface 302; or a thin



21 JUN 2006 WO 03/057647 PCT/ US02/ 37358 netal coating that has been
patterned wi th openings by a netal renoval process, such as etching. 2;Jun 2006
Qpenings in the nask 304 can be fornmed using a plasna etching process, |aser
m cromachi ni ng process, conventional machining, or photoengraving (by way of
exanmpl e awdopedey Way of limtation). (0031) Referring &ﬂ gigune 3B, the
ceramc layer 302 is pattern etched to create mechani caf T"I@F$8ks 305 in
the ceramic surface. If a chem cal etching process is used to formthe
mechani cal interlocks in the ceram c surface 302, the preferred etch
chemstry will depend on the chemi cal properties of the particular ceramc
being etched, as well as the particular mask used. The chem cal etchant is
typically an acidic or basic solution, such as 100%2S04 (at about 2300,
85% H3PO4 (at about 350 - 420C), 1:1 H2SO4 / H3PO4 (at about 270 - 3000Q),
10% HF (at about 20C), nolten K2S204 (at 650C), nolten V205 (at about
900C), nol Mepl MERBATH hesbeeapotitmaBoith-opedifes)by aonetzl oy mucssEldn@at  about

335C). The téﬂhem'cgal .etchant is &gne ally selected to provide an undercut
etch prof i &8 IPBREHM R T25% i1 eca Be Irpekwnearlasaastrhinggrocessoleser hat  t he
ceram c i S.j i I SQl ut i epends n th articul ar
ceramc, tﬂlg{%%%ﬁg%ggg%%’?gﬁeﬁgéﬁgﬁﬁg ' .ghg&ggtggngﬁatw%éﬁ LVEOH S 4MI° t he désired
si ze of thgdnolerdTfHmitafiod)he ceramc is alumna and the etchant sol ution
is 1.1 H2SO4 / H3PO4, an immersion tine within the range of about 10
m nut es t o[08Hdut Re@mirigntst BigureadB,athe trerapier lagen 302 df pabonitetcRBAH0G éat@bout 300C,
rovide inter|locks having a desirable profile and

will typically prt¢ > ,

di mensi ons‘?‘eck"é@@éﬁ“eﬂﬁé‘“épié‘wcfrﬁé‘cﬁg@ﬁ%ﬂif & ahemica etphing RrgcesO5 useiditd depend on
t he proces d faor.m .the, interl ocks. roces j 1|l be designed to
give the afr%?lr@n!ijuﬁll méh%?ﬁglflﬁ%%ocg? ‘Gjﬂlaﬂ[11 % §?¥C€3&ace&%ﬂg8“§@?§8‘%mcﬁl’éﬁéﬁlihi ng
process i sqesithnttBe bl BRpeRE N SNthe firtid in ' e

i nterl ocks egOS Sr o%ul%red %?pi cally ha@gldﬁjgﬁén%?ggmg@%?égggoﬂ@ ?(fﬁ'%] t o about
300 m  nopastictipnakiked, TabchemidDetstmitiotypibalytan 20 Gic gybasiclsBlufdn, @k 8s havi ng a

di ameter within the rang)e
100% H;SO, (at about 230°C), 85% H,PO, (at about 350 -~ 420°C), 1:1 H,80,/ H,PO, (at

-
>

about 270 - 300°C), 10% HF (at about 20°C), molten K,S,0, (at 650°C), molten V,0; (at
about 900°C), moiten Na,B,0, (at about 850 - 900°C), or nonagueous KOH (at about
335°C). The chemical etchant is generally selected to provide an undercut etch profile, as
shown in Figure 3B. '

[0032]  The amount of time that the ceramic is immersed in the etching solution depends
on the particular ceramic, the type and concentration of the etchant solution, and the desired
size of the interlocks. If the ceramic is alumina and the etchant solution is 1:1 H,S0, /
H,PO,, an immersion time within the range of about 10 minutes to about 60 minutes, at a
temperature of about 270°C to about 300°C, will typically provide interlocks having a
desirable profile and dimensions.

[0033] The size of the mechanical interlocks 305 will depend on the process used to f"orm
the interlocks. The process will be designed to give the amount of surface arca desired.
When a wet chemical etching process is used to form the mechanical interlocks in alumina,
the interlocks 305 produced typically have a diameter A of about 30 .:m to about 300 um;
more typically, about 30 1um to about 200 um. Interlocks having a diameter within the range
of about 50 xrm to about 100 um work particularly well. The depth B of interlocks 305 1s



of about 50 Amto about 100 Amwork particularly well. The depth B of
interlocks 305 is 7 21 JUN 2006 WD 03/ 057647 PCT/ US02/ 37355 typi cal | y2IAUNEI®S
the range of about I /cmto about 40 Aem and the dianmeter to depth ratio
(A: B) is typically within the range of about 5 : 1 to about 50 : 1. Wen a
wet chem owb 03/@baahi ng process is used to formthe mechanpepisg23b 8! ocks, the
spaci ng between adjacent interlocks is typically within the range of about
200 Amto about 700 urn; nore typically, about 200 /cmto about 500 Am
[0034) The interlocks 305 are preferably forned to have an undercut profile,
as shown in Figure 3B. The undercut profile provides inproved interlocking
and adherence between the ceramc surface 302 and a subsequently deposited
sacrificial material |ayer. The degree of undercutting should be sufficient
to produce a nechanical lock on the layer of sacrificial material |ayer

after it has qi_lg'Ol"S{d;l nd shrunk to its dinensions at roomtenperature. Wth
r ef er ence YRICHEY (PR taeranggRf pbgutdamy te ahoudlurm.#ad e dizmster foglepthaatiot o f or m t he

interl ocks, .t . : .t he ld. 306 ..0f the jnterlock 305
and the sﬁ(ﬁf'aéggs %@Qlﬁw%%éﬁﬁ%iﬁggf;%%g I%? '\:/ivit iR at“ffgc?eéfﬂ?g’ of about

45' to aboghirg/proceddie usddap dortd the hechirdlal iftdtlocks) dhd H8cinS PAFALAAR At he ceramic
surface between adjacent undercuts should be such that conbined stresses

creat ed wiinthilorks sayricatly suithih the range affbout$0¢ wnttusteuET0® 1oy nstratybicaly, v
conpressive when tensile loading is inposed on the interface between the
cerani c suPPHEE0 4mdo bt SM#Mf i cial material layer. [00351 Referring to

Gesi tod oS hepTRAR:Rbls 307 et Bl Bt A AT SRR TR the
oL LSTTe0 TR s Macha ROk YL B SN SIS,
enbodi mentthedferdntiesurfacesd0R mmdha sidrsdqasntly dedosited naetifidial vaterialgayea Theglageel ti ng
tenperature (such as copper or nickel) is sputter deposited onto the ceramc

of undercutting should be sufficient to produce a mechanical lock on the Jayer of sacrificial

material layer after it has cooled and shrunk to its dimensions at room temperature. With

reference to Figure 3C, when a chernical etching process is used to form the interlocks, the

angle 0 formed between the wall 306 of the interlock 305 and the surface 307 of the ceramic

is typically within the range of about 45° to about 87°. The shape of the undercut and the

spacing on the ceramic surface between adjacent undercuts should be such that combined

stresses created within the surrounding ceramic structure are substantially compressive when

tenisile loading is imposed on the interface between the ceramic surface and the sacrificial

material layer.

[0035] Referring to Figure 3C, afier pattern etching of the ceramnic has been completed

to the desired etch depth, the patterned mask 304 is removed. Removal of the patterned

mask 304 can be performed using conventional techniques, depending on the particular

mask used.

[0036]  According to a particular embodiment of the invention, a layer of a metal having

a high melting temperature (such as copper or nickel) is sputter deposited onto the ceramic

surface to a thickness of about 10 um to about 50 xm. An e-beam is used to drill holes

through the metal coating and, typically, partially into the ceramic. Care must be taken not

10 use too much energy during the mask patteming process, to avoid cracking of the ceramic.



surface to a thickness of about 10 Amto about 50 m An a-beamis usgpuﬂ\om%
drill holes through the netal coating and, typically, partially into the
ceram c. Care nust be taken not to use too rmuch energy during the nask
patterning process, to avoid cracking of the ceramc. 9 21 JUN 2006 WD

03/ 05764 7WMRABNEISE2/ 37358 By way of exanple, the ceram c PSUUSAY3$% t hen
pattern etched through the nmetal masking |ayer by inmmersion in nolten
sodiumtetraborate (Na2B. O ) at a tenperature of 850 - 900C for about 10

m nutes to about 60 m nutes. The copper masking layer is then stripped by

i mrersion of the ceramc surface in an acid bath. For exanple, the copper
maski ng | ayer nay be stripped by immersing the ceramc surface in an HC
bath for about 1 minute to about 5 mnutes at roomtenperature. The ceram c
surface is then cleaned by rinsing with deionized water. (0037] In an
alternati v j A1 SIS i i,gh [ tin :
temeratur%?ﬁ%@%xggﬂg’égﬁzr o?g%ﬁiglt@%{tﬁ&ng&ggg}{?ﬂ@gn s’ggelfmaag?g%t 25 umto
about 250 lyEnby insnasskie choltertsodiuaitethbbate 194,80 IRk SfRifigsepRpbAgs. The
nmetal sheet is then forned to fit the ceramc surface. The netal sheet is
t hen coat e@r #oph1 minutes &F abght fhmiswien dTle eopper masksig lnyen istherstigpeday er i al

havi ng a thi cknessf of about 25 ri mt,g %EOUt 125 m._ so that the transition
material dOEETHGOHRG RS HBFLR ap Acid R qr skampies he coprer mBTking laxesr nedi at e

transitio I . or | | EXTUr | ybdenu nganese,
nol ybdenu%ﬁ%ﬁi@%? H’?‘%‘E‘?@?f”%&“@ﬁgsﬁaﬁ%ﬁé@éﬁ ifbffgg"%a@o‘ﬂﬁqa'g}gu ©. °ael gesson
in Ceram Cabb@ SMhatks dBedeel te@pérBafel The celafib Buredé is B4R kieaabS rinsifk@Whik i dge, MA

(1968), p. 11). The coated netal sheet is then fitted to the ceramc
surface andtionizedweter-brazed. By way of exanple, the ceramic surface is then

pattern et through the netal..masking | ayer by inmrersion in nolten sodi um
t et r abor at@&e’?NagB&B%“e%m& 8 Sbu? égeﬁ? °é30m§tzlgll?6@gf‘brm?ébﬁﬁlfm&0 m nut es

t o about ] i.NnQ: i e i d by i mrersion
of the ce?rgmni;%% g%%amegﬁqgg{eg%mc or_%f%oirlf)?'{e]‘f ﬁt‘?ﬁ_@"&‘@%@ ™ maski ng
layer may @iasded kfRpsedt forifMRintrdis sthilFope@A@ANTRe Mbtal AER is théh BAndd bath for

about 1 mnute to about 5 mnutes at roomtenperature. The ceram c
fit the ceramic surface. The metal sheet is then coated with layer of an intermediate

transition brazing matenial having a thickness of about 25 um to about 125 um, so that the
transition material does not fill the holes in the metal sheet. Suitable intermediate transition
brazing matenals include mixtures of molybdenum, manganese, molybdenum oxide, and
copper, of the kind described by Claes I. Helgesson in Ceramic to Metal Bonding (Boston
Technical Publishers : Cambridge, MA (1968), p. 11). The coated metal sheet is then fitted
to the ceramic surface and furnace brazed. By way of example, the ceramic surface is then
pattern etched through the metal masking layer by immersion in molten sodium tetraborate
(Na,B,0,) at a temperature of 850 - 900.°C for about 10 minutes fo about 60 minutes. The
copper masking layer is then stripped by immersion of the ceramic surface in an acid bath.
For example, the copper masking layer may be stripped by immersing the ceramic surface
in an HCI bath for about 1 minute to about § minutes at room temperature. The ceramic
surface is then cleaned by rinsing with deionized water.

{0038] Inathird embodiment, a layer of a metal having a high melting temperature (such
as copper or nickel) is sputter deposited onto the ceramic surface to a thickness of about

50 um to about 250 um. A fine spiral or concentric groove pattem is machined into the



surface is then cleaned by rinsing with deionized water. (0038] In azﬁmgg%
enbodi nent, a layer of a netal having a high nelting tenperature (suc as
copper or nickel) is sputter deposited onto the ceramc surface to a

t hi ckness of about 50 kmto about 250 /sm A fine spiral or concentric
groove patwe@smsrarnmachined into the 9 21 JUN 2006 WO 03/ 8cBusiaA7348

PCT/ US02/ 37358 netal |ayer and partially into the ceram c surface. By way of
exanple, the ceramic surface is then pattern etched through the netal

maski ng | ayer by imersion in nolten sodium tetraborate (Na2B40O7) at a
tenperature of 850 - 900C for about 10 m nutes to about 60 mnutes. The
copper masking layer is then stripped by i mersion of the ceramc surface in
an acid bath. For exanple, the copper nasking |ayer may be stripped by
imersing the ceramic surface in an HCl bath for about 1 minute to about 5
m nutes at room tenperature. The ceramc surface is then cleaned by rinsing

with dei on™FRY 2K ERY PUPYAYP theserpmic Suirse By warntfsdimmntthe cerdmiy ewrfaoé a hi gh

melting tec I C er, or ni.ckel) i.s sputter deposited
onto the cérgftgéﬁ?é%ﬁ'r aceg LPI((%é% t?ﬁ%%%%%@%fla’%gﬁfm??ﬁ%%“% B Sofghn A fine
spiral or caaE&ale(NG,BIONQY € tehidletafiidlof SH0TBEFNRI Al b LIS c@‘%cf Mout ByEr -using
el ectric discharge machining (EDM, including a system o% el ectrode notion
control t hetutesndhe exppetmeaskhg byerddbernt seiphal #yowneaivh 0bths ctmicRera®Rtml coati ng.
By way of exanple, the ceramc surface is then pattern etched through the
metal  maskEhacd &gt Foyexample; S spprenmaskisigtiaver movibusipmsd by immatsing(the2B40r )  at

a tenperature ofgéag:o.- 9&%@ ‘fhg.r asb gt .10 mputes, to about 60 m nutes. The
copper masKIGPAYEF 1 & APy ?)"8 FUBY° 1P AR S PG PoRE EBPHMRS- surface
In an aci dTP@&cl?amiEQﬁrffcéW&rﬁclea}x@lﬁbﬁ@ﬁ%ﬁ'ﬁviﬂ%ﬁ%%;Jéqgéc(;er may be stripped by

imersing the ceramc surface in an bat ut 1 mnute to about 5
M nutes at (0008  Theep@bGttamoditient, LAyl ChighinélaceinperitiRingiigarrds by rinsing
wi th deionized water. [0040] The netal masking / chem cal etching enbodi nent
processes @enperaripisielhissputer itqdl emo the cararmid surfacdito galskiingss afebait 8 wot her t han

copper and chemni %al Cef[& hants ot her than sodiumtetraborate, provided that
the maski n FEEY 4hd™ CRBTRTELT COCEHETMFONF @25t Iy mdghingd g the motal layer

using electric discharge machining (EDM), including a system of electrode motion control
that enables the electrode to follow contours of the metal coating. By way of example, the
ceramic surface is then pattern etched through the metal masking layer by immersion in
molten sodium tetraborate (Na,B,0,) at a temperature of 850 - 900°C for about 10 minutes
to about 60 minutes. The copper masking layer is then stripped by immersion of the ceramic
surface in an acid bath. For example, the copper masking layer may be stripped by
unmersing the ceramic surface in an HCI bath for about 1 minute to about 5 minutes at room
temperature. The ceramic surface is then cleaned by rinsing with defonized water,

(0040]  The metal masking / chemical etching embodiment processes described above
may aiso be used with masking metals other than copper and chemical etchants other than
sodium tetraborate, provided that the masking metal and chemical etchant are both selected
so that the metal is sufficiently resistant to eiching by the particular chemical etchant that
the metal layer can perform the necessary masking function. In any case, the masking metal
must be able to be completely removed from the ceramic surface, or must be compatible
with the particular end use appﬁcatipn of the texturized ceramic surface. For example, in

the production of a component for use within a semiconductor processing chamber, there

10



so that the netal is sufficiently resistant to etching by the particu] ar
chemical etchant that the metal layer can performthe necessary maskilnyN 2006
function. In any case, the masking nmetal nust be able to be conpletely
removed fromthe ceram c surface, or must be conpatible wth the particul ar
end use apPPi%aiieh of the texturized cerami c surface. Fecrexemptl, in the
production of a conponent for use within a sem conductor processing chanber,
there 10 21 JUN 2006 WD 03/ 057647 PCT/ US02/ 37358 may be some instances in
whi ch the use of a copper nask is not desirable because the presence of
resi dual copper in the processing chanber will negatively affect

sem conduct or rmanufacturing processes perfornmed in that chanber. (0041] In
an alternative enbodinent of the .invention, a thermal etching process is
used to formthe nechanical interlocks in the ceram c surface. Thernal
etching can b% used.t? textlﬂgi Ztﬁ t he surface of any_ pol Xcrystal l'ine
ceranic, sT@h ESORF IIARESS 18WHRIRe 1593 FaPPeR gsk i mandsitirilnbecArsadhe by way of
exanpl e ang0ate MHreidl Rbper ifthd GHbdNMle chiler Reh & ﬁfvgl?laffcc(?ts %&'ﬂhct&. portion of
t he bi ndi ng agent (exanples of various binding agents i1 nclude silica,

cal ci um oxideyfactmibhgraoresss pmfoaredie thabthatber, surface of the ceramic is
partially renoved exposing the grain structure of the ceram c. The binding
agent typi (¢} Hagn altgmaginesmbpdisennt offhednvention, & frermal plehingpraesse is useusi ng t he

bi ndi ng agent _on the surface qf .the ceram ¢ to_ volatilize and | eave the
ceram c su?“fgﬁg'éﬂ}ﬁﬁré‘?‘fh‘fnﬁ@i i?%flﬁﬁfsdnp'gcg%{ﬁ Sfo ThEmah bR B Usef Poght |y bel ow
the sinteri r 1A G I C b I S jcally

per f or med lt{)é;glé{%g?sg?%g&#ﬁgm@fepr%%ﬁ(gﬁtﬁ%@ggr%gﬁﬁg‘?gﬁhﬁ %Bg%d@g%%dabout 500C

bel ow t he aRiriiuek hitde @YPelyalf Wkanplé aid Rotibly WayPaTlingddtied). anewl tRPmali nutes to
about 6 hours. For exanple, thermal etching of alumna is typically
performed arhiagtagpepionaf thedingingwigent (xamplaheforandus binding aganpsodudesilzgbout 1500C,
for a tine period, of about 30 mnutes to abo&tﬂ 4.5 hours. The anount of
tine is enﬁ?l?lfl@aﬂxvfioﬁ TRRERPSER OX6hah Be stofase of R FeTamic AS Rl reedkein bound to

the surface gf. |06 GPRAMLE of b URLHEC TnUMA:G LR YRRy AkS nihEAlpd, Dot ween

the cryst al” gra
pressure than the ceramic, causing the binding agent on the surface of the ceramic to

volatilize and leave the ceramic surface when the ceramic is exposed to a temperature
slightly below the sintering temperature of the ceramic. Thermal etching is typically
performed by exposing the ceramic to a temperature about 200°C to about 500°C below the
sintering temperature, for a time period of about 20 minutes to about 6 hours. For exainp!e,
thermal etching of alumina is typically performed at a temperature within the range of about
1250°C to about 1500°C, for a time period of about 30 minutes to about 4.5 hours. The
amount of time is empirically determined so that the alumina crystals remain bound to the
surface of the ceramic structure, while crevices are created between the crystal grains.

[0042]  In order to enlarge the contact area, while avoiding microcracking of the ceramic,
the amount of binding agent removed should be less than about 50% of the average grain
size of the particular ceramic being etched. For example, when the ceramic is alumina, with
an average grain size of about 6 .«m to about 10 wm, the binding agent should be removed
to a depth of no more than about 2 um to about 5 um. Referring to Figure 4, thermal
etching results in the formation of grooves 402 at the grain boundary pﬁasc of the ceramic

surface 400. The pattern formed is an artifact of the grain structure of the particular ceramic

i1



[0042] In order to enlarge the contact area, while avoiding mcrocr agrg%g %1;
the ceramc, the anmount of binding agent renoved should be |less tha t
50% of the average grain size of the particular ceram c being etched. For
exanple, when the ceramic is alumna, with an average grain size of about
6m t o abowip g5+ he bi ndi ng agent shoul d be renoved top@E@RpERPT NO nore
than about 2 Fimto about 5 Fury. Referring to Figure 4, thermal etching
results in the formati on of grooves 402 at the grain boundary phase of the
ceram c surface 400. The pattern forned is an artifact of the grain
structure of the particular ceramc 11 21 JUN 2006 WD 03/ 057647

PCT/ US02/ 37358 bei ng etched. The spacing between the grooves or divots in
the ceramic will be approximately equal to the grain size of the ceramc.
[0043] After thermal etching, the ceram c surface may be ultrasonically

cl eaned to, renpve any | oosely bound ceram c particles. Utrasonic cleaning
can be per PErelbesy Toprdepcdnenbetvpe tergiprves oudivtsein theageraplic malidmi ¢ bat h of

dei oni zed ; about 20C to about 80C, for a tine
period of %&03[“%%9@%@g@%@%&gaf&ic%%ﬁ [ 0044] After cleaning, the

ceram c su[bfe isgiet RRAmMEakeE, R GANBE BB HRYDeAlirdhiBcBYdass wWhere a
thermal spray coating is to be applied later. The unmasked portion of the

ceram c stemboag enyrigpseiiebovad grremirdpagicldsa piieatonio cloaring cha Hehperfoesidrogd sur f ace
finish. [0045] In_a third enbodi nent of the invention, a |aser system which
i ncl udes oPTREUNG e cerpmis §ytareiy 28 WatorPAB L fkiemised svates atia tempetatum ¢fechani cal

i nterl ocks i n C rface. .T a .s preferably a high power, W
pul sed Iasébroutsf}saﬁetcr’n%& |@k???%acamﬁé’ﬁﬁ“}eﬁog#’%’?ﬁ]’%‘&%mp?b&ﬁ ol es of the
desired depoly) WiAdAPMbanBioOR deheb@Burtheal il Rhedtb SRITIE S G dh rami c
surface. Lgvger] syst ens s&?t?atfl e for use iIn th% p?esent r?get hod 1 ncl ude, but
are not | i whéreslthtxmal spaay m@xtiigrieto Heagmied Syt The inokked paniph of thh/baahicNo.

LPX2101, available from Lanbda Physik USA, Inc., Fort Lauderdale, FL) and a
di ode punpé&tfegnatbese-giamg gslapped yapravify the dessrdsiees finislbdel No. PG355- 10- FI O,

a0 NS SRR 5 AR 105
producing a patterned beam is used to form mechanical interlocks in the ceramic surface.
The laser is preferably a high power, UV pulsed laser system, which is capable of driiling
precise holes of the desired depth, without significant heating of or damage to the ceramic
surface. Laser systems suitable for use in the present method include, but are not limited to,
an excimer laser system (for example, Model No, LPX210i, available from Lambda Physik
USA, Inc., Fort Lauderdate, FL) and a diode pumped solid state laser system (for example,
Model No, PG355-10-F10, also available from Lambda Physik).

(0046] * The laser micromachining process typically involves the application of a high
power, UV pulsed laser beam. The laser beam is focused at a point on a workpiece where
a hole is to be formed. Material at the focused area of the workpiece is transformed into
liquid and vapor phases due to sufficient high temperature. The desired hole is then formed,
pulse-by-pulse, by removat of material in the liquid and vapor phases. During a 10 - 30
nanosecond pulsed laser operation, the transformation of material from the solid phase to
the liquid phase, then vapor phase, is so rapid that there is virtually no time for heat to be

transferred into the boady of the workpiece. As such, the use of 2 high power, UV pulsed

laser beam effectively minimizes the size of the area on the workpiece which is affected by
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power, WV pulsed |laser beam The |aser beamis focused at a point on,&un 006
wor kpi ece where a hole is to be forned. Material at the focused area o t%e
wor kpiece is transformed into |iquid and vapor phases due to sufficient

hi gh tenperature. The desired hole is then forned, pulse-by-pulse, by
renmoval oWwovgwewéal in the |iquid and vapor phases. Dur iPeE/US0ZE3s8 30
nanosecond pul sed | aser operation, the transformation of nmaterial fromthe
solid phase to the liquid phase, then vapor phase, is so rapid that there
is virtually no tine for heat to be transferred into the body of the
wor kpi ece. As such, the use of a high power, UV pulsed |aser beam
effectively mnimzes the size of the area on the workpiece which is
affected by 12 21 JUN 2006 WD 03/ 057647 PCT/ US02137358 heat during the |aser
m cromachi ni ng process, thereby mnimzing mcrocracking. The use of a

| aser bea i . l.engt h than 400. nm.and/or a_.longer pulse tine
can | ead C\(,javl é%ﬁ%ﬁ#?%%ﬁ?mﬁgl\aéé cog%ﬁccs i %ﬁrePynTWﬁ@g%?rﬁqrﬁk%%Fégul ting in
poor surf agm |a%e¥ AR AY: BAth wa K@il doy m%@/w&roﬂgéfgmge tn{nQQﬁﬂLadV%en a

| aser m cronmachining process is used to formthe nmechanical 1 nterlocks, the
i nt er | ockstoaigeificany heagbdnyudtion ingrkthe workpive:, @sullirgli®pet sufacadhopholdg anim t 0 about
100 kmand a depth of about 10 mto about 50 m The dianmeter to depth ratio

0

of laser PAKHBWAEHFAEAK M er| ocks is typically within the range of about 2
1 to abo N S | o 7] acing. .bet ween adjacent ,interlocks is typically
wi t hi n FhePlge “_%’fe"aagﬁﬁ‘irﬁ@f? RARTEPATERLle S5 GOt GaEoA FUBedr 1 11 ed
cavitly Qengt shdbscilsSudipbicaly ithed itafe Aliiher P HRuPH bl od BESURTAF T LHe

ceram c. Wien a laser m cronmachi ning process IS use ormthe i nterlocks,
t he angl e abeé¢pteed ablie Makin ab dbbdt 0oyt y ThadiafnbRr $4IdERE @at@f of MeerCeramc i s
typically within the range of about 30 to about 67, nore typically, within
the range wicrgpshinedmtarlgcksssiypicaldy witlin figrangs of aboyt 21 btpsabewtct i bnklle schemati ¢
view which_ is illustrative of structure 500 whic C be produced b

aser " or SHRERRERG “Deiebfintinte RiE L pn e st gD svokfbo i B AHC o of o
mul ti-|obeghcayity 501 consisting of four cavities, each having one undercut
wal |,

[0048]) A laser-drilled cavity generally is cut at an angle other than 90° to the surface of
the ceramic. When a laser micromachining process is used to form the interiocks, the angle
between the wall of the cavity and the surface of the ceramic is typically within the range
of about 30° to about 87°; more typically, within the range of about 60° to about 80°.
Figure 5 is 2 cross-sectional schematic view which is illustrative of a structure 500 which
can be produced by laser micromachining. Shown in Figure 5 are two 502, 504 of the lobes
of a multi-lobed cavity 501 consisting of four cavities, each having one undercut wall,
arrayed at an angle of 90° to each other and intersecting in the middle. Most of the walls
of the four-lobed cavity 501 are undercut.

[0049]  Afier formation of mechanical interlocks in the ceramic surface (either by
chemical etching, thermal etching, or using a laser micromachining process), the ceramic
surface can optionally be baked for outgasing purposes, and subsequently annealed to further
relax surface stress. Annealing is typically pcrfonncd by heating the ceramic to a
temperature ranging from about 120°C to about 300°C for a time period of about 1 hour to
about 4 hours. Annealing temperatures for particular ceramic materials are generally known

1n the art.
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arrayed at an angle of 90 to each other and intersecting in the m ddle. Mst
of the walls of the four-lobed cavity 501 are undercut. [0049) Af t er?! JUN 2006
formati on of nechanical interlocks in the ceram c surface (either by

chem cal etching, thermal etching, or using a |laser m cromachining process),
t he ceram WO 0gsheice can optionally be baked for outgasi pgrRgipesgs, and
subsequently annealed to further relax surface stress. Annealing is
typically performed by heating the ceramic to a tenperature ranging from
about 120C to about 300C for a tinme period of about I hour to about 4
hours. Annealing tenperatures for particular ceramc materials are generally
known in the art. 13 21 JUN 2006 WD 03/ 057647 PCT/ US02/ 37358 [ 0050]
Referring to Figure 6, after formation of nechanical interlocks 605 in a
ceramic surface 602, a |layer 608 of a sacrificial .material is typically

deposi ted cerapi ¢ sucfac 602. The sacrif.icial terial layer 608 may
be deposi t%@{%i ngg:‘ eggghn\geﬁg: 1555??! aﬁ%%’ﬁﬂ%&ﬂggmc%ﬁ%ﬁﬁi Wtﬁlgﬁ%&ér‘f‘?%@ﬁ@ndi ng on
the parti CUhdlice 08 d hef 6@ ofARIEERA mAs8Ms BPRlally EpSdieg ol i ani cal

i nterl ocks 605, whi ch)J wi | I0 depenoi onFl thes %?o%e’g‘%pﬁi wﬁ?éﬁgt e Jlgﬁlg%rl ocks are
formed. |f &0Re Thacudrificiel mhterretlaet 608 may t@l deposhedrusimglcdnhentionileédnails wer e
formed using a wet chem cal etching process, the aluminumis typically

deposi t ed USPHE i therial dependipg onthe pariqugr saerificial material geegyand thegdased thef or
exanpl e. Howeyer., .i.f th ' ter . the interlocks is, about 30 /Imor |ess
(for exanplBeCofHcy chrﬁoﬁgsegqsggﬁ'ggﬂlréepﬁf% PSP E%Wh‘cgtﬂlf’l‘ﬁ’?fﬂc’ ¥y | aser
m cromachi ry T WOAE . Vol | mal
sprayi ng w%ﬁ%épu&ﬁ? %ﬁrﬁ&%ﬁgﬁc&?ﬁg, 1{l %‘? aédn%llﬂ fntt?ﬁm %ﬂ&égﬁﬁ?ﬁ%?g or |ess)
i nterlock sihégial dthléngpotdst, thd AhmintmtietybRRbiyY depBsited abiFakhal sprayigi cal |y
deposited either by sputtering or evaporation. Alternatively, the

sacri fi ci al(alminam afic spray) fyecceie foo skampde. Hovabeactf tepliandtergpf tedntedod®yYB or CVD
(i.e., chemcal_vapor de osition)iﬁgg ?esr' ted al ym num seed | ayer. [0051] The

deposi t ed tPEKIgE opfess Her Xamplps seysreforped Byt Platyae §ifHHRE edi¥end on the
laser micromachining), it may be difficult to fill the interlocks by thermal spraying with

aluminum. Therefore, for small (i.e., 30 »m diameter or less) interlock sizes, the sacrificial
material (e.g., aluminum) is typically deposited either by sputtering or evaporation.
Alternatively, the sacrificial material may be deposited by electroplating over a PVD or
CVD (i.e., chemical vapor deposition) deposited aluminum seed layer.

[0051]  The deposited thickness of the sacrificial material layer 608 will depend on the
particular sacrificial material used. For example, if the sacrificial material is aluminurm,
sacrificial material layer 608 will typically be deposited to a thickness ranging from about
0.003" (about 76 1:m) to about 0.060" (about 1.5 mm).

[0052]  Figure 7 illustrates an alternative embodiment of the invention, ir which a bond
coat layer 707 is deposited on top of ceramic surface 702, prior to the deposition of
sacrificial material layer 708. The purpose of bond coat layer 707 is to further improve the
adherence of the sacrificial material layer 708 to the ceramic surface 702.

[0053] Bond coat layer 707 typically comprises a material having a linear coefficient of
thermal expansion {CTE) which is no more than about 20 % lower or higher than the CTE
of the ceramic 702. For example, alumina has 2 CTE within the range. of about 7.0 x 10

/°Cto 8.4 x 10/ °C (typically, about 7.8 x 10°®/ °C), depending on the composition and
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particular sacrificial material used. For exanple, if the sacrificial
material is alumnum sacrificial material |ayer 608 will typically HeUN2006
deposited to a thickness ranging fromabout 0.003" (about 76 ,um to about
0. 060" (about 1.5 nm). [0052] Figure 7 illustrates an alternatlve enbodi nment
of the i nv¥®MEWéTn which a bond coat |ayer 707 is dep@sirtusek/amsst op of
ceram c surface 702, prior to the deposition of sacrificial material |ayer
708. The purpose of bond coat layer 707 is to further inprove the adherence
of the sacrificial material layer 708 to the ceram c surface 702. [0053]
Bond coat | ayer 707 typically conprises a material having a |inear
coefficient of thermal expansion (CTE) which is no nore than about 20 %

| ower or higher than the CTE of the ceramic 702. For exanple, alunm na has a
CTE within the range of about 7.0 x 10'6 / Cto 8.4 x 10'6 ( C (typically,

about 7.8 x Bf theGQumideren ofolaps] 2006 WO
03/ 057647 P}Eu}r%wof/ 37358 puﬁbt[%b ¥ C%JPhZaya um&ﬁdéé b Efef”g%? M’S%Jadg“wﬁt | ayer

materi al s fvantalume(CWEt#\tS akumi® haC), rehind ¢CTE asilad w‘ﬁl("CTEhromﬁm%') rdf¢h ' O,
rhenium (CTE = 8 10-"/ C?i’ chronmium (CTE = 6.2 X 1065 C) titani um
(CTE = 8.5 ’5(1%’6(3) t@“‘“‘?’l(g? b (KCPE/ °CB piptigumCEE/~ & x Wiid “@omidi nat i ons

t her eof . )., talc; I +0-6 /

*C), and naénoé'%%gaggﬁg %%ng %ﬁlyfgd':éu%gc-% 4 )x 1((:)an égm&g&vﬁ g‘érﬁﬁ ﬁ%\tl on with
any of the °©¥5}ﬂ_rm:b%&das§®m Layex 1001 &I)Icaxlﬁedsbétnecém%me{&n% ach ot her,
to provide a desired nomnal CTE. For exanple, m xtures of IyE) enum and
manganese (cttbrqmbcraldoytlammtenals\gstahb«morw&thow{erttop&bﬁﬁdhd%e&honﬁﬁ(ﬂlnﬁnganese)
can be tailored_to have a desired nomnal CTE. [0054] If the bond coat
materi al haSTR Erexample, mixtyrenaf mofybdenumand mengantse (picallyicontaimingrabanlt, t he
ceramc sur{sace 702 an g e bond co i.nterlock at

appl i cation-> % %t REP° O R BT ?faﬁ' %%E&Q%hﬁéép‘éséﬁ g GIE- cool i ng,
the bond befopegn tlﬂﬁcﬁcﬁﬁ%&t%a&%ﬁm%l&%}rmah%%f %&%E;gctﬁnérér& prer.

Therefore, in order to obtain the tightest bond possib ween 't he bond
coat |ayer fReZeramit sitfececi®Rand the doud @atdaytO207 willentbduell acplicatieh.e Al @le shoul d

temperature of the ceramic decreases during cooling, the bond between the ceramic and the

bond coat layer becames tighter. Therefore, in order to obtain the tightest bond possible

between the bond coat layer 707 and the ceramic surface 702, the bond coat material should

be deposited onto the ceramic surface at as high a ceramic surface temnperature as possible.

For example, if the ceramic is alumina, and the bond coat material is tantalum, the ceramic

surface should be heated as high as about 1000°C.

[0055]  If the bond coat material has a CTE that is higher than that of the ceramic

material, a greater unde_rcut may be required to insure that the ceramic surface 702 and the

bond coat layer 707 remain interlocked.

[0056]  If the ceramic has been texturized using a thermal etching process, the bond coat

material will need to be selected to have the appropriate thermal coefficient of expansion and

thermal properties so that the bond coat material will not introduce cracking in the ceramic.

In particular, the bond coat material would need to be selected such that it does not have a

high stress intermediary region in its stress vs. temperature curve that is associated with the

temperatures that are achieved during subsequent aluminum arc spraying, which could cause

the bond coat to expand to the point at which it would crack the ceramic (during or after the
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be deposited onto the ceramc surface at as high a ceram c surface 5 2006
tenperature as possible. For exanple, if the ceramc is alum na, and' THE
bond coat material is tantalum the ceramc surface should be heated as

hi gh as about 1000C. (0055] If the bond coat material has a CTE that is

hi gher thap.oshaksof the ceramc material, a greater underashyimss be
required to insure that the ceramc surface 702 and the bond coat |ayer 707
remain interlocked. (0056] If the ceram c has been texturized using a
thermal etching process, the bond coat material will need to be selected to
have the appropriate thermal coefficient of expansion and thernal
properties so that the bond coat material will not introduce cracking in the
ceramic. In particular, the bond coat material would need to be sel ected
such t hat it does not have a high stress internediary region in its stress
vs. tenperature curve that |s associated with the tenperatures that are
achi eved DR &GREYE BRGESSAI uni num ar ¢ spraylng whi ch coul d cause the

ot tor (7R B bR B bR e nlty SR AR e ar ¢ Spray
process) . aitOfdpetliinkht@ thaadiciRAbonk e matéRA. P&Qxﬂﬁplgm&ﬁgoaVEk%glﬁt andard

techni ques known in the art, depending on the ‘particular coat
mat eri al . iFgrtalesias|tentalinh is typicklbrdtpesited by plyeical #@gor degosttan (iad,puttdrhe t ant al um

is typical)] eposi.t ed by Si . vapor. deposition (i.e.,, sputter

deposi ti orff *}/ ‘"dﬁﬂg) bt‘f?émé‘géﬁ’mé&?é?@;?‘é’im%?ﬁ}( §eposited)ty hﬂ’éﬁo@ck‘?ﬂs faaglﬁ&ve a

t hi ckness gt?Oél p yt A to about 0.0015"
(about 38 %%ng&?%(gngﬁ%o LTﬂo?%%?gaoéfésbg °ut3 érs))ence of the overlying
sacrifici qhos temloa&er?mawemadhekeﬁé%f%%t«erlmg%ﬁ?&@mta!aﬁam@:éﬂiéface 709 of
t he bond coat | ayer 707 is preferably roughéned to a surface roughness of

about 50 rroutwitiayer KAy, ﬂmtmd’aceﬂomoﬁthmbomd naah ajRa 7p‘r is@reférably chaphemed i On of t he
sacrificial material Ia% 6;08 Rou heni ng of the bond coat |ayer surface

709 can bé°® AFPERELQY Wgrﬁaofﬁsabf"ﬁeﬁoﬁdm"@mc Ragivanet er s such
as gas pr&gsa\fibn of ﬂ@&cﬁﬁ@al%%ﬁfla}e?% rﬁoh&t?mm‘é%'f&@%&d Sl la)eer surfarcrgt ton and

direction spr ay
709 can be effected by adjustment of various thermal spray parameters such as gas pressure,

gas and powder feed rates, voltage, current, motion and direction of spray nozzle,
mechanical surface roughening, gas chemistry, and powder components.

[0059] The structures shown in Figures 6 and 7 can be used as the surface of a
component (such as a deposition ring) in a semiconductor processing chamber. When the
amount of deposited tantalum builds up to an unacceptable level, the component can be
removed from the semiconductor processing chamber, and the sacrificial material layer with
overlying tantalum deposits can be removed using conventional techniques, depending on
the sacrificial material used. For example, if the sacrificial material is aluminum, the
aluminum layer and overlying tantalum deposits can be removed by immersing the surface
of the chamber component in an acidic solution, such as 37% HCl, 93% H,50,, 85% H,PO,,
70% HNO,, 49% HF, 30% H,0,, or mixtures thereof. The immersion time will depend on -
the thickness of the aluminum layer 306. However, for an aluminum layer having a
thickness within the range of about 0.006" (about 150 um) to about 0.015" (about 380 um),
an immersion time of about 5 minutes to about 20 minutes is typically sufficient to remove

the entire aluminum layer and the overlying tantalum deposits.
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mechani cal surface roughening, gas chem stry, and powder conponents. ;0059
The structures shown in Figures 6 and 7 can be used as the surface of2lg/UN2006
conponent (such as a deposition ring) in a sem conductor processing chanber.
When the anmount of deposited tantal um builds .up to an unacceptable |evel,

t he conpon¥Rt3&HFA+be renoved fromthe sem conductor proeesssagrsiaanber, and
the sacrificial material |ayer wwth overlying tantalum deposits can be
renoved usi ng conventional techniques, depending on the sacrificial

material used. For exanple, if the sacrificial material is alum num the

al um num | ayer and overlying tantal um deposits can be renoved by i mersing
the surface of the chanber conponent in an acidic solution, such as 37%

HCO , 93% H2SO4, 85% H3P04, 70% HNC3, 49% HF, 30% H202, or m xtures thereof.
The imersion time will depend on the thickness of the alum num |l ayer 306.
However, for an al.um num | ayer havin t hi ckness within the range of about

. a t
0.006" (abdifelhsotHy CPW%WPOB?”@TSI“‘%@%%‘PHQSWWElaycaﬁmfbﬁwgiﬂ@n time of
about 5 m nut ) . i S i sufficjen renove the
enti e al st B paa ey St et i 78 bk B ES 0B oM N 2006 vio
03/ 057647 E&;ggdegﬁafaéaaw&m@h dadily rébRovaIAHNE the CAMRNERce bm%gg@ an
opti onal bond coat |ayer 707 between the ceram c surface /7027and the
sacri fi ci akbe reatoeed sahullangously 78 thetrbmovblni thecaaiticihlayaerial BiyersiodL belis neonpri se a
material which is either easily rempvable fromthe ceram c surface 702
(e.qg., can remaeq Bptdsengrnatibie Mt proyerafyrtapmapnfpciEing arpsessss PSTORISE withisy i f i ci al
material |gyer .70 or._1.S.no enpyv but, is ti.ble w,th
semi conduc t%% e e‘ﬁ‘ﬁ?fh%%l t?:rt%?cle%sagﬁ baé%%g rs%‘s‘gg“%‘r ?’%?hnléaﬁ am ﬁ@ﬂyt‘Wee%éﬁh@o nduct or
processi ng of iafiglis snldBiRd Hertfof fhe BAfe ool Lhar RYAG01 | YodpRhndilla that  of

alumna, is an excellent materital for use as t bond coat layer 707.

Because t amighlylrgaistant tduhgiicyl stetants (RdesclikdnenT Bakgoushamhsniasioalgscri bed in
the "Background of the Invention"), a tantalum bond coat |ayer 707 would
typi cal | y adntakem pendpgaidasy /Y hyould bricelhionwhbe gmoyddaduriag the ramayilaf theat er i al

layer 708 as'ar}:gxﬂg\e{.‘eé_l‘tgrllarl] gayter%% amll&l E‘Jeﬂ%‘ﬂg ?a.ln{aﬁum deposits.

{0061]  After removal of the sacrificial material layer and tantalum deposits, the ceramic

surface or bond coat layer is recoated with a layer of sacrificial material, as previously
described.

[0062] Although less rough than grit-blasted ceramic surfaces, we have foupd that
ceramic surfaces roughened according to the chemical etching, thermal etching, or laser
micromachining methods of the invention are less brittle and exhibit less damage than
ceramic surfaces which are roughened using conventional grit blasting techniques. Further,
ceramic surfaces which have been roughened according to the methods of the invention
provide better adherence of an overlying aluminum sacrificial layer than do grit-blasted
ceramic surfaces, Because adherence of an aluminum coating to a ceramic surface relies
essentially on mechanical adherence (rather than chemical bonding) of the aluminum to the
ceramic, the present invention provides a solution to a findamental problem by enlarging
the contact area between the ceramic surface and the aluminum, and by mechanically

locking the aluminum to the ceramic surface.
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[0061] After renmoval of the sacrificial material layer and tantal um,; yun 2006
deposits, the ceramic surface or bond coat |layer is recoated with a layer
of sacrificial material, as previously described. [0062) Although |ess
rough than grit-blasted ceram c surfaces, we have found that ceramc
surfaces w@ugheqned according to the chem cal etching, therosiz3eisshing, or

| aser m cronmachini ng nmethods of the invention are less brittle and exhibit
| ess damage than ceranm c surfaces which are roughened using conventi onal
grit blasting techniques. Further, ceramc surfaces which have been
roughened according to the nethods of the invention provide better
adherence of an overlying alum num sacrificial |layer than do grit-blasted
ceram ¢ surfaces. Because adherence of an alum numcoating to a ceramc
surface relies essentially on mechanical adherence (rather than chem ca
bondi ng) of the alumnumto the ceramc, the present invention provides a
sol uti on t[@0sd] f ufitkaareve described biefameth pmieadinaents angnot idtendediotlamt thasaae bet ween t he
ceram ¢ surface and. the al um nu and by mechanically |ocking the al um num
to the cerrAMerespypy@tion,asope 3@%%(5@ Wfaesms%a%thpew%@ﬁ%ﬁss [ 0063]
The above (oss LI RathRERIEEECh-RIRAH IR Bleu bt iRl dr M-3R Hod aitefl t L he
scope of e present 1 nvention, as one skl ed in the art can, 1 n view of
the presenfie@d scl osure expand such enbodi ments to correspond with the
subject matter of the invention clainmed below 18 21 JUN 2006 W claim 1.
A conponent for use within a sem conductor processing chanber, wherein said
conponent has at |east one ceram c surface which has patterned nechanica
interlocks forned therein, wherein said patterned nechanical interlocks are
undercut into said at |east one ceram c surface using a process selected
fromthe group consisting of pattern etching said ceram c surface through a
mask
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using a chem cal etchant, patterning etching said ceram c using a thermnal
etching process, and pattern etching said ceramc using a | aser

m cromachi ni ng process which enploys a | aser system which includes optics
for producing a patterned beam and wherein an exterior surface |ayer of
said conponent is a sacrificial coating which can be renoved essentially

wi thout harmng said ceram c surface and which has been applied Atd¥NZeod
ceram c surface containing said patterned mechanical interlocks. 2. The
conponent of cla|n11 wherein said ceramc is selected fromthe group

consi sti ng¥of almalumna quartz, alumnumnitride, silicon carbide, silicon
nitride, boron carbide, and conbinations thereof. 3. The conponent of claim

1, wherein. ﬁ@blﬁpo‘-ﬁ@lﬁ g‘érfuh@'hﬁ{m @g@ﬁédgeﬁcltos wrokasie J:h%bﬁ%ér Wwherélh bdid 'Elt&fﬁon&t hab hﬁ ]
corrponent al m er el al al um n | C. within the
range o f P 16 ?ne_?%rrahm{c sutiace whwE%%'; patternqéd mefﬁ 1cala'Xte8%c(la(|§] orm?cf tn?rem \?IT: el Lerei n

sai d conpd&tiépatternse maehasica "ﬁ?ﬂ?aksc?b@a'{ﬂdﬂa‘}}é‘}‘o théd mﬁ ogyfeEpmie BirRes Wingdr f ace and
sai d sacr ipfdcess adlecexdtfi@m th¢ grouy doasifink afgittern tchihp ica@mpdoanfacothronted mask,

wher ei n S%Elq p%ﬁnc%p@éhahtaya?témﬁl Ingn'n d&r @s‘iﬂ Ith Xliel&gln% Ipro%Qs@faanC' ent of

t her mal expa q“%% I'S no out 20% % ower than the
coef fi ci eRpiest sﬂﬂlceréwﬁéﬁ?% S?ff“"%rﬁ'i“ff E’é’]gal’ﬁ‘i‘céss icheRRloyR ARFLEBIEOf ¢l ai m
5, wher ei nwhichiintlwley eptitclocpngicing e pattemeribera, amhehesan ah dxteridr wdade ldyay&r

conpri ses s@d BRRhbdls asse&rmtae&aﬁﬁgmﬂlémn 8¢ REBveARBS Bl Wilh&ft hirditeakidm

rheni um rrgrla%{c Sur acg}md \%h gggn IllIB elfl r%d c%lraar‘élclz DifLe Vagnt%mmﬁ salap%gbog se, and

conbi nati ons onent nd coat
| ayer conﬂ*@@@t'@iﬁt‘%l‘%m and sal d tantalum | ayer has a thickness within
the range of about 7.6 mto about 38m 9. A deposition ring for use within a

physi cal vapr.fenRs drkQih F%@Qﬁ{smd\e’é}%@:{‘se%@t’e@fr&ﬁmsg'ré QPnsistihd\gr has at
| east one ceram C su[face whi Chdlcﬂ%“éﬁ}:\# -ned. ani c I nterl ocks forned

t herein, efATE AU iR OMH‘E‘ r Tk ‘fle afhdercut into
sai d at | eesbinges beeelm ¢ surface 19 21 JUN 2006 using a process sel ected
fromthe group consisting of patterned etching said ceram c surface

3. The component of claim 1, wherein said sacrificial exterior surface layer is aluminum.

4. The component of ¢laim 3, wherein said aluminum layer has a thickness within the range of
about 76 #m to about 1.5 um.

5. The component of claim 1, wherein said component includes a bond coat layer between said
ceramic surface and said sacrificial exterior surface layer.

6. The component of claim 5, wherein said bond coat layer comprises a material having a
coefficient of thermal expansion which is no more than about 20% higher or lower than the
coefficient of thermal expansion of said ceramic.

7. The component of claim 5, wherein said ceramic comprises alumina, and said bond coat layer
comprises a material selected from the group consisting of tantalum, rhenium, molybdenum,
chromium, titanium, platinum, nickel, manganese, and combinations thereof.

8. The component of claim 7, wherein said bond coat layer comprises tantalum, and said tantalum
layer has a thickness within the range of about 7.6 g#m to about 38 um.

9. A deposition ring for use within a physical vapor deposition chamber, wherein said deposition

ring has at least one ceramic surface which has patterned mechanical interlocks formed therein,
wherein said patterned mechanical interlocks are undercut into said at least one ceramic surface
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t hrough a mask using a chem cal etchant, patterning etching said ceramc
using a thermal etching process, and pattern etching said ceramc using a

| aser m cronmachi ni ng process which enploys a |aser system which includes
optics for producing a patterned beam and wherein an exterior surface

| ayer of said deposition ring is a sacrificial coating which can be renoved
essentially wthout harm ng said ceram c surface and whi ch has besausp@si ed
over said ceranm c surface containing said patterned mechanical interl ocks.
10. The deposition ring of claim9, wherein said ceramc is selected from

t he group wioas potdsngslagfed frainuid greup cqussting of pattarradietehinaisaid pdenic sirfacgon car bi de,
silicon nltﬁrbalgﬂ@,mabpﬁ@rrg LtRical@ichanhatdAiiPétinig QTR BDIE a thedmal tHhRing

deposi t | Oﬁar&eé%%nﬁ?%t%@tmm%s WREESl hsing F&siﬁ]%rbr&;!lcﬁfnfdﬁ ?&E%uh% stidlo Bsaace | ayer

is alumn 'IRF |onr%ﬁ‘ I'n sal m num
| ayer has laerspisterk irhish ingudefi aptiesHer redvgias 2 pattersdbramy s regb«"wﬁtemo's pm 13.
The deposistufa layérrod sadd depbstiam rihg isdracrificial satigy degosh be mrnomcmgsehMIUher

0 Sl oty el i S,
wher ei n s&PYRIBGA Bagf’mle ‘é‘i?'a’%%ﬁ‘l‘ﬁﬂgég a material having a coefficient of

t hermal expansi on which is no nore than about 20% hi gher or |ower than the
coef fici ent, e dbpSiiBRFinLHRANSE b OIhcRin Sl drafm@y i88dlted Iom tHh@owRasdthE oM ring of

claim 13, MSLeblns NGB AL SRIPLISES (ALUT 08, pa0flaAldlaiond coat | ayer

conprises a na rom the group consrstin tant al um
r heni um ﬁBIFl?lB%i@ﬁ%ﬁlifreochrom um titanium platinum ni ckel manganese, and
conbi nati ons thereof. 16. The deposition ring of claim 15, wherein said bond

coat 'ayerllcﬂ%%o%ﬁ%n Aoty M%lééld@acriféﬂfékéﬁm JuPH&NayARR aRrdifthCkness
within the range of 7.6 pmto about

12. The deposition ring of claim 11, whergin said aluminum layer has a thickness within the range

of about 76 um to about 1.5 um,

13. The deposition ring of claim 9, wherein said deposition ring further includes a bond coat layer
between said ceramic surface and said sacrificial exterior surface layer.

14. The deposition ring of claim 13, wherein said bond coat layer comprises a material having a
coefficient of thermal expansion which is no more than about 20% higher or lower than the
coefficient of thermal expansion of said ceramic,

15. The deposition ring of claim 13, wherein said ceramic comprises alumina, and said bond coat
layer comprises a material selected from the group consisting of tantalum, rhenium, molybdenum,

chromium, titanium, platinum, nickel, manganese, and combinations thereof,

16. The deposition ring of claim 15, wherein said bond coat layer comprises tantalum, and said

tantalum layer has a thickness within the range of 7.6 #m to about 38 um.
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