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BACKGROUND In the processing of substrates such as sem conductor wafers and
di splays, a substrate is placed in a process chanber and exposed to an
energi zed gas 10 to deposit or etch material on the substrate. During such
processi ng, process residues are generated and can deposit on internal
sur f aces Wo2eome38tanber. For exanple, in sputter depdSiHYBMIPPCesses,
material sputtered froma target for deposition on a substrate also

deposits on ot her COW?P@W—FW&@BW&éﬁ]@C@MﬁB‘Nﬁ%‘FUCh as on deposition
| an

rings, shadow rings, wa ners, ocus r1ngs. subsequent process 15
cycles, the deposited protANGAITHEIRED SUREREEff" of the chamnber
surfaces to fall upon and contam nate the substrate. To reduce the

contam nation of the substrates by process residues, the surfaces of
congonents in the chanber can be textured. Process residues adhere to the
textured surface and inhibit the_process residues from falling off and
contani nating the substrates i n BASKGROPMND 20 Typically, textured surface
conponents are fabricated in a multiple step process. In the first
fabrication step, the shape or overall structure of the conponent is
fabricated, for b&xtegirecesdsingdiGubstrhiesisughak seniitaeductdr wafesd ancht o t he
desired, structure.  Thereafter, a second fabrication ocess is used to form
Lhe e SPSiratess piatet e Arlef AR A RPORR (XA RPPEIZEA RS ur f ace
t eXur ith depbSIESSSICh AbtbN&ll didiBe stbstisteN DurlPgadichIpasédsathd bra@st $&diddes OF
conbi nati ons thereof. In one version, the textured surface is formed by

“di r ect i349 9gRe @t ARG ARy HEPPY! eh Bitfpabiiiaceninbthe chambkare Fasexamplampionent “to
formd | ; S| : | ' ; e well. An
exanpl :sﬁgﬁ é':dtjj g%s?' rrP g‘géesre?'éhg g@g%%%r%@W§g%§?p§£8§Eé%$'@ggﬁaf or exanpl e
30 i n cubsate\elssdeprsitd di. GheRearepenePhblifaces innhéloha@beg-sdt7a52d t o

Popi ol kK Wsklt et. al ,srﬂa%ubl L shed grll Sept e% 18, 3\2030 and f'{l ed on March 13,
2002; &fEOPIQN ipgReIEdRY e, web Inerp. erd [ays Sires ik PURtedMeNt PRSERY on
Novignbeyyclés, theQbipobitéd pRicewd redid Risecani “fSiks BIFT &fttRe chamdieR stifadef torfgince in
their entireties. The Lavacoath surface conprises  depressions and

pr ot r usiPRANAFANAE R Becibsiae: diedian thiurriteminatiosaides suestrates by
cont amyiatdsateSbiugs thb sataseLo dotthdnifits inRhe eR&HbEAcan be textured.

Process residues adhere to the textured surface and inhibit the process residues from
falling off and contaminating the substrates in the chamber.

20

Typically, textured surface components are fabricated in a multiple step

process. In the first fabrication step, the shape or overall structure of thé component is
fabricated, for example, by CNC machining of a block of metal into the desired
structure. Thereafter, a second fabrication process is used to form the textured surface

25 of the machined componen{. For example, the surface texturing process can include
grinding, bead blasting or polishing, or combinations thereof. In one version, the
textured surface is formed by directing an electromagnetic energy beam onto a surface
of a component to form depressions and protrusions to which process deposits adhere
well. An example of such a surface is a Lavacoat™ surface, as described for example

30 in commonly assigned U.S. Patent Publication No. 2003-0173526 to Popiolkowski et al,
published on September 18, 2003, and filed on March 13, 2002; and U.S. Patent No.
6,812,471 to Popiolkowski et al, issued on November 2, 2004; both of which are
incorporated herein by reference in their entireties. The Lavacoat™ surface comprises
depressions and protrusions to which process residues can adhere to reduce the

35 contamination of substrates during their processing.
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2 WD 20071030824 PCT/ US2006/ 035376 However, conventional processes to
fabricate textured conponents are often expensive because of the nmultiple
fabrication steps needed to formthe conponent and its textured surface. The
fabrication costs inhibit w despread 5 inplenentation of the textured
conponent woceepizve4t he processing benefits provi ded byPCT/RE200G¥Ient s. The
expense of conventional fabrication processes is at least in part due to
the conplicated |ti-ste abrication pr res used in these processes,

fab |
e ol LS be Bobmucn, B8P odiiroresses 15 FAblcatedaN L isd ApmBoneRRsEont

fabri capien exp@Eiid8Edause W thamultPle RBABRIG steh& AbegEREBHhGhener gy beam
generating equi pnent, 10 is expensive and can substantially i1 ncrease the

f abr i cacP@RoBetaNdots texkiredrubiaced Thefgpyiratior cogtrdnhibitpidrapreddibri cati on
. | i. 8
Fef ud b PETERRER & i A RoRRABMERRpho e BiobatE pRAEREBIGIIPEY 1 °

cl eani nthecgarhpsnents.cThaekpenge ofccansentionay fabciablion peckssesid ab feast ingsartiues
onent to renove the residues and

have accumyl ated on the textured co

ref ur by oHe tn e castiismimt Ml b8 RSB Pt e AP RSP CP SRS of ¢ he
text ur ediefl QRRRE BRbeMdiVd)abFiehiitr 8qFpHeAPFsr xaniN Zopipdieneidifchfion ¥ er odes
the textured surface of conponents, typically requiring the replacenent of

t he er ofEgheRpGHEh©s fof expmilel glectormagnsticansdoy beporaanesatingrealiornert, expense
b ioatino : ;
he | Gos | <BpeRdEehdlAM Subkiill fiCRETne RITRANG] b3 Y, (ARG ] 1CLE0022,

t o havecampehémd. of fabricating textured chanber conponents that is
rel atively inexpensive and efficient conpared to 25 conventional fabrication
processes. It is further desirable to have a conponent with a textured

surface to whi ch Pi@eempon&stfabESationtinRIMeT Eostelble aurieriRorIiABRRES the
PCT1US20061035376 DRAW NGS These features, aspects and advantages of the
pr esent cleaningtaresesfes|used to refurbish textured components erodes the component after
15  several cleaning cycles. A cleaning process is typically performed once residues have
accumulated on the textured component to remove the residues and refurbish the
component for re-use. For example, repeated cleaning of the textured component with
solutions comprising HNO; or HF eventually erodes the textured surface of
components, typically requiring the replacement of the eroded components with newly-
20 fabricated components. Thus, the expense of fabricating the new textured surface

components undesirably increases the costs associated with operating a chamber.

Accordingly, it is desirable to have a method of fabricating textured
chamber components that is relatively inexpensive and efficient compared to
25  conventional fabrication processes. It is further desirable to have a component with a
textured surface to which process residues can adhere well.



beconme better understood with regard to the follow ng description, appended
claims, 5 and acconpanying draw ngs, which illustrate exanples of the

i nvention. However, it is to be understood that each of the features can be
used in the invention in general, not nmerely in the context of the

parti cul arwOr2eewodepz4 and the invention includes any coPgii/aso0a3s6 t hese
features, where: 10 FIG 1A is a ppgAWINGScti onal side view of an

enbodi ment of an apparatus for performng a flowformng process; FIG 1 B
i s anot her vi ew of the apparatus of FIG 1A in a different position during

the flowformng ' ' ' hew of a
conponent havi ng g‘h ur e%é gérﬁ%ctsznaéﬁ@g@aﬁ@éﬁiés?cgrtﬁg@éos%ﬁih\@bﬁﬁq %’?"&' ng

pr ogesls t;débtﬁe &ﬁesfujadpes:ctcbocatvltlseegardrmthifobmwmqide\scmmm gpphmhf idelaimnf a
mandr_e of a 20 ow-formn s, ha tured surface; FIG 4 is
h pard | AMAGeM RRBING I aInGRL B ACRAEate SHaRRIEs gt fisr HUEntisy: dHORENSR | By m ng
process; toebe%r%%rﬁb& tHatieBch opﬁfetfeaturéeeén B&aked irfihe\ih@ktidh lﬁ@eﬁ@ta@dtdﬂent of
a process chanb havi ng one or nore flowfornmed conponents.

2007/ osoeewlwcthesgow Hs partiqpisorpwnpenand thetgyeriioa- lp@'b@%&@ﬂ)ﬁg chanber
conpri Se@%ﬁ%ﬁ%%%t‘tﬁ éé’feaﬂfr@g‘%ﬁﬁérgg a substrate in an energized gas. One or

nor e of e componen s conpri'ses surface 5 that is textured, such that
process dep03|ts generated durlng the processing of substrates can adhere
to the conponent faces to r e conta nat i of processed

subslh at es 1 rom ¢ HEpESoa paplef Sefbonl Hrg eV A uioBRuantBt 85RBPa™1S ¢ he
t ext ur edoppéfafing afflonlRffARIg srosdsnent s can incl ude netal - contai ni ng
deposits, such as deposits conprising at |east one of tantalum tantal um

nitride, titanium titanium10 nitride, alum num copper, tungsten, and
tungsten nitride. gig, 1B is another view of the apparatus of FIG. 1A in a different position

during the flow-forming process;
15
FIG. 2 is a partial sectional side view of a component having a textured

internal surface formed by a flow-forming process;

FIG. 3 is a partial sectional front view of an embodiment of a mandrel for a

20 flow-forming process having a textured surface;

FIG. 4 is a partial side view of an embodiment of a shield formed by a

* flow-forming process; and |

25 FIG. 5 is a partial sectional side view of an embodiment of a process

chamber having one or more flow-formed components.



The textured surfaces 20 of sel ected chanber conponents 22 and the shape of
the conponent itself is formed by a flowform ng apparatus and process
adapted for the textured surface conponent as, for exanple, shown in FIGS.
1A and 15 1 B. The flowform ng apparatus applies a pressure to a preform 24
to plasti CHPRP70#BEHr m and flow the material of the prcf@EN200663536 mandr el
26 to provide the desired bulk sipESCRIPTION conponents 22. The nmandrel 26
is desirably adapted to forma predeterm ned textured pattern on the
surface 20 of the preform 24 that contacts the nmandrel 26. For exanple, the

mandrel 26 may co i ) : %c&] : ' tion of
t he conponent nat gﬁ“&?ﬁﬂﬁd‘é’?&%ﬁ%ﬁgﬁﬁﬁé prnﬁlssgrgggrqﬁ% gghf%ﬁf'gk Brsc%r%%%@g%zo of

t he pr efsobstrété in anenefgized gas.t Deetoe xtare of tfe ¢dreporeands ebmprisésag suf8ce t hus
transferying, at | east rtion qf the mandrel ,surface pattern to the final
changer edisSr. Sier 8P iosere frrscdS RRarird odtis BB hBEssihob pect ai |y
adapt ed duBsiFateaican adRereieshe ednipohbaCaurfaess to Redudk ties BoRdmisaimpasfent s 22
having not only the desired bul k 25 shape but al so the desired surface

h

t ext ur e HFegassed sabstraigs Femsiheirpesns dergstis.r Binsepe depositsdhatadhgye ip the

f1 ow f orygj ) s h
ow Oftghgfédpétg%%é§ of gﬁﬁnﬂéﬁécﬁﬁﬂar?eg\%‘é’% fhcRidg @%gg&?&ﬁﬁ&ﬁﬁ%ﬂ;@éﬁ?@e that

forms the desir | conponent sul table eform’s

f | ow f orasi depopitocesprising abkeatbone htaniadup) @ntaldromiitcide, titapiuim ditardarin,

tube-li ke .gnd ot her sha whi ¢ch can .be | and contoured on the mandrel
26. q?ypi@S?f‘uWH@%ewgghtﬂ%S%%ﬁ aé@itgn%ﬁqgﬁﬁﬁgﬁ'ar symmetry that is aligned
to the axis of symmetry of the mandrel 26. The walls 36 of the preform 24
are made sufficientl){ thick that a desired final thickness of the walls of

the conponent 22The@furgdifages P of gelegled ahpmbes compRNEBts Zarrdiheny t he

flow forgm oV mwal | s 36
| or catreP o e O B SRRy BB R S e e |

t hi cknessiabteddot tledekiaredis afaencomparent aanfor examplel sbewn 5941GS Hoandve the
de e 0Pl SRR Bl e R b A TR Blle g e
pl ast i caldfprntiafdfiom thelndesrial pf espreforsudat anrhamdrey26\id prwvidebthealesingd or
cracki ngou IIsI"tlarE)ee oﬁﬁé" lcbm%ghcter?tglz%. rrler;[ea:#ngngr%YZG is desirably adapted to form a
predetermined textured pattern on the surface 20 of the preform 24 that contacts the
mandrel 26. For example, the mandrel 26 may comprise a textured surface 28. The
20 plastic deformation of the component material under the applied pressure molds the
surface 20 of the preform 24 to conform to the texture of the mandrel surface 28, thus ;
transferring at least a portion of the mandrel surface pattern to the final chamber
component 22. By providing a mandrel 26 that has been specially adapted to create
the desired surface texture pattern 34, components 22 having not only the desired bulk
25 shape but also the desired surface texture pattern 34 may be efficiently and repeatedly

formed by the flow-forming process.

The preform 24 has a pre-selected size and shape that forms the desired
final component 22. A suitable preform shape for a flow-forming process may be for
30 example a conical, cylindrical, tube-like and other shape, which can be molded and
contoured on the mandrel 26. Typically, the perform has an axis of circular symmetry
that is aligned to the axis of symmetry of the mandrel 26. The walls 36 of the preform
24 are made sufficiently thick that a desired final thickness of the walls of the
component 22 is obtained after the plastic deformation caused by the flow-forming

35 process. For example, the thickness of the preform walls 36 is greater than the
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5 conprise, for exanple, at |east one of alum num copper, stainless steel,
titanium and associated alloys. The preform 24 may be forned by nethods

i ncludi ng deep draw ngs, stanping, CNC nmachining, and press-form ng, as
wel | as by other netal shape fabrication nethods known to those of ordinary
skill in WOe0e0308240 In the flow formi ng process, the PFEVEANG/BA3760npri ses
an i nt ectraptnsant egiahicRiedd s Caitliateccamouet; fartexarmpdd, o lqast 6P ito athiehe
textured surface 28 of the ndrel 2 n may rest,. agai nst_ the surface 28
of "t he  WerAReURd B3l rrkneamaniDp v ot te G5l samBhpegha2. A TRt it

appar at ada4rorPEhétal With RlIagSelPRigh Juetiptifd M& bd PRsfitAN-detémdburier
conponents 22. A first end 40 of 'the of the preform 24, 'which may be a

cl osed plesswigi substantishewiteed brealinger praicking pf thenegtal: Seiktable ragt@lsonay ai | st ock
42 capa i raul e9su r i n

oi ach tofilee, SiGpbile St A SUBHERTLESored, ABIes el FEBIMR s 44
for exasgsdozidied alloyst ofhe( preforsh@dvmayte formed by methods mickaling deepr ef orm 24 in

hr oni zat i i th t el 26, A | ying device 46, h as
For xR g St Bo, ONCUPaCHANg A BSREr O GA el 2R DY RF by S 50
of 20 t bigagy BbAEAToA mbMORL RRbiv 3b kbsBelfordihandkill iAhé Be. preform material in

an axial direction along the surface 28 of the mandrel 26. In the

enbodi ment shown, the pressure rollers 48 nove towards the first end 40 of

the;preform 24 t é ; teriak. qver: rgqm% | 26 in
25 ;laté)di rection a@@ﬁfﬁ%q?ﬁgkbfb&%éggh@%%&%& It'%e&{)ngﬁsc?%n%{z%g}%le pré&orm
mat er i a0 ittsat defttechtNer at tegst ageeiibreofdhe taxdtiedi stefdca 28\ the manded! @6sanéngt h by

Lo s et i e st i A el o et pech pehmdihent 872 '
t hi ckneg$ioRtfopmgl Hpatdtas sp %ng?ﬂg,r@ cﬁﬁerfr’é]e(uarﬁsh&iap@é&fd? e ﬂéwffb!rrﬁih?\@f ng the

preformmaterial al onfg t he man 26. pressure applied 30 to the
ext er naForspenets 280 A firstierd A8 9f {hesefithe prefatm ¢4nhwhishteay ba stglesad oF seshior m and

floyst hﬁlos%gﬁ&rc@n@é Ly 3 ﬁé’%ﬁté’&é@éﬁéﬁo}"{aﬁl%‘d{( 45" g%b{égof%fxeﬁrr@cé(i ng the
mat eri al. € pressure agp ed varies as a function he propérties of
t he mat bydrallidgiesguredo et thEhmrefoamd24ein placed Theemaotied 26 intypidaily actatedat

defined _di st.ances, which ngy.be a constant .or variabl di st ance 0
est abl 1 SRORTE TatelL e o for @i By S neBb (el BhaP b R AR sheo
35 part the grefi® 2eindyBBhronbRitioh KFHBILHE nidHdr&lrZs. 48 pressufoapplying devicedar | y
shaped rollers that ) i
such as for example pressure rollers 48, are applied against an external surface 50 of
20  the preform 24 to plastically deform and flow the preform material in an axial direction

along the surface 28 of the mandrel 26.

In the embodiment shown, the pressure rollers 48 move towards the first
end 40 of the preform 24 to press and flow the preform material over the mandrel 26 in
25 a direction away from the first end 40 of the perform 24. The preform material is
desirably compressed and plasticized above its yield strength by the applied pressure
to flow the material in an axial direction along the surface 28 of the mandrel 26. The
pressure rollers 48 thus reduce the thickness of and lengthen the walls 36 of the
preform 24 by flowing the preform material along the mandrel 26. The pressure applied
30 tothe external surface 50 is desirably sufficiently high to plastically deform and flow the
preform material, substantially without breaking or cracking the material. The pressure
applied varies as a function of the properties of the material being formed. The mandrel
and the rollers are located at defined distances, which may be a constant or variable
distance, to establish the relationship of the inner and outer surfaces of the finished

35 part. In one version, the pressure rollers 48 may comprise circularly shaped rollers that
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6 WD 2007/030824 PCT/ US2006/ 035376 are adapted to be rotated by a notor
(not shown) in a direction parallel or anti-parallel to the direction of
rotation of the mandrel 26, and thus exert a radial force on the external
surface 50 of the preform 24. The pressure rollers 48 nmay al so conprise an
angl ed fomamzod7/e9g@ 54 that exerts an axial force on tRETARRWOMIBT6sur f ace 50
of the areldiniedidsdiidiatedivedintidiopinet showmeih er disdction parallex baantiipamdel on

across the surface 28 of t mandrel,. 26. I.n one version, a plyrality of

ot casur &0 i Hlsedon F @ e T 26 Bbe Puh BN fcaRlossk8 BIE L he pret or m
24, and dx@ndIRisabs 80 dPkheprefdih 2Ry THE preditre Afled 49 myhisR8bRAblise SRaced
apart, to exert pressures against a plurality of different regions of the

pr ef or magglegifpayard gdpadé thet exaptsaraxialfarcs orphemxdrmatsurfase &0ef the ow- f or ni ng
. . . . e Lk ¢
Pr 00853 orstoff gl ARk hnda] i ohBFarinil ol i 1R, aadsur  ace
mandr el tRSmandral @6pin saearraon,a plletibt of pressatre ircllessid8 ede Spacexd agmt red | engt h
f th t lLls 36...Th drel 26 al 15 desi ' th
Fext Ur eGR0HF MBALre BT RRES PLMAAFREY 2 0 DS UESOPEH ALTPUEE0 Roxt ur o
patt er n axfhliptantihadia Sfavrld fidr asexetPprksares AFRMEE Blpl&alityRAdifR¥anPl e, the

mandrel 26 may conprise a textured surface 28 having a mandrel surface

pat t er n regions phiheipselerinsxiersal ¥rfager30er i nege of the surface texture pattern
34 at is desired for the chanber conmponent 22. The surface texture
pattern 34 forned on the surface 20 of 20 conponent 22 is a result of the
appl i ed pressure the mandréle6 provided fon thg flomefoesmavitocdss ipdesialslyt he pref orm

mat eri al__against th ndrel surface 28 such that, the jintern urface of
Conpone ftaaBedtpeotfe PR osTiea it S¥hectnd sifthre Bl BatithGHLF o Bl 2°0s
For exampleforhed cemponente22. Sk eeenpld, the MdrdPelzs may TehpPise ahudliiditendiRa and
depressions 60b, the preformnmaterial may be pressed and flowed into the

depr essiteatds suitesbior a QSH_Ed ﬂﬁaﬂ&ﬂ'ﬂ ef t@meﬂéwﬁﬁs PBr rhesnandipb#Rialeg rever se
545, SRS coRprEBTD SRR iRt A beohifstsila SR
about t Hextpreopattesin 8Aof BBminternaksuriasa R0edf a component 22. For example, the
mandrel 26 may comprise a textured surface 28 having a mandrel surface pattern 58
that is a reverse or mirror image of the surface texture pattern 34 that is desired for the
chamber component 22. The surface texture pattern 34 formed on the surface 20 of
20 component 22 is a result of the applied pressure during the flow-forming process which
presses the preform material against the mandrel surface 28 such that the internal
surface of component 22 substantially assumes the contour of the mandrel surface 28.
For example, for a mandrel surface 28 comprising raised protrusions 60a and
depressions 60b, the preform material may be pressed and flowed into the depressions
25  60b in the mandrel surface 28 to form corresponding reverse image features 30
comprising protrusions 30b on the surface of component 22, as shown for example in
FIG. 2. The preform material is also flowed about the protrusions 60a on the mandrel
surface 28 to form corresponding reverse image features 30 comprising depressions
30a in the component surface 20. The features 60 provided on the mandrel surface 28
30 can be selected according to the desired surface texture pattern 34, and may comprise
for example protrusions 60a and depressions 60b comprising at least one of bumps,
holes, ridges, grooves, and other features that may be desirable for the component
surface 20. In one version, the mandrel 26 even comprises protrusions 60a and
depressions 60b having sizes and spacings in one region of the mandrel surface 28

35 that differ from the sizes and spacings of the protrusions 60a and depressions 60b in a

7



surface 28 to form correspondi ng reverse i mage features 30 conpri sing
depressions 30a in the conponent surface 20. The features 60 provi ded on
the mandrel surface 28 30 can be selected according to the desired surface
texture pattern 34, and may conprise for exanple protrusions 60a and

depr essi omO BOHO308APri si ng at | east one of bunps, hol EET/USREEISIT6gr OOVeES,
and ot heepSided hagtfirstitie netidrdiesieowstbineing dite toapensmazest thesmaha@e280. 1 n

one vers t he ndrel %6 even gﬁﬂprlses rotru5|ons 60a and depressions
60 hav AR fos dae kmatinn of AGUTRRP GREY PRBPBRERIZA b e Ripdefeslischce. 26 35

t hat di | QFH%I
depress?grﬁéénsg%r%r%r?\dq?lﬁ Sﬁg%e %@ﬁ@gg%@%ig /o b@@g%?&' s?ggg’ﬁtgt% regi on of

t he nman@atemnZ3 onrthesuriaceiof gompenedig eus praviding arméffmmfaed irprovedl| ows f or
t he éor H?eta'ng%f?;{)brﬁﬁﬁﬂfi f%C@na%Qo fcoﬁﬁ{mﬂfﬁz 22 havi ng predetermnm ned
ta

di nensi ons and ape, an neously formng a desired surface
texture pattern 34 on the surface of corrponent 22, thus providing an

efficient and inproved 5 neans. of fa atl er conmponents 22. In
one version, an i MAGRNRISIO0r #RPIPY ‘ﬁpgﬁe”’b hisRrPvidgd @y

flowf OfiHWHGrrﬁlng%'mﬁt%Hen?QZ% eﬂnﬁﬁaﬁiﬂ Qb‘ c%%;ﬁ@fﬁéréltiérﬁ‘&@ 6r6fd%tré

pr ot uber ances 2a and depressions 62b own for exanple in Fl é 3. The
al ter naﬁQﬁ@nsﬂ@eprQﬂSmrﬁ%bcég sagwnéw&mml@m;%s's 6Pine altermating ever se i nage

surface [ising
cor 1 8opBhabaaRodfbaEat dddresiohd 8B Hynd e letsR I AGE BOPREH afr§ BEREI c oo
r esi due34(jmttmsurmd:e|2® dffeemponeat 22 ngmpﬁsmg la:ba’espm&ﬂndﬁrbtu@eradlm" @44 and he
textureg surface %B onent 22 reduce t cont am nati on of
Subst r afedoeeiens §a0rGat SLMR B Ot Eais RO AIE D R bIPRIIE 5 mandr e
sur f ace ggSstfeds ¢OMB hdiforeft® theetex LS suﬂé’é&ﬁﬁ@ oPéorHHGﬂib"nt @@Wb N8gGpeght as
measured from an average surface height of the mandrel surface 28 of at

| east aboiemMimatpoisybsivaies 104dyche m@sn@ges The prosthsianeasc?a B2hemay have a

Wyl bl oL NEEE ool Ghlle! £ EARBIL LRI, BORHE afbiCa hAHES T

depre55| ons may conprise a w t he
aver age neastieckfrdraiapravenage swfadedaesghtdboﬁtheiﬁalmrémi:rtaceémomftat Ced3b@boutches,

and may O.Cb%rg%ia %u? OWSStII‘IPChaé% %lefpr%{b%ieranceg%gaor;lag; Eg\% g %&% at half their
height of from about 007 to about 0.070 inches. The depressions 62b in the mandrel
~surface 28 may comprise a depth below the average surface height h of at least about
20  0.005 to about 0.050 inches, and may comprise a width at half their depth of from about
0.002 to about 0.130 inches. The protuberances 64b and depressions 64a formed in
the flow-formed surface 20 of component 22 may have dimensions that substantially

correspond to those of the mandrel protuberances 62a and depressions 62b.

25 In one version, the textured surface 28 comprises a surface cross-section
that is substantially sinusoidal, as shown for example in FIG. 3, which is substantially
absent sharp corners and edges. The sinusoidal cross-section comprises a cross-
section profile that is substantially similar to that of a sine wave, with the wavelengths
and amplitudes of the sinusoidal cross-section being selected according to the desired

30 component characteristics. The sinusoidal cross section provides a smoothly varying
surface with alternating protuberances 62a and depressions 62b that provide improved
adhesion of process residues, and reduces the cracking or fracturing of deposited
residues that can otherwise occur with sharp or abrupt surface transitions. A suitable
sinusoidal surface cross section may have a peak-to-peak distance between adjacent

35 protuberances 62a of from about 0.015 to about 0.180 inches and an amplitude of from
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0.002 to about 0.130 inches. The protuberances 64b and depressions 64a
formed in the flowforned surface 20 of conponent 22 may have di nensions
that substantially correspond to those of the mandrel protuberances 62a and
depressions 62b. 25 In one version, the textured surface 28 conprises a
surface crwels@msiseH4n that is substantially sinusoi dal pcass665a8887E Or

exanpl e éggpg@ﬁog ?92 gé\@g 'e obSinEHag W&ﬁ@bér&onaﬁ%erﬂgnal%? Eﬁrf&c?é’ ?@ chm@ﬂg&seg g es.

The sin |on conpri ses Cross- sectron profi
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anpl i tudes e sinusg I 0SS- tlon bei n el ected according to the
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a smoot Rkt éé@éﬁﬂsﬂgngt;lﬁ}wﬁéll9%ldﬂdﬂhe%x¥se44‘6¥ﬂh@gné’rﬁd?é%ra%@%%vnﬁiﬁqzl@“qi
depressions 62b provid mproved adhesion of process residues, and

r edubes Thedextumoksuriposr2§ nsﬁtsuablugumtadbqﬂb@hseat coraesrui6R that aee sharp andher wi se
occur w e oi dal
surface Srg:]rgcé @ieégﬁ%ﬂ%’%a avé igss Jbrks?e{?ﬁlbﬁéﬂﬁﬁ\geétcgmée@%éfam%ié%% acent 35
pr ot uberances 62a of from about O. 015 to about 0.180 inches and an anplitude
of from 8 WD 200 030824 PCT/ US2006/ 035376 gbaqut. O. 05t about Q. 050

i nches. In one ve *ﬁ'@%ﬁ&@gﬁ 6@‘%?9%9:533%888'%‘? etgegorqu PBOTsi nusoi dal

Cr 0SS- SQGlrpk éﬂmuwdtémmryelbﬁnfntea} éMrféMeﬁ@ﬁtu?é phteahb 3aahhi @\bbwe%gkwédan
axis 44 of the mandrel 26, as shown in . and a second sinusoi dal

cr 049- sdesyligin thmatoceﬁweg@ésu*@ﬁ@’%@%aﬁuqh aomn@xm@faﬁﬁ ipgttamsgiantrgedemndr el

26, 25 SMRuk Ty Bhfouclor e FBR-HRHLIESONEN 0GR therlFRi LA shar ot anti al 1y

absent corners tare nst ea conpri ses
subst antfloal—ﬂoymmgmrdeetssc droreantile, dordsuﬂhyeqaattéhe Setivit eb b atiewy farl sidinge

speci ficall dev ed for th |on 0 e and stanti al

Pl | R wibting G B coitarient 20 Mot e Jatidrel 58 B Foleabe oP Be PRS2 (s i n
the proggrss tHidmahdiel Psicapteschbiéngify.C Bugl Bdupracs wattaf e3P tdt abes negigng ender

it difficult to renove of the flowTforned conponent 22 fromthe nmandrel 26

af t dp t Hiself reaslilyfto fmistirg pr glidingsof the companpnie22 frem thamandsel?f s sigfase t hat
90 "0 AP S8oPHrShOSIHEIMSRLEdRLCl B SATDODRIN R AP e mnorel
Such a gwnarfdiekambtdrepone3y plrd:tabenaoees 624,64k hécome locked into the mandrel and
component depressions 62b,64a. In general, surface patterns 34 that do not comprise
linear or spiraling depressions 30a that extend to at least one end 40 of the component
20 22 can be challenging to remove from the mandrel 26. In one version, the mandrel 26
is adapted for the fabrication of such complex surface patterns by being at least
partially collapsible, such that the component 22 can be readily removed from the
mandrel 26 after the flow-forming process. For example, the mandrel 26 may comprise
a hollow interior section 70 into which sections of the mandrel 26 can collapse following
25 the flow forming process, to provide a smalier circumference of the mandrel and
improve the ease of removal of the component 22 from the mandrel 26. For example,
the mandrel 26 may be hinged or otherwise constructed in such a way that the mandrel
may fold in on itself. In yet another version, the protrusions 60a on the surface 28 of
the mandrel 26, such as sinusoidal cross-section protuberances 62a, may be adapted
30 to be withdrawn into the interior section 70 of the mandrel after flow-forming to “unlock”
the component 22 from the mandrel surface 28. Thus, the improved mandrel 26 allows
for the formation of complex surface patterns 34 on the component 22 that may be
substantially absent linear or spiraling depressions that extend along a length of the
internal surface 20 of component 22, and is not limited to substantially linear or spiraling

35 surface patterns.



15 itself readily to twisting or sliding of the conmponent 22 fromthe
mandrel 26 is a surface pattern 34 conprising alternating protuberances 64b
and depressions 64a, as the mandrel and conponent protuberances 62a, 64b
beconme | ocked into the mandrel and conponent depressions 62b, 64a. In
general , SHORMEMSA terns 34 that do not conprise | i neT/E20@93333 i ng

depressi ons 30a tiyahterdramesidio the flowadimeneompend®t I istrémovedRronee 20 22
can be chall en%l ng to renove fromthe nmandrel 26. In one version, the

mandr el NERdrel LodyAratngite componani withen apppPristecheaieepraex Ee face patterns
S P S RIS R o

readily re ter orm ng process. For
exanpl eprathieerancel @4b 26d dapressiops ibda ondthbohdralreli 26 w©rbewonwedisengagéd thos o

whi ti f th | 26 | | foll qwing 25 the f f or ni
b oot Sow R8T pbPShaRC ©rbeRri i dron HE Gendie Zinddecmant of Pk ove t ho
ease of neegdy abpddst dictheaigpanenthetofuberanchs 6aB At leptEssidiyy 64xaHee, the

mandrel 26 may be hinged or otherw se constructed in such a way that the
nmandr el Mangyel2§ and meghenrmaal expangien geeffieiapt ofdhe gerpopant Matenialot r usi ons 60a
on the surface 28 of the mandrel 26, such as sinusoidal cross-section

pr ot uberances 62a, nmay be adapted 30 to be withdrawn into the interior
section 70 of the nmandkrekxamhpleroffd emparent 23 falricated by k'flow-foemingnponent 22
fromthe nmandrel, surf 8.~ Thus, the, iLgproved mandr el al | for the
f or tiBHOC(?Fgéso V@('nzlﬁﬁ g‘ceT *]&a‘f‘%”é?‘?{kenézggﬂmﬂﬁ'ée%Bﬁg'bﬁj‘éﬂégﬁﬂ't?‘ﬂé?"fmy be
subst anb'k@dnhle faba&lebokitios ahambes P06, 2T hé GoMeBRERT 0B Foinfed frevat£pRicthrag a

|l ength of the interpal surface 20 of conponent 22, and.is not limted to

subst anfPEPIIFING ATIcEt sidpvaky Phi1at aee Binesad & heftov-Fming mocesdNtoties24
PCT/ USZQ%@%&?Q%ZG wélﬂgfl@liﬁtég\gf t&)ﬁﬁhéé&q Mhd mi‘erhépé’tﬁrfa%@ﬂoﬁﬁﬁ%%%eﬁ@zz S

renmoved fromthe nman eati ng the conponent w an appropriate
heat sowgorrisingéhe shiplsht2{l canprsgsdhesiesined ghrface tektured pattémt 34 (it sur f ace 20

oL o3, Sl rdshEs s R B Tl e BRRRRIARRAR, 2"
r enoved ptdoeaséd sutigtraé£ | 026 Thid @h& mew b rmiihg Meethod eeelgshbite pERY@sidiny thee depth
of the protuberances 64b and depressions 64a on the ) )
component 22 having the desired bulk shape and surface texture in a single process
step, thus providing a more efficient and reproducible means of forming the component
22.
20
Different versions of components 22 having the textured surface 20
formed by the flow-forming method are used in a substrate-processing chamber 106,
an exemplary embodiment of which is shown in FIG. 5. The chamber 106 is part of a
multi-chamber platform (not shown) having a cluster of interconnected chambers
25  connected by a robot arm mechanism that transfers substrates 104a between the
chambers 106. In the version shown, the process chamber 108 comprises a sputter
deposition chamber, also calied a physical vapor deposition or PVD chamber, which is
capable .of sputter depositing material on a substrate 104a, such as one or more of
tantalum, tantalum nitride, titanium, titanium nitride, copper, tungsten, tungsten nitride
30 and aluminum. The chamber 106 comprises enclosure walls 118 that enclose a
process zone 109 and that include sidewalis 164, a bottom wall 166 and a ceiling 168.
A support ring 130 can be arranged between the sidewalls 164 and ceiling 168 to
support the ceiling 168. Other chamber walls can include one or more shields 120 that
shield the enclosure walls 118 from the sputtering environment.

35
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mandrel 26 and the thermal expansion coefficient of the conponent material.
An exanpl e of a conponent 22 fabricated by a flowformng 10 process is
shown in FIG 4. The conponent 22 conprises a shield 120 suitable for
exanple for a deposition chanmber 106. The conponent 22 is fornmed froma
pref or m 2¥%W0 WO1H084i ng cylindrical sidewalls 36 that aPETHSZWEBH3ToN t he

f1 owf orm ng. pr ocerscHAkB:EHTH ddtapriseach shbetiade vapport engtdisassbrt theckness, The
i nternal surface 20 of the caonponent 22 CQHPriSing the shield 120 conpri ses
the desisHbefraigin tessrutier deeesiiirn @W@zﬂ%o ersphshaimsurRS k4 Maykscess

resi due ; R aftA ; tes
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t hus.proyi.di a re efficient . ] ns, of formng the
compBheerets e BR % S o\ B GR sL RSSO e o BRI5E 25 kel ekt ur e
sur f ace 124 of tiey sEshdry1 14 whéh e $ustrate1 01 Batdt Presens.eth dperation, the

substrat e- processi ng. chanber , .an exeml nbodi ment ich is shown

nb 106 n ary e of wh
in FI G sgbstiajg 198 b Etrodyesd bt e chamber 1 |thﬁ°¥JehM&strat%l°ﬁemi(ﬂﬁbfn%hown)
havi n ; Lt r t arm
Techani ShoWHE e S B A SRR LT TRE T e
ver si on sshpoh 114 lcen hediftled or ddveered by S0 peid tifi bedews and @uift Bnger deperablyi on

capd o o TR o BB F 1 Bng AR ERBE bR ner R AR Cre' o
mor e of trahapdrabiithe substraleutoda inta atel odtidf &me cimambeért €08.um nitri de, copper,

tungsten, tungsten nitride 30 and al um num The chanber 106 conpri ses
enclosure walls 118 that enclose a process zone 109 and that include

si dewal |'s 164, a PRk sappoRh 4 hBf A9 camBREd bg ol hfbre rifgs WIRATS 4 b&gr130 can
be arranged between the sidewal I's 164 and cel l%&?‘ 168 To support the
ien o

cei | i ng ring826@riispositiantieg W28l whichaevenal lgast 2 frihecuppdreudaca 284 t hat
shi qbd tRehePOp3MY 1 8ahhiBit bASidd SFthb REpSEY Y% 1D 8nE Vel TR bepasitioh”
ring 128 at least partially surrounds the substrate 1 04a to protect portions of the support
114 not covered by the substrate 104a. The cover ring 126 encircles and covers at
least a portion of the deposition ring 128, and reduces the deposition of particles onto
both the deposition ring 128 and the underlying support 114.
20
A process gas, such as a sputtering gas, is introduced into the chamber
106 through a gas delivery system 112 that includes a process gas supply comprising
one or more gas sources 174 that each feed a conduit 176 having a gas flow control
valve 178, such as a mass flow controller, to pass a set flow rate of the gas
25 therethrough. The conduits 176 can feed the gases to a mixing manifold (not shown) in
which the gases are mixed to from a desired process gas composition. The mixing
manifold feeds a gas distributor 180 having one or more gas outlets 182 in the chamber
106. The process gas may comprise a non-reactive gas, such as argon or xenon,
~ which is capable of energetically impinging upon and sputtering material from a target.
30 The process gas may also comprise a reactive gas, such as one or more of an oxygen-
containing gas and a nitrogen-containing gas, that are capable of reacting with the
sputtered material to form a layer on the substrate 104a. Spent process gas and
byproducts are exhausted from the chamber 106 through an exhaust 122 which
includes one or more exhaust ports 134 that receive spent process gas and pass the
35 spent gas to an exhaust conduit 186 ié_n which there is a throttle valve 188 to control the
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WO 2007/ 030824 PCT/ US2006/ 035376 The chanber 106 conprises a substrate
support 114 to support the substrate in the sputter deposition chanber 106.
The substrate support 114 may be electrically floating or may conprise an
el ectrode 170 that is biased by a power supply 172, such as an RF power
supply. Th&O0200598¢82¢ e support 114 can al so support ot herCBUSmMbm3s37804 such

as a noypadyufe ekt taitsdiciAbdl 108. TharxpaGitewhdlLta 8B R8s Snl bemBre 134 of
t he support 114 when the substrate 104a is not present. |In operation, the

subst r atexhaastpunps HG. oRrieally thedresaure 105 Hisssputiesing iges iy eacharper Hieds

| oadi ng J Wiheldd @ sidewal | 164 of the chanber 106 and pl aced
on the Ssggp?g%%b(@ﬁﬁospﬁﬁﬁ sS‘pport 114 can be lifted or | owered by support

lift bellows and a lift finger assenbly 10 (not shown) can be used to |ift
and | ower the substrate onto the support 114 during transport of the
subs6rate 104a i nTheapditerirg cHanilher 1OBnliker dddbprisEisen sputesing tabét 124 al so

125, whiieing Baurioae PEat e s FAIOI G SRl oMb TARIBL R PSR (o
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deposition ri | east partial |y surrounds the substrate 104a to
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ring 12 eposrtion ot es’ on th deposition
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178, such as a mass flow controller, ass a set flowrate of the gas 25
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O 190 e B R S I A PP FoRlng 3o ot 2l 1Y
clamping ring can also be provided to clamp the upper and lower shield sections 120a,b
together. Alternative shield configurations, such as inner and outer shields, can also be
provided. In one version, one or more of the power supply 192, target 124 and shield
20 120, operate as a gas energizer 116 that is capable of energizing the sputtering gas to
sputter material from the target 124. The power supply 192 applies a bias voltage to
the target 124 with respect to the shield 120. The electric field generated in the
chamber 106 from the applied voltage energizes the sputtering gas to form a plasma
that energetically impinges upon and bombards the target 124 to sputter material off the
25 target 124 and onto the substrate 104a. The support 114 having the electrode 170 and
support electrode power supply 172 may also operate as part of the gas energizer 116
by energizing and accelerating ionized material sputtered from the target 124 towards
the substrate 104a. Furthermore, a gas energizing coil 135 can be provided that is
powered by a power supply 192 and that is positioned within the chamber 106 to
30 provide enhanced energized gas characteristics, such as improved energized gas
density. The gas energizing coil 135 can be supported by a coil support 137 that is
attached to a shield 120 or other wall in the chamber 106.
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30 The process gas may al so conprise a reactive gas, such as one or nore of
an oxygen- containing gas and a nitrogen-containing gas, that are capabl e of
reacting with the sputtered material to forma layer on the substrate 104a.
Spent process gas and byproducts are exhausted fromthe chanber 106 through
an exhaustwo2gonhiseh i ncl udes one or nore exhaust portechusdod/agirer ecei ve

spent process gasqgac b Bl i | I n
which there is at ?;@F{ tQ @%\'}gpgé@%@@gag %ts?o °ﬁﬁreml]m°@g§%§o%’§§§“
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The sputduekirate poapiBRRIg ikdudtivhtseeto paTatd @r@or&nswéﬁtﬁélsﬁgsﬁrﬁé@bgéﬂ 14f aci ng
a surface 105 of the substrate 104a, and conprising material to be sputtered

ont o5t henguposiraiedranspqrt te peritia arylostiaientfi4d indhe ebambentoBma gastiaw um and
tant al urefggb{)ahsf#@cﬁom%t {GbeShtel @ o cdifro? @géé heghd ¥ef éﬂ&ﬁt&@%&t{t%m he

chanber y an annul ar " insulator ring and 1s connecte power
suppl y 1e3.toTheechamigen 10624 gasypressureppnirgienstruciiogeset taoperate thieadabistvi ng a

106 al s e b RO L pisBanrdn RiERRhe i At SRMNEET S o

sput t er efktrartien isef to dpeatelthelgds EABrgizst 106tBrses8 s\mbfggiih%fpom@y_lév@ﬁ @ cal
shape havin up|per and | ower shield sections 120a, 120b that shield the
uppdP aﬁampg(ﬁéw e copirehigsBrictaneset e reratrol femperatures én therchaspas OB ané ari gur e

4, Jthe TRoslisshanibtoiRrasioRaPlo MBtdrAfe bAOBSEM et fhdiiesuppOr L Ting

130 and 'a lo section 120 t 1s titt e cover ring 126. A clanp
shield 141 conprising a clanping ring can also be provided to clanmp the
upper and |l ower shield sections 120a,b together. Alternative shield

configurations, s | 8 | ovided. In
one version, one gﬁgﬁﬁ?rgbgfﬁéwgeﬁ%@gF.Qgh%ﬁ@hgg?ﬁ@rgle@%f% %aﬁ{(’j shield 20
120, opeavaimisasion egamplen diffpremtrartsld thégas dsliveay apdtemot 12 sabgfratersyppbs
sputiteri as to tter materi fromthe t et 1

7152 5001 {126 Bebogpaict I3, dLeRB 088, 1o rgiioer oncple walisbid ate SPREsSTAEr o

120. Theyrgjae@xhhst! 20l o 86 BRAMbEC106) FHoe example, the chamber components 22
having the textured surface 20 can include a chamber enclosure wall 118, a chamber
shield 120, a target 124, a target rim 125, a component of a process kit 139 such as at
least one of a cover ring 126 and a deposition ring 128, a support ring 130, insulator

20 ring 132, a coil 135, coil support 137, shutter disk 104b, clamp shield 141, and a portion
of the substrate support 114, For example, components having the textured surface
can include Applied Material’s part numbers 0020-50007, 0020-50008, 0020-50010,
0020-50012, 0020-50013, 0020-48908, 0021-23852, 0020-48998, 0020-52149, 0020-
51483, 0020-49977, 0020-52151, 0020-48999, 0020-48042 and 0190-14818, from

25 Applied Materials, Santa Clara, California. This list of components is merely exemplary
and the other components or components from other types of chambers can also have
the textured surface; thus, the present invention should not be limited to the

components listed or described herein.

30 The present invention has been described with reference to certain
preferred versions thereof; however, other versions are possible. For example, the
flow-formed components can be used in other types of applications, as would be
apparent to one of ordinary skill, for example, as components of etching chambers.

Other configurations of the flow forming apparatus can also be used, and mandrel
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chanber 106 fromthe applied voltage energizes the sputtering gas to forma
pl asma that energetically inpinges upon and bonbards the target 124 to
sputter material off the 25 target 124 and onto the substrate 104a. The
support 114 having the electrode 170 and support el ectrode power supply 172
may al so S{erAT/@308% part of the gas energizer 116 by @CEAFRGOMI3ENd

accel er gtk plttbliediHontiesi-tkissispbtiticaly delson’ilbémwrt alsgdle ;iradidédwrﬁludher t he

substrate 104a. Further as, en il 135 ¢ rovi ded t hat
is powdfe@alye stepsRgHva %F@ﬁ'{@gﬁ dgRer etle%laffz)r fB)cY‘é SRR %Qcﬁ?ﬁt‘){‘ g8 behanber
106 to %ge@frpé(ddé?deﬁf&@%ﬂ?ﬂme%éﬁbﬁg offf cfé%%ﬁ@éd 3¢|émeﬁ§auoﬁusé1m|d p@r oved

energi zed gas density. The gas_energi zi ng coil can supported by a
coi l supppanenutwortamftoridmarxaskl&cWb@reftueathgrﬁpmt@ndza@ope opthecappeiidedi n t he

cont Pol (a5 GulTof PR iniieH 16 ind Blee AR Bt BRI IR S8R RRgMRY ' ©

i nstrucheminsets to operate conponents of the chanber 106 to process
substrates 104a in the chanber 106. For exanple, the controller 194 can
conprise a substrate positioning instruction set to operate one or nore of
the substrate support 114 5 and substrate transport to position a substrate
104a in the chanber 106; a gas flow control instruction set to operate the
flow control valves 178 to set a flow of sputtering gas to the chanber 106;
a gas pressure control instruction set to operate the exhaust throttle
valve 188 to maintain a pressure in the chanber 106; a gas energi zer control
instruction set to operate the gas energi zer 116 to set a gas energi zi ng
power |level; a 10 tenperature control instruction set to control
tenperatures in the chanber 106; and a process nonitoring instruction set
to nonitor the process in the chanber 106. The chanber conponents 22 having
the textured surface 20 can conprise, for exanple, different arts of the
gas delivery system 112, substrate support 15 114, process kit 139, gas
energi zer 116, chanber enclosure walls 118 and shields 120, or gas exhaust
122 of the chanber 106. For exanple, the chanber conponents 22 having the
textured surface 20 can include a chanber enclosure wall 118, a chanber
shield 120, a target 124, a target rim 125, a conponent of a process kit 139
such as at
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| east one of a cover ring 126 and a deposition ring 128, a support ring 130,
insulator 20 ring 132, a coil 135, coil support 137, shutter disk 104b,
clanp shield 141, and a portion of the substrate support 114. For exanple,
conponents having the textured surface can include Applied Material's part
nunbers 0020- 50007, 0020-50008, 0020-50010, 0020-50012, 0020-50013,

0020- 48908, 0021-23852, 0020-48998, 0020-52149, 0020- 51483, 0020-49977,
0020- 52151, 0020-48999, 0020-48042 and 0190- 14818, from 25 Applied
Materials, Santa Clara, California. This |list of conponents is nerely
exenpl ar Whatisiclaineedoisher conponents or conponents from ot her types of
chanbers can al so have the textured surface; thus, the present invention
should not be limted to the conponents |listed or described herein. 30 The

present inuenéthed ohadribeey dlsseldifbessyhstiate Sloee MeEchamisa! thaimethpd ef erred
versi ons thereof; however, other versions are possible. For exanple, the

flowforﬁﬁﬁi‘pﬂﬁ'ﬁﬁonents can be used in other types of applications, as woul d

be apparent {4 RHAdiRG 2OrdioRAavH Id &ynna@cral SRRl Yith AcARIBRIEREMaP! et chi ng
chanbers. Oher confrgurations o | ow form ng apparatus can al so be

used, and mandr e$UffaPSSV\D 2007/ 030824 PCT/ US2006/ 03,9376 surface patterns .

other than DO3DroRERL'a fidhdné| i 8RR SO cl RRURPaRERUIIATeEE! hor.

alternative s equfvalent to those descrit orm ng met hod
can al so be uselgaturesicyoprizirg peniddihancaltgrbatingetreirgsions arhrbderersssmmﬁed

i npl enentatio c%ﬁta%h’# g}eﬁﬁt%@%ggﬁg%t %fttg? §}r’]ﬁn‘1‘§%ﬁ‘1‘ chdv r tf%(b Ther ef or e,

the spirit an scoeo mtedtothe
description of Wi tpeﬁﬂmredcd;unfeq:sbmnandrehaad ned herein. 14 V\hat is clained

the method. cOMAPPYITRR PratsuathePisa e GRL SRR RighBatnal cal
sidewal | with i glefdrimathe 2p6hdeichiediddlall & Whid pRESm and cause the internal

surface of the cylindrical sidewall to flow over the textured surface of the

mandrel to form a shield for a substrate processing chamber, the shield

having a textured internal surface comprising a pattern of textured

features.

2. A method according to claim 1 wherein (d) comprises forming a shield having a
textured internal surface that is substantially absent linear or spiraling depressions

that extend along a length of the textured internal surface.

3. A method according to claim 1 wherein (b) comprises providing a mandrel having
protrusions and depressions that comprise at least one of bumps, holes, ridges, and

grooves.

4. A method according to claim 3 wherein the protrusions have a height of from
about 0.005 to about 0.050 inches, and a width at half height of from about 0.007 to
about 0.070 inches.

5. A method according to claim 4 wherein the depressions have a depth of from

about 0.005 to about 0.050 inches, and a width at half depth of from about 0.002 to
about 0.130 inches.
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(b) providing a mandrel with a textured surface having a pattern of textured
features conprising periodic and alternating protrusions and depressi ons;

(c) contacting the internal surface of the cylindrical sidewall of the
preformwi th the textured surface of mandrel; and (d) applying a pressure to
the preformthat is sufficiently high to plastically deformthe cylindrical
sidewal | of the preformand cause the internal surface of the cylindrical
sidewall to flow over the textured surface of the mandrel to forma shield
for a substrate processing chanber, the shield having a textured internal
surface @Rméthbdlgccaorpiagttecmimﬂ wiesceinrtieel pattera tofi texture@ feadunes tichotbriaecor di ng to
claim1l1 wherein éﬂ) |ses formng a shield having a textured interna
surface @ﬁgpmoga 8§§§ﬁ c)zQIIy absent linear or spiraling depressions that
extend along a length of the textured internal surface. 3. A nethod

accordin o claiml wherein. (h) conprjses providing a mandrel having

o ot r us! dnd TaHC AR R B AW B P LB B8 S0 KRG QTSRS ol s,

ri dges, angxtuffdoni¥Rge cBmphsifg tdathead s640 s 8attdre @h@ét&ht?anvﬁa%@ﬁt%_hh#pe
protrusions have a height of from about 0.005 to about 0.050 inches, and a

wi dt h at Cﬁ'éﬂefsﬁ%qﬂ?ﬁrp 9g¢$.0om about 0.007 to about 0.070 inches. 5. A method
according to claim4 wherein the depressions have a depth of from about

0. 005 to about 0,050 inches, and a width at half depth of from about 0.002
to about 8.mabod aetrrding 16 cigim A whereéiodoxeanarrisen grovidiog aimandreltbatdé n t he

pattern S conprises a sinusoidal cross-section. 7. A
nmet hod a%?:‘éa% t:(éfgﬁ?@ {?ﬂg}?%\& wherein (b) conprises providing a mandrel having

a textured surface conprising textured features that are substantially
absent s

orners .and _ shar dges.. met hod accor to claim1
wheroi n- eop el pektaBRd ARG KRR B by SROR3E ERSRLHS
mandrel by heating the shield and causing the internal surface of the shield to
expand above the height of the protrusions of the mandrel thus allowing removal

from the mandrel.

10. A method according to claim 1 wherein (d) comprises applying a pressure on the

preform by pressing rotating rollers against the external surface of the preform.

11. A method according to claim 1 wherein the preform comprises at least one of

aluminum, copper, stainless steel, titanium, and associated alloys.

12. A method of fabricating a component for a substrate processing chamber, the
method comprising: |
(a) providing a preform having a cylindrical sidewall with internal and external
surfaces;
(b) providing a mandrel having a textured surface, the textured surface having
a pattern of periodic and alternating protuberances and depressions,
wherein the protuberances have a height of from about 0.005 to about
0.050 inches and a width at half height of from about 0.007 to about 0.070
inches, and the depressions have a depth of from about 0.005 to about
0.050 inches, and a width at half depth of from about 0.002 to about 0.130

inches;
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at least partially collapsible. 9. A nethod according to claim1 wherein in
(d) the shield is renoved fromthe mandrel by heating the shield and
causing the internal surface of the shield to expand above the hei ght of
the protrusions of the mandrel thus allow ng renoval fromthe nmandrel. 10.
A nmet hod according to claim1 wherein (d) conprises applying a pressure on
the preformby pressing rotating rollers against the external surface of
the preform 11. A nethod according to claim 1l wherein the preformconprises
at | east one of alum num copper, stainless steel, titanium and associ ated

al loys. 12. Agyeiohedting tHedbtdnsa sufgcetofapapamaiitalfstieiv I stid pleforh OCcessi ng
chanber, the nethod corrpridién :s( a) providing a preform having a
Lé%‘? I

cylindrical sidedheiextiyre of greAndkelefhl  surfaces; (b) providing a

mandr el havi ngy\gréetdiFRstingUoliers @gainbetnk @xidii A duitEd 8cBehPond o @ pattern of
periodic and alter natliygigqur ot uberances and depressions, wherein the

prot uber ances ha#lastiga oM e AreloRm £ausingd theooterna safaes of heesefomches and a
width at half hej 99\5{ eo&fe#h%}ﬁ%tﬁ%%rﬁcggi thgggﬁ%(?é’lt g‘%rt )pf8rr’6|@grbe§1l ignd the

depressi ons have a rom about 0. to abou I nches, and a
wi dth at hal f déptasdfstiateproadsaing chapaser: iheshigld havingo texturckasternbb (c)

w U the Text ur GHEG aneed 4% il ot b i efBParseSentla” Ol Fers

agai nst the ext elepedssiousftlratés amitrbeinfagefodtha paiterpbadiie sahtnel.def orm t he
preform causing the internal surface of the preform to flow over the
textured surface of the mandrel, thereby formng a shield for a substrate

processi Ng. Aaethed acddreing b elafin hawhegein theeprerbr@cedniirRes alt leastisieaste _
conpri si ng a reverse pattern of alternating protuberances and depressions

that is AYNPPEr CPRASGSIBINICER E1G5h AN NG FRSORRIRG Al0ys.

14. A method according to claim 12 wherein (a) comprises providing a preform

having a conical, cylindrical, or tube-like shape.

15. A method according to claim 12 wherein (b) comprises providing a mandrel

having a pattern of textured features comprising a sinusoidal cross-section.
16. A method according to claim 12 wherein the sinusoidal cross-section comprises
a peak-to-peak distance between adjacent protuberances of from about 0.015 to

about 0.180 inches and an amplitude of from about 0.005 to about 0.050 inches.

17. A method according to claim 12 wherein (b) comprises providing a mandrel that

is at least partially collapsible.

18. A method according to claim 12 wherein (c) comprises aligning an axis of circular

symmetry of the perform to an axis of symmetry of the mandrel.

19. A method according to claim 12 wherein (d) comprises pressing rotating rollers

that are spaced apart about the circumference of the preform.

20. A method according to claim 12 wherein (d) comprises rotating the mandrel.
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. A nmethod according to claim 12 wherein the preform conprises at |east
one of alum num copper, stainless steel, titanium and associ ated all oys.
14. A method according to claim 12 wherein (a) conprises providing a preform
having a conical, cylindrical, or tube-like shape. 15. A method according to
claim12 wherein (b) conprises providing a mandrel having a pattern of
textured features conprising a sinusoidal cross-section. 16. A nethod
according to claim 12 wherein the sinusoidal cross-section conprises a
peak-to-peak di stance between adjacent protuberances of from about 0.015 to

nohes. 217 MRAEERERRIATI RN 12 BReftln K ATV eI nalerES e Be P ovi di ng

a mandr ethetrhandrel oy beatingdke cpaponerltlapd celsing icbhterndl8urfaceretthed according to
claim12 wherein.(c) conpris |.i. gni an.axis of circular metry of the
perform FEMR neﬂ itcge%ﬁang%%?ﬁie @?'QWJ%RWF erancgs °)Q-\'”?$e?‘ﬁ8&!{e£ﬁ%"8r ding to

cl ai m 12aldwngremél) froonpeins@sirglr essing rotating rollers that are spaced
apart about the circunference of the preform 20. A nethod according to
claim 12 wherein (d) conprises rotating the mandrel. 17 21. A nethod
according to claim12 wherein in (d) the conponent is renoved from the
mandrel by heating the conponent and causing the internal surface of the
conponent to expand above the hei ght of the protuberances of the mandrel
thus allowing renoval fromthe nmandrel. 18
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