METHOD OF SURFACE TEXTURI ZI NG CROSS- REFERENCE TO RELATED APPLI CATI ONS
[0001] This application clainms priority to United States Provisional Patent
Application Serial No. 60/479,755, filed June 18, 2003, entitled "Method of
Surface Texturizing," [Attorney Docket No. 6162L], which application is
herein incorporated by reference. This application is also a
continuation-in-part of co-_pending United States Patent Application Serial
No. 10/099, 307, filed NMar ME %!#OD Qg@éJREAPEtTEéHUWZiNﬁd of Surface

Texturi zing, " Docket No. 6162 and IS herein incorporated by

ref erence. EASE G iy R APPLIQATIONS he | nvention [0002]
Enbodi nment s he S ral t am of
el ect ronagne Pc‘t]radﬁgfté %‘?PIFgmr‘rﬁgfa I-ﬂgtpg Sﬁgu@f gﬁ%&gﬁé (6 IﬂoUiﬁioﬂgl BB?‘%‘?

parti cul ar | yApplidatidn rieetiab N. fﬁﬂﬂé?a)?%eiﬂtad iJunent8,02003; | ertiled d'Metned lobd of

brocoss  chaniiipty T8EARYhG. TRéerhdly PRGN Fefbatl, 1SR AREic Dot Refd
Descri pti on intotpoeaté® bgtrefdreNce. [ﬂ'@@aﬂnphﬁatldamtseﬂﬁ@h%n?ﬂ#ﬁemiﬁgm Iétltd;?g: of

continue to be h reduced . dinensio

hese devi ceBonsizdHareh States, betenf RBpiEatier SPEaN d0jaea 37 g e 13,
cont ani nat i 0pgoZ @GRSt MWéthyd of Sbﬁad‘ea‘t‘éﬂ@nilrﬁﬁ CPARSrABY DOCkAUS. E1B2} 84S
particularly. t hose havi ng smal | er physical sizes, requires that

cont ani nat i of% NGECIB GRORATAIEY Bygetergicgat er ext ent than previously consi dered
to be necessary. [0004] Contam nation of integrated circuit devices may
ari se from spACKGROUNDOFRSTHE IMVENTIZNE Stray particles inpinging on a
substrat e dufjeldof tHeinvehtibn dEPOST t1on, etching or other sem conduct or
fabrication Eb@‘}esséﬁ}boh%éiﬁ@‘?ﬁ dhe p rb%tﬁﬁﬁ\ﬁftﬁ@t Srié?&l Eléﬂ&etd Uéuﬂgr@t ed

circuit devices includes the use of such as ysi cal
deposi tion (A dirRiediomagsetia fadiataroter modify: thesudace, aparmatepaki Mose ( CVD)
chamber s, Pl saiBughy:UritSodiBhBH She Bldsent Ivehtth Hife %Y RfduRia 6PASRY ' O

and etch processes,” materi a en’'con
an electron beam to modify the surface of components used in a process

chamber to provide a textured surface on chamber components.

Description of the Related Art

[0003] As integrated circuit devices continue to be fabricated with reduced
dimensions, the manufacture of these devices become more susceptible to
reduced yields due to contamination. Consequently, fabricating integrated
circuit devices, particularly those having smaller physical sizes, requires that
contamination be controlled to a greater extent than previously considered to be
necessary.

[0004] Contamination of integrated circuit devices may arise from sources
such as undesirable stray particles impinging on a substrate during thin film
deposition, etching or other semiconductor fabrication processes. in general,
the manufacturing of the integrated circuit devices includes the use of such
chambers as physical vapor deposition (PVD) and sputtering chambers,
chemical vapor deposition (CVD) chambers, plasma etching chambers, etc.
During the course of deposition and etch processes, materials often condense
from the gas phase onto various internal surfaces in the chamber to form solid

masses that reside on these surfaces of the chamber. This condensed foreign



fromthe gas phase onto various internal surfaces in the chanber to form
solid masses that reside on these surfaces of the chanber. This condensed
foreign | matter accunulates on the internal surfaces of the chanber and is
prone to detaching or flaking off fromthe internal surfaces in between or
during a wafer process sequence. This detached foreign matter may then

| mpi nge upo cont n1nate t he waf er substrate and devices thereon.

Cont ani nat ecf"ﬂ@@rl pEamy ?téﬁl%hmey’"fﬁ,u%' Yifages; o5 the ghamhar apg isi@ENeatst ng t he

manuf act ur i ngstactehgl op flakifg off AFCAE ﬂf‘e’ﬂntenﬁé’%ﬂﬁbcéé‘modéilﬁéeﬁ r BUANGFAtwdlst achment
of foreign matter that has condensed on internal surfaces of” the process

chamber, i ntRIPFEHS SqAUeRER s This dejachaskiorrign masleemayhtaentmesr@gnmnm f or ei gn
matter that dqpkAminafe {HaewBrep YLbSFRS aR8evRBE NGB 2LKRA [ﬁa‘% 4 urface

and is |ess IlkeI?/ to detach and contamnate a wafer substr t hods
current |y ustaaueptly mustibe disnarded: thetaby siecesasinglthel eranufasiuting vigidiohthe' Bead
bl asting infﬁHg&% spraying hard particles onto the surface in order to
affect aro ening of the surface. Alternatively, the surface nay be
texturized by applying a coating, such as a thin coating of al um num
deposi ted H900gh allprmrdemtosprevenicgiachment hibfoseigh aadter Muatehasrcontibrsel and

ot her _com gtk JEEROHPy bOToBhilR (8RS ASES Wl REN 4, proCess

chanber are ~ soneti nes Ve At creatimng st et ween
t he condenseuichnthat dise aoddémsdc fareige rmaiterf thae . forniO@N6thdse Qurtiees titas

circunvent t as lLated w th.detached faorei mat t er, chanber
surf aces recftj}\%ﬁgéé)cfggheesﬁ n? Ssé'glﬁ‘é? AR s eéﬁépﬁ\} t%PsEﬂ?ﬁr?@d “ﬁ"éﬁﬁ Na% r enove
c?)ndensed H&swa&rfsub?ndtaemmur&uﬂﬁamm tektupe cﬁ@ﬁ@éﬂ@ﬁdcb@fwﬁﬂﬂﬂégt th g
cl eani ng thg el f oy i n some ipstances, contam nation rom det ache
foreign matt é?a@a@ é’i’g I IrEee@E’aﬂs“ Wﬁpﬂs spraying bard parilesonte the sudacer

reduce cont afopdirit® @fféétcancfughermsg\ of ﬂ%tét%cé h?\lteﬂﬁﬁvél? NABRYAECS H'na'yrbteer i or
surfaces of a process chanber and a need to develop a nmethod for I nproving

t he adhesi or®gHrzeshieABRNYINGGH E‘P%‘ﬁga peah 25 adhip soatieg pﬁ@’é‘fﬂ'@ﬂmsﬁiﬁpﬂat@s of a
process chargyedn aluminum arc spray, to the surface. However, these and other commonly

used methods for modifying the surfaces within a process chamber are
sometimes ineffective at creating sufficient adhesion between the condensed
masses and the chamber surface.

[0006] In order to circumvent the problems associated with detached foreign
matter, chamber surfaces require frequent, and sometimes lengthy cleaning
steps to remove condensed masses from the chamber surfaces. Also, despite
the amount of cleaning that is performed, in some instances, contamination
from detached foreign matter may still occur.

[0007] Therefore, there is a need to reduce contamination from foreign
matter that has condensed on interior surfaces of a process chamber and a
need to develop a method for improving the adhesion of condensed foreign
matter onto the interior surfaces of a process chamber.

SUMMARY OF THE INVENTION
[0008] The present invention generally provides a method of providing a

texture to a surface of a workpiece. The method comprises providing a
workpiece to a texturizing chamber and scanning a beam of electromagnetic
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SUMMARY CF THE | NVENTI ON [ 0008] The present invention generally provides a

nmet hod of providing a texture to a surface of a workpi ece. The net hod

conprises providing a workpiece to a texturizing chanber and scanning a

beam of el ectromagnetic energy across the surface of the workpiece to form

a plurality of features thereon. The features that are fornmed are sel ected

fromthe group _consisti ressions, protuberances, and conbi nations
Holssp oo Ip a0

f. d
thereof. [G0§8Y ?ﬁ@sﬁr@gegﬂﬁaicﬁe nt Poff° alo 1Py gy lHel He@Sof

provi ding a théreshUMhetieataresUhatate feHmed ake shlRcReSron] it GrRLiP REnSistiny drses
provi ding a workglhece to a texturizing chanber and scanning an €l ectron

beam acr oss GERELSSIQNS: ROBRsrancgs, anst qamieations thefeal- a plurality of features

thereon. The features that are fornmed are selected fromthe group

consi sting qéoodEpPr ERf Risent MvehitE GaReraly pROVIdEE0 BDMBMoLOSS pldRiRPE:
[0010] Also provided is a nmethod of reducing contam nation In a process
chanber. ThéefBENR & SHfAca&d awaikinep-a Heamethod| campriseagprevidingeBer gy

across a suljdirsie6d tBeeRhriZiRy BnAhOGSH Q&"f\ﬂ?ﬁraﬁ&@@f?«?ﬁ%é Lrby 2

plurality of features thereon. The features at are tforned are selected
fromthe grblfpce chheswonpiese tddpine asplaradity ¢frfeaturs thecean. Fhel featutesnat i ons
thereof. Th ther i si t1.oni d one chanber
conmponent s qpaht?%}é;qgrrré%ﬁes%sc%%%gé gﬁﬁ ?ﬁ'}l tg1tr %ﬁ]n%gg'%ﬁf%cée}sggéreegﬁéﬁ%e Wi t hin
t he process pratbberaeces, aBRICBmMbDEBAORS Pierédfl OF THE DRAW NGS [ 0011] So that the
manner in which the above-recited features, advantages and objects of the

present i nVZJGbHIé]O N 5 ?Jgé\ﬁt?%e% § &}ﬂerpgd Lﬂi'q'géla.l?éel é’%ohﬁn‘ﬂr%tﬂ}nl in gt?rggé’s%

parti cul ar SsCription e 1 nventron, summari zed aboveé;  may be
had by ref ecbampet.o Thaenethbd domprites sdapningfa beamhofelectidmaghetiaeadrgyn t he

T astr at i oncsiae SHPaEe BasormoRhgeBes AR 1Rl ey Dol e o
practice eniphaalitgof featieres thaévesh. The features that are formed are selected from the
group consisting of depressions, protuberances, and combinations thereof. The
method further comprises positioning the one or more chamber components
into a process chamber and initiating a process sequence within the process
chamber.

BRIEF DESCRIPTION OF THE DRAWINGS
[0o11] So that the manner in which the above-recited features, advantages

and objects of the present invention are attained can be understood in detalil, a
more particular description of the invention, briefly summarized above, may be
had by reference to the embodiments thereof which are illustrated in the
appended drawings.

[0012] FIG. 1 depicts a schematic, cross-sectional illustration of a surface
texturizing apparatus that may be used to practice embodiments described

herein;

[0013] FIG. 2 depicts a schematic, cross-sectional view of a control system
that may be coupled to a surface texturizing apparatus to practice embodiments

described herein;
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herein; [0013] FIG 2 depicts a schematic, cross-sectional view of a
control system that may be coupled to a surface texturizing apparatus to
practice enbodi nents described herein; [0014] FIG 3A depicts a series of
nmet hod steps that may be used to nodify a surface of a material using
enbodi nents described herein; [0015] FIG 3B depicts a series of nethod

steps that e u di f a surface of a terial using enbodi nents
descri bed hrerﬁiq“%; [ﬁ:géléﬁ Cﬁ)’ﬁts é@ﬁ%ﬁ)?ﬁ?‘?ﬁ'ﬁds?éﬁﬂset atpayLeHsedde apdifyhat  may
be used to madduriace af awidtasa BihgenmBidihb@b desérbddeigragi ment s descri bed
herein; [0017] FIG 3D depicts a series of nethod steps that may be used

to nodify a surfac f ferial usi odi nepts descri bed herein;

[0018] FiG H'epi (j:t@ Qgscgf%!"g‘saSP”“r‘r‘i‘a?{prga&‘gBéb?st‘Hé&mﬁﬁ??b@eaéemqumdify
a surface of aasuatelof almatsiid) ushEeshomrnbms deseibeaadréigr ein;  [0019] FIG 3F
depicts a series of method steps that nay be used to nodify a surface of a

mat eri al usi ng enbodi s, descri bed hereijn; 0020] FIG 4 depicts a
schematic il I[‘ﬂé?]r at ﬁ%ﬁeg{; deptcly 2 seremotypgined éH@g BRy Peusgdde madfyvar i ous

portions of @ supfaks®ors PndtériftLERE drtbdtAbAtY deS@ibeldctaiRe t hereof; [0021]
FIG 5A depicts a schematic illustration of a top view of a workpi ece

surface that has be?n t§6turj zed usi ng an enbodi nent descri bed herein;
[0022] FIG &818epi HE: é’leBLCE‘i%a?”%% PebRd stensrbat mak Beaseddomogify of
FIG 5A andafse#habé 8fa mMiRémP Bsing embodiments described herein;

[0018] FIG. 3E depicts a series of method steps that may be used to modify
a surface of a material using embodiments described herein;

[0019] FIG. 3F depicts a series of method steps that may be used to modify
a surface of a material using embodiments described herein;

[0020] FIG. 4 depicts a schematic illustration of an electron beam
sequentially contacting various portions of a workpiece in order to modify the
surface thereof;

[0021] FIG. 5A depicts a schematic illustration of a top view of a workpiece
surface that has been texturized using an embodiment described herein;

[0022] FIG. 5B depicts a close-up, top view of the workpiece surface of FIG.
5A and features thereon;

[0023] FIG. 5C depicts a close-up, top view of the workpiece surface

containing an hexagonal close packed array of features thereon;

[0024] FIG. 5D depicts a close-up, top view of the workpiece surface
containing an overlapping array of features thereon;

[0025] FIG. 6 depicts a schematic, cross-sectional illustration of a feature
formed on a surface of a workpiece, according to an embodiment described
herein;
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[0023] FIG 5C depicts a close-up, top view of the workpiece surface
contai ning an hexagonal close packed array of features thereon; [0024]
FIG 5D depicts a close-up, top view of the workpiece surface containing
an overl apping array of features thereon; [0025] FIG 6 depicts a
schematic, cross-sectional illustration of a feature fornmed on a surface

of a workpi e acc | b 0026] FIG
7 depi cts a Qb (10 7 depils FhchEAN TRk < AGA ifousttBh B gsprtoiieg
reactor in vxnetacwrcut)mtmlm mtttamlmahmyntag breecbdoeel using enetrdatirdients rdescitesicr i bed
herei n; and hgrggzg;] FIG 8 depicts a series of method steps that may be
used to reduce” ¢tontam nation in a process chanber using enbodi nents
described herein. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT [0028]
FIG 1 depi cipe27h crbis- &demii:taraaseri%odimmthbnt ste'psvthatf may][bfeamdttextzunaeﬂl gg
apparatus 10 SHr e, 0 pi ece )
Sglrof ace textcgor:téz]ﬁtjaﬂgﬁb Bﬁﬁggﬁ%"ﬁ e'%‘tﬂﬁﬁ?ﬁ%é’? ‘&"l?ﬁﬂ 'P‘:Lzo Locat ed
wi thin the col urm i's a b| as cup 116 surroundl ng a cathode 106. The cat hode
106 may be, § E #REFERRED EMBORIMENTsuch as tungsten.

A high volt ; Cahgi,%f % cou Ised h he cat Hoc\jle 1faw:ah Et onnects a
hi gh vo|tag‘§92§l> é BPIGty, 8 CF 211G VieReotSibiage 1punzind)p29]
Spaced apar tagpacatus h@mﬂnﬁhm@ ﬂ@@sa??obﬁmtﬂhefimfﬁgtéfoﬁl%ogﬁﬁwé104“ anode
108, and two, r efl ector coi a ass

t hrough hol eS‘ﬁr% S@"Wﬂ?'ﬁ&@"ﬂﬁ@ﬁf% Q%Qe%ﬁ'i%'&ecm'seﬁﬁ’é%'t‘mﬂo@?m #@a&ﬂ | 110,
typical ly ciwieih e bdiluﬁﬁsltsgﬁbléﬁfd:uﬁqn@@&ﬂohﬁdﬁ‘{gtd"céthsdé(?bémTh%Z&tP\@de' ocat ed
beneat h anode 108. The two pairs of | ector coils 112a, 112b

resi de beneatd$ TR¥Pealor ef‘%'@ﬂ@r Adilamant CQ'I'G”S'GQWI"@@"%SUW wapgencdl urm 120
is a work ghigniehadeléatibi122%st@Rp @HrtBatﬁ@ .%gf’oh?hﬂae GrIFRERES night

generally conprises a substrate su e substrate support 140 may
be coupl ed voltage power supply to the cathode106 and the anode 108.

[0029] Spaced apart from the cathode 106 and beneath the cathode 106 is
an anode 108, and two pairs of high speed deflector coils 112a, 112b. A pass
through hole 118 is formed within the anode 108. A fast focusing coil 110,
typically circular in design and concentric with the column 120 is located
beneath anode 108. The two pairs of high speed deflector coils 112a, 112b
reside beneath the fast focusing coil 110. Coupled to, and below column 120 is
a work chamber 114 with a top surface 114t. The work chamber 114 generally
comprises a substrate support 140. The substrate support 140 may be coupled
to an actuating means 142 for moving the substrate support 140, such as, for
example, an actuator or rotating shaft that is capable of translating the
workpiece 104 or rotating the workpiece 104 along one or more axes of
rotation. Actuating means 142 moves the substrate relative to an
electromagnetic beam 102. Electromagnetic beam 102 may be, for example,
an electron beam. The substrate support 140 may further comprise a heating
element 150, such as, for exampie, a resistive heater or thermoelectric device.
An isolation valve 128 positioned between anode 108 and fast focusing coil 110
generally divides column 120, so that chamber 114 may be maintained at a
pressure different from the portion of column 120 above the isolation valve 128.

2575911 5




-

to an actuating nmeans 142 for noving the substrate support 140, such as,
for exanple, an actuator or rotating shaft that is capable of translating
the workpiece 104 or rotating the workpi ece 104 al ong one or nore axes of
rotation. Actuating neans 142 noves the substrate relative to an

el ectromagneti c beam 102. El ectromagnetic beam 102 nmay be, for exanple, an

el ectron bea he su t NMhel t her |ng
[vo30] bfinfat £245 WeRAT s 146r ”@éérrfpﬂ%] I d.m%fm{@ﬁn eFeg:{

el ement 150, such as, for exanple, a resistiv eater or t ric
device. An luhpmelesiay gume 'QEBUFH@@ te colHed 124 vieenvalve d26.1 Rinsmd 24 dsst

focusi ng col Lisekf eSARE LN Y2dICTyERANTTE Tlunt Bulieiad AIRRed 1! MY be

mai ntai ned at a pressure different omt’he por %bove
the isol ati ofhajabsrel 19 gia apjedaljonavalverd 322in erdeh tasyvatuate chamblee 114,

di ffusion pu t L, coupled to.colu 120 via a
val ve 126. PE?arﬂfilgg of e b%g@gb?@&'%ssg@ﬁcipgaigie gélfﬁ ??lﬁ?%éﬁ}y,s%d Pacuum
pump 130 is @r@ap#ism tiescrdulednbenelrﬂlnbludea eﬂaectnoaobeamonre}da{g/%yéﬁa'nsl ffrogf der to
evacuat e chaﬁn I devi ces h can _be used or
nodi fi ed and ugeﬁfechr\%ﬁoggés%s‘g?rg gaﬁgbregrdr r ’ﬂbrf I ug} ERgingeNiMkam

wel di ng systerathachPCabsﬂmdwm.ogl es of Enfield, CT or from
Canbri dge Vacuum Engi neeri ng of Wat erbeach, Cabs, Uni ted Ki ngdom [0031]

Wiile FIG cif i cts, urfacetext r|z ar at us
conpri si ng ;[ﬁgaq(lfectr P|‘°tpe‘r':§'c’ % MeRictsha sy 9 PR to use

any beam ofcmhmng)an@lmtrbﬁ beane it i fwithii !thdc%Fe &Wun@éntnérpfo @Q@é‘% € a
beam of pratons, Eetcirons X-rays, a |l aser ectrical arc, etc so the
use of the t of eleArPBIRgpslia W@V%arrrp?@c'ﬁ&t syabos: fobexampipratbeam of char ged

particl e beasrstonlheutréhsXaays, ta@la%@ﬁ%l AR, et KB thE UsHSFhE MY
transferred to the workpiece, for exanple, an el'ectron beam a beam of

proton or netigst magrﬁﬂcp&y@ 'Sﬁ'Pbﬁ‘eﬁﬁ't@rRﬁ lgrpltqutq ¢hargedparticiedieas, gut | aser)
or el ectr cab pind YGS0RARRS akPGm EheTReER! 0Bl NAAAIGBETLND (EDY.

etc.). The surface texturizing par at us n nprises a s for
cont rol | i ng Y4eTHPIEER.LISY Ryamnple, @aﬂ@‘ﬂ&ﬂ aeamearbeafm ehercggn @ntreeutrbes,sX+ f ace of

general 1y deabudadtpachifioetcal BRARNTER, B} 'R RiGhagh brechpttrt on
enpl oyed. (e.g. Electrical Discharge Machining (EDM), etc.). The surface texturizing
apparatus generally comprises a means for controlling and focusing the
particular beam of energy onto the surface of the workpiece. The particular
means employed to control and focus the beam generally depends upon the

particular type of electromagnetic radiation employed.

SURFACE TEXTURIZING PROCESS

[0032] Various methods for providing a texture to the surface of a workpiece
104 is depicted in Figures 3A, 3B, 3C, 3D, 3E and 3F. Specifically, Figure 3A
describes a series of method steps 300 which begins at step 301 and proceeds

to step 304 wherein a workpiece 104 is provided to a surface texturizing
chamber, such as chamber 114 of Figure 1. Figure 3B describes a process 300
as in Figure 3A but adds a step 307 wherein a workpiece 104 is preheated prior
to under going the texturizing process. Figure 3C describes a series of method
steps 300 as in Figure 3A but adds a step 302 wherein a workpiece 104 is
stress relieved prior to step 304, and a step 307 wherein the workpiece is
preheated prior under going the texturizing process. Figure 3D describes a
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SURFACE TEXTURI ZI NG PROCESS [0032] Various nethods for providing a texture
to the surface of a workpiece 104 is depicted in Figures 3A, 3B, 3C, 3D
3E and 3F. Specifically, Figure 3A describes a series of nethod steps 300
whi ch begins at step 301 and proceeds to step 304 wherein a workpi ece 104
I's provided to a surface texturizing chanber, such as chanber 114 of

Figure 1. Fi geries OB sieps IWOPALHEFRIUADEA Rt ddus QW % pe:i@é\vﬁ'}éli'elﬂdads a

step 307 wherei,n. a mork iece 104 is preheated prior to un gorng the

texturizi ng PPEPIRCE 104 5 steesscelinved ninior 0 stepcdids The prehdmddters arp e300 as
in Figure 3Astals réﬁ’éffstéb 8drEPe ﬁ%mrlﬁ'agégga%erel i %&Qﬁ%ﬁ%? gb E’E"

relieved prior to step 304, and a ste
preheat ed pradih %W‘Z@Sl Rrgcesse EIGNME ziesayibes ecsaries i methed 3epkesan | bes a

Sk S AOSe 8 B M e ekl

wor kpi ece 104 is sStress relieved
the stress aftaritee tgxtngIUQrprMSpnefcomptaﬂed i etepepar & Relieb@Eng stREsédIe sane

chanber as ure 3E describes a series of nethod
cteps 500" a2 Brientbic AR RaTRE e el braeat.cimonRGemBPYRRE: | <
stress rel i esfdtle paésear mhm.ammepuenzmﬁ@ #AEOBETULE t¢ HEPbtRELCHotHdIN &R 310 to
relieve any%ci ess cr ddur|$ 8 remai ning after the texturizing
process. 418? %ﬁﬁggﬁfﬁg}]Fgur@fs heCppBsantt SFripeeliewm residyal Stressasy al so
be added t o ihthecentihahe WRIHINELESEER® aphlBatith &Q@ﬁﬁhﬁﬁéjpi&f@%“i@%rﬁ 3¢ 3D
and 3F to re | eve residual stresses 'induced In I ece

appl i cati on Bf EANIPY Ategses dt dhes werkpiere: e figure $Fﬁe§iasenmsman§enﬁsrefsses in
Lhe wor ki eanethbtigwps U0 4loRTigNEBATA BEES Ao 3{?%8%.&&%@8%@%@5 in

Fi gure 3A but adds a step 312 Wherein rece | %I eaned
after the t&benyea Nrﬁe@%’c@%@' the f@&ﬁmpzlegerdocessstsetpormleteuom stepl 310 o

revent cont sses_and i rove adhesion
gf a second rgng@t]%tff)g?rbvghpﬁaéﬂ%ﬁﬁl?@g@w%’Hé&{rﬁe@ﬁgﬁt%%q%@ﬁ? éan*mPHa’ pr esent
i nventi on staéﬁbeg'% qt@ysedond m@eaaidedhe ovarkpeeast. hiey othiet betbodinedtas 3Ptheas
descri bed i ' u t contam nation
from lif fect {bngéét?wrﬁ?uﬁursétégrsgge %s?ﬁ \ﬁﬁf’%‘ﬁ%{tﬁs Q?R'ﬁ%?‘gea s{gps|309asysed and
i nprove adhegscibeast inaFigacesn8B/aCe8Dadnd GEttbereWGdEekI@I' ?ﬁ@ent [cBRZRlindilém

wor kpi ece esamater .al as a netal _or netal alloy, a
cer alron c mattg g{bﬁg%t‘f g f@nfé' UrRRracqsses in H’Sﬁ perkpigcer Wil be gised and

improve adhesion of a second material to the workpiece.

[0033] The workpiece generally comprises a material such as a metal or
metal alloy, a ceramic material, a polymer material, a composite material, or
combinations thereof. In one embodiment, the workpiece comprises a material
selected from the group consisting of steel, stainless steel, tantalum, tungsten,
titanium, copper, aluminum, nickel, aluminum oxide, aluminum nitride, silicon
oxide, silicon carbide, sapphire (Al,O3), and combinations thereof. In one
embodiment, the workpiece comprises metal alloys such as austenitic-type
stainless steels, iron-nickel-chromium alloys (e.g., Inconel® alloys}, nickel-
chromium-molybdenum-tungsten alloys (e.g., Hastelloy®), copper zinc alloys,
chromium copper ailoys (e.g., 5% or 10% Cr with balance Cu), or the like. In
another embodiment, the workpiece comprises quartz. The workpiece may
also comprise polymers such as Polyimide (Vespel®), PolyEtherEtherKetone,
PolyArylate (Ardel®), and the like.
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conbi nations thereof. In one enbodi ment, the workpiece conprises a materi al
sel ected fromthe group consisting of steel, stainless steel, tantalum
tungsten, titanium copper, alum num nickel, alum num oxide, alum num
nitride, silicon oxide, silicon carbide, sapphire (A1203), and

conbi nations thereof. In one enbodinent, the workpiece conprises net aI

al l oys such ust ekdrkiR Habﬂ% (o

all oys (e.g. ?’%Iur}lcone '5' %ﬁ’ﬁs;gaééa& e ﬁ?ﬁ%rgﬁlrjn%ﬂlu}ﬂn ﬁcgéf%ﬁﬁfgungs en

al l oys (e.g.a pessuse inthecanys Of abptpemﬁu e 120 0D . Irchme)mnMﬂmmm,ean al | oys
(e.g., 5% or ﬁé&' nother enhodi e

t he workpi ecglggtggn@% Pﬁ%&cr&a% E}BE‘?ﬁ_%}.mdq:[y ﬁ%@gg odg E%H?nai 'CEISHYY yrrer s
such as Pol yhedtee (noVebpehedret a;)plym@’alo;aﬁ'ehteioﬁhbeaiﬁmﬁemsmg £pbwéyr sounte

col um: 150 oY sBEl Heqrsn Pioee T erCarh@od af cciver 5RR Bes.a's ™o 1

x10-5 torr. 118. OAm&gatimlhigbnioltagmpotehmtﬁemetasCarbm&QQng @om‘agéri@d by
heati ng cat hod H@I n a re t ve he ter (not shown) and_ applying a

current to tﬂ%p v Jartbe anadis: 108,y pable 22 A escape
fromthe cat %dag,dtﬁégak:eét bt@nﬁ:lhe gbh@r%||w§maﬂér6 mArrIb§aﬁ&dié/etrJ3h9%é/0' tage

potential, referre 0 as an accelerating voltage is lted to the

cat hode 106 eqelfraling veltageds apslied mmwblas €Hpy él%pz@cc&ma@g vltagadnay
negative potgaid e rgﬁﬁhebﬁéﬁdﬁtgm bEdut! 1@0Wgnl*ﬁeu§ia% F\E@f?g&)%tlaﬁg%%laﬁ'i@t 'ng
voltage is applied to the bias cup. The acceleratin in th
range of abotentsd the ms@nitudes®fkelectione heaoo ralergy ribatenst |®|Ilversdutnedh&o
control the gg%%% 40f el ectron beamenergy that is delivered to the

wor kpi ece 10 [ 3?] El ectrons nove through a pass through hole 118 in
the anode and begin to diverge. Fast focusing coil 110 | ocated beneath the
anode 108 fi9e3des Elestrensmaverthmsgm a pass tupugwhdlieatth #r thenandde and kpi ece
104, while p ef | b ect the
beamto a parg?ﬁctél glrggrg%cat':%%n% lﬁ%eﬁg'ﬁﬁﬁgglgc%%a B pi ecﬂégi%lﬁé é%t rical
current is atn:phswthet electnen beamn thaxr ngiroy diarnétet Hd taadmrhpllacghospwatﬂe

defl ector co é;le% I 0.0 r epner at.e uff ci.ent tic flux
to mani pul at*é ﬁh ?egétﬂe(%):?%gﬁoe"? i{é&ese;ﬁ?QdﬁagT%'(?ﬂ ?ﬂgthPhl?%ﬁ%’@;ﬁof%st
focusi ng coi parfit@laniodativrgbf thp sadacelof \lvenkpmcedonl Elédtﬁeal clirght istdpplied ect r on
beamis pr vaodt%% ftagt Foréﬁsi?lgré alC‘F‘lO ané to high speed deflector coils 112a, 112b in

order to generate sufficient magnetic fiux to manipulate the electromagnetic

e

beam 102. Upon passing through fast focusing coil 110 and high speed
deflector coils 112a, 112b, the electron beam is provided to the surface of the
workpiece, as indicated in step 308 of FIG. 3. The distance between the top
surface 114t of chamber 114 and the workpiece 104 is the working distance of
the beam. In one embodiment, the working distance is about 50 millimeters to
about 1000 millimeters, preferably about 200 millimeters to about 350
millimeters.

[0036] Referring to FIG. 2, a microprocessor controller 200 is preferably
coupled to focusing coil 110 and high speed defiector coils 112a, 112b. The
microprocessor controller 200 may be one of any form of general purpose
computer processor (CPU) that can be used in an industrial setting for
controlling various chambers and sub-processors. The computer may use any
suitable memory, such as random access memory, read only memory, floppy
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wor kpi ece, as indicated in step 308 of FIG 3. The distance between the top
surface 114t of chanber 114 and the workpiece 104 is the working distance
of the beam In one enbodi nent, the working distance is about 50
mllimeters to about 1000 mllineters, preferably about 200 mllineters to
about 350 mllimeters. [0036] Referring to FIG 2, a m croprocessor

COMLOLLeT Gk Ui AT AN Vor GAYRIE fofin! ACUTIIMERGE Tkt 3pdefliof SPeed

def | ect or €~ M Croprocess control I'er nay be one
of any f or mVafiogensupgiortp airguitse mayo bp ucauplget dc ethe oCPUCRY) suppdrticgunthbe used

I n an industrial { . ntrolli vari ous. chanbers. and

sub- proc ess%’?tgsc?es?ﬁlghc%%ﬁ‘pgrﬁmﬁéc n]fg'ﬁerzin ﬂ%"ﬁﬁ é%ﬁ'@eﬁiﬁ%ﬁg}"rgﬂéﬂayager andom
access nenpsiared geifieonémoryeormxgeutéd bppysecdnd EPUr thatis rémbtbhyiosstedor any
other formof digital storage, local or renote. Various support circuits

ey e CouPiG e S8 oRRRCkY b ebr HNERInd e yEBAEEL O

manner . Sof tWare routines as requrr
execut ed by 184siaccmamtig?Ui thaThe Softwaret edufink 0 eder dexeclifddl Tlanstoems ahewar e

routi nes are executed upon sitioning the workpiece, 104 .in ch er 114.
The. sof twar GOPSE PHECSRHRAMAAL LA, SHEC LR GTBrRS STaoutgE st AonbtiebBe
conput er i NthambepPepératién B6 AR cliANBBIRbeddRat peFbinmed.S AltBfaticdipnper
operation so that a chanber process is perforned. Alternatively, the

process of PFREGEPcYeiie iRIGRANL i BKeMRP BRYpBRf RATTRSENSKniMm daEdware, “ags alin
appl i cat i on gppRStibh Gpbsitie SHtédrafbddircaitioh offer ¥geest Kar@Rar inléH¥Ragon,

i mpl ementation, or a conbination of software and hardware. [0038]
Ref erri ng aghpompination of softwarecand hardwaret of instructions is encoded onto
a conputer readable medi umwhich is provided to controller 200. Control

signal s proggeegd byrexeipytdgath idﬂFnG.n@,thréhilyoa_ssearo@ iCATRHENS R 8Rkddedf ast
focusing coil 110 and hi gh speed deflecCtor coils 112a, 112b fromcontroller
202 thr pugl‘?"Bhé CEMPHIAT é?#“!ﬁﬂﬁ M'%W@mléﬁoﬂw t_°| epniipliercdh dCasiiel,
i nstruct i onggrale pRNTERA! Gt SEcitH IRHRON Ghré OLrRIRLAIA B 49 e of
the five function generators is Used for fast focusing. Two function
gener at or s &eausingeqdil ¥idrans highispeed defledidr cods i1d8a, tivdd fraw cootrolidr @92
generators ?ﬁr‘aub’ﬁ Sqe fo? more function generators 204. In one embodiment, instructions

are communicated through five function generators 204. One of the five

function generators is used for fast focusing. Two function generators are used

for primary beam deflections and two function generators are used for

secondary beam deflections. The function generators are accompanied by

corresponding power amplifiers {not shown). The instructions typically enable

the fast focusing coil 110 and high speed deflector coils 112a, 112b to

manipulate the electromagnetic beam 102 by moving the beam to a particular

location on the surface of the workpiece to create a specific pattern, spacing,

and character of features onto the surface of the workpiece 104.

[0039] The function generators 204 are capable of generating signal wave
shapes over various frequencies. This enables the position and focal diameter
of electron beam 104 to adjust rapidly to signals originating from controller 200
and enable the rapid formation of features on the surface of the workpiece. The
function generators 204 are preferably coupled to one or more power amplifiers,

power supplies, etc. (not shown) in order to facilitate communication of signals
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secondary beam defl ections. The function generators are acconpani ed by
correspondi ng power anplifiers (not shown). The instructions typically
enable the fast focusing coil 110 and hi gh speed deflector coils 112a,
112b to nmanipulate the el ectromagneti c beam 102 by noving the beamto a
particular |location on the surface of the workpiece to create a specific

: ' : t.Qat f f
o kpi ece LogeRen i bolaie 2ot o v RELEEG BT30g'F woll ol pbett
gener ati ng sieflegtongaiz112hageb. over various frequencies. This enables the

position and focal dianmeter of electron beam 104 to adjust rapidly to

signals orig 0 ng Akl L d ' i on of
features on {OE@] surf\gé@&%{?qgﬁﬁeg%ﬁg&z @ﬁ@%hgﬁégﬁi?ﬁﬁn%@%eeﬁgﬁ 3@?%04 are
preferably csagrined aasosmntheosunfameeofptheewodgigcef 10at. s Worfipieee 4pplaydse et c.
not shown) |n r jo facilitate communi cation of . signals between the
((:ont roll er) 2 ?)at%%%f) hto §c(:%ﬁg]gntbgé:’&arn 3985%8 W%Fe 8@ tqﬁ 88%&?&8&904%? ector
c?)i s 112a, ﬁr_k@lrebat térﬁﬁdlfg]qré\s 'ITheCkin@a’(ije'adtémpe?hﬁlﬂe &l ferdrallyl &‘?p@wﬁehhap?(n _

el ect romagneti c _bea I S, .scann across, the surface of the workpiece
T03. o k! e TRIPAR N SORIEEE 0% 1 BTG of eagele HR DRSS o
surface of thgs wWaiykBé efetadfo opra-hdat Rehiparatire NBSY Blad the tERfdPaRrd @t _
tenperature is generally dependent upon the materials the workpiece 104 is

const ruct ed Whi§h WerspieeR i keginp ik Fral dinde@e awhapee e Afwaicabstate pe- heat
tenperature |Qfstgb RabsthAfal fd%%ﬁbé{.iﬂérﬁ YorkbEE ng@géspbé%aﬂéb“u aﬁ@,' fgp to

mel t, undergo a Change in physical state or undergo substanti

deconposi t i opxamekpeating alemenhishehewatefflG@si ng hef werkpiseanpay alsecke i ng

el emrent 150 | Li .scanni ng
t he conponenﬁg%%m&?r?ly&cghgpgé?? §§ﬁg\g§§nﬁg¢1ﬁgﬁ1ﬁ¥f@(f§?%ipr{%‘?%%ﬁ%d%zrﬁk%i ece.
Thi s prelini theryorkpiesai nfhis tprplirninanb scarmingustep ccany be aondusted thyarapidly r i ng
the el ectron 9%?5?' t r i n._Whi e t ain
whi ch t he tet>€ uri ?ﬁﬁghﬁre@éc)cé@g lif’%qﬁﬁ(\)’g{ ﬁlegg‘%’téae‘{@o'ﬁ%&%ga& ﬁ'h%gnﬁgatgra‘r@%di ment ,
t he el ectr onateaain whichotheetexdudziny ocasseis pbouteRs bpaconicksds, Insogd as

preheat | ng. t AEORBPIER dog. Jeian heant.d BEF-AATaY SouBaPRGRrn GarEetB e cat
process nmay §epeas focalt leAgtieshd ¢rodtse iier] af® aafbdduringhteSpeedss loat t he
preheating the workpiece. The process parameters used during the preheat
process may depend on the desired preheat temperature, the speed that the
beam is transferred across the surface of the workpiece, and/or the workpiece

material which is being preheated prior to being texturized.

[0041] In one embodiment, the process of preheating the workpiece prior to
performing the texturizing process may be accomplished by use of an energy
source 181 that is mounted near the workpiece 104 in chamber 114, that
delivers some form of energy to the workpiece 104. Examples of typical energy
sources that are well known in the art include, but are not limited to, radiant
heat lamps, inductive heaters or IR type resistive heaters. In this configuration
the energy source 181 is turned “on” and maintained for a specified period of
time or until the workpiece reaches a desired temperature prior to starting the
texturizing process (Step 307). In another embodiment, the workpiece 104 can
be preheated outside the chamber 114 and then transferred to the chamber just
prior to performing the texturizing process (Compieted prior to Step 304).
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beamis transferred across the surface of the workpiece, and/or the

wor kpi ece material which is being preheated prior to being texturized.

[ 0041] In one enbodi nent, the process of preheating the workpiece prior to
perform ng the texturizing process may be acconplished by use of an energy
source 181 that is nounted near the workpiece 104 in chanber 114, that

delivers so rm Qf r t rkpiece 104. anpl es ,.of typical

ener gy sou?@%éz?t hag %{Eée%gv%?{?f ‘E’R%%?? %ﬁytaﬁseo §?tpeﬂ§3pg%g?lgbgq ﬂ?fr Br%'%f'{:l imted

to, radiant arubadxtbrizings procedees it @rédveat eistortion loR they peorkgiscs tipdeddesi ers. In
turned, "on" and nmi ntai ned for

this configuration the energy, source 181.i

a specified rﬁgapﬁaﬁan of r??'ﬂ'é“o%"ﬁ?‘???l ?O[UHS Worﬁ'R?n Werkplacs . flem LRSS Prigy

t enperat ure ﬂhéh@l’racﬁﬁnﬁtpﬁbéés@és.t Tee resiubialrstrebsds £4rPBE Fonerited by Valioud N

anot her enbodi nent, e workpi ece 104 can be preheated outfside the chanber

114 and t henPHFafENEIACEYINGo OPHEIRNRafHER St Hlastiee 88d parosp nmalprighe
texturi zi ng RFAMASobésREB!(B1 Cﬂnimhg,ocﬂraﬁv?\gﬁéﬁ%ﬁz@,‘lgpldirﬁ&,%‘i@.}. hé higitsa el i ef

e
process may al so be performed prior to the prehe and texturizing
processes t cOHPOFEEHE Offistress teliah is well Hmowsy ibpthecart 1 padtytabrigationepag(at i on of

resi dual str ' ki ; Wolg ring
procesees.  Thangagt g andinb Modat 18LES Sul HEBRrRL B i bleklof HRRHLE T
manuf act ur i ngmowelr and dype ofidormirg grrocesb| usedi mpdathd tolerances torwarkpiede

form ng pr oc&&%ﬁ%n(e. g., mlling, drawing, sintering, nolding, etc.). The
method or process of stress relief is well known in the art of part
fabrication and/or manufacturing and the process recipe will depend on the
type of natefod4sl, t Refertmmionkt!Gaddtheygeanmoira¥als throghpthedesusingeall, 1 tinas t he

t ol t ' ' L an. 04 L NGy 4 b

Lol erance, ! QPR Srec AUBEY By 1 A04R) 1T SBekBahg yEbrglpallif o

coils 112a aofdth#l3ignalepantdrony copooller (202 #rongh fuoictioh genegtars 20@etiie f r om
s_scanned

C e A Ol B s 95050 O o YBE s PERE T Voo
in a plurali1g4.0This eebuitein DPI0ralityedf fedtards GoTRHatre idrenetlior theesupface bhe
e AR LR o VAT IO AT AT o N A
el ect r omagnefni éndb@bodifnt thi WbrkgiSed €04 1¢ MmalaWwith QE§Feet td iR iMpidgmgce may,

electromagnetic beam 102 during the texturizing process. The workpiece may,

for example be moved at a travel speed in the range of about 1 meter per

minute to about 1.7 meters per minute with respect to electromagnetic beam

102. In one embodiment, the workpiece is rotated along one or more axes of

rotation during exposure to the electromagnetic beam 102. The axis of rotation

may be, for example, perpendicular or parallel to the incident beam. Due to the

size or shape of the workpiece it may be impractical to physically move or rotate

the workpiece and thus the electromagnetic beam 102 may be moved across

the workpiece 104 to form the desired texture.

[0044] in general, where the electromagnetic beam 102 is generated by an
electron beam, ion beam or electrical arc, an electrical current will flow to the
workpiece 104. Where the electromagnetic beam 102 is an electron beam the
current may be in the range of about 15 to about 50 milliamperes {mA),
preferably 15 to 40 millamperes (mA). The energy delivered by the
electromagnetic beam 102 can be defined in terms of a power density, which is
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for exanple be noved at a travel speed in the range of about 1 neter per
mnute to about 1.7 neters per mnute with respect to el ectronagneti c beam
102. In one enbodi nent, the workpiece is rotated al ong one or nore axes of
rotation during exposure to the el ectromagneti c beam 102. The axis of
rotation nmay be, for exanple, perpendicular or parallel to the I nci dent

beam Due tGud NGer 3?0k SURBRA LGOS MREKR) grﬁsros ST daprachcal Lo

physi cal |y nove or & WOFK piece™an e gneﬁ c beam
102 may be rsovfade atthesmorkplbee Wby drE eraboditvent mefa:nemgdmwmsiemnly bethieur e.

[ 0044] In geperal the ectromagneti c eam 2 |s Y ner at ed.sby an

el ectron befr'ﬁ°”°8??95'8§?n%8ﬁ‘ ﬂ@%tr??ycgﬁ Fe®X %'I @cfﬁﬁ %r ?%‘Fﬂt f/b flow

to the wor Mﬂmé td@&outV\ﬁérWIrhdné aelaepmhpomgﬁtetsunadeeafmhboﬂonkpueae uﬁoact ron

beam the curr NEX in ther e of about 15 to out 50 m | janperes
e Begrp 1§ ﬁﬁy

(m), pref &fl J‘ ingrted; ahiyePeak Power deRitepkig elgeiremagnaiicoy t he
el ect r omagngjgaf PERMalbe, faeampiefih ieslrdnget & labbuOf 0aVAARR to @BBSE 107, Whi ch

is the average pomer del'i vered across a particul ar cross-sectional area on
the surfacVEamt gka peink gn thessuriage i thaowpikpiesentTheeal pewah depsiiandensi t y

of the elegqy B%é&%%@ﬁmgw het8 thé Bea IQ"Q?lngar(r:\ gﬁ.nh?[}cfc@@ g 0f about

104 WmR to about 105 ol nt on t sur e Wor pi ece
upon whi ch smalleglcpeasible gpeleyzaidat argyepaquw@ﬁmgdelhghotyddxe noted that

el ect romg”gﬁ% %ﬂ#ﬂ?% mérgg%%&ﬁad {oforfi ﬁﬁ%ﬁuré 5doG rtrt?xﬂgﬁrfé’é 8ot 105

WmR to ab nt on e sur aceo g1k pi ece. The
peak power cdenkpiege owy dither foheh |onedymsohemnrgyeesrcedbtannmwmjege eﬂémMneam S

Cetting. 11 RSt B FaerRird R SyRBBleR of Shell el O t ne

f eat ures 50Qh@wotkpieceur f ace of the workpiece may di ffer from one type of
energy source to another (e.g., electron beam |aser, etc.) due to the

o1 CLen b SRR o OB B o WAAR g, |0
el ect r omagnedectropegmetis beatn ismatridieaded te xaase sigyifichhicangrass dsoston
T I LN TR T
as a state weoiohhsf the workpiece can be generally defined as a state where the
workpiece is not able to be used for its intended purpose due to the application
of the texturing process. The amount of energy required to cause significant
distortion of the workpiece will depend on the material that the workpiece is
made from, the thickness and/or mass of the workpiece near the area being
texturized, the shape of the workpiece (e.g., flat, cylindrical, etc.), the amount of
residual stress in the workpiece, the actual power delivered to the workpiece,
the transter speed of the beam across the workpiece, the density of texturized
features (features 500) on the surface of the workpiece, and/or the dwell time of
the beam at any point on the workpiece. in one embodiment to prevent
significant distortion in thin workpieces or workpieces that are sensitive to the
thermal stresses induced by the texturing process, the following steps may be
completed: the beam transfer speed may be increased, the beam may be
defocused during the transfer time, or the power of the beam may be decreased
during the transfer time, in an effort to reduce the energy delivered to the
workpiece that is not being used to form the features 500 on the surface of the
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wor kpi ece is not able to be used for its intended purpose due to the
application of the texturing process. The anpbunt of energy required to
cause significant distortion of the workpiece will depend on the materi al
that the workpiece is made from the thickness and/or mass of the

wor kpi ece near the area being texturized, the shape of the workpiece

e.g., flat, ige@r | . i n : ' r Sin.the

\(NorEpi ece, tﬂ{gmg@q{%ﬁal q%lmr/veedr%gel Fv@?@gﬂ’ﬁgﬁt h“ej \R/t')erckgistggg,%e tsslrifggqﬁlgb%f%r speed
of the beam HigiHAN (e, greRptrically, flat toatddalsthat have tachighi thened! etpamisiones
features 50 : f : ' ~.and/or the dwell time of
the boam at oy po oo anbqimeRt Mo iR SROESE mdllfialhe noRpdie pe ot

signi ficant #fes ft then warkpiecer tmoctrppensate dor vibe ktredses inbdaéedi ity HRSitive

to the ther ; 3%% i qHEe he texturing process, the foll ow ng
steps may bemggr%r?)-'ﬁ;g’t?e :stcﬁ]e eéai%ggfrthﬁg‘foélfp'gcﬁeed may be increased, the beam
may be defocused during the transfer tinme, or the power of the beam nay be
decreased d@f46hg t lieanethas fembodiment tha heatief falemehd 160dnCthet BEbstats gy

delivered to L, ece s _ngt,. bei ng .use o formthe features 500
on the surfa?:l'E-fPri%Ft %m&oeb‘r:ek%“ﬁ%géd ‘°r8°‘(?1éBﬁé"é°f§m%°€‘d?9§ Guring ihe texiiaing eces
that are susprepessbiceraducedhstmatimam fetnpibratugeasméved altig thetexti®irgy | al s
t hat have a highsthe({(rglmall expansi on, %ftc.? i n one enbodi nent the
texturi zi ng PPEEEAHR 2%, [9r accqnirolied porfing atgaafier textydzing to praveRbekpi ece
to conpensatredics diStertRin &St iwiksigsk. by ThBe hehtfigd WIbmbRY H00GESHLN one

I n anot her enbodi nént the heating el enent

side of the workpiece. 04961] . _
150 in the <PRIGIpE! Cglﬂl{%&?r agadram@ Hermeriprtde deyice ssichtarepwishasacece 104
during the tierh T Zoettholdyyo HAESTiaderse AR MING: FBHABY i GRBCEGpFAoACT eved

during the tlﬁxturi zing process and/or allow for a cont coolihg rate
after texturadtig N.pr v anether embedimentithe avorkpiece may devolakpedctn  The

heating el engBbtrdtaOsiippokthi 4o 18 RRALINTRRt adidttich BEHEE Lpel ectric
devi ce such as pur chgged from TE 'Pgig'ﬁndoﬁ?%g{f# Pﬁtc %“TE@%@%”@@% or
Ferrot ec Ametistegionsf Pusr werkpiece ddsditexturiNg. | n anot her enbodi ment t he

wor kpi ece may be clanped to substrate support 140 to restrain the

Foxturi ng. P "oereRACUR"Seah REE A endlioP ittt Bt chef! el Pafess, ™' ™
ener gy t hat endiag upon the composition of the workpiece. The beam generally has a
spatial distribution of energy that varies about a central value that may be, for
example, a Gaussian distribution. In other embodiments, the beam may have a
non-Gaussian distribution.  For example, the beam may have a spatial
distribution of energy across the beam diameter which is substantially more
uniform across the beam diameter than a Gaussian distribution. In one
embodiment, useful for treating austenitic steel, approximately 90% to about
98%, preferably about 98%, of the beam energy is contained in a beam
diameter of about 0.4mm with the remaining energy outside the diameter of

about 0.4mm, but generally within a 1 mm diameter.

[0048] in one embodiment, the beam is scanned across the surface of the
workpiece using high speed deflector coils 112a, 112b, but not using focus caoil
110. In this embodiment, the beam remains focused throughout the texturiiing
process. FIG. 5A depicts a schematic illustration of a top view of a workpiece
surface 104 that has been texturized. The beam undergoes a primary
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dependi ng upon the conposition of the workpiece. The beam generally has a
spatial distribution of energy that varies about a central value that may
be, for exanple, a Gaussian distribution. In other enbodi nents, the beam
may have a non-Gaussian distribution. For exanple, the beam nay have a
spatial distribution of energy across the beam dianeter which is

bstanti al | i an
ottt but 1 on defeton 5ihg Midh 85ASerleller RSAL 08 aRteE, (M pibed: vafecl
appr oxi mat el ycom{)%12m. atammov@a% bp?mﬁgrtlaé)lv;curﬂﬂymitvaﬁg&? ;’léférd’nbe pograsFener gy
[ t ai ned t e.rema n ener
out o1 et he. dNR BediR 15 aetleBlEG: Sopan:efatinds AT R Bt R Gelarian amcesr
[0048] In onerequbmy e prirhérg defléctiondreaieelethai ©605 thd faRgs of Bt 28ftot he

wor kpi ece u3| deflector coils 112a, 112b, but not using focus
cor 17 110, T AOOHT 82 ek eie the Reamds roaat Wt S, YeinY ol Gugaienotne

texturi zi ng pBINECeRs - bédrf u 1%&% o Dldafy h&%bsnddryuaéﬂe%hbﬁ@ OfEa@nt OP

view of a workpiece surface hat has been texturized. The beam

under goes a SEFORAAFY datiaqtion ressis insthepeaamybeing mayed o paecondary mfgremea

112b. High s f cQi | | cinity
of various r@?@?eﬁgeéﬂgﬁpﬁ% sFl .Qé Sﬁﬁéﬁﬁgaﬁﬁlﬁj”qr@éﬁ Qﬁd%ga\%egn pta'ﬂ e}rgence
points R at &ependagy ﬂeﬂmlpecﬁhﬁdwaﬂf intayacta with thasugaceraf ghedmmeuece ap4

{;egggggﬁt rrgmyr{grae%mﬁl;m N ?ra&? P@?ge&&da 8&5@8& %ﬁgg he beam

e Vi clni erence porn goes a
plurality of |m§momjlaey)fwbue¢00 berz tdcabdut 19ekihdez.y Ildeﬁb@tmmmlmelasthbt s in

Shown 1 71 cooedboeR skPedtaB TERNRANL s Rfe Faide o Sl EpeRERP BBILA, e

beam i nt er ackdolvartzh t he surface of the wor kpi ece 104 in order to forma
feature thereon. The secondary deflection frequency nay be in the range of

about 400 he u e e di nent _the econdary
defl ection fi&o% ddency %séc?cr%’gfiﬁg ‘fezﬁﬁti&'gf Jngﬁg)%t Y@ﬁfgpgﬁé PBCQE'?J{]HRQ

ki | ohert z. ﬁmmp Mfmmarm@yn @20 | abziut @elsresmye peinisRat The|pattefi gaged such
that the fe SOQc_tho plattern 520 g&)ﬁ ference oint R The
pattern 520 8’8 Lo (‘;? aglfigar patter), o 4t ﬁraP? ‘?rﬁs &enet CHIPPeRISe are,
of course, apessible, including, circular, eliiptical, triangular, star-shaped, circular with

center spot, among other patterns. The number of secondary deflections about
each reference point R is variable, and may, for example, be up to about 100.

[0050] In one embodiment the features 500 are arranged in a hexagonal
close packed (HCP) pattern as shown in Figure 5C which can be defined as
one feature 500 (shown as A1) surrounded by six tightly arranged features 500
(shown as A2 through A7). The HCP pattern can be repeated to form an array
of features across the surface of the workpiece. The use of the hexagonal
close packed pattern maximizes the density of features 500 on a surface to
improve the adhesion of the deposited material on the surface of the workpiece
104 during the use of the texturized workpiece 104 in subsequent deposition
processes (described below). The texture density can be defined and
measured as the number of features 500 within a square centimeter of surface
area on the workpiece 104. The texture density can vary by the workpiece
material, type of material deposited in the subsequent process, angle of
incidence of the electromagnetic beam, and the size and spacing of the various
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possi ble, including, circular, elliptical, triangular, star-shaped,

circular with center spot, anong other patterns. The nunber of secondary
defl ecti ons about each reference point Ris variable, and may, for

exanpl e, be up to about 100. [0050] In one enbodinment the features 500 are
arranged in a hexagonal close packed (HCP) pattern as shown in Figure 5C

which can b ' e feature 500 (sho a ). Surrounded by six
tightly arr g‘ﬁ%@@%‘g}- %?'tegg@%’sny ?%%’8% aﬁgut@aq%@ ﬁéhf?é.‘s‘“‘ﬁﬁé’%éﬁ%’ tern
can be repeateptimeterf anch pnefemblgybetwbeh egiout 20 and ostsout ha6(s fedtaee Pér t he

wor kpi ece. The use of th onal cl ose es the
density of f¥&A(f 8?”%6t95n %W@RJ@ Ragt n WB bﬁ%'ﬁgéﬁh@é’f: *ﬁﬁ

deposi t ed rrBA;gﬂ.ealM@t@nm@emaurs‘a@@oqﬁratm MBEK RUE GF titahiin AiseH g & PYpuse of
the texturiz wor kpi ece 104 in subsequent deposition rocesses (described

bel ow). The RRR{UM Lepasition precess faay epntabgbetvgen Absyt ?@8 angl abprut er of
features SOGexjiutdd aeasa%r@erﬁﬁi&ém&rsﬁs e %ﬁ&ojr@&%urﬁ&@a Runyéthﬁnd(tﬁéfkp' ece

104. The texture density can var prece nmaterial, type of

mat eri al depxeémpiel the ﬂﬁ@"%ﬂd@*@ﬂ@iﬁt Insr m?@sﬁun‘@ﬂgl®28f444l3ﬁcnwﬁc&0mf t he

el ect r omagneimirkfa t $ g,%rures
500, but ge‘rigeranlla ??@\Bﬂfg?\ a ouét"-I71 %é@out %886? %%"Z‘Ssd Bl'b%esé
centineter, cmtaupbefvmembat;oubéﬂmmamm f@umcpealsquaremnﬁMrmcmsqoer
square centl npl e part nunber 0020-46649, purchased from
Applied Mat etﬁlgg SUFFE%rfgéégnta Clara CA, made out of titaniumused in a PVD
t ant al um deposi ti on process nmay contai n between about 200 and about 260

f eat ures periogsqLar F16e B8 denids aadossup toreviewxefthe gudacd atworkpiecgetO4anot her

I
o o nam usdas SR8 > The Blact o an? 62 1S S06dTS BRI 1y
cont ai n bet vadn HimbeaBGiamdteal30dtat Hioe belatmwhlcpmlec{smnmgaenebbamema across
the textured surfage. 005 Fl 5 |ct C w_of the
Lot hes of - EHSORE sate B ine VitkeiEs 108 o b o B B, i b Bods St | ¢
beam 102 haSnaduémam carmprteeerrablﬁ%outT ba rlnmam dam@edrer'n’@éeah fotwesegomt in
whi ch el ectronma eam.102 onta t.S th&ysurface of, the workpi ece 104

may be about™8©° c’c’b 2is4[iaca © HP%‘?T% r@nd4emajisdeeysad on 0.4 mm
i n di amet er .50per & pafbd OEHREKNOAN as a dwell time. During the dwell time, the beam

interacts with region 502 of the surface of the workpiece 104 to form a feature

thereon.

[0052] As depicted in FIG. 5B, the feature thus formed may have a diameter
506 that is substantially the same size of the beam diameter 504 at the point in
which the electromagnetic beam 102 contacts the surface of workpiece 104.

[0053] In general, the dwell time of the beam may be in the range of about
0.1 millisecond to about 2 milliseconds. The transit time that elapses between
each secondary deflection may be about 1 microsecond to about 50
microseconds. The inventors have found that when employing such short
transit times on materials such as austenitic steel, there is no need to defocus
the beam or reduce the power during transit from one feature to the next.
Surface exposed to the beam only during the beam transit time does not melt
appreciably, thus features are only formed in those areas upon which the beam
dwells. Once the dwell time has elapsed, the electromagnetic beam 102 is
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region 502 on the surface of the workpiece 104, and renains focused on
region 502 for a period of tine known as a dwell tinme. During the dwell
time, the beam interacts with region 502 of the surface of the workpiece
104 to forma feature thereon. [0052] As depicted in FIG 5B, the feature
thus fornmed may have a dianeter 506 that is substantially the sane size of

the beam di aggfigite® ¥ apbtheh fediéh, rﬁuchrhs idhhsw%rﬁir@%lirfaaa%?%rﬁ igggm 102
contacts the surface of workpl ece 104. 53] 'In general, the vveII time

of the beam 8§ b pnf-'t%chumg@t e awuttlmeocqn Wiel peareasadite dﬁ%btt@n b
mlli Secondsmni%&otneamb&aﬁm faeaﬂot}%@me d@eé 5 the $AREre? G %’]‘ﬂé\ﬁ_%e

defl ection bout crosecon m Cr osecon
i nvent ors hadecrfe@aeﬂlj te less thael miewasgonds mmlfevshmlstorttm'aotsﬂhe workpiecen

material s sugllos gBURLERRH MichPRlaledELeol BelRRAEh LW ISy farlie Do

or reduce the ransi rom one urface
exposed to t heokeabeioglplacddri ng t he beamtran5|t time does not nelt
appreciably, thus features are only formed in those areas upon which the

beam _dvel | ioolice SNENIHE) Lmbo o eloRRS S8 A foiberld quaIRldBypoa™ 102

is deflect eH) anot uéh ce” of
wor kpi ece 16daml mOZ)rrepldtybmdan@rmn tdh doceein otdetetocmdube tdecbmsembwem | ess

than 1 mlliseco for ut 0.1 ml con d/ or

ranster i moRg duPo st ReS  Pewhdefp 1040REmEINS 5 dlan

di stortion ofndnner umrérmrg-peelwétw fochg sonzde ofché workpglede 004 fsrragid tiyhllyeas of
t he workpi ece i.n | ture 500 I ng ac 0054 n

anot her enbo&?%‘ﬂega t%i@"?%b{?st ‘Ftﬁﬁ(15eﬁ‘5@8§ a?’ﬁgeeﬁghg?'ﬁhﬁb‘?%fqrﬁs %Béam 102
rapidly in agek rhe@onfthe serfade dihirKkpiése T®@Auce the beam power i npinging
upon the surface of the workpiece 104 during transit time. In this manner

th del to th t he wor ece 104 is nore tightl
et ronT o okl eyl Hliealt s ka0 Moy & diseeons profbapppgenor

f eat ures 500combinationsTeiterott. t MheSpILFABE of featOrel PEEL tnal0be a&é}@@al inT@e

plurality of features 500 3/ be depressjons; %r ot uber ances,
pattern with substantially uniform spacing 508 between features 500 While
FIGS. BA, 5B and 5C depict a pattern of discrete features 500, features 500
may contact, overiap, or merge with one another. One possible embodiment of
an overlapping design is shown in Figure 5D. In another embodiment, it may
also be possible to form an array of overlapping features 500 to form a trench or
groove on the surface of the workpiece to promote adhesion of the deposited

film.

[0056) FIG. 6 depicts a schematic, cross-sectional illustration of one
embodiment of a surface of a workpiece 104 that has been contacted with an
electromagnetic beam such as electromagnetic beam 102 having a beam
diameter 606. As shown the electromagnetic beam 102 impacts the surface at
an angle of incidence 610. The angle of incidence 610 is defined as the angle
between a ray 610a normal to the surface of the workpiece 104 and a ray 610b
parallel to electromagnetic beam 102. The angle of incidence may be in the
range of about -45 degrees to about 45 degrees, preferably about -30 degrees
to about 30 degrees. Stated differently, the angle of incidence may be within
about 45 degrees measured with respect to a ray 610a. Features 500 generally
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conbi nations thereof. The plurality of features 500 may be arranged in a

pattern with substantially uniform spacing 508 between features 500. Wile
FI GS. 5A, 5B and 5C depict a pattern of discrete features 500, features 500
may contact, overlap, or nerge with one another. One possibl e enbodi nent of
an overl apping design is shown in Figure 5D. In another enbodinent, it may

al so be possphlged Q bBIIILAN b5/l AbAYEREAPAI Grel AN G5orPBRhdsfid £ ™ @

trench or groove on the surface pi ece to pronote adhesion of
the deposi t ezlectforhagnetic @88 102 G 6 depicts a schematic, cross-sectional
Il lustration of one enbodinent of a surface of a workpi ece 104 that has

been cont act e t r ' t ﬂf@%.p oC beam
102 havi ng 61[%7£Am thﬁg ﬁ%ﬁﬁéoﬁﬁﬁ%;b%rghg ﬁ% ﬁ%‘?%é?&(‘)%’%%e I C egﬁ 102

i npact s t he haveftheefiact ofaimpaonh@ thef harwiackelkfetime 1O maihtenanegd eyald of thei dence
610 is defi Y. I t rface of
the wor kpi edlrip & Wajng 285 ERE R Eeirortss Gl Birahtel Aieh0,” e
angl e of i ndhdrecelumay 126 to thet inateriahogreingfofialbedurfadé ddeng dhess texturizbbgut 45
degrees, preferably_ab u -.30 a 30, degr.ees. Stated

di 7 or ont Ly ProRess g detedting o Sk BSdm o Buie A e pordiid 120 en b i Bie
nmeasured W tihd @edteriblyt prevehtlyiofid Gom eV freOcgamer ahd Yharmingl trikes a
depressi on 602 gﬁg royi Bberances 604 are r?g(")frtﬁe upQn exposure P?

el ect r omagnetaiRodsetif anpot e[mﬁ?“eﬂ‘%‘”ﬁéf‘lt"éec?‘?'%"dfzot he beam at the angle
of incidence 610 can also have the effect of inproving the hardware

lifetinme or gedent enwmile th¥ Gheerbrst &e nobatisinas eedheldt 1© ahr,e dnlenparﬂif:ulsn ght
shiel ding of the various hard re conpopents, jin t calu 120 t he
i Bt {5r Belisbed Bt

mat eri al con‘F’ifPéa’@F‘P"tt?@'%r“?% emtionf theaeferies 2PRg™ 5

defl ection Ohalchigl 66 M8 sakatlel 2R &P tﬁdwmtéﬁ@k Bfthelwbrkprige Moai igiheated tand
preferably prevent, ions fromnoving up the colum and harmng the  cathode

106 and ot heligl derpBeratire, Wi Somencases abovedhe oiing taropesaiureef me materighvent or s
do not wi sh &c?w?r% m%e H& Jverk [%eQ8, PR sa‘gga Réatin gwlpwédsoa thée Ridikpib&e

formation of ese eature 500, it i1s believed that material on the
surface and causehgmaierist tobeobjected ouimapdse c eThi® foms deptesgionote in a

location from which the material has been ejected, and alsc forms
protuberances 604 in locations to which the ejected material has deposited.

[0059] The depression 602 is characterized as having a surface 622. The
depression 602 has a depth 612, defined as the perpendicular distance from
top surface 620 of the workpiece 104 to the bottom of the depression 602, in
the range of about 0.001 inches to about 0.060 inches. The depression has a
surface diameter 614 in the range of about 0.005 inches to about 0.100 inches,
but preferably between about 0.008 to about 0.089 inches. The depression has
an interior diameter 616. The interior diameter 616 is defined as the greatest
distance between two points on surface 622, parallel to top surface 620 of
workpiece 104. In one embodiment, the depression has an interior diameter
616 greater than the surface diameter 614. In another embodiment, the
depression has an interior diameter 616 smaller than the surface diameter 614.
in one embodiment, protuberances 604 have a height 618 that is in the range of
about 0.002 inches to about 0.060 inches, and preferably between about 0.002
to about 0.046 inches. An example of a range of dimensions for features 500
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hi gh tenperature, in sone cases above the boiling tenperature of the
material conprising the workpiece 104. The rapid heating of portions of

t he workpi ece causes material to be ejected outwards. This forns
depression 602 in a location fromwhich the material has been ejected, and
also forns protuberances 604 in |ocations to which the ejected materi al

has deposi t%ﬁ[ﬂe& @028l a ITn\ﬁ‘nlﬂr?%ﬁas £ e%éti E\Aé?@iléglrg? aﬁ'?quﬁlﬁeﬂﬁﬁé@g a

surface 622 depressi on ed as
per pendi cul a#4438s isah swridoectiametsp 634 betweencdoud®. Oﬂaanvlmblopi @089 irdhes,0 t he

bottom of t r 001 I 0 about
0. 060 1 nchess MRt 628 bEBeifén sblu .57 bRRABOR o A8 Honds, A 4 BRARTIRC°C)
about 0. 005 dfraﬂwaﬁ)@Sababbut(D 08B irichefien andihér exaeipte abh typied! \nawge efoout
0.008 to abo t 0. 089f (i es o%ﬁgﬂi ssion . has an interior diangter 616.
The interior Weﬁﬁlﬁpﬁro% qatires 8" st AR HANUNWOTKPIRCE: PARNWBPSeen t wo
poi nts on suwi2ec466422is #3UAheHiahietérop sbéthass a@%ﬁt 9f012\/ﬁ?fdkébcﬁﬂ>© og4. In
one enbodi nent, the del% gisq Hpgﬁhas an interior dianete 616 greater t han
7l

the surface Bfiffedepeg W@ra%&ﬂ%‘eﬁ‘ﬂd abpidt Oeg‘ﬂ)r'mﬁoﬁ“ & an

interior di ad&ruem@éﬁaﬁdmblcﬁrstbraaauttdﬂmﬁ%ﬁeé:e dianeter 614. In one
enbodi nent, protuberances 604 have a height 618 that is in the range of

about 0.002 inches ﬁ%ﬁ 0,060 inches, and preferabl bet ween about
0.002 to adB0lo. oWEIe FlHe§ demirte thenspecitis formalingof dpatirage iaglofag for

features S50Qepr&dsit 600 aMY b NProtUBeYEHCKR E . it AP MitHRT thEt Ko Balér e part
nunber 0020- 44438, is a surface di aneter 614 bet ween about 029 and about

0. 089 i nchegdNVvergiondp éAm enly depressiphieehonly HretuberaNces: 9l vaRng ralicsand nches,
d a depth |
and a dep %mzﬁfon@@?ﬁﬂ ptes8igds raﬁ???&*]ﬁergnggsﬁ FW@P% PEGrB&dio rfs;a”p e

of a typical range of nmensi ons eat ures |n an t| ni um
wor kpi ece, paaY hauetyarying shapess lepthsi sudaceudinmeterdi angtinterigr diabnetareen about

about 0. 004 il 143 proti6oiRced ma b AIng'shHBLE0E rERAN o Wil ncnes.
[ 0060] Wi | evaRyi®y aﬁgk&emf@ostmhmtbpbemfurkpléay swfacen THe pmnbﬂr&mesmuj udi ng a
Mvent on t Cepadiirs Pl EriRE! GRGER, BEimerob v e Hedie %T5C BPafary 1o

invention to rormonly depressions ratios
and conbi napaoins fodmdepe easothars arnl predt erhbodimeas . tHeu rdpaeingd hetwden
depr essi ons

protuberances or between depressions is less than about 0.02 inches.

[0061)] In one embodiment the beam may make small deflections during the
dwell time of the beam to form a feature that is not the static shape of the
projected electromagnetic beam on the surface of the workpiece. Desired
shapes created by the deflection of the beam during the dwell time may include,
for example, a star, an oval, a diamond, a triangle, a rectangle, a pentagon, a
hexagon, or other multisided shapes.

[0062) In one embodiment, the workpiece 104 is sprayed with a stream of
hard particles (“bead blasting”) after the surface texturizing treatment with the
electromagnetic beam 102. The hard particles may comprise, for example,
aluminum oxide, garnet, silicon carbide, or silicon oxide, and may have a
particle size of about 24 to about 80 grit (about 535 microns to about 192
microns). Typically the “bead blasting” process is completed at a delivery
pressure of between about 5 to about 70 psi. The hard particies may be
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may have varyi ng shapes, depths, surface dianeters, and interior dianeters.
Simlarly, the protuberances may have varyi ng shapes and heights as well as
varyi ng angles of contact with the workpi ece surface. The protuberances and
depressions nmay contact, overlap, or nerge with one another or be spaced
apart fromone another. In one enbodi nent, the spacing between

b I t h bo .02 inches.
P0061] 1 onaPElysBIR nbERE B39 RAF vbSspr @il et AY Achart h an ANeRYS t ne
dwel | tine ofslurtye cbemmsmonforlm geheal, utt'ehtbleaﬂ blastivay fttéwﬁnshﬁtutt?ocﬁhaﬁe of

' t e rkpi ece
Dosi roa” ehaldBEs pRIRE 3o SIRP weliminteoto4 hal §der e e roermess | ¢ e
nay | nc: ude, geharateli(djypluemﬁatr&t Eﬁlectr@ﬁ*na@:ﬂﬁilc b%afl:l[ aimgddTﬁ?]ttﬁéa'&“%ié%tlggz] -
t a hexa or other nultisided shapes

Lﬁg 22%03. ner‘@gp'??rg 30 FEMAES %4'09%9'% prhgred materialgsugh é%uﬁ‘f‘?ﬂ‘berﬁa?%ﬁ
particles ("kaabddyameitBgulizing TpﬂfcebgeTﬁé'rrét?g‘h?neé@fﬁrh'lbbzﬂyrtﬁetbbﬁ&

biERfhg i "
the el ectronagnetlc beam 102 hard particles may nprise
exanpl e, al HEAYIAAL oWEﬁéseﬁa?hﬁefe‘e%tiqnl %@%Slélﬁdérop@ﬂleﬁ IOf cdba texduted and

nmay have a pambbhéf & r%ﬁte‘?ifal @%BSI% %Qre%goqfn a%gm%,', Beéfﬂlﬁgﬁnqr’@é] gicrons

to about 192 mcrons). Typically the rocess 1s conpl eted
at a del i ver yseghicelan thetornpenasimatigrose. 5 h.edlﬂbdljastm tmtmeﬂmmwmiesl

particl es ”ameb?natéﬁélaﬁgﬁ’osﬁtéfi%@ RO 2&drfndiidfh TR REGHBE AKEC Ofinigg & part
neral, € béa | 8 ﬁg?

of an aqueous lurry _ ( eat ment
i nt roduces mwg:lﬂdeelyaldmtotthe cempbm pubr tohbev!epdsinicﬂcmoﬂ:ésb.t hat is finer
t han the roughness generated by using the el ectronagneti c beam 102. The

bead bl ast | nfboed! *2TRAbmE} BAoBIE S8 WorkA808 1 Ha W ARLAR T Eldheg ouCh, 2

pr ot uber ance texturizrn rocess he ro med by
t he bead bl asttemtye surfage marlnmpmamsTmmmrmmlcaﬂy rouglaeﬁmisshmlqabepert i es

O %) Lot kP RRARBR R BH' Bl ool B SREPSHN ot An el
bl asting treaunae of ethev esmpohentyaslectrahehialigi étedmgntﬁehesmﬁéoaﬁﬂheand
hel qenosi ' afMROAGE & dritinaldnhoieet Thé bhémickl fodghdring Brécess, lkethe ° ' °
bead blasting process described above, is used to form a rough surface that
can help improve the adhesion of the deposited film to the workpiece 104. The
method of chemically roughening the surface of the workpiece 104 depends on
the material from which the workpiece is made and should be commonly known
or understood by one skilled in the art of chemical cleaning, metallography and
chemical rmachining. The term chemically etching is meant to generally
describe, but is not limited to, the process of removing material from the surface
of a workpiece by the use of chemical activity. An example of typical chemicals
that could be used may be aqueous acidic solutions, containing such acids as
sulfuric acid (H280Qs), nitric acid (HNO,), hydrochloric acid (HCI) or combination
thereof, or aqueous basic solutions containing such chemicals as potassium
hydroxide (KOH), ammonia hydroxide (NH4OH) or combination thereof. In
another embodiment the process of chemical etching the surface of the
workpiece may also be completed by use of dry etching (plasma etch) process.
Dry etching is generally a process of generating a plasma to energize or
dissociate reactive gas species that interact with and ultimately remove material
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[ 0063] In anot her enbodi nent, the workpiece 104 is chem cally roughened
after the surface texturing process. The term chem cally roughened shoul d
be broadly construed and includes, but is not limted to, chemcally
etching the surface of the conponent, electrochemcally etching the
surface of the corrponent or conbi nation thereof The chem cal roughening

ough sur f act Ao WeRRtect, fatecll, R°ERT AGRRERBRIAl Bdind BHBFR T, | 1 (o

t he wor kpi eqenetally dmgnbmmuhdnjnmfllnmteeimocwel procersgdferemoyirghmateniaf o of t he

wor kpi ece 1 t Ls _made and
should b coleSarEcH S Rorpibee BRabk aBairafiGTohah oot Bistih 4, E6tkmictst

chem cal cl efaiahmgto aedthet eigmephthabacts ashemtbedle and [ also gubribrgetian @n

chem cally etchin |s rreant t 0 _gener byt .i s _not tedto
the process e&?q FPHYO ettt P’éﬁqﬂ ﬁﬁ%‘egm%%ca"éﬁfé{%ﬁ’%Pﬂﬁeéﬁé #y the
use of chemmay ba@damewo bénemwmlth?e Mivehtidh isaddeseritsst ibPaienttdpplicationl d be
used may be a ﬂ é)qls___ aC| s | i ons, con ai ni ng suchp&(jl ds as sulfuric
aci d (H2SO4)entifg !?CE{B }‘ W‘P@“a@f"&?"‘@ ‘5t°b|P"BQﬁ$Ei”Sat|on

t hereof, or U§s fardce "Séélr?dt hgﬁ@eﬁmﬁsﬁﬂsreasgfnaacm om0k S(Aﬁérr@?t assi um
hydr oxi de (K anmoni a dr oxi de (NHAOH) or conbi nation t her eof

anot her enbdeRgrehtNe. h@%ﬂod’é‘ﬂ@h d% 'Bﬁ@'ﬁpt?éﬁd divc FRfANeA ctos the fxtentf "che
wor kpi ece Wcoﬂs%?erh‘%wtﬁqg@b@rﬁg ﬂl?.geé’é%nafdegér)btl?ﬁ%mé?lg (pl asma etch)
process. Dry etching is gener al a process of generating a plasma to
energi ze or __di SSOCI ate reactlve gas speci es that interact wwth and
ultimately Mg 2 Cl A LECONTAMINALIQN ces. The term

el ectrochemi aﬁld y GthHh&H?H %n’fB“o@i[?ﬁeﬁtoof Qﬁ@qp&%ﬁte&nd%s%éthsd GUtedupi ing!
limted to, e process of renoving material from the surface o

wor kpi ece bwmtaéma@tm @i piecess ghamhedisc prvided: o In lnenemppdigest, thel ati ve
to anot her %& Fe&tj&@icaﬁltaﬁn loﬁ %tﬁﬁgﬁa@rﬁowﬁe@ osane @s%grﬁﬂé an

el ectrolyte so | on n exa an el ectrochem ca ching proocess
that may bdn Mptaé,dtheocitamta‘rlma)f bemnyhmalwaeelmu partlalb/ dedosed)eluhmhelpat ent

FBecai ng. P <o b S HRRGLA eI WA U

2001 (Attor mh;ambﬁochretod\lcsurﬂéé&l)of wbimpbnérstsi withinp ehext ehnityerr efmemae to t he

Ot AR el or (3o Sl Bl FHoRRShg Aaholes HPLhgRoder o
may be one which is suitable for vacuum processing of semiconductor

substrates or glass panels. The wafer processing chamber may be, for
example, a deposition chamber. Representative deposition chambers include
sputtering, physical vapor deposition (PVD) and ion metal plasma (IMP)
chambers, chemical vapor deposition (CVD) chambers, etch chambers,
molecular beam epitaxy (MBE), atomic layer deposition (ALD) chambers,
among others. The chamber may also be, for exampie, an etch chamber, such
as a plasma etch chamber. Other examples of suitable process chambers
include ion implantation chambers, annealing chambers as well as other
furnace chambers. In a preferred embodiment, the chamber is a substrate
process chamber in which a substrate is exposed to one or more gas-phase

materials.

[0065]) FIG. 7 illustrates a simplified schematic cross-sectional illustration of
a sputtering reactor 700 in which contamination may be reduced using
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[ 0064] In another enbodi nent of the invention, a nethod of reducing

contam nation in a process chanber is provided. In one enbodi nent, the

nmet hod reduces contam nation of a substrate provided to the process
chanber. In general, the chanber nay be any encl osed or partially encl osed
chanber that may be susceptible to ' materials condensing on interior

surfaces of ghBodifeArEPEEscAbed hefeih [ PtE PoflorCRATPEIIRNRS a"‘@éé‘duﬁ'naﬁﬂgrpﬁgﬁﬂger '

In one enbodi ment, the chanber is a substrate processing c

chamber may? Keaghe fhstiate suerart 286 davivg a tapusiifaeeotdfifsi ddieosubstrate

sem conduct r 0 e - Wat ' er may
o for exambpRH T3 Rag o for B A eiBetrokile BHLEL. e BB e <

i ncl ude spukameiiseg 2 shigldiasaemblydB and@nsélevador gyBidn) 782.d A substrates?2(pl asma

(IMP) cha rs, .C ' L L anbers, h anbers,
nmol ecul ar gg@iﬂs"egi ?%@fg?wg\g%ﬁﬁgsqoéb@&%%%i H}oﬁu ﬁ%{géﬁaﬂﬁﬂ&,
anmong ot her ssubSthigtecsuppodr 736y Iraitteo ebemplanr arasgenient, e subsratthsogwt such
as a plasm . r. .o her anpl es of suitabl e process chanbers

i ncl ude ion 'P&ﬁ?‘g’ﬁ?‘gﬁs&ﬁra%'@@ﬁ' ArReLEHs: ﬁ%agﬂﬁm'f’gg'a‘?%?‘y"&“ ther
furnace chandevator bystemp73d.erCerthire Naediare Nsuchtdie gad anee mdnFoRisSampér at e
process chanber in which a s_ugékrz;ie_ I S exposed to one or nore gas-phase
materials. Y{ASHEBPYFIRE are oMIteQiqr ¢kl o sinplified schematic
cross-sectional illustration of a sputtering reactor 700 in which

cont am nat i qoosspy bEhe exermpldnugaciam erepaiskreIBtifcldass ai JyReldival ehambdihe
and a substrate support 736

reactor 700 cgmii%nsda vacuum,chggger . (16

havi ng a top® @B¢ 23 8UPPOfH NG fh&Whighs Is DeHRIEA 0288 tar P fre chambeianyl e,
an el ect r ostwdli. c TRBU6E -of RR8GhambéP s ElsENy a ¢RGEY pRRS 706 SWHigh Ragssendl y
718 and an el evator system 732. A substrate 720" (e (T:; a sem conduct or

wafer) is pdaiefiPhRwiads 4R6A-opThautargeteriatesfOfyis 9'ﬁ§tri°§l}biﬁ!‘tsﬂ!ﬁi¥%d foppthe 736.
In the exenumamberW=ASIANEEY antdMhultiisdUiAbE 7Y rrbstJliﬁgFén%% %QSP’ as by
'y novabl e ‘el evdtor

a plurality of screws, to a conventional vertica _
system 732. RigtetZl6nhand thevavepartiBng 49 2gaGeneralbt, temnstiesl the mtegrity of thecuum

punps are Orv'ﬁtc&@rﬂ if He eﬁ.ﬁﬁ%rma bHMREknctMhoRK PR el AMRVY HRHLSP fe 716
i ncludes a cylindrical chanber

insulator 710 to provide a vacuum seal. The target plate 706 may be fabricated

of a material that will become the deposition species or it may contain a coating

ot the deposition species. To facilitate the sputtering process, a high voltage

power supply 702 is connected to the target 706.

[0067] The substrate support 736 retains and supports substrate 720 within
the chamber 716. The substrate support 736 may contain one or more
electrodes 734 imbedded within a support body 738. The electrodes are driven
by a voltage from an electrode power supply 704 and, in response to
application of the voitage, the substrate 720 is electrostatically clamped to the
support surface of the chuck. The chuck body may comprise, for example, a
ceramic material.

[0068] A wall-like cylindricai shield member 742 is mounted to the support
ring 712. The cylindrical shape of the shield member 742 is iliustrative of a
shield member that conforms to the shape of the chamber and/or the substrate.
The shield member 742 may, of course, be of any shape. Exemplary parts may
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wal | 714 and a support ring 712 which is nmounted to the top of the chanber
wall. The top of the chanber is closed by a target plate 706 which has an
interior surface 706A. The target plate 706 is electrically insulated from
the chanber walls 714 by an annul ar insulator 710 that rests between the
target plate 706 and the support ring 712. Generally, to ensure the

integrity ofinbh@e M@ﬁuug& 14 SR %gbq{?rzémﬁf " beS Bl %}Wm?ie used

above and bel ow t he |nsu at or e d vacuum seal Y get
pl ate 706 rra9029544%lfr| ©820-¢4438, Q0RGKUEARI QDRALIWOTT, bee@e12de Ooeoosi tion

speci es or t G0t Lt | 83

facilitate t e spu rlﬂﬁg %r ocesdsgégg a&f"éé? %’gﬁ‘gﬁep"eﬁ’g'@éff’%é BF'y 3?5? S
connect ed t oClameChar get 706. [0067] The substrate support 736 retains and
supports substrate 720 within the chanber 716. The substrate support 736

may contain or 10 t body 738.
The el ect rod@ék%l\re dmr) %@%tr']&l y{ha %‘0‘?‘95’3@?%39%%'8[& "ﬁg‘(/\g%ﬁﬁf’pl y 704
and, in res piodsdes @n appllac depasitiosf rihd)7300havige ant Imbes uiwhétat evhictDis S
el ectrostati cl 0 surf ce of the chuck. The chuck
body may co éd SPaI:thgg?nﬂ? rtlﬁ':’ape 5@1%5%}@0 over the jedge of tEG@QFS%@tﬁ/aTq li ke
cylindrical withaltdonaotiey th'ééb&bsﬁatﬁpmhb%ﬁaﬁ@whhg réstdRebH anrdllgﬁnZﬂt%mgThe
cyllndrlcal_% F’%et e sh Idrre er 742 is Jllustrative of shield

t

nenber t hat ‘gﬁﬁtené MRge’ <t 1§ HBPRHH%%EY B Hangs (’BCHeS@XHﬁt"Pﬁ‘t e. The

shi el d menbegxtddds frem, thefsubenats &u 8ganf36anu othe? 'BhpoeMa! s§eH™RY
i ncl ude 0020- 45544, 0020-47654, 0020-6W 101 oozo BMBOZ 190- 11821,

0020- 44375, TOEAMD IS B89 - in3pbysicadovapoy \asppsitiop2 (PMB) 2can dexdtorzesingos,
0021 - KS556, | d
CA - [0o6s] RO R eoRisbe @3 hed AR g I sBplc2lione Mmemiild’ 715"

al so i ncl udwseian Examplary eapuler ishedowi ings7aud/bnelamp 4ings rincudel 0886+ er

et are o hd ooedialdbhibint KRBl NBIEHAH Ine, Wit bl H0° OF | ne

substrate 720 w thout contactin rate e shadow rin ests upon

an alignment ring 728 and the allgnnent r|ng 728 is supported by a flange
(not shown) #9741 During a sputter deposition process, process gas is supplied to the

chamber and power is supplied to target plate 706. The process gas is ignited
into a plasma and is accelerated toward the target plate 706. The process gas
thereby dislodges particles from the target plate and the particles deposit onto
substrate 720 forming a coating of deposited material thereon.

[0071) While the shield assembly 718 generally confines the plasma and
sputtered particles within a reaction zone 777, inevitably, sputtered particles,
initially in a plasma or gaseous state, condense on various interior chamber
surfaces. For example, sputtered particles may condense on an interior surface
718A of shield assembly 718, on interior surface 706A of target plate 706, on an
interior surface 712A of support ring 712, on an interior surface 730A of
deposition ring 730, as well as other interior chamber surfaces. Furthermore,
other surfaces, such as the top surface 736A of substrate support 736 may
become contaminated either during or in between deposition sequences.

[0072] In general the term “interior surface” refers to any surface that has an
interface with chamber 716. Chamber component refers to any detachable
element housed completely or partially within a process chamber. The
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extends fromthe substrate support 736. In addition, other conponents, such
as clanp rings used in physical vapor deposition (PVD), can texturized
according to processes described herein and used in applications

contenpl ated herein. Exenplary annul ar shadow rings and/or clanp rings

I ncl ude 0020- 43171 and 0020- 46649 avail able from Applied Materials Inc.,

Santa C ara 0, i ! ess, gas is
supplied to tgﬁaembéérha e?@%ﬁo%??éé@bpgﬁ%géﬁ %&P%%eg'? ﬁp‘?’a% y’?@&.ﬁ?The
process gas t@mpednt gtacedmwithim apvatsiwm chambar, awdeasrfat edampleaichiamber t ar get

plate 706. The. pregce | 1.C fr t r get

pl at e and thz?%ar@i%c@gg Qg%doé‘?’t%gﬂi(aé%@lﬁgﬁ ﬁﬁ E’ﬁ%‘%{ #Lgf encar% crcj'g@i)?hg of
deposi t ed matempenenthgersrally hp®®@nly linited eadhbsioshaed dnas selehsey frohB tigeneral |y
confines the n sputt er ed rticl within a reaction zone 777,

I nevi tably, %@hﬁ‘f@%&%"%&?‘?t{ém'@?ﬁ‘ﬁ ﬁﬁsfr Rk n a pl asma or gaseous state,
condense on various interior chanber surfaces. For exanple, sputtered
particl es napozshndelnsordan tanraducerihertendefiaycef céndensell foneigh dnateretdl y 718,

interi rf 706A of target plate 7 o} interior supface 712A
of support rHGCT T Rfcs kRERBS: Cafidhoit e ertfer caliicient seh ey 730,
as wel | as ofohekamplega ismelcbdfwehmlf yEw,faazea_mt 7664 qu:"?pggtrm 71@5 epositisri aces,
h the to rface 736A ubstr at uppor.t _ay econe
b ot St TR oo b oL SR, SRRSO 2 1
general the éwn), ipetiestaP173gurEligeRent ARG B2, OstitMir Hidk & EReWn)hap 4n
interface with chanber 716, Chanber conponent refers to any detachabl e

el enent hous¥WPsUBIRSEPRITY 736: daRrevred i @ HpRuHZIpDg hagdesh sHefe ras, Tae

chanber conpm@me,erlaﬂaaabsawmmmg169.rrp0nent, i.e. a chanber
conponent placed within a vacuum chanber, such as, for exanple, chanber

716. The condensed ter that fornms on the interior surface of a chanber
conponent, @& al | ggé?é%”%'ﬂﬂ’“{/ 1o FiG & @ srtieef sretheghgtepa $0P deginscatristemm t he

conponent angbx @Ad PrdekRds th e 80 WRdrBin /g Bearml Qfogl\%]:trérﬂagﬂé{%r eﬁé?ﬂ% ‘jﬂ uce the

tendency of condensed foreign matter to detach froma process c er
conponent , t%neﬂg,ﬁgg}sscwﬁpwﬂ@ﬁp,ofmoag}ore chamber components to form a

plurality of features thereon. The features may be depressions, protuberances,
or combinations thereof. The nature of features including depressions and
protuberances thus formed on the surface of the chamber component are as for
workpiece 104 described previously. In general, step 804 encompasses the
method steps 301 to 314 described in Figures 3A, 3B, 3C, 3D, 3E and 3F.

[0075) In an alternate embodiment, the method further comprises
roughening the surface of the process component, or workpiece, after the
features 500 are formed on the surface by the electromagnetic beam 102. The
process of roughening the surface of the workpiece after the features 500 are
formed, such as “bead blasting” or chemical roughening, can improve the
adhesion of the deposited material to the workpiece, because the surface 622
and the surface of the protuberance 604 as formed by the surface texturing
treatment tends to be rather smooth (Surface roughness (R.) of about 64
microinches). The smooth surfaces created by the texturizing treatment are
thought to be caused by surface tension acting on the molten surfaces created
during the texturizing process. The roughened surface by “bead blasting” or
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for exanple, a shield assenbly 718, a target 706, a support ring 712,
deposition ring 730, coil (not shown), coil supports (not shown),
deposition collimators (not shown), pedestal 738, alignnent ring 728,
shutter disk (not shown) or a substrate support 736, is provided to a
texturizing chanber, such as, for exanple, work chanber 114 of apparatus

100. [ 0074]HRRfiEd)" i hef g ﬂﬁr@ﬁ t, s c%eEHee?ntﬁrf\SIgﬁ]ﬁeg?d ﬁ} @I%glﬁagﬂ begi ns

at step 802 and proceed 0 st ereln a be gnetlc
energy is Sdategiad Sémm faults, sett:f)a(mldtn‘r extdnsic sbess c(reegrbetenmrqmlreents to

forma | ur f r t n h at yr es. dep essions,

pr ot ubergnce@#érbxcgc%%bal%tﬁgt ?%ens ﬁ?é@g%f ;nih&'%nétéasﬁ'tegfa ”P%tg{‘ eRgh ud| ng

depr essi ons axpdnsipn omigoeaten cets.)t fouadfior thed depositee marefnal:eaﬁf cédse ﬂ’@i’mber

conmponent ar [, workpi 104 de cri bed eneral , step

8021rp encomas‘geé)?g%%cgm%rﬁég bé‘f:glﬁ rictae, EE%?’ @ %/rnfrﬁ?ttjg*r gﬂ'@A 3B,

3C, 3D, 3E auposited n{a@é}rétls]:am geraéraw psaerﬂeé that Fagdeae i codtﬁ?udﬁﬂbﬂ@ﬂtﬁe‘”t her
t he process conponent, or workpiece,

219 {ne):l ts EZ r%‘ﬁ?ﬁ%@'s %? eg‘ﬁ Iiafﬂcrght rsuriage senghening,gsnestobihisinvetiaiet i ¢
beam 102. Theipingsress m'é adr@s%eﬁrb Bribd of wa@ma@& nﬁd’t'@nae%'ﬂm 8Gfacdf ter the
If’

features 500 are formed, such bead bl asting” or chem cal roughening,

can i nprove 2fiee Waﬂw&qedhr%'shﬁmcﬂgsamréamﬁakaaﬂacamenbom brNdiRg- kini anee,
because the gnddvaenfaRe BRsmb&E c%?ﬂﬂo%%ﬁts%r tﬂ@rkpfee ubﬁfrl%@ﬁtehéqgu formed

by the surface texturi ngt; treatnment ‘ten er snoo ace
roughness ( Raygranegriiar teatexidrigingi traatoent. inBtep 80 by hpwﬂg&ama(streamed by

the texturi zshoh g haaidE" ‘b@JoeblaE{Pg‘ng th% S@Ecgacarﬁﬁg cB%pﬁHéﬁtaC?hé ﬁ%rz:l's

acting on the nolten sur aces cre tarizing pro The
roughened sparigles may"¢nmaptisel écs’tenag'lplmralumimam omﬁergn:gberulngn ioxidenguor t ant

since the i S | o f aults,

etc.) and/o;glfg?ﬁréaﬁglﬁg gpd 'ﬁéy ta% %?ﬁﬁpf F'&?u‘ﬁ ebd‘ﬁf%‘éﬁ E %g{)ﬁgn t he
wor kpi ece ariyptdadly, dhhpo‘bleaécblamrhg’r pedcess Hsalcomblet?(aalasdemem ﬁmtsad@ ofet g ) "
found in th r cause t he e t o buckl e
and/ or fract %Qé’r?r%% lﬂﬁ-’ RI3 HUPJ”Q P!y TR§ Brogesy 0&%&3@% %Ba %"r"fa(ﬁ can
gener at e parthé etfest dfiratnoning ligatg atiterea mhaetidlaéft @vefrorh hﬁe tisdIRsdurairgy 720.

The addltlonp of the surface rougheni ng aspect of this invention

[0076] In another embodiment of the present invention the process kit
component (or workpiece) is chemically cleaned after the texturizing process.
Due to the stringent cleanliness requirements needed to meet semiconductor
ranufacturing device yield goals, any material that can particulate, decompose,
vaporize, or be detached from a process component during processing must be
minimized. Some typical contamination sources found after the texturizing
process may include, for example, lightly adhered material caused by the
“eruption” of the process component's material due to localized heating by the
electromagnetic beam, contamination from handling of the process component,
and/or any contamination from the texturizing, bead blasting, stress relieving or
chemical roughening chambers. A typical cleaning process can, for example,
contain process steps of a caustic etch/degrease step, rinse in DI water, etch in
an acidic or basic solution to remove contamination in or on the surface layer of

the process component, a high pressure DI water rinse, an ultrasonic or
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hel ps i nprove the adhesive properties of the deposited nmaterial to the
surface of the workpiece through a |localized nmechanical attachnment or

bondi ng. In one enbodiment the chanber conponent, or workpiece, surface is
further roughened after the texturizing treatnment in step 804 by spraying
with a stream of hard particles ("bead blasting”) at the surface of the

Garhet - si 11 dBs¥Rbfls BEhbE; fi TRE HVGh 5 lrBher BRI 2R A PRRENG, Se o
about 24 to abguitengihtg neéded f@mbeﬁkémicohdn&:térhﬂgmfhd:tgﬂlhg ﬂﬂUic@W@%géale H
about t 0. about pSi . e

conpl eted at l.iver ressure of betwee

process of béﬁagﬁﬁ%wﬁ'gp%?veiﬁ%‘w %|%U9F%%°§PM@"& sklllad ipr thecad\af ddHYi ghe 1 y
adher ed mat eichaidagtiasing antiiop Bemit@ntiiof @uhutatialing Process. [0076] In
anot her enbodi nent of the present invention the process kit conponent (or

wor kpi ece) is chemcally cleaned after the texturizing process. Due to the
stringent cl é24f} nes? OPécﬁﬁ’?t?oéﬁE?ﬂtstLﬁ@[@@Qtﬁ'gt%O?\%“é‘t's §8m%1%?fﬁaﬁffoﬁ’" of the
manuf act ur i ngexd@idingpiticebs s@paInave BRYN TBEPIEIEN, Bub proCRthBAEY 61 baEIRg

deconpose, vaporize, or be detached from a process conponent during
processi ng corppongriiiniazrgcessoshamBbasi ciis embedimand thusnhelps te agsyrgund

after the te%ﬁa{rauzfidaehmiaa@&%%eweg {;B?i%)ﬁﬂ)euséc B‘Fth@)ﬁ%sg’coln%dysf‘-%yinatﬂger ed

mat eri al caused by the ™eruption € process conponen mat er1 al due
to | ocal i zed Pres®sE nghasgybarhe Inebrethen empudimentbthemcleanimgaprotass oa bnlgm

Lot ur i 21 ng, CROSF T g, R Bead Bilsing BRislt 1¥cl8 Mg oo Bbiel

chanbers. A tftpr tel textizaimgnpropess; essataminatidnodue k@ hphdling, andtamynlefowgess

steps of a c i h/ degrease step, rinse i.n Dl ter,. . etch,in an

acidic or ba?%%&Egﬂsﬁ’%%'ﬁ%Fo I ¥%§f@h‘%%ﬁﬁ??tdhm?ﬁ%%rpoﬁﬁ'b ‘2 deantthe | ayer

of the procesmponemaosiontio caniplaingthesextueziiy prédees asiloeg asahe Wrddexgoni ¢ or
ni t rogen

nmegasoni ¢ DI rinse, .and vacuum oven or | ow dr The cl eani ng
oout renont s SHEBAGANS MBSO E A LA RBPPRRR AR HTHechis B NaGer BT goal s
shoul d be copaBKkdgingtCIsivery tb s pricessicamissre skilled in the art of UHV
chem cal cl eaning and/ or sem conductor manufacturing. [0077] In one

P ocess. st epdotihe. BIRATBBipFEP A0S Bons o PO S BESE COBPOReTS 268 fign
positioned within a process chamber, such as, for example, chamber 716 in
sputtering reactor 700. As indicated in step 808, a process seguence is
initiated within the reactor, such as forming a sputtered layer on substrate 720

within reactor 700. The method ends with step 810.

[0079] While the above discussion details a method of reducing
contamination in a sputtering reactor, it is within the scope of the invention to
use a method to reduce contamination in any number of different types of
process chambers. The present invention is applicable to any process chamber
comprising an interior surface upon which materials may condense. Any
component partially or completely within the process chamber that may be
removed from the chamber and placed in a texturizing apparatus, such as
apparatus 100, is suitable to be treated using a method of the present invention.

[0080] The method may be used to reduce contamination in process
chambers designed to deposit, etch, heat, or otherwise modify a workpiece,
substrate, or layer disposed therein. In one embodiment, the method is used to
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t he conponent in a process chanber. This enbodi ment thus hel ps to assure
that all contam nation is renoved prior to use of the process conponent in
the process chanmber. I n another enbodi nent the cl eaning process is only
conpl eted after the bead blasting process to renpbve any contam nation

| eftover after the texturizing process contam nation due to handling, and
any | eftover ead ast partic et apot odj nent

po3si bl et o tedbdncomamnasha i e magpebhal 5 asdiipedts agardepast aldver B
process as | @hgcby néalpbp ¢6sctorgOmMRRa &dpotind asidh ek iaNlafef lof Aitarfiiii r onment
and rinsed in D water FFIOF to packag u¥%ﬂor delivery to the process

chanmber. [ oBagPmRatrde; tanialug., dngstesper tantalum Nitride opgt %Uttﬁﬁféﬁﬂae eBfponent s

are then_ PosiriiaPeRibodnidiitd) of 1 RveRflork MG REKuIiAING Mnetfod bah b ARl fo
chanber 716 in sputtering reactor 700 I ndi ca in step 808, a process

sequence i s redure | eanéamination nntmd\ﬂalea@laerem&pltasyf(MBE)ngﬁtamLLtawer ed
| b 7 d 810.
[ 007o) i 1 eEppeifonl SRLOI Eferioal VoRBE cebsioRCD 0B i ErcH bibo8EEP

cont am nat i ochambears,spatngothars. reeropongnts that mayireduire thb éexdaniging pfocesse

I nvention to hod to reduce contam nation i nunber, of

i Trerent ¢y Rt indbBSboiRnkhGabS: FRRlvATIdIRe funl oh BRRRERA Bufha cai o
to any groceme phovebsing cyier (dafing clae'pdsnbnrborclﬁrrﬁgaqﬁocmh Bs)/\/ﬁiridhtlﬁ@teri al s
may condense onent partia or co ely withint rocess
Chamber ¢ hat deapte iRy Bang dendeniia Heseth or TEIvestx Conaiogts tesubsites | o1 ng
appar at us, Sﬂﬁ*bﬁﬁ\pléiﬁﬂat&ﬁfbﬂlscérﬂ onérﬁs &uq&.aﬁé QektQriAifg ik SR IrRA-gpeitBAng et hod
of the present invention. 00 he method may be used to reduce

cont ani nat i offacterRUSh@sdron gPs, %‘&QTWCPM@‘ @F§B§¥$t€msé¥-{§¢hasﬁ€é{°m or
ot herwi se ”DﬂhﬁlbédaMéﬁHrféE S, SattdPElhAlEA, &fe {I'\%y%mﬁ)r%?ﬁ:?e@bédje‘iﬁ'dﬁ In one

enbodi nent Is used to reduce contamnation I n a chanber that

i s desi gned @@AGsH1it8IeP08E16694, AD40ARH6600040G-249 e 08214862 0QA0-9&FB%act or y
nmet al corrpouaqi2 Woaﬁo b%ﬂ dafzotd7t5§ 'éHaQOOZtO' L4-ARlgUm ni tri de, tantal um

tungst en, r|de on I'n other simlar enbodiments
of the invention, the texturizing nethod can be used to reduce
cont am nat i oi#0§1h a Ibareihenembedimenti thexgne( Bmpre shamber ceppenents are

removed from the process chamber after step 808 and a process to remove
condensed foreign matter that may be adherent to the texturized surfaces is
initiated.

[0082] The removal of condensed foreign matter may be accomplished by
spraying the surface of the one or more process chamber components with a
stream of hard particles. The hard paricles may comprise, for example,
aluminum oxide, garnet, silicon oxide or silicon carbide, and may have a particle
size of about 24 to about 80 grit. Preferably, the spraying is sufficient to remove
the foreign matter without substantially modifying the texture (i.e., the
depressions and protuberances) on the surface of the component.

[0083] In another embodiment, a chemical fluid is applied to the surface of
the one or more process chamber components in order to remove condensed
foreign matter thereon. The chemical fluid treatment may comprise for
example, soaking or spraying the surface with chemicals such as degreasing
compositions, sodium hydroxide, potassium permanganate, potassium
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Deposition (ALD), Chem cal Vapor Deposition (CVD) or Dry Etch process
chanbers, anong ot hers. Conponents that nmay require the texturizing process
general ly include conmponents that receive sonme amount of deposition during
the processing cycle (during deposition or cleaning processes) and the
deposited filmhas a tendency to directly or indirectly contam nate the

substrate. réIGERY 0 Eﬂ@ r t hNg. i n a
non-sputterihya reactrﬁw%gh%:/ﬁyg@k%d@bwgﬁggm, u 'g{rmeéa(;é gig@lﬂe}?gh
syst ens pur deit dydfacbleric Agisl, ard combisatierssthereof., Santa Clara CA, are the
conponents: 0040- 41188, 0040-41189, 0021-15694, 0040-45966, 0040-44917,

0020- 17482, 0
0020- 07565, PP3ba 1]t LanReit eichicdtias il bo R 3dHudA 19 6y e Hikke o
conponent s aapeaylmgawﬁbehalfdrmm@lae ﬁlﬂemh@elnlmhm'eme&bderof$empw8080ral1mi a

rocess tor e opdery ' t th b t he
!to exturized £(i?éafcfé:%ﬁ:'l {SPI(g iﬁﬁ Sghgg?%gbﬁﬁ[s?hggﬁtgﬁﬁ%ﬁqe %ﬁ%ﬂ)‘rs&‘& foreign
matter may tmeemcabmdalmmwdas nctpredydenthet i'inacwoilgnﬁiessf oft ﬂhe dEpressionsor €
process chﬁg‘o WI th a stre f hard Erticl es. The hard
particles "o‘f@v gdug%lgglﬂr@cess ISURARNGT dEe coRIPeaeNt Ay beon oxi de

or silicon gaplatee mtanmenmerﬁ@éfeam RAES ifgafh pRdvide @hhakdtid adfedich sqout 80
grit. Prefera Iy, the spraying is sufficient to renove the foreign nmatter

wi t hout subdpalifrithaticpnderges,anilesHeEasext ure (i.e., the depressions and
pr ot uberances) on the surface of the conponent. [0083] In another

enbodi ment, [sosshem g dnefldnmbddirmental id Sdsb® ihvEntion Eaftéﬂ@nﬂﬁ? pkdtRs@hfayor nore
process chanber. copponents in order to remove condensed Toreign natter

t hereon. Thentafding amatera! of simiae sempesitioniadhe workpiece 'é!eéﬂ’p@@m@%akl ng or
spraying theg sdEéRCE At Waiding ’Nll%@ldrﬁ]'gc mﬁo%ﬁé%ﬁllaﬂgrgﬁgi%sthéﬂ RS

sodi um hydr oxl de, potassi um per manga pot assi um anmoni um

hydr oxi de, paissgen form pratukeranges: orctheciuaface piither Workplece. doi assurg/theochl or i ¢
acid, and Cg@hb&@ﬁ 'of the éélﬁ]dqﬁ%taeggl[, EO}%%%CJA},%E{, Feuiethattt b8 cGMpEI&Rn 1 Ui ds

may be in a

tron to or
a vacuum chamber, in a non-oxidizing (e.g., oxygen free) environment, and/or

where the workpiece is heated to a temperature that is near the melting point of
the material. The addition of the material to form protuberances is thus meant
to promote adhesion of the deposited film to the workpiece. It is envisioned that
this embodiment could replace or be added to the process steps 310 and 804
as described in Figures 3A through 3F and Figure 8, respectively.

[0086] Although several preferred embodiments which incorporate the
teachings of the present invention have been shown and described in detail,
those skilled in the art can readily devise many other varied embodiments that
still incorporate these teachings.
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spraying with hard particles. Alternatively, other nethods of renoving
foreign matter fromthe texturized surfaces are al so contenpl at ed.
Preferably, the chem cal treatnent does not reduce the macro-roughness of
the depressions fornmed during the texturizing process. In this manner the
conponent may be replaced into the chanber and once again provi de enhanced
adhesi on for whatis®aihitdf iscondenses on the surface. [0085] In one

enbodi ment of the present invention a texturizing process nay entail
adding a material of simlar conmposition to the workpi ece by, for exanple,

a process of jarc hRg . : I, 0q, r. simlar, processes that
can be used 1fo f‘gf’hqg%’regt°6§t°r§édﬁﬁcée§ t%uﬁeﬁ%sﬁ{@gggﬁ&‘mm?@%¥fébf’ﬁ%@ 470
assure the sdmigangnctof pracesschiruberpt@npriding:t he process may require that it
be conpleted in anber. i.n .a non-oxidizin e.d., oxygen free)
envi ronnent, and/ g?%?’mgigtéﬁ OB hEa™ gcrﬁéﬁﬂ@dsqrécéqg?ﬁ)ﬁﬁ”ﬁ %P%“t hat is
near the mel forrysyfticient pefiod ioh émemrb esrived plufdiity eideaturedthefeohgndrat erial to

f orm prot uberances i pronot e adhesi on of the deposited film

S t.hu?pnearga':? to
to the workpi ece. Q4INPRING g yriace andifaaturesint sha.saraewnasht coul d repl ace or
be added to the process steps 310 and 804 as described in Figures 3A
through 3F and Figure 8, respectively. [0086] Although several preferred
embodi ment s &hi chTheathest el daifhs whesginrsoagsingfconpaises adeansit timeeard an have
been shown ap@efi@seribed in detail, those skilled in the art can readily
devi se many other varied enbodinents that still incorporate these
teachings. Wat is clained is: 1. A nethod of providing a texture to a

surface of agconppye - 1,CO tor pr.ocess chanber
conpri si ng: Seanni ngmaertlﬁéeq %c@?‘édnigﬁg?li%%%aéjngég%@%m sa(ly hax 8 PoWer he
conponent  f densitysaif 4 ipoirérdn ther $uwthcef oft theecanpdnentrupop et tHeybedmfigat ur es
thereon; and_ r ening the, sur ang featur f t,he conponent. 2. The
net hod of cl g'ir?#%,gp\/\%éﬁ"&er? 393Hﬁ1{(ﬁ§$mp?q§?5’é‘?égfwg'ﬂmt time and a dwel |
tinme.
4. The method of claim 1, wherein roughening the surface of the
component comprises bead blasting the component.

5. The method of claim 1, wherein roughening the surface of the
compenent comprises chemically roughening the component.

6. The method of claim 1, further comprising heating the component prior to
scanning the electromagnetic beam.

7. The method of claim 6, wherein heating the component comprises pre-
heating the component to a temperature that is less than a temperature at
which the component begins to melt, flow, or undergo substantial
decomposition.

8. The method of claim 6, wherein the component is heated using a radiant
heat lamp, inductive heater, or an IR type resistive heater.
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3. The method of claim1l1l, wherein the el ectronmagnetic beam has a power
density at a point on the surface of the conponent upon which the beamis
directed in a range of about 104 Wm2 to about 107 WmmR. 4. The net hod
of claim 1, wherein roughening the surface of the conponent conprises bead
bl asting the conponent. 5. The nethod of claim1, wherein roughening the

curtace of  She , SHIBRRRRS OHARLEe BT bERL el SR B R ETBATC

6. The neth g cofpri srng ne e conpon prior to
scanni ng t heaetictes comprasieg iaturhieam oxide, Jdreetyesiliconl cafbidé,asilicad, oxiderari n

heati ng the conponent .conprises pre- heating the conponent to a tenperature
that is Iesscof'{aé)ﬂ?q'gwg}%g&ature at which the conmponent begins to nelt,

flow, or undergo substantial deconposition. 8. The nmethod of claim®6,
wherein the conpgnent is heated using a radi ant heat |anp, inductive

heater, or df | RThgp@ethog; gt jclaimndaifarther eompfigingahgaticaly elpaMRg sthewner ei n

bead bl ast i ngisdnBAY d1kr BREd BRshig e dompimeht. ! s conpri sing al um num oxi de,
garnet, silicon carbide, silicon oxide or conbinations thereof. 10. The

met hod of claim4, further conprising chemcally cleaning the conponent

after bead hl,asti t T - i@ Bleanink Uheher

conpri si ng Bﬂém' ::rgPI @%g]oggﬁ%ﬁrﬁhg, f%%hﬁo%ﬁéwgrh%m%ﬁcg}e??ngou%heni ng

t he conponerompobint dftes chemivady afugbeaingittig cédroperest. conpri sing chenmical ly

cl eaning the conponent after formng the plurality of features thereon.
12. The method of claim 1, further comprising chemically cleaning the

component after forming the plurality of features thereon.

13. The method of claim 1, further comprising stress relieving the component
prior to providing a texture to a surface of the component.

14. The method of claim 1, further comprising stress relieving the component

after forming the plurality of features.

15. The method of claim 1, further comprising stress relieving the component
prior to providing a texture to a surface and stress relieving the component after

forming the plurality of features thereon.

16. The method of claim 4, further comprising stress relieving the component

after bead blasting the component.

17. The method of claim 1, wherein the electromagnetic beam is used to
form features on a second surface of the component to compensate for any

possible distortion caused by forming features on a first surtace.

18. A method of providing a texture to a surface of a component, comprising:
pumping the texturizing chamber to a pressure in a range of about 10°

torr to about 10°° torr;
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13. The method of claim1, further conprising stress relieving the
conponent prior to providing a texture to a surface of the conponent. 14,
The method of claim1, further conprising stress relieving the conponent
after formng the plurality of features. 15. The nethod of claim1,
further conprising stress relieving the conponent prior to providing a

t f Li,eyi ' h
ol ur al i ty of {eat SrL0Mgha ElkRon 1Bak:bRt WiFGRRNANE ShriBhent 870 1 NE
conpri si ng seleetren behimesurrant o betrergnaabent 15 ahtieabobtad nilliamperes ardean

t. 17..Th t Im1l ' h ilc b [
ised to i or Aieiapind S0l 3L cebiteR ol 8h avdt SHE ORI tokhneat o

for any pospiupdlity of fetturés thereomgand by fornming features on a first surface.
18. A method of provjiding . a texture to a surface of a conponent,

compri sing:  pumpiHgneREd b suiaceiang TealiasE eompaBatir 6 i n & range of
about 10"3 torr to about 10(err) torr; scanning an el ectron beam across
the surface of the conponent at an electron beam current of between about
15 and about 180 nih¢ mewrst ekclaify 18nwheretfescanpingfemMrsises garatsitdimeaed about
50 and about Jogge"lﬂi#ﬂé?volts to forma plurality of features thereon; and
roughening the surface and features of the conponent. 19. The nethod of
claim 18, wherein scanning conprises a transit time and a dwell tine. 20.

Th t hod | aj I '
donsity at a2Boi niTehbnAl St 1€ iR O EREGhRiARRAT RS pROVEE .
directed i n densitygat afpoirtiaant thkOdurtdlcen® the cunupdnefhDdpad which the beam is

directed in a range of about 10* W/mm? to about 107 W/mm?Z,

21. The method of claim 18, wherein roughening the surface of the
component comprises bead blasting the component.

22. The method of claim 18, wherein roughening the surface of the

component comprises chemically roughening the component.

23. The method of claim 18, further comprising heating the component prior

to scanning the electromagnetic beam.

24. The method of claim 23, wherein heating comprises pre-heating the
component to a temperature that is less than a temperature at which the
component begins to melt, flow, or undergo substantial decomposition.

25. The method of claim 23, wherein the component is heated using a
radiant heat lamp, inductive heater, or a IR type resistive heater.

26. The method of claim 21, wherein bead blasting is performed using grit

particles comprising aluminum oxide, garnet, silicon carbide, silicon oxide or

combinations thereof.
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21. The nethod of claim 18, wherein roughening the surface of the

conponent conprises bead bl asting the conponent. 22. The nethod of claim
18, wherein roughening the surface of the conponent conprises chenmically
rougheni ng the conponent. 23. The nmethod of claim 18, further conprising
heati ng the conponent prior to scanning the el ectromagnetic beam 24. The

method of cl abm 236 WagihBlNoEdink 81, SORRL ﬁ&ﬁpﬁ%iﬁ%%%h’ﬁ%gtaganiﬁ Rgnent to

a tenperature that s ess than a ténperature onponent

begi ns t o nekcoempphent,afier baadi blaglingthesomponent. deconposi tion.  25. The net hod
of claim 23, wherein the conponent is heated using a radiant heat |anp,

I nductive heater, or a IR type resistive heater. 26. The nethod of claim
21, wherein B8ad Bheghethgdisf pleini @2yEdribed bgmprisihg ghenicatlyecleaingrthei ng

al um num oxi de ar ne silicon carbide, silicon oxide or conbinations

t her eof . 27."0'?9@”?@@&@50%?“8?& iotighening B AMRANeBL i si ng cheni cal I y
cleaning the conponent after bead blasting the conponent. 28. The nethod
of claim 22, further conprising chemcally cleaning the conponent after

cheni cal |y r88gheffdnethed cHnplaifents. funber spraprung septicaly a¢laanieg ther t her
conpri sing chempeAentatier RAMINYhE Puraity BPRARMEs Hetégn. f Or M ng the plurality

of features thereon. 30. The nethod of claim 18, further conprising stress
relieving the conponent prior to providing a texture to a surface of the

component. 39 THRe "Rettid & Ehih M8 rulrlr! BopROAR" Lrddd (ShdVARS the! ! evi N

component prior to providing a texture to a surface of the component.

31. The method of claim 18, further comprising stress relieving the
component after forming the plurality of features.

32. The method of claim 18, further comprising stress relieving the
component prior to providing a texture to a surface and stress relieving the
component after forming the plurality of features thereon.

33. The method of claim 21, further comprising stress relieving the
component after bead blasting the component.

34. The method of claim 18, wherein the electromagnetic beam is used to
form features on a second surfaces of the component to compensate for any
possible distortion caused by forming features on a first surface.

35. A process chamber component for use in a process chamber,
comprising: '

a body having one or more surfaces; and

a plurality of features formed on the surfaces, wherein the features have
been formed by scanning a beam of electromagnetic energy across a surface of

the process chamber component, and wherein the features that are formed are
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conponent after formng the plurality of features. 32. The nmethod of claim
18, further conprising stress relieving the conponent prior to providing a
texture to a surface and stress relieving the conmponent after form ng the
plurality of features thereon. 33. The nethod of claim 21, further
conprising stress relieving the conponent after bead blasting the

conponent. sHectddefrarat fd g}Bu,gI éér@isliﬁ? a@hede%irégst]d?,g, eﬂrﬁﬁfb@%@&,etdnﬁ beami s

used to formfeatures on a second surfaces of the conponent to conpensate
for any posOmiIRAtgngthareolon caused by forming features on a first surface.
35. A process chanber conponent for use in a process chanber, conprising:
a body having one or nore surfaces; and a plurality of features formed on
the surf aces3,%~vmér|héi process ichambee compesenth ek elairor 3% dwhgreirc anmi prgcessbeam of

and wher o) n TRDoPEEDABaR6H: S SeiBe @ ight e rpup SCa PRERER sHiclh £ Fuoth dup
_(I:_ﬁnsi sti ng chadewrings Bdwpsiﬁ?mm?ma}ampaéﬁepasvfﬁn ﬁ@gmé% E@mhmg, taeéﬂch)fa.nb 36.
component 1 USRI ERTTERL e, A Fuler Jeteviss bshire Sopae ar got - o

shadow ring, a deposition collimator, a deposition ring, a contact ring, a
coil, a coi#7 sugﬁort, an alignnent ring, a shutter disk, and a substrate
3 .

support . BrRyeeess € @ CE'BHB’@ﬁ?fEn‘?f oping |35 yheseinyiher surfacese

surfaces fuh.&mmoﬁ?ﬁgébmaamﬁgbﬂegﬁﬁéﬂg treatnment. 38. The process
chanber conponent of claim35, whérein the process chanber conponent is

made of a material selected fromthe group of steel, stainless steel,

| ron-ni ckel gghr OthelMRrBbesdY EhambEk ebmbBRAT ST bfaRth YA ERH S ein the process
chamber component is made of a material selected from the group of steel,
stainless steel, iron-nickel-chromium alloys, nickel-chromium-molybdenum-
tungsten alloys, chromium copper alloys, copper zinc alloys, nickel, titanium,
tantalum, tungsten, copper, aluminum, silicon carbide, sapphire, aluminum
oxide, aluminum nitride, silicon oxide, quartz, Polyimide, PolyAryiate,
PolyEtherEtherKetone, and combinations thereof.

39. The process chamber component of claim 35, wherein the density of
features on the surfaces is between about 1 and about 300 features per square
centimeter.

40.  The process chamber component of claim 35, wherein the surfaces are
chemically roughened after the plurality of features are formed thereon.

41.  The process chamber component of claim 37, wherein the surfaces are
chemically cleaned after bead blasting the process chamber component.

42. The process chamber component of claim 40, wherein the surfaces are
chemically cleaned after chemically roughening the process chamber
comporient.
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tungsten all oys, chrom um copper alloys, copper zinc alloys, nickel,
titanium tantalum tungsten, copper, alum num silicon carbide, sapphire,
al um num oxide, alum numnitride, silicon oxide, quartz, Polyimde,

Pol yAryl ate, Pol yEt her Et her Ket one, and conbi nati ons thereof. 39. The
process chanber conponent of claim 35, wherein the density of features on

the surfacegyqd s APDHHMB t f @at i

centi neter.s4340._hflyﬁ\éﬁ§§%cess c%é%@ﬁ@gﬁp‘gﬁgﬁw %ﬁ C egz?qu]ﬁgé,sﬁ&fggéri?rﬁ t he
surfaces ar echeprieaty stgangdadiey fsming the phiralithef feptures thereant f eat ures are
formed thereon. 41. The process chanber conponent of claim 37, wherein the
surfaces are chemcally cleaned after bead blasting the process chanber

conponent. 442. Tine processsehaotiercemponeriahelaim @5, eharein ¢& conysoreinhist he
surfaces are, chem cally. cleaned.after chem cally roughening the, process
chamber corﬁé’&ﬁﬁﬁ@e"%ﬂﬁ'%ﬁ%SB?’HE’&@%‘H&%B am%&?gﬂ'?agps%ﬂm ﬁ‘r’%%e wher ei n
t he surf acesf#tieprocbsatiahbet cohganedt. after formng the plurality of

features thereon. 44. The process chanmber conponent of claim 35, wherein
the conponent is stress relieved prior to scanning the el ectronmagnetic

beam acr oss 4ghe JwefR6CossUhahiber BompERENt OF IR 35C ANBRIE He comiponehf® Process
chanber conponent of claim 35, wherein the conponent is brought to a

pre-heat terifewgitiire pre-beatismperiurechiingitaStemscanring thenglgesomagnelisam  46.
The process yagirber conponent of claim45, wherein the pre-heat
tenperature Is less than a tenperature at which the process chanber
conponent begins to nelt, flow, or undergo substantial deconposition.

46. The process chamber component of claim 45, wherein the pre-heat
temperature is less than a temperature at which the process chamber
component begins to melt, flow, or undergo substantial decomposition.

47.  The process chamber component of claim 45, wherein the component is
stress relieved prior to heating to a preheat temperature.

48. The process chamber component of claim 35, wherein the component is
stress relieved after forming the plurality of features.

49. The process chamber component of claim 35, wherein the component is
stress relieved prior to providing a texture to a surface and after forming the
plurality of features on said surface.

50. The process chamber component of claim 45, wherein the component is
stress relieved after forming the plurality of features.

51. The process chamber component of claim 45, wherein the process
chamber component is heated using a radiant heat lamp, inductive heater, or
an IR type resistive heater.
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47. The process chanber conponent of claim45, wherein the conponent is
stress relieved prior to heating to a preheat tenperature. 48. The process
chanber conponent of claim 35, wherein the conponent is stress relieved
after formng the plurality of features. 49. The process chanber conponent
of claim 35, wherein the conponent is stress relieved prior to providing a
texture to aggurf f rapd | f said
Sur face. 5072 The s Bassss ShEmBLP EBENdLR Ry P, Werin bR dneRt
corrponent i shas; featres feimed, enl agfirsband ersacagd sHefags, u'vheﬂrewh@ffeatéeﬂsmrbs 51.
The process st er
component i s ea-a0d SeaES §Binpshsdte eflre ol Sdge dioRRAGTBAUEI S | o
type resistrmefhﬂammhce 52. The process chanber conponent of cl aim 35,
wherein the conponent has features fornmed on a first and a second surface,
wherein the features on the second surface conpensate for the induced
stress of f o681 ngTHeeatettices obolairh N, fwheséinsthe fppeer deﬁslty aha poitthor tld cl ai m
18, wherein th density at. a 0|nt on t he, t he conponent
i angsuiacka She Saondst Bip h Ra8 otminh 15 aborh 16 BUmBE of c|ai m 5.
wherein chemcally roughenlng t he surface conprlses el ectrochem cal |y
rougheni ng the surface. The nmethod of claim 22, wherein chenmically

rougheni ng t & suTrfeaé‘éEthE‘!)rﬁsr?@@'S % | wheretnc seemically JOH‘Qﬂ?@HIQni"Pﬁg SUFBC’ ur f ace.

56. The procggs ﬁé@@gtr&ggﬁ%ﬁwoﬁheﬁﬂnaltm dQsaceherein the surfaces are
el ectrochem cal Fy roughened.

55. The method of claim 22, wherein chemically roughening the surface
comprises electrochemically roughening the surface.

56. The process chamber component of claim 40, wherein the surfaces are
electrochemically roughened.
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