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 MarchMtE}Hoggq%%UﬁpAcgl-mk ‘URizned of Surface
Texturi zing, " [Attor ney Docket No. 616 and is herein incorporated by

reference. BA 4 R I‘-‘Eﬁér 3 'Wﬁ;@['ﬂﬁn Epp ,gﬁ e | nvention [0002]
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Description of the Rel ed Art %3 As integrated circuit devices continue
to be fabricathéarRgratRd dﬁf?éﬁ‘cedl 1 epgliation F%alﬁ%ﬁ&%t‘ﬁ@t@rb‘ﬂ RaFedLHevi ces
becorme nore SHERARY Upited iSates P@Wﬂpﬁh&klgﬁ S@Hﬁl Né. R%ggaﬁ@)'f‘ffﬁécpﬂarchw

Consequently, fabricating i ntegrated circuit devices, particulariy those
havi ng snal | eEO%mlﬂ%ﬂi ‘Methed of Suace dexturizing,” dAHemey MackehNpestahandl | ed t o

a greater extg efgm”]c&gﬁ"éﬁﬂ%f&?”%%der ed to be necessary. [0004]

Cont am nati on I'ntegr cui vices may arise fromsources such as
undesirabl e stray artlcl es inpinging on a substrate during thin film
deposi tion, eMﬁéWor fabrication processes. In

gener al, theFickdof the niendjonf the integrated circuit devices includes the
use' of- such giumberfnatmdi)hylstiscdl thwap:@sentememtldmge(na*dﬂ)) rellatb $qnutstngriang

hanber s, | Si '
chanbers. et cBeapgh HEETomeGHE Jadanon ey oS awiaek of Spretebledore
mat erial s of t gartiegradgNeMbodifamts Bﬁthﬁaﬁegéﬁ%\/éhﬂb@ ré¥iatd U8 nhéthsa '@)@lusﬁugr faces

in the chanber to formsolid
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, particuiarly 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



masses that reside on these surfaces of the chanber. This condensed foreign
| matter accunul ates on the internal surfaces of the chanber and is prone to
detaching or flaking off fromthe internal surfaces in between or during a
waf er process sequence. This detached foreign matter may then inpinge upon
and contam nate the wafer substrate and devices thereon. Contam nated
devices frequently nmust be discarded, thereby decreasing the nanufacturing

yield of the maﬁ@ﬁSé&;mlﬁl%Qﬁﬁn e RRSHRAI é@fa@é@‘b@ﬂﬁ? %5%@%% RfprbRE &6 9N
matter that has condensed on internal surfaces process chanber,
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that forns o d S

| ess likely ?pﬁo%@?%cﬁdgé;ngﬁConﬁ%etﬁgﬁ%?f&&gﬂ?% ?*ﬁﬁ%‘% @&?current |y
used to text uwmtammalb@uhawaf&ncwbshratelan'dedewctmaluetdoastCugta?nu%ad devi@es i ng

I ncl udes sprayin ard rt cIe to.th surfac . to affect a
rougheni ng of Q%@Mﬁ%gg aﬂ"e\/%qy ec{?‘?eg'% a[E%n %”5%9 V'F@?fﬁﬁ?zed by
appl yi ng a cogiocggs. such as a th| n coating of alum num deposited by an

al um num arc spray, to the surface. However, these and other commonly used
met hods for rmdlfyl ng the surfaces within a, process hanbeh are ns%tl mes

i neffective alP%eat fherdenfa Pravent delaghmasns of hueibdnatigithabnas ReRdeNsadsses

and the chambgk .r&wn%agmac{e%@% brdcessisharkSerCintérHAN QiHacks tndy B0 tSiFed
associated with detached foreign nmatter, chanber surfaces regw re frequent,

and sonet i messuckniiatythe| eansienged dergjgn matter tbatefrmsden Jhasersssaces hem t he
chamber SUffa&%ncéh%%eQiSﬁ%ttﬁe sﬁufh%om eEﬁe i A&#ﬁ%"aélgcﬁ Qﬁ{i cbﬁtaPrﬁﬁJt ”TEd

in sonme instances, contam nation tac orel
occur. [00071aTWasdercsunstratet hdethotls carrerdlyduised to éehdore cimnmtmnsndacmmbhudm

for éi gn matt r t has on sed on i.nterior surfaces of ocess chamber
and 2 need « PeatlLuRGa FETRBRSTY RAHEPL ShRYne TS RREC G e MeChiERe oo
foreign mattgromsi © dffiet anb@dhepingssfrth@easacy. AtINALRHS tisd alitate mBPHHARY OF
THE | NVENTI ON [ 0008!1 The present inventjon general Iny provi des a met hod of
provi ding a texturized by applylng a coating, such as a thin coating of aluminum deposited

by an 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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texture to a surface of a workpiece. The nethod conprises providing a

wor kpi ece to a texturizing chanber and scanning a beam of el ectromagnetic
2575911 2 energy across the surface of the workpiece to forma plurality of
features thereon. The features that are fornmed are selected fromthe group
consi sting of depressions, protuberances, and conbi nations thereof. |ows]
The present invention generally provides a nethod of providing a texture to

a surface of g lReethe THETAtRL BOthe UBADIERS td ke & Pliradlity WhrikPupse to a
texturizing chanber _and scanning an el ectron beam across the surface of the

wor kpi ece t o iheiedna Tiefealurasthafaredammadsaretselactashirontibe geappoasistinghat ar e
f . il Tons.
ormed are Sede%géﬁﬁi%rf)srhgmtﬁﬂ'@al%e%”ﬁn&Q@blﬁ%gﬁ%otﬁgr&@?pr essions

pr ot uber ances, "an Inations there So provided is a nmethod of
reduci ng contam nation in a process chanber. The nmethod conprises scanning
a beam of el d6908braghka ipressnit inyention rasoerally upvides somethas of praidingreocess

chanber conp o,f p I of . ; tures
that are forﬁggﬂéﬁsé&saelﬂrﬂtyg% ?ﬂ%%?ﬂﬁé&ayoms?&‘%@hﬁ% F%E’ﬁg&dggdrq’gds@qe%ns,
pr ot uber ancesyoripigce dorai teailriving chimbeo nd Sbannime ah @tbdtirontbeam acops thees

positioning the, one nore.cha r_conpaonent I Nt o rocess chanber and
Porti ati ng o piiaeecy the SRERIECHHIE Bim s RERIR o teat eR Pt SReRO G PTI o
OF THE DRAW Nt [#81fbkm8a ifalselebRd"HOREthé ngmh?cboﬁmingb@va%ést@@,
features, advantages and objects of the gr esent invention are attained can

be under st ood'Piibgeanges, and camppinationsitheraplar description of the invention,
briefly sunmari zed above, may be had by reference to the enbodi nents

thereof whichogpp || AldstgBligEd iid at m%tno%peﬁmeingr@dﬁtaﬁfnatiaﬁ@&%] plocEss 1

depicts a schemaiic, cross-sectional illustration of a surface "texturizing
appar at us t haghamberbel hesmgthod gemitispe scamiiog arheans ot electromedneticeensirgy [ 0013]

FI G 2 depi Ol g3 S ENEMMCC of GHESS" ARFL IBAlee bl BofiBBidR 1SYEHAM 1 hat
may be coupl e 0 a surface texturizing apparatus to practice enbodi nents
plurality of features thereon. 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

[0011] So that the manner in which the above-recited features, advantages

and objects of the present invention are attained can be understood in detail, 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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descri bed herein; 2575911 3 [0014] FIG 3A depicts a series of nethod steps
that nay be used to nodify a surface of a material using enbodi nents
descri bed herein; [0015] FIG 3B depicts a series of method steps that may
be used to nodify a surface of a material using enbodi ments descri bed
herein; [0016] FIG 3C depicts a series of nethod steps that nmay be used to
nodify a surface of a material using enbodi nents described herein; [0017]

FI G 3D depi cligordy SerFies 3ﬂfdéﬁt§ac§eﬁé§asrﬁewd 415s D@t Hzgbd Gsdip@ ity

surface of a material using enbodi nents described herein; [0018] FIG" 3E
depicts a ser|3e‘~§Jr(§'{°er?é?HB@F9§@lé{§§1Q%POW“B@%%QPQ‘aﬁfﬁ@dl fy a surface of a
mat eri al using enbodi nents descri bed herein; [0019] FIG 3F depicts a series

of nmethod step at B t § ing
enbodi nment s degog?rbedﬂ%rseledné&?%a gg]nayg Héthoae%?%% gﬁg"%ch%ngﬁcgfo: rﬁjf)dl tration

of an el ectr ore B&tace of aguatetialasing evbedimentsfesanbes kergi t i ons of a wor kpi ece
in order to nodify the surface thereof; [0021] FIG 5A depicts a schematic

illustration to ri zed

L) UstratLon Qb (oK, 80 Alids ol o oy 6 el e 1APuA, RBNHAT I 250
vi ew of the wa &pfacesf aumbiadel using¢rabodifwntsesteledihersin; her eon; [0023] FI G

5C depicts a cl ose- up top view of the workpiece surface cont ai ning an

hexagonal ol o3 pRCK Rl GRGEAAL LoR ML &P RS tos LR ) (ooB dEfetS 2

cl ose-up, top € Wor &cesurt ¢ alnlng array
of features thes@tace c[f@tOﬂ5t}3r|EIILﬁlngﬁerdbodmestsajeschmmnemm cross-sectional
illustration of a feature formed on a surface of a workpiece, according to

Conomat o, cr AB88ECc B a8 Oqf hhacRhB o mitca S5t leFmel B84 B Fotttn o
cont ami nat i on g@ydee ofadua@daumm;gemmmemrd@cd@éd:hen’@m

[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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herein; and [0027] FIG 8 depicts a series of nethod steps that nmay be used
to reduce contamnation in a process chanber using enbodi nents descri bed
herein. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT [0028] FIG 1
depicts a cross-sectional, schematic view of surface texturizing apparatus
100 that may be used to nodify the surface of a workpiece 104. Surface
texturizing apparatus 100 generally conprises a colum 120. Located wthin

the col um isﬂoazd?l as FRsIP7 déicts W $cPERRLio LréssCsHdNena, mgﬁrfatﬂheaf@éméﬁng 106 may
be, for exanple, a filanment conprising a materi al such as tungst en. hi gh

vol t age cabl ereggteriia whigipreamiatioe ntaézttpﬁatﬁém% uawg&megwﬁ@@t%d%ﬁcrib%

vol t age pomerhé,géppla to the cathode 106 and the anode 108. [0029] Spaced
apart fromthe cat hoge 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
i s formed wit WPt he FnoBideniots. a aeniesse! mathadisiepscibial mayobe usghiceduge

node 108, | et a0y SPAPRREshCathbd rify GRbdMehs aerb R RbiEl, °r s e

beneat h the fast focu3| ng coil 110. Ooupl ed to and bel ow colum 120 is a
wor k chanber DETANER DESCRIPIIONA] z lENT 14 general ly

g Th r b | ed
fo an actuat | M3k E@“ﬁﬁé’éﬁts#o%oasgs?wgngua@}%ﬁiqt@“\?%? shpviargBhulEnsas for
exanpl e, an aappt&hms 00 bt ahay Gesiiewidt tot Mmattify Isma:a;;nahmbmof)fa Wbﬂdp&icétw?? t he

along one O axes o

wor kpi ece 104 o t he wor kpi.ece 10 r

ottt on. Act SUITRG erbiizthordepaiia 0f engialk CPAPHS S R SO1uBY 80 ahocatsd

el ect romagnet ithipafg\cbildnn i 8 BidsOsmONS bGrrdARAAGLE Zaffdelfoe. f Phe @afiBREE.  an
el ectron beam The substrate support 140 may further conprise a heating

el efent 150, 30@maype, ﬁ@fre@m?naeﬂla@enbm@mnsm aaatefial Guch gstvrgstect Ai c
devi A
focusi ng coi | BT HEHe S2bKE 1221 BATIEd AR BAHYEE J0BTRhEn LAHnBHE a idh, . 1

mai nt ai ned at valtagerpessansappliyftd Hreetmthddeo‘rﬁetdmi theranioda 160B. col um 120 above t he
I solation valve 128. 2575911 5 100301 A punp 124 such as, for exanple, a

di ffusion pun‘fbogd'] a 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 114, 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 example, 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.
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t ur bonol ecul ar punp is coupled to colum 120 via a valve 126. Punp 124 is
used to evacuate colum 120. Typically, a vacuum punp 130 is coupled to
chanmber 114 via an isolation valve 132 in order to evacuate chanber 114.
Exanpl es of e-beam devi ces which can be used or nodified and used in
processes described herein include el ectron beam wel di ng systens from
Preci si on Technol ogies of Enfield, CT or from Canbri dge Vacuum Engi neeri ng

gf y\aterbeach[%oo@bs, AUnpungd t@angdem a60(3d lexdhipie, F @iffdsli@pe@irﬁ;bga& ly

epicts a surface texturizing apparatus conptisin n electron heam it is
U Chin the SCBERTBPISEHET PHPBE PBIPIES 10 6elRy o4 ¥ak uAVe 1Bt HoMBR SRt waves
or particles, ysgerto adacats cB@OIZ0, TyBREM, M vadlih Pufp 180iS @OSpledts 2YS, a
| aser, electrical arc, etc. Also the use of the term electromagnetic beam

is not meant eRamken ! il an gselptieny¥alvpatdd i erdsedpevapurte ¢hamasint14 o
encompass a“yFI«%pTeef %ff BHESRT JBRELIMHiCHRRER U Sed brt Px%difié@réﬂ'm %Q&hiﬂor
exanpl e, an electfon beam a beam of proton or neutrons, X- tays, high
i ntensi ty opt peeksserdidestrired( bein lingedd | electrael deam cwliding csyistigmes dframeess

(e.g. Electrigal .Dischar Machi ping. ( et g, The, surface texturizing
appar at us genEFeﬂﬁlgp 58%?%%%8 8‘4 Iﬁ%{éeg% (fEEgk s ¢8’I)"Pr'%%e Xﬁﬁ“‘f%?ﬁ'@ﬂ?&”?%e
particul ar begmvaterbesstya08] OnitdteKiagddrace of the workpi ece. The particul ar
means enployed to control and focus the beam generally depends upon the

articular type of electr etic.radiation enpl oyed. SURFACE TEXTURI ZI NG
ProCESS | 0050 | ouEile HIEaa° bageisaly, Haritls B ubbcs Jerineing aRaras of o
wor kpi ece  104omprislegiaft @éction iR Within 3 ssdpe She Hvedlien $F use an

Specifically, Figure 3A describes a series of nethod steps 300 whi c¥1 begi ns
at step 301 aheapriicdiesiromagnelic )aves A WREickssn SHCVESK fSIr examply 3 Begn @i ded to
a surface tex WA ) a 4 ' Rioure 3B
descri bes a pP'g{t:%r?s’%%ggsn%? F‘{H{S F?gﬁbé’ %lﬁﬁt@%%’fo% ’d%éa @%%? %%@aﬁ&e etlbﬁHa

wor kpi ece 104elestrpmeappeticekieaon isonot regant halbe ligiteddo icharged pantidle beamprimdess.

Fi gure 3C describe seri f nmethod ste 300 as _in. Figure 3A hut adds a
Ct op 302 unor B MR aagRedis, T Pl BERBuFED Bl R B W™ ana
a step 307 whabsiptedehdomexdtmplecan istectrph eitant, el bpamOst priotteT o Abgorts & -
texturizing process ,Fi( ghure 3D (ilesg,r . bes a ,

rays, high intensity optical radiation ?e.g. laser), or electrical arc type process

(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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2575911 6 series of nethod steps 300 as in Figure 3A but adds a step 302
wherein a workpiece 104 is stress relieved prior to step 304. The preheat
step and the stress relief step can be prefornmed in a separate chanber or
the sane chanber as the texturizing process. Figure 3E describes a series
of nmethod steps 300 as in Figure 3A but adds a step 311 wherein the

wor kpi ece is stress relieved after the texturizing process is conpleted in
step 310 to rsdriesvef methosit steps @90 a3 waFigdredBAI g anidsr £ sepNB0Y wiferein 4 he

texturizing process. In other enbodinent of e esent inventi step 311
may al so be a\HB’g‘B'e{c&wge'soﬁq'r?éF rﬁ'&"ﬁgom‘:‘?f i?@@%%fgi' agr‘_ﬂé’ég'?'?aﬁe%eq ﬁf‘&irt]'b‘:ﬁres 3B,
3C, 3D and 3Fstiéssirelidievep éarbél gasforfidoan atepardiélbafbérbrithe suelcpaeeer by the
application of texturizing process or to renpbve the remaining stresses in

t he wor kpi eceas theyiexirzingreeesshekigdresdl descrires argenasioismeihedIdersdoq n

Fi gure 3A but : dsheerbmt i | - ) : eaned
after the tex?%ﬁjgllgﬁééggg%%ia? I'S %%P;?QP‘QH&?W@F :\g&gk%c?gé‘%{r?ggﬁtééﬁg@ pr event
cont ami nat i onafterotheaexigozing procassrie gompbaied & stepd310vpr talieve adlyestressesf a

second nmateri al rkpiece. Jn.other enbodi nents_of the resent
Crvention ot cireate diPaii e PRER A o RhuETBRICRE T flvel SFpoBETEE

]gescri ??d in E‘itgﬁrpe?s%invaﬁlio@aeﬁrl}h&lial_sbﬁiéluhtmedrtome_wmt rrjits{ﬂ:iticgﬂbpﬁt ijon .
rom affecting the future, processes i ich the workpiece e used an

i nprove adhes %aﬁfdeécﬁié%ﬁﬂ et %Q} %%é”mfﬂ '@Ve[’eﬁgﬂﬁl HrRSSE®I kpi ece
general 'y coniaaumanamwcﬁk,?iabe BY e aSpIRatiEH 8 teRfurizFﬁgf’pﬁbcéésl Mo r8meeE am C

material, a polynmer material, a conposite material, conbi nat1 ons

thereof. In ofhe firitingesitessendn ibe kperkpieceonbighe SFadeasribes 4 seres att ed
from the gr Ou%eﬁ%ag\é[tgéé 360 9§ insf:igg*e 3§F8f éﬂo%sasstz?‘) ?ﬁb’w e?&h%é‘Worl{pﬁbgeé en.

titanium copper, m nuny ni c Um num 0X al"um numni
silicon oxi dehersichliyc oleaned laEflde thes dgqidriziregy pALRES8)s campledeiin rsp 6M3 td her eof .

In one enbodinent, the rkpj.ece conpris tal, alloys such as
austeni ti o- ¢y 5BCE of APVt coplaiation o aitactiva Sy pipRaseognd fuprgve
I nconel (r) al hétyelon 6f &lsebond Riaderialing e wbaeRes? th ResdradmiBddi @ehts(& . the ,
Hastel l oy(r)), c%p_er zi nc al I%s, chrom um co%r al | 0345 %e. g., 5%or 10%
O with bal ane@sethinvestionisien Blemay flsohp,eddad tedpates methadistep ARP A8 ce
conpri ses quagggeribdh8n GBS 2 F®Y3D and 3E to reduce or prevent contamination

from affecting the future processes in which the workpiece will be used 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 alioys (e.g., Inconel® alloys), nickel-
chromium-molybdenum-tungsten alloys (e.g., Hastelloy®), copper zinc alloys,
chromium copper alloys (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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al so conprise polymers such as Polyimde (Vespel (r)), PolyEtherEtherKetone,
Pol yAryl ate (Ardel(r)), and the like. 2575911 7 [0034] Referring to step
306, chanber 114 and colunmm 120 are evacuated to a pressure in the range of
about 1x10"3 to 1x10"5 torr. In one enbodi ment, an el ectronmagnetic beam 102
Is formed by heating cathode 106 using a resistive heater (not shown) and
applying a current to the cathode using a power source (not shown).

El ect rons escpos)f r omaféreng & ktedeoanmamﬂdredn and coluenrb 26 acugvaclidfed té\
negative high_voltage.pqtenti al efer n accelerating voltage is
applied to thé FES?%%%’%%’%”@P&?@\E) ?)héo M@Qe?%s Q/Pﬁe@é’ﬂ?c’éﬂﬁ%@ aRd a
secondary negaldcierpghetiy beédm a@res ad)ﬁﬂedsuspahéarngl ¢athieent 66! dsing R FedidiQe

accel erating vol tagrgo i's a I ied to the bias cup. The accelerating voltage

may be in t hBe#tgh t&hoy a'ﬂd sep'v'agao%ltenmthwatmv@ USINGA PP BORIGAL i al i S
used to cont red to
the workpi ecgﬁloimngg@b&t%cﬁcgﬁgqm% E?@Eg %gag%)s”%a?ﬁr ougﬂ%} CPE 118 in
t he anode and11Bedi 'ﬁﬁgaélvﬂ ritageastentialc tademer tooag an accdlernating aoltagediat h t he

108 i e  nERRRRLIGIE BBl O AR, 1, B B REI o 198 At EE: °Fhe
beamto a paséa:cmdaay hegmilveorpom‘ntlalhagamrafllgcenm‘"emnkﬂh@gmtuﬂi@4thaﬁ embrma'

current is appli to the fast fo u3|n coil 1 and to hi
defl ector coi pgcqei_g@gng i’PE‘P}g? 5 arpligd 'Ebega@ﬁé%%t e @%PF?%‘?’@H'E‘&NS F@Vfl ux to

mani pul ate t heeeh ard .ra@ga%msbw 50116%%&10‘230 RIPOTh 8&ridid . hotesel i @dd thocusi ng
coil 110 and high s deflector coils 112a, 112b, the electron beamis

provi ded to tBenteir ﬁ?ftén%ﬁn‘tt-'ﬁé ofwslaepa ceamseneray cthebds i deliveessl 3ogthef FI G

3. The distangg % ¢oy the top surface 114t of chanmber 114 and the
workpl ece 104 |s the working distance of the beam |n one enbodi nent, the
wor ki ng di stance is about 50 mllinmeters to about 1000 mllineters,

preferably ab@®51200 Bie¢trangemeys threugth 8 nass3brough| halerd 8ris .the Goeds aRdf err | ng

focusing coi | DEI0 S ergn sl foRul (o8 1 16 Rafad b4, o Bhite 'fos
focuses the electron beam to a narrow diameter on the workpiece 104, while
high speed deflector coils 112 a, 112b magnetically deflect the beam to a
particular location of the surface of workpiece 104. Electrical current is applied
to the fast focusing coil 110 and to high speed deflector coils 112a, 112b in
order to generate sufficient magnetic flux to manipulate the electromagnetic
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, a2 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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m croprocessor controller 200 may be one of any form of general purpose
conput er processor (CPU) that can be used in an industrial setting for
controlling various chanbers and sub-processors. The conmputer nmay use any
sui tabl e menory, such as random access nenory, read only nenory, floppy
2575911 8 disk drive, hard disk, or any other formof digital storage, |ocal
or renote. Various support circuits nmay be coupled to the CPU for
supporting trtbsk drive,esandr disk, ar aop\athéri fanal ofnﬂighelr stofifd, iec#® drotEmadies as

requi red may o stored in. th nmenor xecut second CPU that is
renotel y | ocat¥ PRPOF °'fﬁlé| & ec?‘éﬂi?‘frfﬁsﬁ:‘r?r E/Pé‘ilefé’ﬁt%{ﬂ’pﬂ g the

posi tioni ng tmecdysbkm acCeonvbftioria nediiebersdkivhre THetiaf w@é@lféa%hv%e when
executed, transforns the general purpose conputer into a specifiC process

conput er t hatSte/6AiR BesMERETY ermreseteddyer srdopd GRY thehis remdtelirieoatesk. ocess i s
performed. Alternatively, the process of the present invention nmay be

performed in [harflwarthe 85ftware ROMMACald SkLERRCUHOT pbEHGHIR gttﬁéi wiar V%éﬁet or
ot her type of har dwar e i npl enentation, or a conbination of software and

har dwar e. [oowlméh@mbernd%gahﬂ ofiwRres routine; yzmemaexgctae@.etramﬁformsthmct i ons

SoSnCoded | Red (RSB EEmbSRPTRYS BRAMTLIRLEN BRI hAP LS TO! ! er

200. Control i gn pro y exec RS "ATE
conmuni cat ed cthan‘ftmmpefabloussortgatalchambér p:rmtem @hpa'tmméddeﬁlteenatwmycmd s 112a,

112b fromcontroller 38 rotu m ant generators 204. In
one enbodi merRFOC¥$%s Of ?lB’ﬁ§e”a e ecﬂ’e fAra H”fh%’gwﬁ[ﬁ\cﬁcﬁ{‘
generators Z%Tph@tﬁ)noépetchi% itlelRated biRciit HotBEMNOHE 0P hardwiart R PlchftntdtRnt
focusing. Two function generators are used for primry beam defl ections and

two, functi on YererahiBpionetsoffeare anst hardw@ihdary beam def | ections. The
function generators are acconpani ed by corresponding power anplifiers (not

shown) . The Iaﬁafuctméﬂéﬁuﬁgvagi&ﬁltbmen@bk@‘caﬁm% Easét ngfrustiond i§ Uncoddd and
hi gh speed defl ector coil to manipulate the el ectronmagnetic

beam 102 by P dcarmteimeadalle mnerdivmiwhichis providadite soatiolter €08urGem®l of t he
k t f t
wor kpi ece Of%@e ¥ raﬂém'& Exé%ilﬁgatﬁe[ﬁggg?tfb%ﬁeal%n%oﬂ@frﬁﬁt% gf tdspat ur es

onto the sur e Wor kpl ece func generators 204
are capabl e dbcgsEngcait i h@asd gighl spemdedeflector coils 112a, 112b from controller 202

through one or 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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shapes over various frequencies. This enables the position and focal

di aneter of electron beam 104 to adjust rapidly to signals originating from
controller 200 and enable the rapid formati on of features on the surface of
t he workpi ece. The function generators 204 are preferably coupled to one or
nore power anplifiers, power supplies, etc. (not shown) in order to
facilitate comuni cation of signals 2575911 9 between the controller 200

and the focuspaigveenithe lbbtrakervedd ang tihe ¢dtusipgasbil Tl healclirass ohigs shdada, 112Db.

[ 0040] As indicated i t 310 of FIG 3, the el ectromagnetic beam 102 is
scanned acrosgef?‘??gors‘iﬁ’l[‘]?iéégowzghe wor kpi ece 104. Workpi ece 104 may be

heated prior to scanning the beam across a surface of the workpiece 104 to a

pre-heat tenppoadur e AsThéicated-iheadp SRBEFIE. 8, ehé 8ledbRaghbtic BeaRNdens upon
the materials the workpiece 104 is constructed from For exanple, workpiece

104 may be heBfMEHAOPT dhehEHTiate Ah dhaatioriPiecss $04-nhaiotkiecee e mayube at
whi ¢h wor kbl efgatbll brioP Bearlrhd e bedi 481088 PafilRALS the WRMREGA  ob ik e OF

undergo substanti al' deconpositlon. Workpiece 1 may be he usi ng, for
exanpl e, heat pregheatdemperati@e. sHhewara-hedtit@nparatuphds genénaily depetderdlupon be

heat ed by scapni J ] th c b ri Xt urizing
t he wor kpi ece. %‘sé"%fseﬁ‘%wgrgs@éggﬁﬂf ﬁaﬁ%tﬁjggeigﬁﬁbel—'g@%n@éd&%@(})@géi dly
transferring tbé reheberivatée amapa-hédtctempefaige iess ahgathe tempdratiie gat s t he
area in which the texturizjn rocess i s about to be conducted. |In one
enbodi ment . ¢ DB UEHPlSenLOAYPBERS o Hapl o MEIRGP Soehse B BOBEE! Sidta bt er s,
such as focal yhgsighbhuBBANREIERSMIRRHBA, \WbApIRE! ©d MUY iaOhddied RERgERY Of
preheating the workpi ece. The process paraneters used during the preheat

process nay deyanBicoheating alegantdSprsbewatintRifpdr aTlhe workpieces ey RISthAe t he
b [ t t [
eam 1's ransbgéfe@doya%a?ﬁﬁ}gsfﬂ% c%ﬂﬁgdcﬁ'u‘éﬁh%tp YRE NSRS epﬁgkd{ogt%pﬁxlﬂ%ng q

wor kpi ece materr al being preheated prior to rnz
[ 00411 | n onetrerbodipinst , Thiseprelimiesy soanpng stapt cay beheonsuicteui by eagidlyor t o

per or 19 kR, HerBoBhy Boa Tl U SEESCEI BB 8 Shatpgr o
del i vers someated i ofhi€mangytek@rizing packss e ebbld to Bxaphascted. t wpiopel

energy embodiment, the electron beam, or other energy source, process parameters,
such as focal length and process power, are varied during the process of
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 (Completed prior to Step 304).
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sources that are well known in the art include, but are not limted to,

radi ant heat |anps, inductive heaters or IR type resistive heaters. In this
configuration the energy source 181 is turned "on" and mai ntained for a
specified period of tinme or until the workpi ece reaches a desired
tenperature prior to starting the texturizing process (Step 307). In

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

114 and then toosasf err eﬁegsarembep:dmaa@maw 4186 bePpertyrmied m&rrftartﬁé ofidi
texturizing pro&ess é EI‘I or to %eg 304). 2575911 10 0042] A
stress relief a8p¢ Je¥Y Z'Hﬂyprﬁ?%e 0 REPYSH FidiomiPn ff 18 WREPIscentt dug g

texturizi ng PrOSRHRAS of OreRIdBYE Hiredidd %&dcpran Ofhet %rméd@'f&ﬁﬁ dPdr QHRyrt 0
rel axation of residual stresses found he wor kpi ece from other prior

manuf act ur i ngMAngERCiyng, Drpﬁésﬁ%&'ﬁlﬁales@ﬁb%ts%e&@ﬁnﬂ@ geRsaletdy ¥ariouar i ous
P r o g o bac bHb, MbrRREGAAS thertills Aol bb GBLLAD A YAfOR HdBIA"|

form ng proce Ses raw ng, nt e '’ng The
nmet hod or pr @iy pfocessess@.g. erimilerfg, deavmag Isn’ﬁemvg) maﬂdmbeetar)t Tirke rpellhbd

fabrication and/or uf actur ng. an ess reC| on the
type of mater PHIPTO%878 &aﬂﬁfﬁt d'st‘Qf%lak Sidd 6'? 6ﬁfj"'tp‘i’ 5‘55%&@80 Yhe

tol erance to yRinuRick@thg 8hd tHY bioBss tdeRye3lill RRjpend iohdthkQyd 6f nihteridlethBeam
travel s through the focusing coil 110 as well as hlgh speed defl ector coils

112a and 112bamosptR@dnyPadnfornidgneriogess used.t ard dhey %iesan%ntp wpishiece
control l er 20gigtddibpuoh function generators 204, the beam 202 is scanned
across partlcul ar portions of the surface of workpiece 104. This results in
a plurality of features 500 that are formed on the surface of the workpiece

104, The feat (104Y 500Reteringdo FiG.of tae beamitwavelgdbroughitiee freusiegieoil 110 asne

enbodi ment, t ey var ngﬁg@S%&%ﬂé&?%‘{l? g A28 Ge Cﬁe‘?md Wdﬂ’ﬂh@%ﬂﬂe

electronagnetlc bea r|2|n proce workpiece may,
for exanpl e bef the esigeals sent fmml crmbmﬂelr PoR tthmugarfgactm‘n gtraratots 264 etheper

TR THR S B R A e

rotation duri ng4expEs vtk on h%r@lit?@f re@tmg@som thab@ﬁéﬂolﬂ%d ohhtRe 8¥tf&cendf

rotation may be for exampl g, perpendigular of paral el Lo the ncident
In one embodiment, the workpiece 104 is moved with respect to the impinging
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 parallei 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 milliamperes (mA). The energy delivered by the

electromagnetic beam 102 can be defined in terms of a power density, which is
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si ze or shape of the workpiece it may be inpractical to physically nove or
rotate the workpiece and thus the el ectronagneti c beam 102 nay be noved
across the workpiece 104 to formthe desired texture. [0044] In general,
where the el ectronmagneti c beam 102 is generated by an el ectron beam ion
beam or electrical arc, an electrical current will flowto the workpiece
104. Where the electromagnetic beam 102 is an el ectron beamthe current my

be in the range éifera’;ﬁéog_ bwdb dbivepdtPdbrosd dYphhicarPeress-detidnal Meafeial y 15 to

40 m |l ianperes he energ X%del ivered by the electromagnetic beam 102
can be defi neﬁﬂ'rflaﬁeto theswerkpigcpoliePne embpeinerifhieavarage pgwgodansity of e aver age

pover del i verggasrasiete H'1@E|rﬂﬁy%eosf§r BESHRRNT 154 Pand of By o ace of

t he workpi ece. In ,one enbod] ment .t he average power
el ect r omagnetWémmédemaboat #93Wiem?fara ewatrphéhe isurface of éntgwodeIMunomM

Wm? to aboy t n upon

whi ch the bea\&n %R§r3¥vpgg&e§ dlqer?eodpe;rﬁgg)ﬁtﬁg po% cfg?&tgfof t"tlfé eg%yéﬁ]ﬁgﬁg etic
beam 102 may ﬂm.m flog neaselbg|for exampibeinrtaagangsf ofedbmut 10DW/ R dtmuabolt 107
WmR at a paint gn.the, surf t he wor kpi.ece._The peak power, density can
be defi ned as B‘r@&é@é’"ﬁé’f’t ?@“'&ﬂf‘r‘g“ﬂﬁ@m & sTha Pg 9@'%%¥%ﬁs (i.e.
smal | est posspdlgfiraePhs ﬁ'p’ﬁ'@ées%tse@tlr? WRBrePPeaieaheld ANt ﬁa&lﬁuhﬁqb&sbﬁ enot ed
that the anmount of energy required to formthe features 500 on the surface

of the workpsreaieshigssblefspot sizehabadiveipeowsr satiitgy tshouisebe motaththatr

, elect t t
o aner gy tr aSreellot Sty reflfied 6t} el is K00 BATe Jurll AN, o
to the surfaceotpiechenayodikpr tom dne type of energyrsmueeeiet amotbheraf@ d.seleotron nt ended

to cause significant or. gr di,stor.t.ion . 0. | ting, warpin racki ng,
boe 3ot the Vet orsere et G5 1o it SfibleRey ot fic mscliio drenatay ReMdior fo coe
can be gener ahkywdtediedsed 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 anount _gf energy re u ired to
d (il

Phe wor kpi ecdol | oL REVER: HEPTHuFENeLd e SLRechaH e wvseioss bkt ' rom

t he thi cknessglgffdrRsgrieiie Shedim i AoViitéiieacr a/re dibNficdrorabsd distortion
{(e.g., melting, warping, cracking, etc.) of the workpiece. Significant or gross
distortion of 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 transfer 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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texturized, the shape of the workpiece (e.g., flat, cylindrical, etc.), the
anount of residual stress in the workpiece, the actual power delivered to
t he workpi ece, the transfer speed of the beam across the workpiece, the
density of texturized features (features 500) on the surface of the

wor kpi ece, and/or the dwell tinme of the beam at any point on the workpiece.
In one enbodi nent to prevent significant distortion in thin workpieces or
wor kpi eces t haerkpiesesemi teduee tthe tdigtortioneinnwbrkpieces bt arel susceiple e

texturing pro - f ’ I , ransfer
speed may be (ﬁﬁgﬁggs(g&" @#g? %ﬁy%ﬁ@ﬁggﬁ%’g Oé&%ﬁ%%&ﬁéfﬂiger%%ﬁefp%%ﬁ?g er tine,
or the power ait.)tithenkeanbodimettethedextaazieg prabess mipyt leguire daeetbidng bhmeth i N an

effort to reduce the,enerqgy .deliyvered to th rkpi ece that is not, being

used to formYHE fLalGr é(‘éog%‘ﬂﬁceoﬁot ﬁ%rng%nsla;ecg%}lfﬁ? h@resgg%@%gcﬁ %& i ece.
To reduce t hetegiugiziag toredess bnvsiekdide 6Ethe Wbakpigdee susceptible to distortion
(e.g., geonetrically flat, materials that have a high thernmal expansion,

etc.) in one enbodinent the texturizing process may require texturing on
both sides df%She \KE'r E‘B‘?tgﬁb_ef'ﬁ’c’gifﬂ%ng’ﬁt Reatige ?'ﬁ@%‘;& r1g§s'é‘sthen8¥}?§é'@t%y t he
texturizi ng pappeRSI A maNDe hasbted 16 B8olRE KrkeiBee [1894Rirhg 1A %46fizing

enbodi ment the heating elfenment 150 in the substrate support 140 may” be
adapt ed to coopPcesfetavdusEdbe maxdmynt fergparaire aghigyed idugng phe deddrizing r educe
t he maxi num t i | t WA - or
allow for a c@%?g% 'Iéﬁésrc%cﬁ)ﬂl’ ﬁo‘éea?% ewgg‘?gb&ﬁ &(’%ﬁ% %%ﬁg%gmgbggg’?\%’eg\?g{reduce
di stortion i nredbee wdistopticecen Tee ikpiecy elTdwemealidd elenmtent s15G€nbothisrent

could be made froma thernoel ectric device such .as,purchased fromT

Soahnol ogy oSkt SSUET Fiade for R kfmEHER A eIt SRR, B pulcaReT
NasHua, NH. |ffor@/TE echmsib@dilne  TraveesenOi IVIEGEF BRteb ArfibeeiD Edrdopationybst r at e
support 140 to restrain the deflection of the workpi ece and prevent

di stortion of Na$fe pi dEanptherngmbediment e wobrieee | may e camMPahdo peam
has a spati al g ' | & P&t il bj

conposition O?Lﬁsﬁg{ém%ﬁpﬂl? t_l_ﬁé(;é %i%m%lgﬁﬂéﬁ{?'ﬁ? ! rtlﬁai‘gagﬂ%g%t .HQ rbéé\gﬁ;l buti on
of energy t hadistpsionef the wigrkpdeasediringltextatings t hat may be, for exanple, a
Gaussi an distribution. In other enbodi nents, the beam may have a

[0047] In general, the beam has a spatial distribution of energy that varies
depending 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 miay 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 coil
110. In this embodiment, the beam remains focused throughout the texturi‘zing
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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non- Gaussi an di stribution. For exanple, the beam may have a spati al
distribution of energy across the beam di aneter which is substantially nore
uni form across the beam di anmeter than a Gaussian distribution. In one

enbodi ment, useful for treating austenitic steel, approximtely 90%to about
98% preferably about 98% of the beamenergy is contained in a beam

di aneter of about 0.4mMm wi th the remai ning energy outside the dianeter of
about 0.4mm hiefleciemeusihg yigh spead aeflbctummbllanﬂﬂe,rH:{tﬂO&ﬁﬂh Bpemdeﬂﬂdmdi nment ,

the beamis scanne C S the urface ece dsing peed
dof | ector oo 018 13287 §8 malE R be8idindhe iy Foyols Teferart g .
enbodi ment, t ipebbeamr knaéiftetddo bemednt RAEre i Poirt R ta8>d Fitraind Weflpdti@ess .
FIG 5A dep| cts a schepatic¢ illustration of a top view of a workpi ece

surface 104 t AROURBSY-hERMPEBRB faTleekpn Weﬂ%m%rﬂ?épé%éa“&erﬂﬁaﬁﬁ%ﬁ 9575911
13 deflection 4u3],Ng2 Ny, SPRLE tﬁ‘@fdeﬁﬁ'lt %rbr‘éggtlmttsw%t%ﬁﬁhe Yy & ahefeRsine

deflector coils 112a, 112b nove the beam he vicinity of vari ous
reference poi mointR the Thearhe and¢rgoes:fa epjuralityh of vessiendatye defieatiopsi ntkEadR at a

Py el el AR5 1 SR  BEAR ESHARG RS LD

range of about eam I's brou t he
vicinity of a poirftef@nexample; Rt astsrewreanFIGIdBAgoEsORm umldarming ¥ pdrtiqgaondary

defl ections. Each , sec r efl ectign resu in amb n ved to a
secondary ref eﬁeéﬂ'&%awﬁj%qﬁ?atoﬁg}e ? Lfé gSRe%@p

under goi ng a pRbkder4d 36rm é&@&ﬂl@athﬁrééﬁf |1¢fé@e@8ndér§'%ieh@étlﬁ1'f%q@bﬁ@ﬁ faYideh the
surface of the workpiece 104 in order to forma feature thereon. The

secondary def [ddhe Nger elahavd #0Rdiergdo a|bﬁUft He kilehiggie. oin ensoembadimentihe; t o

abaout 10 kilo B&; cﬁﬂp R0 8 b plgfm it ncy is
in'the range rc}s%% r#r kEH chh gSLout % ggqf%{wytz '%%428?’ %(g_ﬁllhe
secondary defli@ohen&ms may be spatially arranged such that the features 500
forma pattern 520 about reference point R The pattern 520 depi cted in

ol udi ng, oi e0FEr, PN Sefhnde SpRAbhEY B Spafiy ARy AldPnaPlRE ' ©
center spot, deaagesobb@rfopata eatbern J2e aboutbeferehces pomdar yThéephtberhi 5205 about
depicted in FIG. 5A is a linear pattern. Other patterns are, of course, also
possible, including, circular, elliptical, 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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each reference point Ris variable, and may, for exanple, be up to about
100. [0050] In one enbodinent the features 500 are arranged in a hexagonal
cl ose packed (HCP) pattern as shown in Figure 5C which can be defined as
one feature 500 (shown as Al) 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 cl Ratureas6@burgeheraly Betashzbout handapsit 3000feafured peesquaRd on a
surface to iné)r_ove the a heSiaBEy %f t he deposited material on the surface of
t he wor kpi eceCeNtieiefurdnty Prierablyc bgtwaencabeil: 20 iandy abpnt g6Q@ deatiges iper
subsequent degagiré 'dé’ﬁtim@fé??eFéﬁ%xéﬂg@CbérP%n%'r PL0-46829! lifdHaBedGrph LY can
be defined and neasured as the nunber of features 500 wthin a square

centi net er of AppliedabaterigiselicorSarie GlaiakpAewdeout of Hsanient ugad ea I can

vary by the rkpi ec ter | t ] I al | ted |

subgeqﬁent p\r’\%ggag%r’ﬁ %e&&gglbﬁfﬂrgél:%s& Pégﬁccgkgaf@tbﬁig’%negfﬁg%@ngw %béggﬁ?o and the
Ei ze and Epacieti\gxefEJI ptellgesqware'ooelstimaéﬁﬁeﬁﬁsJmeftemwdesum, lrutyet @anethal | y

et ween about a ouf 3 tures per uare i er, an

preferably bef eag'&%t‘&@gean&‘eag%ﬁ‘iﬁ ﬁ@gop?igi%”?%eé é@é]é"‘%rr@a‘%eﬂfqrﬁeter.
For exanpl e palminiieed GYZ0P¥O64RalM of tafadmiditile dupksitiof dvBésys mhg | nc. ,

Santa Clara CA, nade out of titaniumused in a PVD tantalum deposition
process may céeitainPebuesr ahoupilLiandabolyfd fepbies Pe0sqUBER cantelgE ACO§Ear e
centimeter acqRssxithify 4 gred surface. In yet another exanple, the Applied
Materials Inc. part nunber 0020-44438 made from alum numused in a PVD
tantalumor tantalumnitride deposition process may contain between about
30 and about B@5tleat GHasShdepistiuactosesint topaiaw obtheosfacernd warkpiaeed04ur f ace.

[0051] FIG 5 ' I - t ' . flace kpiece 104
t hat has been agﬁgﬁr %égggx?u[rﬂzgﬁ.eﬁgm&ér?%ﬁéﬂgﬁﬁn%&c Egg%wﬁagggaﬁgé%mgﬁgmt er
504. The beant04.aiTatdreabOdiaatetéhB04ai the pantvihwdiicheélectrornagugtiet beanbbdag 102

Cndi arster . Gfeags Srputnty b MoREiechi b4ty B aBart O4numyBRrb L a8s on
regi on 502 onir Gigmetsrf ase pedfetaddy WUt D, £ @8 I dianteter.r FRBIDRANT ARIUSES oAN
regron region 502 on the surface of the workpiece 104, and remains focused on region

502 for a period of time known 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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502 for a period of tinme known as a dwell tinme. During the dwell tine, the
beam interacts with region 502 of the surface of the workpiece 104 to form
a feature thereon. [0052] As depicted in FIG 513, the feature thus forned
may have a dianeter 506 that is substantially the sane size of the beam

di anmeter 504 at the point in which the el ectromagnetic beam 102 contacts
the surface of workpiece 104. [0053] In general, the dwell tinme of the beam
may be in the deflegleddd arsthar regiof, atiidH as eegionl 510, abdloe sRriatcd bf wedmiet®. The

transit tine that e . each,secondar flecti,an Na e gbout 1
m cr osecond to&%boﬁé a}%% S%B%'}ér\%@gé‘ﬂ%l?%’elllhtgﬁ' nc\?gn%{%?ogcheﬁéd198ulﬁagttﬁ%ﬂ qv\,hen
err]rpl oyi ng SUChnigibemnd,]lcfdimhtp[ef] iahirﬁ.ﬂ oonmnmeeghdﬁ,anﬁmkhemamatmﬁé iriay bt eel
there is no ne to cus, t eam or reduce the, power ring transit
fromone feat L@@r?%egﬁ‘?@qﬁ%&ha" gﬂ?‘?@ﬁ%""é‘)@ﬁdgé’cﬁe‘fe@t Oﬁﬁrﬂ?gﬁ'ﬁ eS8y t he
beam transit tdygodfRmaifdaliyehih or ABNE Bl of thd WBRplRatiHWRTcHRNe famuyesf or med
I n those areas upon which the beam dwells. Once the dwell tinme has el apsed,

t he el ect r omadiéftare bebwnplaces.i s 2575911 15 defl ected to another region,
such as region 510, on the surface of workpiece 104. In one enbodi nent the

duel | time canhg) dechomdffbrlehoBitert A8 tdousToli 11BHHARA thb BlecAaBhENADOU!
sfer tine may b sed to

0.1 mlliseconds, and or.thetran e e decrea ss than 1
m croseconds theapr edéntapitily tiwrandooutodf fdoasvior pieede reduce the peemepowenl | y

thin or fragil.e ar he Lece in ., Wi fe res.. 500 are being
bl aced. [ ooca) el aiRE Rl F SRR AT T, MEPlichor dafun kARt e st

gl ect romagnet ipanraahe baargyateiic&md}t@ tramhfrmaé ob the ﬁoﬂl@iécﬂ 1@4demdre tigagiuce the
eam power i npingjn on the surface t.he wor kpi ece 104 during transit
T in thi s Comtanes Blelaks 43 nefhosisfesstibes ARevd g b IoRAIG ece
104 is nore tighfbamedoninedurate obivBidorickYioto t he nethod described above, a
plurality of features 500 are forned on the surface of workpiece 104.

[ 0055] The plurality of features, 500 nasis be depressions; protuberances, or
conbi nati ons tIABkof . THOBIURIEY 8f feafures SPRIPaY BE dsptrsHOPShHRrOMREIARLSS: Ph a

pattern with substiratidral inérebfi f PRENARARY NS RARIBSIBNRCHAlCHS Wrhgedldn Vil e
pattern with substantially uniform spacing 508 between features 500. While
FIGS. 5A, 5B and 5C depict a pattern of discrete features 500, features 500
may contact, overlap, 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 o 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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FI GS. 5A, 5B and 5C depict a pattern of discrete features 500, features 500
may contact, overlap, or nerge with one another. One possi bl e enbodi nent of
an overl apping design is shown in Figure 5D. In another enbodinment, it may
al so be possible to forman array of overl apping features 500 to forma
trench or groove on the surface of the workpiece to pronote adhesion of the
deposited film [0056] FIG 6 depicts a schematic, cross-sectiona

ot ot o S o A BRLOT ol B BB e L RSB B D25

102 havi ng a kratromadpasitisran®@02. As shown the el ectromagnetic beam 102
i npacts the surface at an angle of incidence 610. The angle of incidence

610 i s defined as th an between a ra 10a nor to t sur f ce of the
Sorkp oce 10qlon & TnE"SiReucty bf BY nard 3 ofe Hhaliil RcidkRon &1 ns S A58 0

angl e of inci daps eharefedraf iimipidving the Maedvidre aiksinie oﬂﬁmaﬁﬂél‘lia'ﬁ%% dyeleddiaHe 45
degrees, preferably about -30 degrees to about 30 degr ees. Stated

di fferently, hAEWEgdEedle thekreieheight=ie!tag f theivarions afdwese gegpeBeNtieasur ed
wi th respect gptrf%- ESImA 43R toﬁﬁatnh'étsﬁal%%ﬂu Bﬁrtﬁé s¥rtacerd th%ﬁektﬂﬁksHaeS a

depressi on 60 pr ot uberances 6 are rmed upon exposure
el ect r omagnet poodega.mTheXeflecthdypf thleebeam redativiedn thé columrbé(rcan mlmmiHrng e of

or i nt enanc@ By Pl (e Forfe rEEving B ke rebul R APERe dne g ot
t he vari ous haathoded06 @md@lieertcompanehisavitin thercoldth 120.t he material com ng
off the surface during the texturizing process. The deflection of the beam

relative to the colun .12 and ef erably prevent ns from
rovi g up. ¢ he K08Hm WALE Fhs VeGP elo”Bat Bfeldt b8 HHA torarl) SHE st

within the coleypmandidh bbABEBheWdrmatibmef i thyen fdtGredo50mt nwssdbnb@edmmel dto
any one particul ar ntgl anation behind the formation of these features 500,

it is beli evecﬂ“%tﬁ%ﬁl onpiRe Suriare gRdianathe intPHEOTAhE WattkRigee i 04 & heated o Ahe

wor kpi ece 104 4 uted n?sorWe b€ BBEYA N oilir ﬁﬁﬁtﬁ%’s@ﬁh@%@n lhe
boi l'i ng terrper ure ofé*t hé % corrprfr%i ng tgﬂte pi ece 104. The rapid
heati ng of porcomprisingfthe N@rlgmeq;qﬂ%e The rapid heating of portions of the workpiece

causes material to be ejected outwards. This forms depression 602 in a

location from which the material has been ejected, and also 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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causes material to be ejected outwards. This fornms depression 602 in a

| ocation fromwhich the naterial has been ejected, and also forns

pr ot uberances 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 perpendi cul ar distance from
top surface 620 of the workpiece 104 to the bottom of the depression 602, in
t he range of &endd D 80 alumiobes wbrkpadze | AppPlicd Makeriahe nc. Pae cepbes8@20r has a

Tnches. bt ARGr S SriEb AR 60 4 Bovinn ape bR 260 sbS b rngs e

depressi on hag haght agesf titweemaBERr0.GBandl Bout L. BI6 IREhEH, 2MEtLHefA G 1RS
defined as the greatest distance between two points on surface 622,

paral l el to t&babauk@ea3 tpabet 0. Q&ﬁlrash%%elnlaswthqr EXample b dinigah rangeref
depressi on ha%uﬁa%a@;%roreaﬂsrgg%g forfsl . & th?e[mdrﬂa\ﬁor‘k fécéugaﬂ%r%@rﬁet er

614. I n another € ep reSS|on as an interior dianmeter 616
smal | er than td@éOsﬁtﬁGﬂacs tdsalrﬁmeedlaﬁtﬁim 614rbasweer aboudti OM2 angralioubi¥ices 604

nehee, ana. prorieea PR o GehERRGeBln 0B duskacls AR ReRS ARG ° O

exanpl e of a rdepgestd ofthbroun 8i00630 hboutf(Ref Lineiseo00 2575911 17 formed in an
al um num wor kpi ece, Applied Materials Inc. part nunber 0020- 44438, is a

surface dianeter 614 bout ,0.029 an bou. 0. 089 .inches a hei ght
518 of bet vee0MBbut JOA TIaNR SHASI 05 SmEcie HgGton ql ToeEk dRe & Sbou
0.023 to aboutgdprésifori BODESnd tWo gitefunerarRE8Bd4e iPfis avithirPith&! scopBdst &e

di mensions for features 500 fornmed in an titani umworkpi ece, part numnber

002 46649 i dnyendion e famipnlyrEeRessions Beenllk PFotUBRIBNCcEs, 01 Vasyind slinstans! 031

I nc a hei D@,.]% ﬁ\aﬁ@
dept h 612 of g%) '.oggéﬁ %ﬁ‘%%glaf@g%f?otlgﬁ% es. [aﬁgg%ﬁr f}‘e'@‘f‘%% '?;pl cts
the specific froayrhevervanfing ebapesesiepthsc Isucthoegdiamettm'pr asd iimtarigi0diasmvederswo
pr ot uber ances it h L nv 0 for only
depr essi ons orégﬂ?gl/y %@bgﬂﬁg‘é‘% ﬁ"@schégy F‘? EP?%%S gﬂ% h%@?&r%ﬁﬁgﬁ o5 of
depr essi ons an@rﬁngranblesmimeatact:wnh hieg mmﬂqalédeesmreeS‘Ehe)pﬁ)tubmanmvmd/ar ying
shapes, depths, surface di ame%ers a]nd i nterior diamet %’\

depressions may contact, overlap, or merge with one ano er or be spaced

apart from one another. In one embodiment, the spacing between

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 patticles may be
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Simlarly, the protuberances may have varyi ng shapes and heights as well as
varyi ng angl es of contact with the workpi ece surface. The protuberances and
depressions nay contact, overlap, or nmerge with one another or be spaced
apart fromone another. In one enbodi nent, the spacing between

pr ot uberances or between depressions is | ess than about 0.02 inches. [0061]

I n one enbodi nent the beam may nmake small deflections during the dwell tine
of the beam t csgrayed fofneatnozelet fvad may bwspiayed drptor @asshgpae off an lagueqgusj ect ed

el ectromagneti ¢ beam on the surface of e Wor ie e. sjred .shapes
cr eat eq by ¢ neSHEY | GUTPRIY b SRetitPy oA Bl TR RSB SRre,
for exanple, aotyhnessadh meaéurfa&e@f geowekkpidck N0ANGALEs fifer ahang taighRess

pent agon, a hexago or other multisided shape 0062]_.1 n one enbodlnent
t he wor kpi ece Q_Q)'@g?@ dsBY ay¥ing v ?he?cg?W‘é%’Pﬁth geﬁ@r Eoﬁar tihe &ead- plagting

bl asting”) af tggatifast §!ébfr§ﬁﬁwfe§)éhwléc?s'e@9adﬁe‘?@d PRI ria §d?:ht5§93ro@ut%?£r'idé'§39”6t Ic

beam 102. The hard particles may conpri'se, for exanp m num oxi d
garnet, sili coleroad bydee texturizing prosess«i the TC&’IHHWOHH% by thehead blasting ze of

about 24 to about, BQ; ghdbalBbIHL RSB b bG8 BHpedRE olTiE e

Typically the ng" process I's I very ~pressure
of between abonujmﬁortermt abcmater';iﬂ ipsieposited thenednpam tddities, emyd HastirgScdnAdd 18

sprayed froma n be sprayed dr ar t o an aqueous
ey o omos ) dedtTieaieoren At 4ss ABenea0 Hian parsA e Boves

roughness on t{pg m&érmedéﬁostt@@ P ikDIcRADORBH hRAt reéstoréd NRE dutRe! fiGish

roughness generated bé@um ng the el ectromagneti ¢ beam 102. The bead

bl asting tr eapio¥idedinitalyte iy samaenent sherdp fhe deresiliPnRiPesssal , such as
protuberances, fornmed by the texturizing process. The roughness formed by

the bead bl ast jobigh) I RPLAGAEr bMBHERARAE thd vdrliecd hep IQEhéfF“&ﬁ YSugheRegr ti es

of the textured corrponent as material 1s deposited thereon. ﬁ*n addition,
bead bl asti ng aftar the sudgestaxturiigRiacesse tigrisomestesiedlyapughenedmhwulsbbel

Pasbrad | ne LAy ARG, LRS! Sl ASURSAR O HIRGAIRDRA B0°,
t he depositi onsm'fameegs.th[eO@G&bohmtarmeMmchemﬁmﬂy nmetehingt ke vsurlapéeota thé4 i s
chemi call'y roug% hnelggr(ljent or combination thereof. The chemical roughening process, like the
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 machining. 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 (H2S50,), nitric acid (HNO3), hydrochioric acid (HCI) or combination
thereof, or aqueous basi¢c 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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after the surface texturing process. The termchem cally roughened should be
broadly construed and includes, but is not limted to, chemcally etching
the surface of the conponent, electrochenmically etching the surface of the
conponent, or conbination thereof. The chem cal roughening process, like the
bead bl asting process described above, is used to forma rough surface that
can hel p i nprove the adhesion of the deposited filmto the workpi ece 104.
The nethod o ' ; | ng icdl =YY

depends on t r%ﬁhn@?e\kr;%#%?é %Eﬁ I ch ?%Eémngrg{?%?g%e&i;'gé ﬂg%tgmgégéshoﬁg&be
commonl y knowgenesalludleiarive ot ibyob limitedt itd,| thel procesh of aemoving araderial 4fom

cl eaning, netall .chem cal L ni g, . 1 c ) ly etching
is meant to g esgg{afqgway;bg‘Fqlg% H?{)ﬁ'% ?@ﬁ%i&l é}%nt%@%fcoﬁéﬁoem%%%e |§¥%f
removi ng mat erdlatlveftoamotHee ebamdradieat azts as amakpidecanday aldvesubseergéd arhami cal
activity. An exanple of typical chemcals that could be used may he, L aqueous
261 d o Yol ut i SReTOEtolviarh o A8 Rl Cadslelenemicalin gl pegass Tt (1
acid (HNGB), hwe}r&cmé;me@t@sénbﬁéH@Htr@rinmmbhn@tiembeaheﬁaw‘m applicaBibgous
basi ¢ sol utions containing such chem cals as potassium hydroxi de (KOH),
ammoni a hydr oghied  \aetrgchemicadyierghesad t Numinim Jemicandickr Peesstingent t he
process of chem e L OO S |

Conpl ot ed by HRaapusgogHageh sORalhih 8520815 083 1A 3B 2, 51 EARETRY

gene{ al 'y a pbDoclests Nof hEgl;Sﬂ_}zr fmlchg;sa lrmo?mmtetiolbtpn@rfgetlam do thei ezm:nt a‘_coel
reactive gas speci.es i nteract wi and ultjmate renmove materia
2575911 19 frgﬁppﬂgteaﬁ,w@b}f@géalgﬁr F%%%?aﬁaeﬁcé‘Pﬁﬁ%f'%’éﬁ ochem cal |y et ching
is meant to generally describe, but is not limted to, the process of
removi ng mat eMEITHOD ©OF REDYCGING BABRTICL B CONTRAMINATION t he appl i cation of an

anodi c bias to the rkpiece relative to_.another. el enent, that acts as a
cat hode and i @oﬁﬁ]so%ﬁ%@ﬁ&deﬁ"ﬁoiﬁ‘en I‘gcf"?’eol'@/“[e@{'?;'bl &t M&e Ar‘f’tf eﬁ?gHﬁ'PE of an
el ectrochen cabhtdnfiztidhng #rP66ss tMRhber"BYpleRidedapirednt erSathineht, fthem t he
invention is described in patent application entitled "Electrochemcally

Roughened Al ufieHind rssireoeriiamination o a substiate rppydad 9dheprecess chamber. a
nb 09/ 918 | t 3 ich i
vunber 09510, 555044 W b 08 UGB oY Rl 1 1

aspects and dtetmay ibensuseceplile to materials condensing on interior surfaces of the

chamber or on surfaces of components within the chamber. In one
embodiment, the chamber is a substrate processing chamber. The chamber
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 example, 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 prefetred embodiment, the chamber is a substrate
process chamber in which a substrate is exposed to one or more gas-phase

materiais.

[0065] FIG. 7 illustrates a simplified schematic cross-sectional iliustration of

a sputtering reactor 700 in which contamination may be reduced using
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METHOD OF REDUCI NG PARTI CLE CONTAM NATI ON [ 0064] In anot her enbodi nent of
the invention, a nethod of reducing contamnation in a process chanber is
provided., In one enbodinment, the mnmethod reduces contan nation of a
substrate provided to the process chanber. |In general, the chanber may be
any encl osed or partially enclosed chanber that nmay be susceptible to

mat eri al s condensing on interior surfaces of the chanber or on surfaces of
conponents Wi tetﬁhmdtm@'\ts destlred hereom el heersctdr 780 tcontalins ahsachem d:haraber

substrate pro sin The er. be one i.ch [s s e for
vacuum procesgﬁﬁgan a Sé’ n& dﬂﬁ&?ﬁ%ﬁ'?%&poﬁm@f’% Ebg u$ %ﬁ/afer
processi ng chaopgdrt 78§ nhey béofor erample!l an e?ecﬁiemﬁd': chodk. ch@m@r 700 further
Represent ati ve deposition hambers_| ncl utterl ng sical va
depos: L1 on ( POBTPHAEE P OMCHLESIETIGE B.20Y APPIONBIp: FHRIE: 73 ol BRI 12D

deposi tion (CyDy. chagth@tsnd Rt walM e hositions @wh %pbﬁﬁrrac%pvwwof(MBE)
atom c | ayer goleon (élﬁg%chanbers anong ot hers. The chanber may al so

be, for exanplsubstite qupno eln theuexemplaryarfngemenbtiba sibsiraler sunpoHer

examples of s bLRa e RS By SRRy SHASls S, LR dBhA Vel piagR"" >

anneal i ng chanbers as wef Srhace chanber's

enbodi ment, t léevatmndystemn s732. sﬂwtarrahardmmre)csasls ashgadbérlel manifoldh andbarbstrat e
i s exposed to one or nore terials. [0065] FIG 7 illustrates a

sinplified scHBRHT CUEPEHS QEHE‘?%E?&PI"“T Yustration of a sputtering reactor
700 in which contam nation may be reduced using 2575911 20 enbodi nents

dezcri bed her gdo8s) ;ggmee@gnmla@%mom?img ??ngMIﬁm@ab@ﬁzﬁdncaﬂ&a%ﬁﬁbra -
substrate SUppOI’t avli ng a surrtace, e supstr up t

may be, for eVl agd ae?‘égjtor”o £t7| e Whigitie. mﬂé’?sfegd? t%éoﬁé? theefha g@fprl ses
a shield assenplly 748 (G0t afe ShaNdEPls S¥SEEBY Blargd élaﬁs?b@tvﬁugr?ﬂas(a‘?r g., a

sem conduct or wafer) is positioned upon top SurfacCe of the substrate

support 736. lnfetdresrianepl GGA aﬁh%tﬁgmfemme I:'QEelsSalaghnr:aHyemu\@mﬁ fromm@ i s
attached, as k&‘la%g Wéié}é; ﬁlﬁnt%L n‘?‘aWisa’r uli Ao P11 Gkt E&@'be‘f%% ng"ab' €

el evator system rta re su as gas 1n mani
plate 706 and the support nng 712. Generally, to ensure the lntegnty of the

vacuum in the chamber 7186, o-rings (not shown) are used above and below the
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
of 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 voltage, 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 cylindrical shield member 742 is mounted 1o the support
ring 712. The cylindrical shape of the shield member 742 is illustrative 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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vacuum punps are omtted for clarity. [0066] The exenplary vacuum chanber
716 includes a cylindrical chanmber wall 714 and a support ring 712 which is
nounted 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 fromthe chanber walls 714 by an annul ar

I nsulator 710 that rests between the target plate 706 and the support ring

o 1ings (not Sk YPH Gekh” obRb TR, alio-b sy YRORBR: 180T ovi e

vacuum seal . Dbeomasgsx (020t 46143685 0aR0-46198ab00ZTIRIWG77 0f 0G089 122 ab020at wi | |

Speci es. To 4445 AR RSB, APRusbet Pyaiabiearom Aka Miteids A osERBsuppl y
702 i s connect®sgrat©Aat he target 706. [00671 The substrate support 736 retains

and supports substrate 720 within the chanber 716. The substrate support
736 may contain one or nore electrodes 734 i_nbedded within a support body

738. The el ect®88kes dradgitiopdn thephigld memhge 7Aeotieapnigidasseoty p }Sosuppl y
704 and, '”VW%E“SG I 720 is
el ectrostatically cl g%nd@%g dtj%it@ﬂprggr?gg H%Q"aﬁgggﬁ mh&edfaﬁ%ﬁg %I'ﬁzg % huck
body may corrplsemtecf 8¢ thatalivgl ring tits pasiphetally e thealedge @baizg spbsieate -7120ke
cylindri cal Shl n h

cylindrical shape OW%&(@ tﬁgFHESt@n%e?ﬁgiégqé‘sN ﬁli'@*"%??g@?r\\/éh %? grgnjtgr%tﬁiﬁ | d
menber that coi2Boamd the alibemehiapeg 328t isesugipantbdrbyaadilange (reot sshasini aha The

hi el d nber 742 f b hape. EXx I

2575011 21 | N RESOD e SR 20enTb 5. 4D 260HR 0L oD GIDPRREYS, SUth
0190-11821, Q2@ Fings00£8H 44 snc@p%péﬁ sﬂ@ﬁltmﬁcarpqg)@urlﬁbﬂ
0020« JWD96, 0021-KS556, 0020-45695 avail abl e m Applied Materials Inc.

Santa O ara @&com*gjprpep%eﬁﬂﬁs@weﬂ@em@ a@ﬁlt@ea inapRlisatignecontenaplaiade| d
assenbly 718 [ [ inner

di anet er whi cﬁle?‘gn E P%c?iy %ﬂné\ Pléh eﬂ?ﬁﬁ§ %ﬁ[{?& Héarl ﬁﬁga{?ﬁdu%gpﬂ he edge
of the substr atSé?‘}’zOd 0020 46649 avallable from Applled Materlals lnc Santa Clara CA.

foo70} During a sputter deposition process, process gas is supplied to the
chamber and power is supplied to target plate 706. The process gas is ighited
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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wi t hout contacting the substrate. The shadow ring rests upon an alignnent
ring 728 and the alignnment ring 728 is supported by a flange (not shown)
that 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- chambér aoshpofait-hap4e awaichadl ehambem cbpponent, Vst er cransbdrne.

Santa Clara CA__10070], During. a sputter deposition process rocess gas is
suppl i ed to ¢ EMRERSHbbRcsh i o YERUE p5aRen wusRrad 4, SRIE SR oG
process gas i y{egnThéGondésadamataSiat fdtfhsi 6n BRCRkAToRIsQfat® WRIdchdpdrar get
pl ate 706. The process gas thereby dislodges particles fromthe target

pl ate and t he CREIPONENe Jegefdyi hasoRbly linitask afhesion; and Bayi iglpasectiem e of
deposi ted nat ehRlonbhEs ntirﬁﬂgﬂeélh%hbﬁraf@%&m el d assenbly 718 generally
e

confines the plasna an sputter particles wthin a reaction zone 777,
inevitably, sputtered particles, initially in a plasma or gaseous state,
condense on vd0d78Ls ilnt@dEbio gREUER the Jandercysof FondesgesiPeRigrs puatiesried

particles may (o} i L.or r e 7]@% | y 718,
on interior Sl?(r\e?ég%gfp@ﬁgﬁg?@ﬁsa%gﬁﬂeglcgﬁgbo%g@t: théen an boﬁ.“ﬁ?ﬂ*#’?’h?“@%@‘?fgg% 712A
of support ri rgr éXaiplera shieldraseembly 18, hdaamgel 306\ acfuppde pingi7ti2pdepositipn730, as

wel | as other jnterior. ch er surfaces. Furthernor t her surfaces, such

e the top surFiEcy SEATR SEawak Pal SSaissdre! Siesroslion RV B i oc

ei ther during shownl) pededean7sEpasdinéil Se9wRRe ahuttbiOQiRk] (Hdt Sival)abr tahe term
"interior surface" refers to any surface that has an interface w th chamber

716, Chanber cvRpEHEnsURRSre/36:t 8 AFVIGRS @ HakeRWiZing FEAMDREUSYH @8miPlet el v
or bartial |y Mxﬁﬁg’%'%ﬂ%&ﬁﬁe%@e@paﬁ?ﬁ% #p 75911 22 chanber conponent nay
r e. cha

be a vacuum cha conponent, 1. zar conponent placed within a
vacuum chanber, such as, for exanple, chanber 716.. The condensed matter
that forms on [0674] i ntRefPBINg W Hcke!GofB, & seigaist methashifepe 800 bgeineraiistep has

LY ot RSB BBl BUEbE SR e GOUBSRTRA Y RGPt
forei gn natt erschoned across the surface of one or more 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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detach from a process chanber conponent, the chanber conponent, such as,
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

Step [3854;?‘“*{85{%%%2%&53\’3“"%&’5' hadtan IR To,dnfh "Ge RGBT cnor ay
I's scanned affects, tstacking fiaaks, oletonearnlormexgingizarsiress ¢ (1pontentperatard or m a

plurality of atures t her eo The feature e depressjon
pr ot uber ances’ SPC%OP%Wl PREPIESE . aﬁ'ﬁ Tﬂh%t‘?ﬁp@ Jf@éﬁ%'@ism%@ﬁbdi ng

depr essi ons %an@ibﬁt Mmﬁﬁaﬁeétd)hmnhorn% Ql@péél@dsh'fafl&fé? ¢in thgse pgber
conponent are as for morkplece 104 describ reviously. In general, step

804 enconpasséeposited matenydoshuskte aud/ok ﬁagsuzﬁ d @rh'—lﬁ!éhf\g ar flagiweof 3 3B,
3C, 3D, 3E an&éﬁgrte&g{%}%@al gﬁp%@n&la& b?ﬁ&l@s%@%ﬁ% to LORaMFL AR df ‘t’ﬁé her

conpri ses roughenin roces nent, or workp
after the feathstrate BAD 3dhe additivedf dme sthrmcemoﬁglm@nhg/asﬂm:t@w ¢his urwmatgmet | c

beam 102. Th [ OCESS heni ng .t he ce of th rk ece ,after the
eat ures” 500 HRIES THigDRedte BARTVA PRBeHIS ST Ht ARbestr mReliFCERhE SHEREh no.
can i nprove t&&he@ﬁiﬂl@:ﬁé@th@éuﬁ‘@ld&émlm@&\aﬁ&iaeéﬂ@dhni@tbhﬁoM&h Pire6se
because the surface 622 and the surface of the protuberance 604 as forned

by the surfac@nbedimgnt nhe tqhémbﬁénﬁomfé?ﬂﬁ“:t &F bé’of‘%&’% sWiRfen 18 Stiurthste
roughness ( R%ugﬁer?é?:Pé'ﬁerG(ﬂe t d‘ﬁ@&@')eent H'&es @Egtﬂg Jlﬁ&ﬁr?th%rﬁ?éa%j by the

texturizing treatnent are caused b ace tension acting on
t he:nol ten sumfftaarésaa;m@ea é“bea@l@iasm;;gﬂmtm@xumaequfn@emoomm Tﬁbeﬂ‘@n@]hened

surface by "b a‘%ﬂol@é 4 E&npﬁée f P fi §| 5 %H ?”. a rtant
since the |nt I'nNSrc crysta ograp |ng au etc.)
and/or extri ngincmnsbarbam (amdgmaytrmqeeaqjanic&e sﬂae‘ bfeabomezbetbvﬂmmt t8megmor kpi ece

d the deposjted Lal, i tc.) found in th
deposi ted nat IAGAVEHT? CRACLOBRIND (UpEASe BARIBRRL § GelRNIesmn of |

fracture. ThepdiwekhiaBeuos td atsuil 0®sRThelfocess of bead blasting the part also has
the effect of removing lightly adhered material left over from the the texturizing

process.

[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
manufacturing 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 Dl water rinse, an ultrasonic or
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deposited material can generate particles that may | ead to contam nati on of
the substrate 720. The addition of the surface rougheni ng aspect of this

i nvention helps inprove the adhesive properties of the deposited naterial
to the surface of the workpiece through a |ocalized nechani cal attachnent
or bonding. In one enbodinent the chanber conponent, or workpiece, surface
Is further roughened after the texturizing treatnment in step 804 by
spraying with a stream, af hard artlcles ("bead blasting") at the surface
of the corrponé%‘igas?wgnwapase p%'?‘q graum rﬂ%f?nc?fn?fﬁpg%n %fO(W dg)!( r;gle Ce2M M num
oxi de, gar net requitentes AseER F mesi éerﬁﬂﬂndlﬁ:ltdrl rgnufaitdringdeliow §reild aklsi Cl e
size of about 24 to about 80 grit. Typical ‘%&gbﬁt he "head bl astin rocess

i s conpl et ed &NOWdRE COBRRAY BRWR é’rdﬂf"deffé? fSosfilles tfbt%ﬁﬁt‘*"%?'é si. The

process of be%ﬂemﬁabaemb%dmgbm%oaeuaa.smahmc@hﬁgct of removing "ghtly
adhered material left ovef fromthe the texturizing  process. [00761 In

anot her enbodi rent of the present invention the process kit nPonent (or
wor kpi ece) i s R8I cdP ope Anekadimentiihe claaning RIRERRS '§|Cﬁg"Pﬂﬁt@‘é@§§r all pfythet 0 t he

stringent cl eq%hh,nﬁ ggfd%%gé @E%e%@ﬂ% a?&?c?}ué?:?m f@ﬂ%uzﬁéﬁ’rfglacmg

manuf act uri ng devi ce any mate can particu
deconpose, vdpecompenet ibe pr@t:asme!t[amlne)“m &ipemghnmnbm\balpsdqrasage

processi ng nu b m,nin zed, Sone ty con m nat i on source

P ooy S Thal: oyt eiRefigt s e HoER ufe B! BEABh st e o
mat eri al causefiodasst bigamb&t Uphi @AGtheF dnffodihente e GEERITIE ProcesiBiselonRl due
to localized heatin el ectromagneti ¢ beam contam nation from

handl i ng of t MK %3@§§e@89ﬁ@ﬁerwastma@ave@ﬁsémgﬁ-nwetwcmarawatt%m ftomer
texturizing, bgadul aSkid¥hg pdcass 6&&5@\45{@1 Ble t&h\%ﬁblﬁﬁj dridUSHe iader

chanbers. A typical cleani n process can, for exanple contal n process
steps of a calbﬁaﬁd)'aﬁt@ﬁﬂ@@r dayet anather embrgiment ibmaydiespossibleio ¢lean the aC| dic

or basic_sol utdfihohgnf SHRME AMMNATIGHE! BB orBbesR, BHETACH AYSEsT the

process conpone u asonrc or >2575911
24 negasoni ¢ [Romyonsat, isahm:hdlmi:mumdnmnemronntenbgad riisedvirl I3} waltee pabretni ng
requirenments neeﬁed to et segbconduct 0 rrﬁnuf acturing device yeild goals

shoul d be comMATFIRHE HF%W ? oI55S 692 BR% - skilled in the art of URV
[0078] Referring to step 806, the one or more chamber components are then
positioned within a process chamber, such as, for example, chamber 716 in
sputtering reactor 700. As indicated in step 808, a process sequence 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 workpisce,
substrate, or layer disposed therein. In one embodiment, the method is used to
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chem cal cleaning and/or sem conductor manufacturing. [00771 In one

enbodi nent the cleaning process is conpleted after all of the texturizing
process steps have been conpleted, but prior to the step of placing the
conponent in a process chanber. This enbodi nent thus hel ps to assure that
all contamnation is renoved prior to use of the process conponent in the
process chanber. I n another enbodi nent the cleaning process is only

conpl eted after the bead blastin%?process to renove an% cont ami nati on

lef tover af t 6PIUORSNERORIY WP phasekaydhatis Aesignehio ShligudeResitlaYen ofg, and
any |eftover r&%ﬂorggﬁéfau R leh@bRPy nhétaly 86mpaRid 8ficre HROS AR of litafRin,DE

possible to clean the conponent prior to conpleting the texturizing process
as |ong as t héignwe sdgde,damgbiienitngsensgrdaelalun niridd ema sbsiratennpmthend
rinsed in DI : | Ok | DG Qr ' t nber .
[0078] Referr\igﬁg'ﬁ{roé?éﬂt)%%mg@g, &fﬁéqgkée‘qgﬁ’ Fr%re {eéxg"ﬁ{az efr?\eg:ﬂcé?r‘pggr{g?\)? éfsae?gt% t hen
posi tioned w tréduteacpntaresdionhinae Molatutdr Bsamf &pitaxafPBE), demizetaydr6 i n

sputtering reagtor..700. indi cat in step.308, rocess seqguence i s
i ﬁi tiat edgwi t ewolsrﬂgnr%@ﬁb@eguﬁeggpqroﬁﬁpﬁﬂh% éﬁgP? e%ﬁﬂr 8*(?1 RAC&Sbstrat e
720 within reagneers/QMonglithere! DothpdRdAtswhatmay AR[UFS the {RAFZIng\Wibteésst he

above discussion details a nethod of reducing contamnation in a sputtering
reactor, it i geRelyindyde sempanegts dhal repcivatsopte amoutise denrasitiondduridr educe

contam nation yn ‘?‘B&{eﬂﬁ?@é’%}c é&ﬂrfrfgero‘:éﬂ%siﬁyﬁeo? Qﬁgﬂﬁgfﬁ?ﬁsg%mﬁﬁ Sthelhe

present invention I's to-any process c conpri‘sing an
i nterior surf aeposiporfimitasa teatdendyalioddireatly ovindisestly. contaminalertbesebstratarti al | y

ohanbor and oAt BRAPRleDS: RIS P rISERR rectind Busheind TR, BPnehamR’ | o
sui triabl e t o bee#dteasech asirom the Mg Guplr-bhe ettt syswras bumhased 1080] The
ocess chanmbers designed to

nmet hod may be used,to reduce coptam pati in
deposi t, gt ch,“"\prﬁ’ggl‘ii ,“R%Pr'%ﬁ h'@?vd%é“‘?’n@fa’fay%g'vﬁf?ﬁb?e@é’,‘po@ﬂﬁétq[]épé,“&p 1 ayer
di sposed t her gjoRo-41189 G0N PSBHATB040-45066,"RId00h 917, 0oRS! 11482, 0BBYYESED

reduce contami nation in a chanber that is desi gned to sputter deposit a
| ayer of ref RR2PEH70eR0R0-Q1571 e PRALP P67 . B D028 8HBEBNd such as a | ayer of

titani um
[0081] In another embodiment, the one or more chamber components 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 compenents with a
stream of hard particles. The hard particles 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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titaniumnitride, tantalum tungsten, or tantalumnitride on a substrate. In
other simlar enbodinents of the invention, the texturizing nethod can be
used to reduce contam nation in a Ml ecular Beam Epitaxy (MBE), Atomc
Layer Deposition (ALD), Chem cal Vapor Deposition (CVvD) or Dry Etch process
chanbers, anong others. Conponents that may require the texturizing process
general ly include conponents that receive sone anount of deposition during

t he processi rydeyxides drelomonivgn dedaside, mydmgenl;maokidg, pitric asigie siyd@fidoidie
deposited filmhas a tendenc direc directly contam nate the
substrate. cgj‘éfﬂfﬂ i’Foé‘Ic %Cy%ae& f?ﬁ’iiﬂ%%&‘f ‘?quui ring texturizing in a
non-sputtering reactor, such as fromthe MKP+, Super-e or eMax etch systens
pur chased fr qoessfppl Ties!trbtivesmit alith chemical Siaids andyl b i dadiitiodrte of ireplacerpbnent s:
0040- 41188, 0040-4118 021- 156 40- 45966, 00 4917, . 0020- 17482,
0020- 075609, %@ﬁ“@%%‘ %aggggnlglseg?ﬁte(;@gwel@qg%?r %‘RPC%O‘;‘O’GU‘PBB’@ forei@B1] In
anot her enbodhARE! frofnh thed Rt Rze B0 B8 THIE Tal§¢ CBRRATHIfted! eprerf@ﬁage@hé Fom the
process chanber after step 808 and a process to renove condensed foreig
mat t er t hat n@prrb@aiatmeém@nt dees npkraduge (ne magreiaughoess pkthe depreasiens [00821
The renoval 1§ :Fﬁg raying the
surface of the' rﬁ%&éﬁgﬁﬁﬁghé tex ({CG@OES%HWE@S‘EH%%@%@eW Mtﬁa&a%/of har d
particles. Theplaged iptar thec Iclaambely acdrm‘rdesegauh qroddengihanced|adiesiom foxi de,

garnet, silicon,o ox de or silico car | and may have a particle size of
about 24 to aBBHe" hﬁt %dﬁns‘ﬁ%‘? the spraying i s sufficient to renpve
the foreign matter w thout substantlally nodi fying the texture (i.e., the
depr essi ons apebspr ot imheteegrabsdiment bﬂ'tﬁe$w§eatmverﬁtldﬂwte&mm0wbcee{sﬁﬁﬁy31 I n

anot her enbodi ne a chemcal fluj to the surface of the one
or fore pr oce%‘ga'gﬁﬁ%gra ’E%ﬁ?ﬁ@h@rﬁ@"ﬁrﬁ g&;opéo e BOEPIESR BYnioE §xamBlee; gn

matter ther €04p rote8s eN&id waking! Mg V\Félcﬁﬁé NRBE dff%)zhéi%m[dr?ﬁoée‘éées fRARERH €
soaki ng or sprayl ng the surfade Wi th chem cals such as degreasi ng

conposi ti ons, besbskdiia ieymrpsriuberances as sheipuraneneirihemeriieqot b sbsife 12675911
26 hydr oxi de, adHEERA SHThE KHEEK hlferidt AL PASBsE iR el fire Hat ftlte &fhSleted in

hydr of | uori c
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 io 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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acid, hydrochloric acid, and conbi nations thereof. [0084] The treatnent with
chem cal fluids nmay be in addition to or in place of spraying with hard
particles. Alternatively, other nmethods of renoving foreign matter fromthe
texturized surfaces are also contenplated. Preferably, the chem cal
treatment does not reduce the nmacro-roughness of the depressions forned
during tWhat gxlaimiediisag process. In this manner the conponent may be

repl aced into the chanber and once again provi de enhanced adhesi on for
matter that condenses on the surface. [0085] In one enbodi nent of the
present i nvent | aitnad | & pitvidih 0 REAGRS o MPXur R 3tlq ac@mgagelﬁ Bt 6l @ O
simlar conposition to the workpi ece by, for exanple, process of arc

wel di ng,setloGniedtali prgeesd/Bianoer otongrissrigni | ar processes that can be used to
form protuberances on the surface of the rkpi ece. To assure the _adhesion
of the added Sﬁﬂwwleﬁtwa&ns%ﬁwow P Hgfheictonﬁ’é’n%nfﬁ’f pEYbCrERl a
vacuum ﬁﬁﬁg@giﬁmb%ﬁ)‘r& SIAIE &f RSk tBereory@en free) environment, and/or
where the workpiece Is heated to a tenperature that is near the nelting

poi nt of theoughiesingdhe suffaee aoldifdatoes affth¢ bempateet.i al to form prot uberances
is thus neant to pronote adhesion of the deposited filmto the workpiece.
It is envisioned that this enbodi nent could replace or be added to the
process ~step Ik i i Fi gure
B Feapact rvaly M BTEA M FoUERAEEERTY ol £ R At BTG AR
incorporate the teachings of the present invention have been shown and

described in _detai], hose skilled in the art can readily devise nmany ot her
Varied erbodiTRernanihal AT WHCHRIB thio PIAFE R4RBCHS PEATE ok gPOWEE FEBHY B \ihat

is clai IS i.di t 1 Q- : f
S cl al MRthtioh the suactRMAY ipBHAY WBbRAnRH BE AR if Qirderd!id AGER! offhbout

conpone use in a _sem conduct process ¢ r, conmprising: scanning
an el ectl0bNegnettoabbeal® ¥¢muss t he surface of the conponent for a sufficient
period of time to forma plurality of features thereon; and roughening the
surface and features of the conponent. 2. The nmethod of claim 1, wherein

scanni ng ConpiSf&had bf 8R%h 1, WheRiPRAigRediBle dubfiBe of the component comprises

bead blasting the component.

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

9. The method of claim 4, wherein bead blasting is performed using grit particles

comprising aluminum oxide, garnet, silicon carbide, silicon oxide or combinations thereof.
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3. The method of claim1l1l, wherein the el ectromagneti c 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 WmmR to about 10° WmmR2. 4. The net hod of
claim1l1, wherein toughening the surface of the conponent conprises bead

bl asting the conponent. 5. The nethod of claim1, wherein roughening the
surface I9f t hidhecoethohehclagorpiingles cootpering athemicaliy gheninggtht kempongonéat . 6.
The nethod.pf claim1, further conprising heating the conponent prior to
scannin ea‘iﬁ@“&@@?f’%‘ﬁﬁ% ic beam 7. The method of claim®6, wherein

heati ng the conponent conprises pre-heating the conponent to a tenperature
that is less than a tenperature at which the conponent begins to nelt,

fl ow, orllunderhgonethbd vénrtaimiS, desharpogiprising.chgmicalp cheaningdthe fcomipanent @fter
wherein &_)}he.cHn%g)n nt. izlgheat ed utsi ng a radi ant heat |anp, inductive

heat er, GFmHR™Y RUSHEDE & S TRPENeat er. 9. The nethod of claim4, wherein
bead blasting is perfornmed using grit particles conprising alum num oxi de,
garnet, silicon carbide, silicon oxide or conbinations thereof. 28 10. The
met hod df2. ¢l aihey methed of kiaim clo fprthesicompeikiagi chamiioally | céeaninggthe kempongs néat
after l}ead. bl,ast,i nﬂtthﬁef CtO% nent. 11. The nmethod of claimb5, further
conpri si ﬂ‘@m&lﬁg}ﬁ%%a )7% AT e(rfzfgl'corrponent after chem cally roughening

t he conponent. 12. The nethod of claim 1, further conprising chemcally
cleaning the conponent after formng the plurality of features thereon. 13.
The net Had ofThel methrd of falgimh &y fusthep edmprigng siresssrelieting wha gompenend pponent
prior to paovi qlf‘?gﬁ Y textture tg a surfafe of the conponent. 14. The net hod
of cl ai MY EAREPCCBAPTTEFHY Y FEBRBL| evi ng the conponent after forning
the plurality of features. 15. The nethod of claim1, further conprising
stress relieving the conponent prior to providing a texture to a surface
and streds r ellicemethgdt ple ceimpbnButhenfcomprisiog ritigss réleevpiguthe componsht fallat ur es
t her eon f claim4, further conprising stress relieving the

.. 16. Th )
conponerf™ag ]?ee%g%myogf {atures

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 surface.

18. A method of providing a texture to a surface of a component, comprising:

pumping a texturizing chamber to a pressure in a range of about 107 torr to about 107
forr,

scanning an electron beam across the surface of the component at an electron beam
current of between about 15 and about 50 milliamperes and an accelerating voltage of
between about 50 and about 160 kilovolts to form a plurality of features thereon; and

roughening the surface and features of the component.
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bl asting the conponent. 17. The nethod of claim1, wherein the
el ectromagnetic beamis used to formfeatures on a second surface of the
conponent to conpensate for any possible distortion caused by formng
features on a first surface. 18. A nethod of providing a texture to a
surface of a conponent, conprising: punping a texturizing chanber to a
pressureld.n adllcanghodbf elbimi 8, WHSeharamning alngutised H transit it and @ dasllmignean
el ectron beam across the surface of the conmponent at an el ectron beam
current of between about 15 and about 50 m I I i anperes and an accel erating
vol tage gf bﬂ;evwﬁ@moa%@utaua%a%e?&me HEBrokldg¥e! bhnd fad PpBhE: Brdlidhily of
features thereon; roughening the surtace features he cohponent.
29 19. Timentnmt the dudbcechdiaihe chipontrgngpon vﬁneinmeﬁgaanmsmuesed ia at raagesof atidune and
a dwel | tdé%a 20. The hod,of claim 18, wherein the el ectromagneti c beam
has a po @é‘HsYOt%bof’ﬁl fBfnt on the surface of the conponent upon which
the beamis directed in a range of about 104 Wm® to about 107 WmmR2. 21.
The net hod of claim 18, wherein roughening the surface of the conmponent
conpri se3l. beHw mbthed ofiglatrhd 8cwhpemeatghdihg thh surfatehddhotompaient dBnprsker ei n
r ougheni n e.surface of the conmponent conprises chem cally roughening the
conponen? %d%gasn%@eﬁﬁmgaergf claim 18, further conprising heating the
conponent prior to scanning the electromagnetic beam 24. The nethod of
cl aim 23, wherein heating conprises pre-heating the conponent to a
t enper atlﬂr e tTimmetshod eﬁ slatthd 8, eherempenghane tht swiachftthe caoppenecdmiresgs ns t o
nmel t, e ubstantial deconposition. 25. The nmethod of claim
23, vvher eﬁ“"c rEBﬁiﬁ ABe FMPRIGILY using a radi ant heat lamp, inductive
heater, or a IR type resistive heater. 26. The nethod of claim 21, wherein
bead bI asting is perfornmed using grit particles conprising alum num oxi de,
garnet, 2i.1i chm maﬂhbd@é claﬂhlljficﬁm}mxicdmprjsinghn&lingahé OOE po et eobr to Kannifipe
rther conprising chem cally cleaning the conmponent

met hod o% Jal m 2 ﬁ
after bead eﬁﬁr%fg?gr}*?é‘c f@conponent .

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.

27.  The method of claim 21, further comprising chemically cleaning the component after

bead blasting the component.

28.  The method of claim 22, further comprising chemically cleaning the component after

chemically roughening the component.

29.  The method of claim 18, further comprising chemically cleaning the component after

forming the plurality of features thereon.
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28. The nethod of claim 22, further conprising chemcally cleaning the
conponent after chemcally roughening the conponent. 29. The nethod of
claim 18, further conprising chemcally cleaning the conmponent after
forming the plurality of features thereon. 30 30. The nethod of claim 18,
further conprising stress relieving the conponent prior to providing a
texture 8@ a The fretiwdodf ¢lhien d ByrpmthentomBdsingl ktee saere leving thecd cmipoand B, priarrtbher

conprising stress relieving the conponent after formng the plurality of
f eat ur esP‘%ﬁ‘.t‘n%r%’XH’é‘i %ﬂs%?acﬁlogf%cf POPEMt her conprising stress relieving

t he conponent prior to providing a texture to a surface and stress
relieving the conponent after formng the plurality of features thereon.
33. The Akt hodlhofmeathal of 21aimf U8.t fuether ooppiisihggirsts edisvingl theviongponbet after

conponent. after bead. bl.asti ng the conponent. 34. The nethod of claim 18,
wher ei n %(H’é“ %EP&%&&H@?@&W amis used to formfeatures on a second

surface of the conponent to conpensate for any possible distortion caused by
formng features on a first surface. 35. A process chamber conponent for use
in a prodass Chanstrod clostpim 4B nfyrthencdyophysimg virgsg relmying theoremmuehtapes;toand a

I lit f.f f d t f wherei n t t b
Formea By suniiiothe o 8 ae BsUerdrLofiia e ‘BRenggatro kS LR ATy e
process ghamkel thgegponent, and wherein the features that are forned are

selected fromthe group consisting of depressions, protuberances, and
conbi nations thereof, and wherein the surfaces are chem cally roughened

after the, pluralit f feature re formed theregn. .36, The process chanber
Componentof  Chemsihed of iined I Ryrfer smpHRiEg SURa retiAk e CoTPERRY ALEr Biider
chem cal hystiRQuabeshpshenhe process chanber conponent. 37. A process chanber

conponent for use in a process chanber, conprising: a body having one or
nore surfaces; and a plurality of features fornmed on the surfaces, wherein

the feat . by s. i b f el.ect ti
her ossatbur 1 ABLTSHREHY T BE o iHERABE cleEspOREne PeamidS et B froHesHERs ur es
that arep Qraeshdadigrae€loe eheecbrhpHht REcEh SRt TAShL p&\dible 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 selected from the group consisting
of depressions, protuberances, and combinations thereof, and wherein the surfaces are

chemically roughened after the plurality of features are formed thereon.

36.  The process chamber component of claim 35, wherein the surfaces are chemically

cleaned after chemically roughening the process chamber component.

37. 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 selected from the group consisting

of depressions, protuberances, and combinations thereof, and wherein the component is stress
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of depressions, protuberances, and conbi nati ons thereof, and wherein the
conponent is stress 31 relieved prior to scanning the el ectromagnetic beam
across the surface of the process chanber conponent. 38. A process chanber
conponent for use in a process chanber, conprising: a body having one or
nore surfaces; and a plurality of features forned on the surfaces, wherein

t he featrulﬁmdnaim foeeranhopnde eleytramagmetio gheamb aaso fthe lserfhdeo B GHE tprecesner gy
acr oss face of the process chanber conponent, and wherein the features
that aréh P%L?Fé@”ﬁ%oée‘gel ected fromthe group consisting of depressions,

pr ot uberances, and conbinations thereof, and wherein the conmponent is
brought to a pre-heat tenperature prior to step scanning the el ectromagnetic
beam and. mh%p@icmstCh@nbmmnmmrnﬁ for sterie aproaeks ehaatbeprdoorprismgheat i ng to a

pr eheat tenperat.ure. oces cha er conponent for use in a process

chanber , cow&QOQV#@Vl“gQHBBH&Oﬁ%W escaﬁ or nore surfaces: and a plurality of
features for ngguat &Efemés%ﬁﬁed M‘ﬁfeeéuﬂaéé%ewh%hwh%%%@fég th@B%Jn%HHQi by

scanni ng a beam of el ectromagnetic energy across a surface o e process
chanber bycemapaing ret beanobfv\ﬁec’tmmamh@c feeargyraesost kva‘sumﬁace cbfotheeptoaess chainket ed

fromthe g{pou%ﬁ rgils Etlng de rhe55| 0{1 . protuber and conbi.nati ons
t her eof ,“C2k4™ WherRm i, WER (31 arestoriged are, ggiqe Olﬁfql%lgr‘?”@r“rﬁnﬁémfﬂwe

pl ural i tyy &fpre‘s%ﬁyrﬁ%mbé&ncé r&hecmlﬁ&iﬁmetﬁe&mae@heﬁeﬁ{ tHs @mhg?&npﬁé)cess
chanber, conprising: a body having one or nore surfaces; and a urality of

f eat ur esbrcbughm;ol oopretiwat dempereiss pwherteistept franfiilpgt the e?éedma)wrmgbamw béon,nedl by
scanni ng .a heam of el ect.roma nﬁtl (o enertg&eacross a surface of the process

chanber “RSHPSAMPORFRY I§AEESS FH VAL PRAIP eaung R Prehedt FGIAAYSr e sel ect ed

fromthe group consisting of depressions, protuberances, and conbi nations
t hereof, and wherein the conponent is stress relieved prior to providing a
texture 3t90 az%pm%assghambemoumonﬁmrfntn@lniae)rcpﬂeasrehaimb}%r aonfpeimingres on said

surface. 330@ ess chanber copponent for use in a process chanber,
conpri si ng 83’5?"’19&?%8"6%*‘%%@“ urfaces; and a plurality of features

formed on the QULliRCESkaliRar BiMed e HARHERS v»ﬁéi‘éﬁn 18 §BathiRE TRk b&h f%ﬁﬁ‘éﬂ“' ng a
beam of el ectromagrieti c energy across a sur face of the process chambe
by scanning a beam of electromagnetic energy across a surface of the process chamber
component, and wherein the features that are formed are selected from the group consisting
of depressions, protuberances, and combinations thereof, and wherein the component is stress

relieved after forming the plurality of features.

40. 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 selected from the group consisting
of depressions, protuberances, and combinations thereof, and wherein the component is stress
relieved prior to providing a texture to a surface and after forming the plurality of features on

said surface.

41, 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 selected from the group consisting
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conponent, and wherein the features that are fornmed are selected fromthe
group consisting 32 of depressions, protuberances, and conbi nations

t hereof, and wherein the conmponent is brought to a pre-heat tenperature
prior to step scanning the el ectromagneti c beam and, wherein the conponent
is stress relieved after formng the plurality of features. 42. A process
chanber cbhdpoesininsf protulsearicrs,aamt ocebmattanthercof.c amp mtereig: the acobgpdyerhai ng
one or re surfaces; and a pluraljty of features fornmed on the surfg&gs,

wher ei n PioEghlele f i bRl EMPERITE JHpE O TP SERRMENYe Fleimmasreds bedPoRRthnet i ¢

energy agh@sth the Sohpatcdt AfsikfiSreRERAGTR: A e pARARORE Marurdfld wherein the
features that are fornmed are selected fromthe group consisting of

depressi ons, protuberances, and conbinations thereof, and wherein the
conponent_has, features fornmed on ﬁgfirSt and a ﬁéﬁgnd surface, wherein the

f eat ur esbon t APTEED MRS FARRONGIE RIS Kt RPIOETSS CRUMPH A ERIBRI YRS ess of formi ng

features on tgody Ka¥inSiHe @GRore4drfackiSdget hod of claim 18, wherein the power
density at a point on the surface of the conponent is in a range of about

104 to about 4pbiraNtywf features rmedwinitbel swfaces, avhrerdn tivhteabires Idve rhicemfdrmed

45, “Tho RESHEITA » AT D3 e NBAGIIS CHEFSCATIS FOUHHEORgHt RS Fofehper

conpri segomfdRRt HAE RERIGR Y fh USRI 118 fEARISHE 5A6Qed Hom flREBhPEERKmRamber

conmponent of claim35, wherein the surfaces are electrochenmically

r oughenedf dg8essions, protuberances, and combinations thereof, and wherein the component has
features formed on a first and a second surface, wherein the features on the second surface

compensate for the induced stress of forming features on the first surface.

43, The method of claim 18, wherein the power density at a point on the surface of the

component is in a range of about 10* to about 10° W/mm?®.

44,  The method of claim 5, wherein chemically roughening the surface comprises

electrochemically roughening the surface.

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

electrochemically roughening the surface.

46.  The process chamber component of claim 35, wherein the surfaces are

electrochemically roughened.
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