METHODS AND APPARATUS FOR PROTECTI NG PLASMA CHAMBER SURFACES TECHNI CAL
FIELD [1] This invention relates generally to plasna generation and
processi lyoequiqsEnt . I n particular, the technol ogy rel ateasc@neishods and
apparatus for protecting plasma chanber surfaces. BACKGROUND [2] Pl asmas
are often used to activate gases placing themin an excited state so that
t hey have METIHOBSANDARRARATYS FOR BROTEGEENG RInaASHESs E31AMBERXcited to
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nol ecul es. Di ssoci ated gases are nuner ous i ndustrial and
scientific applications including processing solid materials such as

sem conductor wafers, powders TiIOANGEAS! FEASHS. The paraneters of the

di ssoci ated gas and the conditions of the exposure of the dissociated gas
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reactive gas generator located upstream of the chamber. The preferred location of plasma
generation relative to the wafer location depends on the process.

[004] A plasma in contact with a wafer generally has higher chemical reactivity due
to the presence of electrons and ions in the plasma. When the plasma is in contact with the
wafer, it is possible to control the energy and direction of ions at the wafer surface by
applying a bias voltage to the wafer. Such arrangements are used in, for example, plasma-
enhanced chemical vapor deposition or directional etching applications.

[005] For semiconductor processes in which the workpiece (e.g., wafer) is sensitive
to electric charges in a plasma, susceptible to ultraviolet energy (UV) damage generated by
the plasma, or require high chemical selectivity, exposing the wafer to the plasma can be
undesirable. In some situations, the wafer and the plasma chamber surfaces can be damaged
by exposure to chemically corrosive plasmas. This may create chemical contamination and
particle generation, shorten the product life and increase cost of ownership. Accordingly,

remote plasma sources are sometimes used to reduce wafer and chamber damage because the



[ 6] Reactive gas generators generate plasmas by, for exanple, applying an
electric potential of sufficient magnitude to a plasma gas (e.g., 02 N2,

Ar, NF3, Wd20HA0m1d He), or a mixture of gases, to ioni PeTAS2000M6453R
portion of the gas. Plasmas can be generated in various ways, including DC
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WD 2011/ 005277PCT/ US2009/ 064535 [ 0013] The invention, in another aspect,
features a systemfor creating a protective |ayer over a surface of an
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comprising aluminum and magnesium is an aluminum alloy with magnesium content
between about 0.1% to about 6% by weight. In some embodiments, exposing the oxidized
surface to the halogen-comprising plasma or excited gas occurs while a semiconductor
process is conducted using a plasma reactor. In come embodiments, a plasma reactor is used
to generate the halogen-comprising plasma and the object is part of an interior surface of the
plasma reactor.

[0011] The invention, in another aspect, features a method for preparing an object for
use in a semiconductor processing system. The method includes providing an object
comprising aluminum and magnesium. The method also includes oxidizing the surface of the
object using a plasma electrolytic oxidation process for subsequent exposure to a halogen-
comprising plasma or excited gas, to create a protective layer over the surface of the object.
[0012] The invention, in another aspect, features an article of manufacture used in a
semiconductor processing system having a coating with a dielectric strength greater than 20
volts DC per micron. The article of manufacture includes an object comprising aluminum
and magnesium. The article of manufacture also includes a protective layer over a surface of
the object formed by oxidizing the surface of the object using a plasma electrolytic oxidation
process, and exposing the oxidized surface to a halogen-comprising plasma or excited gas

generated by a reactive gas generator.



[0017]FIG 1 is a flow chart illustrating a nethod for creating a
protective |ayer over a surface of an object, according to an illustrative
enbodi mrenwoabittdes27rnventi on. [0018] FIG 2A is a graphi cacTiusbamsess on of
spectral analysis results conducted on an object process using a
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gas comprising a halogen; and means for exposing the oxidized surface to the halogen-
comprising plasma or excited gas.
[0014] The invention, in another aspect, features a plasma chamber for use with a
reactive gas source. The plasma chamber includes an inlet for receiving a gas. The plasma
chamber also includes at least one plasma chamber wall for containing the gas, the plasma
chamber wall comprising aluminum and magnesium and a protective layer over a surface of
the object formed by, oxidizing the surface of the object using a plasma electrolytic oxidation
process, and exposing the oxidized surface to a halogen-comprising plasma or excited gas.
The plasma chamber also includes an outlet for outputting a reactive gas generated by the
interaction of the plasma and the gas.
[0015] The invention, in another aspect, features a method for manufacturing a plasma
chamber. The method includes providing a chamber for containing a gas, the chamber
comprising an inlet for receiving a gas and an outlet for outputting a reactive gas generated
by the interaction of a plasma and the gas, the chamber comprising aluminum and
magnesium. The method also includes oxidizing at least one surface of the chamber using a

plasma electrolytic oxidation process and exposing the oxidized surface to a halogen-

comprising plasma or excited.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] The foregoing and other objects, feature and advantages of the invention, as
well as the invention itself, will be more fully understood from the following illustrative
description, when read together with the accompanying drawings which are not necessarily to
scale.
[0017] FIG. 1 is a flow chart illustrating a method for creating a protective layer over a
surface of an object, according to an illustrative embodiment of the invention.
[0018] FIG. 2A is a graphical illustration of spectral analysis results conducted on an
object process using a conventional anodization process.
[0019] FIG. 2B is a graphical illustration of spectral analysis results conducted on an

object in which a second embodiment of the invention was applied to the object.



2A and 2B. [0022]FIG 4A is a schematic illustration of a reactive gas
source used to performa step in a process for creating a protective |ayer
over a suwbaor/wf27a pl asma chanber, according to an ill esrrstimwescesabodi nent
of the invention. [0023]FIG 4B is a schematic illustration of a reactive
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over a surface of an object (e.g., an object for use in a semiconductor processing system),
according to an illustrative embodiment of the invention. The method 100 includes providing
an object 104 that includes aluminum and magnesium. The method 100 also includes
oxidizing a surface of the object using a plasma electrolytic oxidation process 108 to produce
an oxidized surface over the surface of the object.

[0025] Embodiments of the invention are useful for creating a protective layer over the
surfaces of objects used in semiconductor processing. The protective layer can minimize
surface erosion (e.g., melting, vaporization, sublimation, sputtering of the material beneath
the protective layer) from interior walls of plasma sources. Minimizing surface erosion
ultimately minimizes particle generation and contamination of the processes performed in a
semiconductor processing system. The protective layer also can reduce the loss of reactive
gases that could otherwise occur due to surface recombination of the reactive gas on plasma
chamber walls.

[0026] The protective layer also broadens the types of plasma chemistries that can be
operated in a plasma source. The protective layer makes the plasma chamber better capable
of operating (e.g., producing fewer contaminants) in hydrogen, oxygen or nitrogen based
chemistries (e.g., HoO, Ha, O,, Na,), halogen based chemistries (e.g., NF3, CF4, CoFs, C3Fs,
SF¢, Cl,, CIF3, Br) and in a mixture and/or rapid cycling of halogen, hydrogen, oxygen or
nitrogen based chemistries and Ar-ignition steps. The protective layer therefore extends

operation of the plasma sources to higher power levels, improves the dielectric breakdown



operated in a plasma source. The protective |ayer makes the plasma chanber
better capable of operating (e.g., producing fewer contam nants) in

hydr ogen,woxyganszir ni t rogen based chemi stries (e.g., HPOT/US200902453N2, ),
hal ogen based chemistries (e.g., NF3, CF4, C2F6, C3F8, SF6, C2, ClF3, Br)
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obj ect sW;prS a%ﬂa%?ro {cﬁ’uén @Eégteﬁhéﬂdexaﬁ% o%@Qn&)ﬁloPJ cﬁﬁf‘o%ﬁﬁd usi ng

plasmae rolytric Ion, 1nc I°Gr T um a oys and cast
al | oysresStanplal 68 Rimmmasleardlym mb;la&mln mmivesuhzsqqﬂuemmrpmfdngl&slehgtrmal step 112

to ultinately create rotecgti ver ce of the object.
potent?alg/ than used wit Fczz)onverrﬁona\f f %/ tion severa Hund?‘ c{ vcﬁts for plasma J

electrolytic oxidation as compared with several tens of volts for conventional anodization).



[ 0030] The nmet hod 100 al so includes generating a hal ogen-conprising plasm
by exciting a gas that includes a hal ogen 112. Hal ogens (or hal ogen

el enent s)weaneiwmomret al el ements fromgroup VII and VI | Arofr/usb@opesssodi c
table (e.g., fluorine). Exenplary hal ogen-conprising gases useful in

enboi s of t-he | iQni:Lncl e C2F6,
Caro, - ORgenisotEf s RATRL  GRL I tishg I AireRARTRI s oh el oAl

hal ogedisdharges that pydgesa pasmax at the durfisiernd tlee obgantt Thephana gedéiatand (e. g., the
reactive gas generator_of FIG 4). [0031] The net hqd. 100 al so. i pcl ude

ex posi Fative Byt e Lle Pé’_éié_l%ﬁe}-t Sraﬁrlf‘%etfﬁmc PHEA lagé?h-gle Ahprogig

Pl asmeyanghokisat e if BB i ASxidd %hé%sage bR sPotitRwWagKkemdof the

object I's exposed to the hal ogen-conprising plasnma or excited gas, alloy
el enenswwaidafwoni the orighnal mxtall surfasy of thsyobjdse Hlvadertangk of metalyaidometi dat i on

proces see step 108) react w th the hal ogen-conpr.i si |.asma_or excited
gas. [%B’&%f%be e lbﬁlrl’ﬁeﬁlflfm? ﬁlgc%ca}'tél&oxf(%ﬁg?f 13%%%3&%5%1891% ﬁlg?ysi ncl udes
Mg N e SirdBastUbl 1 0SteH 0P brsphms Eleashidce Fottsubsequér ptdcessinll dGaspsL 12rgnesi um i s
drawn into the oxide |ayer. Wen the oxide |ayer (which includes oxides of
nmagnesiltimptelyscreatp aeteetty edayes puen the syase ebHsrdbischg f I uori ne, the magnesi um
oxi de ts w | 4or i ne o) | I: The
rragneslirogm fl uor itfggh%?l%lr f‘eﬂg)ta{é 1{1%18%1%56&%(1{53%@?%%% J%ﬁ Ilrlr%g%é%{?lﬁ%?l uori de
forms @icltingsi gas ti ietdudet bhakdeoil . NHalopérar(bahalbgepelanafts)tanenabmpetalt and
encapsul ates and protects al um num and. al um num_oxi.d n the surface of the
obj gacftelfffl%tﬁé? @QE’O&‘GP%Vﬁbar{dh IKIQfI(SIFe! E’Fél-og%ﬁ%?'ﬁgﬂg%r}e T E:ée E‘Hég?l?ﬁﬁnfl uori de
| nhi bi 5o§nﬂrﬁﬁ1gp§§%tﬁs@$dl ‘i)rpelﬁf)oiaﬁllght% loPBR!infdniBh iftfudeN iR ekApRXNES H aur) and
provi des ‘protection for the oxide |ayer and the base al um numall oy.
[ 0033] CiF s 00 s £SHx0 A€, artdBr, pndBeCl i nent apbodinent teohadegapvweompisigr f ace of
an object that is gart %fg an | nte{i Rr suyrface. of a Ia§m5 CLOr running a
hal 0g ePASBREEHCH PYBR 8 $eacHXR B APREIY A& 8 p FIgdRES 1é/ﬁ§a%§e§-1e{e} N tPﬁ§ As t hat
i ncl ud@asijal 0gemnt st dliid) al@ idcRIRAKpBEnd IR BXidigh ZRefaseibf e @bfett like obj ect
to the hal'ogen-conprising plasma or excited gas (step 116) occur while
r unni nigaleges-deaipsiging-tessecandfas helpgen-compusiag sabo@ MEhensthe pidedayer obthes
i mpl emented in this nner_be t |.di r ' i.stance to
nal oger e exeo B i e S R IR SRR iyt

the oxide layer by the plasma electrolytic oxidation process (see step 108) react with the

halogen-comprising plasma or excited gas.

[0032] In one embodiment, the object is an aluminum alloy that includes magnesium.
During the plasma electrolytic oxidation process, magnesium is drawn into the oxide layer.
When the oxide layer (which includes oxides of magnesium) is exposed to an excited gas
comprising fluorine, the magnesium oxide reacts with the fluorine to form magnesium
fluoride (MgF,). The magnesium fluoride is created in the oxide layer. The magnesium
fluoride forms diffusion bonds with adjoining material layers of the object and encapsulates
and protects aluminum and aluminum oxide on the surface of the object from exposure to the
fluorine-comprising gas. The magnesium fluoride inhibits the penetration of additional
fluorine into the oxide layer and provides protection for the oxide layer and the base
aluminum alloy.

[0033] In one embodiment, the protective layer is created over a surface of an object
that is part of an interior surface of a plasma reactor running a halogen-based process.
Generating the plasma and exciting the gas that includes halogen (step 112) and exposing the
oxidized surface of the object to the halogen-comprising plasma or excited gas (step 116)

occur while running the halogen-based process. In some embodiments, method 100 is



[0034]FIGS. 2A is a plot of the spectrumof an Energy D spersive X-ray
Spectroscopy (EDS) analysis fromtests conducted on an object that was
anodi zed weizng/@szenvent i onal Type |11 hard anodi zat i onPprase®s/06dbhe
spectrumin FIG 2A is a plot 200 of the x-ray signal counts 208 (Y-axis)
versus t he

obj ect nﬁ%ﬁ%%ﬁéltﬁg%ﬁ%&cgﬁgeé%b%ggga ?@Hcg %Qgéﬂsé%é%té]}&xanl?%é ta alloy. The
t hi cknebite hninpe haligdatbassd deaymndm:tott;bteccsbj ect i s approxinmately 50 m The

obj ect not sed.to a ri or t S analysis. The x-ray
em ssi [Q\A?/a/as geﬁﬁ(?gt%lsvﬁ RIAt ﬁ ﬁ@”‘l? &fap JgﬁPﬁrSIV?%ﬁ ng the detection
thic knﬁﬁ:@tr&%&gé& g%b%'). @eag@ts ffom tétts%natt%e@&pm asaéc@tau WU Grsd @6 a Pl ot 200

shows t obj ect i1 ncludes alumnum (Al) and oxygen (0). The
anmount confentigaleBynedll lmrd agtelizatine pdwbm: Thespectrmintin GGt v ismploy 20Gofsthet em

0035] FI GS. 2B an ots pectra of e ra
Sooot ooyl ena T REE) rdntio RS b Ob kel Gid sRhaRT b Aiatxe
di ff ergad) O@M&?Bélﬁg ahaliRa. 'Th%%}dc@ﬁbeﬂ@i @ro’ﬁﬂfﬂa‘ltﬁﬂmﬁﬁt 80%e allbjy eThs. The
spectrumin FIG 2B is a plot 250 of the x-ray signal counts 258 (Y-axis)

ver susthickaesg of the cxidatign 13yer Rethe(qbnqcblsapetqmmate%iq pmp dhe oRieghvayndf t he
bj ect
gl Ju(rancnu 8%@%3%§ﬁsoy%?jf%gl] oy c sgldrnﬂseq{a{)agrekl n(grlélﬁé Qeﬁ%n%“gvﬁ{et@lgﬁngﬁ t hat

was priaoessatbnisiamng llmlmmwmbm tlhaikytésmo outhitedtionn?2 3rion ef thelyrodieedni t e

International L{d. The h|ckne s of de I ely 50 m
The ol# E@tn%@rﬁlﬁt %B@b%é%ﬂmt"t?t atghe,ey 125‘? P@JFCHIBC i{%‘é %&“ﬁﬁh@i? Pl ot 250
shows § % @e &ﬁ@ophh%e%ldnofsltn@testht BtediRInl 1wt Bgtlfelaﬁﬂﬁrgffs%%sté}ﬁygen (0),

al um nu magnesi u 6] The spectrumin is a plot
270 of [00B%] x- raYI@SgZ&hncbZﬂatesplQ@@f §pectm o§ Energy Slispertiee X-1ag ppesiosenpyi n keV

L B SRt b S BB P e 7 o =

| nt er ngténalwdré E\i;i)pliéa't@ ehel dWfecta Mhepadifiin &1 BIC, n8) i¥ hipfot @50 @@ tHedRragr OCess
used on the object in FIG 2B. After processi n(_:i t he obj ect using .the plasm
e

el e(r:]t r ognal p@urmﬂifat\i’-@mspms;gghe xfripeenspgyeidtkeWadt ftyﬁg@@v@]@ 202 (NF"B‘@IO&?]W& for
50
oxi i 218 Bl et wete TR Eb RS SR AT e el o3 G RBRRE ORI

magnesigen aiey) coufednd dppastimate(sF) % rffig@teﬁﬁml)lﬂ’tat ohs ﬁﬁ)@é&édl umtgaptdsmaobj ect in
FIG 2C (approximtely 1000 x-ray signal counts F'} is.significantly higher

t han tﬁectmtﬂmxwowregs inerontta dntempienal L. Fits thiskness 95 sq¥Ra 1819 100
X-ray ts®)m SR Gnale§s because
fluori eg&%%( m?eﬁéflﬂ]S% m anggﬁdgﬁe‘*é"f%ﬁ are dio%eé}gﬁmp ﬁ‘gqéi%é;%ﬂg?e %g the NF3
pl as n&PloNB@hﬂ&mrthétlthmmdﬁed ebjkaomiudlers theofotiodirfg elementsxoryden (@) h adj oi ni ng
mat er| | ayers al um nu al um num oxi de. The magnesi um fl uori de
encaps @EW%@B%%‘F%‘“@I )num and al umi num oxi de from further exposure

to thepgobgpri neﬂ%@@gédtﬁlhﬂ& (23 2C%§Bl&b?@bﬂﬂh@x%¥Q%aladoﬁnfs%g‘(gdaxw the NF3
p| asngy, the relativ concentrati on of magnesi um !l dori de or magnesi um oxi de

i ncr easesusche khay mgsamekeé‘f (kilhelestipryolt) Z&ﬁdmgﬁeﬁlthm@lﬂt@@ﬂnﬁ@nﬁlﬁmcbl ts the

or ot ect Fomprgre £ty PTGy (R Peb 0B TR kR EeBphBE . 5

a gr apﬁélﬁg'ithe'shﬁlel?Iasﬁ‘lble%tr@fytld ioRldaEibh procsds ueabémthefobjdacinaXiGdRBehfteayer s on
three objects. Plot 300 of FIG 3 is a plot of the dielectric strength of

the t hp@eesemjgéhft ebjegasing(le plasmaelectralyiieexidgmm nracess tb‘b?‘@@tt WA SKDPE

oxidiz n C d

surf acgO a(?'rvtﬁijz‘rtf’:ela j%@?ﬁ%&ggﬂor ?(gggag%tg{éé%gﬁge fsyglrs'f gg(gtsﬁ? V%]\/\t;tia)lrgl{eﬁlgx| di zed
usi ng axiglzas objeel includa th¢ fotlomwinglaementspogges Oy elutinumdAby nsgheiin e

I nt er nati onal _usj ngEdl fferent electrolytes, The Y-axis 316 of .the plot 300

i s t he(MEransdyaripe §F). chhgramquapt gbmegnesiuiT ghe ARIF s A6 2SRRI Ne of t he

di el ec [, ethnQ each
obj ect tlg(%(ﬁf ?af;rrs‘?é}@(i:at slgjgﬁﬁgghﬁgqhgﬁ it %ﬂct ri c%ﬁ%&r}éﬁh \E/\}/%gﬁ) F cul at ed
as t heimélés adepﬂtroﬂmaddy\nOQ&traﬁgtgnailcmunte)ﬂ Hiyorireds plesektne d& abfect heFloki de

| ayer sured at .the fjve | ocations on the.obj The di el ect strength
o oh; TE e fatridesof aERUBABE P Ae R ORGP SIE(s TN, § oot

of obj 8Fa§m§0§/la‘gﬁ§sn%%hﬁﬂe 1sh@16w@h9%rmlc%ffﬁ%h%ow With dd6inteheetisl 16y§ r engt h
of object 312 was greater than about 64 volts DO m The breakdown voI t age
was neasured using a Biddle AC/DC H gh-Pot Tester (nodel # 230425)

manuf actured by Megger Group Limted gDallas, TX). The thickness of the

oxi de |l ayer was neasured using a Dual Scope(r) MP20 thickness measurenent
unit nmanufactured by Fischer Technology, Inc. (Wndsor, CT). The dielectric
strength of the Ob] ects W|th surfaces t hat wer e treated u5| ng the pI asnma

o NS o A SN\




400 for exciting gases, according to an illustrative enbodi nent of the

I nvention. The reactive gas generator system 400 includes a plasm gas
source 4Mocommmesi’ed via a gas line 416 to an inlet 440pofi/us2@omsssas chanber
408. A valve 420 controls the flow of plasma gas (e.g., 02, N2, Ar, NF3,

F2, H2 : [ QM.: . . ' 416 and
i o ORGSR ORI B Rl e o e e
gener adleminant agl ammbfunpddderfroddBrthértdxposurdie the Asomnebanpesingl 6. When pl asma
432 conprj ses tge pl asma ci&gﬂ.ggf 434 al$ortion of.mhifh fl ows out of
the crARBENMREdes iR oRaehoY RN eplagas hamliiye spRtraiaton Bagwsi of the
pl asmagd3iie b8 alaoReki @R SxAklihMadse 1 8n IHRGuRhESIRhOSSect! ThE ManedrRAdivoERE . the

pl asma generator 484 is |located partially around the plasma chamber 408.
WO 201iphibits gz teaatationad addicasd Sluo0os ditathe axédedaysrand asovidesereiediondpst em 400

al so ipncludes a power .supply.424 that provides power via connection 428 to
the p|t§§ﬂ§1 82%’5? gﬁ%ﬁekgﬁpﬁg%%?l e the plasma 432 (which conprises the
exci t e@ogAs 434FIGM {sheprBprasdrallehaidest deBctrifReefitRsMhetratiRalagdBogan be
formed or fabricated fronaI for exa a netallic material such as

| e, ; ¢
al uni ribracobiegtsr dHotaX00H F1Ged i1a plat ofithe dicleetric srgngthiodthesthiras obiccliAftt z or
sapphi &, . .Qr t.al ' . ) . nbodi ts,
thor ol B arpi2 PAREROFRRobte haf SR8 bufi YTl (S RBROE DS o e
exci t ggtogas tAddate (A QAG]iZdtesupfaes omthelvbjdoer O¥e8s 388 aad 3 tlihdvetsudZ@stihet | s

connected via a passage 468 to _an input 476 of a_process, chanber 456. The
exci t evergaxidized lﬁs}%vgslgﬁﬂ?%ﬁﬁﬁr%)ﬁ%“s% TPBPTAGESS Pfﬁfcngagyi PR476 of the

pr OCeSm&ﬂ%ﬁslrusﬂfgﬁdiffgﬁeﬁ?ﬁg%tﬁqw@&dﬁﬁe $0RiPP% dritansdt 300 e dEReeis chanber

456 supports a mater IS processed by the excited gas 434. In one
embodi stength ih veltpoi. tBe masmasandasininumivebleof die digledfic atrergih ®emhduct or

waf er | ocated on the_s |l e hol der 460 i.n t.h ocess,. chanber, 456,

[0041] @“Bﬁ“‘g’s ed o e Dok o R Oﬁ%g,e ‘?8?"}}399%1%% |agﬁv%%|5€‘%1sé’§r$&°hg§?18‘%‘at or,
radi o fiRQuarientBRvastiafsBe DRNBE Aefdurdd bréalklotmOMAdge Pivad®ygener at or . The
pl asma source 484 can be a renote plasma source. Eéjmay of exanple, the

pl asnethickuessof figtoxidmlaper mepsstrRONEvedesabipes ¢n tewRicsbulcediggeititact ured by

NS AT ! 56 w2V P OB B TRt
308 was greater than about 19 volts DC/um. The dielectric strength of object 312 was greater
than about 64 volts DC/um. The breakdown voltage was measured using a Biddle AC/DC
High-Pot Tester (model # 230425) manufactured by Megger Group Limited (Dallas, TX).
The thickness of the oxide layer was measured using a DualScope® MP20 thickness
measurement unit manufactured by Fischer Technology, Inc. (Windsor, CT). The dielectric
strength of the objects with surfaces that were treated using the plasma electrolytic oxidation
process (objects 308 and 312) was greater than about 20 volts DC/pm.
[0038] FIG. 4A is partial schematic representation of a reactive gas generator system
400 for exciting gases, according to an illustrative embodiment of the invention. The reactive
gas generator system 400 includes a plasma gas source 412 connected via a gas line 416 to an
inlet 440 of a plasma chamber 408. A valve 420 controls the flow of plasma gas (e.g., O,
N,, Ar, NF3, F,, H, and He) from the plasma gas source 412 through the gas line 416 and into
the inlet 440 of the plasma chamber 408. A plasma generator 484 generates a region of
plasma 432 within the plasma chamber 408. The plasma 432 comprises the plasma excited
gas 434, a portion of which flows out of the chamber 408. The plasma excited gas 434 is
produced as a result of the plasma 432 heating and activating the plasma gas. In this

embodiment, the plasma generator 484 is located partially around the plasma chamber 408.



chanber 408 is a chanber nmade from an alum num al |l oy that includes
magnesi um | n ot her enbodi nents, alternative types of plasma sources and
chanber maDeniialos27may be used. [0043] The power supply 4PETABR0000645BDr
exanpl e, an RF power supply or a mcrowave power supply. In sone

embodi s, th%@hﬂéﬁ@e §%§raﬂdép§r%}o¥|9}%térﬂﬁbb'9ﬁ§ i&l&ﬁea%ggwgf @g%ﬁ%&@ free

charg at provides an oni zation event t | gnrtes the plasna
432 i nprovideppavesiaicdumnbeiond28.to THeeplasmd gemeratai8d as gemerate ¢t plesmm 452 a short,

hi gh vol tage pul se that is appli.ed to the plas h r 408. The | se can
have aWAQEPTISeEs W SKeGdraRs ég‘@ 5. lesrongiapiiet 204 %ﬁ'ﬂ%%&f&ﬁﬁﬁ ely
0.1 m%ﬂ%@?&m%rtf%?rm%drﬂ‘ddl,' of e, laQR&allif R £ s8@SasSHehinddh @agon can be

i nsert Into the asnma chanmber 408 to reduce the voltage required to
i gni t erefrheory metakp adi3dectiit mateviabsush as gukirtst areapriiitsooraepdirs metebsuch agener at e

the free charges in the plasma.chanbher 408 that provi.d he initi al

i oni zaacniofh‘?e‘i1 ﬁ’tlmflﬂ'ain % ??Iﬂg&}“??gn 4t§g Rés%éﬁaﬁ i utgﬁ(gtopqo %r%ne(r:aﬁ%l[ Ser 408.

[ 0044] }1asnodus 204HaQe igBRsthte Bhe dftfed PRyl on, the reactive gas generator system
400 is used to excite a gas conpri sing halogen for use as described

previ oi08#8] her eiThe plasga chamber 408 hpean owtist 47 fhat isrogpeqtgdyia pypassage 40f ect
conprisin | ypj ' [
50107 oBED T AT hAREFRARGE 458 heRkORRARE o Hius throush pasgagedes

(e.g.,amitig@ tAOMpaf 47 &b thd processekigiberetSat A sagile boldes4a0f meioned irhike obj ect .
[ 0045] I n one enbodinent, the oxi,qi zed object was inst t he pl asma

|1 I
c harrh ePTo2s8 chamebes 456 serports ampaierial thatds praeessqdpy the exgHs (ﬁagg#t-,nlnawe
ASTRGMQ%@%&%&@ 4§@Ea{ecﬂﬁf1t€§9t'dﬁiﬁgto¥'5‘§Qnﬁk$n&d€§>r|v9a?&1r168§&l 8n thenc. of

W | m ngt on, was used as t pl asma source 484. The oxi di zed object was
expos ecintpte old#z3t6plimrepprgense clenatwkr B§6.t he pl asma source to produce nmagnesi um

wes 2 BO#0 ' ThaheplsRTR e R ARt ot B aaa Bl ADG R ASHA st B Rl Mt ol y

6.5 kW’requency (RF) plasma generator or a microwave plasma generator. The plasma source 484
can be a remote plasma source. By way of example, the plasma source 484 can be an
ASTRON® remote plasma source manufactured by MKS Instruments, Inc. of Wilmington,
MA.
[0042] In one embodiment, the plasma source 484 is a toroidal plasma source and the
chamber 408 is a chamber made from an aluminum alloy that includes magnesium. In other
embodiments, alternative types of plasma sources and chamber materials may be used.
[0043] The power supply 424 can be, for example, an RF power supply or a
microwave power supply. In some embodiments, the plasma chamber 408 includes a means
for generating free charges that provides an initial ionization event that ignites the plasma 432
in the plasma chamber 408. The initial ionization event can be a short, high voltage pulse
that is applied to the plasma chamber 408. The pulse can have a voltage of approximately
500-10,000 volts and can be approximately 0.1 microseconds to 100 milliseconds long. A
noble gas such as argon can be inserted into the plasma chamber 408 to reduce the voltage
required to ignite the plasma 432. Ultraviolet radiation also can be used to generate the free
charges in the plasma chamber 408 that provide the initial ionization event that ignites the
plasma 432 in the plasma chamber 408.
[0044] In one embodiment of the invention, the reactive gas generator system 400 is
used to excite a gas comprising halogen for use as described previously herein (e.g., with

respect to step 112 of FIG. 1). An object comprising aluminum and magnesium is processed
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[ 0046] I n anot her enbodi nent of the invention, the reactive gas generator
system 400 is used to excite a gas conprising halogen for use as descri bed
previ ouslwohergiose7(e. g., wWith respect to step 112 of FI ECTAS2009e45p% asma
chanber 408 is the object that is processed using a plasnma electrolytic
oxi dation proces 10, F hi I e
o1 as b RIS e Rl oot i terd o8 ST Lol R Bl phei
magnesgutiate ¢ tht asjpdx. el ectrol ytic oxidation process is used to create the

oxi de |l ayer on the interjor surfaces of the p|as chanber 408. The plasm
chanbe[ﬁm%ﬁiB i s ihene grkadimentqthe oxidizedobiget W@%m@'ﬁggfb%@?a asmaghanbeh 400.

[ 0047] I r Qy| HRIFB pl asma
Chanbe b < R RO s L S, A N M R R kit

gener ajoese nmuacairedby MIES istrgaentd 3ici of WimingtamtdA wdsised hethe plaginzed
interior sg{rfag‘r S o.f.tge | asma_chanper 8 .are theref [ €1,6X gsed to the
f1 uor | EIEHRAr i8¢ AYidizied Shiechwas eipaseshiir NG Rjanagner &BPses

Fl uorifgice gﬁ»d%é Agedivet filaseSortthe bhigade] FTREANIG TRAPRE WAB3 dfarRk posed t o
the plasma 432 and excited gas 434, simlarly as described above with

r es pecthambeirgssute, wahd 9 ety aleatbxpareeriptoides toxheiplasmg sias aPPIOREARY | s of

t he plé";t?gﬁ/chanber 408 reacts with the fluorine to form magnesi um fl uori de
(MF2)* e magnesium fluoride is created in the oxide |ayer. [0048]1n
anot hegoggrbodi menindihertehotifineof i invdhdon, ehetdavivegas ggraatonseiens 80 em 400
is used to create plasma 432 by exciting a gas co ,riﬁi %%@hae&o en.. The

i nt er i i6bseskipfexeitssa &S APrisiedaineen 65 ushas BysCHPULISEoRHY hEin Bk Wi t he
obj ect r e i | 8¢ ¥ ' k1 i 2581 Usthod. , Step
105" o SHEEOFB 2 TR, B PHATRRE Gkl YO8 5 (R e
chanbeg pld&ha adeerdptisoridaiedrocss(ag, stubihefbIa. [ pylntthistenbedinkiéshemgnesi um
A plasma electrol ytjic oxidatio rocess i s yse o create the oxi,de |ayer
on t heblasmaghagibes éé ‘é(?@gs'[ﬁ?cteﬁa@g%rg@’éa nyp P%g@iglc@ﬁigmgn%%p. e pl asna
chanb b&rd - i ishB&Fd ¥EutdaR HERAERIOh By Hite@idr 4@aced he

pl as lgsg%gesl%ﬁ?déﬁ%gaﬁg)gﬁ%%g@ﬁﬁgé&(as t he Ia_srra?égra$) to the plasm
chanbeof t4OBlasrh alsamsbet 398 i Thephemachambesidng is tgen Mg led ethg repshe 832
generates the excited plasma gas 434 which subsequently flows through
passag%enﬁ’@g’réﬁﬂelﬁr48§ess chamber 456. The oxidized interior surfaces of the

passag@o4fd and The PERHS seRRBRED pAfided NF; tab efeqflasnes x50 Sethlisnd diembeci t ed
gas 434 (which conprises fluorine). The oxidized surfaces ofg&'he passage

468 andD%rRiemest Piasbesrated gsiag thed¥ho sty Rlsmart 2genprakey pcHupPlagngi | ar |y
as descrifhed 0 ' r 1o £Si 1 ' he oxi de
ayer Bt thd HHEmEE 5, BRIHGIR HlsHor il RO RS b b R0 A o it

t hﬁ f | thereifare ekﬁbs&@tdmhmﬁ@mﬁtﬁé-uamf)ﬁsiﬁg pliemé MBE2)d exfciod gp+433 (vﬁﬁch IS parti al
schematic representation o n in-si pl asma, system475. The sma gas
425 ( eSqjnprisgs feringynphe §?<Iﬁ1gzeg SH%?C&@@WW S WF%‘EE{ ate PRt ‘2’6@? to the

| as W] 14S oidl; i Ois
P ﬁ%ﬂﬁ?ﬁg %Pgﬁ%ﬁgm; %%%3'& 51?{1%%9%35' geéalﬁg&?éﬁﬁ)v@ hamhiespecttolt &S M TASO |

gene plasma reactor '494. A sanple hol der
462 posiaghesivadoxide ihihe pxiledssr oh drbeallsdfohsplppoa clansberrd0& rdagls withethe | s

processed. by the plasna 480 and it as_490. .In.one enbadi nent . . the
obj ect ﬁ}‘%mtﬂ tg fevp gﬁg‘?%’é“% HB‘i“ge @gg@r ‘Fﬂ%%?grfﬁlué‘hgll?fé © IS SEFRFAHR A OXidee
obj ect laiyér.i tself the process chanber 450. A plasnma el ectrol ytic oxidation

process’i's used to create the oxide |layer on the object. The oxidized
sur f acf)0d8] t he dhbjancther embodimerdithe inventionl bgssrcivarpas gsnargtosisusiera 4480 and

excit egs wed to4c%gdte Isnf-arsnr-nla 355 Yy BRcififg & rg'asp go%n%?s?ﬁ’geha% gteg. TR RRE ol ArfadFor 1

gas passage 468 and/or process chamber 456 are the objects processed using a plasma

electrolytic oxidation process (e.g., step 108 of FIG. 1). In this embodiment, the gas passage
468 and/or process chamber 456 are constructed from an aluminum alloy that includes
magnesium. A plasma electrolytic oxidation process is used to create the oxide layer on the
interior surfaces of passage 468 or process chamber 456. The plasma chamber 408 is

installed in the reactive gas generator system 400. The plasma gas source 412 provides NF;
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[ 0050] Vari ations, nodifications, and other inplenentations of what is
descri bed herein will occur to those of ordinary skill in the art wthout
departi ngvbromvabe7spirit and the scope of the inventi orCaarsesoionasds
Accordingly, the invention is to be defined not by the preceding

Fol | o e oRast ) ShoBai oDl Kbt #o8 oA RERGe Mot e 04 1o
cr eat i gigsnea 48204cB6iated €hd Eeeitd plasiha gas484 whieh elibsaquently lotvsahropph passggeal un num
and magnesi um for use in_a sem ¢onduct or 1Eches& ng sy ste&t he net hod

conpr i 4i8ragd peadess daner H20- st ardizet infeior sfacet OLGF Rassaepieftnd RIPESE ol yti ¢
oxi dat i.gp,RY SRe thegaﬂt%r%bbg& tstﬁéaéxeﬁw% lcﬁ%)qu ?1%5%19%1&3“1”&6 ng a gas

conpri5|ng a ogen exposing t surface to the
hal oganﬁmmmmn&cesg)fph@pmag@r%@mdmegsasmmber 456heee eEpdsod toothe ekeliehghs

o, P, B RGeS OO QTG RCEORIC S LB AR e 4% R ot hod

of cl ai,qey Pm@%ﬁg 5 thE S QREEHS SRPBISE At I QR BREHRIRASHMT S _an
al um num a magnesi um content between about 0.1%to about 6% by

wei ghtfom@magﬁbﬂauméldmude(if/lg&)al m 1, wherein the gas conprising a halogen is

excite ing a ive ) rator . wh
a pl as[ﬂ_ﬂhjﬁﬁeact of E(? Aﬁ% %ﬁﬁlﬁf%pr?ﬁg 328?85%1}11nc%p ﬁ?s(s%llgan%k%m#a angrt(:a Ihg
obj ect TheSplRMd gdf423Me LN @al B6mBih@E Baloferl) Repiolidsdpvia Bput 466, to the

plasma chamber 450, which is also the process chamber. A plasma 480 is generated inside

the chamber 450 by a plasma reactor 494. A sample holder 462 positioned in the process
chamber 450 supports a material that is processed by the plasma 480 and excited gas 490. In
one embodiment, the object is placed on the sample holder 462. In another embodiment, the
object is itself the process chamber 450. A plasma electrolytic oxidation process is used to
create the oxide layer on the object. The oxidized surface of the object is exposed to the
halogen-comprising plasma 480 and excited gas 490, similarly as described above with
respect to FIG. 1.

[0050] Variations, modifications, and other implementations of what is described
herein will occur to those of ordinary skill in the art without departing from the spirit and the
scope of the invention as claimed. Accordingly, the invention is to be defined not by the

preceding illustrative description but instead by the spirit and scope of the following claims.
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6. The nethod of claim11, wherein exposing the oxidized surface to the

hal ogen-conprising plasma or excited gas occurs while a sem conduct or
process iwocondwsi7ed using a plasma reactor. 7. A nethedTfuseoonesasi ng an
obj ect for use in a sem conductor processing system the nethod conprising:
provi di ng an object conprising aluatﬂﬁpband magnesi um and oxi di zi ng the
surface of the object using a plasma electrol ytic oxidation process for

subsequent exposure to.a hal ogen-conprisin | asma por excited .t

(r:nra ea]Ele tilfg it B q&%"#’%% Pf\??%“i’%]@yg}sf’r"?% é‘%&et"ﬁén Bg’je tc‘?tg%llp”%?ng%ﬁ‘igwgbl e of
nu ] HAGina: ti ith

2 di gﬁ‘gct o e B S L B e e of ©

manuf act ure. |.Sd .06 ' hSi } [ d

prot cet v dgHR tsuRde AP BhEE - RIREIGh e ALUMCUTANA parest um and 2

2011/ 005277PCT/: US2009/ 064535 oxi di zi , _ . |
pl asma el @5?‘?8{1%?%18%?15%%@%&% g‘észrhg By %%Etlr%j% %?Cﬁ)&%[rﬁgﬁgaxk?@%)g%ﬁt aftS! N @

ess, ed surface to

a hal ogen-conpri si ng. pl as 0 ' . i
gener atg or _expggfngt e ogld?ze% sur acer toe%ﬁ(ec hglggeng&% Fs?negrpalgserr(xja (?Iyex%lté(F gef:s'? Ve gas

2. The method of claim 1, wherein the halogen-comprising gas is selected from the group

consisting of NF3, Fy, CF4, C,F¢, C3Fg, SFe, Clp, CIF3, and Br; and BrCl.

3. The method of claim 1, wherein the object comprising aluminum and magnesium is an

aluminum alloy with magnesium content between about 0.1% to about 6% by weight.

4. The method of claim 1, wherein the gas comprising a halogen is excited using a reactive

gas generator.

5. The method of claim 1, wherein a plasma reactor is used to generate the halogen-

comprising plasma and the object is part of an interior surface of the plasma reactor.

6. The method of claim 1, wherein exposing the oxidized surface to the halogen-comprising

plasma or excited gas occurs while a semiconductor process is conducted using a plasma reactor.

7. A method for preparing an object for use in a semiconductor processing system, the

method comprising:
providing an object comprising aluminum and magnesium; and

oxidizing the surface of the object using a plasma electrolytic oxidation process for
subsequent exposure to a halogen-comprising plasma or excited gas, to create a

protective layer over the surface of the object.

8. An article of manufacture used in a semiconductor processing system having a coating

with a dielectric strength greater than 20 volts DC per micron, article of manufacture comprising:
an object comprising aluminum and magnesium; and

a protective layer over a surface of the object formed by,

13



9. A systemfor creating a protective |ayer over a surface of an object
conprising alum num and nmagnesi um for use in a sem conductor processing
system twe wygwsrrconpri si ng: means for oxidi zi ng t he earfisec@nbisshe
object using a plasm el ectrolytic oxidation process; neans for generating

a hal ogen-conpri si.n | & bye.exc¢iting. 0 | S1E << and
nmeans for ex pos?f{hd Zlg%gl eosﬁillr fez%fcfﬁ% gtr’ gg%“%oag@%%ng%%?%%%#?%%ﬁ%%@? ﬁ‘g&ﬁ ’asma or
excited gas. 10. #ugl asna chanber for use with a reactive gas source, the

pl asma chanber conprising: an inlet for receiving a gas; at |east one
pl asma chamber wgbdind Be ok Il sSOHACE tohehaliisn-coRPrifing Pl nahR RREtedviRk |

conpri sing alum numand magnesi um and a protective |ayer over a surface of
t he obj ect fornedgdngratedkbyia rdaptiva gas geerp@ee of the object using a plasma
el ectrolytic oxidation process, and exposing the oxidized surface to a

hal ogen- coXrpystesi fuy cpdatingm pooteetivei leyed oyerss suafade afiah ehjeds womptising lumingut t i ng
a reactive gas %enerat ed b%lcahge I nteraction | asma_and the gas. 11.

of 1he
A neﬁgeanaﬁa SR AR WERASTY ‘fcé(grﬁo??ﬁ%{ﬂ%gfs,ter?’ﬁée ?P@F%ﬁo%gm?gzsi ng:
provi di ng a chanber . for containi a gas, .t he chanber coppri.ging an inlet
for recei vGHgS T@xidizing t%ﬁ“&%ﬁ? %'{]t%f3 SPJ%SRHSH&?’( PlAgmae F%té‘ﬁﬁqegxlaaa%o ener at ed
by the interﬁl%ésg’n of a plasma and
means for generating a halogen-comprising plasma by exciting a gas comprising a

halogen; and

means for exposing the oxidized surface to the halogen-comprising plasma or excited

gas.
10. A plasma chamber for use with a reactive gas source, the plasma chamber comprising:
an inlet for receiving a gas;

at least one plasma chamber wall for containing the gas, the plasma chamber wall comprising
aluminum and magnesium and a protective layer over a surface of the object formed by,
oxidizing the surface of the object using a plasma electrolytic oxidation process, and

exposing the oxidized surface to a halogen-comprising plasma or excited gas; and

and an outlet for outputting a reactive gas generated by the interaction of the plasma and the

gas.
11. A method for manufacturing a plasma chamber, the method comprising:

providing a chamber for containing a gas, the chamber comprising an inlet for receiving a gas
and an outlet for outputting a reactive gas generated by the interaction of a plasma and

the gas, the chamber comprising aluminum and magnesium;

oxidizing at least one surface of the chamber using a plasma electrolytic oxidation process

and exposing the oxidized surface to a halogen-comprising plasma or excited gas.
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t he gas, the chanber conprising alum num and magnesi um oxidi zing at | east
one surface of the chanber using a plasma el ectrolytic oxidation process
and exposwogotinesoxi di zed surface to a hal ogen-conpri si mgTfiSa®me4385 exci t ed
gas. WO 2011/ 005277PCT/ U82009/ 064535 12. The nethod of claim1l1l, wherein
the ‘ec egﬁ‘%go cgaéﬁug{' ‘?{1@{ So“ercft? it A n%ﬁé fa‘é‘é‘SM’f)las&lQe ”Et hod

furt REactor oxygen

nitr Q%Ebrbﬁhé %Cbtlﬁﬁiefmtﬁéxf ddﬁﬁmsnig\?opeﬂm@g I‘ﬂlﬁt mgﬂnﬁeactbﬁinrhyﬂio gewl”l@ry@elm ot h e
chanber is part of pl asma reactor, the nmethod further conprising

operéﬁ&%@mﬁﬁﬁip$8§ﬁ%ﬂ¢%actor in hydrogen oxygen or nitrogen based
chem stries.
13.  The method of claim 11, wherein the chamber is part of a plasma reactor, the method
further comprising operating the plasma reactor in hydrogen, oxygen or nitrogen based

chemistries.
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