1 METHOD AND APPARATUS FOR THE APPLI CATI ON OF TWN W RE ARC SPRAY COATI NGS
5 FIELD OF THE | NVENTI ON The present invention generally relates to the
field of coating deposition. 10 Mdre specifically, the present invention is
directed to nethods and apparatuses for depositing coatings onto substrates
using nodified Twwn Wre Spray Arc nethodol ogy. BACKGROUND OF THE | NVENTI ON
15 In the field of processing chanber deposition, chamber conponents and
surfaces are often nodified to facilitate optinmum producti on of work pieces
being coated. Deposition processes entail subjecting work piece surfaces to
conditions and coatings requiring stringent quality control. Coating
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depositing coatings onto substrates using modified Twin Wire Spray Arc

methodology.

BACKGROUND OF THE INVENTION
15
In the field of processing chamber deposition, chamber components and
surfaces are often modified to facilitate optimum production of work pieces being
coated. Deposition processes entail subjecting work piece surfaces to conditions and
coatings requiring stringent quality control. Coating thicknesses for many work
' ) 20  pieces, such as, for example, semiconductors, are extremely small, often as smali as
several thonsandths of an inch or less. Various plasma coating technologies create
byproducts in the deposition chamber that are vented from the chamber atmosphere
during or after coating occurs. However, some plasma byproduct remains adhered to
the inner surfaces, or walls, of the chamber as well as other chamber components
25  exposed to the mmer chamber environment. When byproduct builds up to a
predetermined amount, usually based on hours of operation, the production must be
brought off line, and the chamber surfaces replaced or cleaned to remove the
byproduct build up. If this regular maintenance is not conducted, byproduct may
separate from the chamber walls and other exposed components and contaminate the
30  work pieces being coated. This contamination often results in work piece failure or

malfunction. As a result, in the coating industry, chamber inmer surfaces and chamber



i ncrease the adherence of plasnma and ot her coating process byproducts. This
enhanced adherence of byproduct to the chanber walls and chanber conponents
i ncreases the processing tine achi eved between chanber cl eanings, which, in
“turn, 5 increases overall system productivity as the process renains "on
line"” longer resulting in greater overall product yield. In addition, if
the by-product is particularly valuable or otherw se recycl abl e, by-product
adherence to the chanber walls and conporents is also desired. Attenpts at
nodi fyi ng chanber conponent surfaces to achieve the proper 10 surface
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known met hods havd&hnaetbstatey of ek dhatebeatomatnants arb wifted tnddavienbeemineposi t ed

In a fashion ahcr)])%t or%%a?rﬁésessste%?st. eﬂ{ei oelllltcr%gr%ceg g?&elsee ggrﬁpénré%tssmul?s% ttﬂe%tb% treated
15 to effect the desired surface features and microscopic contours. Known surface
“roughing” techniques include grit blasting, or chemically etching metal surfaces. In
addition, coatings have been applied to metal substrate surfaces to create irregular
surfaces. These known methods have worked to roughen the metal substrate surfaces.
However, all known methods have been somewhat unacceptable in terms of the finite
) 20  degree of adherence with respect to the amount or volume of byproduct able to be
“trapped” by the modified chamber wall surface
In addition, the application of coatings to metal surfaces, introduces additional
problems with respect to the nearly permanent adherence of the coating to the metal
that must be realized. In other words, coatings applied to chamber wall surfaces that
25  “roughen” the metallic chamber wall surface are not useful if the coatings themselves
will eventually delaminate and contribute to the contamination of the work pieces.
Known coatings designed to make metallic and non-metallic (e.g. ceramic) chamber
walls less smooth must be deposited such that irregularities are presented to the
finmished surface. However, known methods have not only risked delamination, but
30  have been deposited in a fashion that creates potential gaps that leave the substrate

surface coated discontinuously. This results in plasma byproduct being able to react



surface coated discontinuously. This results in plasma byproduct being able
toreact 3 with the substrate surface, or otherwi se work to accelerate the
del ami nation of the <coating fromthe chanber wall substrate, further
‘exacerbating the chanber contamination issues and frustrating by-product
recycling issues. 5 SUMVARY OF THE | NVENTI ON I n one enbodi nent, the present
invention is directed to a nethod for coating deposition chanber conponent
substrate. A deposition chanber conponent substrate } having a substrate
surface is provided along with a twin wire are spray coating 10 apparatus
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the first coating. In a further enbodinent, the present invention is
directed to a nethod for imbilizing tantal um containing conpounds from a
tant al um deposition process. A 20 deposition chanmber is provided, with the
chanber conpri si ng camkanbedinconibnpresent ameenaion iadibetedi tnaencthod faceatidhe
chanmber conponent.s and chanber inner surface further conprise a plasm
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wire arc spray coating. Through regulating coating components, nozzle flow, and
substrate composition, the coating surface displays predictable preselected
15 characteristics, in particular a desired roughness for adhering chemical species. Most
desirably, the surface roughness of the second coating is greater than the surface
roughness of the first coating.
In a further embodiment, the present invention is directed to a method for
immobilizing tantalum-containing compounds from a tantalum deposition process. A
' ) 20 deposition chamber is provided, with the chamber comprising chamber components
and a chamber inner surface. The chamber components and chamber inner surface
further comprise a plasma composite coating, with the composite coating comprising
first and second layers. A tantalum-containing compound is provided to a plasma
coating process. The process releases tantalum species from the tantalum-containing
25  compound, and deposits an amount of the tantalum species on a work piece. An
amount of tantalum species contacts and adheres to the composite coating. The
composite coating 1s then treated to release the tantalum species from the composiie
coating. An amount of the tantalum species 1s then reclaimed from the composite
coafing,
30 In yet another embodiment, the present invention is directed to a composite

coating deposited onto a substrate surface, said coating comprising a first coating



30 In yet another enbodinment, the present invention is directed to a
conposite coating deposited onto a substrate surface, said coating
conprising a first coating 4 |layer having a first roughness value and a
“second coating |layer having a second roughness value greater than the first
roughness value. The first and second coating |ayers conprise a netal
sel ected fromthe group consisting of alum num alum num alloy, nickel, and
mol ybdenum 5 In a still further enbodi nént, the present invention is
directed to a processing chanber conprising a chanber having an inner
chanber, said chanber having an 1inner surface and processing chanber
conponent s, lagel vigpBrie rus vae and gueeand coatifmberer Iveng hagroad i nner
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processithg tayehimivingea ssedd roughaessvabie greater than the first roughness vatue. The

composite layer is deposited onto the chamber inner surface and component outer

surfaces substantially continuously.

BRIEF DESCRIPTION OF THE DRAWINGS

15
Fig. 1 is an enlarged cross-sectional photograph of metal substrates coated
with known TWAS technologies (Prior Art).
Figs. 2a ~2d are photographs showing TWAS-coated quartz samples. (Prior
i Art).
) 20 Figs. 3a-3b — are photographs of quartz samples coated according to one

embodiment of the processes of the present invention.

Fig. 4 is a schematic representation of the twin wire arc spray assembly of one
embodiment of the present invention.

Fig. 5 is an enlarged cross-sectional photograph of a metal substrate coated

25  with a TWAS system of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Thermal spraying is a known matenal processing technigue used in various

30 high-tech industries. Twin Wire Arc Spraying (TWAS) processes are particularly



30 high-tech industries. Twin Wre Are Spraying (TWAS) processes are
particularly 5 wuseful thermal spraying processes. In the TWAS processes two
Wwres are fed into respective contact tips that pass electrical current
into the wires. The tips are oriented toward each other so the wires extend
toward an intersection. A high current is applied across the wres causing
an electrical are to formacross the tips of the wires. 5 The electric
current then nmelts the feed wire portion3in the arc zone. A nozzle device

is located proximate to and between the contact tips and is oriented to emt
a gas streamtoward the arc zone. The gas _stream sprays the nolten netal
onto the worteciid tharmabspranng prpcassedaln thg T WA Sreseses tee winave BdaHo used to
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shown in Fig. 1 (prior _art), a thin, non-continuous TWAS coating |ayer 12

was deposi t exppbigd acrophibe mates casing aleleptrigaldep tsiorinaarash dregs of dre wires.

sem condyct o r.ocessing.. .,Jhe at e ubstrate was then exposed.to work
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the work pieces, specifically sem conductor wafers. A coating of tantalum
particl es 14stresnstomard thdlaer zobet dhelges stToanSspray the groltay eretd 2ntoRhg wotk ¢l ear | y

shows the non- on%i nuUous na%ture of the TWAS coating such that potenti al
gaps are credtEEC 1M Pt EMY™t 1y al | owi ng tantal um 20 species to attack

subsfirate 10. Fi gywARaprRfleiBOMIR HEANsQME RARGPILRIM Chadbit HoRipBhedAS- coat ed
gquartz substrates. Figs 2a and 2c show two al umi num TWAS- coat ed substrates

20, 22, 1 espetices ellgwewmdwrh praiessas fiavd mtyleldédpptidinrs nesults. t ecHidbBy.r at e 20
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B T T
evi denci ng t beatingdayepll 2 s daplositod oo @stibsiradi 50 used in a deposition chamber for
semiconductor processing. The coated substrate was then exposed to work piece
15 processing conditions including the release of tantalum and tantalum nitride vapor
within the deposition chamber for deposition onto the work pieces, specifically
semiconductor wafers. A coating of tantalum particles 14 is shown adhered to the
TWAS coating layer 12. Fig. 1 clearly shows the non-continuous nature of the
TWAS coating such that poiential gaps are created 16, potentially allowing tantalum
) 20  species to attack substrate 10.
Figs. 2a-2d show a plan overhead view of alummum TWAS-coated quartz
substrates. Figs 2a and 2¢ show fwo aluminum TWAS-coated substrates 20, 22,
respectively, under ordinary light. Fig. 2b shows the substrate 20 of Fig. 2a under
backlit conditions showing hight penetration though the substrate, evidencing the
25  incomplete and non-continuous coating effected by the TWAS process. Similarly,
Fig. 2d shows the substrate of Fig. 2¢ under backlit conditions showing light
penetration though the substrate, evidencing the incomplete and non-continuous
coating effected by the TWAS process.
By contrast, Figs. 3a and 3b show quartz substrate 30 coated by the TWAS
30  processes of the present invention, whereby the TWAS-coated quartz substrate 30 1s
shown under natural light (Fig. 3a) and under backlit conditions(Fig. 3b). In this



coating effected by the TWAS process. By contrast, Figs. 3a and 3b show
quartz substrate 30 coated by the TWAS 30 processes of the present
dnvention, whereby the TWAS-coated quartz substrate 30 is shown under
natural light (Fig. 3a) and under backlit conditions(Fig. 3b). In this 6
exanpl e, the substrate 30 shown in Fig. 3b shows no |ight penetration,
evidencing a continuous al um num TWAS coating. According to one preferred
enbodi ment of the present invention, the TWAS coating was deposited as a
conposite coating, in that, a bond coat and a top coat of al um num were

deposited. 5 Figure 4 sho chemat.i c.represeniation of. one.enbodi nent of
the TwASsyStithinAng S BrEcD RoVR LT 3h oM ULaH SEBU it CHIGREWS o TWAS
gun body 40 . GERREkSTAGiMt ?v\smeefa%go%&&tdiﬁ a%son%%nei%ﬁe&]el%bmle&pm bl e
wire 46, 48 respectlvefy. @un nozzﬁ 50 conpri ses aperture 52 through which
wires 46, 48presertt enveintion,tlon TV AR cadtingiw Ardepohitddian atchmpasite c@atieg,54 thaf) agas

conponent nozzle 56 10 provides control to, relegse of a conpressed gas such
as, for exanpfwlcogfsnd %f%r@ab?faluramgswe@tdépow ~energy provided to the
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Fig. 5 a thi Liu T oat | 7 ' Substrate
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depogi ting achendiccdavere at Rearsal b3 i @t arc fdlel Savwed ghicompoakntsieegiessi on by a
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t han conl@ént Prvides sontraddereipass 9f 8 compregsad; gag Sueh 26, FirgRPpPIgeair. maBogED,
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met hods of the present invention produce a substantially continuous coating
on t he subst sarightagomsdeward a substrate surface 60.

Fig. 5 shows an enlarged cross-sectional photograph of the coated substrate of

15  the present invention obtained by one embodiment of the present invention. As
shown in Fig. 5 a thin continuous TWAS coating layer 72 was deposited on a
substrate 70. Even though the coating was deposited in a two-step process, first
depositing a bond coat to the substrate, followed in quick succession by a top coat
applied to the bond coat, the coating is deposited more uniformly than conventional

) 20 TWAS methods, resulting in a highly desirable, continuous coating with no
perceptible gaps occurring in the coating that could allow penetration of tantalum to
the substrate metal surface. In strong contrast to known TWAS coating methods, the
TWAS composite coating methods of the present invention produce a substantially
continuous coating on the substrate surface.

25 Aluminum is the most common material currently used for coatings on
deposition chamber components, regardless of substrate. This is due at least in part to
the knowledge that the aluminum metal of the chamber components, in use prior to
the introduction of textured applied coatings, does not adversely affect the thin films
being deposited due to secondary sputtering, ion mobility, etc. Other matenals may

30  be chosen for the coatings to allow selective siripping of the coatings without damage

to the substrates. Examples of this can include many species, such as a common



25 Alum numis the nost common material currently used for coatings on
deposi ti on chanber conponents, regardl ess of substrate. This is due at |east
in part to the know edge that the alum num netal of the chanber conponents,
in use prior to the introduction of textured applied coatings, does not
adversely affect the thin filnms being deposited due to secondary
sputtering, ion nobility, etc. Oher materials may 30 be chosen for the
coatings to allow selective stripping of the coatings w thout damage to the
substrates. Exanples of this can include many species, such as a conmon 7
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"Splats" is the technical term referring to the shape of the solidified

netal after wogheess tirgugihthe spiivation ef airldast ovo tiyespi Ay firvrayes or Aibendcoat i ng
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is applied to have a surface 15 roughness (Ra m of from about 10 to about
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particles do, and so yield a higher 20 porosity coating as well as one with

a nuch hi gheroughnéssdBa} haighnetsaplimiredoios coberbingithredrposition procgsserseidues. In
i nvention, t Qge g#lﬁé@lﬁl%n (())HQQ Bl%gesnt ?ﬁveﬁﬁgn,ttﬁg bt éoa.{ 3 a]inf)ﬁéﬁ to have a surface
15 roughness (Ra pm) of from about 10 to about 20 microns, more preferably from about
10 to about 18 microns.

The “top coat” is then sprayed onto the bond coat using a nozzle assembly
that produces much lower velocity molten particles. These lower velocity particles do
not flatten to the same extent that the high velocity particles do, and so yield a higher

) ) 20 porosity coating as well as one with a much higher surface roughness. In one
embodiment of the present invention, the surface roughness of the top coat is from
about 15 to about 30 microns, more preférably from about 17 to about 23 microns.
The same results may be obtained by varying the propellant gas flow rate, but for this
embodiment the nozzle diameter was manipulated. According to the present

25  invention, the roughness of the bond coat and top coats may vary, but for purposes of
constructing the composite which comprises the two coats, the bond coat will have a
roughness value that is less than the roughness of the top coat.

As stated above, in a physical vapor deposition (PVD) coating process for
semiconductors tantalum species are directed to a work piece substrate for precision

30  coating. However, tantalum and tantalum nitride species that are not effectively

deposited onto the work piece subsirate surface are either vented from the chamber



about 15 to about 30 mcrons, nore preferably fromabout 17 to about 23

m crons. The sane results nay be obtained by varying the propellant gas
flowrate, but for this enbodinment the nozzle dianeter was mani pul at ed.
"According to the present 25 invention, the roughness of the bond coat and
top coats may vary, but for purposes of constructing the conposite which
conprises the two coats, the bond coat wll have a roughness value that is
| ess than the roughness of the top coat. gAs stated above, in a physi cal
vapor deposition (PVD) coating process for sem conductors tantalum species
are directed to a work piece substrate for precision 30 coating. However,
t ant al um andctiasiteraion adhtrei td ¢hesipaei sasfatdat thackambér akifexpdiedehymeposi t ed
onto the work piece s&gstrate surf.g%ﬁﬁar either vented from_the chanber 8
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steel or 10 al um num containing inner surfaces of the processing chanber
wer e appl i edchambgr.ngl e applications. It was believed that too thick of a
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chamber bypr ?@@ti‘;ﬂ@egﬁ ‘ééﬁ) beligred thet toarhigk oht apriingant dicappiivatien @6nrdiplyi f f use
Do T L Y S LARET SRS RSP RAGE BB 2 ©
conposi t e TVASamaativRIHo®ed@P]thasbéed discovered that the standard TWAS coatings can
be microscopically discontinuous (See Fig. 1) to a degree sufficient to allow
15  deposition chamber byproduct species, such as tantalum and tantalum nitride to
diffuse past the TWAS coating layer o the chamber components to the base substrate,
causing unacceptable delamination.
According to the present invention, a composite TWAS coating is applied to
deposition chamber components that provides high roughness while maintaining
) 20  coating continuity and effective diffusion barriers. The term “composite” refers to the
presence of two separate layers being deposited, with each layer potentially having
varying characteristics to obtain the desired overall coating charactenistics.
In one embodiment, the spray distance from gun tip to substrate surface was
about three to about 5 inches (from about 76 to about 127 mm), and preferably four
25  inches {(about 100 mm). The turn table speed is about 150 rpm with an applied
current of about 125 amps. The air pressure supplied was about 60 psi. The spray
gun had a nozzle diameter set for the bond coat (first coat on the substrate surface) of
about 7.85 mm, and a nozzle diameter set for the top coat (second coat applied m the
process, this coat applied to the bond coat) of about 22.5 mm. The metal applied was
30  supplied to the TWAS process as aluminum wire having a diameter of about 1.59

mm. The TWAS process applied a wire feed rate of about 69mm/second for each of



deposi ti on chanber conponents that provides high roughness whil e maintaining
20 coating continuity and effective diffusion barriers. The term "conposite"
refers to the presence of two separate | ayers being deposited, with each

| ayer potentially having varying characteristics to obtain the desired
overal |l coating characteristics. In one enbodi nent, the spray distance from
gun tip to substrate surface was about three to about 5 inches (from about
76 to about 127 nm, and preferably fou 25 inches (about 100 nm. The turn
tabl e speed is about 150 rpmw th an applied current of about 125 anps. The
air pressure supplied was about 60 psi. The spray gun had a nozzl e dianeter
set for thevdeires applicd.f Thetoatiagthiokndske apphied watcefratnbage). 1 0fo ababout 7. 85
nm and a nozzle dianeter set for the top coat (second coat applied in the

process, thismsser the pendepat and Famyeyt @détn)md<p a'a%&tmzrzrr'afome tPPe net al
applied wa T ing a

o et er "o kot A pAAR MR OGRS R I AU AR T2 2 o
about 69nm&§g@@ﬁd for each of 9 two wires supplied. The coating thicknesses
applied were fromabout 0.10 to about 0.15 mmfor the bond coat and from
about ©.15 mm tmda¢rbaccarding teroms enbedimentpf thc@msenrﬂh'eermnbﬁhn@derpﬂef erred

coating th ess .S from b 54 to cr deed,

accor di ng {thbif(Bﬁsé gr% %ﬂrﬂ%%f g%{xﬁémﬁgu&siﬁ ‘if?‘RﬁgR qS(T?P Obé@lg?%”las t hi ckness
of the conpaspdresld Wie %QﬁhﬂgﬁA@%ﬂﬂn% AAskiRbdes ugapthgpﬁan)to olbeddegeatvas
conparable to the known TWAS coatin hi cknesses used that fail to offer
adequat e plotcten pgmns galanynats| Chlmtﬁ ayipsedugt spactesisyfipren utee Babéel es
diffQsion. See Table 1. 10 Table 1 Ra ) Rz(mm Thickness (nm) Bond Strength
(nPa) Current TWAS 27 0.132 0.305 30 Conposite TWAS 25 0.124 0.305 72 As
shown jgn Table 1, while the coating thickness of the TWAS coatings of the
present invention are conparable to the conventional TWAS coatings, the bond

Table 1
Ra(pm) Rz(mm) Thickness (mm) Bond Strength (mPa)
Current TWAS 27 0.132 0.305 30
Compositc TWAS 25 0.124 0.305 72

As shown in Table 1, while the coating thickness of the TWAS coatings of the
present invention are comparable to the conventional TWAS coatings, the bond
15  strength of the TWAS composite coating to the chamber substrate was improved
greatly. In addition, the surface roughness was comparable to conventional coatings.
According to the present invention, the destred bond strengths attainable are
preferably in the range of from about 40 mPa to about 77 mPa.
Ra and Rz values are measured using a profilometer, a device that can
20  measure deflections a stylus makes as it is drawn across a surface. The arithmetic
average roughness (Ra) is defined as the arithmetic average height of roughness
component irregularities from the mean line measured within the sample length (L).
This measurement conforms to ANSIVASME B46.1 “Surface Texture — Surface
Roughness, Waviness and Lay”. Ra (formerly known as AA or Arithmetic Average in
25 the U.S., and CLA Centerline Average in the U.K.) is usually expressed in
microinches (pin), and performed by moving a stylus or profilometer in a straight line

along the surface. A consistent and measurable surface finish can be specified for a



15 strength of the TWAS conposite coating to the chanber substrate was
inproved greatly. In addition, the surface roughness was conparable to
_conventional coatings. According to the present invention, the desired bond
strengths attainable are preferably in the range of fromabout 40 nPa to
about 77 nmPa. Ra and Rz values are neasured using a profiloneter, a device
that can 20 neasure deflections a stylus nakes as it is drawn across a
surface. The arithmetic average roughneé% (Ra) is defined as the arithnetic
aver age hei ght of roughness conponent irregularities fromthe nean line

measured within the sanple length (L). This_neasurenent confor to

ANS! | ASVE. BRSSO SERARERO 43 SHpIe éi)fﬂni a‘acaﬁ%%gh*m%?@,mlmﬁn ésn'gﬁd“‘@ay". Ra
(formerly kngup i | QudMer i - &gﬂ A
Centerline Aver%g%g%fﬁeeﬁ%h%?%wﬁﬂsuallﬁggset;glr%g% W#hﬁn%%r I nches (gin),

and perfornedngty. moving a stylus or profilonmeter in a straight Iine along

the surface. A consistent and neasurable surface finish can be specified for

a 10 desired roughness of, for exanple, fromabout 12 to about 30 nicrons.

Rz is the sum of the height of the K ak plus the | owest valley
depth wi t%hi n a sanpling length. 5 E%@E%iddi tional features, advantages
and details of the present invention are included in the follow ng
description of exenplary enbodi nents of the invention, which description
nust be taken in H8difiondeatwreni adnantages 208 dsisdnp] the paesanl RYention Be EXAVPLE 1

X i ng. | . . ;i
Vet hod 1 or " ABRRSPBle B (RRuBE R EBe SRy e, el o RS B RR e oS
sanphes 15 wich dabdiition sty taksd B donASSiGH 6th tﬁ@ﬁbg%z;nRgh fREnger ami c

coupons, as defined in the tables below Final Ra: 5 >700 m croinches
Group #1100 Al TWAS on SST Tensile Tests

EXAMPLE 1

Pull testing (tensile) was performed under ASTM C 633-01 Standard Test
Method for Adhesion or Cohesion Strength of Thermal Spray Coatings. The samples
15  were aluminum (Al), stainless steel (SST) or alumina ceramic coupons, as defined in

the tables below.

Final Ra: 500>Ra>700 microinches

Group #1 — Al TWAS on SST Tensile Tests

¥ SAMPLE D LBS. = FAILURE MODE
) 7 11 8514 10846 100% Adhesive
2 2 8204 10451 700% Adhesive
3 13 8628 70991 100% Adhesive
2 4 8469 10789 700% Adhesive
5 5 8187 10429 700% Adhesive
3 6 8239 10496 300% Adnesive
7 17 8214 10464 100% Adnesive
8 1-8 8225 10478 700% Adnesive
AVERAGE FAILURE===> 8335 10618

20
Final Ra: 700>Ra>800 microinches

25



# SAVPLE I D LBS. PSI FAILURE MODE 1 1-1 8514 10846 100% Adhesive 2 1-2
8204 10451 100% Adhesive 3 1-3 8628 10991 100% Adhesive 4 1-4 8469 10789
100% Adhesive 5 1-5 8187 10429 100% Adhesive 6 1-6 8239 10496 100%
"Adhesive 7 1-7 8214 10464 100% Adhesive 8 1-8 8225 10478 100% Adhesi ve
AVERAGE FAI LURE===> 8335 10618 20 Fi nal Ra: 700>Ra>800 microinches 25 11
Goup #2 - TWAS 2-1 - 2-8 Tensile Tests # SAMPLE ID LBS. PSI FAI LURE MODE 1
2-1 8648 11017 100% Adhesive 2 2-2 8543110883 100% Adhesi ve 3 2-3 8241
10498 100% Adhesive 4 2-4 8259 10521 100% Adhesive 5 2-5 8192 10436 100%

Adhesive 6 2-6 8340 1062 A ' 7 4 100% Adhesi ve 8
2-8 8319 10597 100% ,Aﬁhg %%ﬁzﬂ%%wz
Fi nal Ra: <Ra<980MP5EP 0i nches S | ISST PoTrensile TestAMSR E 1D LBS.

PSI FAI L UFR;QNODE 2-1 8648 11017 100% Adhesive
2 2-2 8543 10883 100% Adhesive
3 2-3 8241 10498 100% Adhesive
4 2-4 8259 10521 100% Adhesive
5 2-5 B192 10436 100% Adhesive
6 2-6 8340 10624 100% Adhesive
7 27 8740 11134 100% Adhesive
8 2-8 8319 10597 100% Adhesive
AVERAGE FAILURE===> 8410 10714
D
EXAMPLE 2

Final Ra: 700<Ra<900 microinches
TWAS / S5T - Tensile Tests

7 SAMPLE ID LBS. | PSI FAILURE MODE
1 3-1 8619 10980 100% Adhesive
2 3-2 8264 10627 100% Adhesive
3 3-3 8460 10777 100% Adhesive
2 34 8262 10525 100% Adhesive
5 35 7068 10150 100% Adhesive
6 36 8004 10196 100% Adhesive
7 37 8221 10473 100% Adhesive
8 3-8 8032 10232 100% Adhesive

AVERAGE FAILURE ===> 8229 10483

Final Ra: 1000<Ra<1200 microinches

TWAS / SST - Tensile Tests
) ¥ SAMPLE ID LBS. | Ps FAILURE MODE
1 S8-1 6555 8350 80% Coaiing Break - Middle / 20% Adhesive
2 552 5233 7940 | 70% Coating Break - Miadle / 30% Adhesive
3 88-3 6263 7978 60% Coating Break - Middie / 40% Adhesive
4 S5-4 6810 8675 70% Coating Break - Middle / 30% Adhesive
5 S8-5 5994 7636 90% Coatinﬁ’eak - Middle / 10% Adhesive
6 58-6 5963 7596 75% Coating Break - Middle / 25% Adhesive
7 887 6227 7932 60% Coating Break - Middie / 40% Adhesive
8 8S8-8 5892 7506 75% Coating Break - Middle / 25% Adhesive

AVERAGE FAILURE ===> 6242 7952
5 Pull testing (tensile) was performed under ASTM C 633-01 Standard Test
Method for Adhesion or Cohesion Strength of Thermal Spray Coatings. The samples

were aluminum (Al), stainless steel (SST) or alumina ceramic coupons, as defined in

the tables below.



1-3-1 6619 10980 100% Adhesive 2 3-2 8264 10527 100% Adhesive 3 3-3 8460
10777 100/ Adhesive 4 3-4 8262 10525 100% Adhesive 5 3-5 7968 10150 100%
.Adhesive 6 3-6 8004 10196 100% Adhesive 7 3-7 8221 10473 100% Adhesive 8
3-8 8032 10232 100% Adhesive AVERAGE FAI LURE ===> 8229 10483 Final Ra:
1000<Ra<1200 mi croinches \ TWAS | SST -Tensile Tests # SAMPLE | D LBS. PSI
FAI LURE MODE 1 SS-1 6555 8350 80% Coating Break - M ddle 120% Adhesive 2
SS-2 6233 7940 70% Coating Break - M ddle / 30% Adhesive 3 SS-3 6263 7978
601 Coating Break - Mddle 140% Adhesive 4 SS-4 6810 8675 70% Coati ng Break
- Mddle / 30% Adhesive 5 SS-5 5994 7636 90% Coating Break - Mddle 110%
Adhesive 6 SS-6 5963 7596 75% Coating Break - Mddle 125% Adhesive 7 SS-7
6227 7932 60% Coating Break - M ddlgs/ % Adhesive 8 SS-8 5892 7506 75%
Coating Break - Mddle / 25% AdhesiVve GE FAI LURE == > 6242 7952 5 Pull
testing (tensile) was perforned under ASTM C 633-01 Standard Test Method
for Adhesion or Cohesion Strength of ThernalAgﬁyﬁ% Coati ngs. The sanpl es

wer e al um num ( Rel tesipg(tapsiles was performsgmnder e 3c@l Fandarddgpons, as

defined. in he, £ abl.es. bel ow,, 12 XANVPL Pul,l. t estin t [ wa
o 1 or med MR RER Ry dpn AR e e e hGRE b i TR shibish S
Cohesi on Stkeagthimin (A1grst@hiesPitas] (SR dr@sminkRerapd0RbeSons, as defined in

the tables below.
j _ TWAS | Al - Tensile Tests
- # SAMPLE ID LBS. Psi FAILURE MODE
1 Al-1 5845 7446 70% Coating Break - Middle / 30% Adhesive
2 Al-2 5531 7046 70% Coating Break - Middie / 30% Adhesive
3 Al-3 6037 7690 60% Coating Break - Middle / 40% Adhesive
4 Al-4 6793 8654 70% Coating Break - Middle / 30% Adhesive
5 Al-5 6356 8097 70% Coating Break - Middte / 30% Adhesive
6 Al-6 6866 8746 80% Coating Break - Middle / 20% Adhesive
7 Al-7 6729 8572 60% CoatingJB?e_ak - Middle / 40% Adhesive
8 Al-8 6327 8060 70% Coatﬁﬁ Break - Middle / 30% Adhesive

AVERAGE FAILURE ===> _ 6311 3030

10 All aluminum coupons used in the testing, the results of which are set forth in
Examples 1-3 were made from 6061 aluminum alloy. The stainless steel coupons

used were made from 304L stainless steel.

) EXAMPLE 4
15
Tests were conducted to determine the adhesion of aluminum TWAS to

alumina ceramic. This was achieved using a bond coat applied by a plasma spray
process with the substrate pre-heated to between a temperature ranging from about
700°F to about 900°F. It is believed that the pre-heating is needed because the

20 key sites on the blasted ceramic surface are much smaller than those created when you
grit blast metal substrates. The increased substrate temperature allows the molten
aluminum to cool more slowly on contact, and so allows it to flow into the smaller

key sites before it solidifies.



were al um num (Al), stainless steel (SST) or alunina ceranic coupons, as
defined in the tables below TWAS / At - Tensile Tests ! # SAMPLE I D LBS.
‘PSI FAI LURE MODE 1 Al-1 5845 7446 70% Coating Break - Mddle / 30% Adhesi ve
2 Al -2 5531 7046 70% Coating Break - Mddle / 30% Adhesive 3 Al-3 6037 7690
60% Coating Break - Mddle / 40% Adhesive 4 Al-4 6793 8654 70% Coati ng
Break - Mddle / 30% Adhesive 5 Al-5 6356 8097 70% Coating Break - M ddl e
130% Adhesive 6 Al-6 6866 8746 80% Cbating Break - Mddle / 20% Adhesive 7
Al -7 6729 8572 60% Coating Break - Mddle / 40% Adhesive 8 Al-8 6327 8060
70% Coat i ng Break - M ddl e 130%PlasthesTWAS o AUBRAGBETdsA LURE ===> 6311 8039 10
Al'l al um num goupons S8l Pn t he tidsSti hg,PSt hg resul ts TLURRIMOREare set florth
in Exanpl eg 1-B Wekgeci@el® # 1 om o05H3s a| uBdcBum al | 0y. [Revushtataed €SS St eel
coupons  UsSgUTWETE RELRH 10T SOLﬁlfg;Bi;pli T E5s RS ATY, £
conduct ed t q—gefermignghe Adhesi-ongpf ek T 00r O hrEdT :
Thi s was actls o ¢ eH=h aobﬁf)n{} & agodap“' —ad—dy—a—plasha SRFay—pre6es55 Wit h
t he substr at e- haA© ﬁnlrn bhet weels enmfergture rangi1%0(4"?t?r%’?ﬁ about — 70Q0F
to about 90QF5 |t i SPesiren B\V8d t hlatb'8he| pf€®hdating i s AeBdeeecause thd 20
key sites on 6he bl &sdcedr Befan c| s198f afetzbe [EEh st Riasbdntamiieisat ed
when you gifTt Pl astpddiemlD 5 UDST|F ods6%. | B0l T|Cl €ased S Uined haiats L €Nper at ur e
allows the r ]

i)

paaae
gere

T AL IR T O Clo04751T0 c73:5|2uvw y—om "U"gﬁﬁ‘f/;tlnter%br‘l so—attovs it
to flow i nt ¢{he—sma-ter—coy—sitas—oe QL%—i—t- —eh— 0"’/Ithf HasHa——H\WAS
on Ceramc Tedtk # SMMBFET | pd P4 FaPfrd MoOE b Interface

- 10 Specimen 1D #10 4867 6200 100% Interface
) AVERAGE FAILURE===> 5473 6972

The present invention facilitates enhanced recovery of species adhered to the
improved substrate coating of the present invention. Since the coatings of the present
mvention have enhanced “roug}ﬁes's”, or have a greater volume of binding sites on .

5 the surface, an increased volume of species being coated, such as, for example,
tantalum may adhere and grow in crystalline formations. This facilitates an increase
in tantalum recovery and recycling during chamber cleaning. This recovery and
recycling enhances the overall efficiency of the system compared to known processes.
More specifically, with respect to tantalum, aluminum occurring on the chamber walls

10 between the substrate and the deposited tantalumn is dissolved using a solution of
: ) potassium hydroxide. The tantalum and stainless steel are insoluble in this solution
such that the substrate is not destroyed during the recovery and recycling phases of
the process. The tantalum is then recovered from the chamber and reclaimed once
this stripping cycle is complete. The recovered tantalum is desirably in a nearly pure
15 form.

Although the various aspects of the present invention have been described

with respect to specific examples and embodiments thereof, it will be understood that

the invention is entitled to protection within the full scope of the appended claims.

\



1 Specinen I D #1 5029 6406 100% I nterface 2 Specinmen ID #2 3971 5059 noot
2WAIN 3 Specinmen |ID #3 6480 8255 100% I nterface 4 Specinen |ID #4 5804 7394
100% Interface 5 Specinmen ID #5 6182 7875 100% I nterface 6 Specinmen |ID #6
4936 6288 a Vii" '" x+ w.. arna 7 Specinmen |ID #7 5856 7460 100% I nterface

8 Specinmen ID #8 5771 7352 100% Interface 9 Specinen |ID #9 5836 7434 100%
Interface 10 Specinen |ID #10 4867 6200 100% I nterface AVERAGE FAl LURE===>
5473 6972 The present invention facilitates enhanced recovery of species
adhered to the inproved substrate coating of the present invention. Since
the coatings of the present invention have enhanced "roughness", or have a
greater volune of binding sites on 5 the surface, an increased vol une of
speci es bwimglLaoet ed, such as, for exanple, tantalum may adhere and grow in
crystalline formations. This facilitates an increase in tantalumrecovery
and recycling during chanber cleaning. This recovery and recycling enhances
the over a}.‘ er Al Gl ca{wn S%S@%Eés%l @pﬁﬂa‘?&etr% NEOHAnP S BESRRS Rurfadéd!
specifically, W respect 10=t antal’im =al'uni hum occurring on T R Eanber

wal I's 10 behpveiy theetepsibfit rate and the deposited tantalumis dissol ved using
a solution of potassium hydroxide. The tantalum and stainless steel are

i nsol ubl e i n tBioYidikyg progessing hambpagomacai fybstrae baving poubsewtsugged duri ng
the recovery ap 2cyceling .phases _of the process. The tantalumi,s then
Fecover ed 11 onPONS EHBRRLAR Sl conbib asRRBER TR wtifipt ARSI s

conpl ete. The agAWERechniRit@lWRN Wie ARSifraPbyating 18 (A€ sfibsyraRUsuefacd Safdor m

Al t hough the various aspects of the present invention have been descri bed

Wi t h r espeempasge sgaieng rempsising Reérshhendepgrsia rasnthe suhetraso purface, wiif|firgle

under st Oogoattilﬂgthaving a first coating roughness value, and a second top coating on the first
bond coating, said second top coating having a second top coating roughness value that

is greater than the first bond coating roughness value.

2. The method of Claim 1, wherein the first bond coating has a roughness value of
from about 10 to about 20 microns and the second top coating has a roughness value of
from about 15 to about 30 microns, such that the second top coating has a roughness

value greater than the first bond coat roughness value.

3. The method of Claim 1, wherein the composite coating comprises a metal
selected from the group consisting of aluminum, nickel, aluminum alloys and

molybdenum.



the invention is entitled to protection wwthin the full scope of the
appended clains. 14 WE CLAIM 1. A nethod for coating a processing chanber
conponent substrate surface conprising the steps of. providing a processing
chanmber conponent substrate having a substrate surface; providing a twn

Wi re arc spray coating apparatus for applying coatings; and applying a
conposite twn wire arc spray coatingifo the substrate surface, said
conposite coating conprising a first bond coating on the substrate surface,
said first coating having a first coating roughness value, and a second top
coating gn theyfli .coat | ;. Sl . - i I.ng:.a2 second
top coat%ﬁg rgﬁﬁﬁﬁéégdgg?%%ﬁ%EE#H&F€E§?g§fggﬁggé% ?ﬁ%3 ﬁﬁgﬁ“ggﬁﬁﬁgg ting

r oughnessharathe @rst 20atiige met hod of Claim 1, wherein the first bond coating
has a roughness value of from about 10 to about 20 microns and the second
top coating has a roughness value of fromabout 15 to about 30 m crons,
such thatc t he tii S I t he
First bond conterBannhIechHit, MeiuR RURIRTRGy WEP e Bt e

conposi t éoadafrédpth 60fphiabest 40 mth & aboseleaiPad from the group consisting of
al um num nickel, alum num alloys and nolybdenum 15 4. The nethod of
Claiml, wherein the top coating is applied at a | ower velocity than the

first coating. Of . j in. t i te kN Wire arc
spray coﬁ'i ng %%et%ﬁé%ﬁ%ﬁ@??@%g htﬁ%@uh—gﬁﬁ?%égn& Coélgfo ggﬁgoﬁﬁot&b nPa. 6.
A met hod depésifispratdss zbmgribiaptiad 4epse@nt ai ni ng cormpounds from a tantal um
deposition process. conprising the steps of: providing a processing chanber,
sai d chanber dsYRINgiaRyoeasalns chambeipsrid ahanbey samarising phamberoarposgnts ace,

ol § et CORR“M, e bR BHO AR BT o™
comprising a composite twin wire arc spray coating, said composite twin wire arc spray
coating comprising first and second layers, said layers having differing surface
roughness values;

providing a tantalum-containing compound to a plasma coating process, said
process releasing tantalum species from the tantalum-containing compound;
providing a work piece to be processed in the processing chamber;

depositing an amount of the tantalum species on the work piece and adhering an

amount of tantalum species on the composite coating.

7. The method of Claim 6, further comprising the steps of:
treating the composite twin wire arc spray coating to release the tantalum species
from the composite coating; and

reclaiming an amount of the tantalum species from the composite coating.

8. A composite twin wire arc spray coating deposited onto a substrate surface,
said composite twin wire arc spray coating comprising:

a first coating layer having a first roughness value;

a second coating layer having a second roughness value greater than the first

roughness value; and



coating conprising first and second | ayers, said |layers having differing
surface roughness values; providing a tantal um containing conpound to a

pl asma coating process, said process releasing tantalum species fromthe

t ant al um cont ai ni ng conpound; providing a work piece to be processed in the
processi ng chanber; depositing an anmount of the tantal um species on the work
pi ece and adhering an anmount of tantalumsspecies on the conposite coating.
7. The nethod of Claim6, further conprising the steps of: treating the
conposite twin wire are spray coating to rel ease the tantalum species from
the conposite coating; and reclaimng an anount of the tantal um species from

the composi t eoakh ik s cOufRITRDSI doRdisohe ST SREAYe GRAL LG, dlgposi t ed

onto a substrate surface, g nposite twn wre are spray coatling
conpri si sgrond chatirgy lageratonfignisay etie fusvcouying idyier.st roughness val ue; a second
coating |l ayer having a second roughness val ue greater than the first
roughness val ue; and 16 wherein the first coating |ayer conforns to the
substrate surface npre than the second coating |ayer confornms to the first
coating Payer Thocoating efdakeimd, shewimthe fgst sdercepns tapyersroomprisg gdnefelcond

layers Coupék§erom t%%up &ﬁls%ﬁh?@fﬁfuﬁﬁhﬁxﬂ?amﬁx% 60O Initiengngf al umi num
al um num al I@/, ni ckel, 'and nolybdenum 10. The coating of Caim8, wherein
on

the conp&¥ly Wn wire are spray coating is deposited onto the substrate
surface at a thickness of from about 254 to about 356 microns. 11. The
conposite twn wire are spray coating of Caim@8, wherein the coating has a
surface PBughrddssodmerafSiniabduvherginthe ¢oreRASIISOWH Wire AL SPISY CORtiBEdtessi ng

chanber  GORTEL$1,A% the QuSkAAMPEH DY D ARtV Fort UbE AR to about 356

microns.

11. The composite twin wire arc spray coating of Claim 8, wherein the coating

has a surface roughness of from about 12 to about 30 microns.

12. A processing chamber comprising:

a chamber having an inner surface;

wherein said chamber inner surface comprises a composite twin wire arc
spray coating having a first layer having a first roughness value and a second layer
having a second roughness value greater than the first roughness value, said
composite twin wire arc spray coating deposited onto the chamber inner surface

substantially continuously.

13.  The processing chamber of Claim 12, further comprising:

at least one processing chamber component in a fixed orientation within the
chamber and located proximate to the inner surface, said component having an
outer surface with said composite twin wire ar¢ spray layer deposited onto the

chamber inner surface and the component outer surface substantially continuously.

14, An apparatus for tantalum deposition comprising:
a processing chamber, said chamber comprising chamber components and a

chamber inner surface, said chamber components and chamber inner surface



wherein said chanber inner surface conprises a conposite twin wire arc
spray coating having a first |layer having a first roughness value and a
second | ayer having a second roughness val ue greater than the first
roughness value, said conposite twin wire are spray coating deposited onto
t he chanber inner surface substantially continuously. 13. The processing
chanber of Caim 12, further conprisinggf at |east one processing chanber
conponent in a fixed orientation within the chanber and | ocated proxi mate
to the inner surface, said conmponent having an outer surface with said
conposite twn wire are spray |ayer deposited onto the chanber inner
surface apsmpfigng ANBREEHiteOmi @ wisd! bfcAgRa P ¢balal) tshidl Lompeviel MUAUSKY arcl4. AN
apparatus for tantal um deposition conprising: a processing chanber, said
chanber cB8RTPY iconting epraRtENg do fipd hond scoahdpysr aadansrspnd g coslutayet saids ai d

chanber cg nents. apd_chanber inner surface 17 ,conprisi c site twin
e ar o SEBED ISt dol A e, dfeed LR o P ERel b FnE TR

conpri si nghughhéssSalRardhe ARt bbayesatand a second top coat |ayer, said second
top coat |ayer having a surface roughness value greater than the surface
roughness val ue plsmiehgodting depish dpesdzanedainplaa phaletasminady leratior ealpdsgst | oned
in a predeterpined.location at least .paptially within or in comyunication
wth {ne BHERDEithin o W GhBbesRiR s anhatl bl dsiied S BPTIRRACE n
tantal um %@dl@h@o‘&%&m%&ﬁich@gt@tm%kco@ﬂtzﬁﬁifﬁgtsge&@s; Rh@cessed in the
processi ng chanber. 15. The apparatus of C aim 14, wherein the second top
coat | ayer hasawogupitect® ba pregtnsedm thaprasessing ¢lombebout 17 to about 23

m crons and the first bond coat |ayer has a surface roughness value of from
about 10 to about 18 m crons.

15.  The apparatus of Claim 14, wherein the second top coat layer has a surface
roughness value of from about 17 to about 23 microns and the first bond coat layer

has a surface roughness value of from about 10 to about 18 microns.



