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COATED SUBSTRATE Field O The Invention 5 The present invention is
generally directed to producing a substrate suitable for use in

sem - condughospoeaessi Ng i n which the surface of the wubshod@igope first
roughened to pronote adhesion of a coating nmaterial. The surface is then
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coated with a netal oxide conposition. Background OF The |Invention Substrate
materials such as quartz are used for a variet purposes 15 in the
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chanbers). The surface of 2hBMI if 92 el Adhani cal |y enhanced
to increase the surface area. Mechani cal enhancenent can be acconplished by
treating the surface 20 with an apk®€§Y?!gE£%£igﬁ under pressure, known
generally as bead blasting such a . S. Patent Nos. 5,202, 008;
5,391, 275 &d 6, 565,667, each of which is incorporated herein by reference.

Bead blasting is offen used.to renove an exj sa,i ncg oat i na on the 25
substrate surface ahtf Gresent JPgiiion isrgenerally,dice 9§itﬁd?r9 4eiRg @ sEbstpteace

area to pronoggbiNes Q8 Gh sermec¥ndaver _p%cé‘s%}g: I?meérﬂﬁé"sw:ég%’eoggﬁe bead

bl asting can create a surface that contains sm particles
adver sel y af f esubstiate isofirst meughemedda promoteadhesien of asatingemateriabs Thaas

w th atrong achutsoeRaestel i Toirbde Sietinb paridtis 88 & SitsBele Bhligmon: <
and theref10 e thepsaftér coatddogittea metaf exdde torapositigm be obt ai ned by bead
bl asti ng al one. However, the conbination of bead 1

Background Of The Invention

Substrate materials such as quartz are used for a variety of purposes

15" in the semi-conductor industry (e.g. a dielectric barrier in etch processing

chambers). The surface of the substrate often must be mechanically
enhanced to increase the surface area.

Mechanical enhancement can be accomplished by treating the surface
20 with an abrasive material under pressure, known generally as bead blasting
such as disclosed in U.S. Patent Nos. 5,202,008; 5,391,275 and 6,565,667,

each of which is incorporated herein by reference.

Bead blasting is often used to remove an existing coating on the

25 substrate surface and/or to prepare the surface by increasing the surface area

to promote adhesion of a new layer of coating material. However, bead

blasting can create a surface that contains small particles which can
adversely affect the coating applied to the surface.

30 Some success has been obtained by subsequently treating the bead
blasted substrate surface with strong acids which can dislodge embedded
particles and loose fragments and therefore provide a cleaner surface than
can be obtained by bead blasting alone. However, the combination of bead



WO 2005/ 098930 PCT/ U52005/ 009108 bl asting and acid treatnent does not
consistently renove all particles fromthe treated substrate surface. In
addition, the renmaining surface can contain jagged portions which when the

substrat e Wo Jobs/dobes processed can result in | oose parpift&eesceofnd’
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defect. For be d bI asted quartz conponents in the chanber, this application
15 is specific §e PR ting of bead blasted quartz with a nmaterial focused
t hrough a pjasma gun onto the surface of the substrate naterial to both
pronote the adhesion of the material (s) etched fromthe wafer as well as
seal in the parti cfFers exampal lbysmmmmeaoplaceému@p guatizsss arteensywpableat i on
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chemical |y et cRbthet Waf%nﬁb@ée%ﬁmm%&lﬁaﬁﬁﬂm@ dayeraRpadoblastedvauanigose
fragments of t Qg Silelih@smandpkifided b SilGorMBIRAMR Fhich may dislodge during the

plasma etch process, depositing on the surface of the silicon wafer, creating a
defect. For bead blasted quartz components in the chamber, this application

15 is specific to the coating of bead blasted quartiz with a material focused
through a plasma gun onto the surface of the substrate material to both |
promote the adhesion of the material(s) etched from the wafer as well as seal
in the particles caused by the bead blasting process. The application of the
coating is due to a formation of the plasma inside the application gun and is

20 typically applied and created through gases such as hydrogen, nitrogen,
argon, helium and mixfures thereof. Previous methods to achieve particle
free bead blasted quartz surfaces were performed via chemically etching the
surface of semi-conductor materials such as marketed by the BOC Edwards
Division of the BOC Group, Inc.

25
This type of process is an application where a post bead blasted metal
or insulator material is chemically etched to remove both embedded impurities
and to remove loose fragments of the substrate caused by the mechanical
modification of the surface.
30

In some plasma etch systems, loosely held particles of the substrate
material remain and can adversely affect the integrity of the substrate and the
semi-conductor assembly in which it is incorporated. The system of



nodi fication of the surface. 30 In sone plasma etch systens, |oosely held
particles of the substrate naterial remain and can adversely affect the
integrity of the substrate and the sem -conductor assenbly in which it is
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the surface followed by chem cal etching has provided i nproved renoval of
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The Invention 20 The present invention is generally directed to a process

for producing a substrate suitable for use In sem -conductor processing in
whi ch the surface Wfweould thereforeithe desieabletoiprovidead qrroogss bynwhicht thel
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metal oxide. Sucgstlr'rﬁe matenald%rmed during the surface roughening operation. It would
also be desirable to treat the surface of the substrate material so that small
particles are not generated during subsequent steps of the semi-conductor:
15 assembly forming process. Such a process would ensure that the substrate is

suitable for use in the production of semi-conductor assemblies.

Summary Of The Invention

20 The present invention is generally directed to a process for producing a
substrate suitable for use in semi-conductor processing in which the surface
of the substrate material is treated with an initial surface roughening operation
and further treated to remove loose particles formed during the surface
roughening operation. The roughened surface is eventually coated with a

25 coating composition containing at least one metal oxide. Such metal oxides
include aluminum oxide, zirconium oxide, yttrium oxide, silicon dioxide,
combinations thereof and the like in order to provide a thin layer coating.

In a particular aspect of the present invention, there is provided a
30 process for producing a substrate suitable for use in semi-conductor
processing, said process comprising:
a) roughening the surface of the substrate material to produce
microfissures therein;



I ncl ude al um num oxi de, zirconium oxide, yttrium oxide, silicon dioxide,
conbi nations thereof and the like in order to provide a thin |ayer coating.
In a particular aspect of the present invention, there is provided a 30
process fow@rosiesss3zng a substrate suitable for use |In spo/uSRISHISIoRT
processi ng, said process conprising: a) roughening the surface of the
substrate material to produce mcrofissures therein; 3 W 2005/098930

PCT/ US2005/ 009108 b) treating the roughened surface to renove at |east
substantially all particles of the substrate material remaining on the
roughened surface; bhd tegatingatherrgughenedosigfanectd remdvacat leash sabstantiallyg
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is illustrative of an enbodi nent of the invention and is not intended to
limt the inveR®MainingatdpasiAnesmetdl gyidehe clains of the application. 15 The
Figure is aggraphic illustration of the conponents of a plasma spray

assenbly for applying a coating conposition to a roughened substrate
surface in accordanbe avpréferred pmbedimeritnoktiheé cpreséett inveatiobedioe | gaating OF Th
e Invention 20 The present.inventjon i.§ generally directed to a process of
producing a sHBTPPE 'B"PBHW'WCP"%’m?’&ﬁ e for use in seni-conductor
processing in which the surface of the substrate is first roughened and

then eventually coated with ] o .
Brief Description Of The Drawing

10
The following drawing is illustrative of an embodiment of the invention
and is not intended to limit the invention as encompassed by the claims of the
application.

15 The Figure is a graphic illustration of the components of a plasma
spray assembly for applying a coating composition to a roughened substrate
surface in accordance with the present invention.

Detailed Description Of The Invention

20 )

The present invention is generally directed to a process of producing a
substrate to make it suitable for use in semi-conductor processing in which
the surface of the substrate is first roughened and then eventually coated with
a thin layer of a coating composition which is desirably dielectric to provide a

25 non-conductive surface of substrate material suitable for further processing
into semi-conductor assemblies.

The surface of the semi-conductor material must first be roughened to

remove surface materials therefrom which can adversely affect the properties

30 of the substrate material and which improves the adhesive capability of the
surface to make it suitable for the formation of semi-conductor assemblies

such as wafers and the like. The substrate material can be any material
suitable for use in the semi-conductor industry such as quartz, ceramic, metal



a thin layer of a coating conposition which is desirably dielectric to
provi de a 25 non-conductive surface of substrate material suitable for
further processing Into sem -conductor assenblies. The surface of the

sem - condugtgotoosiesespi al nust first be roughened to renpypusisid@epgnateri al s
t herefrom whi ch can adversely affect the properties 30 of the substrate

mat eri al and which inproves the adhesive capability of the surface to nake.
it suitable for the formati on of sem -conductor assenblies such as wafers
and the like. The substrate material can be any material suitable for use
in the seni - copxides ncluding atumingmaixides agdanetals s:tmhaars alumipuml QuaMiDis a

cuch as. al um reACRALY p9eiot Schst s (rilenal BpAsEh § SRR A S bl * °

because it is whehetdnufactared. rel atively pure when manuf actured. 5 The
manner in which the surface of the substrate material may be roughened can
vary but it is desirableto use an abrasive material typically in the form

f bead i ch i I, cul
of beads wych is uﬁ&f}'qﬁrwﬂkﬁ;@g@rﬁggﬁ% sUKKAZE HAERA) Frpagr pycular

conditions to produce a S ace rou or use In ucrl ng
sem - conduct or rasgbened icas varlshbublltzgr desirablestor isecan abragivecsmtarial Itypisﬁalhyypi cally

be in the rang fro ef.er 200 t 300, nos erably
200 to 250 ni o { {besds Which 8, adtigy W@%@*ﬁ%&%’% g A, ozg 1

obt ai ned by adpm&urag ddm@rtl@hesﬁﬂbﬂ)dt@él 4 diree MUGhabss autablapfdri gse tin  the
abrasive material. Such systens desirably produce a roughened surface _but

are char act er | PEgugidg Q?&Q‘rcrﬂ?dh'm 3ssembligsesThe degreeqf gedoughnassayvillon 15
the surfacgi nté@ﬂﬂl PH the r&?d ij%ﬂ\ ‘4’86 hb%id’eprgfeqéﬂp'm'i@%OOTm

| odged parti cl e renove | east to sone ‘extent then treating
t he roughened prefenablyt 200vto 260 ahicvd-inches RamBuch surface Inowglme@aldoyldltrons

containing rel g1 yel d oncentrati o (o) Cl uch Nitric
acid 20 and/ orgﬁégo%tg'gggcb a%ﬁgjﬂ&nﬂlaﬁt)\lec%%%ﬁ %{'rtt‘lr]g‘?l %nga'gf anCh s '?848; aci ds
are from the abrasive material. Such systems desirably produce a roughened surface
but are characterized as leaving microparticles of the substrate material on
15 the surface including particles lodged within the microfissures.

These lodged particles can be removed at least to some extent by then
treating the roughened substrate material with an immersion bath typically
containing relatively high concentrations of strong acids such as nitric acid

20  and/or hydrofluoric acid. Typical concentrations of the strong acids are from
15 to 50 volume percent, preferably from 25 to 35 volume percent. The acid
immersion bath contains strong acids at sufficiently high concentrations so
that it is capable of facilitating the removal of at least some of the particles of
substrate material remaining on the substrate surface. In a preferred process,

25 the roughened surface is chemically etched to remove both embedded
impurities and to remove loose fragmenté of the substrate material caused by
the mechanical modification of the surface.

While the acid etch treatment system described above works

30 effectively to remove loosely held particles, it has been observed that the
microfissures of the roughened surface can still form additional particles
during further processing to produce semi-conductor assemblies. Jagged
édge pieces of the microfissures can be dislodged or broken off from the



15 to 50 vol une percent, preferably from25 to 35 volune percent. The acid
| mrer si on bath contains strong acids at sufficiently high concentrations so
that it is capable of facilitating the renoval of at |east sone of the
particles ofo2msbsbioate material remai ni ng on the subst par@ssgsdeas. | n a
preferred process, 25 the roughened surface is chemcally etched to renove
both enbedded inpurities and to renove | ocose fragnents of the substrate
mat eri al caused by the nechanical nodification of the surface. Wile the
acid etch treatnent system descri bed above works 30 effectively to renove
| oosel y hel d paurfacg eand i thuhatheaguicrafissarese dhemaelvetemayi heofa ssaures off t he

roughened surface can,still farm additional,particles during further
processing to BP@%%@@'%@%S'%@S%&%%%ﬁje'ﬁ@%ﬁl’?’@é.‘mﬁ'a‘gged edge pieces of the
m crofi ssures can be di sl odged or broken off fromthe 5 WD 2005/098930

PCT/ US2005/ 009108 surface and thus the m crofissures thensel ves may be a
source of undesi r alfl aceasdarceyith the presant ipventiong the ryghesad surace phthe
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preferably a diglectric coati to. the roughened, acid etched surface
whi ch prevent sat_%Iec%'fsqoagag'ntgﬁﬁé&u%&?gi %ﬂ&eﬁﬂﬂﬁdﬁlﬁagg V&‘P'c REEENE et e
material from digisdgeerturafs additionanepartitlet hofr ahghenpstrater f g riall Ofrdine
coating conposition used to formthe thin coating my be any coating

conposi ti on whiierofigsyres gantainad.en the, rogekenad8HriACE;: ei ectri ¢ coating and

whi ch prevegts di sl odgement of particles of the substrate surface during
further processing of the substrate material into sem -conductor assenbli es.
15 The coating wi | | The egatingf ¢aropasitiont hsedk teformdheithin soatingoway baeany

i or of i ssures, coLith] EahbYsitBn Whidh BkRs B Yhrectl pF&iRHENP aRFUERAS b ARG drd
which prevents dislodgement of particles of the substrate surface during
further processing of the substrate material into semi-conductor assemblies.

15 The coating will be of sufficient thickness to fill and cover the microfissures,
typically up to 0.010 inch. The coating composition is selected from metal
oxide coatings including silicon dioxide. Preferred metal oxide coatings
include zirconium oxide, yttrium oxide and/or aluminum oxide. The presence
of zirconium oxide and particularly as a major component of the coating

20 composition is preferred. In a preferred form of the invention, the coating
composition will contain at least 92% zirconium oxide. Zirconium oxide is a
preferred component of the coating composition because it has shown to be
more chemically pure than other metal oxides such as aluminum oxide.
Aluminum oxide often contains small amounts of sodium oxide. During the

25 plasma process, the sodium is transferred to the substrate material.

The coating composition is desirably applied as a plasma, the
formation of which is schematically shown in the Figure. Referring to the
Figure, a plasma spray assembly 2 for producing a plasma spray 4 of the

30 coating composition can be created by providing a suitable gas from a source
6 for developing a plasma, typically from hydrogen, nitrogen, argon, helium
and mixtures thereof. The plasma gas is combined with the coating
composition materials 8 (e.g. zirconium oxide) which is supplied to a plasma



oxi de coatings including silicon dioxide. Preferred netal oxide coatings

I ncl ude zirconi um oxide, yttrium oxide and/or alum num oxi de. The presence
of zirconium oxide and particularly as a major conponent of the coating 20
conpositi owo mopossderred. In a preferred formof the i npenMIsmOoWIvd coati ng
conposition will contain at |east 92% zirconiumoxide. Zirconiumoxide is a
preferred conponent of the coating conposition because it has shown to be
nore chem cally pure than other netal oxides such as al um num oxi de.
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m xt ur es t her egfibstidte r@h@%ﬁd@tﬂsbééd plastingred with the coating conposition

materials 8 (e.g. zirconium'oxide) which is supplied to a plasma 6 WO
2005/ 098930 PCTI US2005/ 009108 gun 9 as a solid, typically in the formof a

powder in which thedai reat | i f the
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e
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thi ckness of the coating conposition will typically be sufficient to fill
The thickness of the coating composition will typically be sufficient to fill

the microfissures contained on the roughened surface of the substrate

15  typically up to 0.005 inch, more typically up to 0.006 inch. Accordingly, the
coating composition will haye a thickness typically up to 0.010 inch. The filling
of the microfissures prevents the jagged edge portions of the microfissures
from dislodging to become loose particles. The resulting coated surface in
addition to preventing the formation of undesirable particles from the jagged

20 portions of the microfissures, also provides a smooth substrate surface which
provides better adhesion properties for continued development of semi-
‘conductor assemblies and significantly reduces the presence.of undesirable
gas on the surface (i.e. reduces outgassing).

25 In a further and preferred embodiment of the present invention, after
substantially all of the loose particles of the substrate material have been
removed from the roughened substrate surface, the roughened substrate may
then be ultrasonically cleaned, typically in deionized water preferably while
immersed in an ultrasonic cleaning tank of the type described in U.S. Patent

30 No. 5,651,797, incorporated herein by reference.



the mcrofissures contained on the roughened surface of the substrate 15
typically up to 0.005 inch, nore typically up to 0.006 inch. Accordingly,
the coating conmposition will hale a thickness typically up to 0.010 inch.

The fillingyvo &osibdaesom crofi ssures prevents the jagged edgguRaotspg of the
m crofissures fromdislodging to becone |oose particles. The resulting
coated surface in addition to preventing the formati on of undesirable
particles fromthe jagged 20 portions of the mcrofissures, also provides a
snoot h substrate surface which provides better adhesion properties for
continued devel opment of semi- conductXAMERENDI i es and significantly
reduces the presence. of undesirable gas on the surface (i.e. reduces
outgassing). 25 In a further and preferred enbodi nent of the present
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was then driedUs
No. 5,651,797. The wafer was then dried using a 0.01 micron filtered

nitrogen and baked at 250°F for two hours in a nitrogen atmosphere.
15
The thus dried and baked wafer was coated with a coating composition
containing greater than 98% aluminum oxide to form a coating on the surface
of the wafer having a thickness of 0.002 inch to produce a coating layer which
possessed sufficient adhesion to at least substantially prevent particle
20 dislodgement during subsequent processing for the formation of semi-
conductor assemblies.

EXAMPLE 2

25
Samples 2-18 were prepared in the same manner as Sample 1 except
the coating material, the coating thickness and surface roughness of the wafer
were modified as shown in Table 1.



nitrogen and baked at 250F for two hours in a nitrogen atnosphere. 15 The
thus dried and baked wafer was coated with a coating conposition containing
greater than 98% al um num oxide to forma coating on the surface of the
waf er havi mgp 2vos/tessedoness of 0.002 inch to produce a coapcf@siodyevordehi ch
possessed sufficient adhesion to at |east substantially prevent particle 20
di sl odgenent during subsequent processing for the formation of sem -
conductor assenblies. EXAMPLE 2 25 Sanples 2-18 were prepared in the sane
manner as Sanple 1 except the coating material, the coating thickness and
surface roughness of the wafer were nodified as shown in Table 1. 8 WO
2005/ 098930 PCT/ US2005/ 009108 Table 1 Adfgsion Results 5 Sanple Coating
Mat erial Coating Surface Thickness Rougtimess* (Inch) 1 Al um num Oxi de
0.002 A 2 Alum num Oxi de 0.002 A 3 um n ide 0.002 A 4 Alum num
Oxide 0.006.B 5 Al um num Oxi de O. Oo%%sqc})n %\Fn%}m%num Oxide 0.006 B 7

Al um num Q(?de 0010 C - 8-Al um-num - Od de :

0.010.C
~'Sample Coating Material | Coating | Surface
- Thickness | Roughness*
(Inch)
1 Aluminum Oxide 0.002 A
2 Aluminum Oxide 0.002 A
3 Aluminum Oxide 0.002 A
4 Aluminum Oxide 0.006 B
5 Aluminum Oxide 0.006 B
6 Aluminum Oxide 0.006 B
7 Aluminum Oxide 0.010 C
8 Aluminum Oxide 0.010 C
9 Aluminum Oxide 0.010 C
10 Zirconium Oxide ** 0.002 A
11 Zirconium Oxide 0.002 A
12 Zirconium Oxide 0.002 A
13 Zirconium Oxide 0.006 B
14 Zirconium Oxide 0.006 B
15 Zirconium Oxide 0.006 B
16 Zirconium Oxide 0.010 C
17 Zirconium Oxide 0.010 C
18 Zirconium Oxide 0.010 C

- *-A=180-220 4 in Ra
B =230-270pin Ra
C =280-320pinRa

10  **- All Zirconium Oxide samples contained 92% zirconium oxide and 8% yttrium oxide

Each of Samples 2-18 exhibited a coating layer which possessed
sufficient adhesion to at least substantially prevent particle dislodgement
during subsequent processing for the formation of semi-conductor

15 assemblies. Zirconium oxide coatings are preferred over aluminum oxide
coatings because they exhibited less outgassing, less water vapor retention
and less retained anion and cation species on the surface of the substrate
material.



9 Al um num Oxi de 0.010 C 10 Zirconium Oxide ** 0.002 A 11 Zirconium i de
0.002 A 12 Zirconium Oxide 0.002 A 13 Zirconium Oxide 0.006 B 14

Zirconi um Oxi de 0.006 B 15 Zirconium Oxide 0.006 B 16 Zirconium Oxi de O.
0.0010 C 17 Zirconium Oxide 10 C 18 Zirconium Oxide 0.010 C A =180-220 p
in Re B=230-270 pin R C =280-320 pin Ra 10 * - Al Zrconium Oxi de
sanpl es contai ned 92% zi rconi um oxi de and 8% yttrium oxi de Each of Sanpl es
2-18 exhibited a coating | ayer which possessed sufficient adhesion to at

| east substantially prevent particle dislodgenent during subsequent
processing, f.or the formati on of sem -conductor 15 assenblies. Zirconium

oxi de coagili@é: are preferred over alum num oxi de coatings because they
exhi bited | ess outgassing, |ess water vapor retention and |ess retained

ani on andjcat i QrpréReciof prodiicihd)@ sifdirhta eitable foNQiIbSALRSHLIRE B sefleiduslor 9
Clainms: 1. A process for producing a substrate suitable for subsequent use

i n sem - copredessingrsaidgroesesenimmyisingai d process conpri sing: roughening a surface
of the substrate material, erein the roughenin roduces mgrofissures
Cher o s -t 1 eatPREeTHE Ao ST Bh G AR et Bh AT BB eh G s
coating copRofitl-fhengl-ected from al um num oxi de, zirconium oxide,

treating the roughened surface with a strong; and

applying a coating composition selected from aluminum oxide, zirconium oxide,
yttrium oxide and combinations thereof onto the roughened surface, wherein applying a
coating composition onto the roughened surface includes filling and covering the

microfissures.

2. The process of claim 1 wherein the substrate is comprised of a material selected

from the group consisting of quartz, ceramics, metals and metal oxides.

3. The process of claim 1 wherein the coating composition comprises zirconium oxide

and yttrium oxide.

4, The process of claim 1 wherein the step of applying a coating composition onto the
roughened surface comprises producing a plasma spray by providing a plasma generating
gas and the coating composition to a plasma gun, and directing the plasma spray toward
said roughened surface in a manner sufficient to apply the coating composition to the

roughened surface.

5. The process of claim 5 further comprising generating the plasma in the presence

of compressed air.

10



yttrium oxi de and conbi nati ons thereof onto the roughened surface, wherein
applying a coating conposition onto the roughened surface includes filling
and covering the mcrofissures. 2. The process of claim1 wherein the
substrate is conprised of a material selected fromthe group consisting of
quartz, ceramcs, nmetals and netal oxides. 3. The process of claim1l wherein
the coating conposition conprises zirconiumoxide and yttrium oxide. 4. The
process of claim1 wherein the step of applying a coating conposition onto

t he rougbhenedTisuprbae of olaph Semppisiag gehdigti the pRidia api eynpeyatpre@fi di ng a

pl asma gefremadbbitd0,00@® 36)0d0 tthe coating conposition to a plasnma gun, and
directing the plasma spray toward said roughened surface in a manner
sufficient to apply the coating conposition to the roughened surface. 5.
The process of claim5 further conprising generating the plasm in the
presence 7of coppreseseaf elaim 5 wWhegein the@lgsmegeneraiig gasas sal&tebingmitks ng
generating the plasma at a tenperature of from about 10,000 to 30, 000" F.

7. The pr goeap sondistmigaif inySrogkre métrogehvergmi, dshiemged eriaurasghgast. i s sel ected from
the group consisting of hydrogen, nitrogen, argon, heliumand m xtures
thereof. 8. The process of claim1l1, wherein the step of roughening the
surface of the substrate nmaterial conprises: contacting the substrate
material & th S pacgsaet rleined. wherainthqsiereef oysheningrthepurfage opr oduce a surface
roughness j r . 200 to 300 mcro inch Ra. 9. The process of
claim?9 lggg&%%Fﬁgﬂgﬁﬁgggéﬁggtghness is 200 to 250 mcro inch Ra. 10. The
process of cl abmadtinghe eubstrafeanaérigd woth solié partiolgs bhe raughefdisgadtesial foace with a
strong acid cor’rg i ses iJmersing the substr ée i£| an i rsi,o at h

conpri si ng t h@™OLfeF 8iyriage rquahngss *T‘HE"'HP&%%E oy 20 193 MCRRHRTER t he

concentration of the strong acid is from15 to

9. The process of claim 9 wherein the surface roughness is 200 to 250 micro inch
Ra.
10.  The process of claim 1 wherein the step of treating the roughened surface with a

strong acid comprises immersing the substrate in an immersion bath comprising the

strong acid.

11.  The process of claim 10 wherein the concentration of the strong acid is from 15 to

50 volume percent.

12.  The process of claim 10 wherein the concentration of the strong acid is from 25

to 35 volume percent.

13.  The process of claim 10 wherein the strong acid comprises nitric acid and

hydrofluoric acid.

14.  The process of claim 1, wherein the coating composition is yttrium oxide.

11



50 volume percent. 12. The process of claim 10 wherein the concentration of
the strong acid is from25 to 35 volune percent. 13. The process of claim
10 wherein the strong acid conprises nitric acid and hydrofluoric acid. 14.
The process of claim1, wherein the coating conmposition is yttrium oxide.

11 15. The process of claim 1l wherein the depth of the mcrofissures is up
to about 0.005 inch. 16. The process of claim1l wherein the depth of the

m crofissures is up to about 0.006 inch. 17 The process of claim 1l wherein
the thickness of the applied coating is up to about 0.010 inch. 18. The
process of claim 17 wherein the thickness of the applied coating is up to

about 0.006 inch. 19. The process  of c]Jaim1l wherein the step of applying a
coating cgﬁposig?ﬂwcﬁﬁp cmPﬂg‘ﬁﬁﬁﬁ%gﬁégpgﬂﬁﬁﬁh@“%@%ﬁWF§§§Wéﬁﬁp?ﬁng t he
coating c 6ﬁ§sition inthe formof a plasma spray. 20. The process of claim
19 conpri si gbplying t he coating conposition in the form of a plasm

spray at a tenperature of from 10,000 F to 30,000 F. 21. The process of
claim1, wherein roughening the surface of the substrate material conprises

| eaving mECr opRé po6és8f Othink MNvHekASthe AbGh TRIRhiRtoRrt IS up fVaRRNEdosS Ur f ace,
and wherein treating the roughened surface with a strong acid conprises

renovi ng aich. | east sone of the mcroparticles of the substrate material from
t he roughened surface. 12

17 The process of claim 1 wherein the thickness of the applied coating is up to about

0.010 inch.

18.  The process of claim 17 wherein the thickness of the applied coating is up to
about 0.006 inch.

19.  The process of claim 1 wherein the step of applying a coating composition onto
the roughened surface comprises applying the coating composition in the form of a

plasma spray.

20.  The process of claim 19 comprising applying the coating composition in the form

of a plasma spray at a temperature of from 10,000° F to 30,000° F.

21.  The process of claim 1,

wherein roughening the surface of the substrate material comprises leaving
microparticles of the substrate material on the roughened surface, and

wherein treating the roughened surface with a strong acid comprises removing at

least some of the microparticles of the substrate material from the roughened surface.
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