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CLEANI NG PROCESS AND APPARATUS FOR SI LI CATE MATERI ALS
Field of the Invention The present invention rel ates
W o00s®ideasls and apparatus for treating silicatBCT/US2004/023597

substrate surfaces and, nore particularly, textured

qUELEANINGRROCESS ANL ARRARAT U FORSHICATER MATERIALS

Duri ng nost sem conductor manufacturing processes,

such as dielectric etching or chem cal vapor

deposition, unwanted materials are sonetinmes formed on
Field iofi¢he Inlvention surfaces of the processing chanber and on

the chanber parts used in the manufacturing process.

il h‘pigfprigggrgt%?é}%@h% égf%% ecgl aéf%gﬁﬁgr%hgm%gﬁiﬂs silicate
substﬁé’t&ér f 3%%;%%? r@gﬁﬂﬁzuﬁé‘r iG] etz SMstratey | be

noc and deposit upon a wafer that is being
processed in the chanber. Such contam nants can danmage
Desctipiomaf the RelateicArig t he "yi el d* of usabl e devices. For
exanple, in dielectric etching |ong-chain carbon
| ; [ I j I foot : ;
e T e R
or chemiicdivapbr aéposhion, nhwartedramatérals are sgnpetvoes forared on the interior

contam nate the wafers. Contam nants cap cause hi,gh .
surfagessj @ dhee Preaseiido FNandIRre Ads &N §E%s§5€l Fi 996359880' in  the
mandIERE, RS Pl ARS8 PABASS Bea on the inoror
surfacésmahe chambér parts iohbecomeansourby afeontamisanisithahgan flake, fall, or

v bk T T St R PSS R aR B, sucr
contdnih§ gis_ctfa n"\?éhé%@ﬁfye RafsCraHieaidy théo'y%ld"ffﬁ‘%sawa'e\ﬂ?é‘é! al
scrubbing 1s not thorough enough, the yield of

sem conductors subsequently processed will be great I_Y
Bt examle, fu dichestrio eéching fangbehajn ¢aeipmpelymeis may beild up on the

. .CO et haor , eci al | f [

e GBS LE bRSEBAAD o R Bt B S AGGu ay breai

off ARy HRNBaPUULEIRY Prddeskhend conantingteathenmafeas. Contaminants can
scrubbi ng nmet hod. One such nethod, which is applicable )

cause highe rrsjstagcexaehesion pepriemstfor subsequantnaversuiadycag insulation,
| R ehhanced etching process

and c%t@gﬁéjér/'ﬁgf%gﬁ%ﬁjh@'g@}hwc@? ucﬁ%r processing parts. In
that prior art nethod, fluorine-based gases such as
CiotivantiorEtily 3 peove s sixg geva nayers lsingartsearer gjearet] by rhamual scrubbing.

In this conventional method, the manufacturing process is halted and the processing

chamber opened such that the interior walls may be scrubbed. Sometimes, when
manual scrubbing is not thorough enough, the yield of semiconductors subsequently
processed will be greatly affected. = Furthermore, scrubbing does not tend to be
completely thorough, especially with high-surface area textured surfaces.

Other methods have been proposed to overcome problems with the conventional
manual scrubbing method. One such method, which is applicable to removing oxide
and dielectric contaminant build-up, involves the use of a plasma-enhanced etching
process to "dry clean" the semiconductor processing parts. In that prior art method,
fluorine-based gases such as CF4 and CHF3 and oxygen are highly energized to form a
plasma which reacts with the contaminants to form CO;, SiF; and other gaseous
compounds which are then vacuumed away through the processing chamber's exhaust
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pl asma which reacts with the contamnants to form CQO2,
Si F and ot her gaseous conpounds which are then
wo a@maon®ds away t hrough the processi ng chamber ' BCT/US2004/023597

exhaustsystem One of the nore common silicates used

systefbr chanber parts and surfaces is quartz (Siq 2). For
exarrpl e, quartz dones are used to define the top

?Pﬂ’\e%o?é’%nﬁﬁéﬂ SHEstES LRed R ERSMber gﬁﬁs Sdrfaces is quartz

nozzles are used to Inject gasses I nto sem conduct or

(SlOgc)havﬁ'-berw(arhﬂee\cpJartzt Hemesi are arsednty fisdiobothie itep portion of some

emighHsgHTs RPEISTen A AT (OB PR SO, 1Bt gasses nto

semlc%}{ﬂlﬂ:%l‘eéh&hﬁefsr efﬂ-ltﬁﬁli\)e‘x‘ ﬁﬁﬁ‘pn@k'tari %éﬁ@@él@b&){s %enerally not well
cl eani ng houses or repl aced, at consi derabl & cos

suited)fier cleanisg raeessingrahambetsuwbishvinelida Giesist substnetesc eQuartz parts

M S T g

considBpsHideess during the sem conductor manufacturing
process do not adhere well to the quartz surface, and

are prone to beconi ng separated fromthe guart
Querkzde uswal g glanufaEuisd Witk asempeBrtitacss Swaihavingp fgughness of

abougrﬁcﬁ%seq-ioﬁé\fert RbAtd] rn?iﬁéﬂf% mﬂ?@'{)%y BeClL5oki ﬁetdeéﬁ Utz of such

inCreasing its surface area for exanple
smoatlm&ﬁa;edwmgg trteosemmoadlscetot hramﬁlm&smmm poocesstdacnotomtheré well to the
ont am nant yer, on the quartz

. -1D
quart;w Geatq%, 3 |p<5? &P DA %"goaﬁ?t?geg?"lé%m gurface and
settllrfq)gpnstggfﬁé%ﬁmi&%&ﬁér %f&r%‘élﬁq E%C@%eangrt& D rd A, 'q%lartz is often

to the surface a substrate 130.
"texturbe" ayighereasingeits sutfaep aremlbyamruexaanplet heughsning,i tnglncrease the

rocess,.i.s _gonsi dered to t 00 ow for npost
adnefjR 2 8ubtiont QL e Sotamiart faled bR ARtz
grit-blasting at the high angles tends to create

ETRC KA 1ll5(ﬂlu$ltraté1a priev altedaghsning qw@ces“éhmwheaezassoem grit 110 is
cause pieces of the roughened surface to beco

projeetedrdearbanglgr 14Q that do froBhPRAX 0 169 Sw‘aﬁ@é@ﬁh Qfga Substrate 130. If
the agpfé %%Q %%ﬁdi"tﬁé‘rf%bpa{ B0 e EYERinG n%r‘olcleyst?:ié gbﬁgdéféd to be too

e cortam nants oduce
slow fomucbsttpwpos;efs tHﬂewwéreﬂSwdseber@ fmuud&haﬁght—tﬂds«te'rgsaﬂ the high angles

tondsJor GRISTIACES 80 TaeeiouOnen e Ut TAeeP Sircka canGRupe pleces of
ne SRLBE @/SEL Al 10 GHMHERS Yo Pbocomin
dlslodgad)frd)m&eumnetcsmfr herroaf as iMlustvatad in FigeléeleBuck partinde hodtaminants
may lntrod%ce lrllr?pt?rltltegxltnui ed wh cf\ilrrst Ee%lébgs)wcaetssed adversely affect yield. In
addition, as illustrated in Fig. 1D, contaminants may adhere to the substrate surface
over time and will eventually flake off or otherwise become dislodged from substrate

130 and fall in pieces 170 onto the wafers.

Therefore, what is needed is a method of forming a textured quartz substrate
surface generates fewer cracks and other defects, and which reduces flaking or
shedding of particulate matter, such as dust and other contaminants that have
accumulated on the surface, while maintaining a high surface area. In addition, the
shape and roughness of the surface should provide improved adhesive properties for
holding on to such particulate matter during the course of semiconductor processing.

Also needed are systems capable of forming such a substrate surface and a method
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surface generates fewer cracks and other defects, and

whi ch reduces fl aking or shedding of particul ate
wordoser94such as dust and ot her contam nants tPGr/Uhmeoz3597

accumul ated on_the surface, while maintaining a hi

and 3pparaius M I ﬁaﬁ@équl)'oﬁpmmb'% fxsemane n%wgﬁh@w B'FO’foreS'Stlve
contérﬂﬂaﬁ{‘?{lﬁﬁ ?ca %Pf‘ét:Q? sLER S q‘?%r&dh?%' ffther desirable to further
ropertres on to such' particul ate mat
mcredsm thngsmrifm:e:anelasm‘ eolfexh.eed qoadrsudacer ocessi ng. Al so
needed are systens capable of form ng such a substrate
surface and a nethodarid apparatus which i
fparticularly applicable to renove pol yner and
phot oresi stive contam nant build-up on these surfaces
such as quartz. It is further desirable to further
i ncrease the surface area of a textured quartz
surface. Nunmary of the Invention The present invention
provi des net hods and apparatus for treating
siliconcontaining materials and, in particular,
textured quartz. The present invention provides a high
surface area (as preferably neasured by roughness),
whi ch increases the stiction of contam nant |ayers to
the textured quartz working surface. Furthernore, the
present invention reduces cracks, fractures and ot her
defects in the textured quartz surface, thereby
reduci ng contam nant particles that may fl ake off or
ot herwi se be di sl odged fromthe quartz surface. In one
aspect of the present invention, a nethod for treating
a surface of a quartz substrate includes preparing a
quartz substrate to provide a working surface having
an initial working surface roughness; and then
ultrasonically acid-etching the working surface to
i ncrease the roughness of the working surface by at
| east about 10% In one enbodinent, the initia
surface roughness is greater than about 10 Ra, and in
anot her enbodi nent the initial surface roughness is
greater than about 200 Ra. In a still further
enbodi nent, the initial surface area, if |less than
about 200 Ra, is increased to greater than about 200
Ra. In other enbodi nents of the present invention, the
wor ki ng surface roughness is increased by at | east
about 25% or at |east about 50% |n another
enbodi nent, the working surface is grit blasting after
ultrasonically acid-etching the working surface with a
fine grit having a nesh size greater than about 100.
In anot her enbodi nent, the fine grit has a nesh size
of greater than about 200. In a still further
enbodi nent, a second acid-etching is perforned after
the fine grit blasting.
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I n anot her aspect of the present invention, a nethod

for treating a surface of a quartz substrate incl udes
walkdosasons cal |y acid-etching a substrate to  PCT/US2004/023597

substantially renove.one or nore cracks in a working

surface of the subs a th g the substrate

surface to a final cleaning process which prepares the

substrate for use. In one enbodi nent, the nethod

i ncludes coarse grit blasting the working surface

ﬂ'heorpresen‘ul tnvestion cpilovidesc imbtbodi anyl tapparatisc dora treating  silicon-

r.oughen ur f ace hayi n av e.surface roughness
contdifitd TERiTal Al 8 rttC g X B8RS oS hBdTepe RS REan provides
a high"2efaBBNareal % fdr@i@?atﬂ&%@b&%eﬂr B9el%ﬁghﬁééé9d6\ﬁh|ch increases the
contacting the substrate with an acidic sol ution

stictiere PE coRi@NTinamh layersdodhp tewieed guagz wiorking rewifagerHdurifirrmore, the

pres i"é?%wg%%gﬁisngdaﬂﬁ%t Fﬁgt@ﬂégs%@:@h%ﬁgﬁ&% (mitﬁgdtextured quartz
surfabé! tiesreby aetiueingdeoitahieshtweatiticgathat Mayifiiket B or otherwise be
substrate with ni trogen to renbve excess noi sture; and

dislogged fram theauaiBUtace. under a heat lanp or in an oven
to thoroughly dry the substrate. In another

9 és'fo%%t oﬁ] BREENGnl85idH! easnﬂl*ﬁ{]oofd{‘?féﬁtﬁﬂg'é”guﬁ&?e of a quartz

sur ace o e substrate pri or |'eani n
subsqmanecmslsldby preyae)rlrpg)alquaolm sulpstrafer espravideed vgorking surface having an

initialg 3530 LS reiadhrRss, ero ) WFRSCrTAb pE she fe working
surfaddto (e e RUgHRESS bf BIF W&%d@%&ﬂ:@%ﬁbf‘%si BBout 10%. In one

surface at a velocity sufficient” to produce a
embagimeot, rtbe dinitialestirfacef uighness imoraater fzh@pahoutﬂ(l Ra, and in another

ol ST b o EEEY  Gocb EM 2eR 2HE 5 st e

embcﬁm@hf ahe& initihlos afaiaereaalif 1668 tHdmabdie Z0PRLAN intkéased to greater
ve a non- organlc contanlnant r|nS|n ﬁe

than ata@%tt%ﬁ an.lﬂ [ptiRs &yRbodimends ef theamr@ssubyn@@mncwg thgavorking surface
rougti1R8 g iﬂc??% @ga |‘e§§f’é‘at§6d1%°/3 ??Ple%%t Bhooe e Wi ch

prepar es use.” 'n"one e fent the
mathod further includes imersing the substrate into a
be@ootherhembodimentd| the avorkings sinsacentis @rit yolasimy aften ultrasonically

acid- qafﬁﬂam ?ﬁ&ﬁ@{S A eg\g({ ﬁ%gﬁniﬁngg{]ﬁé\ﬂﬁgt he SE?ssléé %treater than about
100. ‘FHJ‘éﬁgtH@'é'inB&?ﬁmgﬁf rfl‘?@'flﬁébhhﬁﬁs b%ééﬁ@&etﬁgﬁ'éé‘t%ﬂ about 200. In
substrate in a furnace at a tenperature to danmage

a still dudhércembodinuent ad Becomdmeldsatnlgng e pedbsnechader thedfintehgrit blasting.
second chemi cal solution but before i mersing the

Ak ABR02" Brplst BE Ul R TR Ron: AL et BRI 8 surtace of o
quartf @ubsipaiehabiubaes altrasonically acid-etching a substrate to substantially remove
one or more cracks in a working surface of the substrate; and subjecting the substrate
surface to a final cleaning process which prepares the substrate for use. In one
embodiment, the method includes coarse grit blasting the working surface prior to
ultrasonically acid-etching to produce a roughened surface having an average surface
roughness (Ra) of between about 100 and about 400 Ra.

In another embodiment, the final cleaning process includes contacting the
substrate with an acidic solution selected from the group consisting of HF:HNO3:H.0

and HF:H>02:HNOg3, rinsing the substrate with deionized water; ultrasonicating the
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surface of a substrate including a base adapted to
support the substrate during a rougheni ng operation; a
W(p)rz(msmmh&ed grit expul si on nozzl e havi ng a noR@I/BS2004/023597

tedt ect it a inst the surface of the . .
subs§afsor 4 eson Rlcafion dlaienized waetsbaih Erying the SHbstateawith nitrogen

to re%%%)&@ﬁ d&%ﬂg&%h@&l%hé%sﬁg@ 8RePh He'é?lamp or in an oven

substrate; ani sm rotating one
tothcvroughkyfdryww balssiraiad the grit source to provide
rel ative notion between the nozzl e and the base during

rpuaheni ng o tion 'II t her ef or
15 Brbfied b nBRE LB sBPmssinthtes s dishshng e surface of the
subsPaRS @Fbr ito VRt FiRal RleAnirde ;fr@éeéshﬁyt r(§)itﬁ6%ﬂionﬂ‘fg a pressurized grit
silicon-contai ning substrates and, in preferred

expulsiaibipZAe 8 pre@ateﬂmmdc@atmzeém anskat amasglealaas thaweabout 60° to,

e PRPIRETIRALAEHPERRAL SRR hORAS e B8 oo ot o

velood:ty&ufﬂqiﬂntdm peddudeea hﬁmenbhgheméd sedglcd.n conj unction
W th the acconpanyi ng draw ngs. Bri ef Descri ption of

imhe Fi.gur es Fgegahéﬁ-ré%%:'g\ééfhl@ﬁe{ ﬁ]te:ygqr)]cgrforatrpatmg a surface of a

sﬂmoH%ﬁ%ﬁmﬁFéu@strgté M Rldfe%‘?r;j‘ﬁmgﬁwg'thé%%b%ﬁ‘éfenlﬂt@a hahfical solution to

for cleaning a sur Face o ubstrate I n accordance
substantially imnpvesaenbmcmgambmmrtarﬁlr@t BAsiB@ the esubstrate with deionized

watet; AUt R s bR BLAGERE o P e kg prsinss \hieh prepares

the shbﬁrﬁé%ﬁ%e' Mhesrd eRibddiffenttheSmatid L WMitrtincludes immersing the
I lustrating a process of etching a substrate

Substa%i@oﬂrdpw tSecone ehpou¢atesolugpnt e substaniialy, reh@ves an organic.

conelgAn{ AL et 6 LR BEEST AR n anctrr

embaeivaesiTied rtdd mrtﬁérembrmw@@tﬁemnﬁﬁh@ subst&tat irf |aofﬁ¢r|ilé’<§é at a high
il lustrati ng one enbodi ment of the cleaning process in

temperadyedardamape ishemical handsi after imnuersing theasubsitgie dnte the second
chema&r#(l) gé@?ﬁé %19 881‘0% ‘ﬁﬂmé?ging RE gaﬁ 2o ‘,@f«—ftﬁn%g %ﬁe?%cgq ! solution.

ment ' AVENT 1 On;
flowchart illustrating a method for inspecti ng a
Eruiaaoither Gassecif dee p‘resentdngmiﬁmsinamm/eerardapspgﬁatuﬁfﬁ rédihening a

surfeulgﬁsl é’?t Séi\ﬁsﬁfg%e |qql]u Hgs té talsggaga;%& ht%dszlr%o tﬁat Iurl)gstra’te during a
roughening operation; a pressurized grit expulsion nozzle having a nozzle adapted to
project grit against the surface of the substrate at a predetermined distance from, and at
an angle less than about 60° to, the surface of the substrate; and a drive mechanism for
rotating one or more of the base and the grit source to provide relative motion between

the nozzle and the base during the roughening operation.

It will therefore be appreciated that the methods and apparatus of the present
invention provide for the treatment of silicon-containing substrates and, in one preferred
embodiment, textured quartz surfaces. These and other advantages and features of the
invention will be more fully appreciated when the following detailed description of the

invention is read in conjunction with the accompanying drawings.
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accordance with certain enbodi nents of the invention;

and FIG 9B illustrates the quartz surface at various
we@gesodiiri ng the nethod of FIG 9A. Detail ed PCT/US2004/023597

Description of the Preferred Enbodi ments Unl ess

ot herwi se i ndi cat &fiefAgscti FBgdresci entific

terns used herein have the sane neaning as they woul d

to one skilled in the art of the present invention. It

is to be understood that this invention is not limted

to the particul ar nmethodol ogy, protocols and reagents

descri bed, as these may vary Al'l publications and

RS0 D 0L ) TR IR pror an

methédgcl osi ng et hodol ogi es and devices with m ght be
used in connecti on wth the cl eaning and
nm cro-rou I_Erocesses and devices of the inventio

FIGDéfis @i qvgcﬁya iflustraiing arRsaepashfanpleayting a surface of a substrate in
MRt the root nean square of the

accog@g&%%@ﬁf&%‘@é@é@gb%s of a surface above and bel ow

its mean position, and includes the way in which the

il @803Aai] lane situstratidns of mbuappdratusdirid sulesttate fat trebting a surface

fr encies, or dff t size of .structure on the
of the SIS it Bosatipics WRhIRS eserd MBNGRE  nout shed from

i sol ated surface defects and contam nants such as dust

PRG! 4G4 Qsﬂoviréhdrﬁ"u%@ﬁr@ a9floédBa! oft tBhingr ansubstbater Acdrding to one

as used herein includes, but is not limted to a part
embagliment eithgriaeeriionag a cl eani ng or mi cro-rougheni ng

operation, a sem conductor naterial in the formof a

' o} e
LTS8 8 PP UPor P BERLS0 BL Sl e, ity and i
roughhintp pdramestersaccurtingets onetémbsdinmint of the ewehtiors ngl e
crystal silicon, polysilicon, anorphous silicon and

\Y emc nductor, material. The term
Blo 508" el wisiaing obraseboRien: ob teandeaning process in

acco@%n&@l\/\hthatﬁe%\beﬂt@ﬁers fabricated on the sem conductor
evice substrate. Therefore, substrate surface refers

to the present uppernost surface of the substrate ,
FKa! dde ray flawchettrillestrating actleaning hrpeess imiascomiamce with another

Ze used herein to refer to pressures
emboﬁ’ﬂ@é?‘éﬁhﬁé‘g@&@@ pressure.

FIG. 8 is a flowchart illustrating a method for inspecting a substrate surface for

roughness and/or damage;

FIG. 9A is a flow chart illustrating a method for treating a quartz surface in

accordance with certain embodiments of the invention; and

FIG. 9B illustrates the quartz surface at various stages during the method of FIG.
9A.
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As used herein, "grit" refers to any abrasive
particle, such as super hard crystalline or
w@odoporopst al | i ne substance, or m xture of sSubsSPENUTER04/023597
and i ncl udes notlimted to di anond
pol ycryst a,a %drlbﬁwmon@i Q‘PFﬁTEFrﬁdrﬁmed]merﬁﬁd
pol ycrystal line cubic boron nitride. As used herein,
the term"etching 1 refers to the selective renoval of
material. This includes, but is not limted to,
cl eani ng, polishing and texturing. As used herein, the

o oI, e 2F8E . Al I8l gt S 855 lars: ysack berein have
the ngeo’h'%hmgw’fh@v Wwhuletb e sKINEd MSthicCar® b thd P‘Fésent anﬁgtlon It is

gahertz. The invention is further illustra
to be dmdmtﬁgdpt*@ﬂ elhise dnvantien; isenot . limited He ’dnea\marigmlan meathodology,

proto%’l@%‘?{dsre'éﬁlgﬁ{s n%&énbéghésg ﬂ'Lelé%ﬁﬁW gggyr }fﬂz P§ 8@t@ﬁgba§!gr%atents cited

hereif em lelxpreslsly inbbtpoeatedritbréipisy mifeienet fohthd purpokée @f déberibing and
i nvent i n p oyi des,. in one aspect, nethods for

d'“"?ﬁ"&aﬁﬁ% dpjogies: ahdg Hewicas with di‘l%\tmﬁ)%él&qdeé!ﬁl(i@r:‘@dlon with the
t hat
clean e &g r%ung?@eng“S%ség alrir?eal?je\?g%c’ é‘?ﬁ@v‘\@@f‘% cagabl e

of form ng a m cro-roughened substrate surface having

. Definitionger of advantages over the prior art. The
substrate has fewer cracks bel ow the surface, which

e N N —
short-&l@ﬁg%éﬂbﬁdn@ﬁf 4 karfaps bBege aht W M8 Reart b@sﬁbﬁ%cﬁﬁ‘ﬂludes the

roughness of the surface provide inproved adhesive
way iy B’%‘é‘h the, misro-rghmess g digtibuted tat cdiffarant rmatl@i frequenCIes or
o478, IR I SISO il IR fibe Bidbbuishea fom

isolatédhsudase defduts and cohtaminante uichrEs Ut padticisés to the
substrate. The nethod has been shown to be

bR dars o ek e termitsiBetTatS Bamiatyeronclidos dus s not limited
to at HBﬁs’wfﬁéh‘Cism @¥der g@?ﬁ@s’a Caéaﬁﬁbs NI feRd- koda?{e?n?c_ir hﬁgeratlon a

net hod i s al so use for cl eaning contamn
semicongeetos emtedaldincther favor pa ditresors a dubstrate) doenogariastisngafer, or a

n and single crystal silicon, which can be
mum"%g'%%eé\f\'ﬂ%ghawber roofs, source rings, coI | ars and

waf ers. Considered bel ow are the steps of the method
Hisl tempp as@ieondaetor imatefialc e W64 herdintiRGluaBS NBGt is not limited to

single crystal silicon, polysilicon, amorphous silicon and IlI-V semiconductor material.

The term "substrate surface" includes the semiconductor device substrate as well
as all layers fabricated on the semiconductor device substrate. Therefore, substrate
surface refers to the present uppermost surface of the substrate , including all structures

formed thereon.

The term "pressurized” is used herein to refer to pressures above atmospheric

pressure.

As used herein, "grit" refers to any abrasive particle, such as super hard
crystalline or polycrystalline substance, or mixture of substances and includes but is not
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Fig. 2 is a flowhart illustrating a general nethod
200 for cleaning substrates, e.g., high purity quartz,
WO poodorgiance with one enbodi ment of the i nvePtT/U82004/023597
., Pr ef erred substrates.include sem conductor fabrication _
limited {q P”‘iar@@y%ﬁ)(éi@' e diggaands giukic Hesere nikidenhsad2pelycrystaliine
operatl on 205 and proceeds to operation 210
cubic @P@%A@@gl sion" is made as to whether the substrate
is new or not. If the substrate is not new, then the
m#Ashodeg rhereingd she demé‘e@iirtgﬁ refFs tto thbesalettive removal of material.

. subs e tor ny _deposits ch ¢l eani ng
This gl bt s FMed PrclgraBBapolivad fnd Eduingst n
reference to Fig. 7 Vari ous nethods may be used to

clrgansste Rerdih Stherterm SGWa@@ﬁi@U%ﬁérdﬂ?%fe’i@tt@ lalcBAstic disturbances in
substrates. Several preferred nmeth for cleaning

a freguerey eange akevR) abpyhnidbtans l&l&h%ta @ndjew.lwh lestenidnupwards to over
two nﬁé’ U. S. patent application nunber 09/945, 259,
9 ugust 21, 2001, which is incorporated by
reference herein inits entirety. Another nethod for

dheanvenicreisi farthdmtltjsllraibdkby that followirighptef@tres ensbodiments. In the
ed in co-0 atent  appl | cati on nunber

dfawwgﬁg%gﬁe@beﬁ? r%‘&rmjg ifeapr esp@nd thaisame gumber appearing in more
than bﬁéam%gtr@ﬂermo frid %ﬁ@qgatﬂﬁé eininits entirety. From

operatio e met hod then proceeds to
ration 220 to |nspect the substrate surface for .
Meg‘@m&épmf@tlmOfdaﬁdnﬂentMe i nspection operation is
described in greater detail herein with reference to

F pear ISI on i s mad
t o5 rsrifE nro BsBER L Ahrth o ekl er bRl B Bonening or
otheWeaﬂmmgSa sarfac®vpanrebstratel .1t has 6Beh AidcoNertbthat the methods, as
hod 200, a decision is nmade that the substrate does

descrmﬁd edetafl ielawerier sanableRf faming enmicretravghenest seesirate surface
havm(b qgﬁgﬁéfro& %Qéal’ﬁ'?gég o"i'/eg‘Tﬁé ?r%‘? i MRS Pgé?t{g&e}ﬂ?% R er cracks

rate surface rou SS i's "accep
below thegduréss, wmcmtedalcee[ﬂahinb&)r dhieeldingedhsatieNatepmaties dich as dust

and offer SRR HTARHS d0at fERie aasuanBREIan thersuliasss dissihedmere, the shape
and rg%%ﬁr?és% HthE BT i g&gﬁ@vfd% r8¢&EBHABLIGe 'pg?]ﬁ%g%@mpébllectmg such

then neth proceeds to operati
particuiﬁée subtier dudng uhkacmirss cﬁts@nntonducinmprecmsmgcs Stllf further, the

f ubstrateng he requ C|f|§at|on
surfage) Guf e dn bR hist Gioksa 0 9t CoBtapiBARLfavers to the
substtdtg, surface needs to be m cro-roughened If the

surface

The method has been shown to be particularly effective in cleaning contaminants
from high purity quartz, which is commonly found in rods, tubes, crucibles, domes,
chambers and bell jars. The method is also useful for cleaning contaminants from other
semiconductor workpieces such as those including polysilicon and single crystal silicon,
which can be found in chamber roofs, source rings, collars and wafers. Considered
below are the steps of the method and apparatus useful for carrying out the method.

Fig. 2 is a flowchart illustrating a general method 200 for cleaning substrates,
e.g., high purity quartz, in accordance with one embodiment of the invention. Preferred
substrates include semiconductor fabrication equipment parts such as those noted
above. Method 200 starts at operation 205 and proceeds to operation 210 where a
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needs to be m cro-roughened, then the nethod 200
proceeds to operation 235 where the substrate surface
wae@s/yes a ni cro-rougheni ng process. The PCT/US2004/023597
., M cr.o-rougheni ng. process is described in greater )
deCisin 1§ Tageas oaNBeBRE e substeaie s RewmnRate Thihel subskate is not new,
f n k ErQ- ed, he:
e D Prodst " Ppbeh 215118, iU ERCSup ka8 5" Fomove any
deposiiths Onat stichusléaming unethod dedescritiedah gréaten defsr edremwith reference
.2270. The final clean operation is described in greater
tOF'Qj tail herein with reference to Fig. 6. Follow ng the
final clean operation, nmethod 200 then term nates

aneppuat if8thdds. nYiy hbé eLBERNES tRaPPEI&IAHS ﬁf‘ét?gi %gmiconductor

Fig. 2, if the substrate surface 1s determ ne _
manufagiuring optishietess Beveralepreferded i meiodssor icieaning substrates using

roa S U RS 2 iy e oz,
filed Aaguste21912001baidheid ineoipbrated @P%féréﬁéb Refeif th 5 %Mi?ét%‘. Another

textured surface. Rough gr_i t blasti %g may be perfornme
metheg for ¢aaniag sesticordurdersfaRriealion subsitaies if disklosediimcotpwned U.S.

pater\% Téﬁ?li;r:r%lﬁ’%r{r@h @*3’%{ ?Qgﬂgfg:ﬁé’%&fﬂg%%&d%\% ﬁf %g@ll Sﬁ@cﬂ 85 Sh&brporated by

referarpmeahereimsin itsegnthbetyused with, e.g. larger grit sizes
and/ or various angle changes as needed, such that the

bst r at ur f S, ened .to'a level to, properly,
¢ Eoinr @Peraion & Pé?@r-gﬂ%&c methed thep &ereRdsolp Pprafion 220 to
: i i i t . o
rave B A0SR ol ML M T Spratin s
i

descrijigd intgrestes detailhgreimwitip eefatenme 1298g. 8.hen net hod 200
proceeds to operation 260 where the substrate is

1 .1 hat b t bel
NSV o R 28 AT ¢ P BY SRS B9 PBi e surtace
meet itk irsquirsr paketeters re@ughngdss.ailf, inidperatRfirePe8E hbthod 200, a
. Fig. 4 herein, In Fig. 2, follow ng etching operation
decisigpos madadhatine syksirate slossdiwtt meaptieasperificatmniikers the method
c e ;
procefBE.5 R0k 28616neRe BYSURLN s LI HEBEE slibuho suriece

roughsess cisndocdpiablbabrif dhei mughhesssis, noktRcepladldlr thetdtmethod 200
deposi t ed but al so _are depgsited on

procedflh2icr SPELiona 208, WG (61 SUPRIBnsGdARRIdS GOt biasted Tough as
describ@Br h&in. OP tﬁﬁlﬁ'dB@FrQ%e Sl.'ﬁ‘PéceC%r(t]&bﬂnfﬁ%HelP' 54 %cc%;]f)ta[),%ein operation
t S urficrently

surfaces o ese substrates are not s _
265, thengnethod 200epreceeds tragperation @66rehére thbesubatrate stiiface is etched

to ren?o%retcsrag sd mght flake

If the substrate meets the required specification for roughness, then a decision
230 is made as to whether the surface needs to be micro-roughened. If the surface
needs to be micro-roughened, then the method 200 proceeds to operation 235 where
the substrate surface undergoes a micro-roughening process. The micro-roughening
process is described in greater detail with reference to Figs. 3A-3D herein.

If the surface does not need to be micro-roughened, then the method 200
proceeds to operation 240 where the substrate surface undergoes a final clean
operation 240. The final clean operation is described in greater detail herein with
reference to Fig. 6. Following the final clean operation, method 200 then terminates at
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off the parts onto the wafer, thus contam nating the
waf er. Presently, in nost cases, the manufacturers of
w0 b@so1dabri cati on parts do not provi de a suffPCI/E81004/023597
. degree of roughness on the fabrication parts. This is
opergligmaf9?1y due to the fact that present roughening
processes either damage the substrate parts or make

t RRitR Yoie Afcs ?&é{)&?ﬁﬁ&{ E*I%?\E é?aﬁfth%w%}g C?L]Sr"{']%ég is determined to

detrinen s ont nmanu
be npmwoiresperdtiont 2€0 thdsta aeeiskur R80eisi madouahenadhéther the substrate
ensively, the thinner fabrjcation podn%onent s may b
Ji

Suﬁaﬁéﬁ%t%w@&- df thenhsirads Pridachiisenqtdextus. then igapriace may be grit
blastt&?r‘?rguglé [?eé ! afibh 068 th Srddi8 S 8kl ahﬁgge.per i ods of

eani ng process may produce a relatively
snooth surface, which readily allows nmaterials to
f I%Q@fbglﬁt asting mayvsf performeadby at varigty of orethods known to those of
s 98 E " R oA e T e PO fence to Fige
3A-3DaBk ivall & the apsdrbtus, AREbe Usbanilth, R.§ A8/ grit l3€-es and/or various
substrate to fall off during sem conduct or

anglevghamgrs apinagdethsuak dhaidthei suhsiradel suifape iefreughened to a level to
' - Al ies the foregoing probl ens.
prop%)g%xt@é_@%spﬁtﬁéstprsgﬁéggh enbodi nent of a substrate

305 having a surface 310 that undergoes the
milf rio-apeugiom g5prafcleigs 22 @0decisioadisi madpehat tsuBstPate surface is

and 235 qof Fjg. 2, in _accordance wth the principles
propgly teirg cdh e SHRSHBIS UM R HLPIPates KouBNHB@Peration 255, then
i i 3 ' 6 A t:d
methBH 0 bRARAS 1B LIS 200 Whithhe s QNS s Bctled to remove any
crackstthah maypbe pag¢seny befovgithe sufece ofithe sdbstrateat Eue 8&%jing operation

260 it BeSRHEN By °3fs BeBoin PefBraitie B enit B only, the

substrate 305 is shown to have a concave surf ace,

hoyweeR, followshy BtchirkLoperdans Leodnidiid QO@tM?Hc@bés to operation
surface may have any nunber of shapes, e.g. flat,
230 wherea decisigncis made gs torwhetbaothe) surfgcepeegioia Bednigrriroughened

support the substrate during the roughening
as de%g@?é\(?ﬂ%he?n'l n one enbodi nent, the substrate 305 is

made of a high purity quartz material. The pressurized
g Ouringcausemicdhducturdabrcationverovess, trpkeriaBagrebhetsénly deposited on

tqol, i iti d at di st f r oxi mat el )
the “faﬁg@ebtitzalgg eI agﬁ?%%t%dpgaf%ﬁ)éggiee% ?h@t?‘g(ghﬁélft o B8 samiconductor
; f
fabrlc‘éHQlfﬁterqﬁLhﬁgéMf BsiScetithh F?tﬁ@@??ﬁ§§sbﬁ§&§ Bﬂ?\eQP%tggﬁgtes are not

prefera appr oxl mat e and nore prefer
suffickmitly Irbugihether mstarial reay goi adlserertoethd fabrisatiors paite mad might flake

at_angl es that deyiate substantially_fr the .
off thé pafls S e Vet i eoniariRGRng e wafero dilesgiity. in most cases, the
manufacturers of these fabrication parts do not provide a sufficient degree of roughness
on the fabrication parts. This is primarily due to the fact that present roughening
processes either damage the substrate parts or make the surfaces too smooth, either of

which can have detrimental effects on the overall manufacturing process.

If the substrate surface is roughened too extensively, the thinner fabrication
components may be penetrated by the blasting material. On the other hand, if the
shield is blasted for long periods of time, the cleaning process may produce a relatively
smooth surface, which readily allows materials to flake off onto the wafer. Alternatively,
or in addition to these hazards, cracks may form below the surface of these extensively
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substrate surface 310 fromthe rougheni ng process may
not have the superior properties nentioned above. This
walzeosot9ehal - dependent m cr o-roughness has theP@B’BTSIOGd023597
effect of facilitating the adhesion of the contam nan
roughed gebgiratas) paticelarlyquartz, gausing laige pircas @ftﬂﬂ%@ébﬁfﬁ@te to fall off

durmgo%@fg:oéﬁg oyg@ériﬁtﬁéﬁw@Héf ¥fie ﬁﬁ&ho\ﬁhﬁgcﬁﬁ}% ﬁt {]egér%nce to Figs.

em conduct or man

3A-3prhmremsreniduiegthd fosegping psotdember abl y hel d const ant by
a grit source nmobilization unit 380. Alternatively,
nmeans

' | d f i ust |
B0, FR00 Disbate, 201 Ot o o aubstFle ) Bayndc eprface 310
that @io%?éb&‘tﬁ@%né?@-réuélﬂh?%r@@és%@)@rnoEEH inN$herBfons ; 230 and 235 of Fig.

m cr or ougheni n eration. In one enbodinent,
2, in rﬁ@QBiRﬂCEeWItgrthe wmmpies f3hevpresentr injeotiomg Thee substrate surface

miorePidtidPiehing. Blac¥ss indfidend SomEniRiEblssfndsh it Bpliq 315 with a
nozzoBRQ, i frcth iveichii Hlureiy of—‘gﬂt QEné\ﬁéﬁWo%s?gﬁ%te@%Qﬁ) #Bdprayed onto a
in the directions depi ct ed %/rﬂ{aguraltgﬁof di rection

substiateosTares3 1@ 00 aj SQQtllQﬂKﬁtSél@S Qp. %or ilustiabiye peirpeses only, the

e e
subsAEERNE % SR 55 ABAFE Yol REGRRLY 2SR o gcerstoon
that the dutstrabBsuffaes enaphyve tahg muraberibf sRApEs,i .gs @bt, adircular, etc. A
and/ or the substrate surface are rotated relative to

basenet ghevhemaybeepipyidedepd asiapted fadupper the, smtwérate during the

: ation noted above, the pressurized grit
rougﬁéﬂﬁ%tgﬁ%&{sﬁ e noved toward the axis of rotation 350 of

the substrate, e.g., on a radial arm 360. Wen
troobienebodinterththe substrate 30% ist madel ofval hnghtgurlty lgelartz material.

The ARG Gt meltin, 215 cichoas  auBErRe ehpist laa g posttioned
at a aﬁﬁarﬁ@‘bﬂa‘f}%r@hn{a&ﬁ%qm& & nid fdreRs, %’?Qfe‘?éblﬁ/hﬁx mches from the

substrate or arm 360. The ejected grlt fornms"a grit
substratgesitriagecdl Q, b ansangle essTihanrahiaut 608, preferablynappraxianately 45°+/-

5, i b ARy 485 25t RSSuES B SEAE S BBl o angles
that aeViktd edibetantiay rfedrhethedabadbispedriptl pinde@Feangles, the resultant
vel ocities. |In one enbodi nent of the invention, t he

subsigater sHfpeR t 31 drompie reuaheningcBracess Mayedot okave the superior

propﬁ]éfr]ﬂé%r{[)e@ a%lokl%é F R iR HERLIG eﬁnd&“ﬁelﬁﬁgtgfréﬁélﬁess has the

odi nen the mcroroug

desiréd effediest fmlmnnmtmadMSlmm thod cbh@rmnah‘aa’@rﬁslar amglecules, e.g.,

the pressuri rit sgurce 315 rel atiye to one
meta'énms?é»a@ﬁaaveipgggwgfda gHhsjrafe sudarR: 3t P nwhepde sybstrate 305 is

empld&d |Wtﬁé%%¥r\ %ﬁéﬁ%%irp?ﬁ?’ﬁea%%mnﬁbéeéé?e axis of

rotation o

The grit angle is preferably held constant by a grit source mobilization unit 380.
Alternatively, mobilization unit 380, includes means for adjusting the grit source nozzle
320 such that the angle of grit ejection may be altered before or during the micro-

roughening operation.

In one embodiment, the pressurized grit source 315, when projecting the plurality
of grit 325 onto the substrate surface 310, is translated across the substrate surface 310
by the mobilization unit 380, e.g. on wheels 385, 386, 387, in the directions depicted by
a plurality of direction arrows 335, 340 illustrated in Fig. 3D, analogous to a sweeping

motion. Alternatively, the pressurized grit source is translated in a single direction 370
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provides the relative rotational and transl ational
noti on between the pressurized grit source 315 and the
waaiwsot@se surface 310 such that a spiral | ocuBCBES2004023597

defined_as noted above. | n one enbodi nent of the
as sPayBnifi big- %ﬁovP&fﬁ@aﬁlhetheepe&ssuazem@tgrsnswf@ﬁu@@yor the substrate
S8R source radially at a rate
surfagg\(ﬁqé]??] ﬁ%ﬁ% pregsurl zec}h%rlt source i s noved by a
di stance equal to the distance spanned by the grit
iAlteanativadye corf ior additidn cb@,nhblleeltedat'rvet it tion Bﬁfedoébwe the pressurized

d/. b
ot PR 768 Bl BRI 38BN Y LI bt e, on o
radlaﬁﬁ’ﬂﬁdSGBthWhéHQ:o@ﬁblﬁedi Wﬂ‘\cfheafe@é‘tl\i@m}bﬁér%lyve?m the translational
uniformy covers the surface of the substrate én t he

moth;]obehzveerbm Pressugzed @it sphree angd the suhsirate sutface deflne a spiral

Iocus?_\(?‘%geg%rglﬁﬁfgsah Fﬁ% “.%1 %&f&e&esurf fﬁf‘? 8haiM30des

noving the pressurized grit source radially at a rate

Jhehejettet] dritdfophe ssyviti infrhcyarda dwtrghowr. M telative rotational and
a distance which is |less than the dj stance

tranS@QﬁﬁLMelsylh{y iiestiescripagan define the gehdmpasiprea such that the grit
ook b O 65l QRESIEUILE Y AR PR piiee i ono
embaglinent 26 theenhventmmetheogghanbagt prex espansvy distaheenieda direction

M T T A
roughtaieg | Rethdd ikklgdes at‘o?éﬂng\'gyné o1=7quﬁé5of Wﬂbcgul‘fﬁce 310 and the

i ncor porated herein by r rence e grit sizeis
pressiyiped grit pobeendth relativentd 00 aantherramh ahdubstaataluthe same time,
of Si ze int er

movi B85 5t Ped Al O Gl BaoarE i BlLa v sabrigate which

prow@é&)fﬁﬁé elative frbt%ﬁi@)naﬂﬁnéttra%érﬁld?\%'l trb{otﬁ#f befl&sr tﬁ@ pressurized grit
rou%@en t he substrate surface 310. The rel ationship

sourcged e &ndt the siksitate iswsfage B thaudhuithaice spiabloeess3ss is defined as
ed is dependent upon the type of substrate used
noteaoﬁ)ﬁdcﬁ)eny be determ ned by one of skill in the art. It
shoul d be understood that the size of the inpact area
bf onndrenbadiment bf Mrmv@&tnﬁntrblermg thpeaekitivemotion includes moving

e R 1 o RIS i Bk s o
t
move\ﬂfhtbf Eeallgfr?pﬂaég é(gi‘al'té tgreftg ahgléi r:];gi%}‘ungb ;@Iessu%ﬁn{ l?ﬁ;r)ac'étzﬁﬁ'ﬁa for each

compﬂbe\vetatlon 366 thapeeﬂ:surllzlad gtihsoymce samior substriat@about the center of
the akis’d ?gt%tlgn ngé& OOIInoIhlt etib (Pn%e%t,s ref Sﬁ? lmpagt area completely and
uniformly covers the surface of the substrate when the spiral locus is defined. This may

be repeated to achieve a desired micro-roughened surface.

Alternatively, providing the relative motion includes moving the pressurized grit
source radially at a rate such that the pressurized grit source is moved radially by a
distance which is less than the distance spanned by the grit impact area for each
complete rotation 365 of the pressurized grit source about the center of the axis of
rotation 350.

The plurality of grit 325 used in the roughening process may be formed of any
suitable abrasive material such as aluminum oxide, silicon carbide and/or tungsten
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substrate by a rougheni ng process. The nethod incl udes

the steps of positioning a pressurized grit source a
w@e@detm@asri ned di stance fromand at a desired BODIUS2004/023597

substantially to the surface of_the object that is to

carbigg 5% GigrereRd ) 5r Gatent 9. G 170245 jsv inorparatasl herein by

i : | pst e a :
eerdifd, SRS Gy 82 B opRey AEBRELT AT iy o acaniageos
embodioginé o€ dhe process, a it sizedstesmetimte tal @ andatdy is used. The grit 330

iction of co [

s w1 St e Rt SR, b Tl SRl B puhen o

subs’_@éféc%ﬁﬁaé@%ﬂicpménﬂaléﬁbr%ﬂﬁa YRREEeRE Bfast e and tBe surface
i nvention. Etching process 400 begins at operation 41

roughinegspobirieed isodependaritoupar?thehtype ofiesubisttateandsed and may be
1 -roughing.paraneters are determ ned. Qperation
dete@ﬁéﬁ?gyé)i‘%c?ﬂq%gﬁnitﬁeGfteat er detail herein with
reference to Fig. 5. Next, etching process 400 then

b shewldsbé curferstabi othatt 3he Vdigs oot the FHESMr alcd SEthECRit will vary
dergoes an, aci d-assisted etch as described in

depeggmsmap@raﬁpna?ﬁfan@a@rﬁofwdﬁﬁf@ncedb@mmen@gj.nshengm 320 may
vary ﬁféoélk§ g?dtﬂ%un%ct ak&d BPfHéeésfqeéegif %{\@ﬁl‘éﬁsﬂﬁeg %ﬁﬁg@ﬂg&&& may also

entit trasoni ¢ Assi (
vary thiegizel st thenmpeitt beea, loeehangiagrthe peéssdiréer ei Frddy the above, it is
he aci d- assisted etch operation

f . Fol | ow, .
appaigyy thab R PTRSEN LB npIRHTss dt MSIRRGaTooag Fsyriace of a
substgatiesb)@‘_af f%gﬁgek)fddé%y athé ,néthBEARERReS Yhe steps of positioning a

etermnin ch and m crorougheni ng parane
pressatized dgriy saviremea epiedetermined | distéinge fromrearttbcat4 20 desired angle

suss e BB BBRE1 SRES O L5 poitn ot o

the pRIssQALE@RGHPSoUTES abRindeiRy suBeratb slifsEe bhs v%ﬂiﬁi’ck%uhﬁ:ient to form a
textured. If it is decided that the sanple Is hot

roughesedgustace: Heroughenedtwstacerincresdss surfage aegd, andsherafore stiction
. le,. R Lfl deci ded that th
o col S A PG L i 0 P

operation 518 where a surface roughness test is
pEid. ot iitkediraexan étbRingebrioedsy U0OesctortlingorRebaé i sMbSdfhent of the

invenfgh. R PEaRPaR A0 b 96 PPAEHSA A1 Ped rosasds o operation 420
wherd BT P o LRI e gty M BRdd RokErfon 420 s

descritz0l ingreateadetaildiersjpewith referész2.tofrig. 5.6 il 1 ustrates
the final clean process 600. In Fig. 6, the operation

\?\Elg?(g Sgtﬁlt%ing ﬂ&gﬁg%ﬁ{)@ Elggri(lj %rctatgqe%fﬁloﬁéﬁgraﬂgﬁ r4%t0I v?/ﬂer6e281e substrate
surface undergoes an acid-assisted etch as described in co-owned U.S. application
number copending U.S. Patent Application No.: (attorney reference
59081-8007.US01) entitled "Ultrasonic Assisted Etch Using Corrosive Liquids", which

has been incorporated herein by reference. Following the acid-assisted etch operation

430, method 400 then terminates at operation 440.

Fig. 5 is a flowchart illustrating a process for determining the etch and micro-
roughening parameters according to one embodiment. In Fig. 5, method 420 begins at
510 and proceeds to operation 512 for obtaining a sample (“coupon”). Next a decision
is made at operation 514 to determine whether the sample is textured. If it is decided

that the sample is not textured, then the method proceeds to operation 516 to texture
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From operati on 620, the substrate surface is either
sprayed with an acidic solution, such as HF: H2q
WQ 2045080948 N oper ation 630 or soaked in a cl eanP@mUS2004/023597

e Soluti Oﬁr such _as..HEi.HNO 3 H2O, for 10-30 m nutes as
the . i Hovieyeat if dnissdecided rihat thesample e ddgureshdhendhe method

proce?éd%c ff %ggFé%ioﬂpg § 80108 2 S LMARE eroi.laga%% B%t ak ep%&?e%ﬁ Next, the

S rins Wt h deéioni Zed Water a for
methotdnptaceedep &y aspevatididb BA0s fohanaking! awadulistioopletermination of etch
660 vvhera the substrate surface is sgnicated in

parajgfesi 288 RIEE TAUSNERRNSr Farameidrs- 30FRY nexareples 8¢chhea heuristic
- Q H t . .
oo, PSS 2588950 3 bbb atclhfedd, Tho men

420 tepreinatesat Garatidiné22/ eani ng met hod 600 t hen proceeds
to operation 680 where the substrate surface is dried

h I , i -4.h . Fi . .
it MRiBlen B 06 e e @l T Fipdbfiecnpdidtion beains a
610 &hd précstRRCtd BesisRnIep&rafibn bR WHade RRE sanin§ Gypavis Getermined.
corresponds to operation 215 of Fi 2, according to

Fromeeperafion §28ekhe sibstrate sulagst iscﬂhthemg'@rrae«'sgi witpan aeislic solution, such
i . ' ' t. b .
s H RO BQE T AP 8L S RhRELin o PRl sobion. suon s

HF:HN®(IESO, fopQ0s3Gninutes aspabdin indpéPaticin@4@r oceeds to
operation 710 where a pre-inspection step is perforned

tq,det i, the t f | d ited on the
s Gl e aniag rhatbed BPRcNsnAIPRERdE 13 BROISBNARFQ ek the substrate
surfab@ 5 HASeP WRARAHEiBNNZzE0 et &SAt IPCLEE CSHP H-1 8 1Sinatds! @GBeration 650 is
ot F*Pe

an er pre-inspection operations that w
then fpllosweshby toperdtone66® vehere| the rsublsérater surfséeis sonicated in deionized

watef (51 AR CRREtER: POTRPES Bl SRl CusiThg. SIS curtage Jp then blow

dried aRth ™Y MR FistiAIRt d@'cﬁ)rt oRinFtYEES P ritutbstial ofredh 670. The
carbon anal yzer (TOC) and Gas Chromatograph% ( g or

clean@gs m@ihetrgi0dgthephproseeds Nasxpesplian O8Mevhere( strate surface is

crec 5 heERb, B S TR} 2 bl B RS iR c00 then
termingtes gt iopergtRsnsegn.bei ng anal yzed by dynami ¢ head space
GCMS or ATD GCMB. A decision 7 5 isfffien nade

dependi ng .on the type of polyner determ ned in )
dper Atdeshrihana ganer#lLleriybg iprecessof §ireyhiel serresponds to operation

i g, ; 7 t :1.0ON
215 61 S 2 soBITE 0 5he CORERARH, by Bq RRORIOR" IRy, = pobymer
depositgubon senticartdettorrequiproegbsubistadd sarfacesAdatimd erafaf processing can

Do reficlBgh uT o RTaREr ARSI SoRt CRRESEPRRDCaTe] Bisids to operation 710
wher® 8! pfEBASp dctiB st iSp@ditctoSddtbAfife the type of polymer deposited on
the substrate surface. The pre-inspection operation may include preparing and testing
the substrate surface and other pre-inspection operations that will be apparent to those
of skill in the art. When characterizing the part with respect to organics, surface
extractions may be made using deionized water and solvents that are then analyzed by
a total organic carbon analyzer (TOC) and Gas Chromatography (GC) or Gas
Chromatography with Mass Spectrometry (GCMS). Alternatively, or additionally, the
entire substrate may be outgassed at a high temperature with the resulting gasses
being analyzed by dynamic head space GCMS or ATD GCMS.
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Three types of organic solvents that are particularly
preferred include pyrrol e-based sol vents such as
W(matmemmphs pyrrolidi none (NWP), al pha-pyrroli di PORES$2004/023597

oA eBisiire 18 o JBSh SR4ER Rlonendinar % Jhe i me of seirask determined in
operg®3Myhem| ﬁre %% é%léhg:fﬂlﬁﬁeﬁ e |§'cﬁ'§5%ﬂcafqéi?me@ﬁ@d 700 proceeds to

fl uorolet sed sal vents “such et h

operalian 720 Iwhesetbhm subsitdteris seaksd, wedted, fgp:p(ﬁnhlamb/ﬁ\!wor contacted in

an offgitfg SatE: " 2 aURbEL ot biERls SaNents Ak be Usdd in the softening,
dissofutdbAg temovhl bh@hé rd)‘t‘géﬁlb inocé&e P@%{E@?& Gr&fl tﬁ%”éuﬁs?rate surface.

heated, e.g. to about 23C to abou to I nprove t
Threg dypesioh goraa@ICds@wtatthah aratparigulame prbef@medmmhmteepyrrole -based

sonff 1B o FO PAGBIAORE AL SR, B pyolnne

pyrrofidinewaad e pyieles Udraineat £5ctl r§oﬂﬁe¢|ts SsUchS l2eC ‘h?é rJ@[arhlhé thylamlne
esence of any remaining organic polymers. |f
methﬁ'ﬁﬁ&@%p@'&ﬂwéarat%uﬁmd sietbamine;nand ﬂt;@géﬂﬁh@rqbaswwents such as

o MDA, S 05,3 BT B et ever

nonafgudreisobuéyl imzetlayitetbelt and tecalluvrgpentanper at ure furnace,
e g. at a terrperature rangi ng from about 600C to about

ab s b TRRRNCE e TAERPL. i PREEC Rehericsuheated, o.0. to
about7 §§ (3 "aBB@%@"@ 4Blilpré\ie ﬁ@%&ﬁh? anlvﬁssﬂﬁtl&ﬁ g0 cg the organic

pol yners are rel eased fromthe surface as determn
procesg pohenak.i on 740. |1f, at any of decision operations
715, 730 and/or 740, the substrate surface is found to

EeRIF 34 5 S BEEE, o L YBEgE A, heos 700 ren
proceedbgb loplceatich F2Bki@re theBulsstiale %uﬁﬁb@ﬁs ﬁﬂ;p@ﬁiéd for lige presence of

substrate surface is deened to be clean by inspection,
any r@”@'mng.%%mw.m%w@efa off. arThiBageepinblesametnb of @oedor more organic

I
ponrie i X YR1eRb o SRRUTRR WO 7o g 700 then
proceedsltooopenadioal 166 wherbothes siysteite siel subjectetietosal highntemperature
oxi des on the surface of the substrate

furnaeﬁ“ ggfr e§ PE[aulE; BNGINGdiom abRyllr BOY°Es toanbes; ﬁ@o C under
atmoéﬂh%‘i"bt&eQ@urre' ﬁé)lp%fm%ftelf@héwsf e rea'N' SWh tﬁ? cﬁg?RX polymers.

be used to stab ze and 1 ncrease t e sol ubi |
Operafipne7 3% timrepentad iuntie ansacdeptatie 1evel afuirganic pmlyrrm aoé released

al cium and nesi,um are . .retiained in the solution and
from tﬁ r%lc8 qegaﬁptpggén gpetions st rate. Preferred
concentrations of HF: HNC h O i ncl ude,
If, at any of decision operations 715, 730 and/or 740, the substrate surface is

found to be essentially free of organic polymer residue(s), method 700 proceeds to
operation 745 whereby the substrate is soaked in an acidic solution until the substrate
surface is deemed to be clean by inspection, e.g., visual inspection. The acidic solution
used for the acid-soak typically contains hydrofluoric and/or nitric acid. Hydrofluoric
acid is capable of breaking silicon and aluminum bonds by dissolving the silicon and
aluminum oxides on the surface of the substrate. This frees any associated metal
impurities, allowing them to be rinsed off of the surface. Nitric acid may be used to
stabilize and increase the solubility of some metal impurities such that insoluble

fluorides of calcium and magnesium are retained in the solution and away from the
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10% 30% 60% 10-20% 20-40% to 100% and 5-30% 10-50%
:to 100% After the substrate surface has been soaked

WO poostoe09agi di ¢ sol ution until clean, nethod 70BCT/US2004/023597
0 where the substrate surface

suriaBEBF nbBg SHBRetre! oTel oMb ogTISION. G0t HNGRERO nclude,
10%:30%66%, 1@=§(’§A?8M(§%§to_ 1%%,%&93‘0@%1693%%260}*}@ er 0

rinse, netho O terminates at operation _
8, the process 220 begins at 800, and in an operation .
gddter Hhe ssubrstrate isyrfaee hast beerf spakedigirles sacidibisoluton until clean,

T I e R T

deiorfizexhwateraatiapioyt 20° ¢ endbo st 56°aCtor F31HiAtiRK0 if)cﬁno%\ﬁ@gﬂ%e deionized
or Feder Corporation or Taylor Hobson of the U S

I

wateﬁfw@seprn&tggg ORdarmipatesaicapraratiomh 78per at i on 804, whi ch

is preferably perfornmed with a scanni Pg el ectron

' | : . .

TG 359 Sriscia 0 oEBRS AR) o0) an B3N R suice
inspeptest fog rapdiness. t Tiis isragricdllycadcomplishbe withog &%i%fagd Gouighness (Ra)

t hen conpl et e, at ?OG. In order to, increase |aboratory
gaugt KOG IAA PTICBlatcihichBnsapBuGhased Toananarishyor vendors, such
as M0 #ELPJarart B doHSrafa9enTayBPRObEBRL AR BIg,

roboti c systens which i'ncorporate one or nore o
conmponents of the apparatus and/or the nmethod steps

nabe Eoeess thesdcontinuesxiargn eperatibnt§0d, iwhicl dsipréferaldy performed

with SSLAHRTSIBE e flecBBRRAA) f B1Ral B SRNSL 3801, 2000, Cracks
and othgrudefeots ¢xz be &leanl/ Sser mTBEprhbﬁ)ﬁﬁﬁﬁé at thBY¥m&Gnification. The
med to enhance _t hroughput of the treatnent

far
proceggrggﬁé%?h%%nphteah%o%nbodi ment of the invention, the

treatnment process is perforned by a robotic or

apht Qﬁ&é@%sﬁﬁﬁ'ﬁé‘%é h@bafﬁérlyb%@xgﬁéﬁﬂa%ﬁ%g tggﬁgg{ease exposure of

perform ng such a tas G W _
laboratoryuworkers tg the azamious oragertatdesgribed irréin, sobidtRcsystdms which

. d i th t ai enbodi nts of the invention.
incorBFE SR BF e ror B e STeats o7 Bos BRSwraes anlabb method steps

may 158 aeffoyld. | Far te'&ﬁn{ﬁ’é,h%gﬁcf: inthéduction JF s%l?ﬁcg}saf%jcﬁcﬁ{;ﬁé aqueous)

9B are ‘described wth reference to each 0
into thenconiginess, iatiansgdhtheasubmirata tandrorgiresamizart gritegsultion nozzle

j 255! coarsel y roughen the quartz surface
andiof REAALhe2 i o B S SR e ol i S treatment
procesnUThaS SR ople SBOdinnt $Pthe MventitBIHE tredtMBnBPFJcRSS is performed
rea of the quartz surface is .
by a r&)otlc or automated system that has been developed for performing such a task.
FIG. 9A is a flow chart illustrating a method for treating a quartz surface in
accordance with certain embodiments of the invention. FIG. 9B illustrates the quartz
surface at various stages during the method of FIG. 9A. FIG. 9A and FIG. 9B are

described with reference to each other.

In FIG. 9A, method 900 begins at operation 910 and proceeds to operation 255’
to coarsely roughen the quartz surface from an initial roughness of about Ra 16 to a
roughness of about Ra 400. As a result, the surface area of the quartz surface is
increased. Surface 950 of FIG. 9B illustrates a surface roughness of about Ra 16.
Surface 952 illustrates a surface of roughness of about Ra 400. According to certain
embodiments, the quartz surface can be coarsely roughened by grit blasting the quartz
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i ncreased. Surface 950 of FIG 9B illustrates a
surface roughness of about Ra 16. Surface 952
WO doam19at es a surface of roughness of about ReCH082004/023597

Accor di to certain enbodi nents, the quartz surface
surfagg tispg Hm@@nm&@wm ER7Dista of it siag gherange ot 36 to 100.

guart zsurface using al um num oxi de or silicon carbide

OfFrQFn' 6pe§"aﬁ8n '255t hSethad @@Ooﬁroéée&éjtolgﬂera’tzbﬁ PP RS ?«%r‘g@ﬂ]n a strong

, nmethod 900 proceeds to operation 260" to pe
etch h) &lrlih@n inarease the faughhess (and suitacea area) @tﬁmmquartz aundace to about

Ra 631 A6 B BROke hieth Cretiii Sudife 358 GO iRIGHES a surface of
roughridseséff FcRE Ra 8001 apeceidin dg%dﬁbé‘r%ﬁﬁ éthbédifiéntsian §98ng t()etch can be

According to certain enb nments, a strong et'ch can

perfopaed dnheehing thecauarkz ﬁhéa@@:f@rt abauir3Gsdngtes taniumigates using an

etoni BBe’ Ao mafdb iaidRORE ol P i 35 Yl b ¥fago of 1111

Accordihg to oértdinlother dobodithergs! @ strong @tch camée Or)erformed by etching the
enbodi nents, a strong etch, can be perforne %
quartz ferigga s aBewts R Mites bising qrz@tthmﬁjﬁewtlgguth@t iagludes hydrofioric

acid, ‘?\tﬁg'aeﬂj ac‘r‘EHWa'téJrlntah%ho'o‘Fqlé‘Qes hydrofloric acid,

ter in aratio of 1:2:2. From
operation 260', nethod 900 proceeds to operation 235
t Ercbmnmgratloug&ﬁi@h mbthqulu%@ proceddsce DperﬁatmnmﬁS to finely roughen

i n as hness (a surface ) tp about
the qgis Sirtacead HEPERTETeas e Bidsiegs ToBR) uifash e { pabout Ra
600+%HY &intpddisd Meeadiusider GstittibA" o Eﬁ@%@ntaﬁﬁﬁ@ﬁtdﬂa?gr bﬁ the quartz
certain enbodi nents, the quartz surface can be finely

surfaggufisearsingio gertain tﬂnammmgntm éhejquartz sufacacan bsi fingly roughened
by orf iR 3o tiife Fuulss <3 SREgR St suBeg tafbide of grtsize of

abouts22d.asarfate 068 BT FPSSOBTillRbes R3ufBee of FiuyhneBs lbitibeit Ra 600+.
235", method 900 optionally proceeds to operation 240

to performa weak etch to further increase the _ ,
r GRJAneReratignd 23 rraethogy 899 eptiendllygEgaesdsuia aperation 240° to

pen‘o:?glrjaf %gg%ﬁ?«%} g Efgﬂ&\@r I!{gcﬁs%%%é o?fg?@le%‘% ? cf %g ; ?85 area) of the quartz
surfamtb@ilrfaeet%B af WGBKOBtikustiades besm&arcbomhmﬂgbness ohiabgut Ra 600+.

fa b
Accolgli, {5 Srtdin A Gents ionoahafon ¢4l b8 oerRyRRE Bl dHking the quartz
surfaé’e?'fgr d’Hoqu'? AR LR y@hBltdd ugw{gbhoeﬁﬂchlrggegl?ﬁgltoghthat includes

According to certain other enbo
hydrozﬂanc mnlcpenntran mod byd evathi iy & ratio 08t %3s uAtaerdingto certain other
out. 5 mn tes

' hi
embcffiliveoq vAk SfenantiBe Peititad ¥ BaERRe e sutacs for about 5
minutéBdo Vl@trﬂrnUtés asi A?tdnoet@ﬁmé sbldtionTihet RIS ARFoRN§Sadl, nitric acid

oper ati on t hou the i nvention has been

and wedecin aaeaiqu@ftm r1es'B&%me[thpCb3@Q epds gt opatsdionrAge: s,

Although the invention has been described with respect to particular embodiments,
it will be apparent to those skilled in the art that various changes and modifications can
be made without departing from the invention. For example, the techniques and
apparatus described above may be used in various combinations and other uses for the
present invention are also contemplated. It is also noted that equivalents for the

particular embodiments discussed in this description may be used in the invention as

well.
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it wll be apparent to those skilled in the art that
vari ous changes and nodifications can be nade w t hout
wale@antiongy fromthe i nvention. For exanpl e, thBCT/US2004/023597
. techni ques and apparatus descri bed above may be used
CLAIMS:vari ous conbi nations and ot her uses for the pr esent
invention are also contenplated. It is also noted that
equi val ents for the particul ar enbodi ments di scussed
in this description may be used in the invention as
viel | AGnathdsr fot ireating asuface rof tr uetrtzngubstrate Camprisinga
guartz substrate conprising: preparing a quartz
wor ki ng surf.ace

bstrate t ' vi ng an ,
i?)ﬁ?;?sqrg]% %P%ﬂﬁéﬂéggﬁ@a’(gc@oylgg woding gHpface h%vmg an initial working
surfabé ro@gttHdssabhy aci d-etching said working surface to
i ncrease the roughness of said working surface by at

| east about 10% 2. A method for treating a surface of .
lteasgnically asid-ptohingasaid axerking swfageainineregssy ienroughness of said
p [ t brate includes obtaining a
ka@@%%%ﬂ%%%&@?ﬁgkan i o initial working surface
roughness greater than about 10 Ra. 3. A nethod for
©r eaAl mgtlzods torf treatingf assugfamet af s heErizaswhsisate asi temitednin claim 1
aim 2 wherein substrate in

| i ng. t d .
wherSigr BeRAHRO S GUARE SiBalets oudea g PriiaT Supsigtaghaving an
initialSW6rkeesUrfite R An&ds Gleatdr thin BRoufti0 Rdret hod for

treating a surface of a quartz substrate as recited in
claim2 i s wherein preparing a quartz substrate

Bncl ddmethaslipicieatingsai suriaset ofad quarizi supsiiate @serecied in claim 2

e fSBRETa Y 50457 cURGPa by, SOAIEE: bl havin an

initialSV@RingCs @Rt reUghheds Gtgisut 18(Ra.S. A nmethod for _
treating a surface of a quartz substrate as recited in

laim4 erein sajd rougheni ng roughens said initial | .
for kRngeVid Reareaing # CHORREsd 8 G SpstRim asbiawtiod in claim 2
wherSfrBPa o RN Sle SR8, motd A P e o
a rougbnessegreaterghamabeat €30 Radwoodse gris biafsting salgbridsg surface with

, at | east.about 25% 7. A d for treating a
a grit By PigceaR SizB ez tha Abowt 067 eci ted' 1 ol i m 1
5. A method for treating a surface of a quartz substrate as recited in claim 4

wherein said roughening roughens said initial working surface to a roughness greater
than about 300 Ra.

6. A method for treating a surface of a quartz substrate as recited in claim 1
wherein ultrasonically acid-etching increases the working surface roughness by at least
about 25%.

7. A method for treating a surface of a quariz substrate as recited in claim 1
wherein ultrasonically acid-etching increases said working surface roughness by at least
about 50%.

8. A method for treating a surface of a quartz substrate as recited in claim 1

further comprising:

grit blasting said working surface after ultrasonically acid-etching said working
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5 wherein ultrasonically acid-etching increases said

wor ki ng surface roughness by at | east about 50% 8. A
woreilotofior treating a surface of a quartz SubRCT/HEBOEB23597
.recited in claiml further conprising: grit blasting

surfagg; Witha fike it iavngc Meshesizeigraeieydhprb aboyt 4804- et chi ng
sai d workingsurface with "a fine grit havi ng~a~nesh
| ze t L : -
350/ RREhEY b BRale Y shithe Br Lol iRk AP TG in claim 5

whereiresaid dingagril hiasreemgsshtsizeagreaterdhan aboet 0@at er t han
about 200. 10. A nethod for treating a surface of a

B, R PSS ot B A el elad Poched in e
wherefTBAidSAdIg-ccHigg &M@ st Q@fﬂ@bﬁﬁg%noﬁﬁhﬂwéﬁdﬁ&ﬂ%in a second acid-
surface after fine grit blasting sald working surface.

etchimg .of saidewading surfacesaftenfinesgrifiasting sfid avagkiagtsurface.
substrate as recited in claim 10 wherein said first

I d-pe ] e tiall r terial fro .
30 aRBRe s SCPRATD rReEE o alighE TRbE bfiregien claim 10
wherdih sé’idnfﬂ’ehedid&thh@e@rﬁm&s@b&éMy%oﬁe avaterigl from said working
substrate, said nmethod conprising ultrasonically
surfaggitiiars aid spsoRd AFEEIRING.t 0 substantial |y renove one
or nore cracks in a working surface of said substrate;

3d £ HRSE ?&Qreﬁm.asﬁmééé‘é@a 9Héﬁf‘§8b§tgat@ g%iﬂarjpethod comprising
cl eani ng process ich prepares sard substtate tor
use. 13. A nethod for treating a surface of a quartz

sitrasoninadly secid-etohiregl ai substratentol Qubisiantradly reowwei ariengr more cracks
. coarse it asting .said rking surface prior to
'naVﬂ(P'%F@s%'ﬁfa&?I?qlfaéciﬁﬁg%fagﬁi to produce a roughened

surface having an average surface roughness (Ra) of

lsebjeeting bl sulsithtadirakelb o fRalRgleadifig protBE AthidHPprepares said

treating a surface of a silicon-containing substrate
subsisaterfEUE@d in claim 12 wherein said final cleaning
process conprises: contacting said substrate with an

13 ShEaP Pt PR ECASH o s B0 B o 1

furthen cdmplésingti zed wat er ;

coarse grit blasting said working surface prior to ultrasonically acid-etching to
produce a roughened surface having an average surface roughness (Ra) of between
about 100 and about 400 Ra.

14. A method for treating a surface of a silicon-containing substrate as recited in

claim 12 wherein said final cleaning process comprises:

contacting said substrate with an acidic solution selected from said group
consisting of HF:HNO3:H>O and HF:H20,:HNO3;

rinsing said substrate with deionized water;
ultrasonicating said substrate in an ultrasonication deionized water bath;
drying said substrate with nitrogen to remove excess moisture; and

heating said substrate under a heat lamp or in an oven.
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ultrasoni cating said substrate in an ultrasonication

dei oni zed water bath; drying said substrate with
WORSOYSAS t 0 renove excess noi sture; and heat i POT/B82004/023597

suybst rat.e.under..a heat lanp or in an oven.Td . A o

ot oA ST iaRby g g & pudabeop! a SHicpPCeIBinGEshskgte as recited i
clain® $9 3ttt e prﬁse?ﬁ':t ed in claim12 further conprising:

m cro-rougheni ng”sai d surface of said substrate prior

to said final cleaning process by: (a) positioning a

pMiss-roughsting saidesuplalcs iod saidostistrate priediet saidifinaticleaning process
by: di stance from and at an angle | ess than about 60 to,
Y* said substrate surface; and (b) ejecting grit from

said nozzl e against said surface at a velocity

g4 T ipoiskidhirig ap besseized ! ExPUISIBRCRGLIS W TiteBetetingd distance

method for treating a surface of a silicon-containing
fromgsais ot an @nglsnigss Sathabouhfér 40, apid sulbstsatesurface; amd o a

chem cal solution to substantially renove a non

ank ' g 1051 ' b e_ W . -
B SR R Relo Hepotel oAb s eRblas Veipgy uficient to
prodiee a niicraxtougheaedsyrfacecess whi ch prepares said
substrate for use. 17. A nmethod for treating a surface
of a silicon-containing substrate conprising as
recited in claim 16 wherein said chemcal solutionis
a first chem cal solution, and further conprising:
MBITEA Fridiliod Pdrdreaiingld Sirfadeéa Sili86S-@BAtMIRE sEGBStrate comprising:
solution to substantially renove an organiC
contam nant before i mersing said substrate into said
immersing sai¢ subshatgt inkha cwmipaingaluiien tesubsteatialhyremove a non-
r | silicon-containing substrate as recited
orgariﬁg Céﬁ%?nrrluﬂ%efurther conprising: heating said substrate
in a furnace at a high tenperature to damage chem cal
biositg sHid eubstrate vithndeionizdd swdist; aade | nto sai d second
chem cal solution but before imersing said substrate

in.saj.d first chemcal, solution. 19. A nethod for .

sPBPling saicCtntielfte SiriaSe i Bl raning MigostruPioi arepares said
substgterfeeused i nclaiim Tbrwherein ' sai fiiTaTcleahl ng

process conprises

17. A method for treating a surface of a silicon-containing substrate comprising
as recited in claim 16 wherein said chemical solution is a first chemical solution, and

further comprising:

immersing said substrate into a second chemical solution to substantially remove
an organic contaminant before immersing said substrate into said first chemical

solution.

18. A method for treating a surface of a silicon-containing substrate as recited in

claim 17 further comprising:

heating said substrate in a furnace at a high temperature to damage chemical
bonds after immersing said substrate into said second chemical solution but before
immersing said substrate in said first chemical solution.

19. A method for treating a surface of a silicon-containing substrate as recited in

20



10

15

20

25

contacting said substrate with an acidic sol ution
sel ected fromsaid group consisting of HF: HNOG3: H2O and
WORN0FRAERIHNCS; rinsing said substrate with dei PCi/EsH04/023597
er,..ultrasani ing said substrate in an
Cla'"h\l\? T%E%'ﬁ'%a?lﬂgwaﬁe c8R OGRSLFOBRIIBES dr yi ng sai d
substrate with nitrogen until substantially visually

Hoytaching EQRIZ ig‘u%iﬁat'ed ﬁ/ﬁgp]féﬁ acdit NE6Iutien h§é|$ec{e@”g¥o?1g said group

in an oven. . net ho or treating a surtace
consisiting &4 irlFs NG i @ @ndUtisHE¢1N@sr eci ted in cl ai m 16,
wherein said second chem cal solution is an organic
: / f r [.ng a surface of a
iﬁﬁf‘%@%%ﬁ %ﬁ%‘“ﬁ%@m@beﬁ%&r ecited in claiml6,
wherein said first chemcal solution is an acidic
sitraganicatiogrgaid subbgiraiadn an ulteasonidationi dbiemiged water bath:
consi sting of hydrofluoric acid, nitric acid and
ter. 22. A,nethod for treafin urface of a
Sife saiCspirie RiRsuBtastah s0BsRuinly vienall divneng
further conprising: mcro-roughening said surface of

$idhiing BARt SubstratePlih@r 4 AcsBlafhy biialarCoRANI NY process,
including: (a) positioning a pressurized grit

expul sion nozzle a predeterm ned distance from and at

8R- hgnethpddar realingiBorfase af@ siiaentcontainingtseibstrate as recited in

ol Mo SBeeRLERGRa Sl ISR B A eft

produce a m cro-roughened surface. 23. A nethod for
21 edh imeghed dorr freatingd surfackiafensiticon-gbniaiiting Wabktrateeas recited in

iy ST sl FRL e e 2 BB s et o o
more df 4bRf GHoLB déﬁ%iéﬁﬁg gﬁ'ﬁ?HFoﬂhWﬁc LRl RRrid Qc@béﬁﬁ %v%?é;'.

i nches. 24. A net or treating a surface
silicon-containing substrate as recited in claim 23,

dheremeteed forplseatincoaisugface mbei sibeorposntairomg sgbsimate as recited in

. r Ld . surface at a distance equal to about
clam?%ﬁﬂrﬁﬁqg@%é@m nmet hod for treating a surface of a

silicon-containing substrate as recited inclaimZ2~

miczo gongisenidg pseitt sorfade ofosaiti 8@5stRAS! (iRl 0 sa’l dinal cleaning

nozzl e at an angle to said surface between about 40
ProcegsdnglygiNg: 50. 26. A nethod for treating a surface of a

silicon-containing substrate as recited in

(a) positioning a pressurized grit expulsion nozzle a predetermined distance
from, and at an angle less than about 60° to, said substrate surface; and

(b) ejecting grit from said nozzle against said surface at a velocity sufficient to
produce a micro-roughened surface.

23. A method for treating a surface of a silicon-containing substrate as recited in
claim 22 wherein said positioning comprises positioning said nozzle from said surface at
a distance between about two inches to about ten inches.

24. A method for treating a surface of a silicon-containing substrate as recited in
claim 23, wherein said positioning comprises positioning said nozzle from said surface
at a distance equal to about six inches.

25. A method for treating a surface of a silicon-containing substrate as recited in
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claim 25, wherein said positioning conprises
positioning said nozzle at an angle to said surface of
wa@bwanieds 27. A nethod for treating a surfacePCf/Us2004/023597
- silicpn-containing substrate as recited in claim 22 _
C'a'“?sgktwgﬁr%ﬁﬁﬁ ROHIPURY SPAYriges PraiticnIgy $7id MosFAlg at an angle to said
surfa@iteMeBR ENBAN4G AR BAgA sp-and sai d surface. 28. A
nmet hod for treating a surface of a silicon-containing
substrate as recited in claim?27, wherein said
L strmethodsfor deating aaswiang aha silicenafontainiagi substratel as recited in

: t : I S ing said nozzle toward said axis .
clai 25, el KB, AR b TR PPRFETIReLsa1E lsia:alianavale to said
surfaceafigbalt 4pal noti on between said nozzle and said

substrate surface such that a spiral |ocus centered at

cept er of l;ot ation is defined by said nozzle o
%@r inethpd fenirgating st sWtasesefra stison-zontainingtsubstrate as recited in

lint 223 SoHHGLAlsfo | FEAS FARAN) AGRHIHIALR ool nocet
and szid durfaeeel e on a radial armwith respect to said axis

rotation. 30. A surface of a silicon-containing
im16. 31.

of
| d d of ¢l o
%ﬁ P%E‘i‘%ﬁi’ﬁrgg? ﬁ_ggﬁi’&{]éom a%ls %fnastﬁ'lﬂg%’&'goﬁ?%"gng fyostraiecas recited in
claimCRPPWHErdig Sailassh AR totfed UABARY §ﬁ'é§(i§g>t?3|1ro;ié;}b%, and further

during a_rougheni ng operation; a pressurize _ - _
COMpEIRIRG Bioyheaidl rozzie toward said Axis aflaplatidn; thepeloy @edviding relative

G e AL PR (A o

that sabpival 166us eenteréd as ur éstier of rotaiich Bsfiney fsy 3 nggglg relative to

drive mechanismfor rotating one or nore of said

said sybgtrals sUAGR: source to provide rel ative notion
bet ween sai d nozzle and said base during said

POUINRIRSd FRCHEAHHY'a spffacé df APERERH-ESnthiind QUBLENNY recited in
paCifed fot treatirid et-Entaftling, St

a sur e o rate as reci
claim {28 tfurtherceompfiising gneumting s aid trevzetlengn cUtatidlchiyn WitBhiespect to said
id.center axis of said base uponwhfch safd nozzle iIs

. sai
axis f‘?W'P%‘chr control | ably noving said nozzle between
said center of said base and said periphery of said

d@sA siideetdfal si%@#b&ﬁtﬁﬂ\iﬁ@&%éﬂ‘aﬁe rﬁ%(ﬁ{de%@é[n%%?d method of claim
transl ati onal noti on between sal ozzIl e and sal d base
16. is capable of defining a spiral

31. An apparatus for roughening a surface of a substrate comprising
a base adapted to support said substrate during a roughening operation;

a pressurized grit expulsion nozzle having a nozzle adapted to project grit against
said surface of said substrate at a predetermined distance from, and at an angle less

than about 60° to, said surface of said substrate; and

a drive mechanism for rotating one or more of said base and said grit source to
provide relative motion between said nozzle and said base during said roughening

operation.

32. An apparatus for roughening a surface of a substrate as recited in claim 31,

further comprising an arm extending outwardly from said center axis of said base upon
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| ocus centered at a center of rotation coincident wth

said center of said substrate during said roughening
wop@sative. 33. An apparatus for rougheni ng a BOF/D8064/023597
.of a.substrate_as recited in claim31l, further

WhrCBoﬁ%iF’iquqﬁ@ I8 TIPURIRC; for emtialablydvowne seidinpaziprhgtween said center
of o3 BogB SIS R0 PGy AesB WA el pgronal o
transtatiosgl atotion bdteentshitl mozzlel and saldabasels sapable of defining a spiral

substratfe. 34., An_apparatus for roughening a surface )
locugpentetdit et patesof FORNRREONRIBNEHD $6id Gplles phsaiisubstrate during
i &g@{ il d to project grit against said surface
said of sae;haﬁg;%lgg?ﬁgﬁ'e at a di stance between about two

i nches to about ten inches. 35. An apparatus for
rSughsrapngratus fot seugheining aubktacetef aasubsteateeas recited in claim 31,

' 4. in said nozzle is adapted taq, project .
furtns, BoibHSingy BLEp iy 3 riorefiadantPa Y HBbBRL08: BoSlostsaid surtace of
said gubstrateeatenpaldeternfinéd disthncd BAELBNd3&: arfBngRPRES NS or equal to

faor roughening a surface of a substrate as recited in

about b ta, said sytacs of seid gubstealeuri zed grit source is

positioned at an angle to said surface between about

a . i . .
5, 20 el PhorBRRPIARLR 4 GUAENS tidpg iy eim 31
wheresini shig oozriedsiadaptaaihior profesct gois agaiast s@id Suirfdice of said substrate at a
. ress rize%&rit SOLH‘Ce at an an%leto sai d surface of
dista ‘5905‘? ween a t two inches to about ten inches.

35. An apparatus for roughening a surface of a substrate as recited in claim 34,
wherein said nozzle is adapted to project grit against said surface of said substrate at a

distance equal to about six inches.

36. An apparatus for roughening a surface of a substrate as recited in claim 31,
wherein said pressurized grit source is positioned at an angle to said surface between
about 40° and about 50°.

37. An apparatus for roughening a surface of a substrate as recited in claim 36,
wherein said positioning comprises positioning said pressurized grit source at an angle

to said surface of about 45°,
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