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to c¥P8X c Raempvahotonsamiapifitommetel platmber sgmpRagns traditionally
coat i.n hasi ' 0i_nal. at t | A
oG8 Ratd BERRR G NrL R (B8 heAd S BRE Ao BRI oxidizers,
inofgaaN¥Ead/baealor diglasenperaiakasidnmgl dewmpagites. Jpeddhg on the
Clearly there is a real need for effective renpval
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amagi ng th trate or coating surface. Summary of _
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sem conductor etching chanbers and_conponents. _ .
dietggfymogpetings such as AL O3, ZrO,, and Y,0s. These coatings are applied to ceramic
and anodized aluminum substrates where coating adhesion is marginal at best and are
easily damaged during cleaning due to the aggressive nature of conventional abrasive

blasting techniques.

[0003] Clearly there is a real need for effective removal of deposits from all
surfaces used during the process of creating a semiconductor wafer without degrading or

damaging the substrate or coating surface.

Summary of the Invention

[0004] In accordance with the present invention, apparatus and methods are
presented which overcome or reduce deficiencies associated with previous apparatus and

methods in cleaning semiconductor etching chambers and components.
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[0005] A first aspect of the invention is an
appar atus, one apparatus conprising: (a) an atom zi ng
head adapted to produce an atom zed abrasive slurry,
the head having an abrasive slurry inlet, an atom zing
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(b) ‘an"dbrasive slurry container urdly nnected to
configisalpr asive slurry inlet and defining a space for a
slurry conprising water and abrasive particles; and
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the atomizing head. The pressure regulator may be adapted to adjust pressure of the
atomized abrasive slurry exiting the atomizing head.

[0007] Another aspect of the invention is a method of cleaning, one method
comprising directing an atomized abrasive slurry onto at least some internal surfaces of a
semiconductor etching chamber or chamber components. Methods of the invention
include those wherein the directing comprises controlling pressure of the atomized
abrasive slurry. The pressure may generally be controlled within a pressure ranging from
about 25 to about 150 psig. Pressures higher than 150 psig may be used if necessary to
remove debris and the underlying substrate is not damaged. The density of the atomized

abrasive slurry may need to be reduced; pressures lower than 25 psig may not be able to

provide the desired cleaning efficiency, but may be used if the density of the atomized



about 25 to about 150 psig. Pressures higher than 150
psig may be used if necessary to renobve debris and
the underlying substrate is not danmaged. The density
of the atonized abrasive slurry nay need to be
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the invention andBefeh®escrifftfdn ¢fthe Daasfimgt eri stics can
be obtained is explained in the follomﬁng description
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[0010] FIGS. 1 and 2 are schematic side elevation views of first and second

apparatus embodiments according to the present invention.

[0011] It is to be noted, however, that the appended drawings are not to scale
and illustrate only typical embodiments of this invention, and are therefore not to be
considered limiting of its scope, for the invention may admit to other equally effective

embodiments.

Detailed Description

[0012] In the following description, numerous details are set forth to provide

an understanding of the present invention. However, it will be understood by those



and illustrate only typical enbodinents of this

i nvention, and are therefore not to be considered
limting of its scope, for the invention may admt to
ot her equally effective enbodinents. Detail ed
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[0015] In simplified terms there are three major methods for achieving

atomization of a liquid or slurry:

1. rotating cup atomization involves shredding the fluid with the air of a moving

mechanical element.

2. in mechanical atomization the fluid to be atomized is compressed to very high
pressures (15 to 30 bars), thus imparting to it a high potential energy converted to kinetic

energy when released to atmospheric pressure. This energy results in shearing of the



a venturi, a converging-diverging nozzle, a converging
nozzl e, and other nozzle configurations. [0015] In
sinplified terns there are three major nethods for
achieving atom zation of a liquid or slurry: 1.
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prebepit il ehtiothe aton1zed and atomizing fluid are brought
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[0018] For external atomization, where contact between the two phases takes
place outside of any confining enclosure, the atomized slurry is created mainly by
shearing of the jet of liquid slurry by the atomizing fluid. The geometry of the outlets for
the two fluids completely determines the quality of the atomization, and droplet size
analysis of the drops resulting from the contact may show a relatively wide diameter

distribution (simultaneous-presence of small and large droplets).

[0019] FIG. 1 is a schematic side elevation view of one apparatus
embodiment 100 according to the present invention, comprising an atomizing head 2

having an atomizing fluid inlet 4, an abrasive slurry inlet 6, and an atomized abrasive



with a very narrow droplet size distribution about
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or more abrasive slurry containers 20, and head 2 may have one or more fluid

connections to one or more sources of fluidizing fluid 18.

[0022] Another component of apparatus of the invention is an abrasive slurry
container fluidly connected to the abrasive slurry inlet of the atomizing head. The
container functions to define a space for a slurry comprising water, abrasive particles,
and other optional ingredients, depending on the particular cleaning task, for example the

type and quantity of debris or deposits to be removed, the underlying substrate



one, two, or nore than two inlet orifices, as may
abrasive inlet orifice 16. For exanple, it may be
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thmdoﬁsﬂandcmh@gbswpann sids mapheorapIieAinGedr MBle HHNpg ios @gitating

Bipstvendfet yuibebolaf S8 L PRBARPRChr W' Spopension aice
clednhiesls. E)lwhpdesl‘ﬂﬁyhése la,tt‘eedrdcﬁsd‘u@feﬁefuﬁhaﬂ}feymmut of the
bl adder, and a vacuum may assi st |oading the bl adder

W t hrgone) abr Asharaus bifieYinvention may comprise a source of atomizing fluid
fluidly connected to the atomizing fluid inlet. The source of atomizing fluid is selected
from a membrane unit, an absorption unit, a cryogenic unit, a container of fluid, a
compressor, a pipeline, a gas cabinet, and combinations thereof. The source of atomizing
fluid may comprise a source of one or more inert gases and combinations thereof. If
used, the inert gas may be selected from sources of nitrogen, argon, air, nitrogen enriched
air, noble gases other than argon, and combinations and mixtures thereof. The atomizing
fluid need not be a pure gas. For example, the atomizing fluid may be air, or nitrogen
generated by a membrane separation unit producing nitrogen enriched air. Most nitrogen

membranes generate nitrogen having about 90 to 95 percent nitrogen, although higher



[0024] The configuration of the abrasive slurry
container is not critical, as |ong the abrasive
particles are able to be kept suspended, or reasonably
so, in the container. There may be occasi ons when

plrtOri€ (RESbIRDBE uallag &ﬁhl‘ﬁ@lepﬁlrehibfdlﬁsurﬁﬁadbnh@aylnﬁ @fried 6F i cascade
pafrticul ar task whi ch case not all abrasives

fapb;:om eretses\mf|mgh¢éé1@antﬁe§ precent SHYMed e neSsREY nhje fryness of the gas
oGRS e BB B R R s A B Comicrat

w&iebl bf ythep H@idnthe c@heposivion of ithid arainized hbraspetshimemighybe different
| astic, or some combination thereof. A

met al ,
frp@f thalcgth Bas e L COBHNG ﬁewmﬁye%\i}g}g INECoRsifient gRiylts. The
rJ:é QF 5to%¥1n?eﬂLH§ g¢ ﬂuTch? Johﬂ&‘rtem tlﬁeat@m?ﬁﬁgmegd ‘Bz one or more-

as Ic mate Suspension aids may be used. ese
ccrmljalthxewkmhh mayain¢lude ohalr caire presgweridguidtomsradaptee teefjustpressure

chani cal suspensi on de. may. c ri one or r :
FratoR gt 00 el PR oI R AR TeRG LU Soae AL PaRsive slumy
Rl 48 (HBMoRPARE heRl RNBaifRfailPar8laBUSIP BRI, Bledfessure regulator may
chem cals. Exanples of these |latter are di scussed

b adapkrsh toredfust presfuye 261he Apqraized abragive shiryiasvestt (Tba presgure of the |

uzs?rgz%tl aﬁ%ralztlﬁ;goﬁw%e ?}2 ‘tr)neaé 3’:}5@%‘[}% %qltﬁr%etto At%fyeya artlcular slurry and

p&fer #Hen@eddinig (fumcﬁloﬁefrhetpe&sulferdﬂmha sﬁ&j‘tbr(ﬁhzﬂommlﬁg fmm may be
absorption unit, a cryogenic unit, .a container o
cqniipllgd, sich aghy peaelor gasgabmﬁfe Py ﬁ@ﬂaydvegtalge ‘Hpﬁé%lpelé’ﬁd"here there

isGRIVEOREJ1 308 thE fe%ﬂfre o-frpm% 266 Alid 4 o ﬁ@&e fluid

may corrprl Se a OUFCG Oor one or nore | ne gases and

co "bt:d'(‘ﬁ O NSy, (g)%¥a(%%§l me¥hod§I > Qhe ﬁlbfgntﬁcﬂleirrklqu%n%@ﬁn é’) fn atomized

sel ectéd’ from urceS of nitrogen, arg
abitadive genyaimtd ahledst saine,intenial em@sesf mtsémrcohdhmromgﬁmg chamber.

17 R RS e e B8Rk s BB AhD % womizing
flatdoht Al Chnf Atam%ﬂ%meéae adidescribed NGEHPAR the @Rehi2b&dbRYive slurry
a menbrane separation unit producing nitrogen enriched

mal compbise centralbegpressieerbf theerorgiead pbrasivaistypgeting erggomizing
hea%ogti a919 s%re9§ar%“:r‘n C%r%&n rybg 098 r}? aehohpqlﬂg,&% gf‘ﬁé g(eZeratmg may

pur i poss usi ng mul

c&ﬁmcaosltﬂonu@eddmeﬁy @f thmat@ﬁﬁm%rasﬁ‘&shUQy 1o Bl.ldldntsityESartgﬁng from
hlgher%than 95 percent may not be necessary

g cc ealpad 0.4 gBHCGry I desrous i ¢RI 6&6 inpmepwm of the
at@ﬁl‘?{gdzétﬂgsl %’]H'ug' I3 190&ﬁ§ct§ﬂ% HBf g%% ’ﬁﬁén&%'t&ﬁ‘fo?%@ atomized

wat er or ot |qU| , the conposition of the atom zed
atmbsins shMeysit uhe workpggve rhey bié tCﬁrémd-Jnd byfaootroHingtth¢ monfemtum of the
cont ai

at?ﬁﬁ%eﬁlisa[ S?SEYF;J srl}rnég 3 s ex1t§ﬁléé atgx%?zsihg Lgacf. eI‘T’lléllntl(i)rln’]gltum of the atomized
abrasive slurry exiting the atomizing head may be controlled with in a range of from
about 100,000 gm-cm/sec to about 300,000 gm-cm/sec. The momentum of the atomized
abrasive slurry as it exits the atomizing head may be controlled by adjusting the pressure

of the atomizing fluid as it enters the atomizing head, the amount of slurry entering the

atomizing head, the density of the abrasive slurry, or any combination of these.



source of atomzing fluid is fluidly connected to the
atom zi ng head by one or nore conduits, which may
i nclude one or nore pressure regulators adapted to
adj ust pressure of the atomizing fluid as it enters
the i ‘7‘][ zi neheh@pshivd flufrP enadRURiinRinealih asi M dsbetséd state in the
feed to the atom zing head is maintained relatively
alpasise slntry cohieinsr.edsnoted pegyiduabiom whayontsst efddiptriention this means
t}\ﬁé%ofasw?ﬁg erfy?rglég bgfa %tg%ﬁo%g]n%&glrggf ﬂn ed?énlt’sr ry as

ure o source g fluid

S| ur f@zgﬂy p‘élgrlgfslgg E‘z‘a{tﬁ %a@g@%%rﬁ@%tlﬁ% 1ogﬁn§ se‘iecteac{ from those
cHERRAN Qis@d Thhehe odbr&eveOfarat H’éﬂ/@eﬂg thd Udbelasikay ;b.@tlcles (size and
controlled, such as by use of (%as cabinet, or it ma

cdyepasitiaa Wilohe a?h9$epe‘Mth dhewdegise tdh esusface soyghpesse coating thickness
contr ol Mer. t he r .
R R MISOBETECH Sy 1 ALk SRyt parict

chaty@eristies siohcdsudedris, eoinpagbility witlothiezetndabwasipvee, particle size,
slurry onto at |east sone |ntern$ surfaces of
reggiyiBow iR OV OEPIISE-A§ WRLASHISAL CONRIVITERENbRCoNS e{ﬁﬁie

generating the atom zed abrasive slurry fl ow ng
at omi®RAh  fThe eprapassirghofarbrativhPaiiflgs h‘é@%l ighe invention can be
cf;:%r n oegwo %&%satda alt Qﬁ'as%f%' 'Arlzde 91 ?E’l{ ﬁéﬁé’de aﬁlaki(/%sy Examples of
nprise controlTing pressure o e atom z
nﬂbfa&&bt&@w&k Mdlwdeeﬂudmmgl cbemdtimnemeng gatneguhtstene, chert, quartz,
pressure rangi ng_from about 25 to about 150 ps;j The
sagwéﬁr@nat FdreRBny. Lihptiaseiip ottt PR dBHEIF I@r%ﬂ%e&amples of
gﬁ’ﬁh{lg&i abfa83 kY Sndhdt: rB’orBﬁ) éﬂrtﬁ@@sélbec BRI Rerilié,Ofised alumina,
gmcc to about 0.2 gnfcc. It is desirous to
ceremia mllunmlnen roouiten heah toefatetdhadumatummz@d albrmaed mccmla;rgia}ss silicon
it .contacts }mﬁamnrkgkgée The no.

n
C%§5W1i§@ OXliFrs fANK TPurty at(?ﬂum'oxﬁpié@eoxwﬁ tgmnmn carbide,

sﬁ'@mtchilérﬁGanYneﬁigﬁﬁd’se ldidxide, Eheonimi®ridsauaf silidun n1tr1de
atom zed abrasive slurry as it exits the atom zing

head; oo‘ébz3 NONBALNE fitidIBe usdfaniz ek iRNASH \SpiBAIlY aid preferably
exiting the atom zi ng head may be controlled with in a

haverayparttlefsizsrranging fromawub 04 misrangiece abgugh\§tmicrometers, more

plseg ra@l? Ja 'Ho?ﬁ;" sEbou-[l'(‘)el @&%ﬁm@ EbJurEQB% %a ters. ’Jt")he abrasive

as It exi e atom zi ng
pAOOIeE (pkéfexdbtwhaa&éj ansdvierggetpadtigh eigs vangingfromhaboat Grh miangmeter to
fluid as it enters the. a hea

t t_ of.
alqu 7P) muROGISTEy OIS Prefe y;nﬁaﬁém dxan @ Shonts 1Ge P i1 Sggmicrometers,
frlggu %19%?1 fUBHE) H5hYabo@ 1 RboGOSPNRbMmeRrOft it B%?&Tecﬁthat abrasive

e abrasive slurry nay be maintained in a
pavticles dbshiartbe thventatrehdvie atMeh's himdnesis\oé atleastr8y more preferably above

9Cﬁqr}té%te?]%r T}}?Fg%r?ggﬂgﬁ{o%\s” i B’aﬁtlclgs mgy bcontdext of the

[0031] The term "abrasive particle" includes agglomerates of individual
abrasive particles. An abrasive agglomerate is formed when a plurality of abrasive
particles are bonded together with a binder to form a larger abrasive particle which may
have a specific particulate structure. The plurality of particles which form the abrasive

agglomerate may comprise more than one type of abrasive particle and a binder.



the abrasive slurry may be a honbgenous m xture of al
i ngredients. [0028] Abrasive particles useful in the
i nvention may be selected fromthose conmonly used in
the abrasive art, however, the abrasive particles
(siz ?‘f']d GHRAI IR \%é |1n3?§arﬁ@%ﬁ'ibu\l‘ét5 hnkdh® Qfﬁ&heé‘ompnse
of surface roughness, coating thickness change, and
appdiutss whlcbranqz)emltstma]lﬁ 1rmrlnqt nqmre@cttu@:s\wmy respect to the surface acted

apph Bf:a]a Eas?v?eg cei:ﬁlsﬁzﬁ[yt Jlo\met’\/ﬁr taﬁ r? m g;tezit 1ves) ﬁHers are used,

sdf@é‘tfﬁﬂ%sei%%rr&ﬁrté 16| BieShiw8sives” @ACAY \ehiMingd hildst Mese fillers interact
wor kpi ece, as well as heat conductivity may

be
benefisialle math the OOZRRi U EHe st RAsHCIT, abls aghlv@d in the art that the
a | e V
St FEBY SR ) B e WV BT RRR R AR ALOwa e
walkpisk \lethg &braded, @3 p@évenﬂ&teLHb@drstdOpamCMefSomnchpp:i&g" i.e. prevent
dranond corundum energ%%%ernet hrs one, cher.t

mgtgh pessicles S beemaing kel Botks toRg ¢inth r;?ér\reznae%cles 3) decrease
[
g tefihe (6MpERAAE bl G ARELIA a&a‘rlgiﬁi?ﬁr%?@z“p‘%°§b?%“> decrease
thb oeqiredigrindobg, fofcesed al um na, ceram ¢ al um num oxi de,
heat treated al um num oxi de, alum na zirconia, glass,
si | i @0B3] carGristing hikdeen@nnEies a V\tlaentr:&idﬂymﬁéiffeirﬁﬁ jmaterials and can
cerium,oxi de, tin oxide, é;t |unrc r bi de, t het.i.c

bRINQREARS, OTraRegBITRAES ] o ChepHic A STRRPE f, SHine aids useful in
th?é 1|n'v&ﬁf?)nrlhélﬁﬂg@/axe[sog%(ghc%ﬁ@éb&ﬁpcﬁﬁ\ﬁg '}ﬁihﬁ@ sa1f&8hilmdtAls and their

he i nvention typically and preferably have a
alparst Tb¢ ersinye haladegeangpdundsnvald dmpicallyl break rdmgt éurung) abrading and
bout 00 m cronmeters, nore.. preferahly rangin
et BATET erinh b o Roptite R iRg: el aRs Mot pie® material
m@pfdasd.:ﬂl&mzﬁ@d’ tvt:ﬁdegslll&r @ét%ﬂi@k}habﬂﬂ‘l&leﬂ& Q&Iﬁﬁc&g@ronaphthalene; and
partlcle si ze rangi ng from about 0.1 nrc

meter to. ,
PRlFHHY] c#@wc%ﬁ Examaics 0 halm%ltbrr@h@réeﬂvnr ﬁ&F‘gPPFaéﬂilm cryolite,
t aboymbpin{m Ct,rr%[ﬁ& er Sotasffnt | @é&a@fu’o)’oborate sodium

pretera y fronrabout 1 to about 80 mcroneters. It is
teprrfi@oberdte; hiconluasides popasitinctiBerides evagnesitivechloride. Examples

‘t)nveagstr e RdB2HE, Bad oo GERTE f’agﬁfngﬁtg,ccfaﬁ%ﬁt m irod HtSnium. Other
m@RPldre8hd @RAdinEOAilE indadd | |s@l|fl@f3 ofBahid8uMse dompOihit] gidpdite and

term "abrasive particle" incl udes aggl oner at es of
metadiosswfides. Taisralse wéthpmihei ssppe of AHs abyeaipydo use a combination of

d@i%%{n?%ﬁﬁ@itn alciss Jn%r H‘(}g{n\g&g%}ﬁ@cemﬁi ?]4 gt%?) eaapgy%%#g\é&lc effect. The

re bon er t’o rm a
aBoare geént@hed skaraplpanft gnhcang\mdshs mrraqant twb@aaempmta‘tive showing of

par.ticul ate .structure. h Partrcles
gWHLE&a Sr ﬂﬁ@nﬁbmﬁ§ﬁ0%en%ﬁ§1 g lﬂﬁﬁdéonprrse nor e
t han one type of abrasive particle and a bhinde
[0034] Grinding aids may be used in abrasive slurries useful in the invention
in amounts ranging from about 0.1 to about 10 dry weight percent, more preferably from
about 0.5 to about 5.0 weight percent, based on total weight of slurry. If non-reactive

fillers are employed they may be used up to 50 dry weight percent.

[0035] Abrasive slurries useful in the invention may contain any number of

conventional additives such as one or more additional components, such as, for example,

10



9 [0032] Generally, fillers are inorganic particul ate
matter which conprise apparatus which are
substantially inert or non-reactive with respect to
the surface acted upon by the abrasive. QOccasionally,
laﬁmrohe%ﬁlfg\égeﬁtl pH-mé@ a6t id¥Rhmet, |fb&hihgaigenty s@fiforcing polymer,
sometimes referred to in the abrasives art_as grindi ng

argi-frseze AigemtesyspPnseesaif hastesicide, Baaetdes prd/prihigkener: he
wor kpi ece during use. In particular, it is believed in
t he @086} hatAbrasve gluiriagiof gheaindention redst breprepred by meixing abrasive

the f n the abra artic
P heties BB PAE Rt e PR ER PR R a (ad i paricte sie
dlﬂﬁ‘fbtuhﬁﬁ RardiSiNfrogAPIISNEicrorheters Witle deidhizedatadr, pﬂdl obtibesly other
from becomng welded to the tops of the abrasiv

m@wﬂalsctoe@hles’}‘ st densisy rangiagifrone Ao 8- Ol s3ryse atf)u?@m 0.2 gmicc.
etyween t R
TRE BT duty B B 5 ORI 5P Y20 Eork BB SR M) and the

nﬂxd&n@ﬂb@ gfass daring dee vhitheeyrygfbudif fosree mpmiyrat endleatosmamtam a
and can be inorganic or organic based. Exanples of

weH gispersrd §M50ps of grinding aids useful in this

i nvention include waxes, organic halide conpounds,

hal i B932h t sTherbrasseslumy meyihsesiopverted igipsan #ﬁ@l?&fig‘fam‘/dmng an
hal.i.d I

atomizi h(é‘gcfrlﬁ) 3}1‘1[?% lvéﬂasrlné sréﬁﬁﬁhrlctg tiéz}é 12@&%&3&9%&2’%}}8% FIG. 1. As an

eehplel ethe ammumg heft amayl mnmiufwm’red at ef alahsnurnaidudey have one

chl ori nat ed wax i_.ke tetrachl oronapht hal ene

ORERFRHUHITY r“b‘ﬁta‘%‘i?‘}?éloé ﬁ@meéfi-ﬁd’ B%‘r%?fﬂﬁ?nec% |"BPTe g (atomizing fluid)

iR cBS o PlialRldr G 138, taﬁd loRE bHARrSRMLBIGRIrRY bistRet orifices having
potassiumcryolite, sodiumcryolite, anmonium

acligmétet ef 2pun.athé abmasize shirhyumey dsr fa o tho@famizing head through a
gzr(]llﬁ)ieasfstl u Js%?eﬁggu%ﬁm Ce{j%ilg:rgsr}vg lsﬁll%¥| cﬁjr‘eiﬁ'n 1B9)t ?ﬁ%fr%t?ngn}zsmg head by air

eht@féhgld% at(tmmng Iead at bbsssirh of ﬁiﬂimallt)() psipt Theoaymized slurry emerges
cadmum iron titanium O her scel | aneous i ndi n

framydhg Framya@espgadupt 2 RIGHIC o8 lﬂg]f’% ?h ﬁ%“s%fuﬂy tank may be

f
i ARALS Bifdflas fRbAuaIRN, E*%?%“‘%E%?ﬂ%& 5O abhiisphériefpressure
ankd fdfomx mtﬂpegatumdalttgaugh theesanehditors anesimpdy Gmb@slenhmgl pedyequired.

15 Giirie sBHT s Sastlrs TeoiEeip FRU IR A" Efech chamber

h&@RE GEFIEOF Yiicsi) cswxd@g cafbidey ﬁh@dth@ﬂdﬁirdson taadidléctiis surface. The
not meant to enconpass all grinding aids

aEningh Hyramy bealireped as Big. sufaces gt adp vén%wﬁth%@ ¢f8ex apgles may
th, rl‘.lsé?%‘fmarbég rt]éslt 9&19%}#19558(5@51 B he 309LBE s ff%@saal%) eag.lréd LR well as

ent, nore preferably
the post-test roughness after 30 seconds of contactmg the atomlzed slurry to the

dielectric surfaces. “Ra” is a common measure of roughness used in the abrasives
industry. “Ra” is defined as the arithmetic mean of the departures of the roughness
profile from the mean line. Ra may be measured with a profilometer probe, which has a
diamond tipped stylus. In general, the lower the Ra value, the smoother or finer the
workpiece surface finish. The profilometer known under the trade designation Perthen
M4P may be used. Thickness of coatings may be determined by microsection techniques

known 1n the art.
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about 0.5 to about 5.0 wei ght percent, based on total

wei ght of slurry. If non-reactive fillers are

enpl oyed they nay be used up to 50 dry wei ght percent.

[ 0035] Abrasive slurries useful in the invention my
cont[apzglany Aﬁgigﬁﬁis aid neeHvde rifi tﬁﬂ@lresaﬁidintvémﬁﬁl &mghoase used to

one or nore i tional conponent s, such as,
efferBygly demoy @ dplpras frpey wgfaces ﬁ%pﬁ*g@lpﬁl@fiu&&g rﬂtchlwchmbers Although
on'fgdal I”év@ XergE{ bod PN '3? RS Abentloh! BRI Géeﬂgdescnbed in detail
eeze agen suspensi on al

abbaé:,t &fobelsdﬂledfummecaﬂewllhmeﬂddy ﬁ]j]jred(zﬁaethat [1&&1361]{10d1ﬁcat10ns are
Abr asjve slurries of the |nve i on epared by
PORRRIEnty S5t SIS R ER RN TRAGUH Do APEATERG 16 dhe novel
teﬁc‘%ﬂgésn&d( b @ AnPa Tk JTOMRE Glven@a KEB?)‘MlnEl?Ir tallcélﬁhsfnéﬁlﬁcatlons are
di stribution ranging from1-75 mcronefers with

inttedehiq bel inudad, witha hptscopeadd thininventiomas definddsin the following
& achieve slurry density ranging fromabout 0.01. gnicc
C¥8about 0.2 gmcc. The slurry may be nixed for 20

m nutes at 1200 rpmusing a high shear m xer, and the

m xer may be | eft on during use of the slurry, but at

lower rpm in order to maintain a well dispersed

slurry. [0037] The abrasive slurry may be converted

into an atom zed spray using an atom zi ng head havi ng

a venturi, simlar to that illustrated schematically

in FIG 1. As an exanple, the atom zing head nmay be
manuf act ured out of alum num and may have one or

nore slurry inlet orifices of dianeter of about 1 cm

one or nore air (atomzing fluid) inlet orifices of
dianmeter of 1 cm and one or nore atom zed slurry

outlet orifices having a dianmeter of 2 cm The

abrasive slurry may be fed to the atom zi ng head

through a flexible stainless steel tube, the abrasive
slurry drawn into the atom zing head by air entering

the atom zing head at a pressure of about 100 psig.

The atom zed slurry energes fromthe atom zi ng head

at a pressure of about 50 psig. The slurry tank may be

mai ntai ned stirred as nmentioned above. The slurry tank

may be at atnospheric pressure and roomtenperature,

al t hough these conditions are sinply conveni ent and

not required. The atom zed slurry nmay be directed at

di el ectric-coated surfaces of an etch chanber having
deposits of silicon, silicon carbide, and other debris

on the dielectric surface. The atom zed slurry may be
directed at the surfaces at a 90 angl e, although other
angl es may

12



be used. The pre-test roughness (Ra) of the dielectric
surfaces are neasured, as well as the post-test
roughness after 30 seconds of contacting the atom zed
slurry to the dielectric surfaces. "Ra" is a conmon
WHBAS U8med isf oughness used in the abrasives industry.
"Ra" 1s defined as the arithnmetic nean of the
departures of the roughness profile fromthe mean
L1 i neAn mepapgiys ENpREBtired with a profil ometer probe,
whi ch has a dianond tipped stylus. In general, the
| ower th e ot I [ : :
morkpiecgagﬁ?ﬁg%gﬁyggggﬁé&#ﬁépggg “FESE?EP&Eﬁ%%ﬁaﬂX%gFHMthe
t he tradéedébagnatn ebrafee shiary inlet} Bn stomipmgufbed inlet, and an

Thi ckness  of. coati ngs be determ ned by

nicrosecFWBHEFQ%Wﬁ?gﬁEQ%%%Wﬁﬁ% inthe art. 11 [0038]

Appar at ugppRf aBRERRAFurAS conbifn fTRSEN Lohmbesdlth @ ABRYsitOslurry

be used to effectively renove debris from surfaces of

seni conduelebpndedediinga enaserberrasiuzy e¢TapgHNE Biatey apd plrgsive

exenpl ar dipents of this invention have been

describeﬁmﬁ%R%%?Q?I above, those skilled in the art

wi || readt) v sappreef k@iezinp duidAngdl ywaotintcteditd thastemtieing fluid

possible_ip the exenpl ary enbodi nents w t hout

naterialP?eHeparting fromthe novel teachings and

advant ages of this invention. Accordingly, all such

nmodi fications are intended to be included within the
2.scopBhexpperates dfrplaim 1, ovhezain ghefsonesg of atonpigingdluidig setpcted from 2

clains. 12 I i LS . )
o Bholin o FE0kic i ALoRRORFBE W0 g compresor.

pipéliret o ghoetirehraadicombilationytheteb€ head havi ng an
abrasive slurry inlet, an atomzing fluid inlet, and
an atom zed abrasive slurry outlet; (b) an abrasive
3.5| Urtie gtk &cidilnUi GhyreGOmBe6iresof Qoﬁﬁ\ﬁnfﬁihﬁﬂsdo‘mprises a
slurry ‘inlet and defining a space for a slurry
sopre{ionE RyMAse Wertgasesab gempmatipay thprepbs: and (c) a
source of atomzing fluid fluidly connected to the
atom zing fluid
4. The apparatus of claim 3 wherein the source of inert gas is selected from sources

of nitrogen, argon, air, nitrogen enriched air, noble gases other than argon, and

combinations and mixtures thereof.

5. The apparatus of claim 1, wherein the atomizing head comprises a venturi.
6. The apparatus of claim 1, wherein the container comprises a mixing device.
7. The apparatus of claim 1 comprising a pressure regulator adapted to adjust

pressure of the atomizing fluid.
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inlet. 2. The apparatus of claim1, wherein the source
of atomzing fluid is selected froma nenbrane unit,
an absorption unit, a cryogenic unit, a container of
fluid, a conpressor, a pipeline, a gas cabinet, and

8.conbiy RsustdTRILR1 7 wiereihfe Eﬂa@ﬁfré‘}égﬁle%r i§ hadpred.to adjust
wherein"the source of atom zing fluid conprises a

pressurecy th atomézedrabrastve slyer-t gases and conbi nati ons
thereof. 4. The apparatus of claim3 wherein the
source of inert gas is selected fromsources of

9.ni t roggsparatigeymprisiig: ni trogen enriched air, noble
gases ot her than argon, and conbinations and m xtures

thereof. 5. The ratus, of claim 1 _wherein th :
at orf i ng 1FERE BHBHILS By BhE BRH2e0 BT pp b et gy
of cl ai Mplvinghsf frikitd@ueP I NBks BRI B St@niTed ahsive
device. 7. The apparatus of claim1l conprising a

pr essur e sheguowltetr adapted to adjust pressure of the

anar®f ' enavpbResfn vonliiferABPAY EbitRRiasf f Brfivg gy inle

pressur e a9 dehfinglaGphceedr abluayicompsibinewaterandAbrasive particles;
apparatus conprisin :_ga) a venturi adapted to produce
an debni zesPusts ofgay duidly, penpected o theigeslet R ng an

abragy ve gl WitadorlaBAitd tofnSidtin HeGbrasRBUNAR, RERAIspERed.
abrgg}ve ﬁg 1%T§aodﬁfe€; %g)laneab¥§sive slurrySﬁ ©
container fluidly connected to the abrasive slurry

inle d. defini.ng a space for a slurry conprising
uﬁaté&@ﬁﬁ%éﬁﬂ@ﬁﬂ%%gparticIes; (c) a source of gas

f1 ui JiepticO b ohfLbdtabrdshe stasy brib @t leaaRBmednteaal surfaces of a

agitator adapted to maintain the abrasive slurry well

di spemieanductopetchingshamberconpri si ng: directing an
atom zed abrasive slurry onto at | east sone interna
surfaces of a sem conductor etching chanber. 11. The

1Inet hbe methotl of plaig ! Givdeedim therpbrasbiesdirmecanpirgey abrasive particles

sefe%%rﬂ'osn? %ih%grrl A €, Qﬁcr:itu}ncchei‘ée, pumice, aluminum oxide, titanium oxide,
zirconium oxide, and combinations of thereof.

12. The method of claim 10 comprising generating the atomized abrasive slurry by
flowing an atomizing fluid through an atomizing head, the atomizing head having a fluid

connection to a container of abrasive slurry and an atomized abrasive slurry outlet.

13.  The method of claim 11 wherein said generating comprises controlling pressure

of the atomized abrasive slurry exiting the atomizing head.

14. The method of claim 13 wherein said controlling pressure comprises controlling

pressure at a pressure ranging from about 25 to about 150 psig.

15. The method of claim 12 wherein said generating comprises controlling density of

the atomized abrasive slurry.
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sel ected fromsilicon dioxide, calciumoxide, pum ce,
al um num oxi de, titani um oxide, zirconium oxide, and
conbi nati ons of thereof. 12. The nmethod of claim 10
conprising generating the atom zed abrasive slurry by
160 | OWOm &R0 @bPRIa%h 18 chinphidink Rbet@in g Berit9Hoth BBo @GN, gm/cc to
the atom zi ng head having a fluid connection to a
aboo.20 gmvccof abrasive slurry and an atoni zed abrasive
slurry outlet. 13. The nethod of claim 11l wherein said
generating conprises controlling pressure of the
17at onizatetabd as chan 42 womprieini tcontgoliihg mevtoamiturn of tHeesomized
14, The method of claim 13 wherein said controlling
abFsBESIHEY BHHPE EAOBERE i ng  pressure at a pressure
rangi ng from about 25 to about 150 psig. 15. The
met hod of claim 12 wherein said generating conprises
18c ont Tiod thiethgd déplsim y 7 sbmprismg avnindleg momensim of gieatempized

SHEH SyY FompaBD gt it o8 TOOR BRGGRk, ) e so0.000

Reygmwt hod of claim 12 conprising controlling nonentum
of the atom zed abrasive slurry exiting the atom zing
head. 18. The nethod of claim 17 conprising _

ont ' : 1.7 - AS|

R e T R
abadxtnuet sIA0Y MO abrusive siwecconiBner Thevethalispersedftatd. ai m 12
wherein the generating conprises maintaining the
abrasive slurry in the abrasive slurry container in
200! | Tl $B@6E od cRimtle wikfein ThegdHetahag c@xanﬁEéEi donk3lling
wherein the generating conprises controlling
copapasiyontof ghe 31*311?@5135Vésth¢@°§1au}ef-y in the container.
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