APPARATUS AND METHODS FOR SLURRY CLEANI NG OF ETCH
CHAMBERS Field of the Invention [0001] The invention
is directed to cl eani ng apparatus and net hods,
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[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 previoﬁs apparatus and

methods in cleaning semiconductor etching chambers and components.




(a) an atom zing head adapted to produce an atom zed
abrasive slurry, the head having an abrasive slurry

inlet, an atom zing fluid inlet, and an atom zed

abrasive slurry outlet; (b) an abrasive slurry
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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




abrasive slurry may need to be reduced; pressures |ower
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FIGS. | and 2 are schematic side elevation views of

first and second apparatus enbodi nents according to

the present invention. [0011] It is to be noted,
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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 1illustrate 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



enbodi nents. Detail ed Description [0012] In the

follow ng description, nunmerous details are set forth
to provide an understanding of the present invention.
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produce an atom zed abrasive slurry. The head conpri ses
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atomizing fluid inlet, and an atomized abrasive slurry outlet. The atomizing head may
include any internal volume capable of producing an atomized abrasive slurry, including
a venturi, a converging-diverging nozzle, a converging nozzle, and other nozzle

configurations.

[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



[0015] In sinplified terns there are three major
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liquid delivery rate, this atomization quality is naturally a function of the atomizing fluid

delivery rate employed and the pressure level prevailing 1n the interior of the atomizing

chamber.

[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

distribiition (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



delivery rate enployed and the pressure |evel
prevailing in the interior of the atomzing C chanber.
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or exanpl e

embodiment 200, the internal flow channels include a more streamlined converging-
diverging nozzle 24, 28, and a throat 26. Throat 26 also includes in this embodiment an
inlet port or orifice 16 for abrasive slurry, which is drawn into throat 26 by negative
pressure caused by flowing fluidizing fluid. Abrasive slurry may be drawn up from one

‘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



may be advantageous to place an inlet port or orifice
16a opposite of orifice 16. [0021] FIG 2 is a
schemati c side el evation view of another apparatus
enbodi ment 200 according to the present invention,
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[0025] Apparatus of the invention 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




| ong the abrasive particles are able to be kept

suspended, or reasonably so, in the container. There

may be occasions when there are nore abrasive particles

than required for a particular task, in which case not
abrasiyes particles will need to be suspended.
SSRGSl By StRea iR et v HBSHBT Ao of i casade

fé‘s?[btnh pOg 1e§15‘FH1%hJ}QE§F§IS dipnt Mﬂt'b@lr@c %zo@ﬁé Bﬁgxteésogf the gas

urry contal ner are not” criti he contai ner

usalymbg benetalcernp f@sit it atomigegaukiorb gh@t dr@nthe hres 8ef comdiderable
refractory or ceram c contai ner may even be used, and

water jof @fheiguise theseaanpostion) af et ateayzadeabrasiver durre moght be different

R b T R sherh AR G el DB reskls. The
sé&@@@ﬂ'a@cﬁhlzﬁigsﬂ@lﬂsﬂs i @y A Bt e BT $BnPA1Rg Head®B€one or more
stirring or agitating device. A chem ca suspenS| on

cmdﬂletsnwinwonw inrshidevae or moe eressigp eewiladorsaiddpted to adjust pressure

HF?1cals Ies of these |atter rg di scussed ,
HePZRg P S 1HEDIETS ¢ &é&%&zw hsrds Ak theapapint o apgagive slurry
I ¢ f [ up,dl
E8TBAC RoRB0ERER) R RN ALY s ) SRR may
b¢ hddped ® z&l@hs@pt@@iﬂe fof @ a@orﬂﬁ&ﬁ) B v Rlulry AR IBk Présdiire of the
unit, a cryogenic unit, a container of fluid, a
suppplatemizing pidyapy be anwrgwwﬁum@d to aiprtizecrsiria ey and

MOmzn
pbTPE e bRl G iope TR PG od ok st P Ag Hoid may be
cdieRAf suchfas b%‘%@@iof 4 PR dabREL ofAIMATRYE tRReSROAG ;ﬁﬂelfrfe‘w}iere there
sources of nitrogen, "argon, air, nitrogen enric
isdittle cmml@vgla@e@rqssm of theeaamorang@ﬂmdmdtmqmmlmat i ons and
m xtures thereof. The atom zing fluid need not be a
pur e[(§as] Foln @erarione methdds i @l wHvegtidd thicthdatireb@n@ b atomized
or nitrogen generated by a nenbrane separation unit
abyage sluRy ante pblges semeiinieal awfacespie semtqoo@lmor etchmg chamber.

erate nit n_hayi about
THE PR i iRE eRh o, RO R G aPrhsBRciy By ifoogds eprgmicine
flayd thsdups dﬁuiitbtn@ilﬁg HBAH) a8 s bl SGERPRRLL tfhe HorAREH 8Bralive slurry
in cascade fashion. Purities of higher than 95 percent

mﬁwompm@eorrtmihsg areysurahétmgtmszsd (abra‘sl?ve sty exmmgittrcea;omlzmg
oncern, for if. the ato |sa
h?aﬁeagﬁsprﬁ%%“é&%l%lfm &0y rtoo Ob‘f ﬁéﬁ W%{U e &eﬁgatmg may
SRPIRRS dnk@ NI dd r r
¢ differ entr‘a %Ifr%gmr{gfh%}é? tf?lnqe %tﬁgu%gr %z%sg‘ge il}'lﬁyr% agl(lﬁl{gg Egnrgmg from
ahmls@l Bl gnvestd tbowy 0.7 ghrieorisiis tevitous @s Wohgol Heemoseituge of the
atomi zing fluid . is fluidly connected to the
atg{n(lﬁﬁdzq @SlYFe%JB”Byasdﬁ éorggctmg}eeworkplece The momentum of the atomized

abrasive slurry at the workpiece may be controlled by controlling the momentum of the

atomized abrasive slurry as it exits the atomizing head. The momentum 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.



condui ts, which may include one or nore pressure

regul ators adapted to adjust pressure of the atom zing
fluid as it enters the atom zing head. If the anmount of
abrasive slurry feed to the atom zing head is

oy (B2 apiio8 ebtSidisTER pRb b ainahcd Hod MebrdisRaed Sate in the
a%pd's?v%' shry k(’yﬁtﬁlgexa%sv}ﬁ)ltéd apnrghsusﬁg ESSHE Eorfilxt ol'f}ghei ﬁlggl{xt?on 8ls means

atom zing flul sure requl

the paadive siuaty msdyubse g/hc&ﬁdgeﬁo@emﬁmm dfhag 1ﬁgredhléht@g

function. The pressure of the source of atomzing fluid

may  heo28ont nMrApeb pStabs ﬁ‘s%ﬁhyml{ \Aﬁuﬁffen A3y $eke Fzﬁ{ed fifm those

it my be taken fron1a pi pel 1 ne ere there” is tlhe

conmanby wsedr it htélepamgue eargf hohevat otiez ingsilt UpgtticRest (ize and
I n operation, nmethods of the Invention

pel.i.ne,
PRPPEtiEnk Wrﬂggie Fhpsem vatho e zdagreeapf auitacs r@lughrra,%s,oma@ngtmlckness

f duct fc
R, PO R BRES B R ET G Ble S5 aricte
chhlfaatﬁhytﬁ:ssshbllﬁ Y hdrindsk Qini}AtiBIlitR (il thé Rflendel W&kﬁl@&é’ Yahicle size,
an atom zi ng head, as described. CGenerating the

reacyivity sdthabe aorkpicas| Wil ankaat comuctisiey membe obhsidered.
pressure of the atom zed abrasive slurry exiting the
at oni{@02%g h&ad campasifcess db@sivan@itiges isefalahalé idRntion can be
g%t 150 psig. The generatl ng may conprise
d Bitpitwg elasess t yateel abrasiyenand e@maltﬁacagpd/eab@smesyEmnples of

out. 0. 01 n’iCC to out
BT 4 Sy G b oo
sﬂtcﬁmnéedhzﬂbd’cﬂﬁ Veirf! glidryidS silita, CRMsBEL Dublice WRd |‘Ezﬁb eEﬁamples of
The nomentum of the atom zed abrasive sl urry at

mghifastused abpasivse inelnte:obored wbldom:ulmbl hargn tmmdm)rfemiumtumma

atom ze r eslurr xits the

Gem a%%ﬂﬁ‘@a%fﬂgerﬁ*éa Al et ide afiiah Ardepissless. siicon
cabitfe! Yirdhi o, ttﬁﬁalﬁﬁloﬁhx%id'ég &%ﬁﬂl B &irf QR deO! tjltﬁﬁixum carbide,
with in a range of from about 100, 000° gm cniséc t
swaithettc @@moa@,mlmgancabsmmdé[ hecommanixide, ahd tﬂeomhﬂmiez ed
abrasive slurry as it exits the atom zi ng head may be

cont (@0308d bybadivéspdriidled hGeMI 88 SHE Enveédtioh GpREBY a%Hn}Qreferably
f|UId as it enters the atom zing head, the anount of

haye g P%ﬁlék?tseifq T3 8ing droma alovit D lnxgldmemdt;er tchabodle h50Q lyucubmtfees more

Y éérgglgr a1 érffq\ﬁa Iaﬁg)lt %t//ng%gﬁ)lg tté“o 113:9 esl%romet IS. %h; abrasive
piveibles PreBRbSEHavE! 81 ﬁ/ekdgetﬂ%?tlclé‘efz@§hﬂﬁn§ h‘éﬁf AR Ahfi&bmeter to

As noted previously, in the context ©of the I nvention
ahqiit 9 Opreaipromatre, mbregs cf@Eabk)l wngingnieym abowdt Ihtorabgenbilsmicrometers,

xture of. a n
pgﬁlculaﬂy preferalbly f“ro a%out 1to about 80 micrometers. It is preferred that abrasive

particles used i n the invention have a Moh's hardness of at least 8, more preferably above

9; however, for specific applications, softer particles may be used

[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.




[ 0028] Abrasive particles useful in the invention may

be selected fromthose comonly used in the abrasive

art, however, the abrasive particles (size and

conposition) will be chosen with the degree of surface
roughness, coating thickness change, and adhesion
propePP3ds i Peapiadly, ileehaissinogeaaic Ppiconte anateabwhishveomprise

I I Y T ——
St HEGBH kUARE HRCKD! Sty B bl AR e e

sofmetimeasieferedatd inl ths alsafivds am dsherihdivgniidonThese HHersGnteract
di%@gag inbo two cl.asses: natural abrasives and

SRR ECK B8 dhaBPRRedung dinp| B Papiculaiat uy Asliexpd i heexst that the
j 0 i , r hrstone
PSR RO LR, RIRGY poGERShe (BUAEVERRcsand v
vepripiezd being sibkaded, 2f pletemathe abrifive &padticle tidne " cdpp@i| €8. prevent

of ~manufactured abrasives include: boron carbide,
gyl RArbelpp oAl Pedoaung Mekded talthmiapa of therbuabive phuivlesud) decrease

e R L

teefeqUift DtiftAng FdrBe. OXi de, titanium carbide, synthetic
di anond, manganese di oxi de, zirconi um oxi de, and

sili itri 1.0 rasive. particles..useful in.
the I‘Eg(\SlBg ti ontﬁﬁl%{gcagﬁ’io%/ncgn 4 gsps_rae‘?“ed%a‘@flﬁgy ?@q}gsergngg’n#ef@fsemd can
beiizerghmio gir g gdrio Basdo Bk aflplks BF eh@ARAEETOUPs @bgﬂhdﬁh Q8ds useful in
mcroneters, nore preferably ranging fromabout 0.1
thp EpveReR mclugle atrgs, orgonc hlisiesmpeneds, Mblsdextaltasid/metals and their

i6l.e ef.er.abl y have, an.average particle size .
o8 10 FeBAE TRLRY cbrpBifes BEREI ARG DEf 46vRoBiRE abrading and
réle e ONMHaRyoen d¥R &r A %E%oﬁ?'hﬁhﬂ@'&ghl‘%u&["?kﬁﬁ@% o% $4€h materials
I eferably from

.about 150 microneters, particularfy pr
ghesiet chloripated owax @0 like cletradil@opsaphithalérs, preafaehloechaphtialene; and

apr asi v particles used.in the invention have a Mb's )
pﬂgrrvwl gﬁlo&ﬁe.aé(xa'ngﬁgst ofgha 1% Isaétsdp%lpgq: gmn}mapggy@e, potassium cryolite,

OURY CTerydiR, SBRRIdiGnAPRhbERL te | -
Smay be Ca):c,ed. [ 0031] & e tér ﬁ?“ abr aaié,sls\ﬁ/ﬁe)ﬁ pa{e{rlggﬁﬁ%bﬁé)r%&’ sodium
tdtrafluonddsrate) gilovomr At@sdesf potadiun @HRlride afvagsésyién chloride. Examples

articles.  An a?eg?asi ve agglonerate is fornmed when a
Ogmﬁf%lf iRGuqss timp lead; bismush reobalt.cantizpenyh sadmiing.ogent kganium. Other

' ' - r rasiy article.,which, .
i aole WAL ol Mg TR, B0aP, HPEoiias bihice and
metalli@buifidenfIt aalsb ohietein Whé Sddbpk UfthishiBvaii@SioVése a combination of

agglonerate may conprise nore than one type of abrasive
dg%rqqt &radingpids padhgesomeinstances this may produce a synergistic effect. The

above mentioned examples of grinding aids is meant to be a representative showing of

grinding aids, and it is not meant to encompass all grinding aids.

[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,
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[0032] Cenerally, fillers are inorganic particulate
matter which conprise apparatus which are
substantially inert or non-reactive with respect to the
surface acted upon by the abrasive. Cccasionally,

. ack] . i fill d_.
ABIBHEE o MRALE o SIS hobed St Spengponme
adli0Beezd BEER, Sukpdneion aﬁd}%@&t@ﬁ&id_e,%fiﬁf:ﬂd@j Aldlot tickbhdrhe

wor kpi ece during use. In particular, it is believed in

(1 00 AR L 08 By B BB s v

the friction Iasi

panidigsi lewidieiong mbtiddeite r&igins 6¥AN midemaRFAsIMEown particle size
particle from "capping", i.e. prevent netal particles
distobutacneng hwn ded muctometereysthodeiotizedabyates] arel optionally other

B Rl BT 8%t B R DR W g 2 e
. . R ' g

TS R I B LT B, o

naner may bebett ionahgmgiuse @f the ganiyc bitas dowerpanphesdaf to maintain a

chem cal groups of grinding aids useful in this
M FRW%?HS'%Fude waxes, organic halide compounds,
hal i de salts and nmetals and their alloys. The organic

hal i §@0Xdrpolihelgbrasive shuynyirmay by cimrvertkd dovan dtonhiaed spray using an
%)br.adi r}% d. release a hial ogen acid or a gaseous.
AR e sﬁﬁaﬂﬂé?@‘aﬁpﬁ@g 2510 B3t Rlustiated pchematicalyy WidG. 1. As an
pent achl or onap al en Vi nyl
oExmmpblesyoflehatificks of alidrsetenef abdat $ e, vz 6Ntk 8¢ (atomizing fluid)
.rﬁotasium ryolite, , . _
e gHiGes ,Ofélﬁl{%eg 9% rh Gt 308 Ang S GRS atoaizesbeluaphoutlet orifices having
t HoRQr sy S 1. C, I | des, tassi um
¢ FaRc 8P The abtise ey L bR PR Gl g head through 2
flexiblesstainldss rsteel eatat, the abiabive shab@ltawrlitd TBOYio
eRIRENE He AeMiaig hegd ghpipeessurefafiabewnhf6 weigs The piephizedslamy emerges
[ Yl £ .. Jt is alsow thin.the s e.of this
i35 B i S8R, o b BRASHT i BobL 0! Prer RE SRTH g may be
synergistic effect. The above nentioned exanpl es
arg} oo isgnpsraturei althowghthdse chedidonepe eveply abhwemicsh and ngt required.
h@abR@gepRits bPEilit&s sHRSHWartife, g 0'5}83}’ g@éﬁso&l t Ierhié’l%i’i@ts?xface. The
rangi ng fromabout 0.1 to about ry wei ght percent,
, b d t ot al i.ght of sl I f
b(ﬁ g#ﬁ%}regilgtgr%ge%t ro%rlghngssa%Ra}A%If %16 dlglcct%cusglgtse/lces are measured, as well as

efithplel HRlASH il '

e a Iﬁﬁy Bgﬁ{éﬁﬁgg%apﬁe%tfgﬁﬁ?xﬁgé and may have one

sodi um cryolite, anmmoni um
ride, magnesium C _

_ : : ! _ 2 WA by air

iragn titanium Oher m scellaneous grinding aids
mRifdsinaddtiired SO ARnlifeddedese. THE SuffYardk AAYEE & atmospgferic pressure

f rinding aids, and it is npt npeant to enconpass all

Tg? iaﬁ’gﬁ“ﬁa s .mfﬁﬁﬁff‘étqdnaﬁ W@ﬁamscw eliGeoa! A cich chamber
ateonzedmletemablbg direoted aathewurfacs 4t @ 58bangle Salthowgh giter angles may
the post-test roughness after 30 seconds of contacting the atomized 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 in the art.
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fillers are enployed they may be used up to 50 dry

wei ght percent. [0035] Abrasive slurries useful in the
i nvention may contain any nunber of conventiona

addi tives such as one or nDre addi ti onal conponents,
suc Ias i cizer, chel ating agent,

f |
né@‘?%gi e?r Ag’)éawgﬁ:%nd ms%lﬁiihg e REeSCIH dPIBICR] Hgy To be used to
e@%kt&'@ﬂ? renag\nit #légrfs.efra sﬁgﬁ@é /% ; ?rﬁ luE“t%r A c?%cé]ambers Although

ctericl ungi Cl ener.
ohty asfewe esémplanyeSmbﬁdl_trh:ﬁtsl o et IifvenfiBY H€e ﬂfe_@@&fe@@hﬁ%ﬁﬂ in detail
n1X|q% abrasive particles having known particle size
PaYy| @Sq EloNeS 1f ‘élﬁo%fét\’élﬂsreaﬁkﬂy kappvagidbeathdt cineny imedifications are

|onra i ng .from mcroneters, with

AR Bl R e s Bl FRguf e, ielihg fiog the novel
t@ehingY endl alvialtad@NSF tilis rlﬁ%ﬂtﬁﬁ fA&mﬁ@&'t alf- dsgé h B8diBCations are
to about 0.2 gnfcc. The slurry nay be m xe 20
imemiedete et intREOd myithinshe gcope hifghissineantioni asedaﬁnad dn tthe following

i.xer may be left on during use of the slurry, but at

T rpm in order to maintain a well dispersed

slurry. [0037] The abrasive slurry may be converted
into an atom zed spray using an O atom zi ng head
having a venturi, simlar to that illustrated
schematically in FIG 1. As an exanple, the atom zing
head may be manufactured out of alum num and nay 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 dianeter 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 enmerges fromthe atom zing head at a
pressure of about 50 psig. The slurry tank may be

mai ntai ned stirred as nenti oned 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 may be directed at

di el ectric-coated surfaces of an etch chanber 0 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 angle, although other
angl es may be used. The pre-test roughness (Ra) of the
dielectric surfaces are neasured, as well as
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the post-test roughness after 30 seconds of contacting
the atom zed slurry to the dielectric surfaces. "Ra"
is a conmon neasure of roughness used in the abrasives
industry. "Ra" is defined as the arithmetic nean of the
departures of the roughness profile fromthe mnmean
line. Ra nmay be neasured with a profrloneter probe,
whi ch has a dianond tipped stylus. In general, the
CILomer the Ra value, the snoother or finer the

kpi ece surface finish. The profiloneter known under
the trade designation Perthen MP nmay be used.
Thi ckness of coatings may be determ ned by microsection

. L eCAWHAMESfor KMPWihg dpbiif sedmlEor{legt%aktc@gH%ﬁ‘éd’g%r Bhnber

nmet hods of the préesent 1 nvention nay t use
con@ﬁcfn@ﬁt*s'vs)ltﬂbb(t daRTHRR tRe Bch ShdrhigdTs SHEHARE c&hponents or coatings

sem conduct or etchi ng chanbers. Although only a few
themerpiarigingnbodi ments of this invention have been

described in detail above, those skilled in the art

wi(a) ar ganizng teapdhatingae abizatve sty imetdarf atoanizirgrfuidintet, and an

possi bl e in the exenplary enbodi ments w t hout

met@mized alragepalury agtletr om t he novel teachi ngs and

advantages of this invention. Accordingly, all such

el £7 ¢ r?%Y% SHIY  COTHRIBRIIERMPEINSe 3 ABYNAEGViget Hien aPﬁ’é'Ve slurry
scope. oft smvenét as defin dlnthef || owin

el ﬁ@er coppe %tf he a?rasA(ﬁ Yro Ur‘getf%}d gmgl gspace for an
d%B%%IvESsIJr nﬁo‘?@lnﬁgNaqé’rcé atﬁ%swe ?Qrﬁg% %‘83? g ?HF%S of atomizing

conponént s fhegi Ng

C'ﬂ@ﬁ’?l%fdjf&'ﬁﬂ@ﬁg@agﬁng\%}oﬁﬁﬁﬁqq %mletthereon conprising: (a)

an atom’zi ng rasive slurry inlet, an

whé\rbmffhé ht’é&lilﬂ\théiad' lglb@aptecﬂﬁacamheaéb%@nk%%r@hmﬁtﬁée slurry
out | et ; ( an abrasive sl urry cont al ner conprising a

abrasive Elgrryileoht@ﬁer dridenta icasdrasivess iUty iyilet BPRéAtIne prebbure dl y
connected to the abrasive slurry inlet and defining a
andstpoagceduceranatomized abrasive slurry.

2. The apparatus of claim 1, wherein the source of atomizing fluid is selected from a
membrane unit, an absorption unit, a cryogenic unit, a container of fiuid, a compressor, a

pipeline, a gas cabinet, and combinations thereof.

3. The apparatus of claim 1 wherein the source of atomizing fluid comprises a source of

one or more inert gases and combinations thereof.
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.
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abrasive slurry conprising water and abrasive
particles; and (c) a source of atomzing fluid fluidly
connected to the atom zing fluid inlet; wherein the
atom zing head is adapted to draw the abrasive slurry
fromthe abrasive slurry container and into the
abrasive slurry inlet by negative pressure, and to
produce an atom zed abrasive slurry. 2. The apparatus
of claim1, wherein the source of atomizing fluid is
selected froma nenbrane unit, an absorption unit, a

5. Cr yTrgedpparatiuy 6f,claim dpwhéremahe afonfiding tbadaconpiipess s@ituri.a
pi peline, a gas cabinet, and conbinations thereof. 3.
The apparatus of claim 1l wherein the source of

6. at OTAezdpp@ratlidiofeianf Mo pASInG aPResaR refulatdngdaptedragjust pressure
i nert ases and conbi nati ons thereof. 4. The apparat us

of thg atomiging Midher ei n the source of inert gas is sel ected
fron1sources of nitrogen, argon, air, nltrogen

enrjched air, noble gases other than argon
7. corhii ARRAFIHS for STEOVIHGARORLS THae PRIBIEONCLIoE etdm@araeﬁrar%efe@ﬂber
corffonehidiwihadut d‘?a‘?r%’gﬁi Mhé BRh 3hAfbers BEcHIRREr 68PSHehBSor&oatings
venturi. 6. The apparatus of claim1 conprising a
theiﬁoéﬁmpﬁs"ﬂ%gul ator adapted to adjust pressure of the
atom zing fluid. 7. An apparatus for renoving deposits
f (HM sewiventor waksied &1 rodedeamirsmized alsrasi® elurry thEPEeRtRiving an
wi t hout damagi ng the etch chanbers or chanber
conponeabmsive sitoginietgs gag inket, aod ao@tgnized algasiyajluagy outlet;
venturi adapted to produce an atom zed abrasive slurry,
t K veneugbrasaeishieyzantainer tedly eorsiegtedyo thel abrasive ?@tam/ inlet and
inlet, and an atom zed abrasive slurry outlet; an
abr asi vée@]”&&??P%ﬁ?réhﬁéi?raﬁll"%ﬁ'&fry C%Hrr'fér&ﬁ wafet & ?Réas"’e
abr asi ve urry inlet and defining a space for the
abr asi v&2@ 'i 8 'ry conprising water and abrasive

pgét el es SOU f?a?ﬁﬁial?%ar?r{ecge%stom(fa%a}‘y%etggﬁ@em ed to the

nl et” O mai ntain the

ab d?s' Vén %bf‘t’ét&yad@%{éd tShRRRER B dotadiiesiurRPNaABdiI¥SersddUh the

al ner
abrasive slurry container,;

wherein the venturi is adapted to draw the abrasive slurry from the abrasive slurry
container and into the abrasive slurry inlet by negative pressure and to produce an

atomized abrasive slurry.
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wherein the venturi is adapted to draw the abrasive
slurry fromthe abrasive slurry container and into the
abrasive slurry inlet by negative pressure and to
produce an atom zed abrasive slurry. 14 8. A nethod of
cl eaning a sem conductor etching chanber or chanber
conponent conprising: flowng an atom zing fluid
t hrough an at om zi ng head having an abrasive slurry
inlet; drawing an abrasive slurry froman abrasive
slurry contai ner having a mxing device and into the
abr agi | 4 pl | ;
i PR Bl SR B OB BroBiiber
&,QF;H,%,' i surfaces of a sem conductor etching
Cchan‘gg{%ﬁdﬁgﬂﬁgh‘oer conmponent. 9. The nethod of claim8
WN@bWingG ahRformBing ALiMEnrSLigH &Y atb AT Jﬁ%ﬁ,hgp%a%h\éﬁrasive slurry inlet;
particles selected fromsilicon dioxide, calcium
OX detvingPAaHTA A siv@ bIUFF) o Pod bissivel dldrA ok tBirnd hefing a mixing device and
zi rconi um oxi de, and conbi nati ons of thereof. g.LO. The
intoRthé abradile elufry IS byMBatvei pressaNbR®! | | Ng pressure of
the atom zed abrasive slurry exiting the atom zing
hedilectihg theTdtemizet brhsivk stkgiontold) leddesamdlintsmhal surfaces of a
controlling pressure conprises controlling pressure at
semnigonelgstor etchiag ghargbdrroo chabimartco@potemt.about 150 psig. 12.
The nethod of claim8 conprising controlling density of
the atom zed abrasive slurry wthin the range from
9.0. 01Thgmetbod of Gaid(B wherein.thd gbradine sy bardpriskes @beisive Particles

Se R U082, o BRRTHTRL b, 9t Rl o e

zingenihmcbxile, ahcacomtifativospf theienfy cont rol | i ng nonent um of
the atom zed abrasive slurry at nonmentum ranging from
about 100, 000 gmcnisec to about 300, 000 gmcm sec.
1015. ThHeanetbodhoftlaii TtamprisBigcontpslirg pressumd oftteé atorgzed®rasive slurry

rasive slurry in the abrasive slurry container in a
(b G e

tate. 15

11. The method of claim 10 wherein said controlling pressure comprises controlling

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

12. The method of claim 8 comprising controliing density of the atomized abrasive slurry

within the range from 0.01 gm/cc to 0.20 gm/cc.

13.  The method of claim 8 comprising controlling momentum of the atomized abrasive
slurry exiting the atomizing head.

14. The method of claim 13 comprising controlling momentum of the atomized abrasive

slurry at momentum ranging from about 100, 000 gm-cm/sec to about 300, 000 gm-cm/sec.

15. The method of claim 8 comprising maintaining the abrasive slurry in the abrasive

slurry container in a well dispersed state.
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