177 4. APPARATUS AND PROCESS FCR DELI VERIW\IU\%A&’TVEZ Qs §USQENS| N
FOR THE MECHANI CAL POLI SHI NG OF A SUBSTRATE nesent
invention relates to an apparatus 5 and to a process for dellverl ng an

abr asi ve suspensi on for the nechani cal polishing of S;’?

The use of a silica suspension-or alum nal- suspensi on Q\St § pOsPVng

of silicon wafers on t e a ace
tend to be 10 co %R@ém% %t%&%sse?ﬁ% dictor ﬁﬁ i‘%ﬂg \r%

opt oel ectroni cs i no¥SIFENHA FAR THt PECHANTGRY r‘S’PLIﬂ‘i'éNG OF A Wur ally
arises of howto deliver this product, fromthe supply drum to
several points of use.q ggkg,]geqwgg ORY rahsPederdsad f Q.Qu_éhl ng
a 15 netal laygr al r,eady Jgj s 3 @ a%)a case,
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t hese suspensi ons RBY HRSvE Bﬁ?g?‘&%ﬂf‘?ﬁ éeqw&ﬁéﬂ?c%?%’éﬁ‘ﬁ esé‘stpﬁgflaf‘ffer
fromthe first. for the mechpnighyspellaiiagi of| syhafirateses, viscosity,
solids content and pH contriduiget oofralae BESEa 2QuEpension Onse  addinia

solidifiable If theueBLRoBl sor ORI1SHARLLY oF liithon Gigefs éﬁsugo .

the pipes for IVerin spens ons o cg
| atter solidifying¥e8Rd fare p(ﬂsl sKely & thiResiirqdn faceten Bft s
defects characteri zedmbpplimep sdnat cthes 2bemiigendurtiche dihdestmnt othe

?ﬁgl o;rerat Es of s]g)bbdbatsl@lcmnm@ Ima%sd Biyakudl Rhe h-.l&iéel lx\fﬂh!t :eype&g@ﬁt
erefore be reguent 'y, o ce S | N D
operating costs anc?rgg?y | o %uaﬁp fﬁrgfgfl Zé%l o ok t‘{ eve‘JT1 £ thi

The various net h®¥eAuEE. nFUPRRYa GTpE.  to sEeYeFAR} oﬁgin‘f'!)r"f
slurries) in the mseceSachf suhpmai@hs mayaalléorbeeedsdi foad polliishinggaof
silicon wafer Slgaygt:al la§U | \é;glﬁ Sty e BQL.{:Q&VSOR LEhe silicon WaZerPSh

conventional neth I ng 35 ras ]?@{m ons
consists in usin ﬁSct%‘H’pteé‘sgPﬁﬁs h‘af’ﬁkepul? HodfEt to
the poi nt of usvénemmsaévmopqrwéeﬁatmte G LRl §§P'Veﬂ§,|sfé€ﬁ§|-ons

especi al | y because they cophéli npnpsafd-wem&il cl peoperties,t hevimwdiand and
because they elthe OHQ&S ac\6ﬁ5¥né‘c'gnd PH ccontribute to make these
20 suspensions readily solidifiable if they are not
periodically stirred. As a result, the pipes for
delivering these suspensions often block .up. due to the
lattér solidifying, and the polishing of the silicon
wafers exhibits defects characterized by deep scratches
25 due to the detachment of agglomerates of solidified
silica or alumina; the delivery pipes must therefore be
frequently replaced and all this reaulﬁs in high
operating coste and very low’ equipment utilization
levels. .
. 30 . " The various methods of de‘livering abrasive
) suspens:.ohs {or slurriea) in ‘the process of chemical
and/or mechanical polxahlng of .gilicon wafers may be
summarized as follows.
The . most conventional method of delivering
35 these abrasive suspensions consists in using pumps
connected to pipes which take the producc to the point
of use. However, the nature of abrasive suspensions,
especially because they contain abrasive particles on
the one. hand and because they either have a very acid
40 or a very basic pH on the other hand, results in very .
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40 or a very basic pH on the other hand, results in very

-2- rapi d degradati on of the punps used, causing very serious

mai nt enance probl ens: these delivery systens can only operate for a
short period, nost of the tinme - bei ng spent replacing, unblocking and
maintaining the 5 circuit. Even by usi ng punps- based on
pol ytetrafl uoroet hyl ene, the diaphragns in these punps must be repl aced
every two to three nonths em for the vacuum delivery of
cheni cal s i s kﬁ?ﬁﬁfﬁ&ﬁﬂéa@%8°§45téﬁdm B9ed:  iSRURHIGH, veuY

i nst ead of usi ng psepigus nheimesisaice moilemger sSthewee delivsad n/msaémare
put under vacuum Sé&i’e&iiyaléﬁlez%‘%eaffokoa shoS¥ChePliby! hﬁo&@eafcé%é E‘E}ﬂeto
pressurize themi ngﬁ%ders forge e\ﬁr&r@éo e _di re te g t he t of
use. Al t hou A e’ﬁ?%loaé‘?rﬂ%t S*b 4 %mW% E8Fhl e
with such a sgstem‘m%l& -del i ¥¥en abriasi veusingsusp@#mﬁbns daerdas t@dse

used in particul arpdDftetraflaopyetliyldieyl then didpheaghs 1hi thesebparpse
such suspensi ops.haye z%?lgéééeé@ 8 Lo %zfé‘é inReRef or e they

solidify and because they afe very corrosive. An apparatus is

al so described, in Applicdtipten i@y ths) yrsPym dRlivRTY Pf's miCBLB i ses
a neasur enent tonkapwar fingmo Whi Shl4&h@4BaranslisS el €l s i,nsed!hﬁ.nht he

abrasive SUSPEOSi 0Augd aberite YokdheN, intbfnedRivh conediaiien! srbei ng
quancitatively det LI NGH: il 40U Sk wfBASURIRA ckQBRELOETY o£08D ¢

chem cal, after bel cont ai ner

in whi ch al | tﬁ‘éc’éo‘?ﬁﬁnﬁﬁfs ‘Eﬂe“i"ﬁé §u§’b‘én§?oﬂr%ﬁ‘%‘%%?e&hieﬁ‘ in’ oFAeYy,
this nixing contaifer fiorsel fthem ngo cbeneatiredted o theopsinterof nuski.ch a

negative pressure m_tﬁo@pugg@:ks 30B Rt @5k Ondt t&esugkpgq,b thg,
suspensi on whi and

is
' cont ai ner
vari ous g‘lf]l O;g\p??ﬂib&& | VéFPn '%b Bor 29V s 88 ﬁgfg ol athraslve At
t he present t| me, SHepensiens néé&hf ofs thogenangedsedndi Baxtismlary &BFasi ve
suspensi ons whi ch #emoving metals on surfaces. This is because such

suspensions have -an ex!:i‘e‘mely ghort lifetime before
~ they sclidify and because they are very corrosive.

20 'An apparatus is also described, in Application
WO 96/02319, . which -firstly _comp:;ises a measurement
container into which the various chemicals used in the .
abrasive suépension "are alternately taken, the said
chemicals beiﬁg quantitatively determined in this

25 measurement container, each chemical, after being
meaéured then being gent to a mixing conta:.ner in
which all the compounds of the suspension are tmixed in
situ, this mixing container itself being connected to a
container in which a negative pressure or a vacuum is

30 created so as to suck out the suspension which is in
the wixing container and send it to the various
stations for delivering the abrasive suspension.

At the present time, there is a mneed for
apparatuses distribui:ing_ abrasive suspensions which .do

35 not require a great deal of maintenance and which may

'~ be available when the need arises.
The apparatus according to the invention is
characterized in that it comprises a tank, in which an
abrasive gugpension to be delivered is placed, a loop



35 not require a great deal of maintenance and which may be avail abl e.

when the need ari ses. The apparatus according to the invention
i's characterized in that it conprises a tank, in which an abr asi ve
suspension to be delivered is placed, a | oop

- 3- for delivering the suspension, connected at its two ends to
the delivery tank, circulation nmeans for nmaking t he abrasi ve suspension
circulate in the | oop, recovery means < 8r-recovering the abrasive

suspension after S5fori delieériny i thé heubpepsiamnd ceamsctfeny aontival | twg t he

circul ation ”Eans,e&&b ac% t:‘?:e”ﬁlam@éf’y & i) 'c'i‘.i:'@t'i'fatlon ‘f‘deraaw 2bkORaR{ng he
abrasi ve suspensio when t he ag ar at us

St
isin operatio e?&ﬁamge E“?;%?Pé’ﬁ”i ﬁé‘rgflg%'ée Rik \(/3\5%1 CcnoPP i TSIV
delivering the sustp%am oforo rerovayimgs bhe ysdrasive suspensippefafe®fy, a
loop for delivesy édrddiationntinOthe lodff dhd |mdihal A \WntholDisg Stke of a

plurality of loopscircuﬁasggegeaﬁy far adld ek aﬁﬁitﬁ;e % Wobbiaach

| oop conpri si ng, at one arm common, t 0 one of

the ends of theSHFEHiAGiop thgoRPTIRAVSg Susp ﬁ’é‘ct bReP of

the ends of ° the (pmﬁﬁmablarr mat: leRretf ervdiEny, the s apparatdsl denprise two
c]g)mmgl ar s 05Pes4 b)Y thidei sl %p%@sﬂ y8 EhéSEt&f@st%OWﬁ;muml L&y o
of subl oops ¢ e ir rm i ng connecte
by its secon %gfn}%lﬁlé @bL L“\f;e&amn tb Eﬁ%gnln% g u%%ﬁ the second
cormon arm bei ng Fredeeably, 4 sl%q:i’céﬁa oyl Y%é"&n§hFOP°?-BEo9§rl ng

t he abr asi ve susgamslbrhe uakdowhich exaridipgts ofica|phgtdlicly of leeph p| pe
(what ever the Ioop&ri@ﬁsg@ran ide pardaiend tfiﬁ.»e%éxaspyntwi@ﬁ ds&hve&aso

the suspension w !

Xi nat el he Ien ?h of
each pipe bet V\EB‘FPrjﬁi‘é‘g ol afgaso Ohfe| T‘%‘% °r""” t‘f h%i é g
recovering thks aBR@si®fe thgspends oPf wthe '-!5‘@1158 of p?‘!!-'f?@rabﬁ}ng
approxi mately the senmect¥l to one Iof chderends ofbtehe «csmaicnnuawm. and

uni form - Preferably, this loop will comprise two common arms
connected by their respective first ends to a plurality
of sublodps'c'énne_ctejd in parallel, the first common arm

20 being connected by ite second end to the abrasive
suapensicn tank and the second common arm being
connected By its second end to means for recovering the
abrasiv_e suspension. Also preferably, the length of
each pipe (whatever the loop) between the tank and ‘the

25 point of delivery of the suspension will be
approximately the same, while the length of each pipe
between the point of delivery and the means for
recovering the '~ abrasive suspension will also be
preferably approximately the same.

30 In order to obtain continuous and uniform
circulation of the abrasive suspension, it is
preferable to provide contrcl means on the apparatus
according to the invention and these control means will
-preferably either be means for controlling the pressure

35 of the abrasive suspensicn in the pipes or means for -
controlling the flow rate of the abrasive suspension in
the said pipes (or optionally both in cori\binacion) .
Preferably, a minimum flow rate in the delivery pipes
will be chosen so as to prevent the abrasive sugpension




circulation of the abrasi ve suspension, it is preferable to

provi de control neans on the apparatus according to the invention and

t hese control neans w || preferably either be nmeans for controlling the
pressure 35 of the abrasive suspension in the pipes or neans for
controlling the flow rate of the abrasive suspensioh in t he sai d pipes
(or optionally both in conbination). Preferably, a mninumflowrate in
t he delivery pipes will be chosen so as%o prevent the abrasive
suspensi on from being deposited on the walds of fghgn delpyery

deposited on the wipes ofwhieh deuldeblock theppspeshi Thismousd bhogkcthe
Ranely o prevai o i B e e e L ARER S HRm YO Do
i's a major probl enPEXYSRT ny?i ﬁh}%ewﬁlﬁr Egﬁt I%?"_pes fR:HB‘\Nﬁ’ecgf“ Res: Llogkedrpking
the abrasive Suspbishore a wajeul prebiemt iexisting iim t bhke piqyerently

BN a1 G0 brof er abl o B ol e rerrated o
m's, the problens %’égs‘éga{)ey ?%esie “%‘Q“Elgi gj&s g‘é%o#?"kﬁ oﬁ’s],t_t rf-%%%géai% t us
prevented, which Yat@pRf GEatERs thapt oF epual | to #pRyAximatedyi Ag2 B8/ or
coagul ati on of theandiratsecpafepebiyoat #redve gif \ledshahan orxf lequalate wil |

be between app{@xi EBbLoXikhR1Y S1@NE/E? @ARDN B¥bBBERS Y cadsel! Dy ARfleslD! €
preferably between

to circulate this BBPEE; ﬁ&%ﬁéé@ﬁéﬁ%ﬁf&cégga%ﬁengé@ﬁ | PERYPRTEM ylngé.gbggg
as it was recogni zelstructigms hyofkamg Keerttul §rewn paxgentnge MEA{OHi ni ng
a 20 continuous ci eeagalativroloft kheabbpssire sirpension. t Peferabli(biches
usual Iy encountereg)jy Q&%prmi Ye { BEE P approfiniateRP TR ¥ Dhpckispg of
the filters, obstruction, o he np,_etc., were_ avoi ded. wever , and
in order for the 2PPERXH %3 a@cor'&%ﬁg ?’Efit h@?%ve?ﬁ?%?a?’gyh;%%ﬂ’wm
25 reliability, ~Bpprokimately lpaedeki2®/s0 place two circul ation
punps in parallel, each ofrf kde#OtBUBREculate this abrasive suspension,
a pump will preferably be used as it waa recognized
that by using a circulation pump while maintaining a
20 continuous circulation of the abrasive suspension the
' problems ﬁeually encountered in the pumps of the prior
art, namely blocking of the filters, obstruction of the
pump, etc., were avoided. However, and in order for the
apparatus adcording to the invention to have wmaximum
25 reliability, it will be preferred to place two
circulation pumps in parallel, each of the two pumps
preferably operating only at approximately (and at
most) 50% of its power. This means that, should one of
the two pumps break down, it is possible to continue
30 normal operation of the apparatus with a single pump,
which will then operate at 100% of its power. Of
course, in this case, there will be an alarm which will
indicate when one of the pumps is blocked or is
defective or when the flow of material leaving one of
35 the pumps is practically zero.
According to another particulai:ly advantageocus
embodiment of the invention, and so as to avoid the use
of pumps, especially if the abrasive suspension is
highly corrogive, the suspension will be made to



preferably operating only at approxinmately (and at nost) 50%of its

power. This nmeans that, should one of the two punps break down, it is
possible to continue 30 nornmal operation of the apparatus with a single
punp, which will then operate at 100% of its power. O course, in
this case, there will be an alarm which w | I ndi cat e when one of the
punps is bl ocked or is defective or when the flow of material |eaving
one of 35 the punps is practically zero. - 5 - Accordi ng to anot her
particularly advar&:&gmause ueidmpdi pretsatizéd | yeant | oprefieralsy as 4 o

avoi d the use es%kmaed 85ReE! %Ja'sy é&cﬁ hssab{ﬁsao En SHRDRRST QPgds

hi ghly corrosive, spenS|on
- 5- circul ate "li’s/q"ﬁg he éﬁs%asgﬁ’eﬁ‘eé’r a‘%f zved in this

pressurized inert ¢pee sbbatas %lspiégerﬁ"z%w}:bﬁ-nﬁr gén Ppipe arhi/%"ﬂ‘aﬁél | N
However, it has hesfurQbSTie eapplidaiits has siam that, miespet eamecryt hi ng,

a pi pe bl ockage M G MGEHT udiity Agpja §apiadSga oVt o | B1bBRaGaSE Of

circulation using pressurized | ouId e. avol ded

by ensuring that tfRAYst RSFYP dg ens“ﬁ%&ﬁ FgFtt ﬁBeCPFEﬁF‘éfjr%?filgait a
mni mumrel ati ve usedufodi tshe Foirchlatimm pbse,at i @ whininywm prelative to

10 vapori ze or nqm&idziq;ﬂelm zg@lgvaf,@f-p&y&l cie haﬁml lbel hSrefexrrirsi £6d
purity  charag ery ﬁcsze SOhebuf| £ delinizea w@PBl GHICABha' 1t NEne 1ot

gas before |nject|n ntain SquCI
hum dity in heegfzeed t o W@\Fé’nt t%?&t&ﬂ% %’ElspeﬁgFon ﬁlﬁ'ﬁFHP?f'ﬁg 15
out and thus to prqp;htcadi@nbul furehd riovert! gggi bgfope injecBjinguitngnta
suitable water C@ﬁ@eﬁi?éé' 88 abNtol RAintaif’ &S BUFfiedeSOShUniAity I8

| t of th d |
oo e rates, g ol U el el JLAOISH Al ol S804EH 1
under st ood 13 t'hu%i handj §hus tecorevensnithe SHdsare fromgclogabpa iy -

of non-liniting exsypl asingt oget baitablich twater | gioreentration in the
pressurized gas within the limit of the rates normally
used and mentioned above, any clogging of the pipes is
prevented. '
20 The invention 'will be more clearly undexstood
with the aid of the following embodiments given by. way
of non-lim:.ting exan'@les, to_gether with the flgures_
which show: -
Figure 1, a ‘first embodiment of an apparatuse
25 according to the invention and implementing the process
according to the invention,
F:Lgure 2, an - alternative embodiment of
Figure 1.
In Figure 1, a tank 1 contains an ‘abrasive
30 suspension 2 drawn off by a pipe 3 which passes through
the wall of the tank 1 at the point 4 and continues as
far as the two pumps 5 and 6 placed in parallel on this
pipe, the outlete of which are connected together once
more to the pipe 7 connected to the filter 8 which runs
35 into the pipe 9. Pipes 20, 21, ... 22, are connected to
the points 10, 11, ... 12, respectively, the other ends
of these pipes, 30, 31, ... 32, respectively, are
connected together to the pipe 40 for returning the
abrasive suspension to the tank 1, this pipe 40 passing



whi ch show - Figure 1, a first enbodi nent of an apparatus 25

according to the invention and |nplenent|ng the process according to

t he inventi on, Figure 2, an alternative enbodi ment  of

Fi gure 1. In Figure 1, a tank 1 contains an abrasive 30

suspension 2 drawn off by a pipe 3 which passes through the wall of the

tank 1 at the point 4 and continues as far as the two punps 5 and 6

placed in parallel on this pi pe, the euélets of which are connected

gggﬂ' hter ?ECE tReghOthd P P £8QNELLE &k deheaf hh&eém&dﬂgﬁfh{ U“St
into e pipe e o] oints

10, 11, ... 12, ré:zxﬁeciupsgaeelnégb{th ctort?tagné% I %RQQ ‘Etaﬁg t:I. A f:Lll:L

31, ... 32, redpekidrl 9‘ Rhaced in cparRiedd ’f’bb‘ét ﬁé‘? t'o"n'tk’nelplaﬁ’t;‘1 40

for returning the connecbdaso vehes Usttrsi by & igee 43amlo as tblmamq:aarﬂ.o

passi ng under all circumstances, a level6which i@rﬂ% of

the said tank at 41 and

e ensi o a t hi s
tank 1. Afilli ng %1?#}‘943 %etpel%gad rq'(ib’g?% | et V\ﬁr}f% Eﬁ@‘ g d?li?fn
connected to the |apaiddapy sapkpl243iesysad ip parkicenkar 5o adidisty| the
circunstances, a |veledosdhiCht i chelabapsiabosespensiancertain predetern ned

mninumin the tank 1. Thiy: préViddd, 2Tobnh@Bted Zof St Gl dd) Jgargc% qylar to

adj ust the Vi SCO o? the abrasi’v sus

provi ded, con &ct etcf”zi/ ‘{h ATS Jeeaps &5 F&ﬁﬁnﬁ aPﬁeﬁ%‘éWeéﬁ q343-
injecting a pressm%dagasn iners, @feas mﬁ%bﬂYga#tresenerMnm t& ogen,
havi ng ?I puri tguri(t@vrfpaéd:d%a&:.mfet h wi{)dhe ﬂe&:a r ﬁéséﬁ@dﬂ | applOGation,
especially a purit ey O e

connections 10, 30é/ ita@?"Ng ? é§ 6% ir&ggpg :év(e) beég%%\egg}ﬁ&?

... D, respecti vel’iﬁt"ﬁﬁn hedelWEF‘F\"?gPrt%e R8s vdlsdipensi on 1% I%e

poi nts of Ifse, r{pectively,. &2¢ pHNeCcBi Vel y,. viR \xHSPESTIVRLY, for

delivering the abrasive suspension to the points of
use, 60, 61, ... 62, respectively, via valves 70, 71,
e.s 172, respeétively. It will be preferred to use pipes
with the same diameter in the v'arioua' loops, 20, 21,
20 ... 22, respect:.vely,' and the same distance will be
maintained between the point 4. and the po:.ncs B, C, ...
_D, respectively (ox, if the diameters are different,
lengths such that the head losses are identical in each
line). In this way, the pressures Ps, P», ... Pg, which
25 are the pressures of the abrasive suspension at the
points B, C, D, respectively, are approximately equal,
thereby allowing uniform delivery of the product. The
appeiatus also comprises, between the point 32 and the
point 41 on the line 40, a pressure detector 80 which
30 is connected electrically to a PID (Proportiocnal/
Integral/Differential)-cype control saystem 81 which
itself is connected electrically, via the linee 83 and
84 respectively, to the pumps, 5 and 6 respectively.
The pressure has to be maintained at a pressure equal
35 to the set pressure get in the PID, and when the
pressure detected by 80 is less than the displayed
pressure, an electrical signal is generated by the PID
81 so as to increase the pumping pressure of the pumps
5§ and 6. When the pressure measured by the pressure



72, respectively. It will be preferred to use pipes with the sane
dianeter in the various |loops, 20, 21, 20 ... 22, respectively, and the
sane distance will be mai nt ai ned between the point 4 and the points B,
C .. D, respectively (or, if the dianeters are different,

Iengths such that the head | osses are identical in each Ilne) In this -
way, the pressures Plerr], Plerr], ... P[erf] 7 which 25 are the pressures

of the abrasive s@&pensbonsatagimn becopesnequsl]l € & gospest inhelny ther e

appr oxi mat el y equeﬂressuret hezasbary&i | o g UL OF TN d@hd VRSt & é&ere%%duct

The appar at us SO .conprise t he Joint |nt 41
on the line 40, atg\;efg'@f‘g d8?2§t8¥ g’b \/\gf%%s 298’ a?%%%neeké’t eté’ elpé“&pFl ally
to a PID (Proportiangal§ so as| gpehring Bihg Quaping preypace if rdie Sumpem 81
whi ch i tselsf is sadnectie@dxel st theé avhYue Vicdrk8spdndiany 8o abHe set84

respectively, to %&u%“@%sthé g@f.’. ggiés%ﬁ%)e%ﬁle! the P EERRUSL to
be mai ntained at a pressure eqla sef pressure set 1n the D,
and when the FEREREe RRESENER] Afy Bie | BUTRS SbY h S8REARBI gids piifable

pressure, an el ectelesairisnynaignal gunarhet @dmby Shan®| © if tld pressue

i ncrease the pU”D'&&éHt%i-Sur&eéécd he PpiRssure  Yrthade® VHSR tt'flfé pr&sbsure
nmeasured by t

detector 80 ag'al n%eecs%#gg ga%%}a{eg &P téir'%a er tlhan t he ressure
displayed in the PID 81, Fhe FERPVARTWOMACEIsC compgias ghafleentomirale
lines 83 and 84 tcs;tdueupurrpather nd Heselfas (vmdlrautg ttle pupPesgure

pressure of the pyyRs ?Qt?mb@‘iﬁht gh%hg,x @l g,g. N TERERUILNE S e set
val ue of the pressure es in ressure
of the punps by s E?ﬂj“’& s%?‘ieé’gé’n syghehi r é@ﬁalc‘i”c‘fprfﬁp 5 and
6 i f the pressifre considdiscecmpesialily cin measyriseswwbe foeatzate tdfarthe he
set 10 prefslsure déélﬂtf!ﬂi\d dfh éWe Bbkadivve susg,:ensiton R aﬁpatbéﬁ\ (B?’I al so
comprL e @ 11 SO Sognpndt= Bl UL o Dbt LaBlde it BN 4
pressure det ectloni%%aé’rﬁngTﬁFsdeFFW%t‘ﬁhGl °“§9'§Peﬁf- the pumps 5 and
6 by .sending a corresponding electrical aignal to the
20 said pumps. after compar:.ng the flow rate measured with
the flow rate displayed. F:Lgure 2 shows an altemat:.ve
embod:.ment of the -apparatus in Figure 1, in which in
particular at least two tanks for storing the abrasive
_ suepension are used, these being connected in parallel
25 and used alternately; thus, when one tank is empty and
thie state is detected, for example by a level
detector, ‘the .gecond tank may be automatically put’ into
operation without needing to interrupt the circulation
of the abrasive -suspension, thereby preventing the
© 30 probl_ems of coagulétion and of pipe blockage -and
therefore reducing the maintenance of the apparatus.
(In this F;igure 2, the same devices as those in Figure
1 bear the same references).
‘The two pipes 101 and 119, which are
35 respectively connected to the abrasive suspension tanks
112 and 115 via the controlled-opening valves 103 and
102 &nd the pipes 113 and 118, respectively, are joined
together at the point 126. In Figure 2, the tank 112 is
under a preasure of an inert gas, for example nitrogen



15 "consists especially in neasuring the flow rate of the sol ution of.
the abrasive suspension and in conparing "the neasured value with a set
value and then in i ncreasi ng or decreasing the output of the punps 5
and - 6 by sending a corresponding electrical signal to the 20 said
punps after conparing the flow rate neasured with the flowrate

di spl ayed. Figure 2 shows an alternative enbodi nent of the apparatus in
Figure 1, in which in particular at |ea&t-two tanks for-storing the

abr asi ve suspe(ﬁmhan aseulsedpuirdese 6£i nglecratiord guripgr &Iotcelus%S and
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automat i cal |y put PFREEUES OfpefRy STaMPLRouRPRERHTRFS |:ht18??ubf‘ t‘:lli’Lg
circul ation ofspeke abﬁasbv'ee stkpecsusnsnsicnct2by Phevelid rig tdwptdo
problems of egoagMeaishepensich Dd supfldedbipakepe vabhee 111 tHavieforie

reducing the maini g;agn%zoffimf@ggpmt en_clobbdl WHES FLdUie 2. i same

devi ces as those i ure ear e sane references). )

two pipes 101 é’ﬁc}m" 180d i 1PiRG 13 WhirdhRPeRARY FonheRt &8 e he
abrasi ve suspensi creseams 130 1if2 timel réSuwma tehé cbIds ollikewbpeni rtheval ves
103 and 102 angbticbm RiEPRhel t3nkNd1818s conReidd/ ol B Bif enepln,

together at the pq;gt';t vﬁ@e 1{'6 F&%Jrﬁ%ezﬁi%,belé@% H bipe 124 Flad’ to S'

pressure of an i ne

ultrapure or of " eq‘é&t ﬂ&ﬁl &’heﬁuﬂ‘f'y ?Eﬁe’iﬁ@ emptys (the valyrnkioPeing
pol i shing silicon openerssid dthea valveprigdswiesed) hod eramsl €o filloxdimt el y

fhbar in the sme;eﬂ%iabazsent hﬁdlsyﬁ@e:flhildmséw (o¥hes hlﬁllﬁ?ﬂﬁgfﬂl | 5.
e suspenS| onis | e VI e . ’ open or | i ng
and then cl osed \/\/ﬂ°§%ﬁ henant‘{] an'1 %E &r lﬁge‘ége pi pe .128 which

emerges at 12%4Sin the TPESE‘P‘?/’éce mprpﬁsnmfez%m;rtﬁ-ossankzl jmpkes it
Li kewi se, the pdaiibdm otot heohtndl 1lthe s gasnneresduxres tiisoyd pectel 7,

suspension via the wvalves 108 and 110 regpectively
(these valves being cont:rolled by a control device 81
well known to those- skilled in the art, of the

20 “Proportional" (P), "Integral' (I), "Differential" (D)
or YPID" type) allowing the pressures to be set, for
exé.mple, to 3 bar (relative) above 127 (in order to
push the suspension into 113) and to 0 bar (relative)
in 115 in order to allow 115 to be filled with the

25 suspension. 121 is also connected via the pipe 131 and
the controlled wvalve 122 (which may or may not be also
controlled by the PID 81) which maintaing a nitrogen
preassure, for example of 0.5 bar (relative) above the
suspension 130. _

30  The pipe 137' for returning the surplus
suspenéion goes back into the tank 131. '

In order to ensure addit10nal supply to the
tank 131, in order to compensate for the consumption of
suspension upstream, & large-capacity tank 132 is

35 provided which supplies 131 via the pipe 124. This tank
132 may also be raised in order to supply the other
tanks by gravity (optionally, the top of the tank may
also be pressurized with ultrapure nitrogen wvia the
pipe 125). This mode of transport, not using a pump but



10 “the valve 116 and the pipe 120 to the pipe 128 so as to fill 115

when fhe latter is enpty (the valve 116 being open and the valve 111

‘cl osed) and so as to fill 112 when 111 is open and 116 is closed (or to
fill neither of them when 111 and 116 are cl osed). 15 The
source of pressurized nitrogen 121 nekes it possible to control the
gas pressures above. the suspension via the valves 108 and 110
respectively (these val ves being controfled by a control device 81

well  known to tider skabl epredduret,heavaids te ithieb2em "&X opsudgOnal "
(P), "Integral" (lq;iz: Qbfgsrentlal" (D) or "PID type) all owi ng the

pressures to be set, for bar rela ‘above 1 7 (in
order to push the susf E‘ﬁ%’F%’rﬁ‘m@-& 1Lf§£< ang4f ﬁsbi\#g fit‘?"\‘f"e) in
115 in order to albeowlarsd: bn pparsgllieddwir m&%@%h%uspeny on. 121 is also
connected vi a tde pipe 131nar1aigure the enat eahked VRayealblumel chargy or

may not be al so en k_‘edt ¥ tggrfé 1) \gm egg&ggﬂnsbg nééif)gen
pressure., for exanp 5 bar suspen5|on 130.
30 The p?‘b%flcfﬂt &R BFm%T& %.urgr:agerabl suspEnst®dn
goes back into thecontrinubsgly stirred meclhamlmeddur tande rmafnd-adaedt iadnad
supply to the éﬁi’éﬁtlf‘}&veﬂﬁrdysdeé tQ cespsnsai=t)f oot AR amspipveny of

Suppl 1 o5 131 A fchosshertt!,86; AR b Eﬁgk@i\“@ %‘%@%2?‘%%%9 g <
order to supply th%PC)?Eﬁaln abF&ﬁkgeb9“EF%ﬁﬁ 8¢ oph ﬁé yis (R cﬁfo? t he
t ank may al so blagirias $or whibdhvihére|isr apurdskiof ogphidiifyingesilicpi pe
135) Thi St Lmde Of of I ANGRIRH ,adiﬂtré.ﬂéL NBraw B ﬁhﬂfm the tank preferahly
Sever al {:)?herertgﬁi sﬁgﬁ‘[aa i‘f%{ ?Ll%oﬁﬁgm}%ﬂgorgt‘mace {-?Z).%Pg\-,%‘
with one anothtj loop takes place via a valve dropping below the minimum
level in the tank. The tank is filled with the aid of a
positive displacement pump fro_m' shuttle drums. Should
dilution in water be necessary, .this may be done by
continuously inj ect:.ng water and a silica suspension

20 into a static wmixer. After  each shuttle drum 42 has
been d_i_scha,rged, ~the 8111ca supply -circuit for the
storage tank, 1nc1ud1ng pumps and pipe, is purged w;th
deionized water.

Given the abrasive nature of the suspension to

25 be circulated, it will be préferred in practice to
operate the two pumps in parallel at half their rated
.sp'e_,'é'g:l, ‘each pump being preferably connected to a
variable-frequency = (0 - 100 Hz) supply which is
céntrbll_ed. by a current (for example from 4 to 20 wmA):

30 the 2 variable-frequency suppliés are plaved by a PID
controller Bl to the pressure at the end of the loop
just before the control valve.

Ceramic gear pumps may, for example, be chosen.
To ensure normal longevity of the seals, the shaft of

35 each pump will preferably be equipped with 2 seals, the
space (bell) between the seals being maintained at an
overpressure with respect to the silica by injecting
deionized water. The deionized-water supply circuit
will comprise, at its inlet, a 100 - 200.1/h calibrated



5 In Figure 1, the tank 2 has a volune | arge enough for the

equi pnment to preferably be self- sufficient for about 2.5/3 days.
Preferably, it is continuously stirred nechanically and naintained at a
slight overpressure (1 to 3 nbar.) so as to prevent 10 atnospheric '
CJ err] acting on the aqueous anmoni a contai ned In certain abrasive
suspensions. The tank is nmade of a plastic to Wmch there is no risk of
solidifying silica ,_, or alumna adher.i of f from.,the tank
preferably. t akBFEEICEc e & alPort &M \r}s(hve“a t?l”ﬁdf IFHEAFEmMAhel 4%

| oop takes place Wurlztvalhe Hreppiry iselthe bedlnshonlé be corstand mif he
tank. The tank is dHddecd gMyoh 1Ak Qitd the AnterndDSkédYeifli eoheLeBRM epUND

fromshuttle dru r]ﬁqy iga d{:kgté@geé a ter bgh ggeﬁagylegltn l[;réay be

done by contlnuou |njec I g wa suspens Into a
static nixer. Aftdressdieshptthe ‘Eﬁ*]t}mb$2"'ﬁ8§ the %e%qﬁltﬁ é”éﬁ&rgéﬂd“aﬂfﬁé
silica supply..cirdzop ardora pressuressensaye widlk alinel adary pigpslsintb pi pe,

| fS Flﬁr ged with pélei getieZ it eéorrecci:tive act;@xveﬂot Pﬁeabgﬁ'@hﬁfzé@: ure

o] e suspensi on e circulate erre n practice
to oper at e thelgﬁéerﬁﬁ' & PROPATA? e"l'ila?'[ %Qf lf%e'% % T the E

each punp being tprkg @mvtieehhﬁcpwede digh demiﬂaél le'af-?éqabﬂ%]ﬁ (0 -

100 Hz) supplyo tﬂt&y:h;topl S controlled by a current (for exanple from
4 to 20 md); 30 the 2 vamhaple-fr gﬁgg%er&%opll re 1%@ved BY1
controller .81 to t resgure at ?l% theﬁ?%%p Justf ore the
control valve. a " t"““‘-9‘*-5€:eram..c gear punps may, for exanple, be chosen.

-To ensure nornal | ongevi jimpted wemrdirs ant pbradive mgdidm byasthrpuepofii | |
preferably be equi gpedol Yoratb6R Spedd1Of the SRag;(bel|) between the seals
bei ng mai nt ai at an: VeLRL eSS & es h L b

I nj ecting r&%l oni zed Waflg {‘% %&' ony\%hgp\%vat‘gg’%sup it S:o%skbgé ¥°vm' |1
conprise, at its |WeiAtain 1ghe - L3 IPFPC&P‘?bF&F-ecPre”“re in the 1loop

- 10 - should one pump fail, ‘the secornd automatically
increasing its speed in oxder to compensate;
- should there be significant draw-off, the
20 pressure in the return to the tank dropping, the pumps
increase the:i.r speed in oxder. to. keep the flow 'rate
constant. If, for example. the equipment draws off wore
than the rated output from the loop, there is automatic
compensation and the flow in the loop never stops.
25 Conversely, when draw-off ceases, the pressure will
have a tendency to increase and the PID controllexr ivu.ll
reduce the control frequency of the punps.  The pressure
variations in the delivery network are also of small
amplitude, for example * 100 g, this being important
30 for the metering. of the abrasive solution in polishing
equipment. | '

The loop (in ite common arm 7, 9) is equipped
with a filter 8, preferably of the polypropylene "bag"
type, p'referabl_y stopping at least 90% of the materials

35 having a size _of greater than about 100 wmicrometres.
Given the nature of this suspension, it will be
advantageous to oversize this filter so as to operate

with a reduced differential pressure, of 0.1 to
0.2 bar.



orifice and a 10 - 20 I/h calibrated orifice at its outlet. The
pressure in the bell should be constant if there is no leak at the
internal seal in contact with the silica. On the other hand, if there
is a leak, the 5 pressure in the bell between the 2 seals will gradually
drop and a pressure sensor will allow alarmsignals to -~ be sent and
corrective action to be organi zed. Preferably, provision will also be
made for the punps to be automatically purged with deioni zed water
should 10 they stop. All the IhES€ite VraABHEHEOLS frdid\the dell@very

following = advapf o§’&9ro% 8 aperoxisacknd kRS WEAL hOaA"18002%kYE MRELH™ O

virtue of the

2 punps nakes (dpbivsmye 18 oser"e‘?m Ht aPn "L"‘I‘Féif’l‘"oﬁeteataé‘dan%l FREUIM
pressure in the IoUpe. easiholee beimg eqwippedaiwith tdve isxdegadg valve.

aﬁt olrrgtitﬁal Iy s 'rﬂerea&ﬂa;ﬂ«t S i9ReHihg OvalBfe ! O £ OTRRATARE; tvhvith 8 -t
sSNnou ere C sreln e return (0]
?ggllo H‘)d‘orﬁiéx*&gach nt(z t%’ fxB{ }% gn

t he tank dropplng, order to keep the
flow rate const ant . = | fto f&ietEiRNpER cthe h%l%u-'l-rb RERso P apshes

than the rated OutpﬂttﬁéCﬁEﬁHmrH dnpantémprad manaetpnatic conpensati on
and the flhow in the Ioop rméerh&%ffZSC?yCorgéghselﬁiecevm% dr, Q,t“tent
ceases, the pregsur ayve .a.tendenc ase

control | er MA|§§ (SF£%5%¥¥ HESh =% gﬁﬁ ncy 8f e% Y %ﬁ amTﬁg 5?335ure
variations in the @¥ifieeydoes wek imethisdvay <aufq a alﬁﬁﬁiﬁ‘ﬂ&e Xppr
exanple [err] 100 dn pbéssiad.ng i nportant 30 . for the neteri ng of the
abrasi ve sol ution in pO!"siwgnameceguw caliprated ori %g,eaug its
comon arm 7, 9) |s Lqui r f
polypropylene "bag®® “ggg ﬁfé??ﬁ?ﬂﬁafrgtﬁbﬁ?n afk eéiﬁ ()o#“tﬁ@e
materials 35 ABvi AgoR,skke Rﬁe@@&t an thenlmutthfoeunhe:o%mi@ges of

G ven the nature ofequipfient!SpNSiben, sekvied! lan® the adissséeNoOUDL Othe

g‘r’ggghfg th'of fil t ggngfo%o &ger@é € delivdibl, Ae1iREMAGPY wiflidh' €Tetldisk?!
’ s killed in the art may choose without difficulty in
order to ensure flow rates preferably between 0.2 and

20 0.5 m/s in order to minimize the abrasion of the pipes.
The 'de],ivery loop preferably includes an
abrasion-resistant non-slaved control valve (not shown

in the £figure) and, upstream of the latter, a flow
meter 90 and a pressure sensor B80. _
25 The flow rate is controlled using the control.
valve, which is not slaved to the chosen value, and the-
set"pressure is dispIayed at the'éID cdntroller 81, the
parameters of _which ave adjusted so as to obtain
‘satisfactory operation of the loop, especially durlng

30 small pressure variations upon draw-off, upon switching

on and/or upon operatirig with 1 puinp.

It should be noted that the system described

‘above might also operate in particular using bellow or
membrane air pumps, in common use in the semiconductor
38 induscry, on condition that the driving gas is “injected
via a controlled valve or a device of the type which
cont:zjole_ the masa flow rate, slaved by an external set
value given by a pressure regulator. In this case, the
operation using 2 pumps in parallel, running at half



- 11 - Al'l the circuits branched off fromthe delivery | oop
have approxi mately the same head | oss. Each | oop (delivery) is served
by an outflow Tee and a return Tee, each Tee bei ng equi pped with an
isolating valve. 5 The "return" isolating valve is equipped with a
calibrated orifice which has two functions: - to distribute the
flowin the various branches of the nmetaw+rk in an equal manner;

- the draw off by, cREER £p Péé‘efae &Itpeqw amtbéomaizq?amw@o Wi & (il ace
by a Tee upstreamo orif CE; qes not in this way cause a
significant drop 2 hl?% %ﬁ%ﬁ&s Feutl ization. The di ameter of the
calibrated orifices depends on a nunber of paraneters such as the flow
rate in the 15 |oop, the pressure in the | oop, the nunber of pieces of
equi pnent to be served and the viscosity of the ‘'suspension to
be delivered, elenents which those skilled in the art may choose

w thout difficulty in order to ensure flow rates preferably between O .
2 and 20 0.5 ms in order to mnimze the abrasion of the pipes.

The delivery | oop preferably includes an abr asi on-resi stant non-sl aved
control valve (not shown in the figure) and, upstreamof the latter,

a flow neter 90 and a pressure sensor 80. 25 The flowrate is
controlled using the control, val ve, which is not slaved to the chosen
val ue, and the set pressure is displayed at the PID controller 81, the
paraneters of which are adjusted so as to obtain satisfactory
operation of the |oop, especially during 30 small pressure variations upon
draw of f, upon sw tching. on and/ or upon operating with 1 punp.

It should be noted that the system descri bed above m ght al so operate
in particular using bellow or menbrane air punps, in common use in the
sem conductor 35 industry, on condition that the driving gas is injected
via a controlled valve or a device of the type which controls the mass
flowrate, slaved by an external set val ue given by a pressure
regulator. In this case, the operation using 2 punps in parallel,
runni ng at half



- 12 - their rated output, will be maintained so as to obtain a high | evel

of utilization. - 13 -

*CLAI VB 1. Apparatus for delivering abrasive suspensions,
characterized in that it conprises: 5 a tank (1) containing.an
abrasi ve suspension (2), aloop (3, 7., 9, 40) for delivering the
abr asi ve suspension (2), connected to :ye tank (D,

circulation means (5, 6) for making the abra5|ve suspension circul ate
in the |oop and for ensuring its 10 retSEMEqt 0 the tank,

recovery neans (1) for recovering the abrasive suspension after

circulation in the | oop, agpdratus for HBBBfeditl) HHHasiva! Ridpengibhe,
circul ation meanschara)f%:emzeé\E l?arg' gccorépigéanuous circulation of the
¥

15 suspension tog Claim1, characterized
in that the | ddp for delb5apsr oc?‘PFeaWPﬁta’bfat?Eaéwe SUBBERPLR (#) +a
plurality of |oops (20 Idop 23, .7.)9, 40) cﬁnmetﬁledrezﬂngaltalel elb;r:a2®ve3.

Appar at us accor di ggeton I mz? ESRRARR k8%he tan Rubhat the | oop

conprises at |east ohe ar Fg% II he one
of the ends of the® cfrcliy; g?ﬁ?a 9805510g 85| ) ngé ngggﬁg of
t he ends suspension circulate in the loop an for ensuring its

.10 return into the tank,
recovery means (1) for recovering the abrasive
suspension after circulation in the loop, and
means (81) for controlling the circulation means
so as to maintain a continuous circulation of the
15 suspension.

2. Apparatus according to _cleim 1, characterized
in that the loop for delivery to the point of use
consists of a  plurality of loops (20, 21, 22, o)
connected in parallel. |

2.0. 3. Apparaéus ‘according to Claim 2, characterized

in that the loop comprises at least one arm (3, 7, 9)
common to all the loops, one of the ends of ‘the
plurality of lo<>ps being connect:ed to one of the ends
of thé common arm. :

25 4. Apparatus according to Claim 3, characterized

' in that the loop comprises two common armg, a first arm

(3, 7. 9 .connected ‘at a first en'd' to the tank (1) and
a second arm (40) connected at a first end to recovery
means (1) .

©30 S. Apparatus according to one of Claims 1 to 4,
characterized in that the length of each pipe b.et:-we_en'
the tank (1) and the point of delivery of the abrasive
golution is appiroximat:'e'l).r' the same.
6. Apparat:tis- according to one of Claimg 1 to 5,

35 characterized in that the lengths of each pipe between
the point of delivery (60, 61, 62) and the recovery
means (9) is approximately the same.
7. Apparatus according to one of Claims 1 to 6,
characterized in that it comprises means (80, 81) for

[
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of ‘the common arm 25 4. Appar atus according-to Caim3, characterized
in that the | oop conprises two common arns, a first arm (3, 7, 9
“connected at a first end to the tank (1) and a second arm (40)
connected at a first end to recovery means (1). 30 5. Appar at us
according to one of Clains 1 to 4, characterized in that the length of
each pi pe between the tank (1) and 1Rg point of delivery of the

abr asi ve sol ution.is_approxi.nmm tus
according to one cﬂ"“"(’fl"’é;l ptq't EJlggt\{J“‘I”Ear ACE T | zeésl@etﬁo%uéﬁ I%’ngt hs
of each pi pe bet Wén loop %G%Fﬁ%lﬁﬁgd@l‘ VRY¥SPRUERS gy theo)pipes ther
recovery nmeafel ivéring tpEpreaidnebiuyidhe sane. 7. Appar at us

according to one of C ai Appardtusd accorda.ﬁaaﬁ:éc'f&{é zedl tﬂaixﬁ@tll eoCOfTPr i ses
means (80, 81) for

control ling the FHIERCEEFFEds dfe abPA%i védtsol BPTRTLSSE meaf‘ﬁe 1580 by
controlling the mmélnm the flpesraee of theepbyesivy edlntbigny in
sol uti on. 8.the vafppas adrits dICehdi Al ivexynadocep.Clains 1 to 7, 5

characterized ing thatp %g' at&é)”?éé&%ingm%%”sone fOf claim&ORt rt._Q,l Ié ng the
flowrate of the a'braswe rllutlon | N @ge ri ous arns, of E‘ae ellvery
| oop. 9. chapacrerized - 48 FHaf  BhonaOFRe %’%l FRspepgion

char act eri zed 0 n nirdmurh&lalr xekee inushbenypshonasdeliviery iresusd |2/ rat e

in the various deid VBFéveRitD &heS Gudpension t Brér chehg t A€psaia OO Nt OM
bei ng deposi ted ]thse of the"@d}é &fh},lg EgLéieI [ very pi pes. 10.

Appar at us accordl n racterized in that the
rate of delivery b‘(f:, t he AEBar%Eﬂ%t?S?P‘f nﬁhe""’b ;M Pg Grex®er 1t tksh 3r equal

to appr oxi netldzade2iged. in that. the Apate atafs debbmﬂmgoto the of
Caims 1 to H goluthiled agd e'i:héecbigfesl hgs idiRatate earlebiVveignadf the
abr asi ve suspenS| on Ir;c:l:[mg%ef P§S, |n§/ ess than or equal
11. Apparatus according to one of Claims 1 to 10,
characterized in that the rate of delivery of the
abrasive suspension in the pipes is leas than or equal
20 to approximately 10 w/s.
12. Apparatus according to one of Claims 1 to 11,
characterized in that the rate of delivery of the
,abrasive susp_eneione ig preferably bketween 0.5 and
2 m/s. - _ o .
25 13. " Apparatus accéx:ding to Claim 12, characterized
in that the rate of delivery of the abras:.ve-
'suspensiona is. between app:ox:mately 1 /s and 1.2 m/s.
14, Apparatus according to one .of Claims 1 to 13,
characterized in that the meahs for circulating. the
©3Q abrasive suspensions congist of at least one pump (5,
6).. ' _
1s. Apparatus accordirng to one_' of Claims 1 to 14,
characterized . in that the means for ci‘:::'culating the
abrasive. suspensions consist of two pumps (5, 6)
35  mounted in parallel, each of them operating at no more
than 50% of its power so as to allow normal operation
of the deli\fery of abrasive suspensions if one of the
two pumps breaks down.

* c L M S *



20 to approximately 10 nis. 12. Appar atus according to one of
Clains 1 to 11, characterized in that the rate of delivery of the
"abrasive suspensions is preferably between 0.5. and 2 ms. 25

13. Appar atus according to Caim 12, characterized in that the
rate of delivery of +the abrasive suspensi ons i s between )
approximately 1 mis and 1.2 nis. 14. 15 .Apparatus according to one of
Claims 1 to 13, characterized i.n.that e_nean rcul ati the
3Q abrasive suspénsi ondRRRTECEE SFCSF&T%%SPOﬁ%e ﬁ§' E?gl‘%% 173 rbg

Appar at us accor dchgractorieest drai het t sheq, Clrcula"c*%ﬁ ac't‘%tfiszed‘?‘ﬂ that
the nmeans for ci codbabtngrt Bepressurbbsdsjars,. eapmrrpdilgnan dorsitstgasof  two

punmps (5, 6) paral l el , each of them operating at no nore
than 50% of its pgﬁepggﬁ%dﬁén

al | ow. nor nal op, ratl af .t .
delivery of aBradi've sushREAGAGNE |at"°8ﬁ'a"5$ f‘ﬁe Tain ?'?Wo BUEE S ¢ down.
16. Appar at us cizcoldtien t oneans of caediats fi o a5, press%ieﬁeabt &g3%ed in
that the circuldahr@BeefPRdd ifd4that XONALES OfomprisR®sunkans gfoy

espectal Y AN | "Hdbyd%3ing adHENAY ULELOORN cib phloouriz€RPLAIHS as

accordlngto d ai'm . circulation CO st
pressurized gaste Preypmk a'élt‘%rq’zléﬁrﬁn iphthe | fYeheh f@En%teﬁégg ﬂ%% rsh? or
nebul i zi ng deuoonlamtaMEeeuspend:@npfeemwlqgsi@astpso as to prevent the
filters in the systemfor delivering the 10 abrasive suspension from

cl oggi ng up.
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