I % NUN IM SLURRY M XI NG FEEDER AND SLURRY M XI NG AND FEEDI NG METHOD
BACKGROUND OF THE I NVENTION a, Field of the Invention This invention relates
to a slurry mxing feeder for feeding a slurry, Svh-1 ch contains at |east a
di spersion of fine abrasive particles and a solution of one or nore
additives at a desired mixing ratio, to ' chenical mechanical polishing
machi ne which with high precision, polishes and flattens a gznOVaeesof a
substrate such as a wafer, and also to a slurry mxing and feedi ng et hod
maki ng use of the slurry mxing feeder. b) Description of the Rel ated Art
Keeping in step with the move towards high-integration, er f or mance
LSLs in recent y8aPERYiMPkENGFEEDIE £YBi HHMEKENEAND, Ft‘: @I e EEBPD
mechani cal polishing (CAP) nethod as a processing nethod for flattening
surfaces of substances, such as wafers, with high precision. In this
pol i shing nethod, a slurry IS used ThIS slurry |s prepared by mxing a
solution, -90 whi ch cont aBASKERS % ) DN zi ng agent for
pronoting chem cal action, such as aqueous hydrogen per oxi de or iron
nitrate, (hereinafiter cakl edvamt'iaddi tive solution"), as needed ~lLrater
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particles, which are conposed of fine particles of
abrasive particles and a solution of one or more additives at

a desired mixing ratio, tc a chemical mechanical pelishing
machine which with high precision, polishes and flattens a
10 surface of a substrate such as a wafer, and also to a slurry
mixing and feeding method making use of the slurry mixing
feeder.
b) Description of the Related Art
Keeping in step with the move towards high-~integration,
15 high-performance LSIs 1in recent years, there are increasing
interests in the chemical mechanical polishing (CMP) method as
a processingmethod for flattening surfaces of substrates, such
as wafers, with high precision. In this polishing method, a
slurry is used. This slurry is prepared by mixing a solution,
20 which contains a surfactant and ancxidizing agent for promoting
chemical action, such as agquecus hydrogen peroxide or iron
nitrate, (hereinafter called an “additive solution”), as needed
depending upon a material to be polished, with a dispersion of
fine abrasive particles (hereinafter called a “stock slurry”).

25 The stock slurry can be obtained by dispersing polishing



silica, alumna, zirconia, manganese dioxide, ceria (cerium oxide) or the
i ke, in an aqueous al kaline solution of potassium hydroxide, amonia or
the like or in surfactant-containing 5 water. Therefore, the slurry is a

di spersion of polishing abrasive particles and additives, and is used in
actual polishing. Excellent polishing df a substrate is achleved owing to
t he conbi nation of chem cal action, which takes place betvENOV R@03dditive
solution in the slurry and the substrate, 10 and nmechani cal action between
t he polishing abrasive particles in the slurry and the substrate. Upon
polishing, for exanple, a silicon dioxide film (oxide filn as a |ayer

i nsul ati on®¥F 47 it BRFALCORASA “BefcREUELBPOSER €6n Siss Bedte The et
above-descri bed 15 chem cal nechanical polishing machine, a slurry is used.
To prepar@glthis, skbpnynaanzaggebds  amRavanesgolddrikdnie f G‘rEfe'L)@an{meeflur@m
aqueous sol ution of potassium hydroxide is added to a

si | i ca- par¢icdier contheniike st ook, shuery stal kabrovealivd Lodi s percdiasrs jprnoperty
of the silica particles and also to bring 20 the silica particles into a

fl occul at edystat edopt ammbni e thethpoliigki ng. ifTheuglfurmeants doet aomting he

sem conductor silicon substrate nmounted on the chem cal mechanica

pol i shi ng wacht ne, Thaarbdye t hensidicarparsi gl @ssparshensbr pylapdiag
polishing pad of the polishing machi ne, nmechanical polishing is then 25

perforned Lio-sempyepshei oxbgeshll BHa3:8vQY 2005iknupeli shi g taiungst en
metal filmas a conductor material, on the other hand, an al um na slurry is

used. Thi syl U Ry, S'Md’é’ll&ltprg%)ﬁiﬁqlrbd &fldi ng,3EHeaHs D%dé%?ﬂv@@r oxi de
as an oxidizing agent to a stock slurry which contains alum na
owing to the combination of chemical action, which takes place
between the additive solution in the slurry and the substrate,
10 and mechanical action between the polishing abrasive particles.
in the slurry and the substrate.
Upon polishing, for example, a silicon dioxide £ilm
(oxide film) as a layer insulation film material on a
semiconductor silicon substrate by the above-described
15 chemical mechanical polishing machine, a slurry is used. To
prepare this slurry, an aqueous alkaline solutiocn, for example,
an aqueous solution of potassium hydroxide is added to a
silica-particle-containing stock slurry to improve the
dispersion property of the silica particles and also to bring
20 the silica particles into a flocculated state optimal to the
polishing. The slurry is fed onto the semiconductor silicon
substrate mounted on the chemical mechanical polishing machine,
and by the silica particles in the slurry-and a polishing pad

of the polishing machine, mechanical polishing is then

2H performed to remove the oxide film.



5 particles. By feeding the alumna slurry onto a sem conductor silicon
substrate nounted on a chem cal nechanical polishing machine, a chem cal
reaction is induced between a surface of the tungsten netal film and
hydrogen peroxide to forma tungsten oxide filmpolishing of which is easy.
The filmformed through 10 the reaction“ s then mechanically polished by the
alumna particles, as polishing abrasive particles, and a $NOWR0O®) pad of
t he polishing machine to renove unnecessary parts other than conductor
portions. As a nmethod for feeding a slurry to such a chem cal 15 nechani cal
pol i shing machi ne as described above, it has been a conventional practice
to mx a stock sHuPPYISRHINEh? Comosite npbri fHiliy? akr GeRYEC bar fiadiesl ahosen
as desired, an additive solution with a surfactant, an oxidi zi ng agent and
the like @@nth@n@ﬂheheh@hﬁ, andaﬁumﬂh@rﬁlwﬂﬂnﬁn@LMHﬂbr,TWhEchlmmﬁd&e20
used as needed, at a predetermined ratio in advance, and subsequent to

t enporary atcunul at ipreparad stprag@itankqueéoud degdrodpen matax ed€staray) to

t he polishing machine. This nethod is, however, acconpanied by a problemin
that the sbtutdyzcaqnagyehe tbed adeguateby riynwaigdod draranrsuidledn fof
pol i shing and noreover, 25 at a desired mxing ratio, because after the
mxing, thairtsc188ti @y 2Wb3id@Ehanglimln® sAeE rkadpkd)alsati doatdudtdr t he
Storac ee tank, deteriorations occur in tKa polishing of the slurry and the
d'Spers'OnsPIQQ@ﬁtyuﬁﬁtfﬁﬁéfm@@hﬁedl&& a Mh& @ a1 dctghi UK i dhing

| c3' odnreu, bath t..3' VOL i,! the nmethod S how MOT ss s:~r ~~Li
flexibili tda@@ﬁn@P%'@ﬁQﬁiéél’ woeor (harLgi @ ddq Moy £ aliora 08 dhe
slurry Conmponents- with a view Oe ii..L3m nq the above-nentioned problem

a slurry fﬁﬁg% g%t@&998§§gfoHenuihydrogenperOXLdetx:formeatungsten

oxide filnlpolishing'of'which is easy. The film formed through
10 the reaction is then mechanically polished by the alumina
particles, as polishing abrasive particles, and a polishing pad
of the polishing machine to remove unnecessary parts other than
conductor portions.
As a method for feeding a slurry to such a chemical
15 mechanical polishing machine as described above, it has been
a conventional practice to mix a stock slurry, which contains
polishing abrasive particles chosen as desired, an additive
solution with a surfactant, an oxidizing agent and the like
contained therein, and further, diluting water, which may be
20 used as needed, at a predetermined ratio in advance, and
subsequent to temporary accumulation in a storage tank, toc feed
the mixture (slurry) to the peclishingmachine. This method is,
however, accompanied by a problem in that the slurry cannot be
fed adequately in a good form suited for polishing and moreover,

25 at a desired mixing ratio, because after the mixing, that is,



pin 312 2- r3t' 277 crdingtot t:is SitL! j feeder, an wve o | "t ;

nn of ,rssive particles )stock slurry.} and 1Iii an additi~3e Solute yn are
cal ?!' bl dad, SLn a MALL&er ii~LLiiBCi2Lte 2 CL i."ject'" ., nautabo
of anl i hi prpcJine and the plural solutions are tt.en led as a
slurry. ~+ 11 r ant c~c_vi43 .S.'il . "toasly i tYt~- vyin3ec

"Dt "n,{yt however, the slurry feeder disclosed In A 2200- 208 N3V 2005 S
inferred to Ln t M above &s Lena fwaa ti : i sui s ~ii'ss ~e st be

descri bed hereinafter. In the slurry feeder, the m xing ancurany at a
slurry relies coil upon fio wnters and constant f?~~~r r to Srals'Ps

openi ngs offYWhlEh LhRe AFEEANAEK 108Nt oI UEd P T 3 Fe 5387SiR 1~ 3 hiview at
the accuracy of the t iowre.ters, 29 substantial errors nccnr at the

f| owret er sCESpécial Fycipohlpoh gt Fharrarertahges. R tihes beprsrandt tie

i odw Late val ves, on the other hand, ereis ar oony arTobl P of

bl ocki ng wilt apeheistopkorsiktyr pf ithesdmee mstldmddsy ma: oot rivetilon may
not he. able to adequate Q weed a Hurry of a spec! fi vin| iqg ratio .3ai t
e-H 25 forsdesryedsplowessidngboith wWheha'triveve-ades ddiser med loohverd i bmal 18 NOY
2005 apparatus, plural solutions are fed to the apparatus by punps,

respeéti vekyexAocoi diyngntiocagpnli oxest i gat wbanbyhihei pyeseatnizinventotisy it
has al so been found that the systemhas difficulty iR maLptaining the m xLng
accuracy offarskuyiMrat, Mghpbewelsh beg¢anse puksatiboyviapressugn the
Luctuationsl aE ttLe punps enpLoyed Ln the conventional apparatus adversely

af fects theopaintenaneed ekoeorsatant sfhow aesichy itsheeansdant 4dowrate
val ves. Further, the above-described conventional apparatus is not
equi pped wekhngny, CiNadi g BEHS7H 0 L ha-BaLkiWher & tHd B9uksy feeder,
an agueous solution of abrasive particles (stock slurry) and
10 an additive solution are combined in a mixer immediately before
injection onto a turntable of a polishing machine, and the
plural solutions are then fed as a slurry.
According to an investigation by the present inventors,
however, the slurry feeder disclosed in JP 2000-202774 A
15 referred to in the above has been found to invelve problems to
be described hereinafter. In the slurry feeder, the mixing
accuracy of a slurry relies only upon flowmeters and constant
flow~-rate valves openings ¢f which are feedback controlled by
the flowmeters. In view of the accuracy of the flowmeters,
20 substantial errors occur at the flowmeters especially in a low
flow-rate range. At the constant flow-rate valves, on theother
hand, there is a potential problem of blocking with the stock
slurry. In some instances, this construction may not be able

to adequately feed a slurry of a specific mixing ratio suited

25 for desired processing. In the above-described conventional



10 perforned. if blocking takes place at Me internal piping of the
apparatus due to settling or floccul atdon of fine particlas in the slurry
while a m xed solution Ls not used, the fine particles so settled or
floccul ated cannot be elimnated. A praoblemis believed to remain unsol ved
in accurately 15 maintaininga liquid mXing ratio especially in an initial
stag~_- aftl~r fesu-nption of slufry feeding. SUMJARY OF THENIOWENA O An
obj ect of the present invention is, theietore, to 20 provide a KuTry m xi uq
feeder, which can adequately Eeed to a chentcal nechanical paiishinqg
machine a slurry at a desired, fl.ow rate gui t.ed Kl%i intenged rocessi ng, at
mfr 8 g

a hi gh- accTrBd§2 FWF xifg Tt i56 t&itd 9% 47 §oba fiot BPBf ¢ tSekBYot?%f?Ei’%hs.
Anot her object of the present invention is to ’Erovi de a, 25 slurry mxing
and f eedi ng® FthHot?e Whi c@%iﬂd@%u‘é‘? 1y FREBStHITRLBNEYV 5BE5P4 SRéET cal
mechani cal  polishing machine a slurry at a desired flowrate suited for
i ntended potRRSPHYy, 1dtas [Kige: Beedr d fPRiEne e &6 canda F f i iggat! $%r m
free of deteriorations. A further object of the present invention is to
provi de 5iT &3 Urasid 9 nigh ¢ delgerLd viHF @R &@n daihtaEiv Y 1aqdiidmidéwl rati o
of a slurry at high accuracy even in an initial stage when feeding of the
slurry i s pesamee padlbsddoentpt@s aureigoicana tsitcnys) The habover degar i dyeed
obj ects can be achieved by the present invention to be described
her ei naf t ern tBesuyn bedt i dids kpepiafriacals! 36 ve hee by edénric tisnveatiadm t & marore
aspect thereof, provides a slurry mxing feeder for feeding a slurry to a
chem cal metham<cadnipofishi ngtamchynehesabdsshurr ¥leentaitr ngludui ds at a
desired mxing ratio, said |iquids including at
Further, the above-described conventional apparatus is not
equipped with any cleaning means for the part where nixing is
10 performed. If blocking takes place at the internal piping of
the apparatus due Lo settling or flocculation of fine particles
in the slurry while a mixed soluticn is not used, the fine
particles so0 settled or flocculated cannot be eliminated. A
problem is believed to remain unsclved in accurately
15 maintaininga liquidmixing ratio especially inan initial stage

after resumption of slurry feeding.

SUMMARY QF THE INVENTION

An object of the present invention is, therefore, to

20 provide a slurry mixing feeder, which can adequately feed to

a chemical mechanical pelishing machine a slurry at a desired

flow rate suited for intended processing, at a high-accuracy
mixing ratio and in a good form free of deteriorations.

Another object of the present invention is to provide a

25 slurry mixing and feeding method, which can adequately feed to



| east a di spersion of fine abrasive particles and a solution 15 of an

addi tive, conprising suction ports for sucking the liquids, respectively, a
nunber of the suction ports corresponding to that of the liquids; a

di scharge port for feeding the slurry to the chem cal mechanical polishing
machi ne; feed punps arranged in feed | i’nes for the respective liquids, said
feed 20 lines extending fromthe individual suction ports t®NOW2048 scharge

port, for sucking the individual liquids in specific anpbunts to give the
m xing ratio and delivering the thus-sucked 1iquids toward the discharge
port; and danpers and pressure-regul ated restrictors_arranged in conbination
in the 253feeedFheddmabtTder %%%F“at%“feeédsbt}ﬁﬁé’, gFe% PRty. 7 8

NOV 2005 The slurry may preferably conprise the dispersion of the fine
abrasi ve phteV¥cres® Thbted| AT o leIndde RIFIFIT Ve Bndf puir &L WetaFC HE2 @Y
desired mxing ratio. Preferably, the slur%y m xing feeder may further
conpri se ahheang fetiei pedl ani agyapd éash Sreke odi dedredilerasfiatke fine
abrasive particles, out of the individual |iquids sucked through the
suction ports, ak aufflow otatectarnd phesspueecaguanventopnhi gher rivEnidpeci fic
rate and pressure at which the dispersion of the fine abrasive particles
i s coAsuned sdturtthemckenydaledmchahiical cpoiashitag nnadhique damidx 10gar ot r ol | er
for correcting a delivery rate of at |east the dispersion of the fine
abr asi ve paf ti €l esrfpamidisacearneyponst ng freedi piap soragge Bashstofd wad ues
obtained by continuously neasuring pressure fluctuations of the a
circulatingrftow efuthe disperssines efibkhgqubinmetabrasieveocla mpardtisgd es. Al so
preferably, the slurry mxing feeder may further conprise a feed line for
feeding pure watefetOdfe-888668rived objects can be achieved by the
present invention to be described hereinafter. Described
10 specifically, the present invention, in one aspect thereof,
provides a slurry mixing feeder for feeding a slurry to a
chemical mechanical pelishing machine, said slurry containing
liquids at a desired mixing ratio, said liquids including at
least a dispersion of fine abrasive particles and a solution
156 of an additive, comprising suctionports for sucking the liquids,
respectively, a number of the suction ports corresponding to
that of the liquids; a discharge port for feeding the slurry
to the chemical mechanical polishing machine; feed pumps
arranged in feed lines for the respective liquids, said feed
20 lines extending from the individual suction ports to the
discharge port, for sucking the individual liquids in specific
amounts to give the mixing ratio and delivering the thus-sucked
liquids toward the discharge port; and dampers and

pressure-regulated restrictors arranged in combination in the

25 feed lines on delivery sides of the feed pumps, respectively.



line for the dispersion of the fine abrasive particles such that the feed
line for the dispersion of the fine abrasive particles can be cleaned with
the pure water. The feed punps may 20 preferably betubul ardi aphragnmpunps.

|t mayal so be preferred that the slurry m xing feeder further conprises a
means for transmitting information on d liquid nmixing ratio of the slurry,
said liquid mxing ratio being desired by the chem cal nmechgNozakog®l i shing
machi ne, fromthe chem cal nechanical 25 polishing machine to the feed
punps. 8 8 NOV 2005 The present invention, in another aspect thereof, also
provides a slurry m xing and feeding nethod for feeding, to plural chem cal
nechani cal poIi§%ﬁ%§”ﬁﬁ€ﬁfWé§}PE?E?Fﬁﬁéyd€§WP%hﬁ%QijQlEBPF§HPﬁgOﬁa%%ﬁnes,
respectively, which 5 conprises connecting slurry mxing feeders of one of
the abovel s Eiired Ehipaditrentss .t 6heheo L nli 9ndualthéhefitd &R Venefdni el
pol i shi ng machi nes, respectively, such that liquids conprising at |east a
di spersi onvofef iatea alwrsisi sk mparinigct @siand Pre tofak il pn tofe ahuaddinixenare fed
in a parallel manner to the 10 individual chem cal nechanical polishing
machi nes viacddeimay correspondimyr séeira ynadxs nipf esderslattimg s sasgtry

m xing and feeding nethod, it is particularly preferred to use slurry

m xi ng f eedes sd easdrof ocmhb€hther cuhat edrak iveaspt rithe idisspensi @ tafe t he fine
abrasive particles (stock slurry) through a punp 15 and is equi pped with a

control | erigonstdwet ed sucds tshatkdddenrdabhvery satei o ddie- st aekastusky from
a feed punp is corrected on abasis of values obtained by continuously

neasuring pgessik@ prbystvat bgngliotot be aighte@ult&tainn@pfelcqmq;f the sirack
slurry. According to the slurry m xing feeder of the present
pressure at which the dispersicn of the fine abrasive particles
is consumed at the chemical mechanical polishing machine and
10 a controller for correcting a delivery rate of at least the
dispersion of the fine abrasive particles from its
corresponding feed pump on a basis of values obtained by
continuously measuring pressure fluctuations of the a
circulating flow of the dispersion of the fine abrasive
15 particles. Also preferably, the slurry mixing feeder may
further comprise a feed line for feeding pure water to the feed
line for the dispersion of the fine abrasive particles such that
the feed line for the dispersion of the fine abrasive particles
can be cleaned with the pure water. The feed pumps may
20 preferably be tubular diaphragmpumps. Itmayalsobepreferred
that the slurry mixing feeder further comprises a means for
transmitting informationona liquidmixing ratioc of the slurry,
said liquid mixing ratio being desired by the chemical

mechanical polishing machine, from the chemical mechanical

25 pelishing machine to the feed pumps.



20 invention, a slurry formed of plural Iiquids, which include a stock
slurry with fine abrasive particles dispersed therein, can be adequately
fed in a deterioration-free good formto the chem cal mechanical polishing
machi ne while feeding the individual liquids at desired delivery flow rates
and 25 maintaining a high-accuracy m xi’ng ratio. 9 8 NOV 2005 According to
the slurry mxing and feeding nethod of the present invent$§NQV 2005
above-descri bed excel |l ent advantageous effects can be obtained even when
plural liquids, which include a feed slurry with fine abrasive particles
di spersed thereipn, 5 are mxed and fed in a ﬁq{allel manner to plural

chemical  mechani¢alP ot §3hi HyY fRlch? est & He FRATY MY T elde?
further conprises the feed l|ine for feeding pure water to the feed |line for
the di sperRfontdes 2helerhe BbKASPvANHarereiBy 8gthochden Headew it for
the 10 dispersion of the fine abrasive particles can be cleaned with the
pure wat erblihel | ¢ggmdcal xnaghratralopodishippy negnibes meilntdiited hi ghly
accurate even in an initial stage after resunption of feeding of the slurry
subsequentd¢dlaedtiop ofie ppekatiog. meahthies, casepegse vefl van wautamat ed
cl eaning system 15 makes it possible to provide a slurry m xing feeder
mai nt énanceonpf i s chonseeasyy BRUEFYDESCRhBTIEENCIEHE DRAVMENGS FItGe 1 is a
schematic bl ock diagramof a slurry mxing 20 feeder according to a first
enbodi nentalebvd-hee presieadl emvediments EbGLh2 isdavichenmatiherilcedk di agram of
a case in which the slurry mxing feeder of FIG 1 is applied to plural
chem cal mechani €al pealiisshimgnaeahhBes;respectively, such that liquids
comprising at least a dispersion of fine abrasive particles and
a solution of an additive are fed in a parallel manner to the
10 individual chemical mechanical polishing machines wvia their
corresponding slurrymixing feeders. 1In this slurrymixingand
feeding method, it is particularly preferred to use slurry
mixing feeders each of which circulates at least the dispersion
of the fine abrasive particles (stock slurry) through a pump
15 and is equipped with a contrcller constructed such that the
delivery rate of the stock slurry from a feed pump is corrected
on abasis of values obtainedby continuously measuring pressure
fluctuations of the a circulating flow of the stock slurry.
According to the slurry mixing feeder of the present
20 invention, a slurry formed of plural liquids, which include a
stock slurry with fine abrasive particles dispersed therein,
can be adequately fed in a deterioration-free good form to the
chemical mechanical polishing machine while feeding the

individual liquids at desired delivery flow rates and

25 maintaining a high-accuracy mixing ratio.



FIG 3 is a schematic block diagramof a slurry mxing 25 feeder according
to a second enbodi nent of the present 10 8 NOV 2005 invention; FIG 4 is a
schemati c bl ock diagramof a case in which the slurry mxing feeder of FIG _
3 is applied to plural chem cal nmechanical polishing machines; 5 FIG 5 is
a schematic construction di agramof a t dbul ar di aphragm punp useful in the
present invention; FIG 6 is a diagranmatic representati on NOW2684F enent
results, which shows an advant ageous effect of danpers constituting the
slurry m xing feeder according to the second 10 enbodi ment of the present

invention; FIG % i.s_a.diagr ti.c _representati of . .measurenent . results,
which illustrate C%ﬂrgﬁegﬁgéggg§§l@%?éﬁ?ébeg %?§g§ﬁ¥%UF%SﬁF§FEQOFe§??ictors
constituting t he sJurﬁg nixir%%jI feeder according to the second enbodi nent of
the presenPT$8°RhvEht§ N hd RIS 8SKERECEFFoPEY R¥ AR FBF YW F AT ¥ or
pressure fluctuations on an upstreamside; and FIG 8 is a diagranmatic
repr esent aBf bBACEF GAERSGr Theht e d &SIAT Yhew? ot Yk gilcius et f i §hofnghiide
automatic correction systemused in the slurry mxing feeder according to
t he seconda2fedsodimenhtyish fheeppesent VEnveht i 6hes DETRP ¢ PR OHSCR & ON OF
THE | NVENTI ON  AND PREFERRED EMBODI MENTS Based on certain preferred
enbodfnment srefnikedpaedefied 25 Bnpemeildrl thRengresentliunadntdfmmiidl be
described in detail. 11 8 NOV 2005
mechanical polishing machines.
When the slurry mixing feeder further comprises the feed
line for feeding pure water to the feed line for the dispersicn
of the fine abrasive particles such that the feed line for the
10 dispersion of the fine abrasive particles can be cleaned with
the pure water, the liquid mixing ratio of a slurry can be
maintained highly accurate even in an initial stage after
resumption of feeding of tfthe slurry subseguent to a stop of
operation. In this case, use of an automated cleaning system

15 makes it possible to provide a slurrymixing feeder maintenance

of which is easy.

EF DE TPTT THE W
FIG. 1 is a schematic block diagram of a slurry mixing
20 feeder according to a first embodiment of the present invention;
FIG. 2 is a schematic block diagram of a case in which
the slurrymixing feeder of FIG. 1 is applied tc plural chemical
mechanical polishing machines;
FIG. 3 is a schematic block diagram of a slurry mixing

25 feeder according to a second embodiment of the present



The present inventors have proceeded with an extensive investigation to

sol ve the above-descri bed problens of the conventional art. In view of the
potential problemthat the conventional slurry feeders in each of which a
stock slurry and 5 an additive solutionl@re m xed i mredi ately before a

chem cal nechani cal polishing machi ne nmay not be able to m x these slurry
and solution together a a highly-accurate mxing ratio and $im@e206 f ood a
slurry ii a statle state, the Present inventors thought that the liquid
mxing ratio of a slurry, which is 10 conposed of liquids including at |east
t he stock §hgrr¥‘and the additive solution, wog? Ld be successfully
control | ed™ W TH h?ah accuracy if a neans is devel oped for reducing to the

m ni mum fluctuatjons, of delivery flow rates from punps upon feeding K these
Sl Urry and sol utT b ahd-8 rfo St TRAN S 1 B § AERSTHBMT e P utibe e
stabilized, Based on this thought, the present inventors have proceeded
with a furthersiUhresPigatforeefeadiingt St o £ R eshit-0 RYeht  GieTGY di ng
to the investigation by the present inventors, plural liquids to be fed to
thei r cor r8spondt rgl feeyipiipd MACh20%87+.i xirg feeder have their own
opti mal pressure conditions, and delivery flow rate characteristics of the
feed punps vary FiGrst i depehamagigpeanpregstienf fueguani ohsa ofulither
individual liquids to be fed. These pressure fluctuations include those
caused by puislariéon, pwhpchsefulur inhéheppmpseare loged Hfion/f eedi ng 25 t he
respective liquids, and those caused by influence as a 12 8 NOV 2005 result
of use of the | iUt dst ats ¢t Weraguodnnsti ing mapctd s athiem of measurement
results, which shows an advantageous effect of dampers
constituting the slurry mixing feeder according to the second
10 embodiment of the present invention;

FIG. 7 is a diagrammatic representation of measurement
rasults, which illustrates an advantageous effects of
pressure-regulated restrictors constituting the slurry mixing
feeder according to the second embodiment of the present

15 invention and also shows errors in delivery flow rate for
pressure fluctuations on an upstream side; and

FIG. 8 1is a diagrammatic representation of measurement
results, which depicts effects of an automatic correction

system used in the slurry mixing feeder according to the second

20 embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

D PREFERRED EMBODIMEN
Based on certain preferred embodiments of the present

25 invention, the present invention will be described in detail.



the liquids are fed in a parallel manner to plural chem cal nechanica
pol i shing machines- Being interested in the possibility that mnimzation of
t hese pressure fluctuations 5 would becone an effective nmeans for
mnimzing fluctuations in the delivery,flowrates fromthe feed punps for
the individual Iliquids, the present inventors have proceeded with

devel opmrent work. As a result, it has been found that the ®aN@VRdescri bed
two neans are effective and use of these -nmeans nakes it possible 10 to
adequately feed a slurry at a desired flowrate suited for intended

proce55|ngT%§t %%hggp-ggggk%ﬁ¥snhx%%g %%é% éd’d% deterlgggg%on free, good

formto a c anrca pO|IShI i'ne. Wwo neans is to
mnimze pulsag% @hlchttakeﬁ ng pl a e |n ssoci. at | the f d%gg of
liquid by 63ER°FEEAT PP THILY Snédis ARAYE 158 SdéshtT é’o‘ eé%F oh" Fr
FIG 1, a feed slurry A supplied froma druml1 and an <§9 tive slurr
suppl i ed ??Bﬁ?ﬁtﬂ?ﬂﬁizaﬁFe n¥&éﬂle%nn}a§¥9fQRF?9Fh% it L%%c???E 5 unts
to a chem cal nechanlcal pol i shing machine 15. In the 20 enboﬁlnent
i || ustrat e@PTReRFE N $HE BY SR L ) G He L CHRIStArE § HFEY ®re
both circul ated their_ corresponding punps 4. It should however be borne
in nmAd t hak %%l%ik%%efﬁf?lu‘ih‘&)'én%%f%rf“’rée%o’tmw%%‘é%llf(ob@fﬂ‘ér%s% dierhe2 bunps 4
and the slurries maybe fed under force. 7 his enbodi nrent nakes conbined 25
use of feelepuapscsl avd iddniger 8agh iasdndurctiepe gdds 13 18 Nehegeoslurry
pressure-regul ated restrictors 7 in combi nation. Each feed punp 5 sucks a
specific aaptiinsoofitihe togeebponditng drighdfy rlveurfaged melximyy mrtdi @ hend
additive solution, and delivers and feeds the feed slurry or additive
sol ution inethe Ipdektl € AMouUNg in a stable state, the present inventors
thought that the liquid mixing ratio of a slurry, which is
10 compesed of liguids including at least the stock slurry and the
additive solution, would be successfully controlled with high
accuracy if a means is develcped for reducing to the minimum
fluctuations of delivery flow rates from pumps upon feeding
these slurry and solution and the delivery flow rates from the
15 pumps are stabilized. Based on this thought, the present
inventors have proceeded with a further investigation, leading
to the present invention.
According to the investigation by the present inventors,
plural liquids to be fed to their corresponding feed pumps in
20 amixing feeder have their own optimal pressure conditions, and
delivery flow rate characteristics of the feed pumps vary
firstly depending upon pressure fluctuations of the individual
liquids to be fed. These pressure fluctuaticns include those

caused by pulsation, which occur when pumps are used for feeding

25 the respective liquids, and those caused by influence as a



5 toward the chem cal nechani cal polishing nmachine 15. Each danper 6 serves
to reduce pul sation of the associated punp. According to this neans,

pul sati on of each feed punp 5 is significantly reduced, so that the anount
of the stock slurry or additive solution delivered fromthe feed punp 5
toward the 10 chem cal nechanical polishing nmachine 15 is maintained stable
to pernmt feeding of a slurry at a high-accuracy m xi ng rat8 NOV 2005 ot her
nmeans is to incorporate the bel owdescribed control systemfor controlling
drive voltages to be supplied to the feed punps. This neans will be

d i bed F 1 1 A i i t f t ock
descr i bed PRsgd, O1cFLG o8k AGEL. 00 (0L, reans,. ABupL g, o, il Stoc
pol i shi ng ine.%S aref%g utted as r%guired fIOM/ratﬁg t m Xxi ng

mac a.slurr
Peeder K Thoobi Sk r raber FBM Hat ds ParataPac 89508 Ty o PRPadr S 2] ogi c
controller 14h%herelnaf£er abbrevigted as 20."PLC') in acgorda@ e wth
delivery rAte"eonpati ARGt EG0AEF ofie CNABESI neiebR¥ ot BhaAASFSF the -FEspecti ve
punps, respectively, and are then transmtted as drive voltages to the
cor r espond? Py ekt FPurpRt SRV b2 eoner o F driiesE PAS SRS if Eﬁﬁﬁk?nﬁhe
delivery rate characteristic of each feed punp 5 varies depending upon 25
fluct dati o2& O 88t B BF L He AN DI HhB18LBERIBFUF FYC BRal40BSNOV 2005
additive solution sucked into the feed punp S. For exanple, the stock
slurry A ©re tded otdver tHamdr avkischres e fedeungs fhe fleed nslinpldidls
circulated through the corresponding punp 4 as shown in FIG 1 at a flow
rate and pkesside Hibghprethah iBvepeer §ilvwabueseatedhi thh ideviesl cqorsuhed by
t he chem cal nechanical polishing nmachine to avoid settling of polishing
abrasi ve partkcl éss aTheselor ej t thes $eeck fsburryha o thee below-described
two means are effective and use of these means makes it possible
10 to adequately feed a slurry at a desired flow rate suited for
intended processing, at a high~accuracy mixing ratio, in a
deterioration-free, good form to a chemical mechanical
polishing machine.
Cne of the two means 1s teo minimize pulsation which takes
15 place in association ¢f the feeding of liquid by each feed pump.
This means will be described based on FIG. 1. In FIG. 1, a feed
slurry A supplied from a drum 1 and an additive slurry B supplied
from a drum 2 are mixed, and are fed in desired specific amounts
to a chemical mechanical polishing machine 15. In the
20 embodiment illustrated in FIG. 1, the stock slurry A and the
additive slurry B are both circulated by their corresponding
pumps 4. It should however be borne in mind that the present
invention is not limited o the use of the pumps 4 and the

slurries may be fed under fcocrce. This embodiment makes combined

25 use of feed pumps 5 and dampers 6, and further uses



i ntroduced into the corresponding feed punp 5 i s unavoidably associated
with fluctuations in pressure due to pulsation or 10 the |ike of the
correspondi ng punp 4 through which the stock slurry is circulated. In this
enbodi ment, this problemis overcome by incorporating a correction system
for drive voltages, which are to supplied to the feed punps 5, such that

t he above-described fluctuations in pressure can be elim nd& NOVLZ00S
reduced. Described specifically, fluctuations in the pressure of each of
the stock slurry and additive solution, said slurry or solution being

circul ate X i sho i : ar e t] usly
nnnitoredqgﬁ%ghgﬁﬁgﬁglF%ﬁgg r£%§ yg?%%égfhtﬁg %§F$%§%8%8Png %%@% E%%% 5 by a
20 correspondi ensor 8 are

g 59E50£5§- Me surenent,_ v %ES b§r£Q§ sens are. . .
transnittéd o PEE- 13, 2 ditf @t e ushy HE Par F86I 237 T ASPRAY I AB AV fds&Ffbed
correspondi ng, cqonputing equation. A corrected co %¥ tion resujt is fed
back to t T ALVl PAGet N0 Bl 5hSBI T RHIY 6of heAtoriss o fg 48436ump S
As a 25 consequence, the delivery flowrate of the feed punp.5 to the 15 8
NOV 2005 dHenil@ad mechani <l pdiishiagSehehine 18 FRecdPrecféd EBO4NGood
level. In the feed system of each of the stock slurry and additive solution
to the chéifi*Edld dchaiiaral cpbl nakiayl gathpaelidbingardchipeedosystani bei ng
arranged in the slurry mxing feeder K according to this enbodinent, the
stock sl urdapr®r fddiaiwaes Solirdeore i Bubsekedni afatdesppedcspeerif Pemanount
and fed toward the chem cal mechanical polishing machine 15 by the
associ at edicdfoast rputy 5-haiss deszid bepu hbovecon Upbnefebdiagdt hempt 6cksslurry 10
and additive solution toward the chem cal mechanical polishing

significantly reduced, so that the amount of the stock slurry
or additive solution delivered from the feed pump 5 toward the

10 chemical mechanical polishing machine 15 is maintained stable
to permit feeding of a slurry at a high-accuracy mixing ratio.

The other means 1s to incorporate the below-described
control system for controlling drive voltages to be supplied
tc the feed pumps. This means will be described based on FIG.

15 1. According to this means, amounts of the stock slurry and
additive solution to be fed to the chemical mechanical polishing
machine 15 are inputted as required flow rates to a slurrymixing
feeder K. These required flow rates are processed by a
programmable logic controller 14 (hereinafter abbreviated as

20 “PLC”) in accordance with delivery rate computing equations
obtained beforehand for the respective pumps, respectively, and
are then transmitted as drive voltages to the corresponding feed
pumps 5 via a controller 13. As described above, the delivery

rate characteristic of each feed pump 5 varies depending upcn

25 fluctuations in the pressure of a flow of the steck slurry or



machi ne 15, the states of their delivery fromthe feed punps 5 are
control |l ed by maki ng conbi ned use of the danpers 6 and pressure-regul ated
restrictors 7, and preferably the above- described correction system This
conbi nation nmakes it 15 possible to maintain the mxing ratio of the stock
slurry and additive solution highly accurate and to achi eve stabl e feeding
of the slurry in a deterioration-free formto the chem cal 8 Ne(\hagxa
polishing machine. In the present invention, the slurry m xing feeder of the
20 above enbodi nent can be provided with a cleaning systemsuch that the

feed line L he st L urr n . be ¢l eaned.with pure er._Thi s, cl eani ng
systen1cangégﬁggvghgggyggﬁﬁngugggglgﬁggfggghge?%tgﬁﬁgl5p¥g¢%ﬁ %ﬁa%%%ehixing
f eeder due

o sett|ing and/or flocculation of particles in the slurr
during Tecllhgs SORRAE LYY £ nR™ Bha RS, MUah aPSosial it oF Pt et G d
mxing ratio of 1 6 8 Nov 2005 the slurry highly accurate even in an initial
state afteFler BREAPREBR of L3 Hel Teett MR subsBlient e & TR YT StopP
Al t hough the above-descri bed cl eaning systemwi th pure water may be
oper at ed mAn#al $§50vntieahlibe pravided s Bh-atohat ed 3163 darvig’ sysiem Use
of such an automated cleaning systemcan further facilitate maintenance
wor k. 1 n t Beesl Gk ey vl kpAgaterléchactordi ersones $ veriiovdigremicak he desired
flowrate required by the chem cal nechanical polishing machine can be
i nputted dirgebahyced mohashiogi traghing tthve agioudr yefitdiimg faelederl iovh byg an:
external transfer via a network fromthe chem cal nechani cal polishing
machi ne t oamhashveheparsiotey.i sThedefBeeauseeadoptkonlotriyhécabeve- descri bed
inputting nmethod by the external transfer permts a renote
introduced into the corresponding feed pump 5 is unavoidably
assoclated with fluctuations in pressure due to pulsation or
10 the like of the corresponding pump 4 through which the stock
slurry is circulated. In this embodiment, this problem is
overcome by incorporating a correction system for drive
voltages, which are to supplied to the feed pumps 5, such that
the above-described fluctuaticns in pressure can be eliminated
15 or reduced. Described specifically, fluctuations in the
pressure of each of the stock slurry and additive solution, said
slurry or solution being circulated by the corresponding pump
4 shown in FIG. 1, are continucusly monitored con a supply
(upstream) side of the corresponding feed pump 5 by a
20 corresponding sensor 8. Measurement values by the sensor 8 are
transmitted to PLC 14, and are used as variables in the
above-described corresponding computing equation. A
corrected computation result is fed back toc the drive voltage

to be supplied to the corresponding feed pump 5. As a

25 conseguence, the delivery flow rate of the feed pump 5 to the



control to appropriately control the state of feeding of the 15 slurry while
wat ching the state of chem cal nechanical polishing, it is possible to

achi eve inprovenents in operability and al so nore conplete flatness for a
substrate wunder polishing. Wth reference to FIGS. | and 3, the slurry

m xi ng feeder 20 according to the fi rst® enbodi ment of the present invention
and the slurry mxing feeder according to the second enbod§ NeW 2005 t he
present invention will hereinafter be described in further detail. FIG |
illustrates a two-1iquid mxing feeder for mxing two liquids together,
while FIG 3 depicts a three--liquid 25 m xing feeder for mX| ng three

| i qui ds toﬁ%?‘ﬁé?al@‘?qfiadtﬁ%l POt 1§ NEY 1'26651?% e 1A SR FDEFOMA & BRFry in
the present invention, no particular limtation is inposed insofar as they
i ncl ude atieveast a stock sl urry and an additive solution. Plural |iquids
can be used including, for exanple, a conmbination of a stock 5 slurry with
two or nore addiInvéeshted isowserac & amsimat ithie ©FOC kK \wWe. UoTr i@ astdicki e urri es
and an additive solution, and conbinations of such conbinations with pure
water for sblutiog ta e chanke &5 mdclad G 1 poddrsdlin nadhcatesSa srim wit h
a stock 10 slurry (hereinafter called "the Iiquid A") sealed therein, and
nuner al 2 tesdgaasesmabdinm wrthngrdaddi tihee ssolruty an x(iher gicraftrerk cal | ed
"the liquid B'") sealed therein. The liquid A contains fine abrasive

particl es suehrasngi tbcanhial ypbbadigentcerha isnoalf enmrdisper sediigiwater in
whi ch a surfactant and/or 15 the like is contained. The liquid Bis to be

m xed W thséhetidh o &uiianrdigontdd NsraddiddMeS susbBuas angurda@cianirand an
the chemical mechanical polishing machine 15 by the associated
feed pump 5 as described above. Upon feeding the stock slurry

10 and additive solution toward the chemical mechanical polishing
machine 15, the states of their delivery from the feed pumps
5 are controlled by making combined use of the dampers 6 and
pressure-regulated restrictors 7, and preferably the above-
described correction system. This combination makes it

15 possible to maintain the mixing ratioc of the stock slurry and
additive solution highly accurate and to achieve stable feeding
of the slurry in a detericration-free form to the chemical
mechanical polishing machine.

In the present invention, the slurry mixing feeder of the

20 above embodiment can be provided with a cleaning system such
that the feed line of the stock slurry can be cleaned with pure
water. This cleaning system can solve the blocking problem of
the internal piping of the mixing feeder due to settling and/or
flocculationof particles in the slurry during feeding stand-by

25 time, and hence, can also maintailn the liquild mixing ratio of



oxi di zing agent. Designated at nuneral 3 is a drumin which pure water
(hereinafter called "the liquid C') is sealed. In the feeder illustrated in
FIG 3, the liquid Cis used to dilute 20 or mx the liquid A or the liquid
Binto a suitable form or to clean the interior of the piping for the
liquid A. In the case of the tmo-liquiH)nixing feeder shown in FIG 1,
cleaning pure water Wis exclusively used for cleaning thes NQ€Rd@Es of the
piping for the liquid A Nuneral 4 indicates punps for 25 circulating the
liquids A, B and C, respectively. As the punps 1.8 8 NOV 2005 4,

gener al - pur pose. punps sucr as di aphragm punps can be used. It is also a
preferred odteht o983 Yaﬁ@%“EEFFIggFBaggdanpﬁpééﬂﬁinﬁFé&ﬁbi fanpers in
conbination with the punps 4. A description will next be made of flows of
the indi viRAHOPE PR geif dshe FERSEL)I FHESEHHER CsIEGr Ry CEEPORE Y qUITP A is, as
illustrated in FIGS. 1 and 3, sucked fromthe drum 1 and delivered back to
the drum BlHeede Pumpleveriemaribee sheoreki sy wysyies Wwidiy culze e fr a
specific flow rate. Among the individual |iquids used for the fornulation
of the sl uray,bd metatda stanmruyl 110 ith gar e wravidaw ol es: ayporentddl
problemthat fine abrasive particles contained therein may settle. As in
t he ebodi emisinghlomtdm FUGS. of anth 3n atitbsapedfeleadito s@opeémacan
construction such that the stock slurry is fed to the correspondi ng feed
punp 5 affiertibst nfadglitatatmaiheeatate ebra.circulating flow In 15 the
enbodi ments depicted in FIGS. 1 and 3, a required flowrate signal fromPLC
14 is converted imtbeas Uit ¥e Mialitrageecatiea atdiold eb I8 archbcst iansm tt ed
to the feed punp 5. The feed punp 5 is then driven. The liquid A which is
circul ati nthatde i specifde Fhow rafeitsdcaysedet onpassathkewahm ol ve 9 and
polishing machine can be inputted directly to a main unit of
10 the slurry mixing feeder or by an external transfer via a network
from the chemical mechanical polishing machine to which the
slurry is fed. Because adoption of the above-described
inputting method by the external transfer permits a remote
control to appropriately control the state of feeding of the
15 slurry while watching the state of chemical mechanical
polishing, it is possible to achieve improvements in
operability and also mcore complete flatness for a substrate
under polishing.
With reference to FIGS. 1 and 3, the slurry mixing feeder
20 accerding to the first embodiment of Che present invention and
the slurry mixing feeder according to the second embodiment of
the present invention will hereinafter be described in further
detail. FIG. 1 illustrates a two-liquid mixing feeder for

mixing two liquids together, while FIG. 3 depicts a three—-1liquid

25 mixing feeder for mixing three liquids together. On liquids



20 is fed to the feed punp 5, and is then delivered fromthe feed punp 5.
At this time, effects of fluctuations in the pressure of the circulating
flowof the liquid A on the delivery rate of the liquid A fromthe feed
punp 5 are appropriately dealt wth byimonitoring the pressure fluctuations
with the pressure 25 sensor 8 and feeding information on them back to the
feed punp 19 8 NOV 2005 5 by PLC 14. The liquid A which hagsNpaepoael i ver ed
at a specific flowrate fromthe feed punp 5 as descri bed above, flows
further through the danper 6 and the pressure-regul ated restrictor 7. As a
result, putsaté aniofdthe feed pubppubrivsinedueedreardti anventhios,state, the
liquid A reaches the valve 11. In each of the enbodinents illustrated in
FIGS. | anshrSBicliher|liguidaBios aksomsuskedifhsomat-hasdrumy? iaad udel iarer ed
back to the drum?2, and is circulated at a specific flowrate, by the punp

4, in a sindar MwABEK asuiRytded casedaficihe 4bowt dod0 A1 DI enepti 5 om the
stock slurry as the solutions however, the additive solution as the liquid

B, depending, ypon,dd$ lmﬂq)dlrf%i Y N0t dnmel e, 3, PIRY BB SuGh As aS%ttfddmg
Therefore, it is not absolutely necessary to circulate the liquid B by the

punp 54. Thg, sl wytﬂnew&g)rf%ﬁodneg%dmh% constdiveied suchtihat: sthe 15

liquid Bis fed to the feed punp 5 by a force feed method w t out using any

PUTP: o1 ek OF dduotuabions LB be prasshr gqgtoloe Sbhawgh, | Rd vl d B
u

by the circulation or force feed are appropriate edlt wth by

moni tor i ”gcérﬁ}é]d%?&thé e EH&R”@&%@P@ dH twhlec %%%gﬁ%%gnf%%] d%l%r?;q,t%;egdl ng

i nformation embac punp e liqu
whi ch hastbeen delivered at a specific flowrate fromthe feed punp 5 as
descri bed above, flows further through the danper 6 and

In FIGS. 1 and 3, numeral 1 indicates a drum with a stock

10 slurry (hereinafter called “the liquid A”) sealed therein, and
numeral 2 designates a drum with an additive solution

{(hereinafter called “the liquid B”) sealed therein. The liquid

A contains fine abrasive particles such as silica, alumina or

ceria in a form dispersed in water in which a surfactant and/or

15 the like is contained. The liquid B is to be mixed with the

ligquid A and contains additives such as a surfactant and an

oxidizing agent. Designated at numeral 3 is a drum in which

pure water (hereinafter called “the liquid C"”) is sealed. 1In

the feeder illustrated in FIG. 3, the liquid C is used to dilute

20 or mix the liquid A or the liquid B into a suitable form, or

to clean the interior of the piping for the liquid A. In the

case of the two-liquid mixing feeder shown in FIG. 1, cleaning

pure water W is exclusively used for cleaning the interiocr of

the piping for the liquid A. Numeral 4 indlcates pumps for

25 circulating the liquids A, B and C, respectively. As the pumps



the pressure-reqgul ated restrictor 7. As a result, pulsation of the feed
punp 5 is reduced, and in this state, the liquid 25 B reaches the valve 11.
20 8 NOV 2005 In the three--liquid mxing systemshow in FIG 3, the
liquid B which has been delivered at a $ ecific flowrate in accordance
with a signal transmtted to the feed pu 5 as described above f | ows
through a mxer 12. The liquid Cis fed 5 into the feed | i ngNQOw 200 |iquid
B through the danper 6 and pressure-regul ated valve 7 and the optional

val ve 10, which is arranged as needed. The liquid Eis mxed with the
liquid Cat the m and the resulting.m xture reaches the valve 11.

L %gg 12, éh
10 In the Secdnd®Efbodl ABRESSRGWS i FHE G5 51PN A9EGPE GACRSI &°Fi xed
with the liquid B.is also circulated at a specific flowrate by the
correspondihglpufpSg PEnPaéRiiresr efkerdmead ohé N5 Wik ied 59t o the
case of the liquid B, the liquid C may be fed to the correspondi ng feed
punp 5 by BufBpEéchesqdesipst RGAPRIChdlt cosiigahiepumip:h Bfearwrps 4-
fluctuations in the pressure of the flow of the liquid C by the circulation
or force feed nitdvst are appropli et pedeadie odi £ hoby abhheoridigy 1diea l
pressure fluctuations with the pressure sensor B and feeding information on
t hem back togthdsteedi paunpybs byePEC ¢4, slnrtheas20hentiadiunen?® skowas n Fl G
3, the slurry mxing feeder is constructed such that the liquid "ii~U. C
C, u~ hy h€lrushastbeem BelEvedreddat, $hekedHropeché ideuki Cahkdove ¥vered ra
with a signal transmtted to the feedpunp 5, is fed further through the
danper back to the drum 1, by the pump 4, so that the stock slurry is

circulated at a specific flow rate. BAmong the individual

liquids used for the formulationof the slurry, the stock slurry,

10 in particular, invelves a potential problem that fine abrasive
pvarticles contained therein may settle. As in the embodiments
shown in FIGS. 1 and 3, it is preferred to adopt a construction
such that the stock slurry is fed to the corresponding feed pump
5 after bringing it inte the state of a circulating flow. In

15 the embodiments depicted in FIGS. 1 and 3, a required flow rate
signal from PLC 14 is converted into a drive voltage at a
controller 13 and is transmitted to the feed pump 5. The feed
pump 5 is then driven. The liquid A which is circulating at
a specific flow rate 1s caused to pass through a valve 92 and

20 is fed to the feed pump 5, and is then delivered from the feed
pump 5. At this time, effects of fluctuations in the pressure
of the circulating flow of the liguid A on the delivery rate
of the liquid A from the feed pump 5 are appropriately dealt

wlith by monitoring the pressure fluctuations with the pressure

25 sensor 8 and feeding information on them back to the feed pump



6 and the pressure-regulated restrictor 7 to reduce pulsation 25 of t
feed punp 5, reaches the valve 10, and is fed into the 21 $ NOV 2005 t

line tar the iiqgid B. As illustrated in each of FIGS. ? and 3,

he
eed

the valve 11

is arranged i medi ately before the chemcal nechanical polishing nmachine
15. TA the -value 11, the liquids which 'have 5 reached there as descr
above and include the liquid A and liquid B are m xed tog NGOV 20081 S
iglaids rah ich have reached the valve 11 have each been rendered
appropriate and jtahie i t f? owrate by the above-descri bed net ?nd,

their | i

bed
the ?
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actual ly

mechani cal polishin% machine 15, and is fed onto a turn tab
| FERi R3S A5 TRIbHE et 45! 2 Ve F ot T shEPg s
performed by using the slurry mxing feeders K of these

m xer
to the
e 15

enbodi ment85 Pl EFEFL eherii bad Lo chbnt tal L9l iR G et HigsesredS aved usual |y
operated at the sane tinme as illustrated in FIGS. 2 and 4. In this case,

the 20 pl urlalssturty, nikéngifivedePsrRagBerebbier gailieFIlES. 2 and 4) are

connected to tLe a ov -i escri c¢ "itt ulatioc lives of th-F indi.v ideal
Li qui ds and, as ild wstatated ihe tdmpadiiawimgs, i tthe tddtpd dsy ST edl lnd he
respective chem cal nechanical polishing machines i5 are fed in paral
D fferent $ronhd heigpet & ii @5 ofswrited dohers |[ture Wmxingrideelddri g red
operation of the plural S isOv 2005

10

15

20

25

back to the drum 2, and is circulated at a specific flow rate,
by the pump 4, in a similar manner as in the case of the liquid
4. Different from the stock slurry as the solution, however,
the additive solution as the liquid B, depending upon its kind,
may not involve a problem such as settling. Therefore, it is
not absolutely necessary to circulate the liguid B by the pump
4. The slurry mixing feeders may be constructed such that the
liguid B is fed to the feed pump 5 by a force feed method without
using any pump. Effects of fluctuations in the pressure ¢f the
flow of the liquid B by the circulation or force feed method
are appropriately dealt with by monitoring the pressure

fluctuations with the pressure sensor 8 and feeding information
on them back to the feed pump 5 by PLC 14. The ligquid B, which
has been delivered at a specific flow rate from the feed pump
S as described above, flows further through the damper 6 and
the pressure-regulated restrictor 7. As a result, pulsation
of the feed pump 5 is reduced, and in this state, the liquid

B reaches the valve 11.

el .



m xi ng feeders K in the above-described manner may develop fluctuations in
the pressure of a Li quid circulating or force fed on the upstream side of
the m xing feeder K, and these fluctuations nmay result in the devel opnent
of fluctuations in 5 the pressure of thg,liquid to be fed to the renaining
m xing fenders K Since the delivery flowrate characteristic of each
Liquid fromits correspondi ng feed punp 5 varies dependi ng SINEV 2005
fluctuations in the pressure of the flow of the sane liquid to 10 be sucked
into the feed punp 5, the fluctuations in the pressure of the flow of the

|1 quid become great gr, when l«L!LriaCLuirg Xl n&;f %?x%%re% KpaLg ganoeeted than when
only one plural mxing feeder IS operated.. “Thi's problem beconmes’ sérious

".specially.when the .liquids to b ucked.into the corresppndi ng feed punps
5 are 15 bUNped Re et TRUTAT | T I DORE T HeAnt erboth Hent: €1 LHOBI PSP o x! ng
feeders K operated in,Egrallel, it is, therefore, preferred to q?o t such a
const ruct i On“PhAf Fhe” brBs&uréIBf Le&ERSI-EGEAL &6 q(ﬁ%ﬁgfﬂﬂppl'qg?d is
continuously nonitored by the above-nentioned 20 pressure sensor, 8, the
measur enent e ¥aF Heef 2R YRSt e usica BaxeEot? ectliteh LEyItire Cdefi vty f1 ow
rate conputing equation is perforned. based on the signal, and the
compufat i o Festite Seedcbiirected Fi° chhveld &l Fmierah st HPahdo f @dd back
to the controller 13 for the feed punp 5. As a result, effects of 25

fluctuati onse$purperpressturd oflvhe Bhewcoe amfel dnalivek lore e 8hNe®r 2O05
delivery flow rate of the corresponding feed punp 5 are automatically
corrected sordmatdthe detfledry Thowiated i® i enderddyiappropr i bteii&ven when
a slurry is fed to plural chem cal nechanical polishing machines in a
paral | el nanngre mixer 12, and the resulting mixture reaches the valve

11.

10 In the second embodiment shown in FIG. 3, the liguid C
which is mixed with the liquid B is also circulated at a specific
flow rate by the corresponding pump 4 in a similar manner as
the liquid A. Similarly to the case of the liquid B, the liquid
C may be fed to the corresponding feed pump 5 by a force feed

15 method without using the pump. Effects of fluctuations in the
pressure of the flow of the liquid C by the circulation or force
feed method are appropriately dealt with by monitoring the
pressure fluctuations with the pressure sensor 8 and feeding
information on them back tc the feed pump 5 by PLC 14. In the

20 embodiment shown in FIG. 3, the slurry mixing feeder is
constructed such that the liquid C, which has been delivered
at the specific flow rate in accordance with a signal
transmitted to the feed pump 5, is fed further through the damper

6 and the pressure-regulated restrictor 7 to reduce pulsation

25 of the feed pump 5, reaches the valve 10, and is fed intc the



5 the slurry can be adequately fed with highly-accurate liquid mxing ratio
to the individual chem cal nechanical polishing machines. As the feed punps
5 for use in the present invention, use of constant flowrate punps is
preferred. As constant 10 flowrate punps, t ubul ar di aphragm punps, bell ows
punps and di aphragm punps are generally used. In the present invention,

use of such tubul ar di aphragm punps as shown in FIG 5 is gpN&eroes. A

t ubul ar di aphragm punp has nerits that slurry flocculation does not take

pl ace and pul sation of the punp 15 itself is smaller conpared with those of
ot her punps. In_ . accqrdance w.th t 2 schemati c construction di agram shown in
FIG 5, alt@&9clipfi dATwitlE He about the construction of a tubul ar

di aphragm punp. Check_val ves 32 are arranged_both_ above_ and bel ow two

tubul ar di aphr agn®s314l33brafespett foelyo I ByIES cam 20934 dFfvend bySrbtati on
of a notor 33, bellows 36 in actuator sections are caused to change in
vol une. Asia pesgnged RenediBdicdy dicdphiradis 3Tem b betsdran Hudbi ng
operations via an inconpressible fluid 35 such as sealed pure water, for
exanpl e. Paéigbangl rychangebui r éd théwzave ki gridle 37apiem PLECinba Va5
shown) is converted into a notor drive voltage at the controller 24 8 Nov
2005 B3, amdatrhednbhere33dsicesof Hred diotherd! iive lwola age. LigvEHG &)dt he
tubul ar di aphragm 31la is in a conpressed form and the liquid A introduced
in a specifiiquanodnaire nigetihede thw! arradihApht agm d avhhas beern deddciveded
toward P2 (delivery side) . At this time, the tubular diaphragm 3la is open
on the sideeofal?e lIuthave ckogedeby tdrelahetlepralore i3t oanthetsbde of Pl
(upstream side) . Here, the other tubular diaphragm 31b is
flow rate by the above-described method, their liguid mixture,
namely, the resulting slurry has adequately achieved a desired
10 mixing ratio. The sliurry discharged in this form from the
discharge port of the slurry mixing feeder K passes through the
mixer 12 arranged as needed in the feed line extending from the
valve 11 to the chemical mechanical polishing machine 15, and
is fed onto a turn table 15" of the chemical mechanical polishing
15 machine 15.

When polishing is actually perfeormed by using the slurry
nixing feeders K of these embodiments, plural chemical
mechanical polishing machines 15 are usually operated at the
same time as illustrated in FIGS. 2 and 4. In this case, the

20 plural slurry mixing feeders K {3 feeders in FIGS. 2 and 4) are
connected to the above-described circulation lines of the
individual liguids and, as illustrated in the drawings, the
liguids desired by the respective chemical mechanical polishing

machines 15 are fed in parallel. Different from the operation

26 of only one slurry mixing feeder K, operation of the plural



in a state open on the side of P1L owing to a change in the volune 10 of the
bell ows 36 of the actuator section, so that a specific amount of the liquid
is sucked into the tubul ar diaphragm 31b fromthe side of Pl. At this tineg,
the tubul ar di aphragm 31b is closed on,the side of P2 by the check valve
32. In this manner, the specific anmounts of the liquid are alternately
sucked into 15 the two tubul ar di aphragnms, and are alternat&Npva0es/er ed
from the tubul ar diaphragns 31la,31b. The liquid is therefore delivered
stably at specific flowrate. To reduce pulsation of each feed punp 5, the
| iquid delivered the feed punmp. 5 is caused to flow further through the
58 co5e

ro
danper 6 afit*thé 6eg%5§sﬁrépr Gl AP8 & 8§ 72TAS” dhpers Yor®tuse in
t he presen% i nvention, any danpers can be Esed,insofar aE.thgg can reduce
pul sation bFUFhB2FERES PUNPEE 55 Tt ek arplel LA HsC hBSE ! BF P o° sk tHose
each having such a construction that the interior has a tubul ar di aphragm
25 structurgd @nf e duPfbigalhrdagh Ohd Nensilde 'ef farsaubil 7. Bra oV
11105 di aphragm air of predeterm ned pressure is charged fromthe outside
to conpresslefeuefbarartalf dphiahmithwartdsevaRarrRns céohbressd bhodanys
pressure fluctuations given to the fluid upon its delivery fromthe feed
punp 8 andtredveesspodsatfiohet biasidonstiant F§d wer nilzg neamhel riesd reld¥1dw rat e
Ls pressure-regul ated valves for use in the present invention, usable
exanpl es afeetdhvseKeach' navi ng such an orifice construction that the
interior has a tubular diaphragm structure, a fluid flows through the
i nsi de of the tubuhae d0edidaphragm fand aktel shehlacged istt ia o teaiagh pressure
fromthe outside to conpress the tubular diaphragminwards and hence to
liguid from its corresponding feed pump S varies depending upon
fluctuations in the pressure of the flow of the same liquid to
10 be sucked into the feed pump 5, the fluctuaticns in the pressure
of the flow of the ligquid become greater when plural mixing
feeders K are cennected than when enly one plural mixing feeder
1s operated. This problem becomes serious especially when the
liquids to be sucked into the corresponding feed pumps 5 are
16 pumped as circulating flows.
In an embodiment with plural mixing feeders K operated
in parallel, it is, therefore, preferred to adopt such a
construction that the pressure of each circulated or force fed
liquid is continuously menitored by the above-menticned
20 pressure sensor 8, the measurement value is transmitted to PLC
14, correction by the delivery flow rate computing equation is
performed based on the signal, and the computation result so
carrected 1s converted into a signal and fed back to the

controller 13 for the feed pump 5. As a result, effects of

25 fluctuaticns in the pressure of the flow of the liquid on the



effect a constriction on the pressure of the fLuid on the wupstream side of
t he tubul ar di aphragm punp. Use of such a tubul ar diaphragmconstruction is
desired, because danping 15 effect is also expected and pul sati on can be
danped further. As the punps 4, on thewpther hand, desired ones can be
suitably sel ected from general - purpose punps, such as di aphragm punps and
bel | ows punps, and used. The present invention w |l herei na N&V b@)Xescri bed
in 20 still further detail based on Exanples. <Confirmation of advantageous
effects available fromthe conbination of danpers and/or r slur-regula ed

restrictor% lyﬁtp fffd pugEs> @n hnvgst&gatiog.was cQ ductedEJoGTthe
stability BF 198 Yel tV&r {2 FF ol r abEs By TusFREA i xFAG FEdder’ % he circuit
26 8 NOV 2005 diagra iIIustrateg in LG% 3 iavghich t yQul ar di aphragm
punps [ memtf ARt Ut el by FORKRCERY, SPTBFWERE GSed VES Yt fid Fedd Punps 5 and
danpers 6 and further, géessure-regulated restrictors 7_ were conbined with
the punps BENEHE T PRRFARThYCEhr 673 GURYR 255 {puF ¥ hat EFSwAS Riddéommonl y
as the liquids in this investigation). This systemw || be referred to as
" Ref er ent | @B hbpresyean FoR L tiel sHkendfraciGes iy A Paaldrd i fiagrer.
conparison were as "Referent.tal ExanpLe 2" a nixin% feeder similar to
Ref er ént i athdExapl &7 10 agx depta dasara bl @ dlidphhdginl YIe gsins- svariesiol el y
arranged wi thout using the danpers 6 and pressure-regulated restrictors
and as " Refietint it Exdipltae 3'hda whiddanlg dreadera Isimsidham itae IRefodrientiivad
Exanpl e | except that only danpers 6 were conbined 4 t:& tubul ar di aphragm
punps. thewd@dsineshe pressure of pare water was set at 0 MPa w t hout
As the feed pumps 5 for use in the present invention, use
of constant flow-rate pumps is preferred. As constant
10 flow-rate pumps, tubular diaphragm pumps, bellows pumps and
diaphragm pumps are generally used. In the present invention,
use of such tubular diaphragm pumps as shown in FIG. 5 is
preferred. A tubular diaphragm pump has merifs that sliurry
flocculation does not take place and pulsation of the pump
15 itself is smaller compared with those of cther pumps. In
accordance with the schematic construction diagram shown in FIG.
5, adescriptionwill be made about the construction of a tubular
diaphragm pump. Check valves 32 are arranged both above and
below two tubular diaphragms 3la, 31b, respectively. By a cam
20 34 driven by rotation of a motor 33, bellows 36 in actuator
sections are caused to change in veclume. As a result, the
tubular diaphragms 31a, 21lb perform pumping operations via an
incompressible fluid 35 such as sealed pure water, for example.

Incidentally, a required flow rate signal 37 from PLC (not

25 shown) is converted into amotor drive voltage at the controller



15 using the punps 4_ This was to avoid effects of pressure fluctuations on
t he tubul ar di aphragm punps. No automatic correction system was enpl oyed
for pressure fluctuations. As the delivery flowrates fromthe respective
m xi ng feeders of the above-described gpnstructions, pure waters delivered
from20 the m xing feeders were neasured by a graduated netering cylinder
to actually determne delivery flowrates per unit tinme. RB80W%2800ws

ti me-dependent variations in delivery flow rate per unit time in

Ref erential Exanples 2 and 3. As is 25 appreciated fromFIG p, it was

confirmed {hat aﬁhug&gaﬁbgg %Ngg %Q%tgi@%t#«%gg@eofd h@gﬁgﬁam edeI ivery flow

rate per unit time were early reduce rent 3, in which
t he danpers 6 were used, corrpared with in Referential Exanple 2 in which
the m xi ng feeder conposed solely of the tubul ar di aphragm punps 5 was used

To achlevellnealt thr tothed iver w, rate, use

danpers al one wa %{J(\Ig:nti? tgfp%h’g) ragIE‘I éla lISI Hﬁs? rdaqr@%r%sﬁ% ts on
the delivery flow f atubular dahamp 5 causing the pressure
of pure wabbF™ (4 [iet DARBLCIY W 3o PR T dBDrvG S0t Potd at o
was 10 in a |linear proportion with punp drlve vol tage and_al so that
conpared V\,F‘tﬂﬁui:??idBap]flﬁ%g’aeﬁ?/e}r’*%ska%Wr%ﬁ%l\’/\%%e%l‘é%’c"l“gfj 3¢ absigd Z&rrr vwi ng
to the addition of a pressure-regulated restrictor 7. Asimlar test was

al so condudt@d’ usifHy tHe Liws-| Fgﬁl HUW%ﬁﬁngf@@H@gf@t?d\m iisnoppE, o1 LSt i | ar
results were 15 obtained. It was however found that an ideal straight |ine

was obt ai aede iherPdh@teddi AGOFREsBIr Bhofcimie Waater wasnotMPas bée,ofas the

pressure increased, the inclination of the straight line
Pl (upstream side}. Here, the other tubular diaphragm 31b is

in a state open on the side of Pl owing to a change in the volume

10 of the bellows 36 of the actuator section, so that a specific
amount of the liquid is sucked into the tubular diaphragm 31b
from the side of P1. At this time, the tubular diaphragm 31lb
isclosed on the side of P2 by the check valve 32. In this manner,
the specific amounts of the liquid are alternately sucked into

15 the two tubular diaphragms, and are alternately delivered from
the tubular diaphragms 31a,31lb. The liquid 1s therefore
delivered stably at specific flow rate. To reduce pulsation
of each feed pump 5, the liquid delivered from the feed pump
5 is caused to flow further through the damper 6 and the

20 pressure-regulated restrictor 7.

As dampers for use in the present invention, any dampers
can be used insofar as they can reduce pulsation of the feed
pumps 5. For example, it is possible to use those each having
such a constructicn that the interior has a tubular diaphragm

25 structure, a fluid flows through the inside of the tubhular



changed, in other words, the delivery flowrate increased. 20 Fromthis
finding, it is expected that, when pressure fluctuations constantly take
place in a flow of liquid to be fed, errors always occur in the delivery
flow rate. Such a problemis not consigered to be conpletely overcone by
the adoption of the danpers 6 and pressure--regul ated restrictors 25 7
alone. 2 8 8 N1V 2405 <Confirmation of effects of a' atoMati 8NV REEIi J3 .
Systemf~a~: p' y'.Si_Pm ~ess'are fluctuatio3ns in a c? rcelUaty .$ } 1I.
Ref er nt~al Exanples 1-3 described above, the pressure of pure- water was

set at 0 Maiaph-¥@8, DNOVEYEr,r EXPECERINEH M Ssihee reSWH S Ha FiGn RHbat,

when fluctuations occur in the pressure of pure mater to be fed to a m xing

feeder by &léﬁy&@twgco&\ Eeggreh@ﬂ;%u%@eﬂ% 'h\f% ‘é(rrd%te fr{élg %]asch

tubul ar di aphragm punp ul dbe affecte erentla

syster® sim ;?Eeé&&’?%tagq Pe§¥%9re6‘?ﬂ)’§ J‘tﬁ?£§ B}Iena{o@&% eﬁeéglrﬁ]o except

that pure water was circ u3|ng and as
Exanple 5 a Ref rentlal xce hat an

sy msimlar t t f
aut OmRL i o t%?r%%ﬁ%%fy L E0nnPibe thad PUBRar QBBd PSP PRICAE et 1% ¢ ne
ressuyres of flo urt’> .t he S, the s Lability of ,. del va
5 s 18 f| oW 74t ?E%é%mgégege anggg gatéd. In Refergntlal
Exanples 4 and 5 mater was al so connonliaused as the three liquids. FIG 8

shows fluctuati dHs BIP TR Yef PYRr§-PPoWAr HE s TBF ughe LPubiEaP TESEHRT agm

punps in Referential. Exanple 5, in which
invention, usableexamplesarethOQeeachhav1ngsuchen1orlflce

construction that the interior has a tubular diaphragm
structure, a fluid flows through the inside of the tubular
10 diaphragm, and air is charged at a certain pressure from the
outside to compress the tubular diaphragm inwards and hence to
effect a constriction on the pressure of the fluid on the
upstream side of the tubular diaphragm pump. Use of such a
tubular diaphragm construction is desired, because damping
15 effect 1s also expected and pulsation can be damped further.
As the pumps 4, on the other hand, desired ones can be
suitably selected from general-purpose pumps, such as diaphragm
pumps and bellows pumps, and used.
The present invention will hereinafter be described in
20 still further detail based on Examples.
<Confirmation of advantageous effects available from the
combination of dampers and/or pressure-regulated restrictors
with feed pumps>
An investigation was conducted for the stability of

25 delivery flow rates by using a mixing feeder of the circuit



20 the automatic correction systemwas |ased for fluctuations In the
pressure of a flow of pure water circulated by the punp 4, and in

Ref erential Exanple 4 in which such an automatic correction system was not
used. As a result, it was confirned that, even when fluctuations occur in
the. upstreamside 25 pressure of the iigTur d fed by the punp 4 i the use
of the automatic 8 NOV 2005 5 correction system made it possSNENe20d5 nai nt ai n
constant the delivery flowrate fromthe tubular di aphragm punp. |In other
words, even if fluctuations take place in the pressure of a flow of liquid

by t he p””&é‘gr%ﬁaeﬂdﬁléé’ﬁé evg’]WFEét e3f£8%£b&f{%ﬁ>‘i’11fa] Lt uéhﬁ?ﬁ mBimp s

mai nt ai ned at e const ant y nmonitoring tl O S an

aut omat i cal | W;Sgé]ectl g?%guct e% c\(/éiry leé)vy Je%teusﬁ%m Ehghéezeéjecﬁ’ M

simlar teé Ty~ rqgiji~ mXing
feeder d hown G%H Simlar results anpl e
Trri i oBehe ARG nr gtaegys@w;vﬁm?gﬁﬁ SErd S e R bnr o
Exanple 5 except that the II8§9| ds er'jpi Uyed w ere, ch an ed fronpure
water to tHPER FOTrS e Witk PUes, 5 é“@l‘F%E%ul%Fh?g W%% ¥iHed | ca
powder dispersed therein. (liquid J; , 15 aqueous hydrogen per oxi de as an
oxi di i ng ageRt (2FPEUASBUARE CREFE WAt &5 (hiequildU@ds Itheiimdi vi dual
liquids -were circulated by the corresponding punps 4, and were fed at
specific floesateatienl t helltby respondi vglt ced ﬁaﬁeered Reqéred flow rates
inputted to the individual feed punps 5 and flow rates fromthe punps 20
were then heateredtias Bxempdet 17i-t Hhasoconflered asrshbénsike TdbLe 1 that,
when the specific flowrates at which the corresponding liquids were fed to
t he respectéveafesdnpuaps B5s WBedediehtérdnt xamg liehe "t kr ee Hiinguifds=dmer e
different in
similar to Referential Example 1 except that tubular diaphragm
10 pumps were solely arranged withcut using the dampers 6 and
pressure-regulated restrictors 7 and as “Referential Example
3" amixing feeder similar to Referential Example 1 except that
only dampers 6 were combined with tubular diaphragm pumps. In
the test, the pressure of pure water was set at 0 MPa without
15 using the pumps 4. This was to avoid effects of pressure
fluctuations on the tubular diaphragm pumps. No automatic
correction system was employed for pressure fluctuations. As
the delivery flow rates from the respective mixing feeders of
the above-described constructions, pure waters delivered from
20 the mixing feeders were measured by a graduated metering
cylinder to actually determine delivery flow rates per unit
Lime.
FIG. 6 shows time-dependent variations in delivery flow

rate per unit time in Referential Examples 2 and 3. As 1is

25 appreciated from FIG. &, it was confirmed that fluctuations



properties, stable del iverty flowrates here obtained. for all 25 the
liquids -without being affe~.ted by fluctuations in the s(M8 NOV 2005
pressures of the liquids on the upstream sides of the feed punps 5. Table 1
Eval uation Results RequiredDelivery Liquid Nameflow rateflow rateError ()
(m/min)(M/min) Liquid ASilica slurryl40137.5-1.79 Aqueous Liquid

Bhydr ogen2020. 00. 00 peroxi de Liquid CPure water6061.52. 50 58 ROMPOGES 2

Enpl oyed in Exanple 2 was a systemsinmlar to that used Referential Exanple
5 except that the liquids enployed were changed frompure water to three
ki nds of liqujds, i : a ceria 10 slurry with fine ceri owder

di sper sed { FOFeNhe (P fUiHio6S) & CSUrractiart-ods ARaBaFt FVeE (1 1H0i 8§ and
pure water #quuid C) . .The_individual liquids were circulated by the

cor r espondf 12 L pUmRAucednd: Rerfereedial SpaBPtEc 1 oW hafesthd daepers
corresponding feed punps S. Wth respect to the individual |iquids,
required 15 FEo% #38es THPRAYRA Wbt hin iBrif /4 tival 2 ¥ dethprhps? 5t arkdh ¥ low
rates fromthe punps were then neasured. As a result, it was confirned as
shown in Tabt &1Xifkafeedherame sgseep i péyidohne dtuest 1gr dhipphragheounps

corresponding liquids were fed were different and the three
5 was used. To achieve linearity with respect to the delivery

flow rate, use of the dampers alone was found to be insufficient.

FIG. 7 illustrates effects on the delivery flow rate of
a tubular diaphragm pump % by causing the pressure of pure water
to fluctuate. It was confirmed that the delivery flow rate was

10 in a linear proportion with pump drive voltage and also that
compared with FIG. 6, the delivery flow rate was clearly
stabilized owing to the additicon of a pressure-regulated
restrictor 7. A similar test was alsc conducted using the
two-liguid mixing feeder shown in FIG. 1. Similar results were

15 cbtained.

It was however found that an ideal straight line was
obtained when the feeding pressure of pure water was 0 MPa but,
as the pressure increased, the inclination of the straight line
changed, in other words, the delivery flow rate increased.

20 From this finding, it is expected that, when pressure
fluctuations constantly take place in a flow of liquid to be
fed, errors always occur in the delivery flow rate. Such a
problem is not considered to be completely overcome by the

adoption of the dampers 6 and pressure-regulated restrictors

25 7 alone.



liquids were also different in properties, delivery flowrates A 8 NOV 2005
were stable for all the liquids without being affected by fluctuations in
the pressures of the liquids on the upstream sides of the feed punps S.
Especially, fine ceria powder has high,gsettling tendency, and therefore,
extremely difficult 5 control has heretofore been needed for feeding a ceria
slurry in a good formto a chem cal mechani cal polishing nad@wa005As shown
in Table 2, however, it has confirnmed that a stable deli vex ' How rate can
be mai ntained even for the eerie slurry (liquid A) and use of a m xinq

be ‘even f¢ Lurry (1 qui d use o ;
ool a i gor e MEATOFE TS ir Py S CR CBRL e & ROTTEot Oty 1P ond form

t hem cal hani cal | i shi, Machi ne. bl | uat i R | t
0 P o AR B a9 ASLNG Gl R vl vl on Fesul 1

Requi r flowr 1 ‘Deliv :
equi red ° 1%%@%%%eg¥%af§%am85¥s 1-3 described above, the pressure

of pure water was set at 0 Ma. It was, however, expected from
5 the results of FIG. 7 that, when fluctuations occur in the
pressure of pure water tobe fed to amixing feeder by circulating
the pure water, the delivery flow rate from each tubular
diaphragm pump would be affected. Usingas Referential Example
4 asystem similar to that employed above in Referential Example
10 1 except that pure water was circulated by using the pumps 4
and as Referential Example 5 a system similar to that cf
Referential Example 4 except that an automatic correction
system was additional used for fluctuations in the pressures
of flows of pure water by the pumps, the stability of delivery
15 flow rates in those cases was investigated. In Referential
Examples 4 and 5, water was also commonly used as the three
ligquids.
FIG. 8 shows fluctuations in the delivery flow rates of
the tubular diaphragm pumps in Referential Example 5, in which
20 the automatic correcticn system was used for fluctuations in
the pressure of a flow of pure water circulated by the pump 4,
and in Referential Example 4 in which such an automatic
correction system was not used. As a result, 1t was confirmed
that, even when fluctuations occur in the upstream-side

25 pressure of the liquid fed by the pump 4, the use of the automatic



flowrate i-, aLfmn) Sc.'13 X8.'3 5C.5 Error 13.0-0) -2.00 1.510 15
Exanpl e 3 Under simlar conditions as in Exanple three kind's of |iquids,
that is, a silica slurry f liquid NO, aqueous hydrogen peroxide as an
oxi di zing agent '(liquid B) and pure ma&g (liquid 20 C1 were fed in a
paral l el manner to three chenical polishing 32 8 NOV 2005 nmachi nes as
illustrated in FIG 4. Required flowrates inputted to the8NéB®d2@ifnmps 5 for
the individual liquids and delivery flow rates fromthe feed punps were
investigated. As a result, it was confirmed as shown below in Table 3 that

W th resDe&érEeocél&%'SEQ?eJn' Hgdgsit%é‘g ¢pdel b }éeﬁ%l‘h' g\é\_’nr% OF £ tﬂtC%Peta' ned

from the cor response reqguire

rates. 8 NeM 2003, fish ré@gngaéjghe %SBE&EE)dlap%ragm.pump In other

words, even if fluctuations take place in the pressure of a flow
of liquid by the pump 4, the delivery flow rate from the feed
5 pump 5 can be malntained at the constant level by monitoring
the fluctuations and autcomatically correcting the delivery flow
rate from the feed pump 5. A similar test was also conducted
using the two-liquid mixing feeder shcwn in FIG. 1. Similar
results were obtained.
10 Example 1
Employed in Example 1 was a system similar to that used
Referential Example 5 except that the liquids employed were
changed from pure water to three kinds of liguids, i.e., asilica
slurry with fine silica powder dispersed therein (liguid A},
15 aqueous hydrogen peroxide as an oxidizing agent (liquid B) and
pure water {(liquid C}. The individual liguids were circulated
by the corresponding pumps 4, and were fed at specific flowrates
to the corresponding feed pumps 5. Required flow rates inputted
to the individual feed pumps 5 and flow rates from the pumps
20 were Then mesasured. As a result, it was confirmed as shown in
Table 1 that, when the specific flow rates at which the
corresponding liquids were fed to the respective feed pumps 5
were different and the three liquids were different in
properties, stable delivery flow rates were obtained for all

25 the liquids without being affected by fluctuations in the
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pressures of the liquids on the upstream sides of the feed pumps
5.
Table 1

Evaluation Results

rli -H
a) 4-J NrCS OQr-i -H4 - 4 7$caCo0O0CDOO Q ELf)M.ULf)d )u-)LUMTF ) |,
yr-1.--1r-1 ~rd

Required Delivery
Ligquid Name flow rate flow rate |Error (
(mL/minj} (mL/min)

o

)

Liquid A Silica slurry 140 137.5 -1.79

Agueous
Liquid B hydrogen 20 20.0 0.00
peroxide

Liquid C Pure water 60 61.5 2.50

Example 2

Employed in Example 2 was a system similar to that used
Referential Example 5 except that the liquids emplovyed were
changed from pure water to three kinds of liquids, i.e., a ceria
slurry with fine ceria powder dispersed therein (liquid A), a
surfactant as an additive {liquid B) and pure water {liguid C}.
The individual liguids were circulated by the corresponding
pumps 4, and were fed at specific flow rates tc the corresponding
feed pumps 5. With respect to the individual liguids, required
flow rates inputted to the individual feed pumps 5 and flow rates
from the pumps were then measured. As aresult, itwasconfirmed
as shown in Table 2 that, when the specific flow rates at which
the corresponding liquids were fed were different and the three

liquids were also different in properties, delivery flow rates

4
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were stable for all the liquids without being affected by
fluctuaticns in the pressures of the liquids on the upstream
sides of the feed pumps 5. Especially, fine ceria powder has
high settling tendency, and therefore, extremely difficult
) control has heretofore been needed for feeding a ceria slurry
in a good form to a chemical mechanical polishing machine. As
shown in Table 2, howewver, it has confirmed that a stable
delivery flow rate can be maintained even for the ceria slurry
{liguid A} and use of a mixing feeder according to the present
10 invention makes it possible to feed a liquid mixture {slurry).
which contains a ceria slurry, in a good form to a chemical
mechanical polishing machine.
Table 2

Evaluation Results

Required Delivery
Ligquid Name flow rate flow rate |Error (%)
{mL/min} (mL/min)
Liguid A Ceria slurry 50 50.0 0.00
Liguid B Surfactant 100 98.0 -2.00
Liquid C Pure water 50 50.5 1.00

15
Example 3

Under similar conditions as in Example 1, three kinds of
liquids, that is, a silica slurry (liquid A), aquecus hydrogen
peroxide as an oxidizing agent (liquilid B) and pure water {liquid

20 C} were fed in a parallel manner to three chemical polishing



0 nL4 34 8 NOV 2005 Exanple 4 Subsequent to the conpletion of the test in
Exanple 2, the operation was stopped and the slurry m xing feeder was |eft
over as was for 1 day. After that, only the feed Iine for pure 5 water
(liquid C was operated to feed pure wa./gpr to the feed I|ine for the ceria
slurry (liquid A) at a flowrate of 2 L/min for 5 minutes. Subsequently,
the slurry mxing feeder was operated under the sane condi8 NONs28 i n
Exanple 2. As shown belowin Table 4, it was confirmed that as in the test
of Exanple 10 2, stable delivery rates were successfully obtained from

i medi at el f t.he. ' Qf e jope ' Tahl Vi '
Results Re%%?krﬁeﬁéf)éaﬁ %é?@ggﬁ%ggg&%ﬁgf I4o‘w %{g%g??légwﬁ%a gﬁ regol?{%%&g@
(m/mn)(nt/mn) _Liquid ACeria slurry3049.5-1.00 Liquid_, . ..

BSur f act a%ﬁ&'&%&e% By y#(ar réxaéf’é%ﬁll@]sq%l.%?}afg BampreYst EB%I oyed
|1 EXarpl e oo vas, 2 SVl em SLILAL L 0.At et Relerential Rxarple 5 except

was confirmed as shown bslow in Table 3 that with respect to
5 all the liguids, stable delivery flow rates were obtained from
the corresponding feed pumps 5 in response to the required flow

rates.



shown in FIG 3 was replaced by the two-liquid m xing feeder depicted in
FIG 1 and the |iquids enployed were changed to two 20 kinds of liquids, i
e. , asilicaslurry with fine silica powder :35 8 NOV 2005 di spersed
therein (liquid A) and aqueous hydrogen peroxide as an additive (liquid B)

. The individual liquids were circulated by the corresponding punps 4, and
were fed at specific flowrates to the corresponding feed HNEIS2ES Wth
respect to the 5 individual liquids, required flowrates inputted to the
i ndi vidual feed punps 5 and flow rates fromthe punps were then neasured.
As shown in Table 5, it-was confirnmed that, when the two-I|igui m Xi ng
feeder was used, the liquidgs whjch were| different iin the specific flow
rates at which they werefed to| 10 the, rlespgec 'vedéee(d) punps |5, and were al so
different in propertigs werecal se fed gtestabl e lliwerycf | owerlat es wi t hout
bei ng affected by fluctuaki ons n-t he ~prlessures ofstihe | i gui dsw jon the
upstream sides of the feed punps S. Tablle'5! 15 Eval yati on Resul ts
Requi redDel i very Liquid Naneflow rateflaow rateErtor {(0)!| (nL/ m n)( L/ m n)
Li C]Ui d ASilica sl UFFyZ(‘CZOZ.Gl. S /—\qﬁutb 1- Q'uid B di‘ﬁgc||2525. 52. 00
per oxi de Exanple 6 A tebzﬁ gs cpnducted in p simlarl mahner as ijn Exanple 5
except that the silica Mugﬂy was replaged by a cerila s|urry
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20 (liquid A) with fine ceria powder dispersed therein and a :36 8 NOV 2005
surfactant Kliquid a { was used as an additive in place of aqueous

hydr ogen peroxi de. The individual liquids were circulated by the
correspondi ng punps 4, and were fed at ggecific flowrates to the
correspondi ng feed punps 5. Wth respect to the 5 individual |iquids,
required flow rates inputted to the individual feed punps SNe@W26(5w r at es
fromthe punps 5 were then neasured. As a result, with respect to both of
the liquids, their dell very flowrates fromthe correspondi ngy feed punps
5 were stggg% ?ﬁtgout being affected by fluctuations in the 10 pressures of
the liquids 8h*t e upstream sides of the feed punps 5 as shown in Table 6.
It has hence been confirned that with respect to a |liquid mixture (slurry)
containing a cer?ﬁb§?ﬁP?gE F8e8bﬁgc8?p%ﬁFéﬁ“iﬂfatﬁ%oﬁe§Fai% +2 3P LRetri cal
mechani cal _pol i shing machine Las been very difficult for its consjderable
15 settli n§ EtRETREYICR % & LaBPPHeF Y IhGWS T 8¥ THEX i he fesdiasi vasdl et qui ds
can al so be nuaintai ned when they are fed by the two-liquid m xing feeder
enpl oyed i AVERI 35 BeEmpre. L THbY e 6:f B/alFbat oAt REstl? S 9eReduier €87 Ri¥%gIi d
Name flow rate (nmb/mn) Liquid A Ceria slurry Liquid '3 r,u~aUS 75 ydrojen 1
S0l B water (ligquid C) was operated to feed pure water to the feed

line for the ceria slurry (liquid A} at a flow rate of 2 L/min
for 5 minutes. Subsequently, the slurry mixing feeder was
operated under the same conditions as in Example 2. As shown
below in Table 4, 1t was confirmed that as in the test of Example
10 2, stable delivery rates were successfully obtained from
immediately after the resumption of the operation.
Table 4

Evaluation Results

Reguired Delivery
Ligquid Name flow rate flow rate |Error (%}
{mL/min) (mL/min)
Liguid A Ceria slurry 50 49.5 -1.00
Liquid B Surfactant 100 100.5 0.50
Liquid C Pure water 50 48.5 -3.00

156 Example 5
Employed in Example 5 was a system similar to that used
Referential Example 5 except that three-liquid mixing feeder
shown in FIG. 3 was replaced by the two-liquid mixing feeder
depicted in FIG. 1 and the iiguids employed were changed to two

20 kinds of liguids, i.e., a silica slurry with fine silica powder



peroxide Delivery |I flowrate j Error () (nmt/mn) 14.D1 --i. 152.5 1 1,67
20 37 8 NOV 2005 Exanple 7 Under simlar conditions as in Exanple 6, two

kinds of liquids, that is, a ceria slurry (liquid A) and a surfactant
(liquid B) were fed in a parallel manner. t o three chem cal 5 polishing
machines as illustrated in FIG 2. Requited flow rates inputted to the feed
punps 5 for feeding the individual |iquids and delivery flBNOVaZ@S fromthe

punps 5 were investigated. As a result, it was confirmed as shown bel ow in
Table 7 that with respect to both of the |iquids, stable delivery 10 fl ow

\r/%t:g:sz\\//\ﬁrqeﬁ)? t&%%%g&i:hgel%ifr??%h ?arggggiq{}\%gufsl quvdzr*g%grsl'pgrcl}lﬁgi\/dgoaoé
an additive (liquid B). The individual liquids were circulated
by the corresponding pumps 4, and were fed at specific flowrates
to the ccorresponding feed pumps 5. With respect to the

) individual liqguids, required flow rates inpufted to the
individual feed pumps 5 and flow rates from the pumps were then
nmeasured. As shown in Table 5, 1t was confirmed that, when the
two-liguid mixing feeder was used, the liquids which were
different in the specific flow rates at which they were fed to

10 the respective feed pumps 5 and were also different in
properfies were also fed at stable delivery flow rates without
being affected by fluctuations in the pressures of the liquids

on the upstream sides of the feed pumps 5.

Table 5
15 Evaluation Results
Required Delivery
Liquid Name flow rate flow rate [Error (%)
(mL/min) (mL/min)
Liguid A Silica slurry 200 202.0 1.00
Aqueous
Liquid B hydregen 25 25.5 2.00
peroxide

Example &
A test was conducted in a similar manner as in Example
5 except that the silica slurry was replaced by a ceria slurry

20 (ligquid A} with fine ceria powder dispersed therein and a
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surfactant {liquidB) was used as an additive inplace of aqueous
hydrogen peroxide. The individual liquids were circulated by
the corresponding pumps 4, and were fed at specific flow rates
to the corresponding feed pumps 5. With respect to the
individual ligquids, required flow rates inputted to the
individual feed pumps 5 and flow rates from the pumps 5 were
then measured. As aresult, withrespect tobothof the liquids,
thelir delivery flow rates from the corresponding feed pumps 5
were stable without being affected by fluctuations in the
pressures of the liquids on the upstream sides ¢f the fead pumps
5 as shown in Table 6. It has hence been confirmed that with
respect to a liquid mixture (slurry) containing a ceria slurry
feeding of which in a good state to a chemical mechanical
polishing machine has been very difficult for its considerable
settling tendency, stable delivery flow rates of the individual
liguids can also be maintained when they are fed by the
two-liguid mixing feeder employed in this Example.

Table &

Evaluation Results

Or{-H

Required Delivery
Liquid Name flow rate flow rate |Error (%)
(mL/min) (mL/min)
Liquid A Ceria slurry 75 74.0 -1.33
Agqueous
Liquid B hydrogen 15¢C 152.5 1.67
percxide




r-1-1-0-1 YU U -HL"L"(154-4 -r |-H | --4LAL-d.t4 Cdv UUlu Aac~FCw 7Cb
-rl-H1-1-H HH aaai 4- la >~ -AU ~IIN" 1 .-1 U OE 39 8 NOV 2005
Exanpl e 8 Subsequent to the conpletion of the test in Exanple 6, the
operation was stopped and the slurry mj;u ng feeder was left over as was for
1 day_ After that, pure water was caused to

8 NOV 2005

Example 7
Under similar conditions as in Example 6, two kinds of
ligquids, that 1s, a ceria slurry {(liquid A) and a surfactant
{liguid B) were fed in a parallel manner to three chemical
5 polishing machines as illustrated in FIG. 2. Required flow
rates inputted to the feed pumps 5 for feeding the individual
liguids and delivery flow rates from the pumps 5 were
investigated. As a result, it was confirmed as shown below in
Table 7 that with respect toboth of the liquids, stabledelivery

10 flow rates were obtained in response to the required flow rates.



5 flowto the feed line for the ceria slurry (liquid A) at a flow rate of 2
L/'mn for 5 mnutes. Subsequently, the slurry mxing feeder was operated
under the sanme conditions as in Exanple 6. As shown below in Table 8, it
was confirmed that as in the test of Exanple 6, stable delivery rates were
successfully obtained 10 frominmediately after the resunption of the
operation. Table 3 Evaluation Results RequiredDelivery Li GUNQVNEWSES | ow
rateflow rateError (% (nL/mn)(nl/mn) Liquid ACeria slurry7576.01. 33

Li qui d BSurfactant 150148.5-1.00 This application clains the priority of

Japanese Patent 15 Applicati op—2000-188589 filed June-21, 2001, which is
i ncor porated herein by reference.. 40 imed|is:| 8 NOV 2005 1. A
slurry mixing feeder for feedijng®¥a slun e cal, {mechani cal poli shing
machi ne, said slurry containing |jquids ired|mwpxing ratio, said
liquids including at |east a |[di spefsicd abr asi\e particles and a
solution of an additive, conpriging: ¢ ts for |sucking said
| i qui ds, respectively, a nunber ®f said orts gorresponding to that
of said liquids; a discharge port—fpr—i rid—sturrly to said chem ca
mechani cal polishing nachine;| ffegd| pur din feged lines for said
respective liquids, said feed Itpgs e om sai d i ndi vidual suction
ports to said discharge port, {for<sueki iindi yvisedal liquids in
specific anounts to give said [mZXEng 4 4 | iverisng the thus-sucked
liquids toward said discharge p&t;| @ o | m
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danpers and pressure-regul ated restrictors arranged in conbination in said
feed lines on delivery sides of said feed punps, respectively; and pressure
sensors placed on said feed |lines between said individual suction ports and
said feed punps, wherein power supplies (}o said feed punps are configured to
be controll ed based on pressure fluctuations of said |iquids neasured by
said pressure sensors. 2. Aslurry mxing feeder accordi n@ NOvcig@sm 1,
wherein said slurry conprises said dispersion of said fine abrasive
particles, said solution of said additive and pure water at a desired

m xing ratio. 3. A%sl urry mxing feeder according to claim1l1 or 2, further
conpri si ngé.xaef“%%n for circulating at |east said dispersion of said fine
abrasive particles, out of said indivjidual |igqguids sucked through said
suction ports, at*EFIHRtate LBHEPRSRUIR? &fudind &6t RifgRerh Speci fic
rate and pressure at which said dispersion of said fine abrasive particles
i s consungd'@CPeEiad IeHen e af - PrRAFCAl Bot } WhHi hg irder ABEgRd aS dénitt ol | er
for correcting a delivery rate of at |east said dispersion of said fine
abrasi ve parali desvds omi tls of r edgdrdi g afte e ® UFEnp ade ta WidEs ics Usfe dvdlcues

obt ai ned by continuously neasuring pressure fluctuations of a circul ating

fl ow 5of shliak dicspeesieaddfisaifdfithe abrasisdeipay tlildlaesid &) Atsd drlow ni xi ng
feeder according to claiml1 or 2, further conprising: a feed line for

f eedi ng pura-anatfe? It/misaifdrf 2editss f oSubakedudingper, stba ofusay di xfiime
abrasive particles such that said feed line for said dispersion of said fine
abr asi ve pardd«dt esiscapebetedeandadrwtliid ssaidd cpure twather asbin Axsdmplrey au Xi ng
feeder according to claiml or 2, wherein said feed punps are tubul ar

di aphr agmmuepswrdbe bowAi SITHY Ve M, Xi RowE el £ aee didg be Chaiia oyt 2,
further conprising: 8 NOV 2005 a neans for transmtting information on a
liquid mXmgxbabile of Saih slddiriYer sahdeki Wi JUHG atlp obeiang desired
by said chem cal nechani cal polishing machine, fromsaid chem cal

nmechami calrRQ] i Shhg: Mach) ner ¢ Or sahd £8Gnption of the operation.
Table 3

Evaluation Results

Required Delivery
Liguid Name flow rate flow rate |[Error (%)
(mL/min} {mL/min)
Ligquid A Ceria slurry 75 76.0 1.33
Liquid B Surfactant 15¢C 148.5 -1.00

This application claims the priority of Japanese Patent
15 Application 2000-188589 filed June 21, 2001, which is

incorporated herein by reference.



punps. 7. A slurry mxing and feeding nethod for feeding, to plural chem cal
mechani cal polishing machines, slurries desired by said polishing machi nes,
respectively, which conprises: connecting slurry mxing feeders, which are
as defined in claim1 or 2, to said 4%dividual chemical mechanica

pol i shi ng machi nes, respectively, such that |iquids conprising at |east a
di sper si avhaois flaiineedabr asi ve particles and a solution of args@di2eese are fed
in a parallel manner to said individual chem cal mechanical polishing

nmachi nes |VAantRehxi O Fde8SPBP eABo Sl sWirFy oM el @RERArScal $olidhigg Ur ry mixing
feeder faf,chige af@slﬁr@kbﬁté%ﬁ i@i@“ﬁ@d@ﬁked%ﬁ@@aﬁ@,‘ sahPlif SRt R uARE NI ne,

sai d slugy ﬁéaaﬁ%{ag%gﬁig}go Bl A ot AES A, somtiHnrk&aﬁaatdhﬂiive,Sa' d I'iquids

i ncl udin ) | spersion o I ne abrasive particles and a sol ution
of an adg?WPQ%?gsaid slurry mxing feeder conprising: a first slurry supply
configured to supply.slurry under pressure; a first feed punp in

communi cat i YR W%@rauqlﬁmgsﬂtélfg}lﬂwﬁﬁ; r%ﬁﬂsﬁr\gsﬂwamgl%m WEWBBWHM ne; a
first pressiEspaNstodbaifof giiddi@uids; neasure pressure fluctuations in said
slurry supply line connecting said first feed punp to said first slurry
suppl y; a fd disthadgngret for fieedlargmand datry ansavd tHemacd ndohastalgatsinhgsai d fir st
feed punp; madhifest pressure-regulated restrictor in conmmnication with and
downstream of said first danper, said first danper cooperating with said
first pressyresuh fa&lrﬁfg%@ if R3HiES R s4i rESEURR IRMEALi@R%dQfnegai d Tirst feed
punp; and aexg&&r( r&rﬁrsaﬁlqgéi'vﬁ%raﬁgm&@n ort {ooéaidad'gﬂalé%é?&ﬁ rf(?r[s%cﬁilﬁ racteristic
of said fi F&id inglwdual?ﬂc%)ids iig gp ot ARty tsnfg%%érs%fil Rl H:Irn% anldlél%}iy Agons.

the thus-sucked liquids toward said discharge port;

dampers and pressure-regulated restrictors arranged in combination in said feed
lines on delivery sides of said feed pumps, respectively; and

pressure sensors placed on said feed lines between said individual suction ports
and said feed pumps, wherein power supplies to said feed pumps are configured to
be controlled based on pressure fluctuations of said liquids measured by said
pressure sensors.

2. A slurry mixing feeder according to claim 1, wherein said slurry comprises said
dispersion of said fine abrasive particles, said solution of said additive and pure water
at a desired mixing ratio.

3. A slurry mixing feeder according to claim 1 or 2, further comprising;

a means for circulating at least said dispersion of said fine abrasive particies,
out of said individual liquids sucked through said suction ports, at a flow rate
and pressure equal to or higher than specific rate and pressure at which said
dispersion of said fine abrasive particles is consumed at said chemical
mechanical polishing machine; and

a controller for correcting a delivery rate of at least said dispersion of said fine
abrasive particles from its corresponding feed pump on a basis of values
obtained by continuously measuring pressure fluctuations of a circulating flow
of said dispersion of said fine abrasive particles.

4. A slurry mixing feeder according to claim 1 or 2, further comprising:
a feed line for feeding pure water to said feed line for said dispersion of said
fine abrasive particles such that said feed line for said dispersion of said fine

abrasive particles can be cleaned with said pure water.

5. A slurry mixing feeder according to claim 1 or 2, wherein said feed pumps are
tubular diaphragm pumps.



41
6. A slurry mixing feeder according to claim 1 or 2, further comprising: 8 NOV 2005

a means for transmitting information on a liquid mixing ratio of said slurry,
said liquid mixing ratio being desired by said chemical mechanical polishing
machine, from said chemical mechanical polishing machine to said feed
pumps.

7. A slurry mixing and feeding method for feeding, to plural chemical mechanical
polishing machines, slurries desired by said polishing machines, respectively, which
COMpIISES:

connecting slurry mixing feeders, which are as defined in claim 1 or 2, to said
individual chemical mechanical polishing machines, respectively, such that
liquids comprising at least a dispersion of fine abrasive particles and a solution
of an additive are fed in a parallel manner to said individual chemical
mechanical polishing machines via their corresponding sturry mixing feeders.

8. A slurry mixing feeder for feeding a slurry to a chemical mechanical polishing
machine, said slurry containing liquids at a desired mixing ratio, said liquids including
at least a dispersion of fine abrasive particles and a solution of an additive, said slurry
mixing feeder comprising:

a first slurry supply configured to supply slurry under pressure;

a first feed pump in communication with said first slurry supply via a slurry
supply line;

a first pressure sensor configured to measure pressure fluctuations in said
slurry supply line connecting said first feed pump to said first sturry supply;

a first damper in communication with and downstream of said first feed pump;
a first pressure-regulated restrictor in communication with and downstream of
said first damper, said first damper cooperating with said first pressure-

regulated restrictor to reduce pulsations of said first feed pump; and

a controller configured to control a delivery rate characteristic of said first feed
pump based on said measured pressure fluctuations.



