we3ed -.<6TJ ~~,i' _ ' SLURRY M XI NG FEEDER AND SLURRY M XI NG AND FEEDI N
NETHCD BACKGRCUND OF THE INVENTION a) Field of the Invention 5 This 4,
invention relates to a slurry mxing feeder for feeding a slurry, whi ch !
contains at |least a dispersion of fine abrasive partlzjmum m ol ution of
one or nore additives at a desired mxing ratio, mm mmchani cal
pol i shi ng machi ne which with high precision, polishes and;fkattens a 10
surface of a substrate such as a wafer, and also to a slurry m xi ng and

f eedi ng nethod nmaki ng use of the slurry mxing feeder. b) Description of
the Rel ated Art KESRRGMIRINGHEBRHERANRSHIRRY MININESARDP FEEDHNGMBETHOR, 15
hi gh-performance LSIs in recent years, there are increasing interests in

t he chem cal nechanical polishing (CMWP) nmethod as a processing nethod for
flattening surfaces of substrates, such as waf ers) with high precision. In
this polishing nethod, a sIBK 3 il , FYONs prepared by m xing
a solution, 20 which contains a surfactant and an oxidizing agent for
pronot i ng cal”)erﬁlfmlldaﬁilm Buodntasoraqueous hydrogen peroxide or iron
nitrate, (hereinafter called an"additivesolution"), as needed dependi ng
upon & material tmhike ippldrshiech Mitdtas dispersior oimftnegy abseséveror
particles (hereinafter called a "stock slurry") . 25 The stock slurry can
be obtai neddnsidisRes$hAGy POl BFh *bntains at least a dispersion of fine

abrasive particles and a solution of one or more additives at
a desired mixing ratio, to a chemical mechanical polishing
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 in recent years, there are increasing
interests in the chemical mechanical polishing (CMP) method as
a processing method 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 an oxidizing agent for promoting
chemical action, such as aqueous 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
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2 abrasive particles, which are conposed of fine particles of silica,

al um na, zirconia, manganese di oxide, ceria (ceriumoxide) or the like, in
an aqueous al kal i ne sol ution of potassium hydroxi de, ammnia or the |like or
in surfactant-containing 5 water. Theref®re, the slurry is a dispersion of
pol i shing abrasive particles and additives, and is used in actual
polishing. Excellent polishing of a substrate is achieved owing to the
conbi nati on of chem cal action, which takes place between the additive
solution in the slurry and the substrate, 10 and nechani cal action between
t he pol i shigfy s iRAL Pt ke ol ethigh thee stempysethdof hblrgReFhielespoh
polishing, for exanple, a silicon dioxide film (oxide film as a |ayer

i nsul at i on sfiillimaratagniminen i 5een donduct N ¢ | ¢bex sddst ¢ar ka byce heum
above-descri bed 15 chem cal mechani cal polishing machine, a slurry is used.
To prepar e axhide )sburtthg lakeagueensa@lda@ls nd ksdlinei onluf bon exappt @5 s anm
aqueous solution of potassium hydroxide is added to a

si | i ca- par iy rexdatd,aianmugr ist ack tHairkykd oot njr over f het g spesstobnprgperty
of the silica particles and also to bring 20 the silica particles into a

fl occu at edhasteat.e QoperBEbre) the pahirsiyi ng. aTke sHaigiyvd s ff ¢ Ak Hde

sem conductor silicon substrate nounted on the chem cal nechani cal

pol i shing mmGhigie Pt tde Sid iapardd€) esnd ni$ hessduisyaapdaa
pol i shing pad of the polishing machine, mechanical polishing is then 25
perfornmed o 1riemavey t hexexidenkti b i shdnlgh dFold shigid radingstaminsiad film
as a conductor material, on the other hand, an alumna slurry is used. This
al um na sl Wifivg $oPFRPIRD s BdcH B aRERYHS 1 yEr OgeN WIBraXitd&e8Sp Bhice
oxidizing agent” to a stock slurry which contains alumna 5 partlc?es. By
feeding thgahudnrs! Mdye PHE & AR QRIUGEOL) SFLY COfN $HRSLLBL - apUNI ed

on a chem cal nechani cal polishing machine, chem<cal reaction Is I nduced

bet wegn a %&‘;@c@g@??{ui&ﬁ é%‘%ﬂoﬁﬁ 82 IR EB%LﬁBﬁ%iﬁ#rg& %{%1@%{)}%%%?% gsform

a tungsten oxi m pol 1 g of whic easy. m rough
10 the reaﬁhi%%é‘%fJP¥}’EE?QQ&?%JB@&%HQ@PEd by the alum na
Upon polishing, for example, a silicon dioxide film
(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 solution, 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 polishingmachine,
and by the silica particles in the slurry and a polishing pad
of the polishing machine, mechanical polishing is then

25 performed to remove the oxide film.



particles, as polishing abrasive particles, and a polishing pad of the
pol i shing nmachine 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 descri bed above, it3has been a conventional practice
to mx a stock slurry, which contains polishing abrasive particles chosen
as desired, an additive solution with a surfactant, an oxidi zi ng agent and
the like contained therein, and further, diluting water, which nay be 20
used as needed, at a predetermined ratio in advance, and subsequent to
tenporary accunulatpohishingst brageteametaloffdud s heomiduaios fizteriy), to
the polishing nmachine. This nmethod is, however, acconpanied by a problemin
t hat the slarrtheantiotr beafiéd adeglatehy shunrgobd fisedh sulhiesl 4 imina
pol i shing and noreover, 25 at a desired mxing ratio, because after the

m xi ng, thatlisyy id phepared hy aclimg atgu@ousn hiylkle osteor ageotkdiale, as an
deteriorations occur in the polishing characteristics of the slurry and the
di spersi on qifieziryg cfgdrhte fo ne pobeshs ngrparthctesconthbesshutmynks

| owered, both with tine, and the nethod has low 5 flexibility and

appl i cabi | igarmhere£hamgi Agetinggnt xé A unditi0s0hirt e st dira ¥efopBARABESy WEH
a view to overcom ng the above-nentioned problem a slurry feeder is

proposed, foOr @R st bt 202074 Aheﬁ%gndineghgglelauspéwgﬁyn
feeder, an aqueous solution of abrasive particles (stock slurry) and %0 an
addi tive sqlddd0fe are GRANIANA fdh BrXls MR BeXwReOBesurface of
the tungstenmetal film and hydrogen peroxide to form a tungsten
oxide film polishing 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, to feed
the mixture (slurry) to the polishing machine. 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,



injection onto a turntable of a polishing nmachine, and the plural solutions
are then fed as a slurry. According to an investigation by the present

i nventors, however, the slurry feeder disclosed in JP 2000-202774 A 15
referred to in the above has been found #o involve problems to be described
hereinafter. In the slurry feeder, the m xing accuracy of a slurry relies
only upon flowneters and constant flowrate val ves openi ngs of which are

f eedback controlled by the flowreters. In view of the accuracy of the

fl owreters, 20 substantial errors occur at the flowreters especially in a

| ow fl ow r ader Fraggehe Arcelmu tansoantnf ther shveayal tesk, odethe iotrhéd ohand,
there is a potential problemof blocking wwth the stock slurry. In sone

i nst ances, addwr constiraigtaloirsmieng rota tees tadt Jes tt ioc sadel udtee syl Uresd aadslther y  of
a specific mxing ratio suited 25 for desired processing. In the

above- descrd e coivenpropatty &f apipar Atws, ppliusaingopatidndear enf etlet 0 t he
appar atus by punps, respectively. According to an investigation by the
present inveniorg,istldasradsobbeenviountditbat ahbietagsheghbdshdisf fliogul ty in
mai ntai ning the m xi ng accuracy of a slurry at high |l evel 5 because

pul sats on (fPressui eif{ Wotdlatdginsgaifl 1the WHED SHeMY 1036 & he ndi ke neprwenbi onal
appar atus adversely affects the maintenance of constant flow rates by the

constant flomtrad es M MeScolpbidiefs . t e @baves dascrd hosk conyeng i emal
apparatus is not equipped with any cl eaning nmeans for the part where m xi ng

I's 10 perfoimsh-hdn P Ockd NGrs8KER, PA astuptyt RechBL€E BaprBHBkRY, Ok oiche

apparatus due to settling or flocculation of fine particles in the slurry

while a m xgd 50l 4t ;0N7b S - Msethg fhe AdiAe Randivd e815% Sett) edeBler,

floccul ated cannot be elimnated. A problemis believed to rermain unsol ved

ist“aggcz‘;][ f‘g‘r%{ﬁr/ 2t %%;ﬁ& t’s‘i]%urfr'ﬂ‘ro'yf' é%iargﬁs% B9 131 LSREGIA Y iR AN b1 T al

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 involve 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 of 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 the other
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



An object of the present invention is, therefore, to 20 provide a slurry

m xi ng feeder, which can adequately feed to a chem cal nechanical polishing
machine a slurry at a desired flowrate suited for intended processing, at
a high-accuracy mxing ratio and in a gopd formfree of deteriorations.

Anot her obj ect of the present invention is to provide a 25 slurry m xing
and feedi ng net hod, which can adequately feed to G a chem cal nechani ca
polishing machine a slurry at a desired flowrate suited for intended
processing, at a high-accuracy mxing ratio and in a good formfree of
deteri orat iagisar A d sy theiraabgectt@bnsherorseht t Y IR Ok tiss by ?ﬁﬁ}é%ﬁe 5 a
slurry mxing feeder, which can maintain a liquid mxing ratio of a slurry
at high accteasyceved §n akdoidirgy & age whassdiegding ofy the daddand s
resumed subsequent to a tenporary stop. The above-described objects can be

achi eved by dha, 5 esent hdyenkicoedQ thendescst hed besebnafien: rPesgiithed 10
specifically, the present invention, ire one aspect thereof, provides a

sturry m xiing LAl .0 fGRANNG e Lt Ay & 0Redh 6l yTBENARLAAL cve)
pol i shing machine, said Slurry containing lirquids at a desired m Xi ng
ratio,s sai 1.l [ adin i I i i

parti ol oo and A4 oPa Pan TR Brtsr A5 R ELaBELaLT R fln. (R LARL Y Eeq,
sucking th Lgui pect,i 0 i

correspond o 18 CRa T EERRY FPbtrab D R gL BB Er s Bl Renenee
slurry to t chem cal chanical .poli.shi ng machi ng: feed pu arranged in
feed |ines hfgrcotrhsetarnggpglg ¥ eatfeisqu 3Gst,hesacr ?%%%{ Zgl?‘?’ nlé%tgx{;g;}{l?ﬁg from

t he individual,,suctign pqorts to the. .discharge port,. for sucking,the

i vi dual AUUTSHS % PR e e o eRE Tt T SPREE T bef ol fndot
delivering the th%g-ggﬁﬁed Iiguids toward the di.scharge port; and danpers
and pressure G 8oy FEEBPLNr PEARR I P T [HhBiatat MR en ML KdRE51Feed

|l ines_ on delivery sides of the feed punps, respectively. 7 The slurry may
pref ethbl y REFHAERES ¢ hé fdP%BEF%PSnt%EeF Hel 3¢ atihes Lrd egRai PRB4 NIt AS
solution of the additive and pure water at _a desired m xing rati o,

Pref er abl y,tn@PBRERFYSAYE 9 FRbbbtNH®F fUPERELESRProSd iaRaRBIESES
circulating at least 5 the dispersjion of the fine abrasive particles, out
of the indiVi db8 FiHHMS S e hisligie b ibel Quct s orrbore’d: atha fEB% rate
and pressure equal to or higher than specific rate and pressure at which

t he di sper S8t GHL ahe T isfd € sitvé lpgulates icareeis e labingéechenfica
mechani cal polishing machine and 10 a controller for correcting a delivery
rate of at Dr@Asten He dislpevsbiofr el iWeSabredi Ve peeeratesyYfromits
correspondi ng feed punp on a basis of val ues obtained by continuously
measuld ng Preédh@igimgetldiaiishsisingiatd cesearaal Ay iM awigritied afapersi on
of the fine abrasive 15 particles. Also preferably, the slurry m xing

f eeder may afifarheresmmpiriaye of fladrty nkedding eedi ng 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 punps may 20 preferably be tubul ar di aphragm
punps. It may al so be preferSEMMARY OF 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 polishing 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



that the slurry mxing feeder further conprises a neans for transmtting
information on a liquid mxing ratio of the slurry, said liquid m xing
rati o being desired by the chem cal nechani cal polishing nachine, fromthe
chem cal mechani cal 25 polishing nmachine6to the feed punps. 8 The present
i nvention, in another aspect thereof, also provides a slurry m xing and
feeding nethod for feeding, to plural chem cal nechanical polishing

machi nes, slurries desired by the polishing nachines, respectively, which 5
conprises connecting slurry mxing feeders of one of the above-described
enbodi ment sa tahdrhiesd Indievihdundlcadheniléah imgchanhtak pd hwsht g thmechHesesed
respectively, such that |iquids conprising at |east a dispersion of fine
abrasi ve paflowlestandixesdlfttd antehdan addickisgenar,eatted hhga-pacakhkel
manner to the 10 individual chem cal nechanical polishing machines via

their corraspoith nga Sl dirdyd i Hggdeedestm fheéhbs SbtetYorhxipgsand
feeding nethod, it is particularly preferred to use slurry m xing feeders

each of which ci rcuyhatesrabbleast ofhendispesshon hfeditiend iine tabpasivae
particles (stock slurry) through a punp 15 and is equipped with a

controf | er £angtrych e syehebiatl GhecKlelnvigs ynf Al € 01 ; fheqastackghdery from
a feed punp is corrected on a basis of val ues obtai ned by continuously

measuring Rieasing .l sbuall onsuflct Reed £ beulplig thogealndbecatont

slurry. According tot slurry mxing feeder of the pre t I nven

2, sl urry  opimad, ofc PR | A G5 WAL high Ude, 2 st agkoskipr y gt h i ne

abrasive particles erein, can be adequate

e e Pr s oo R ELIAAS A, estcel o col Boby bl pageh e
naintainin%f%ggﬁgrfg§éﬁéﬁ%1@8dﬂg]éégéf&bed hereinafter. Described
10 specifically, the present invention, in one aspect thereof,
provides 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
156 of an additive, comprising suction ports 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.



9 According to the slurry m xing and feedi ng nethod of the present

i nvention, the above-described excell ent advantageous effects can be
obt ai ned even when plural liquids, which include a feed slurry with fine
abrasive particles dispersed therein, 5 @are mxed and fed in a parallel
manner to plural chem cal nechanical polishing machines. Wen the slurry

m xi ng feeder further conprises the 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 10 dispersion of the fine abrasive particles can be

cl eaned with the Thg &Mairer malyheré fepalsl yricony irsad kbeodi oot i by LAAKBE
mai nt ai ned highly accurate even in an initial stage after resunption of

feedi ng of thee duidh wlBseayent st otRe HOPuOfoORET BhEMHA] PitHishLRERe USE
of an automated cl eaning system 15 nmakes it possible to provide a slurry

m xi ng feedgst dpitt gnance &f mRigh o &ASY prBRER PESCRIEH 1N S nlEng
DRAWNGS FIG 1 is a schematic bl ock diagramof a slurry m xing 20 feéder

according t@&qd+ medy efw{.épmonﬁ;r_itsr@ P fio'}v%@tricgﬁ;a_trilng‘ a% il%a@}p
schematic bl ock diagramof a case in which the slurry mxing feeder of FIG

lis qppligﬁgiﬁi%%ﬁgf%iGQegicﬁﬁeanH@PéB?és?Qéiﬁgkegcﬂggbi§ﬁ§;0%|EEeB Is a

schemati c agram of a slurry mxing 25 feeder according to a second

enbodi ment ﬂ{df\pledtﬂ m}%dslguicmégnfﬁpgﬁgﬁlt%e %uicsti%nSfSQ?ggE i zgt t%ll Qﬁgw

di agram of ‘a case in

rate and pressure equal to or higher than specific rate and
pressure at which the dispersion 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 ratio of the slurry,
said liquid mixing ratio being desired by the chemical
mechanical polishing machine, from the chemical mechanical

25 polishing machine to the feed pumps.



the slurry mxing feeder of FIG 3 is applied to plural chem cal nechani cal
polishing machines; 5 FIG 5 is a schematic construction di agramof a

t ubul ar di aphragm punp useful in the present invention; FIG 6 is a

di agrammati c representati on of measurenmegt results, which shows an

advant ageous effect of danpers constituting the slurry m xing feeder
according to the second 10 enbodi nent of the present invention; FIG 7 is a
di agrammatic representati on of measurenent results, which illustrates an
advant ageous effects of pressure-regulated restrictors constituting the

slurry mxing feetdes mcaanti ngdedn tike , sacondcenkedegpaic-toththecpr esept 15
invention and al so shows errors in delivery flowrate for pressure

fluctuati onsr O @k WSS @Ry Shoein@Ngh&l feedihs Rethagr p9PBELEding, to
representation of neasurenent results, which depicts effects of an

aut omati ¢ GONNeLt | OfersY St Lrdtaeth i Ma 1 heo sLaM ¥ MxkngnEgederyaggrding to
the second 20 enbodi nent of the present invention. Based on certaln

preferred ehodigpnis afe Lhe ALERRItn2n VENt OGso e pf gsephLAvent i on

will be descri detai'l. 11 The present inventors ve proceeded with

an extensi Vﬁ%ﬂg};’fsse%é 9&5&9&#Bﬁ%i’&rfﬁ%@?ﬁ(ﬁﬂ%ﬁé%%:&ltoélr%" §pBcpL the

conventi ona n view o e potential p e conventi ona

shurry. { eedsis,d . oaoh ol WGl 2, S 0K 3! HIL Vi RS Baih AdLAL g, SOf Ut on

are m xed i mre ore a emni ca

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 the
10 individual chemical mechanical polishing machines via their
corresponding slurrymixing feeders. Inthis slurrymixing and
feeding method, it 1s 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 controller constructed such that the
delivery rate of the stock slurry from a feed pump is corrected
on a basis of values obtained by 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.



mechani cal polishing machine may not be able to mx these slurry and
solution together at a highly-accurate mxing ratio and hence to feed a
slurry in a stable state, the present inventors thought that the |iquid
mxing ratio of a slurry, which is 10 cdhposed of |iquids including at

| east the stock slurry and the additive solution, would be successfully
controlled with high accuracy if a neans is devel oped for reducing to the
m ni mum fluctuations of delivery flow rates from punps upon feeding these
slurry and solution and the delivery flowrates fromthe 15 punps are

stabilized. Basedwrtdirg thotightsliihes priedent ahdvesddisg e el oceered
with a further investigation, leading to the present invention. According

to the investdsgati eAveytibBa, pres etioveRIH O e PbUEal 1bhGUL G2 Baholied to
their corresponding feed punps in 20 a m xing feeder have their own opti nal

pressure cFHddnsanaid cdehiivenyed oWt gl1aharactarisd, ¢aieh 1herhged
punps vary firstly dependi ng upon pressure fluctuations of the individual

liquids tozbeckads1hese, PrRSEiHE abructival bg@%iic@%ls_ugﬁs%59§§d0@9§§9i1@}’
pul sati on, which occur when punps are used for feeding 25 the respective

liquidgs, andd haseCaReddy iMfd YRNCE @S Guann MeSWiuod1 UsseRicihe

| i qui ds at ot her polishing nachinés when the |1 quids are fed in a parallel

manner to RkﬁﬁﬁnféyTﬁ(gﬂiéﬂi lHégﬂiéﬁgjshing machi nes. Being interested

in the possibility that mnimzation t hese pressure fluctuations 5 would

become an eff ect ienTBADS, LOL- MhOLITE POChEVChUBl ons.di dihe def vty {1 ow

rates fromthe feed punps e’in i "qui resent” Tnventors

have proceqded whih. devel OpiEnt LK +£%1R F88Y! {1nd ted1PRnRogN fOUDY, L hat
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 the slurry subsequent to a stop of
operation. In this case, use of an automated cleaning system

15 makes it possible to provide a slurry mixing feeder maintenance

of which is easy.

BRIEF DESCRIPTION OF THE DRAWINGS
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 slurry mixing feeder of FIG. 1 is spplied to 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



two neans are effective and use of these neans nmakes it possible 10 to
adequately feed a slurry at a desired flowrate suited for intended
processing, at a high-accuracy mxing ratio, in a deterioration-free, good
formto a chem cal nechani cal polishing gachine. One of the two neans is to
m nim ze pul sation which takes 15 place in association of the feeding of
liquid by each feed punp. This neans will be described based on FIG 1. In
FIG 1, a feed slurry A supplied froma drum1 and an additive slurry B
supplied froma drum?2 are m xed, and are fed in desired specific anounts
to a chem ciadvdmethsni cal polishing machine 15. In the 20 enbodi nent
illustrated in FIG 1, the stock slurry A and the additive slurry B are

both circul ated byrd hei I CQr Ke3RAAYRILAYERS 34 a ghkbmS BeULdcHQWEYRN RE-ROT Ne
in mnd that the present invention is not [imted to the use of the punps 4

and the sl urid e9.98Y Refed fdadel bences . s T peibod opgh Jrakesncppblned 29

use of feed punps 5 anpers 6, and further” uses pressure-regul at ed

restrictors,J.ddh campinati gn; unp 5 sucks a specific anmount of
t he correspoenc |<—1[r]1r(t:1l one ‘0 ltﬁ{e]lchg&d&s%%?érjsypand the additive solution, and
deliveys and fee he fee jtive s ion..d h ifLc
am)un'?fr 5 toward ﬁﬁ(g} 'Cﬁe%‘lgC%J gérrkg%:rﬁ%%?%a?oqggoﬁ% |lnogcg}Jl Lné%talc naéTp ftét. gEg@ﬁS%ga%rper 6
serves tor | sation of.the associated punp. According to this neans,
ul sation SE BTG ean B L T oy TS FEIAEETEL That the anount

of the stock slu&r%;o% additive sol ution delivereﬂ Lron1t e feed %@%R 5
toward the 10 chémital® mSchaflteaF 2 PBRFifi hgPREERThat 182 Sf TRFAT AT Etabl e
to permt feeding of .a slurry at a high-accuracy mxing ratio. The other
means is td&SSEOrorgtE tﬁ?%&ﬂ(ﬁ@cﬁé&%ﬁ?ﬁﬁ??ﬁﬁn?{%e%?s?%d??%PeE%ntroIIing
drive voltages to be supplied to the feed punps. This neans wll be

descri bed B&¥6H g FIng t%@ gLUREYOREF HT t PR s arcidingmdontBeoseepdst ock
slurry and additive solution to be fed to the chem cal mechanical polishing
machi 15 RO imG &f 4419 SFR T FIBRHEIFY to a slurry nixing feeder K
These required flow rates are processed by a progranmmable |ogic controller
14 (herei nafter 3&BreVi &fell 452902MPRELT FAPHeEBRBARERNWR f RFRYRAGNEat €

conput i ng equati ons
results, which 1llustrates 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 is 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 INVENTILON
AND PREFERRED EMBODIMENTS
Based on certain preferred embodiments of the present

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



obt ai ned beforehand for the respective punps, respectively, and are then
transmtted as drive voltages to the corresponding feed punps 5 via a
controller 13. As described above, the delivery rate characteristic of each
feed punp 5 vari es dependi ng upon 25 flugtuations in the pressure of a flow
of the stock slurry or 14 additive solution sucked into the feed punp 5.
For exanple, the stock slurry A on the other hand, which is to be fed to
the feed punp 5 is circulated through the correspondi ng punp 4 as shown in
FIG 1 at a flowrate and pressure higher than 5 specific values at which

it is consuid dyeddie: chemd £l r Behpdi S8bcPOhES M DEn MREhEREH Q1 g¥OI d

settling of polishing abrasive particles. Therefore, the stock slurry to be

i ntroduced i\ ¢ 18 4 esPonghi-ng Eﬁ@da@&wéeéé&@@&%ﬂéﬂ@ﬁﬁfhgged

with fluctuations 1n pressure due to pulsation or 10 t

cor 1 espondidyg UHL dh N1 AUIN WhT ¢ LB LBk BEUREY ahSpebbeulabde LRt s

enbodi ment, this pr emis overcone By incofporating a correction system
the above- CREETT Bk LLar FoneeTREBraESars ShrHETor hihar g S0pha™

{he Stbok ST Ay a6 G MR oAt Sr e Py ToPeEar it FoRPBRTRG

o or ea. S UUSH yPEapet BATYS O B 87 o Het B FREpSRTRG FERF PUNETE by a
Cranam & o LG TAN P SELotd Do VAP DT a1 At o A009 oF abaer FBid
correspondig3¥§5nputin equation, A corrected conmputation result is fed

back to thé EovbeedgeStrBY SRphEitad tos t Akt coMteBpeRe gl FERAtBEAD 5.

As a 25 consequence, the delivery flowrate of the feed punp 5 to the
thought that the liquid mixing ratio of a slurry, which is

10 composed of liquids including at least the stock slurry and the
additive solution, would be successfully controlled with high
accuracy if a means 1s developed 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
liqguids to be fed. These pressure fluctuations include those
caused by pulsation, which occur when pumps are used for feeding

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



15 chem cal nechani cal polishing machine 15 is corrected to a good |evel.
In the feed system of each of the stock slurry and additive solution to the
chem cal mechani cal polishing machine 15, said 5 feed system being arranged
in the slurry mxing feeder K according {t,0 this enbodi ment, the stock
slurry or additive solution is sucked in a desired specific anmount and fed
toward the chem cal nechani cal polishing nachine 15 by the associated feed
punp 5 as described above. Upon feeding the stock slurry 10 and additive
solution toward the chem cal nmechani cal polishing machine 15, the states of

their deliv 0 he fee u 5.are cantrolled by making.conbi ned use
of the danﬁgéiu%géﬁ%Rf$%8§ugggrgg§?%?§d§§éggF?% 8ﬁ§5$¥n§h§aﬁgépgﬁaﬁﬁﬁnthe
above descrj.bed, correction tem_This i nation kes it.15 possible to
o e at et e SR FatToF of g e <t odR &l P Ty P ahbChalT P LREEb ChPRRCAEghl ¥
accurate and to achieve stable feeding of the slurry in a .

det eri or at iIBHFFLE bR 1 B Hydﬁﬁﬁﬁ%snm%§m%an%m%§m%dﬂmEmne.|n
the present invention, the slurry m xing feeder of the 20 above enbodi nent
can be proRYEH M thtw adamifg iisttefrs @dh thisse PresFeeg finetBRtiABSst ock
slurry_can be cleaned with pure water . This c| eaning system can sol ve the
bl ockihg préBtehbscomeean michel iR pierg Sof OF Hel g 7 d dddetugdd opg in
settling and/or flocculation of particles in the slurry during feeding

st and- by 25-h¢ felised héhew, rebes oz vhienfard pwees ifqpn dhei knagvidupd of

liquids, the present inventors have proceeded with development
work. As a result, it has been found that the 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.

One of the two means is to minimize pulsation which takes

15 place in association of the feeding of liquid by each feed pump.
This means will be described based on FIG. 1. 1In 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. 1In 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 to the use of the pumps 4 and the
slurries may be fed under force. This embodiment makes combined

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



1G the slurry highly accurate even in an initial state after resunption of
the feedi ng subsequent to a tenporary stop. Although the above-descri bed
cl eaning systemwi th pure water nay be operated manually, it can be

provi ded as an automated 5 cl eaning systiem Use of such an autonated

cl eaning systemcan further facilitate maintenance work. In the slurry

m xi ng feeder according to this enbodinent, the desired flow rate required
by the chem cal nechani cal polishing machine can be inputted directly to a
main unit of 10 the slurry m xing feeder or by an external transfer via a

net wor k fr gaddiesedrerd fidl a e hadd ©ad c ot d shiing emehi met f on WhirdeH heesd urry
is fed. Because adoption of the above-described inputting nethod by the

external trangf erspekyid ssgécrieﬁm Qi 8k #19e aRPF AR M & Vg Ol bel thbe
state of feeding of the 15 slurry while watching the state of chem cal

mechani cal fold $hiigy bhdl 8nPOSEd P Bvd G AGH RUE, IR QWaNRRLS Eﬂdogﬁﬁgi ity

and al so nore conplefe flatness for a substrate under polishing.

reference t dliFRq sgihe $r t;&?diséiwysaﬂa@ig&fﬁ@ e 2 é‘é‘fP{Qi%g% gtthe

first enmbodi nent o resent i1 nvention and the slurry mXing r

accordj ng tt%ﬁ}éa sc%%o%qnc??r?%%fi haq{'e%egﬁp%ﬁ%ﬁtrié W%usjtl%] Wl pacy

her ei naf t er escribe urther : rates'a wo-1iquid
XS, et LU, e heseben, R EL RSB RR,
17 to be mAXc%%rtch).Jgortrg hsllsurmreyarisn, tprllle.LsDarteisoenmo - nevaecqgipenéd n}g)ump 5 is
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 is to incorporate the below-described
control system for controlling drive voltages to be supplied
to 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 upon

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



particular Iimtation is inposed insofar as they include at |east a stock
slurry and an additive solution. Plural |iquids can be used including, for
exanple, a conbination of a stock 5 slurry with two or nore additive
solutions, a conbination of two or nore gtock slurries and an additive

sol ution, and conbi nati ons of such conbinations with pure water for
diluting them In FIGS. 1 and 3, nuneral 1 indicates a drumw th a stock
10 slurry (hereinafter called "the liquid A") sealed therein, and nuneral 2
designates a drumwi th an additive solution (hereinafter called"the |iquid

B") seal ed dd@r€ive sdient sl ghdk&ontrai scrd e abrasiy & parbirChesnsieh as
silica, alumna or ceria in a formdispersed in water in which a surfactant

and/or 15 tiiee |ddeoit Ssicantpinedn e lJiawd nBnis t0iRke Misxed wet Rehihes

liquid A and contains addi'tives such as a surfactant and an oxi di zi ng
I i bl N oy 5 S e
ui'tabl 6 1ore® OFRet Crbar Thd Pt &r FaFRof “tRe pEoPhsorare ALofel ko] %
vater Wi o TS Ve A AP aR ol CRETRIES oY bre FRSRTH R Tor e

liquid A N |. 4 indicat f 25 Ci lating.the Liquids A B and
. T espect VBT Het he puiped B T efe A1 i okb blipe” ciith aths

i 1 gt T U Ch TR Rt nd "BARIGRS A 1 Eorticndt (om A (Y (RS punps. 4. A
descripti Or}tnvgrlcldunceexé ?%tgagﬁeocf:oIf:lcgg\gor?éiﬁgefeizggipvljn(ljpu%l is unavoidably
associated 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 fluctuations 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 continuously monitored on 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 to the drive voltage
to be supplied to the corresponding feed pump 5. As a

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



5 liquids. Firstly, the stock slurry as the liquid Ais, as illustrated in
FIGS . 1 and 3, sucked fromthe drum 1 and delivered back to the druml, by
the punp 4, so that the stock slurry is circulated at a specific flow rate.
Anong the individual |iquids used for the fornulation of the slurry, the
stock slurry, 10 in particular, involves a potential problemthat fine
abrasive particles contained therein may settle. As in the enbodi nents
shown in FIGS. 1 and 3, it is preferred to adopt a construction such that
the stock slurry is fed to the corresponding feed punp 5 after bringing it
into the stalemidaBmeicheuliakilngof i oM4 nd faldh itrhe 1eMbodioirerics depb & gdolin
FIGS. 1 and 3, arequired flowrate signal fromPLC 14 is converted into a
drive voltagsyat. a controller 13 and is transnmitted to the feed punp 5. The
feed punp 5 is then driven. The liquid A which is circulating at a specific

flowrate is causgdthe RasssiBEeMYY éaaﬁldffetﬁeas&%c%@s!Lﬁr}%ﬁcpaa!a@tie@d
punp 5, and is then delivered fromthe feed punp 5. At this tinme, effects

of fluctuatdOng idh tt'%etHéQﬁ%Mf‘cé)f el a6l rc(élil ﬁawghihg%@éhmg 119,auLdgA on
the delivery rate of the liquid A fromthe feed punp 5 are appropriately

deal t i th igélﬁcg;gc}%g@érﬁ ﬁt%’%n Cf?h]:all‘ Utgﬂélaéimﬁ’f‘ﬁ # %8%8583?“ e 25

sensor 8 an ng 1 ntor ack’to th 5 by

PLC 14. Th t f
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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

16 possible to maintain the mixing ratio of the stock slurry and
additive solution highly accurate and to achieve stable feeding
of the slurry in a deterioration-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
flocculation of particles in the slurry during feeding stand-by

25 time, and hence, can also maintain the liquid mixing ratio of



back to the drum?2, and is circulated at a specific flowrate, by the punp
4, in a simlar manner as in the case of the liquid 10 A Different from
the stock slurry as the solution, however, the additive solution as the
l'iquid B, depending upon its kind, may ngt involve a problem such as
settling. Therefore, it is not absolutely necessary to circulate the liquid
B by the punp 4. The slurry mxing feeders may be constructed such that the
15 liquid Bis fed to the feed punp 5 by a force feed nmethod w t hout using
any punp. Effects of fluctuations in the pressure of the flow of the liquid
B by the cigeulatian o dipreedapd methad ane appropri 2 ely,dealfeyith by
nonitoring the pressure Tluctuations wth the pressure sensor 8 and feedi ng
informatio t he t : P liouid B,

whi ch has gg%%%ﬁd&e?e%a%{% a&s%e]lg}gf ?%ﬁ% I 05\9 rrg% te)é/? r%%%ﬁ)eog%% %ou "5 as
descri bed I further I er d t
pressure-rZ\lgilc}l\ﬁgztufgé1 (r:&\g%t ralggﬁ%r d‘?%%,&g%%%r éggﬁg‘?%%ufggfc?%nwépﬁt]ﬁlér?evé%t%ﬂrrp 5
i s reduced in this state, the liquid 25 B reaches the valve 11. 20
n the s nr BE B PR ete Rl e veaSendin rn Bree FEPSHRE FF Gt P LSO ERhas
been delivered at a specific flowrate in accordance with a signal
Cransih {66 RS FLBE BarpUs® i GCE PR SIA/Ed FORe Tt Byl CamFaBr 12.
The liquid Cis fed 5.into the feed |ine for the liquid B through the
danmper 6 aﬁ&rﬁiﬁs&ra&-lrlééiﬂteﬂ SFVHSEE S e optional val ve 10, which is
arranged as needed. The liquid B.is mxed with the liquid C at the m xer
12, and the resulti My Filxtivent BARAdLadfF 45F0E91RT P TP StHRPQEHBRRL -
enbodi ment shown in FIG. 3, the liquid Cwhich is mxed with the liquid B
is also ci 8§ &ead r&d £ 19pediatiec F9BW red Lyt ihehgrieashdairiirpbidd 4 in a
simlar manner. as the liquid A. Simlarly to the case of the liquid B, the
liquid C neplBehiag mgchi@ecsane®ponbPH§TrEedipaRELY b9 a Raieeufbkdols

met hod wi t hout using the punp. Effects of fluctuations in the pressure of

t he fi0ow ofthehel uryyind xCnigyf e tde & jordely ani @t o¥nd hiteanisded et howeverk
appropriately dealt wwth by nonitoring the pressure fluctuations with the
pressure sé&mobr t8eamdeidedilngeaifaarimatli e ldshtitemimdikine thevitdd puap 5
by PLC 14. In the 20 enbodi nent shown in FIG 3, the slurry mxing feeder
is construstledryudls tiest. t Beckiigai ddcptwbhhchfhabebeboveeldeserddest t he
specific flowrate in accordance with a signal transmtted to the feed punp
5, is fed fiopuiéinghretdgiod by ddrpeaxterawd ttherpr s wermidtrl ateshote
restrictor 7 to reduce pulsation 25 of the feed punp 5, reaches the valve
10, and i scbedriodt tot Bppropriately control the state of feeding of the

156 slurry while watching the state of chemical mechanical
polishing, it is possible to achieve improvements in
operability and also more complete flatness for a substrate
under polishing.

With reference to FIGS. 1 and 3, the slurry mixing feeder

20 according to the first embodiment of the 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-liquid

25 mixing feeder for mixing three liquids together. On liquids



21 feed line for the liquid B. As illustrated in each of FIGS. 1 and 3,
valve 11 is arranged imedi ately before the chem cal nechani cal polishing

machi ne 15

descri bed above and include the liquid

. At the valve 11, the liquids which have 5 reached there as

As the liquids which have reached the valve 11 have each been rendered
appropriate and stable in flowrate by the above-descri bed nethod, the
liquid mxture, nanely, the resulting slurry has adequately achi eved a

desired 10

m xing ratio. The slurry discharged in this formfromthe

dischar ge ROl by Ol LG, ST Y dll X100, L ApABr &, passes  Lhrough, the, mxsr

arranged as neede

In eed endi ng ffrom the va

heni cal mechani cal pol i shing. mechine 15, and is.fed ble 1
of e chom. St 10 RoTr ho T SREnt MOTSE Whorpol |41 Hig i 80

f or.med ing th i xing f K gf these,
0 Paf CERE LT YeeRaAD A bt TSN At nedLES Laf LTWSdI 1 y

operated at the sanme tine as illustrated in FIGS. 2 and 4. In _this case,

of the che
actually p
enbodi nent

the 20 pl ura™

connected to the above-described circulation |ines of the individual
i qui d5 andlHEY Middt tite @i AorReadfaki HgsSOLHELPNGui AsCaBRiPRELRY ¢he
respecti ve chem cal mechani cal pol i shing machines 15 are fed in parallel

Different fEmathé@Giserdid®dh 2B ohlandm 4@ Ve x§ nbl § bedlerand

operation of the plural

ir
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t he

and liquid B are m xed together.
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22 mxing feeders Kin the above-descri bed manner
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them.

In FIGS. 1 and 3, numeral 1 indicates a drum with a stock
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/ox
the like is contained. The liguid B is to be mixed with the
liquid 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
or mix the liguid A or the liguid 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 interior of
the piping for the liquid A. Numeral 4 indicates pumps for

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



fed on the upstreamside of the mixing feeder K, and these fluctuations may
result in the devel opment of fluctuations in 5 the pressure of the liquid
to be fed to the remaining mxing feeders K Since the delivery flowrate
characteristic of each liquid fromits cegresponding feed punp 5 varies
dependi ng upon fluctuations in the pressure of the flow of the same |iquid
to 10 be sucked into the feed punp 5, the fluctuations in the pressure of
the flow of the |iquid become greater when plural mxing feeders K are
connected than when only one plural m xing feeder is operated. This problem

becones sernougemep@bipmfyogeqmﬂmaegdéﬂmﬂ§dﬁgpggagﬁpggggkn 9nH?§used.
correspondi ng feed punps 5 are 15 punped as circul ating ows. In an

enbodi ment Wtthsphusal ampxeRartegadensoliARERALRd Sird Jpakall gl ik 1.5
t her ef ore, prefePred tgngdoptrsuch a goﬁstructioﬁrtﬁa%etﬁg'prgggﬁﬁgegf each

circul ated ptil§9rcent ?de@:gHbdd!aﬁpgggt ?.EUBB%XnE‘E%B%‘iqPBéhlteg%wngﬁsﬁ]t t ed

above-nenti oned 20 pressure Sensor 8, e neasurenent va

performed based on T Re Srangl TS IHe RONSUCaLon QLLALLTSs Eer ackad | s

performed based on the signal, an e conpu tonl[esuhg for_the feed punp
_ el ¢ ontroller
converged | nfueagi onalyAnd, f adhbagko Lo 1he contt DI EskUTet O (he 1R ow of

Sh Af'a FSSU|t’ e gf. r uctuar;?nsol t he corresponding feed punp 5
LS o PR Sras el e Bt LS LA PSRE 0L hee2 ey
back to the drum 1, by the pump 4, so that the stock slurry is
circulated at a specific flow rate. Among the individual
liquids used for the formulation of the slurry, the stock slurry,
10 in particular, involves a potential problem that fine abrasive
particles 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 into the state of a circulating flow. 1In
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 is caused to pass through a valve 9 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 liquid A on the delivery rate
of the liquid A from the feed pump 5 are appropriately dealt

with by monitoring the pressure fluctuations with the pressure

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



rendered appropriate. Even when a slurry is fed to plural chem cal
mechani cal polishing nachines in a parallel manner, 5 the slurry can be
adequately fed with highly-accurate liquid mxing ratio to the individual
chem cal nechani cal polishing machines. 14s the feed punps 5 for use in the
present invention, use of constant flowrate punps is preferred. As
constant 10 flowrate punps, tubular di aphragm punps, bellows punps and

di aphragm punps are generally used. In the present invention, use of such
t ubul ar di aphragm punps as shown in FIG 5 is preferred. A tubul ar

di aphragm pupp cirs1 oer ifise t hghialalr i1 Ehoeeubabh R 1deRs 3Pk + takg. Pl ace and
pul sation of the punp 15 itself is smaller conpared with those ‘of other

punps. In gocRy gé\?\ﬂ%f’fff’l‘%ﬁ tahtehfeé%gﬁ%t E%§8@§EHEEB%&;@9“fﬁ%%hm%f;lgrb FI G

5, a description e made about "the construction of a tubular hragm

punp. Chec@@ugﬁ 32 agﬁgay@%ﬂ o hak glgegg%gpﬁ'a%vevdt wskgggk%& 7

di aphr agns respectively.” By acam ven by rotation of
roter 35, B LU0 TRGURLRN Secthans Bl BIUSET Lo nRRas | foucly
on | nGoTDY BRGS0 U e, Seml st e, e {o1 came
comveried 110 2 IBah i LYe Kol Lagsashetle cOLOLleL, (21edd epdipe
3la‘is in %,C%%%r %%%qd B is also sucked from the drum 2 and delivered
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
10 A. Different from the stock slurry as the solution, however,
the additive solution as the liquid B, depending upon its kind,
may not invelve a problem such as settling. Therefore, it is
not absolutely necessary to circulate the liquid B by the pump
4. The slurry mixing feeders may be constructed such that the
15 liquid B is fed to the feed pump 5 by a force feed method without
using any pump. Effects of fluctuations in the pressure of 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
20 on them back to the feed pump 5 by PLC 14. The liquid B, which
has been delivered at a specific flow rate from the feed pump
5 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

25 B reaches the valve 11.



form and the liquid A introduced in a specific anmount into the 5 tubul ar

di aphragm 31a has been delivered toward P2 (delivery side) . At this tineg,

t he tubul ar di aphragm 31a is open on the side of P2, but is closed by the
check valve 32 on the side of Pl (upstregmside) . Here, the other tubular
di aphragm 31b is in a state open on the side of P1 owwng to a change in the
volunme 10 of the bellows 36 of the actuator section, so that a specific
anount of the liquid is sucked into the tubul ar diaphragm 31b fromthe side
of P1. At this tinme, the tubular diaphragm 31b is closed on the side of P2

by the check valver32pe b Adu-S iMRANE R xiRG %9%3!&& EnafIRU S . the dhqui d

are alternately sucked into 15 the two tubul ar di aphragns, and are

Bhecrratel v fghiuch s lEpMdDeddbul s RARNA0TP FLR 3. MG g 4 o

therefore delrvered sta speci oW r 0 reduce p ion of

cach 1eed PuED, Bapkbe Li o1 dellxered himile (eedpume Lo paused t°

fl ow furher throug anper and est fitct or

7. As danpe use_.in t resent invention y npers _can_ be uysed
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is possible, to use those each havi uch a,construction that the interior
has a fubul Bt Qi %rg%ﬁf?ZJS”éef r%’crt Lﬁr}ge 444 33 f iﬁﬁé“%‘nr%’t?gﬁafr}ﬁ’@ri fsit@e of

t he tubul ar 25 diaghragnt gir of gred term ned pressure is charged from
the outsi dPTTSToNpr eVt AkSE U df BN 2 ARtHRAds VaaRE  Ri $Ridibiessi on
danps pressure fluctuations given to the fluid upon its delivery fromthe
feed punp FEAMPILAIRBIRAAL i b dIFEShE drit vy 4e& WiLdibn thige 1desiiced 1 ow

rate. As pressure-requl ated val ves for use in the present
at the mixXer 12, and the resulting mixture reaches the valve

11.

10 In the second embodiment shown in FIG. 3, the liquid C
which ismixed with the liquidB 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 to the feed pump 5 by PLC 14. 1In 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 into the



i nvention, usable exanples are those each having such an orifice
construction that the interior has a tubular diaphragmstructure, a fluid
flows through the inside of the tubular 10 diaphragm and air is charged at
a certain pressure fromthe outside to @anpress the tubul ar di aphragm

i nwards and hence to effect a constriction on the pressure of the fluid on
the upstream side of the tubul ar di aphragm punp. Use of such a tubul ar

di aphragm construction is desired, because danping 15 effect is al so
expected and pul sation can be danped further. As the punps 4, on the other

hand, desi regkdnes£afbbeisdli 1 aphyses ect edf rom general - purpose punps, such
as di aphragm punps and bell ows punps, and used. The present invention wll

herei nafter be deggriinad dihAQShin lealttr heridat anl sRased en.EyampLes:
<Confirmati on of advantageous effects available fromthe conbi nati on of

danpers and/or, ArEsR efx&rgeg&ﬁ,'f%ér%rk?é%%&t@ﬁé %!iférg%é%dm&'}%’ﬁ A

i nvesti gation was conduct e stability del1very ??om/rates by
Whi Ch L ubul ST SE Aot ot Srad oy ik O By Bk aced
estr st or & PBRL VA HSUCerth PR phoss e L PR TR e qui s
Systemul |1 R RO a OB RE el ek anct At i anpst g B oy Bat for
Simi ar to T GACHE: L kAL DESBeht L AEE 1 O SR HR Cp Kb RLE0 Bups
oSt i ot or S PRALSY RIEoPBRY PARCEEATRS B9 B0 Ay Godur o FHFS o

Ref erential Exanple 1 except that only danpers 6 were conbined with tubul ar
di aphr agm pA@ARELY, CRetheseeking tha e dasr edefupbe sy \adiereved asdesared MPa
wi t hout 15 using the punps 4. This was to avoid effects of pressure
f1 uctttht i oMo % Hex tigbul dPediSapiragisehss Ieo 1auttdns ife 8 riast e syst em
was enpl oyed for pressure fluctuations. As the delivery flowrates fromthe
respect i ve HiSGhi Fepasitso bt hrenalubsyauiresed iflsededoR RNaaras i ougly Bhaat er s
delivered from 20 the m xing feeders were neasured by a graduated netering
cyl i nder t&ixarakl yreegediarengededely thowees: esnpaxiafiding deonrfie 6
shows tine-dependent variations in delivery flowrate per unit time in
Ref er ent i alvaBammpileso2thadciemigal snadhapiprak itatldd imshpicging 151 wad
confirned that fluctuations

is fed onto a turn table 15’ of the chemical mechanical polishing

15 machine 15.

When polishing is actually performed by using the slurry
mixing 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 liquids and, as illustrated in the drawings, the
liquids desired by the respective chemical mechanical polishing
machines 15 are fed in parallel. Different from the operation

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



27 (extents of changes) in delivery flowrate per unit tinme were clearly
reduced in Referential Exanple 3, in which the danpers 6 were used,
conpared with in Referential Exanple 2 in which the m xing feeder conposed
solely of the tubul ar di aphragm punps 5 2gas used. To achieve linearity with
respect to the delivery flow rate, use of the danpers alone was found to be
insufficient. FIG 7 illustrates effects on the delivery flowrate of a

t ubul ar di aphragm punp 5 by causing the pressure of pure water to
fluctuate. It was confirned that the delivery flowrate was 10 in a |inear
proporti on miidimpuigediiy e viol tage aihelvat sosthabeconpaned mayhdEVE&1op, the
delivery flowrate was clearly stabilized owwng to the addition of a

pressure-regul @het 1884 rirct0e frebssirdi bara tiesdu Was 138a andyetedovskng
the two-liquid mxing feeder shown in FIG 1 Simlar results were 15

obt ai ned. lde Mash havevessdamd dhad & tl@'@aﬂuﬁﬁé' QQédéknﬁ Wasqobhakped

when the feeding pressure of pure water was 0 MPa . as the pressure
i ncreased, hen, oL cthe Sk +d i}?ﬁ‘ r
t he deliver yhfﬁﬂodv%cérla%}ggr n re%sseg% 20 %%E% hérl;&%nr?ndr %%d’frl%liartgaggog\é@E

that, yment@regj?;éseﬁﬂ&%waéw Oriaq%q_rasttgnpeyf%@k pltﬂgerEfﬂa uchggﬁgrobpqu'd

to be fed, err ways occur in the iver Pow Fat &. emis
not consi degr IoSI Q{: conpl etely overcone by the adoption ~f the danpers 6
and pressure reg ed restrictors 25 7 aI one . 28 <Confirmation of

effects of auto cqQrrec n,S mfo SSur e | uct uat on

circul ated systg%tm;l i g erC%an %xﬁlrrp es 111) gsc??%%ﬁsgb%i/% ?‘!F%(éh
ressure of ur.e ter was set ovvever xpect.ed fromb5
Phe s osel B BRLE {82 Moty cbb i BVEVE s (BSELE bb PE pure
water to be fed to m xi ng. f eeder at.in re wat.er, .th

deol i very flfc}\)v‘crol%ﬁaetlf‘?lbsrnxllé’a et%%raﬂa.%%fﬁfg | ?fn‘ﬁ? :

Usi ng. as R%ferentraIExa a systemsimlar to Io ed aboveln
Ref ertht i alPeER4ABFE HHFQA t@ﬁc%%?dtpﬁ’é‘tp Bur@‘?f\/gtlBFt\Hé§18Prsc é:thé‘de?SﬁEFﬁg t he
punps 4 and as Referential Exanple 5 a systemsimlar to that of

Ref er ent i al®TEXdifpl et W Sdcdpte thvifh RREIMA I ECTBRT R eBNP SYER enthgsTY
addi tional used for fluctuations in the pressures of flows of pure water by
the punps, fardediafi #re e EPprianen GRlNaPBs R ¥ hbad Xdaseseqdsr
investigated. In Referential Exanples 4 and 5, water was al so common|ly used
as the thréddé PPELRESa-Fl This R PeSoustsi eﬁgerHSterréD%Weyquereat es
of the tubul ar di aphragm punps in Referential Exanple 5, in which 20 the
automati c GOrREES drp HpsrakRes inded ther cRrEesRarddng TrechpuBPesSurESof a
flow of pure water circulated by the punp 4, and in Referential Exanple 4
in whiTh sEeHRed AR oHeEtwl alomEct QNS syst em was not used. As a result, it
was confirmed that, even when fluctuations occur in the upstreamside 25
pressure of the |anmnderr@@dt}ylemewa&ﬁxppﬂfurraﬁem%énef fepdeast Bnappeatedg
correction systemmade it possible to nmaintain constant the delivery flow
rate from tite arsll kel .diidphragirmplone, aphefewoedsto ex@pptf siithctuat i ons

take place in the pressure of a flow of liquid by the punp 4, the delivery
fl ow rate faogmttthectfiemd that the pressure of each circulated or force fed

ligquid is continuously monitored by the above-mentioned

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
corrected is converted into a signal and fed back to the
controller 13 for the feed pump 5. As a result, effects of

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



5 punp 5 can be maintained at the constant |evel by nonitoring

t hefl uctuati ons andautonatically correcting the deliveryflow rate fromthe
feed punp 5. A simlar test was al so conducted using the two-1liquid mXxing
feeder shc~~n in FIG 1. Sinmlar result$3were obtained. 10 Exanple 1

Enpl oyed in Exanmple 1 was a systemsimlar to that used Referential Exanple
5 except that the liquids enployed were changed from pure water to three
kinds of liquids, i . e. , asilicaslurry with fine silica powder

di spersed therein (liquid A), 15 aqueous hydrogen peroxi de as an oxi di zi ng
agent (i quied Bemnd mw eratet evf (HHequiak @ spormhieng nitkked duahp | § qarels wer e
circul ated by the correspondi ng punps 4, and were fed at specific flow
rates to thetcoratasEdndi ngp freed qaunges thatRetthe raéall fvany rites raputied to
the individual feed punps 5 and flow rates fromthe punps 20 were then
measur ed. Asmnalaresildappridp mias econEvenedhas shedmriny Tablfedl dtchatl,unsien t he
specific flowrates at which the corresponding liquids were fed to the

respecti ve dheed uUMpe hanarce ldibllesaithgand chi@etshiaeal pgus Use weriendé f f er ent
in properties, stable delivery flow rates were obtained for all 25 the

| iquids w theuts 1keirg cahf Bet edegMat EUGt HaBI ODShi Wi dhEy-a36upaessLIgsi@f the
| i quids on the upstream sides of the feed punps 5. Table 1 Eval uation

Resul ts ReguixiedPelsitver ¥bi gHedi Narpibawir ahehl e raé€Esh9kal polishing
(B (m/mn)(m/mn)Liquid ASilica slurryl 40137.5-1. 79AqueousLi qui d
Bhydr ogen2@2@.-H3@.L20per oxi deLi qui d CPure wat er 606l . 52. 50 5 Exanple 2

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 merits that slurry
flocculation does not take place and pulsation of the pump

156 itself is smaller compared with those of other 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, 3lb, respectively. By a cam

20 34 driven by rotation of a motor 33, bellows 36 in actuator
sections are caused to change in volume. As a result, the
tubular diaphragms 31a,31lb 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 a motor drive voltage at the controller



Enpl oyed in Exanmple 2 was a systemsimlar to that used Referential Exanple
5 except that the liquids enployed were changed from pure water to three

kinds of liquids, i . a. , aceria 10 slurry with fine ceria powder
di spersed therein (liquid A), a surfactd@¥t as an additive (liquid B) and
pure water (liquid C . The individual liquids were circul ated by the

correspondi ng punps 4, and were fed at specific flowrates to the
correspondi ng feed punps 5. Wth respect to the individual |iquids,
required 15 flow rates inputted to the individual feed punps 5 and fl ow
rates fromide pudpsheenetohedd neasuotatedsba tlesuitivet vadsagenfirnmed as
shown in Table 2 that, when the specific flowrates at which the
corresponding liquids were fed were different and the three |iquids were
also different in properties, delivery flow rates 31 were stable for all

the liquids without meing,athectedubyrfdugbhadinorsid nd He presspresseli the
|l iquids on the upstream sides of the feed punps 5. Especially, fine ceria

powder has fb&h, seld thed t@ndencyntapdutberef or epeexti emahyush fifdtaikhed
control has heretofore been needed for feeding a ceria slurry in a good

formte a chemical deghan galzRolHshiagnmaehiRerefs tehawa i TaBhevery
however, it has confirnmed that a stable delivery flowrate can be

Mei ntai ned eyen fom it e cerife S 4K i G él/é})h@@%mugfaoisaogawo@lgtf@eder
according to the present 10 invention makes it possSible to feed a liquid

mxture (slWdiy)os pahi ?BtCQQt@hS@e@ PR ShebkYvalPed3900d FHY @i 8¢

chem cal nechani cal I shi ng machi née.
P1 (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
is closed on the side of P2 by the checkvalve 32. Inthismanner,
the specific amounts of the liquid are alternately sucked into

15 the two tubular diaphragms, and are alternately delivered from
the tubular diaphragms 3la,31lb. The liquid is 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 construction that the interior has a tubular diaphragm

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



Tabl e 2 Evaluation Results Liquid NaneRequired flow rate (nm/ mn)Delivery
flowrate (nb/mn) Error (% Liquid ACeria slurry5050.00. 00Li qui d

BSur f act ant 10098. 0- 2. O0Li qui d CPure wat er 5050. 51. 00 15 Exanpl e 3 Under
simlar conditions as in Exanple 1, thres kinds of liquids, that is, a
silica slurry (liquid A) , aqueous hydrogen peroxide as an oxidi zi ng agent
(liquid B) and pure water (liquid 20 C) were fed in a parallel manner to

t hree chem cal polishing 32 machines as illustrated in FIG 4. Required
flowrates inputted to the feed punps 5 for the individual |iquids and

delivery flovapiatesnfromn tdie daad Durmsndene d IS 110At8hr A F @S ¥hie, 1t
was confirmed as shown below in Table 3 that with respect to 5 all the

liquids, stabte:del taewmf;k@g\sr@B@st%‘ﬁ@as;ba%ﬁﬁgatgﬁp%ua%d%or LadPendisng
feed punps 5 in response to the required flow rates.

compression damps pressure fluctuations given to the fluid upon
its delivery from the feed pump 5 and reduces pulsation to
) constantly maintain the desired flow rate.

As pressure-regulated valves for use in the present
invention, usable examples are those each having such an orifice
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 is 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-reqgulated restrictors
with feed pumps>

An investigation was conducted for the stability of

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



Tabl e 3 Eval uation Results PolishingLi uid NaneRequired flowDelivery flowk
o machineq rate (nL/mn) rate (nL/mn)rror ( )Liquid ASilica

sl urry150I 51. 5| . 001Li qui d BAqueous hydrogen3030. 567 i per oxi de. Li quid CPure
wat er 5048. 5-3. 00Liquid A ISilica slurryldg0148.0 |-1.332Li qui d BAqueous
hydr ogen3031. 03 33per oxi de. Li qui d CPure wat er 5050. 00. OOLi quid ASilica
slurryl 50152. 01. 333Li qui d BAqueous hydrogen3030. 00. 00per oxi deLi qui d CPure
wat er 5051. 02. 00 34 Exanpl e 4 Subsequent to the conpletion of the test in
Exanpl e 2, the operation was stopped and the slurry m xing feeder was |eft

over as wasyfOfram qq}ﬁ.us’%frta%;edt Datsr@nky %rh%hfi%%dtﬁﬂgﬁ‘?af ;?iiri nagiﬂf'xgargfr‘r% ﬁg&@ér a

(liquid C was operated to feed pure water to the teed

slurry (li quﬁ&uﬁagﬁuﬁe&' riBhE %.g hlggiép {qgfe%gﬁmse heoYRERA S{Elgky’

the slurry mxing feeder S operate e sane conditions a

o el e 185l BRSO oy (Bl thele e A% RONIIIRA A3 I o3 ot

[
S were succe

of Exanpl e ivery ra ai ne rrom
kggﬁ?![ 2‘t el yweaLIé Ef\:ron;[bqener %H%t L8 ngmzt)Q & ,Opaenrf tcliq:rc]:'ul-g%qln% %h%\égl !’Lj ?‘&1‘1985
5 (pure water was used commonly as the liquids in this
investigation). This system will be referred to as

“Referential Example 1”. Also employed for the sake of
comparison were as “Referential Example 2” a mixing feeder
similar to Referential Example 1 except that tubular diaphragm
10 pumps were solely arranged without using the dampers 6 and
pressure-regulated restrictors 7 and as “Referential Example
3”7 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
time.
FIG. 6 shows time-dependent variations in delivery flow
rate per unit time in Referential Examples 2 and 3. As is

25 appreciated from FIG. 6, it was confirmed that fluctuations



Li quid NaneRequired flow rate (nb/mn)Delivery flowrate (niL/mn) Error

(9% Liquid ACeria slurry5049.5-1. 00Li quid BSurfactant 100100. 50. 50Li qui d
CPure wat er5048.5-3.00 15 Exanple 5 Enployed in Exanple 5 was a system
simlar to that used Referential Exanpl @75 except that three-liquid m xing
feeder shown in FIG 3 was replaced by the two-liquid m xing feeder
depicted in FIG 1 and the liquids enployed were changed to two 20 ki nds of
liquids, i.e., asilica slurry with fine silica powder 35 di spersed
therein (liquid A) and aqueous hydrogen peroxide as an additive (liquid B)

The i ndi vi quadt dnitGUiHS -WahGe&i I ¢4l é‘é?ﬁvé’i‘ytf@o&%&@é%’}dhﬂgtp%ﬂ% “A’%?Ed

were fed at specific flow rates to the correspondi ng feed punps

respect 0 e J pERKLAUAL, I ok o 1 2050 1 OW 1465 diNPUEL syt 0, L he

i ndi vi dual feed punps 5 and flow rates fromthe punps were en neasur ed.

As sh i I it firoed.th .t h - Li.qyi 1 X]
focdor mas SuiBde pRed sHRRSRR WiTRC b R kR aR bl ek AR R b aY, Pr i} B8,
ver, fed to 10 .the r.es

e 2 ML D VAT Lo, 40,18 SRBECVE,LEPE MRS SAAEL
nhoul belng, BLLected DlcFL uGLulyans: L (b, PLSSSULES ol el | L5 on
flowrate, use of the dampers alone was found to be insufficient.

FIG. 7 illustrates effects on the delivery flow rate of
a tubular diaphragm pump 5 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 addition of a pressure-regulated
restrictor 7. A similar test was also conducted using the
two-liquid mixing feeder shown in FIG. 1. Similar results were

15 obtained.

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.



Requi redDel i veryLi qui d Nanefl ow ratefl ow rateError

(o)(m/ mn)(m/mn)Liquid ASilica slurry20C202. 01. 00AqueousLi quid

Bhydr ogen2525. 52. 00per oxi de Exanple 6 A test was conducted in a simlar
manner as in Exanple 5 except that the sidica slurry was replaced by a
ceria slurry 20 (liquid A) with fine ceria powder dispersed therein and a
36 surfactant (liquid B) was used as an additive in place of aqueous

hydr ogen peroxi de. The individua~~ |iquids were circulated by the
correspondi ng punps 4, and were fed at specific flowrates to the

corr espondi agoh eethPtps St Y¥tbctespechutombbecScbndevidyal shk@endsor
required flow rates inputted to the individual feed punps 5 and flow rates

fromthe puspssSumer£lbbena fEasyr . aAsiachieatbl, systbytbespect to both of
the liquids, their deli very flowrates fromthe correspondi ng feed punps 5

were stabl e withot{ reekrgnafihectetdnbye § hustdadd onsed Avbhe, 10 Ppeesyes of
the liquids on the upstream sides of the feed punps 5 as shown in Table 6.

It has hencer hesne GaR (1BY S8Rtad Bal eSPEGlad O HbWd Wit d JRpE rry)
containing a ceria sluﬁ}y feediﬁz of ﬁhich iﬁaa égbékg#%téﬂgo aeﬁkgﬁkgal

mechanj cal &%immmﬁiﬁeha PRSP, V“ﬁﬁe‘énd%ilﬁEEH%%%%HE_B Bugongi @ﬁéab' e

15 settling tendency, stable delivery flow rates o e indirvidual 1quids

can ahos CopITLLLE Qe PPk e o6 0% ATEYOL LN TN LRl
AR R e DR T
diaphragm pump would be affected. Using as Referential Example
4 a system 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 of
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. 1In Referential
Examples 4 and 5, water was also commonly used as the three
liquids.
FIG. 8 shows fluctuations in the delivery flow rates of
the tubular diaphragm pumps in Referential Example 5, in which
20 the automatic correction 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, it 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



20 37 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 to three chem cal 5 polishing machi nes as
illustrated in FIG 2. Required flow rat®s inputted to the feed punps 5 for
feeding the individual liquids and delivery flowrates fromthe punps 5
were investigated. As a result, it was confirned as shown below in Table 7
that with respect to both of the liquids, stable delivery 10 flow rates
were obtained in response to the required flow rates. 38 Table 7

Eval uati on Restddisi 40l 4w dig i el sisis do NamedReqali fiedih| evhsak8t the
(mb/mn)Delivery flowrate (mb/mn)Error (o)Liquid ACeria

sl urry6768.44 ; b quickh Bayef acbant 183033 br IBLd ol Ly Eﬁ‘f In other
sl urry6765. 5-2. 24ZLi qui d BSurfact ant 133133. 00. 00Li quid ACeri a

sl urry6767.,Q0.£03ki,gHi pf @@%&%@@%@@&ﬁé éilad?@ln Bk Bramrhe 8, pubsegyent

to the conpletlon of the test in Exanple 6,
of liquid by the pump 4, the delivery flow rate from the feed

5 pump 5 can be maintained at the constant level by monitoring
the fluctuations and automatically correcting the delivery flow
rate from the feed pump 5. A similar test was alsc 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 liquids, i.e., asilica
slurry with fine silica powder dispersed therein (liquid A),
15 aqueous hydrogen peroxide as an oxidizing agent (liquid B) and
pure water (liquid C). The individual liquids 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 measured. 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



the operation was stopped and the slurry mxing feeder was | eft over as was

for 1 day. After that, pure water was caused to 5 flowto the feed line for

the ceria slurry (liquid A) at a flowrate of 2 L/min for 5 mnutes

Subsequently, the slurry mxing feeder was operated under the sane

conditions as in Exanple 6. As shown belowin Table 8, it was confirned

that as in the test of Exanple 6, stable delivery rates were successfully

obtained 10 fromimedi ately after the resunption of the operation. Table 8

Eval uati on Results RequiredDeliveryLiquid Naneflow ratefl ow rateError

(o) (nL/ mn) i i-CHuUj er . r - 3L Qui

BSurfactanﬁ%S f%§a%%fﬁggﬁﬁﬁﬁgﬁggﬁfF§£?¥%ﬁ£§rg%ﬁg‘%%%g%?FBFP?Q*%¥iRBBBRese

Patent 15 Application 2000-188589 filed June 21, 2001, which is

i ncorporated herein by reference. 1 CLAIMS: 1. A slurry mxing feeder for

feeding a slurry to a chem cal nechanjcal polishing machine, said slurry

containing liquids at a desired nixiggg? ?ig, said liquids including at 5

| east a di spersion of fine abrasjve particles and a solution of an

addi tive, conprising: suction pi??guﬁgﬁo§ugﬁsﬁat§aid | i quids, respectively,

a nunber df saird suctijon ports correspondlngﬁho that _of said[liquids; 10 a
c

i i i Ly REQU eldlive i
di schar ge lport for Teeding. saldislyr VeSS chepfiat ehsaical,

(mL/min) (mL/min)

Liquid A |Silica slurry 140 137.5 -1.79

Aqueous
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 employed were
changed from pure water to three kinds of liquids, i.e., a ceria
10 slurry with fine ceria powder dispersed therein (liquid A), a
surfactant as an additive (liquid B) and pure water (liquid C).
The individual liquids were circulated by the corresponding
pumps 4, and were fed at specific flowrates to the corresponding
feed pumps 5. With respect to the individual liquids, required
15 flowrates inputted to the individual feed pumps 5 and flow rates
from the pumps were then measured. Asa result, itwas confirmed
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



feed punps arranged in feed lines for said respective liquids, said feed

| ines extending fromsaid individual suction ports to said discharge port,
for sucking said individual 15 liquids in specific anbunts to give said

m xing ratio and delivering the thus-sucked |iquids toward said di scharge
port; and danpers and pressure-regul ated restrictors arranged in
conbination in said feed Iines on delivery sides of said feed 20 punps,
respectively. 2. A slurry mxing feeder according to claiml1, wherein said
slurry conprises said dispersion of said fine abrasive particles, said

sol ution ofwend dsiogleli & i ¥6r andl pthe Wageldat watHestr BdiAgXbAgekakldopy25 3. A

slurry mxing feeder according to claim1 or 2, 2 further conprising: a
means for cireet @it ehatiheasd wadshdispessin ofi gaidh fdherbiasi¥ean
particles, out of said individual |iquids sucked through said suction

ports, at asiccﬁ@é’vdiatt%ea%e@r%ﬁﬁﬂrseE)?qL@épécf@l?{/, ht gher-dhan SReed hagrate

and pressure at which said dispersion of said fine abrasive particles is

consumed atp 5@l ds che £&! t&‘?&@ﬁ‘@%?g%n olj,shipg-aBChLRe L @R Y ﬁ%@%ﬁgkl er

for correcting a delivery rate o east said dispersion of sai i ne

abrasiye pardicles JdOmd et S LOHLe5PARdLAY %8?%&%@%0% has %1‘&}g al ues

obt ai ned by continuously neasuring pressure fluctua % CiFeu i ng
in a good form to a chemical mechanical polishing machine. As

shown in Table 2, however, it has confirmed that a stable
delivery flow rate can be maintained even for the ceria slurry
(liquid 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
Liquid Name flow rate flow rate |Error (%)
(mL/min) (mL/min)
Liquid A Ceria slurry 50 50.0 0.00
Liquid B Surfactant 100 98.0 -2.00
Ligquid C Pure water 50 50.5 1.00

16
Example 3
Under similar conditions as in Example 1, three kinds of
liquids, that is, a silica slurry (liquid A), aqueous hydrogen
peroxide as an oxidizing agent (liquid B) and pure water (liquid

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



fl ow of said dispersion of said fine abrasive particles. 4 . Aslurry

m xi ng feeder according to any one of clains 1-3, further conprising: 15 a
feed line for feeding pure water to said feed line for said dispersion of
said fine abrasive particles such that s3d feed line for said dispersion
of said fine abrasive particles can be cleaned with said pure water. 5. A
slurry m xing feeder according to any one of clains 20 1-4, wherein said
feed punps are tubul ar di aphragm punps. 6. A slurry m xing feeder according
to any one of clainms 1-5, further conprising: a neans for transmtting

i nf or mat i onmeghanksqd dlhugtngtedtiold§. dai dRshul ryd Saiwlrbigaiidpvttiedy
rati o being desired 25 by said chem cal nechani cal polishing nmachine, from
sai d 3 cheoidad feecdhamgals poritdtd ngdhudcHipé 1 ioqnsadd ahelede pimpsy f.owA
slurry mxing and feeding nethod for feeding, to plural chem cal nechani cal
pol i shing neghcBesrog! ti¢ | Bsedesined wey esahdepaligaliedg nAshi nessult, it
respectively, which 5 conprises: connecting slurry m xing feeders, which
are as defipngd kEAnaNymeneasf seb@hMbelo®, it orswidl 3 ndiad duiadh cheypaad to
mechani cal polishing machi nes, respectively, such that |iquids conprising

at |least a dispessiarnafad,i Beagheagsyevdaytidwesatké desel st HMdd Qoman
additive are fed in a parallel manner to said individual chem ca

mechani cal pgLi Sdi Aok R e F d@ptiphrs ar FESPORSEND the required flow

rates.



slurry m xing feeders.
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for 5 minutes. Subsequently, the slurry mixing feeder was
operated under the same conditions as in Example 2. As shown
below in Table 4, it 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

Required Delivery
Liquid Name flow rate flow rate |Error (%)
(mL/min) (mL/min)
Liquid 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

15 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 liquids employed were changed to two

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



10

| 1$109& ()-!0l 1$109& () - L++++-,1,, dE~_@| S$10f! 109& ()- s! 109& () - YI09%& () -
@' 109%& ()-L109%& ()-3 109 ()-,,)-h--- .dE~_@| S$10y#! 109& ()-s!!109%& () -
1098 ()-y! 10% ()-S$109%& ()-15s! 109 ()- g5_. ../ Q/ dE~_@I S$10/ $10%& () -

- 1098 ()-+M 10%& ()-y)! 10%& ()-'!10%& () - %$10%& ()-/] 0000000%bC>l S$10, ! 10
o0& ()- 10%&' ()-& "~ 10%& ()- 10 10

109@L0%& () - 1! 109& () - 9%4el11172w2dEbC>l S$10S ! 109& () -

" &109& () - F10%& () - @ 109& () - 99! 109& () - 3

e e SRR (ke AR P A0 ()

“$109%& ()-1s!

18109%& () -3/.$1Q%&: (). - o%&: () -5 ' ,S$10F. .
M 109" 8 i %{Aoég(c{%ggalg%éq%]ﬁ éio%&%%??ﬁfgggg%lsﬁ}gulds were circulated

1039! 109%&' ().- h6666( 7. 77dEDCS] S$10° 1 109& () - y10%&, ().- S10Y&. () - Yf 10%& () - S$10
o0& ()-° 10%(53’( ?ﬁgﬁ(ﬁﬁﬁé’é’&’@%ﬁ 167 9 #i%‘g‘/é‘%)e- éﬁ%g& %8?%?%0%% t %‘f@% '()-1
0% ()-S109& ()-89L9999%: dEbCS| S$10, 710%& () -1/ gl0%& ()--!10%& () - +S
10%&'(%)- )ft?a/a(s%)’t% -Gof(f%p(f)fl%ré‘% %599‘?#1:9&%“}9% Ef%>| @%%8]1 r?!(s)f@di& B gie

109&' () - L1Q%& .().- YI0%&' ()-. 10 10 10Y9$10%& ()-:Y;:; <U<<dEbC>| S$10

1098 % ! (‘)(l)quﬁgiﬁﬂ}gu(l)d}%';d@%htlﬁ 31 25@%%% 1Jdbmﬂ1'(t§<f=i<"=fr\|:‘;_1&%d5bc>l S$1
O A D e ANE O LR (2108 () 10 Q22 GG
Iéoo/;{&(§?-? 13'_1@%00/&@'13( )e:qwslégfggé&é%%ﬁ%, w%lgc?r}foirmed that, when the

101 9' $109&’ () - AAMAAAB>BBAEbC>| S$10M 109&' () -s! 10%& ()-: ! 10%& ()-M 10%& ()-$1
0%&' () - M 169 (L) l-opssh cHEGOSENES A5 0%:% 109 () Ligel obigryd)ds Movicl )wanek' () -
109 ()-s$10% ()- CDEDDDDOEJELC>| S$102° ! 109& () - 0$10%& () -. MLOY&' () -, ! 109&
") -+ 1 10vRiHEerentoiR the omRED) Ft FRWLELeiSCe L SE1DFE1 0% Y Jerk0fed to

10 the respective feed pumps 5 and were also different in
properties 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)
Liquid A |Silica slurry 200 202.0 1.00
Aqueous
Liquid B hydrogen 25 25.5 2.00
peroxide
Example 6

20

A test was conducted in a similar manner as in Example

5 except that the silica slurry was replaced by a ceria slurry

(liquid A)

with fine ceria powder dispersed therein and a
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polishing machine has been very difficult for its considerable
15 settling tendency, stable delivery flow rates of the individual
liguids can also be maintained when they are fed by the
two-liquid mixing feeder employed in this Example.
Table €

Evaluation Results

Required Delivery
Liquid Name flow rate flow rate |Error (%)
(mL/min) (mL/min)
Liquid A Ceria slurry 75 74.0 -1.33
Aqueous
Liquid B hydrogen 150 152.5 1.67
peroxide
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liquids 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, stable delivery

10 flow rates were obtained in response to the required flow rates.
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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
5 comprises:
connecting slurry mixing feeders, which are as defined
in any one of claims 1-6, to said individual chemical mechanical
polishing machines, respectively, such that liquids comprising
at least a dispersion of fine abrasive particles and a solution
10 of an additive are fed in a parallel manner to said individual
chemical mechanical polishing machines via their corresponding

slurry mixing feeders.



