;e3e}, z$3% ' FR *| +6+T, VawWwD 03/ 050634 PCT/ FR02/ 04250 Met hod of regul ating
the tirtre of a solution, device for sai d regul ati on and system
conprising such a deV| ce 5 Techni 04““‘“‘1 wmlmm'ﬁ;prl or art The i nventi on

rel ates totkﬁ b hem cal regu qb? in partlcug, ?ﬂ;sal
regul ation of gl ur {I es or conpounds of raterial in suspen5| on and

various chem cal products (acids, bases, organic 10 conpounds) in solution.
Such products 3 d, .f ]!1 hg _I}jg 985315950 ndag{,&xewhere

t hey serve in the—cherrese v 6 fer 15
or substrates. fS@‘n@O@fcrpﬁés@%IS@md e:@g:orlatmexe gk [sored 38 i

whose concentration decreases over Jdide.a IRk &xanpl e by decorrp05| tion by
chem cal reaction (this is 20 the case wthh H202) or by evaporation
(NH40H). It is therefore necessary in this case to regulate the titre of
chemi cal produgthhsralHE08)aANEAHbrobrt Birs sl urry. 25 The current

t echni ques fo regula slhurries_enpl fer nd_a m xi hg tank
2, as illustrirgd §'@P(§ﬁ&‘g1 al Iﬁefﬁ ﬁ’gu%) tq"lgﬁ 6?’8 cts qaea%?lra Cf‘ﬁg
buffer tank aregtibenibakenin npardidelliarer yheysctlrmm&se]ndraguaaemszedofn
operations su a e _abo | Qned: p er tion
of the tanks %ﬁ%légmq baeogrg%;suc:‘rlr&% gflfr?{g%: gaggsg%ofg}%?s% Ig&t?gﬁks 2,
4 operate bet wéenvermlgﬁ | ghasiqaley elnesdc tend (achyist er B3ESs) everganieh
triggers qthe Eblbblifas) in 8ollBg¥nare regulated in terms of H202 titre
(cwt). The filling of the buffer tank 4 takes place when the hysteresis

| evel is reached, with slurry that comes fromthe mxing tank 2. 5 The
slurry deli vesycﬁystpﬁbaﬁce@npoﬁe@l ofuged,ont ifatous exiamplleat i ofinl oopheas
descri bed in Patent whi ch_prevent he slurry frr.oms nati ng
in the netmrﬁeﬁﬁﬁoﬂgﬁggort p]orécgu%ﬁ%yto“&lgéﬁ at gh%ﬁe psr%%%é/ure %0 Eﬁg

equi pnent by abemscef-mephessgré senbbshifdhe Cffeeaemmdonldecrceufurwafﬁrshl s

loop are jaf the bagecpf:Lhe buffer tank 4.

Some of these slurries or these suspensions use a
compound whose concentration decreases over time, for
example by decomposition by chemical reaction (this is

20 the case with H;0;) or by evaporation (NH OH).

It is therefore necessary in this case to regulate the
titre of chemical product(s) (H,0,, NH4OH) of this
slurry.
25
The current techniques for regulating slurries employ a
buffer tank 4 and a mixing tank 2, as illustrated
schematically in Figure 1. The products leaving the
buffer tank are then taken into a delivery system 8 and
30 are used in operations such as the abovementioned

polishing operations.

The operation of the tanks 2 and 4 may be described in
the case of Hy0;,

35
The tanks 2, 4 operate between a high level (Levelpax)

and a hysteresis level which triggers the filling.

I
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The mxing tank 2 is fed with "pure" slurry and with 15 hydrogen peroxi de (
f-or exanple 31 % H202 ) . | t is regulated in terns of titre before each
transfer of product into the buffer tank 4. The hydrogen peroxide titre is
regul ated by provision 20 of 31 wt o H202 ._ The titration operations
carried out on the buffer tank 4 use a potentionetric titrator 7 or
sonetinmes t LLr r T Kk ah ur, Rt of the titre
périodicallyn?% %I%%§n§%%aggg§§a%%r?%gﬁ%.E?tgggbggg??oéggg%'be described in
conj unction witd Eiddiag2 ofrhthef bylifersiemk thr bakest Padeicen Whsrel henanel y
a high 30 | evgls{apsmymalete) is2 kanchedel £Mmi imMa) ughadndcemegt poi nt
value to be reached, If the titre is below the setpoint (Case 1 in Figure
1), a readj ustheft the MUL 8y aRti Ag the lacking 3 5 amount o f H202 .
Should the titre be above the setpoint (Cases 2 and 4 in Figure 1), no
regul ating actjon ks taken.-.. - 3 ould.th Ltre b ov XL mum
val ue (Case 3&$ﬁ El&ﬁ%g %%l%¥%ﬁkdﬁgggﬁéckéi§o§ %F?gd%gﬁgé ??ﬁgﬁ?gg%%nfirns
that the titreirsuiapidnghoomn asrdessribedgenedatenty NéStHtk25p8odes to
be nor mal aftﬁféf-_&ﬂe r8668nd chegk, sriwxggugfaz_tanng AL 45 t aken. cifboul d

the titre be ow the m ninum val ue (Ca in Figure 1), a second check
is carried oubetwprknpgdciwkasslt haesehelei tPe HOOWIEH S dwie apr FEREFi s 10
triggered. | frbhaHd t eguppR¥as 1y bReRAEME £ akt epréHeuB6C @Re sthreckinao

regul ating action is _taken. Triggering.an_alarmresults in the deljver
system 8, andtefer@Prer Elr(‘tehéeﬁpb"gu&tni 52‘1§ei1r‘?§pstadi?peaot. @? %%v%)r?, hé%c%

titrator enploysfernt@akticul ar, elements such as el ectrodes and
capillaries. The neasurenent taken furthernore depends on the 20 titration
reactants and on any drift of the electrodes or capillaries. There are

t her ef ore manJhsomicesnooftanrk oR. iFur faér wortd eedre t PARSEYr &esehtl in

general am 25,04epgkh CQurdaiqboulsdP% akakBecoveral | gesh of fde ig
regulated in terms of titre before each transfer of

product into the buffer tank 4.

The hydrogen peroxide titre is regulated by provision
20 of 31 wt% H,0-.

The titration operations carried out on the buffer tank

4 use a potentiometric titrator 7 or sometimes two

titrators.
25
The titrator takes a measurement of the titre
periodically (that can be paramaterized). Its operation
can be described in conjunction with Figure 2. This
figure shows three titration 1levels, namely a high
30 level (maximum value), a low level (minimum value) and

a setpoint value to be reached.

If the titre 1is below the setpoint (Case 1 in
Figure 1), a readjustment is made by adding the lacking
35 amount of H,0;.

Should the titre be above the setpoint (Cases 2 and 4

in Figure 1), no regulating action is taken.



production plant on which it is mounted. Each titrator is also a source of
br eakdowns and therefore entails substantial operating costs. 30 A problem
that arises is to find a novel systemof regulating the titrartion of
suspensi ons, especially within the context _.of the fabrication of production
units for sem conductor wafers or substrates, which is 35 free of the

abovenent i onegh G BYIDBRKS 1 SHEMYY Moddet h8VRRLEAAM THA 1RV edLn Pryyi des a
met hod for regulating the - 4 titre of a solution, h

: Q in ich_a _ .
predet er mi nedF XMt Ibf £ prGRRY c S *ned Si nCRRELEHI uPbn i sfaddEF to the
30: ut i oln 300%%@&&@ a:Ha;cthE dHd ertuaﬂre}or Qrﬁortbagahigg,th@npr@ﬂ?tcm oisthg

el ayra egradation coefficient_ D5 of the sai roduct _in utign an

Che Lot al vol SYREef LRE ST O PERESE: 16 dre L HETHAN ALGE T

nmet hod dependseomhy cnmetkhe mcal cedralabinofathiondist tekennt erval , which
depends only on the 10 neasurenent of the total volune of the solution.
Thi s nmeasurenent may be perfornmed in an anal ogue manner. The net hod
accordi ng to $heuldvehei satest &9 PALWIcEIE oMERIEEEt VERAE t (K@ Sfetthon

enpl oying a tgigatori) andy i ekl seHielk aigourgerobabr gakdowns, whid ke
known titrators. |t does not en%)l Oé_rel ectrodes that can drift_and it does
not depend orCeREFEPP onth@bictits BHERRr . 19 te7° eatW add i dH-F™ prfiuct ,

the timejignt egvagg@Pedef afe dhe tiekte i pireotsonartye baoeabtuladtted. hes, it
is possible, after_a certain periogﬁgf inme_less.that.the addition

t
interval, to 7eaSuP e HRe t orQI TSIPLARIRY TRETSDI UFi SAFSTY this vol ume has

not varied, 25 the sane predeterm ned anount of product is again injected

or added. 1T theofobhgVanIMRAar FE6LLRSCYn AMPVBRELLEON ditRr S5,

cal cul ated accord ng {0 the sane ca culation rule. 30 The invention al so
rel ates to a @edickereforentRel Praguehécregalagi 8hoBPeEhe titre of a
solutiongsthis solution containing a product, conprising neans for
controlling the injection of a predeterm ned ?m)unt of the said oduct
into the sai MSBRAYEHN ack@Mi nG U F 3L t FARIPHBer val® cdP3edThe*addi ti on
i nterval, progoenental stehthae pleduecdbdets sthé depayiakidegradati on
coefficient D of the said product in solution and the total volune Vt of

the solution at the tinme of the addition. -5
The measurement taken furthermore depends on the

20 titration reactants and on any drift of the electrodes
or capillaries. There are therefore many sources of

error.

Furthermore each titrator represents in general an
25 overall cost of about 10% of the overall cost of the

production plant on which it is mounted.

Each titrator is also a source of breakdowns and
therefore entails substantial operating costs.

30
A problem that arises is to find a novel system of
regulating the titrartion of suspensions, especially
within the context of the fabrication of production
units for semiconductor wafers or substrates, which is

35 free of the abovementioned drawbacks.

Summary of the invention

The invention provides a method for regulating the



The invention also relates to a systemfor regulating the titre of a

sol ution, conprising a device as above, and neans for determning a fill
volune in a container 5 containing the said solution. These nmeans for
determining a fill volume nmay be anal ogug nmeans. Such a regul ating system
may furthernore include an electrode titration device. 10 The invention

al so relates éft@eSefﬁtﬁ%&@ﬁt%ﬂqu%pq,hqgﬁp%mﬁ%d AR SRR S6AT: - @

régul ati ng system as above; - neans for_deliveéring the said solution. 15
Accordi ng to @ h®rogfusitt | 8ANtaingdt dm f BRep SR iR séfi @RSt 6P stPRtrates

inclj udes a U%élﬁ@i?zﬁ)ob:cébﬁﬂﬁnbhe:l&ahd t&tﬁtzast%awﬁva%gdg&_o@fbﬁtqmnfaqr to f

produci ng a chem ca ol i shi ng, sol ut.i on as ove rie escription o

the figures Tﬁ%ﬁ@ﬁf’ﬁ@éﬁ a#d gﬁ@a e&@é’srag'f ‘?‘ﬁ LA ERPT o/F R BECETE mor e

clearly apparehttha seadi pgotihetdesacsiojtitdon2angs thel |towsa Iofvshwes art

enmbodi nent s g(jf)ye@hgysmgﬁénﬂggl {__Eétwrgeeéfn'%gsadétjgigﬁgcri ption refers to
i ch? "- "Frgar

t he appended frglirés in e 1 shows a known regul ati ng system
- Figure 2 shows various states of filling of a 30 tank; - Figure 3 shows a

regul ating sysfem aeaa{dH NGRAdRe bAYENTbQN tire Fic@Uk@14t3RAWSof  the
deconposition curves for a product in a tank; Figure 5 shows a

Ve , and_35 -
device for i npeetFhena pipbeEYal espethifiy i‘%e%e%@%tenﬁ’%%%ord?rhg t'Pe he
I nventiony mefsuPednt of the total volume of the solution. This

measurement may be performed in an analogue manner.

The method according to the invention entails a much
lower cost that the method employing a titrator, and is
15 also not a source of Dbreakdowns, unlike known
titrators. It does not employ electrodes that can drift

and it does not depend on titration reactants either.

After each addition of product, the time interval

20 Dbefore the next injection may be calculated.

Thus, it is possible, after a certain period of time
less that the addition interval, to measure the total
volume of the solution. If this volume has not varied,
25 the same predetermined amount of product 1is again
injected or added. If the total volume has decreased, a
new addition time is calculated according to the same

calculation rule.

30 The invention also relates to a device for controlling
the regulation of the titre of a solution, this
solution containing a product, comprising means for
controlling the injection of a predetermined amount of
the said product into the said solution according to a

35 time interval, called the addition interval,
proportional to the product of the delayral degradation
coefficient D of the said product in solution and the
total volume Vt of the solution at the time of the
addition.



15 20 Detail ed description of enbodi ments of the invention Figure 3 shows a
di agram of a regul ating system according to the invention. This diagram
like that in Figure 1, relates to the regulation of slurries (or conpounds
of. material in suspension and/or variouscchem cal products in a solution)
i.-n a sem conductor wafer or substrate production unit. The references 2, 4,
6 and 8 denote el enents identical or equivalent to those of Figure 1. Table
1 bel ow sunmari zes the abbreviations used in the present description,
illustrated (Tioh- LB¥EREEPPN@APL W e+ ECF elvOniePY B BEMY &PFeF §F kel nY
right-hand colnemesitndi 6€Sa -sdlutidi !li@mpradihg addedicem®as abdeasured -
slur . slurry -_m. slurr /%dro en .peroxige ﬂixtfre -.mx . mxinhg tank -
targ . target®® BeRFFedoVvadfEe &9 ittt ¥gLume T3 & contalmer

Par anmet er SDefddn tta omiing t Titehéal ueddldues Ex luebDegt. uf FEhAspuntmedn$i02 for
degradati on~?; 1,20 uped:. Ln_t s ur i e

on~H~0O~/ daybu‘%?%?%%ﬂ%ggc%lr\f;]éD%(g?gg?(Aﬁ% n go{’}{%%g?g%a%ﬁlééﬁg'

of $H~Ozi dayMeasur ed0. 189Fi 20~ in the slurry in theval ue on$HzQOz/ daym Xxi ng
tankthe curved)dd mgwaégzwa};%gf eLphcen | oayt ez Realoedl athen@a@6ndxi ng
tank between thelast H-Oz titre anpal ysi sand the new oneKl Km .
x| Kout r s~Coef¢}@5 e der t aR t1om S86HE®2Cal cul ati on0. 16the 100 m dose of
H20; inthe slurry for a m xi ngtank/buffer tankM Zoz,,aaMass of HZOz to be
added tokgCal cul ati on523 kgt Iere tan | ur r%/1 ~Mass Ef sl urréIigthe

t ankkgMeasur erEnt 17380 k5881 & ariiedvezh. & SYBFPIMESE & SHGFAP 13 be
addedkgCal cul citeroh&2B &giwtide, t aoddli skdaxi mum wei ght of

sl urrykgPar anet er s136 i | € Lmum perm ssible | evel ~

of Par anet er s95%i n the%é%%ﬁ%??%%ﬁ%%ﬁ%gr%s n@gg?%ﬁ ssi bl e working level ~

of Par anet er s90%$i n t hemeamkf for i dglevering atiRangeidf sQartabhon in the~

of Par anmet gr s35~m xi ng tank/ buffer tankfillingLevel","M ni num perm ssi bl e
| evel ~ of Par anet er§60~i n the tankfilli ngLeveI "u"Current” level in the~
of Measur ementBEFSHRY tShkG9 | AGUERERERP r n2LeSEPEER SHQF r PRYRY

of Cal cul at i ondé&fhcisiedud ot heubankbickki ngicludey aleuek" fozrl guelisinggOz to
be added~ of Cal cul ationl~t.o the tankfilling X Stirri unper

i nnurrber Par ang eersg%l_ t he" %ﬁae?é an‘%\ﬁm x%t |l\$ Slgnég%{1 po%/\c;exg %rrﬁ%&e{lr(@{ndp P

i nnunber Par aneghemicsl Ophbi shinagsebnukhor: as, above. | ~ aSuccessive

titrati ogpunber Paranmeters' _-4nunber of the m xing tankduring an

of f-specanal ysis before a fault istriggeredSlurry, Mxing of on-spec HzOz
ands| urryAnouB¥iefjdesepiption: b thakihguxa8ement 65. 5Tine; "~ r-a", i v~aTi me
before the newdaySysten? dayanal ysis of the m xi ngval uetank after an

of f -spectitrell menddi tion~~nne yeigDetter m nat(i)gn tf thien cion  wi

ti mem nut esPa %ﬁet TR FF nbR e et (He-BhT of %1 he ozadditions andljt he
anal ysi sof t heecome amkrelz O etk yedppelrtosarn-"readifigrs Heetdessar igecion

newm nut esSys KL NBNT X mmat, | AN 1 i at,0 k for
t he dose?%addéegh%é,rlre ?gc{s?n xs)'l%vﬁgasll nce aisr?&tl?ét ril%ftl'tg?%l;lloj-EB 1%%??%%1?2nt of
the m xi ng t ahkBayE08 ueXPIPaese2, DT S PEBPYyet FEFfRE2 to the
titrew ~Paranghgesded-figtiLesOint @ROER: the tankTitre" o ~HzOz titre to be
used forwt $Paraneters3l~z 2,the_addi ti](gnsTi tre” meeaHzOz titre nmeasured
in thewt ~Par anet ers4. 18%37%, t afRIYEr 3F Qﬁ“zﬁ?gﬁgitwgr 88587 i n pureform
undi | ut edM ni num val uRighréhewshleasanedetrods 158deesr edf HE{k1ingr efi m

t het ank 30  tank;
- Figure 3 shows a regulating system according to
the invention;
- Figure 4 shows decomposition curves for a
product in a tank; and
35 - Figure 5 shows a device for injecting a

product, especially in a system according to the

invention.



_ g _ Titre~f~Maxi mum val ue of thew ~Paranet ers9. 25%desired H202 titre in

thetankTitre, a"Precise volune of themlli-Paraneters:04 m 10C ml HzOz
i njection doselitresV1iPreci se volune of them ni-Paranmeters875 nml 900 mM H-O
injection c:oselitresV2Preci se volune of .them|li-Parameters9012 n 9000 m

HzQz injection doselitresV3Volume of Slurrymin the~ fill Systen¥?8~buffer

tankval ueybuEé@%g é’rﬁredgéc{'fﬁt{@:@kofv%gﬁi aénﬁguagy%e%ventipn
buff.rVol"zoz,= = resto be

added to the m xi ngtankVol aaa.a e:urryVolunme of slurry to

bel i tresCal cut ahiod. 261shbivsesaddeti dp-de SEXi By traRjqidLdzidensidvenf Hz Oz
to be usedkg/ m Fi xed val uel.11f.or the addit,i onség/ ni Qsi urlr.)ﬁ:Deq:%i tty of the
sl urrykg/ m Fi ¥ePY& 22158030 e tifior Bt R afitagram, ~ Like that’ in

degr adat i 6n~Hz{FubPal anmatedrasteenwpen dalye ofrddiel dtzi@m t iotfr eSlurHidsn tdre

m xi ng tank for_af ta - . _The.; buf 4 i | at ed.
follows. An i%?%@?#%#}s ofgg prpae%%]?%?%‘i nlelg V%Fé rréer?%]#(%? e%%%c?%, 6’&ﬁi)tgl (%1??5 i's
programmed atckemieel i mmrddts han deperdsitGian séveral fRmarmi@rstod - on
K, coeffici ef\{q%Péra@Q' td @k s dd1ep108upt i gh He0Z dosgef Qflhendldy ry; K

depends on: e _maxi rum volune in the buffer tank t he precise vol une
of the H202 dbsebt &k RdBEROERI SleMenitsci Nt iFRt her s EFHiiviRg &2t 59 n t he
tank; 2 q00n thes¥obENRidiiréhe. tank in question at the time of the
addition, |.e. Vtotal-buffer = Vtbuffer X Factorfill ~ 15 3 - on the daily
H202 degradation coefficient Degbuffer in the tank. As regards the buffer
tank, the tinepabkéweebelown isymeeliizes ithei ebrbéyialonismasededn iider = K

X Degbuffer r. A : er 1 f Qr I L qgrtgicé(r‘l1

m cr ocont r ol Ix%r g%é?ri ggsgg?%%héal (j:lgllgltsl%gr?,@éa te@qoergc%‘ﬁ%{dz lrﬁ’)ecti on,
of the del ay Wetlhra f@e nexerippbcvadnes ThistienrightehaggnpgpPly®ds .- neans for
storing t{he various data used for the cal culation and a m croprocessor that
carries out the _desired cal cul ati ons and nmanages and controls the various
product i nj ectPohS®S30 Moreover, a nmeasurement of the volune in the tank 4
is made, for exanple by conventimandlalanal ogue neans. After the cal cul ated
del ay, the controller rformns d25 test on the new neasured volune in the
tank: if there is noa‘gﬁang'e ir?aq e\?lel (for exanple within 4a), the

predet erm ned dose-i smeaen inj estesdired f there is a decrease in |evel
(product jpas consumedgs)pce, thelhast, addition), the controller re

- m : slurry/hydrogen peroxide mixture
- mix : mixing tank
- targ : target or desired value

pure undiluted
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calculates the injection delay according to the new vol une. The tine

al ready el apsed is subtracted fromthe new delay so as to determ ne at what

noment the new addition wll
the addition operation is initialized at

vol une) and on the stirring rate,

be made; and 5

"time = 0"

upon filling the buffer tank,

A g and the cal cul ati on of
the tine is repeated according to the new level (no addition at t = 0). 10
In fact, K depends on the specificatiqag@f ithe tank (height, dianeter,

whereas tte degradati on coefficient Deg

itself depends on K and on the volune ratio of energy dissipated in the
slurry (in Wng),,..13,..Thel coeffigient K and the,degradatiqn curveg,for a
given tank are determned in the TolTow ng nmanner. {The 02 degfadati on
measur enent slL,are made _asl.a function 20 of theVplyes| | | xampl ve of
the type of fthose illustrated denFia@b&cdal $ £ R8R.,0Pt ai.peds Themet hod used
is as follows: - fill the tank to 90%wi th & slurry| m xture 25 whose H202
titre i s known (about 4.[%)chesIyEy £ 5% hourg and t hen'#Heasure tHE FYtre
again; - purige the tank |m:erdes to vary the |level pndereeset [the m xture to
the titre (a{bout 4.29; + wait 24 hours and t%hen_drreasure t(pe ti tre agai n;
30 - repeat [S¥Feral ti mes™PHE O FEF TG BbY ai n EREOYh| pbitAtET and - dediice
t her ef rom deconposi ti on fcus.vie dhersutrieiH2@2 i|n the tpnkalasoca fluretien of its
fill level. B5 The coeffjcient K is the coefifficient|of the exponenti al
. 3 1 . mixing tank, , the curve, .
functi on foupt—Thus;— N gure 4, onme curve has as| coeffrcignt K = 0]1613
and t he ot hefpike.= 0. 0644| Ma¥ivem Gifterenagi fet Mg t{ hesty@r i ptalonstion |t hd-06%
degradation | - 12 coeffi.cient D2 fdunction of the fill flactor is
identical orfsimlar to fhat expressing the|variatipns in the degradafion
coefficient D as a functjbat 8 &5t PrrYsHy rate for p fixed level in the
tank. This is 5 because, | il @hg.case the energy (W|is varied and in the
ot her case the vol une (rrB%f IS varied, However, thesp tvvol vari abloels%ar ¢ of
the sanme or deb*uf®wegni t PPEEELFE DRt P HE &tilr r PG r aEEHAU T he 1°6VEl i[n the
tank are varjed at the spte b e dosa diepr.asentation jn the foqrm 10 of
i sol evel s i s| obtai ned andthtehs Er?‘;f/ Qre_ one W th several curves. [In all cases,
t hese vari abl es do not dgpend on the FPG2 ddse . In{order toladd a fufther
safety factop _to the sys}emv/bifgesmki bed abgue it |s also pgssible t¢ add
a measur errentm?},/.dda conventi.onak ot if tatQLas 95 |an gl ect cada.tif nat 9fs. g
the tank
Moturry, i Mass of slurry in the tank kg Measurement 1123 kg
before analysis
Madded slurry Mass of slurry to be added kg Calculation 523 kg
to the tank
Meank Maximum weight of slurry kg Parameters 1360 kg
in the tank
Levelgax Maximum permissible level % of Parameters 95%
in the tank filling
Level,orking Permissible working level % of Parameters 90%
in the tank filling
Levelpyet Range of variation in the % of Parameters 35%
mixing tank/buffer tank filling
Levelyin Minimum permissible level % of Parameters 60%
in the tank filling
Level canx “Current” level in the % of Measurement 68%
mixing tank filling
Levelaiurry Level of slurry to be % of Calculation 10%
added to the tank filling




The H202 addition is then always made as descri bed 20 above,
analysis by the titrator allows the neasurenent to be validated. The

operation is then as bel ow,

Case 1:
of

should the titre be bel ow t he sefgpoint,
regul atlon by the titrator (already descrlbed above in the

but regul

ar

the various cases being those in Figure 2. 25
readj ustment as in the node

i ntroducti on .vgo Case 2'Lev ouf dottrgebetaldgge he gp)?ve anguls&EP(" nt,
action. Case 3" '%Roul d th& i Tre b8 Bbove t he maxi num vafugd® |a sétond
measurenent |Ls taken: 35 toufhetthnks confirns fhatllinpel fifre isltoo hi gh) an
alarm is trifgered. and BAdLULOMG. LGS LAPPTdumb! Bl Be00Nd.:
measurenent {the titre appears norna no actlion 1s undertaken. - 13| Case
4: should the titre he sl ¥elbatfey gankhe paximim valuel (for exanple greafer
than the maxigum val ue 0. Q10),, g.8e600d easurgrENt |P§ra;n@clggn ifs ghis
confirns thant the titre |s too high, an 5 allarmis triggered{and addi{ions
are stopped; e titre appears—Horaal—no
action is undertaken. Casg&cassishoukd;the titre e bel-ow.dbe m ni mym val ue,
a 10 second |neasurenent | s tak?n: if this confirns that the fitre is {oo
low, an alarmis triggered™@8hd tAe 1% &"Fs |adj usted; if at fhe second
nmeasurenent fthe titre app@]afns aAoEfrapec NO actli on i s undertaken. 15 The
f oregoi ng description rel at to.the buffer tank 4.| The mxing tank 2|is
. a s s bef al0 au * . .
regulated in terms of HzDZ2°t] et ore each filling off the bufter
tank and in ferns of ﬁrlldge:(em aftpr eachltransfer ta the huffer tank 4.
The fi Illng bgl ltx{)ls t ank h%mqigqu hSps! &&Iﬁg tfo the tjtre takeiplace infthe
fol |l owi ng nmanner. 25
slurry
Amounte;i % Level in the tank % Measurement 65.5%
T1imE@inrer-analysis Time before the new day System 2 day
analysis of the mixing value
tank after an off-spec
titre
TimEadditions/analysis | Determination of the time minutes Parameters 40 min
between the end of the H,0;
additions and the analysis
of the in-tank H,0, titre
Timeputeer inject Time between each new minutes System 35 min
Timemix inject injection of H;0; into the value
tank for the doses added.
TimeljecCtmx Time since last titration 0-21 System Existent
of the mixing tank days value
Titre%oyp“. Desired (target) H0; titre wt% Parameters 4.2%
Titreypo,,targ in the tank
Titre%ori H,0, titre to be used for wts Parameters 31%
the additions
TitrerTmnn H,0; titre measured in the wts Parameters 4.18%
tank
TitrepnaHfz H202 titre used in pure
form, undiluted
Minimum value of the wth Parameters 4.15%
desired H;0: titre in the
tank




First,
bet ween: a
Level WOr xi ng

a mxture is prepared. The |evel

| evel Level
Level maX

m n Level m~ -
x 0.95 (F2)

al.lowing the H202 titre to be adjusted wthout the high |evel

tank bei ng exceeded. 35 The | evel

in the tank 2 is nmaintai ned
Level hyst (F1) and 30 -
where 0.95 is a safety factor

a |l evel

in the mxing

in the’tank decreases as Slurrym X is

transferred [fromthe n‘ixu}r%g tankl tohthe buffer%tank 4. The Ie\éels%ls reset
after each fliTFHf the f}'Fa™T &/87 °f At he mi|xi 88 t apk>Z"$8%ches ‘tHhe val ue
Level m n. - 14 The priostesced Hw2ttheenknxhag |[tank 2 Js prepared with Slurryp
("pure" slurry with no HzQ2) and 31 wt~ hydrfogen pefoxide. 5|This
preparation s carried Ot SO as (o obtaim g tevet Jm the m Xing tank|such
that: Lever [XTifre=05 = ( LleRretisnivtlives of+theevel gl =illy- Levetapprer ) (F3 % 10 The
H202 to be added by fill|ng & he, Thxkdg @K [2,iS.cal cul ated using the
followi ng fofmura (F4): [TitrerZpz = VOIHRZ=Z|,T X PHZOZ -1 X {itreH2pz]|-i/
(Vol H2pG , ; PRIPH20~ ,i + MeHaddedrestiuttey X PSEdETy)| P8 aTterst ol | &k Hg
formula for cal cul ating f&e hydy egen:pernxi de; ttrg; be| added to|the m xi ng
tank is thenobtarned: M2pz ~ add =1 "Wur-~y XTI treHz0Q2 , carg|/ (
Ti treHz~z ,|¥? - Ti treH2®sise vy §° °°F5 ) “‘2‘6 1n 6??6?:?‘6%, tW& Var il ous
filling steps are carri edsoduti Bof (gedcOdnl @wd nq ipener: 1) the lline for
filling the mxmgtank Iurr s fijrst nsed (deliay);25 2) then
the tank is fYlledwith th V"E““\eurr “Wﬁdé S| ur?ﬁy4 gccord”S ih the”%
formul a( F6) Msl urry~ add = Mf&mkcar)% (Lever X 0./95- 12Vel]| mltnr al) XTitreH?p2
ytai/ (TitreHpz -i - TitreHzp2 (F6) ;3) next,;the line(for fillingthe
m xi ng tank vl_\!n?“t"hSO DIWik | umﬁsoecfh?g(%(ay );4) |the val e for fillling them xing
tank is thenpinsed with DioWmedé]siyryy 5) npr the tahk is fillledwith HrOz
(MH2~2 ,aaa)| yphere: 3 5 MHz 02 , ~ = M-~.~ N (Lever|{x O . 95|- Levelini
tial x TitreFerRog? = TitfeHapa ) (F7 ) , ©) |waitingwhiTe the m xi ng {ank
honogeni zes {¥W&ioti ng ti nmevolu®| dgatfditritendPanallyses) | Fa17)-2Hext|, 5t Hé 9% Xi ng
tank is analysed and its|td td ided to the mixing
tank
V0laaded siurry Volume of slurry to be litres Calculation 261 litres
added to the mixing tank
pnfzi Density of H;0; to be used kg/m’ Fixed value 1.11
for the additions kg/m’
psm:w Density of the slurry kg/m* Fixed value 1.043
kg/m’
Konix Theoretical degradation %H,0,/D Parameters new
per day of the H;0, titre 0-10.4
in the mixing tank for a
full tank




- 15 obtained: Tltregzp2 neas if Titremn S TitreHaoa ~ <_ Titrem)

val idation of the mxing tank - the procedure passes to stage 10) if
TitreH2p2~ <_ Titremax: 5 - carry out another analysis for confirmation
(Ntitration) mx) - if confirmation, an armis triggered and a request
for operator intervention is generated, "If Titreg2p2~ < Titremn, atitre

is adjusted and 10 t,ﬂg LdEer &F OF rg Pg?ﬁﬁ%?ﬁégbé?agg %ilbwgheck t hat

TitreHzZpz,t~ - Titre a-nmeas < fm x fmx Is the maxi mnum
difference in the case of the m xing tank between the | ast determ nation of

the H202 titrgnangh{a g 8Re)a pPedetdifYnadl PHDLAEr (dRbrerakaabion for
COnfirnmatl On éNélt ti,on, m%% % 8) the titre is then ?dj L%‘tfgd t he

adj ust ment st &PY Bel ng St RFIFIFTIE g2t Gal TGt HBHEGV 3t he XASBFRAR to be
added usi gy 26nf sevwatal (p8rameti202:addition for adjustnent (as a result of
t he decrease in thf H2g121 tf(lltr%)ef%gdiite\ﬁ@ tolfnga ﬂtil‘%gp&)gjggélé?tjf@@ 191 5Pe

m xing tank (Waltlng trie - Tovea i'ons/anal ysi's e mxing tank
i s anal ysed i H:@rdeset 6oronher mluhay:the titre is within specification; and
10) there is then ﬁ &@%gnggr a.demand to fill the buffer tank. The titre of
the tank 2 is regulated in the followng 30 nanner. In fact, the sane

cal cul ating nethod i s uSedhe REFIEHRE LHRE s sty BbFgereper oxi de to be

added to gtche mixing tank ZHd grdeiskovioadideatsr t haet iH,08: dosMbldl ryei X
(TitreH2~z,~ - Titr 52~2, , 31 [ (Ti t,reHz~lz,| - Tit ref,~zDz, ~) % F8 % 35 The
successi ve steps af€3fHefthelRoMTMHTE®Y) BRalYG sSbETThEI M5y t2nk.
Hence the titre obthenednkTitreHzp2 ,t~ if Titremn <_ Titrej..jzp2 (,~ <_
Titremax, then 2 - on the volume in the tank in qguestion at the
time of the addition, i.e. Viotal-buffer = VEpurfer X Factorsiii;
15 3 - on the daily H;0, degradation coefficient

Degbuffer in the tank.

As regards the buffer tank, the time between two
injections is given by:
20

Timeinject putfer = K X DeQuurfer X Vbutfer.

A controller 10 (for example, a programmed micro-
controller) carries out the calculation, after each Hy0;
25 injection, of the delay before the next injection. This
controller comprises means for storing the various data
used for the calculation and a microprocessor that
carries out the desired calculations and manages and
controls the various product injections.
30
Moreover, a measurement of the volume in the tank 4 1is

made, for example by conventional analogue means.

After the calculated delay, the controller performs a
35 test on the new measured volume in the tank:
e 1if there is no change in level (for example
within * 4%), the predetermined dose is then injected;
o« 1if there is a decrease in level (product was

consumed since the last addition), the controller re-



- 16 wvalidation of the mxing tank, and the procedure passes to step 10)
if, TitreH202 ,~ > Titre,: - carry out another analysis for confirmation 5
(Ntitration,mx) - if confirmation, alarmand request intervention by an
operator) if TitreHaoz ,~ < Titremn,_t titre is adjusted and the
procedure passes to step 8): 10 - then check that TitreHzoa ,t~ - TitreH2oz

,~ < DITTm X g Neh £a L4 T NG | $nbRecTRY NHAL G f@é@amiar dhec AbXing, t ank
between the | ast determnation 0f the H202 titre and the new one), - carry
out another a¥R+yaes TP EoMPi PAREROY €3aPREG: &t ISHIDEEASHED) ELRI} Uh®rent of

the titre: cadwulbalizgn &6 GRe tE03crehrtiBet tabevwaddednitény thembéy (F8),
H202 addition r_adj ust t (as.a resylt of the 20 decrease in the H202
titre), wait? gl?bﬁ t%éfﬁPQ?n@a?ﬁhka?g honogeni ze (Waltlng tinme =

Tl meaddi t isons/ anal ysispon 3jihhahysi shef bHhEfer Xxitgnk ankthe caxdiEitian

confirmthat i is Wthie sLLiscation; 3 4), wairtikng a
request to fi$$g¥%%£%§fféﬁ ta%bgtiﬁgggﬁ ferégankngFif'ﬁ%r.i%éhparéﬁg
constantly regulenbationt exfrstiod HAOR tisraep@pel adecerdiny nboofthie| |ing

30 The I evel ﬁgwtfgvégntnésaggigigﬁngg petwgen: - a level : Levelnmn, i =
Level max - Levelhyst ( F1 ) and - a level: L2Vel WOrking = Level max x 0.95
(F2) 35 where 0.95 is a safety factor that allows the H202 titre to be
adj ust ed 1@ t hot rhle  highdkpealisbeimgtrycegded fikddi®ons xong thanktardke
level in the &ﬁgkgﬁtgecf%¥g§%§§ 8£9gﬂgsléhd Bnrkhe stirring rate,
whereas the degradation coefficient Deg itself depends
on XK and on the volume ratio of energy dissipated in
the slurry (in w/m®) .
15
The coefficient K and the degradation curve for a given

tank are determined in the following manner.

The H,0, degradation measurements are made as a function
20 of the level in the tank. A curve of the type of those

illustrated in Figure 4 is then obtained.

The method used is as follows:
- fill the tank to 90% with a slurry mixture
25 whose H;0; titre is known (about 4.2%);
- wait 24 hours and then measure the titre again;
- purge the tank in order to vary the level and
reset the mixture to the titre (about 4.2%);
- wait 24 hours and then measure the titre again;
30 ~ repeat several times in order to obtain enough
points; and
~ deduce therefrom decomposition curve for the

H,0, in the tank as a function of its fill level.
35 The coefficient K is the coefficient of the exponential
function found. Thus, in Figure 4, one curve has as

coefficient K = 0.1613 and the other K = 0.0644.

The curve giving the wvariations in the degradation



5 10 15 20 25 30 35 consuned by the equipnent. It is then filled m xing
tank 2, as level Levelhyst . with Slurrymwhich cones fromthe soon as its

| evel goes below the The filling steps are carried out as follows: 1)
request to fill the mxing tank 2; 2) - g xi ng tank 2 not ready: on standby
- nmixing tank 2 ready: proceed to step 31) rinsing of the line for

filling the hufder; danke Wi has uarymmarberbffl thinge0f 1 hea g ers ¢ ank

with Slurry; until the |level Levehmax x 0. 95; rmsmgl the line for
filling the riS8™Hg 3hKkOW EAMBLAF( J& atg;r}at Tﬁ’ép¥6?ﬁ%ﬁ1§ £8f rMEFHAREARF t he
titre in the f tae taddeddatipdd n@:oletffp.@i@nlﬂ ent asCah cuhaia itdie agount of

hy('il/gogen per% Ldﬁe#@grggddefdor 15 l%i fga;??va? |??t§ mxz!ln t?,BéﬁZNHsz aaa
= rurry, | Itre - €

(F8) . TKé hyeragese peLoxicthe | casedetet eridmnbuflWer 1tsankax/1adrrendr|mg tanks
on the produgt, retusn., cgggvet%égs\tloﬁﬁ&gél e(qnag " bl ock, and, bl ?FOO ev%&stem IS

used for adding hy rogen peroxi e preserving the tank m any
in-line | eakstMﬂQ:htWW)u‘V@lra@ﬂ@IlﬁS}'d@Dgeﬁfpéh@xﬁé@et order Iodf m@ortigridevhen

filling the m—[ﬂa@fe%&brpfﬁgsfgee dNg ther eelel1r sgulafed 43l ng-d he
met hod al ready expl ai ned_above regards the titration of the m xing tank

2, this takesV3HiRE fh the f%}%m;hraemﬁnéieprﬁ?@r&@rtm%mmet@a FEWR t h

respect to ther diddpsesre betypeaihve datiethenatbeBs opal fiieth dvarnl he
m xing tank dquﬂgg In %?l cases, these variables do not depend on

the H,0, dose.

In order to add a further safety factor to the system
15 described above, it 1s also possible to add a
measurement by a conventional titrator or an electrode

titrator.

The H;0, addition i1is then always made as described
20 above, but regular analysis by the titrator allows the

measurement to be validated.

The operation is then as below, the various cases being
those in Figure 2.

25
Case 1: should the titre be below the setpoint, re-
adjustment as in the mode of regulation by the titrator

(already described above in the introduction).

30 cCase 2: should the titre be above the setpoint, no
action.

Case 3: should the titre be above the maximum value, a
second measurement is taken:
35 e« if this confirms that the titre is too high, an
alarm is triggered, and additions are stopped;
e« 1f at the second measurement the titre appears

normal, no action is undertaken.



on a paraneter Degm x (HzOz degradation coefficient) . The H2Oz titre
degradation coefficient in the mxing tank 2 itself depends on the stirring
in the tank and 5 on the level in the tank. This is because although the
stirring rate in the tank is constant thg;energy dissipated per unit volune
can vary. Consequently, the rate of degradation in the tank 10 depends on

its slurry | evgde dhe ddrArRfatihen eUE¥e 115e t REMEMQYE ROPOVRE GREVambd YPI cal
of stirring phenonena 15 1t is therefore gosm ble to estimate_t he HzO~

titre reducti ¥ 4e o7 2PKABRL Re @ WHCTetERR nBRF o FEX1MYR XxVAULaNK
difference i p D f4 d&cond Keégutankndegsadakean i n % per day = Degmi x

where Degm x = Km x X_Level m x tank % O-t'rresncelattltr tion in
days = tlmenix inj'ect D fOQ%e@‘}ﬁ xtzg(atl'l F‘r%?n’ ﬁl%ﬁ]ee&ts r i hat i on
of the tibre amhicatestthagetdd andraddstions| anei atbhpem XI ng tank 2

(Titregzpz,targ 25 Ti¢ tg&gzgﬁe Ffeéoggetnggr murentl 13' C'Plttrrjeggagtéﬁt | tre

readj ust ment by HzOz ~addi ti on nat 1 on ates th e titre
is too high imPxmRl M RCERPK, 1% hendgstakeny | ggers after 30 successive
confirmation, a "mXi ng tank titre too high" al arm which di sappears when
the titre becomes nor ?ga Anot her detgém nation . carried qut on the

tank is 35 perAe ml S ?% et Es RRHaPGEPE WAPCALPLTRAY Mfldteed &s
foll ows: 1Bl . nEeddded r@é@élyﬁézﬁent[lsfti]ﬂéﬁ[ Degmix If there is a titration

alarm - 19510 13 2020 Snfirms that the titre is too low, an
alarm is triggered and the titre is adjusted;
e« 1f at the second measurement the titre appears
normal, no action is undertaken.
15

The foregoing description relates to the buffer tank 4.

The mixing tank 2 1is regulated in terms of Hy;0, titre
(wt%) before each filling of the buffer tank and in

20 terms of fill (%) after each transfer to the buffer
tank 4.

The filling of this tank 2 and its setting to the titre
take place in the following manner.

25
First, a mixture is prepared. The level in the tank 2
is maintained between:
- a level Levelpn = Levelmax - Levelpyst (F1) and

30 - a level Levelyorking = Levelp.x X 0.95 (F2),
where 0.95 is a safety factor allowing the Hy;0; titre to
be adjusted without the high level in the mixing tank
being exceeded.

35

The 1level in the tank decreases as Slurrympix 1S
transferred from the mixing tank 2 to the buffer tank
4. The level is reset after each f£ill if the final

level in the mixing tank 2 reaches the value Levelpn.



35 During determnation of the titre, if the value is such that
TitreHzp2,carg - TitreH2pZneas > Diffm X, the systemtriggers (after
Ntitration, m x successive confirmations) an alarm and requests the
intervention by an operator. Atitrationgrror with regard to the mxing
tank must not stop the system- it nust only generate a m nor defect (for H

hours, . & par ey eipdditicicanchecARdi ] el andhihers a;g%) gregereal of ter

hours if there has been no 1 ntervention t he operator 2 additions
are made usi nPLEEXst AW o’?ﬂt‘éflﬁér‘ﬁlmlléﬁ HeOz)i |aney 34 tVfF%p Mmqemth
venting to aI%FEﬁ&E&éC pressure, followed by pressurization in order to
fill one of the two tanks (buffer tank or m xing tank). Thisarrangenent
illustrated inFigure5 consistsof 3successive containers 20, 22, 24o0f vol une
known t owst hiThbseprepatrdtior: i sachirriedcontaisoe @20 afor clhreiabcut Mvell00 i,

known precisel thg'ﬁEQQH? gﬁa% Zgﬁg ol uneabout V2 =900 m , known
ner

precisely; - hi'rd con unea outv3 -9000 m , knomn precisely.
Exanpl e of use in the case of an 11 3 volume of HzOz: - filling of the
containers; -L&fali}iXNQ.96WA (Ievidlg 40 @00evellil it riededyel (V1 +F¥R + V3);

- filling of t he containers; - draining down to the 1000 mililitre |evel
(V1 + V2); - f||||ng of the containers; - draining down to the 100
mllilitng |eygl &Y3); to fijd Iaa@e@f bg;hefppmrag Nens; m;@rra; nté‘ﬂdeWnléo t he
100 n1II|I|tre | evel (V1); - |II|n ont aj ners - 20 -

dr ai ni ng domnc%bc?%%tﬁﬁouﬁimglFh?rg %Q@FH?V%?rmPﬁafégé the vol unes V1, V2

and V3 are not precise nultiples of one hundred mllilitres - the program

of 5 the contsyqhl 10 A Lhi Nt & 8666 when . cal cwl @t png & he doses
to be added. In ngﬁre 5, hi ére éé%nces 24Hg%d 26 g@%ote véPVes on a
pressuriZatiOWDlmﬁasﬁﬂ¢>emNﬁn$)ng |l i ne, respectively. 10 The val ues 32 and

34 are V%gves Ice§§ﬂrﬁ‘gﬁg§' tEOPNGDY SEQW a@Qié&Pé‘tiﬁépeEﬂiV%ydrédéﬁ a

calibrated ori oduct 1s then sent 1nto the (valve 36) or
the tank 4 (vParouldes BS apd 48fded efce Elca MiRIRYngtiThe VFa BRI ve
42. 15 The regytathag:nmethod according to the invention applies especially
to controlling the titre of a chem cal solution for polishing sem conductor
substrates. 20 A regul ating system according to the invention therefore

delivers a pohjshi.ng= product Ticrégld verMTireense, Thi Bigregdichs)i $Fihen
delivered,fo a ‘Subst r at e pol i shing unit.

In practice, the various filling steps are carried out
in the following manner:
1) the line for filling the mixing tank with the
slurry is firstly rinsed (delay);
25 2) then the tank is filled with the slurry:
Madded slurry @ccording to the formula (F6):
Mslurry,add = Mtank X (Levelg X 0.95 - Leveljjjcial) X
TitreH202Jmm/(TitreH202,i - Titrep,o, ,carg) (F6);
3) next, the line for filling the mixing tank with
30 DIW is rinsed (delay);
4) the valve for filling the mixing tank is then
rinsed with DIW (delay);
5) next, the tank is filled with H;02 (My,0,.add)
where:
35 My,0, redd = Meak X (Levelmx X 0.95 - Leveliniciaa X Titrepwen,o, /
Titrey,o, ) (F7);
6) waiting while the mixing tank homogenizes
(waiting time = Timeadditions/analysis) i

7) next, the mixing tank is analysed and its titre



WO 03/050634 - 21 CLAI M5 PCT/FRO2/04250 1. Method for regulating the titre
of a solution, in which a predeterm ned anmount of a product contained in
the solution is added to the solution according to a tinme interval, called
the addition interval, proportional to_ th product of the del ayral

degr adati on coefflclent D of the said product in solution and the total

vol une Wt of chEaSEedtlmﬂtﬁetheE;Jne of the addition. 2. Method according
to daim1, in which, r each |t|on of pr t he i nt erval

bef ore the next |nje89?3%ﬁismeahc Atk 208mﬁwgtﬂbgrﬁﬁcof%ﬁ%ﬁgE% ?9a?%1 2, in
which, after ghgepiRin %?peamad Ofhbi geol:eeérteh%gsgae addikien hpterval, the

total volunme of the s iQn is neagure t hod according to Cla|n13
in which, if the total UmeRa®>=decr éas6t*‘'a new addition time is

cal cul ated. 5. Method- a§§9£~9|| et OafBenet GraiNpsils t @od, ddier addhtion
interval being equal to K x X Vt, where Kis a coefficient that depends

on the solution st?NhFﬁﬁuepeeﬂ ‘and on the geonetrical characteristics of a
cont ai ner containing thefsaodfdematiion, Gn Meldod aecerdigogried crel od t he

preceding clainms, in mhl h theﬁgﬁgagggtl geggggggﬁleg En%?%t %Id pr oduct

in solution is neagug F%Fe accor |ng I|n of a

85
cont ai ner vmth t he® sditd Sidt4R F.onmemd/ bt “¥ Frens i rritd§ %@@W?h
cont ai ner,. e hofle fBE?HH% ?aQQEs ?005@5% gyto 6, which furtherm)re
e

i ncl udes a deFernlnat the sol ution by an
el ectrode titrator. 8- ®eeabdthesofdthguice «@ ai hiLT Sshocteat ricDidds:t he

triggering of an ak@h@kehmﬁmxtubretma&ugﬁdnm dhe relregideodent i ¢Rat or is
bel ow a predeterm ned mini n1va|ue or, aﬁ % a redeternl ed 2fx mum

val ue. 9. Method at@dFdi &anﬁ%¥1991 FOre ™t he ©
triggered, at Ieasﬁetenm$naceee|aé nhasteﬂnﬂuurenandnnhakneﬂluneehectrode

titrator en a neasure by t ti foy S b max m
val ue. 1 WPNEthod accorgg%% to 6ﬂg§of éﬁgﬁﬁﬁri 8%9&&&9 hqthe gg?ution

is a solution for p@hfshmﬁgleenﬂNamdmchOhnéubstrates 11. Process for

pol i shing SenlCO“dE?tQBeSUQ§E£éte§s Ceﬂ@ﬁ'séaﬂuébéduset@é 35 §Ph SR
regul ated by a nethod according to one of Clains 1 to . 12." Device for

control |i ng t AESPEghrARToRNEf LPRAOYIREE of a sol ution, thls sol ution
containing a productcamﬁﬁmaﬁidﬁ]@Eaﬂﬁe(ﬂgxg%auu&@n&EOMéruﬁdé&emﬁdﬁgtion
of a preqﬁ%erg1ned anggg? of the said product into the said solution
accordingto a e Val, called the addition interval, proportional to
the product of theeddi-QyrafididegyeadivirondiustiieriteritasD sofraselsad® phreduct

in solution aﬁQcEQSsEOEﬁltggl g@%\qﬁgyg thK§qut|on at the tinme of the

addition. 13. Device accor g im12, which furthernore includes
means (10) for deténWQﬂqkfga.Pérhﬂﬂﬂg%ﬂkﬁﬁqﬁﬁloPﬁw?ﬁ%cFﬂxﬂﬁgt??ﬁk

interval befongatBengeximen] @CTEABaq;cions/analysis) ;

25 9) the mixing tank is analysed in order to confirm

that the titre is within specification; and
10) there is then a wait for a demand to fill the

buffer tank.
The titre of the tank 2 is regulated in the following

30 manner. In fact, the same calculating method is used to
calculate the mass of hydrogen peroxide to be added to
the mixing tank 2 in order to regulate the titre:
MH,0p00 = Mslurry,i X (Titrep,, g - Titrep,o,mss) / (Titrey,, s - Tit
reop i) (F8)

35
The successive steps are then the following:

1) Analysis of the mixing tank. Hence the titre
obtained: Titrey, ,targ

e if Titreny, < TitreHﬂh,mﬁs <  Titrepax, then



14. Systemfor regulating the titre of a solution, which conprises a device
according to either of Cains 12 and 13 and neans for determning a fil
- 23 wvolune in a container containing the said solution. 15. System
according to Claim14, the means for detggmning a fill volume being
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to one of O aFAsSt8Ptd016; - means (8) for delivering the said sol ution.
18. System for produdiing Bemezgnduet or Ttbskt:at es, which includes a unit
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abbccccce e H;0, addition for adjustment (as a result of the
20 decrease in the H;0, titre),
s waiting for the mixing tank to homogenize
(waiting time = Timeadditions/analysis);
3) analysis of the mixing tank in order to confirm
that the titre is within specification; and

25 4) waiting for a request to fill the buffer tank.

The buffer tank 4 1is, for its part, constantly

regulated in terms of H;0, titre (wt%) and in terms of

filling (%).
30
The level in the tank is maintained between:
- a level: Levelpin,; = Levelpax - Levelpyse (F1)
and
- a level: Levelyorking = Levelpx X 0.95 (F2)

35 where 0.95 is a safety factor that allows the H;0;, titre
to be adjusted without the high level being exceeded in

the mixing tank.

The level in the tank 4 decreases as product is



ddde_fffffff}xsnid_Z]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]ca]calca]cal
cal] cal ca] ca] cal ca] ca] ca]ca] ca] calca]ca]ca]ca]ca! ffff~gxhTijjqglxlIgnkonop%,
p3pBpg@ r Hs?t =uHUuuuvwwx zupkf a\ W] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
Ul cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]¢@] ca] ca] ca] ca] ca] cal xXz{{{1||A}}lg
nkonop%, p3pBpg@ r Hs?t =uHuuuuvwwxzupkf a\ W] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] cal] calfseabmad) 53] €réc mah€al cal cal calcalcalcalcalcalcaljcald\:!!
109%ZZ2&' () - NC10%Z&' ()-! "s3 110%& ()-xs3 1'10% & ()-x q f#10%& ()->
f#10%s& ()->Gd}[ 9! " *1109& ()-!~*1109%& ()-"!10%& ()-!!10%& ()- !109%&Z& ()-!
llé(iz?/g 8 e}‘ ghi@xrﬂsC; tBAAYE i()Ied 04itlZ DT #y = 10BT&h( )aates from the

W& ()-Sl 7109%Z& () -&4Z109Z& () - @" $x _A<mhCl!'yL109%& ()-1sl _L109& ()-M ~s
1 1098 () - lv&sfbjo/?&’&é- v ¢ - S%L%W%E% 3% nSf5al ¥§‘%$ Ot%(é?e(% - E?FEL%Q’ fchd
109& () - &B10%Re¢e1 #L.408R6)- @! 109 ()- @Yy ! 10%& ()-%
{\:11's"110%& ()-sS10%&' ()- 10 10
1089F10%&' ()-@ 3! 109 ()-!'})!'10%& ()-psz[<{\:!!410%& ()- @' 10%&' ()-!s! 10%&
"()-!xs! 1ocyd?¢#2b¢)fiklim@(r/«)g§%;r)>§‘Mecyé;(?ig;goéut as follggw@ 0
7ZX9{\: S, P1OY& ()-1) &d8%Est) tb&109REh Y- AS&AAYRELNK! DIO% ()-!!10%& ()-; M@
i }"SH= 10 10 10&; Z10%& %-9 :
109&' ()--! 109%& () -4y~ -Pi%oR9 (Fank 2109k ¥52%Y 72PSBERBAPY 00 () - ssY! 109& (
)-lysYN1QER' () -! sysYouRik)nyi yakit 0%&: 3@l OfoCped8unlUsSes! 3) /! 10%

3) rinsing of the line for filling the buffer tank
with Slurry, and then filling of the buffer tank with
Slurry. until the level Levelp.x X 0.95;

4) rinsing of the line for filling the mixing tank

15 with DIW (delay).

The formula for regulating the titre in the buffer tank
4, making it possible to calculate the amount of
hydrogen peroxide to be added, is the same as in the
20 mixing tank:
My 0,068 = Mslurry,i X (TitreHzo?_,targ - TitreH202,meas) /
(Titrep,p,1 - Titrey,o,,tary) (F8) .

The hydrogen peroxide is added to the buffer tank via

25 metering tanks on the product return.

A valve system called a “block and bleed” system is
used for adding hydrogen peroxide while preserving the
tank from any in-line leaks which would add hydrogen
30 peroxide to the buffer tank when filling the mixing

tank with peroxide.

The titre 1is regulated wusing the method already
explained above.

35
As regards the titration of the mixing tank 2, this
takes place in the following manner. The permissible
value with respect to the difference between two

determinations carried out on the mixing tank depends
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The H;0, titre degradation coeff1c1ent in the mixing
tank 2 itself depends on the stirring in the tank and
5 on the level in the tank.

This is because although the stirring rate in the tank

is constant the energy dissipated per unit volume can

vary. Consequently, the rate of degradation in the tank
10 depends on its slurry level.

The degradation curve 1s therefore a power curve

(typical of stirring phenomena) .

15 It is therefore possible to estimate the H;0; titre
reduction in the tank between two determinations:
- mixing tank difference in % = Diffnix
- mixing tank degradation in %/per day = Degnix
where Degmix = Kmix X Levelpix cank:
20 - time since last titration in days = timepix inject

Diffnix = Degnix X Timenix inject -

If a determination of the titre indicates that the
titre is too low in the mixing tank 2 (Titrep,targ -

25 Titreq,o,mes < Diffmix), the system triggers a titre
readjustment by H;0, addition.

If a determination indicates that the titre is too high
in the mixing tank, the system triggers, after
30 successive confirmation, a “mixing tank titre too high”
alarm which disappears when the titre becomes normal

again.

Another determination carried out on the tank is
35 performed after a Timeinter-analysis which is calculated as
follows:

Timeinter—analysis = Diffnix/Degmix-

If there is a titration alarm:
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controller 10 takes this into account when

calculating the doses to be added.

In Figure 5, the references 24 and 26 denote valves on
a pressurization line and a venting line, respectively.
The wvalues 32 and 34 are valves for rapid addition and
slow addition respectively, (via a calibrated orifice).
The product is then sent into the tank 2 (valve 36) or
the tank 4 (via valves 38 and 40) or else to a draining

line via a wvalve 42.

The regulating method according to the invention
applies especially to controlling the titre of a
chemical solution for polishing semiconductor

substrates.

A regulating system according to the invention
therefore delivers a polishing product to delivery
means. This product is then delivered to a substrate

polishing unit.
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a coefficient that depends on the solution stirring
speed and on the geometrical characteristics of a

container containing the said solution.

6. Method according to one of the preceding claims,
in which the degradation coefficient of the said
product in solution is measured beforehand according to
the degree of filling of a container with the said
solution and/or the stirring rate in the said
container.

7. Method according to one of Claims 1 to 6, which

furthermore includes a determination of the titre of
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8. Method accordlng to Claim 7, which includes the
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comprlslng means 10) for controlllng the injection of
a predetermined amount of the said product into the
salid solution according to a time interval, called the
addition interval, proportional to the product of the
delayral degradation coefficient D of the said product
in solution and the total volume Vt of the solution at
the time of the addition.

13. Device according to Claim 12, which furthermore
includes means (10) for determining, after each
addition of product, the time interval before the next

injection.

14, System for regulating the titre of a solution,
which comprises a device according to either of

Claims 12 and 13 and means for determining a fill
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volume in a container containing the said solution.

15. System according to Claim 14, the means for

determining a fill volume being analogue means.

16. Regulating system according to Claim 14 or 15,
which furthermore includes an electrode titration

device.

17. System for producing a chemical solution,
comprising:
- a regulating system according to one of
Claims 14 to 16;

- means (8) for delivering the said solution.

18. System for producing semiconductor substrates,
which includes a unit for polishing the said substrates
and a system for ©producing a chemical polishing
solution according to Claim 17.



