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1 Chemical-liquid mixing method and Chemical-liquid mixing apparatus
FIELD OF THE INVENTION 5 [0001] The present invention relates to a
chemical-liquid mixing method for mixing a sulfuric acid and a hydrogen
peroxide solution, and a chemical-liquid mixing apparatus therefor. In
particular, it pertains to a chemical-liquid mixing method and 10
chemical-liquid mixing apparatus capable of generating an enough

peroxomonosulfurie-geiehthal i5i g fiaetiva b FRme\dng @d rgsist from a
substrate, when a sulfuric %Sjéiind a hy&g)}%en geroxid%ﬁiolution are

mixed with each othe? 8 EARCKEREU FEr A[0BBT There has been
conventionally known a method of cleaning substrates such as
semiconductor wafers (ajse-refered 1tp asy Wi rpejaw) with the use of a
mixture liquid of a 20 sulfuric acid and a hydrogen peroxide solution as a
clégﬁﬁé]liquid (see, JP5-166780A, For example). To be specific, a wafer

is cleanedrby:fulyedectmpesingia resist atered o tieewsfes) -by meansixing
of 2 Nergxorg pow]%rll‘%da%d %‘B%& which hgs been \gegerated by o roxide
mixing a sulfuric acid and a hydrogen peroxide 25 solution (this theory will

be dBLMTed BROW. [OTRI3) WAt FereHEnse it ity 3P Rdidcatigorior 1N
Mg apRaraiys ferpieducing a mixtere liulidiglacutfusicregicaadreod and
hydrogen perpxide,solution is d i Fig. 6. emati :
SR H B R et o e e U Hotagng e
apparatas. [DOOAKARSHAGH I WL 62 Ehe §ERErST RERFEA Rglid FeRimying @
appayatusriiidas andepestankvd enwhichafwafer icidd and a hydrogen
accommodated to be cleaned, an % disposed around a
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BACKGROUND ART

[0002]

There has been conventionally known a method of
cleaning substrates such as semiconductor wafers (also referred
to as "wafer" below) with the use of a mixture liquid of a
sulfuric acid and a hydrogen peroxide solution as a cleaning
liquid (see, JP5-166780A, Tor example). To be specific, a wafer
is cleaned by fully decomposing a resist adhered to the wafer,
by means of a peroxomonosulfuric acid (H:50s) which has been
generated by mixing a sulfuric acid and a hydrogen peroxide
solution (this theory will be described below).

[0003]

With reference to Fig. 6, a chemical-liquid mixing
apparatus for producing a mixture liquid of a sulfuric acid and a
hydrogen peroxide solution is described. Fig. 6 is a schematic
structural view showing a structure of a general chemical-liquid
mixing apparatus.

[0004] |

As shown in Fig. 6, the general chemical-liquid mixing
apparatus inciudes an inner tank 10 in which a wafer Is
accommodated to be cleaned, and an outer tank 12 disposed
around a circumference of the inner tank 10, into which a liquid
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overflowing from the inner tank 10 flows. There is disposed a return pipe
14 for returning a liquid in the outer tank 12 into the inner tank 10. In the
return pipe 14, there are serially arranged a return pump 16 for sending a
liquid in the outer tank 5 12 to the inner tank 10, a dumper 18 for reducing
vibrations or the like of the return pipeZl4, a heater 20 for heating a liquid
passing through the return pipe 14, and a filter 22 for filtering a liquid

p?é@Pﬂ&Wﬂ@WB%@H@T RipR14:dhe ahemisgl-diquid Hadngsaapasattied a
also includes™a sulfuric-acid stora%e tar]k 24 10 for sgtorlnglg sukflgrl%aglil into
(MOB0R), ARG al fyfiPsgERbERNKILe-Soll fiti stHiagt $alk 50 o dlbring a

hyHeogem peroside (£202) Solutiva. Theusulfupiacid andttherdydrsgererially

gempero . :
e S S L SR G SN e gggﬁﬁt "

hydrdgerreioxigs-sattion Suppf/ipeRaa LeshRothvel Dl8p

opReatigns of the respreativepthbemica) liguitsatar beCadjustéebying a liguid
sulfuric-acid, suppl lve hydrogen- i [t :
oSS RS R R o o
lidiAd! sy Sack @ THEmABiqlRENMIRRS AppARRu il bg%ﬁﬁéa'%iamu'd

TheiiAgT ket ansd thieouiatiadei2are eimpticireitieir stitish gatemk 24
25 [0006] At first, the sulfuric-acj ply valye,26 an

h%trogen-%@rr %ge-solﬁtion saﬁlpﬁlgﬁ\ﬂéewe 3% é‘fg open@ézl,%v%ﬁ)e’ the raeltjuésrn :
pUryol ABoamG B G EIE- 20 lard 06Tt GHPIag 8s thA Biulgthed®ly Sipphre 2@

sUfyc it apd ephydeogan.perpxigs B salutioneonuire sidfusisracishd  the
st%ra e tank 24 and t?je h%%o%enﬁpesrgxg%e-solHtlc%ri]\ gtor%%§ élaFr&IN%O '%1(8 rage
th8YHAKERK P POFExarple:' ] LupR rattio between the Stifuric aci
anh rtke hydrogen pdloxidessotutionlied: 1iriamEne aisupply katekof the DY
sulfyric, Aciis; B -Gu BRINIES H Bin.ANSISUPIY s O e 8Bdwidregssiution
peroxide §o|u1|on Is,e.9., 5 liters [ mi .The refson iWhyothgrSaL{ﬁ)gWsrat(leOf fhe
th€ $BRlYic &Rfs c%‘r’ﬁ&dé?ac’cﬁy?éllb’éjy uppty “op
respective chemical liquids can be adjusted by a sulfuric-acid
supply valve 26 and a hydrogen-peroxide-solution supply valve
32, respectively.
[0005]

Next, a method of producing a mixture liquid by such a
chemical-liquid mixing apparatus will be described below. The
inner tank 10 and the outer tank 12 are empty in their initial
states.

[0006]

At first, the sulfuric-acid supply valve 26 and the
hydrogen-peroxide-solution supply valve 32 are opened, while
the return pump 16 and the heater 20 are left OFF, so as to
simultaneously supply a sulfuric acid and a hydrogen peroxide
solution from the sulfuric-acid storage tank 24 and the
hydrogen-peroxide-solution storage tank 30 into the inner tank
10. For example, a supply ratio between the sulfuric acid and
the hydrogen peroxide solution is 5:1. Namely, a supply rate of
the sulfuric acid is, e.g., 25 liters / min, and a supply rate of the
hydrogen peroxide solution is, e.g., 5 liters / min. The reason
why the supply rate of the sulfuric acid is considerably larger
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3 than that of the hydrogen peroxide solution is described below. The
supply of the sulfuric acid and the hydrogen peroxide solution is
continued until the inner tank 10 becomes full and the liquid overflows to
the outer tank 12. 5 [00071 By supplying the sulfuric acid and the
hydrogen peroxide solution into the infer tank 10, the sulfuric acid and
the hydrogen peroxide solution are mixed with each other. Mixture of the

SlicAde anc e Aydipggamarexdidd salutionfs classifieditntd theslow.
ollowing two patterns. The first pattern.is the ing ' eaction..

R P s e
reptesentedsby Sotimula (1 Lyenkeridies Hhn gt dkydéh RpyoTRRSaftle and

0ﬁ¥8%§§sa sitongrpxicizes. 4o QN08E Thgsreond pattern is the following
chemical reaction. H2S0O4 + H202 - H2SOs- H20 Formula (2) The

réQ&Q)?ﬂrepresented by Formula (2) generates a peroxomonosulfuric acid
(H:SOs). Similaptel he ative exyhenc 200t paebidrachBsuReR apianexide
alsg vl rPiﬂdi%&?{e Haygver (igiperosomenesulfurig aeid s morend  the
efféctive than the active oxygen in decomposing.an organic matter such
abudeane BREATIEs £ NWHEP TIRIGSTHEES @%ﬁuﬁ#@& 8UltGtic acid

and a hydiegamreerokidé sokuitin tocgermrate a@5tperoRymor@snlfiriy oXide
"SRRI e S Y (RIOLRA (SHSWAICHAG BAueRE inereriom.

[ is a graph m which a horizontal axis Ehows aratio (molar

ratio) of al U IESACRP FEREV e S0 By IbY¥H Per6Rial 156 sbRAM%And a
vertical axis Slows a-generation $ip of peroxemorfosulfurfosasidilAas1)
shown in Ejg. 7, when the rati tin) of i id relat

hydrogen ?o;igg Cétgl)u ion ﬁ?%%ﬁ%ﬁig ne%t?éﬂyg}tcio%g 5@%%%@% an
perokioraanosgiYié Qitid is TiFeaE6NEngR RGBased. THES G padfizer

ad[I@Rj'@g]to a 35 wafer can be more sufficiently removed. For this reason,

The second pattern is the following chemical reaction.

H-S0. + H,0; — H:S0s + H20 -+ Formula (2)

The reaction represented by Formula (2) generates a
peroxomonosulfuric acid (H-SO0s). Similar to the active oxygen,
the peroxomoneosulfuric acid is also a strong oxidizer. However,
the peroxomonecsulfuric acid is more effective than the active
oxygen in decomposing an organic matter such as a resist
adhering to a wafer. That is to say, by mixing a sulfuric acid
and a hydrogen peroxide solution to generate a
peroxomonosulfuric acid, it is possible to fully remove a resist
adhering to a wafer therefrom.

[0009]

Fig. 7 is a graph in which a horizontal axis shows a ratio
(molar ratio) of a sulfuric acid relative to a hydrogen peroxide
solution, and a vertical axis shows a generation ratio of
peroxomonosulfuric acid. As shown in Fig. 7, when the ratio
(molar ratio) of a sulfuric acid relative to a hydrogen peroxide
solution is raised, the generation ratio of peroxomonosulfuric
acid is correspondingly increased. Thus, a resist adhering to a
wafer can be more sufficiently removed. For this reason, a
ratio between supply rates of a sulfuric acid and a hydrogen
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ratio between supply rates of a sulfuric acid and a hydrogen 4 peroxide
solution to be supplied into the inner tank 10 is set at, for example, 5:1.
[0010] After the supply of the sulfuric acid and the hydrogen 5 peroxide
solution into the inner tank 10 is finished, the return pump 16 is activated

to return the liquid in the outer tank 12 “into the inner tank 10 through the
return pipe 14. Again, the liquid overflows from the inner tank 10 to the
optamtartel 2o linttois rarres ekttt is trdligtdataodghind 0 is set at,
cpm bén)@ép\rb Lgut of the inner tank 10 and the outer tank 12. At the

same time, the heater 20 is activated to heat the liquid passing through
tH&FEkGrh pipe 14. Thus, a temperature of the liquid contained in the inner
tank 10 isNfieatedrie atepperatiret Isaitabléffor cleanidgandafer¢e gy drogen

&g%tclrfo %@0%2) i Q]Ojigw]cé‘ftﬁ{éhﬁ'\rﬁté'amt%'ﬂ% 1?03'?9 tﬂﬁr@?\@ér 2L(%@reretum

e until a temperature of the liquid in the inner tank

reiehEs d Serfaid BMPERAtuFe, 5T Witlnt pipe 6! hd %éhﬁegﬁéf%b Sk 12
agaip swritchethetf. Fhereatterra plutaiity ioé 20amafersmareall tagetherin, the
immersed mto he inngr tan t aghepngto eachs [

dé'c%f‘h o¥& Il’)y%ve m%( ﬁpekt,]‘quw%he su L‘?t‘l(? gcﬁjgar%a%he hyd \{r\l(;’:\{ %n ok 12,

pérostititssonaione imbhe shaifitdfy, AsereksAoHRERME R Hef %ﬁé‘:’a\%’c'on
by, mixipe the sitivee asidlandtheydingen pesoxidamioiution, i 2he same

thereby remove the, resis} from the erI this er,a. series of __

stE'ﬁE or%fé ni S?ijigw ér is compete%e@ EéLrg% E%Fﬁﬁgf bassing
INVENTEDNE R0 TRF BOrHBRS e 4therd RiGas@ inSTMRATR Burfcieht fuppliauid
arEBH“EB%éoSUlfH“%W@'Cﬁ itiethedrner ok L) cannaidet prasticaliyperature

B R B bl FrO BBl oy fere a

sulfudit &¢id is directly supplied 35 into the inner tank 10 of the

chemical-ljguid MXING SRRYAYSe 16 and the heater 20 are kept in ON
state until a temperature of the liquid in the inner tank 10
reaches a certain temperature, the return pipe 16 and the
heater 20 are again switched off. Thereafter, a plurality of
wafers are all together immersed into the inner tank 10. Thus,
a resist adhering to each wafer is decomposed by the mixture
liquid of the sulfuric acid and the hydrogen peroxide solution,
more specifically, a peroxomonosulfuric acid generated by
mixing the sulfuric acid and the hydrogen peroxide solution, to
thereby remove the resist from the wafer. In this manner, a
series of steps for cleaning the wafer is completed.

DISCLOSURE OF THE INVENTION

[0012]

However, there is case in which a sufficient supply
amount of a sulfuric acid into the inner tank 10 cannot be
practically ensured. That is to say, the chemical-liquid mixing
apparatus as shown in Fig. 6 is generally installed in a wafer

" manufacturing factory where a sulfuric acid is directly supplied
into the inner tank 10 of the chemical-liquid mixing apparatus
from a sulfuric-acid storage tank for collectively storing a
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from a sulfuric-acid storage tank for collectively storing a sulfuric acid to
be used in the factory or a sulfuric acid generator for collectively
generating a sulfuric acid to be used in the factory. Since this structure
elongates a supply line for a sulfuric acid, there is a possibility that a

“supply of a sulfuric acid 5 cannot be sn¥oothly carried out because of a

high §pecific _gra\_/it_y and density thereof. Specifically, when the
chemisakliauidmixing ppparatig is installed inarwaler gpanufagivringe  acid

factory, and a sulfuric acid i lied fro Ifyric-acid st kin . .
(REREIGHY 5 el ot (401§ O E T aICA T g e o0 1

 appardtus;dtynayicore thata stpplytuate of artgaliegen peroxte Soletionr a

IS} 5&/ iy While, 2 suRply sats iofi s Wivsic acidisyhot o 2diRrE¢ acid

min. 131 Under this condition, since a ratjo of the sulfyric a

, id 15 -
TRt hE hSROURN Bor HAE ST o BERE o, & Bolioraith rRs i1
obperaxgmoneslifudeasithywhithéstobe genesatediWhet a sulfuhieacid the

and a h roxi tio j ith , b
B R R AN e, Rt

repreBehtsd b 20 Hamiaiy (1) aReLplabdTdre a&idellPthaiiRR rrom a
chermigalc raactiost sepresenied by Rdrendilc(2)r yand to stifficiem angumit df0 of

RSB o A TG F S CEIRS, Kbl Bl BEOL Bupply
chiaecalfliguit yaiRaeMeBRPE| SRowM G, &5 Fig 8@t FIg i Bhyvhile 2
sequeplipliy sy stensifof-anetber gerasy chemicaliliquid mirimg
mgblﬁggéihe chemic_al-liquid mi?(ing gpparatus used in the chen‘"licall Ii.quid

ps shown in Fig. 8 is identical to the 30 chemical-liquid mixing

apparatus-shoan ithFig. @ estéfieing facs hipdricRfdA pefokite somfier ¢s acid

e

st%i@@.e,&a@f?ﬂn B@Yﬁ% aﬂ?d a ngé%,g%%rl‘wosul%?igm&t:\(d? t\r/]vef"\ri &'P\'t'% to be
generated when a sulfuric acid and a hydrogen peroxide solution
are mixed with each other, becomes undesirably low, as shown
in Fig. 7. In this case, the chemical reaction represented by
Formula (1) takes place more actively than the chemical
reaction represented by Formula (2), and a sufficient amount of
peroxomonosulfuric acid cannot be generated. Thus, a resist
cannot be fully removed from a wafer.
[0014]

Another example of a chemical-liquid mixing method is
shown in Fig. 8. Fig. 8(a) to Fig. 8(h) seguentially show steps
of another general chemical-liquid mixing method.

The chemical-liquid mixing apparatus used in the
chemical liquid mixing steps shown in Fig. 8 is identical to the
chemical-liquid mixing apparatus shown in Fig. 6, excluding that
a hydrogen peroxide solution is not supplied into an inner tank
but into an outer tank.

[0015]

As shown in Fig. 8(a), the inner tank and the outer tank
are empty in their initial states. A return pump and a heater
are OFF.
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are OFF. 6 At first, as shown in Fig. 8(b), a sulfuric-acid supply valve is
opened, and a sulfuric acid is supplied into the inner tank so as to fill the
inner tank. Then, as shown in Fig. 8(c), the sulfuric-acid supply valve is
closed, and a S hydrogen-peroxide-solution supply valve is opened to

supply a hydrogen peroxide solution ifto the outer tank. Thereatfter, as
shown in Fig. 8(d), the hydrogen-peroxide-solution supply valve is closed,
and the siffidiisBerbsappiywvaive fis @ag&itbopemetiidufuateeisuppyrdy valve

sulfuri idiin eljn j ngpt
et B L eI sne ﬁ%%%im%%&fﬁ?%ﬂ%ﬁfﬁﬁﬁ 0

; f
@ thdOthBISukFic HERE and M hydiSHal pEroxifeS8ition artImiked): the

withiéach athat in thewoppertank. (0846 15 Ssbsequaitheds showndn a
Fig. e ic-aCi Y i in glosed t
e B e P T P 2

. in

inA¥E ﬁaﬁﬁﬁaﬁ@fﬁéifé{ﬁid’"mH#é%né’r“iﬁn%é?ﬂ&% {Fihe-outdr $aRR TN as
Ngﬁtﬁlvmkhﬁ? Fid’(ﬂglidaﬁf girculatechihdoogle thepesmbination Lnitof 2Qithely vaive
inner tank and th ter tank. After a. f aj ' ft]
e PR dIne e o Al e A RUE e SIS <o
sUltibaiciawRpply Falve! iU biserisd do SUisphRec AR arkdlkt of gince the

syliyric-agich intedbebvaar Bnkadhemirsdshoywmvirrigh8(@utheric acid, the
sulfuric-acid 25 supgl

witched on so as 1o Circulate t again.” Fina
afisnd previbyslyaeeimegiarod hasPusied, asshownreh pidiB@3dheother
heateris syitehad gpr to heat the liquid passing through the return pipe.
Tmfézmperature of the liquid in 30 the inner tank is raised to a

te re suitable for cleaning wafers (e.g., 100C to 150C). [0017]
However, Bueséy therdiigmiesl-ligfuimwnixiiy méshod® (showhhie Figll8jec-acid

ratg ghthe o ackhrelatived9die and the return pump is switched
on. Thus, the liquid in the outer tank is returned to the inner
tank, and the liquid in the inner tank overflows to the outer tank.
Namely, the liquid is circulated through the combination unit of
the inner tank and the outer tank. After a passage of a certain
period of time, as shown in Fig. 8(f), the return pump is
temporarily made OFF, and the sulfuric-acid supply valve is
opened to supply a certain amount of a sulfuric acid into the
inner tank. Then, as shown in Fig. 8(g), the sulfuric-acid
supply valve is again closed, and simultaneously therewith the
return pump is switched on so as to circulate the liquid again.
Finally, after a previously set time period has passed, as shown
in Fig. 8(h), the heater is switched on to heat the liquid passing
through the return pipe. Thus, a temperature of the liquid in
the inner tank is raised to a temperature suitable for cleaning
wafers (e.g., 100°C to 150°C).
[0017]

However, even in the chemical-liquid mixing method
shown in Fig. 8, a ratio of the sulfuric acid relative to the
hydrogen peroxide solution is fow in the outer tank, a
peroxomonosulfuric acid cannot be sufficiently generated. In
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35 hydrogen peroxide solution is low in the outer tank, a

peroxomonosulfuric acid cannot be sufficiently generated. In 7 other

words, there still occurs the problem in that a resist cannot be fully

removed from a wafer. [0018] The present invention has been made in

view of the 5 above. The object of the present invention is to provide a
chemical-liquid mixing method and a chemical-liquid mixing apparatus
capahie ofgederatthgan esmliglo pexoorhbrospifakiteaeid whidhais a resist

ef%(ﬁix%grbreemggwgéarﬁgggdfr%ﬁ sylsats, when a sulfuric acid and a

hydrogen peroxidé solution are mixed 10 with each other. [0019] The
cHéHig8lliquid mixing method according to the present invention is a
chemical-figned prizgegnnethee fdiomixingsa fudfaric AerRtanda hyidrogedi the
pergxide solution, the;mathgd %QO?P@%WW@%% PiePaEngrovide a
respectively an mner{a_nk_; an outer tank disposed around thF inner ank, .

inG ARl B DR GTABRIG Ao the IAEFTARR KRG TN
retusip 2pe.configurelbte fet en dne tiquid amtsnoutgintap& oxthen rimesu I furic
tank;, and g;fetur pé’f'@c?{\l%!q%d POHEVRIEePIPedAt2PrepAdingdhB strate,
I|qU|o| in the Glter tank to the inner tank; supplying a sulfuric gcid into the . d
inrveh &ihie feRHTHFECHRE IANRP arik Wﬁ%ﬁ@iﬁﬁ?@é&f&? aﬁ?j @wir?d fhatxe
sulfyeg agidrpvatilewing from the inner tank to flow into the outer tank;
surfgbﬂh a hydrogen peroxide solution into the inner tank or the outer

tank, arfté

, the 25 sulfuric-acid supplying step, and allowing the hydrogen
peroxide gﬁﬁtioﬁhélﬂﬁﬁﬁihﬂéc’tHédouf@r”féﬂQto@@i‘fﬁdth oA e the

two kirgdsefilifideiofithe hydrhgenipatebige isoltionrepdmiet hadfdioe mixing
acid; and activating the retumprmpsipuianeausle wighibe startiel thiethod
hy&rog‘én-perom e-solution supplying step 30 to smultaneg;sl send to K-
thecmerishR hsh@oskmBs &liqBIERPEI IS hYaRRRRPEr i@ésbﬂﬂ%ﬁ tank;

ang the gedftirie agidds heseditar tankdwitile rimxiey thertydiogenvbiokideuter
SOlyatnirqE aa?qithic?qué?ﬁ‘&lQiWEhﬁ%%Oyf'xe&r' inner tank flows; a return
pipe configured to return the liquid in the outer tank to the
inner tank; and a return pump provided on the return pipe for
sending the liquid in the outer tank to the inner tank; supplying
a sulfuric acid into the inner tank for filling the inner tank with
the sulfuric acid, and allowing the sulfuric acid overflowing from
the inner tank to flow into the outer tank; supplying a hydrogen
peroxide solution into the inner tank or the outer tank, after the
sulfuric-acid supplying step, and allowing the hydrogen peroxide
solution to flow into the outer tank to store in the outer tank the
two kinds of liquids of the hydrogen peroxide solution and the
sulfuric acid; and activating the return pump simultaneously
with the start of the hydrogen-peroxide-solution supplying step
to simultaneously send to the inner tank the two kinds of liquids
of the hydrogen peroxide solution and the sulfuric acid in the
outer tank, while mixing the hydrogen peroxide solution and the
sulfuric acid with each other.
[0020]
In addition, the chemical-liquid mixing apparatus
according to the present invention is a chemical-liquid mixing
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[00201 35 In addition, the chemical-liquid mixing apparatus according to
the present invention is a chemical-liquid mixing 8 apparatus for mixing a
sulfuric acid and a hydrogen peroxide solution, the apparatus comprising:
an inner tank; an outer tank disposed ground the inner tank, into which
outer tank a liquid overflowing from the inner tank flows; a return pipe
configured 5 to return the liquid in the outer tank to the inner tank; and a
refupra paitys plovidedxanahe rétutfiilse R iSeritify the G IR thePBlfkr 1 9€
. v gbm Retowe-Sslion sUmb £,
| o the inner tank; a ogen:-peroxide-so|uti (1
cBiRerES tFSaHBIY ;98 H;?d}gée%%ne%(bxil éesoﬁﬁgﬁ togtl#é iﬂn%rﬂtgr):léjgr‘bwd
theveufévvamg Ardva tbatroliee edriglrdiny SorroRHE BuiRE-degn figured

;E%pé%ﬁ'%ﬁ% thechypipgenmarmxidsselitionrskply tit, iantkthecsetin and a

e controller caontrollin first the sulfuric-acid s ly. .unjt t@ fill,. .
tHE &Y RURWItR %Péﬁhﬁ&ﬁc %%i ,tfhﬁo%ﬁﬁa the A5 Sy urri::é%%})é x(*;H\%r#l%\%irillgqwd
fromthe iioneetartis toflooy tite theneuteramakik, thenitheréor@ifersupply unit
C%gtr[x(%lil e i@édr %_t@efgx'gﬁ'ﬁ‘@\*@naﬁﬂﬂpbﬂt@t tehsuppihar tank; a
hydrogen peroxide solution into the inner tank or the&.}ter tagk, allowin

th‘éYﬁjiéﬂfg’éhPﬁé’r%"d&@'s%%%}be RIMPIRES th Bute? Bk RSreby 20" Ay @
tweykings of ligeiesotithes biiragert petiradenselttiaménd rify suifuiie adrnk;
et oredin H%?o?ﬁé?r 1l glddhe eantralir-GActivating #ha FRIUERRUMBR P ply
imultaneously with the start’of the actjvation of the .

hydréerPge Ao 8sRTBRSUHAS PR 1BI211° S8 MYcHihy B thd e retur™
chenviea!-lienid miking methosiand the goleenicak it mixingiappaidtus,pply
since the bydipoenpergiide sgljtion/s pddedin e sulfuie cliwiiell the
h en‘already” stored In the outer tank, a ratio of the sulfuric acid

relilfel the tiae i) dpuGER PRIBNIdE TG B IMUPERSERTK tH oliePtalilo the
30, [hereforgni gengeation Fatio 66 & perhromaenosuliiio @cidican bgdrogen-

hORAHGET TSRS cOHB oS e SUBBIFE SHYRRLRY NEieRice
sojution into the inner tank or the outer tank, allowing the
hydrogen peroxide solution to flow into the outer tank whereby
the two kinds of liquids of the hydrogen peroxide solution and
the sulfuric acid are stored in the outer tank, and the controller
activating the return pump simultaneously with the start of the
activation of the hydrogen-peroxide-solution supply unit. .
[0021]

According to the chemical-liquid mixing method and the
chemical-liquid mixing apparatus, since the hydrogen peroxide
solution is added to the sulfuric acid which has been already
stored in the outer tank, a ratio of the sulfuric acid relative to
the hydrogen peroxide solution is increased in the outer tank.
Therefore, a generation ratio of a peroxomonosulfuric acid can
be elevated. Further, since the return pump is activated
simultaneously when the hydrogen peroxide solution flows into
the outer tank, there is performed a so-called stirring of the
sulfuric acid and the hydrogen peroxide solution in the return
pipe. During the stirring operation, since an amount of the
hydrogen peroxide solution is relatively small, generation of a
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the outer tank, there is performed a so-called stirring of the sulfuric acid

and the hydrogen peroxide solution in the return 35 pipe. During the

stirring operation, since an amount of the hydrogen peroxide solution is
relatively small, generation of a 9 perqxomonosulfuric acid is further
promoted in the return pipe. Therefore, a ratio of the amount of
peroxomonosulfuric acid contained in a finally produced mixture liquid of.
the suifarie i Wit the Bt oge AdvRIde SITIRGR S IRCIQRJE ML PIPE:
rest & Sranixtyre-Hgiid rattiseffgetive intremopingoxtasistrfrasalduric acid
substrate can be provided. [00221 In,the.chemical-liquid. mix] ‘
2 RBIE fﬁbapﬁ%% Yir‘f{fé)n e iéﬁ bfe errrragbﬁebt aHtglO gg‘tgé%%?mpﬁ acid
peovidedlsonyldr theeretomir pivls] eusibgl Arhéatsr deRaaRg stép rresult, a

agtivating theheaterisperforaed afirea preseirpeian of tine dais passad a
from the start of the return-ctj p activating step. In the chemical-liquid
nfiXingtapparaflid 808%?(5 othe present invention, it is preferable that a

hpate? 2 provided on 15 the return pipe, and that the controller controls
the heatef sughdna 0g eaadAat AledraflefraprRe! Betigdibimeo the
ro

e A AT A Aol e on
perexidersolutiopwitteeatotier ih 20tempetanaids of shetigifdsadivmting
haye Oéé’t?e%ﬂ#@_ig% Al ALRiexpessively-aigh; 3 rerayopToRRaW ke agitsed
cannot be ‘sufficiently generated. However, since there is an enough
péf@@dmﬁnéqﬁr\ﬁlrﬂgﬁt rRRATPRNP R GPetRVhfE%Re heater is not
operated,in ather wyrrdsicsindedthite isiaiperiabph2s tinse arcodidhrgnlyca the
S e B By hovided on
chbmicatiquidriigng iétEbatat @rd?ﬁ@ttr&h%r p?@égﬁpiﬁléﬁﬁoﬁ'ﬁ?rfﬁérsu‘:h
Capprisesa [Bdnuhagenaeaidersaftiionaeplersshingsstepdionf time has
roplerishing & oS PORHKIP 89U Rk pump. -

In generating a peroxomonosulfuric acid by mixing a
sulfuric acid and a hydrogen peroxide solution with each other, if
temperatures of the liquids which have not been mixed yet are
excessively high, a peroxomonosulfuric acid cannot be
sufficiently generated. However, since there is an enough
period of time in which the return pump is operated while the
heater is not operated, in other words, since there is a period of
time in which only a circulation of the liguids is performed, an
enough amount of peroxomonosulfuric acid can be generated.
[0023]

Preferably, the chemical-liguid mixing method according
to the present invention further comprises a
hydrogen-peroxide-solution replenishing step for replenishing a
hydrogen peroxide solution by a hydrogen-peroxide-solution
replenishing pipe that is communicated with the return pipe.

In the chemical-liquid mixing apparatus according to the
present invention, it is preferable that a hydrogen-peroxide-
solution replenishing pipe for replenishing @ hydrogen peroxide
solution is arranged in communication with the return pipe.
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replenishing pipe that is communicated with the return pipe. In the
chemical-liquid mixing apparatus according to the present invention, it is
preferable that a hydrogen-peroxide- 35 solution replenishing pipe for
replenishing a hydrogen peroxide solution is arranged in communication

with the return pipe. 10 With this strudfdre, when a hydrogen peroxide
solution is replenished, the hydrogen peroxide solution is directly sent to

the return\gipe, thus, asactalled sﬂ/rmieg oétheyr@meﬁsh@br’fwdwesbiution
perOX|d soI tion and t Ifurl th

a0 UMt SperAlon] St A homim 3 @Pﬁydr§g§r‘%%%p.%%nt to
sb‘nﬁlo"rety r@laﬂW@l@ smarntem emoaghcpaﬁﬁoﬁ%m@@fmfc Heml €8RIgéished

gRyErgdinfhe seta @9%%@?@%%@9&@@%@ amaunt efeaformed in

pg?oxomonosulfurlc a é_(3ene§§t ert'r;]r? reglenlsr{ment ofr;[ge %dro%?g
Gxide 10 sBilRfon is i 3T R PSS removmg efficiency

obfhéwnkturb“hqmd dafrioe i airainddo BREF@EWYPEH@N OEMIEough

WINGSR99a M kP igcikisca schemais simgtuel \ﬂe\e«f@%ma plpe
ture of a chemical-liqu g[ %'(}l%%\)/ H%ara us in one embodlment

SHiRlRNtoN: FHP Zq wing ArPinng PARR Qﬂa%ﬁ%ﬂf:eracm
tag‘ﬂnmtb&«:hebucalthmucfﬁu»kmg appaedtlis sdovihin HiydrozeFigperoxide

S@%WV&%W%(@P\E}QM%@”&‘IK‘Q %e‘i’rlé‘%ﬁtl@' stepe 95 phRIRIGAHOE™ ciency

mixing method carrled out by the chemical-liquid mixing apparatus shown
inEighe: KW IS tBH\ﬂeWQh FiRGR FAMBFfAnk and an outer tank in

another embodiment of the chemical-liquid mixing 25 apparatus shown in

Fig. L; Fig. 5 s & sifuetusal yjews shawing Sfl-apeiner: Rdiment of the

chemical-liquid mixing apparatus shown in Fig. 1; Fig. 6 is a schematic
stt@&tdrhl view showing a structure 30 of a conventional chemical-liquid

mixing appiefatusi&ig. Zdaergeaiph stwhith eahovizontalreoisi slfowssamatioure
of a chemical-liquid mixing apparatus in one embodiment of the
present invention;

Fig. 2 is a top view showing an inner tank and an outer
tank in the chemical-liguid mixing apparatus shown in Fig. 1;

Fig. 3 shows views (a) to (f) illustrating sequential steps
of a chemical-liquid mixing method carried out by the
chemical-liquid mixing apparatus shown in Fig. 1;

Fig. 4 is a top view showing an inner tank and an outer
tank in another embodiment of the chemical-liquid mixing
apparatus shown in Fig. 1;

Fig. 5 s a structural view showing still another
embodiment of the chemical-liquid mixing apparatus shown in
Fig. 1;

Fig. 6 is a schematic structural view showing a structure
of a conventional chemical-liquid mixing apparatus;

Fig. 7 is a graph in which a horizontal axis shows a ratio
(molar ratio) of a sulfuric acid relative to a hydrogen peroxide
solution, and a vertical axis shows a generation ratio of a
peroxomonosulfuric acid;

Fig. 8 shows views (a) to (h) illustrating sequential steps
of a conventional chemical-liquid mixing method; and
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(molar ratio) of a sulfuric acid relative to a hydrogen peroxide solution,

and a vertical axis shows a generation ratio of a peroxomonosulfuric acid;

35 Fig. 8 shows views (a) to (h) illustrating sequential steps of a

conventional chemical-liquid mixing mgthod; and 11 Fig. 9 shows a view

(a) illustrating a condition of residue of a resist on a cleaned wafer of

Present Example, and a view (b) illustrating a condition of residues of a .

resist onfA%|eRre Wafér Mf@/&%&é@i%&%&&s@@%% Fordue

GARRMINGLOMT FHEdNVENTIGNAEnthasimentiof dre presemd a view

Inyentipn Wil B desCHRR I tElR(ROCedp the 8CLampANKindeaned
awings. Figs. 1to 3 are views showing a chemical-liquid mixing

App&RaIeS ih UMD RO EFRM S ording to the present invention. Fig.

1is a schematic structural view showing a structure of the

chemical-liguid mixing .apnaratus intis.embodiment Fig 2

showing a R ank N the chemical-liquid mixing
apparatus Bhew i eDtFR. BenBWeSET VidWwy ea)tB tr\lilishatifgscribed
SS@&@W'F‘[}_@?S}%%;eeﬁf&@%atﬂiqujsrﬂ]cmimm' ot ¢astiad gut byFthss. 1 to
chemical-liquid mixing. apparatus shown,in Fig. 1. 10 Figs :
s.grr?er MehErs 3 ?N%Qeé)inath%h“cr&n'\/cé_”wntigr%f &(—?&‘%Q- m%%&g %%é%g ' one
appabatdEshownandigd &) 20taretiiepineadgnheisameierrenddd. 1 is 2
nupphersAsthoseinfeigr4. [0A26) Asshewirg Fig 1, thewehermical-iquidthe
mixing apparatus in thls,embodlmenﬁg{lclud an jgneg t%nk 10%n icha2 :
\/\féﬁ‘@‘(l‘\/\‘/E e{b%Umn{&%{Q@, ARE dhbtar n id’lgrﬁ)o(s)egg?onuﬁdt 25 >
inmetdank/iOninghwhitha liuidroverfidwing fronfithennmerteankanklows. the
Igﬁ%ﬁ%ﬁ JisPos e FeUIAPIRS f4-efetwRig he liad i therputes 3Rkbws

into the inner tank 10. In the return pipe 14, th iall d .
A VAR BB e for SHAGAS BRCRRFHTHG et i 12 o THE THAeF L ¢
100 Bc@0gdummzerhidiforamduieihg vibtatibns otltise likpeftita rdigmigipanixing

apparatus shown in Fig. 1.

In Figs. 1 to 3, the same members as those in the
conventional chemical-liquid mixing apparatus shown in Fig. 6
are depicted by the same reference numbers as those in Fig. 6.
[0026]

As shown in Fig. 1, the chemical-liquid mixing apparatus
in this embodiment includes an inner tank 10 in which a wafer
W is accommodated, and an outer tank 12 disposed around the
inner tank 10, into which a liquid overflowing from the inner
tank 10 flows. There is disposed a return pipe 14 for returning
the liquid in the outer tank 12 into the inner tank 10. In the
return pipe 14, there are serially arranged a return pump 16 for
sending a liquid in the outer tank 12 to the inner tank 10, a
dumper 18 for reducing vibrations or the like of the return pipe

14, a heater 20 for heating a liquid passing through the return

pipe 14, and a filter 22 for filtering a liquid passing through the
return pipe 14. The chemical-liquid mixing apparatus also
includes a sulfuric-acid storage tank 24 for storing a sulfuric
acid (H:S504), and a hydrogen-peroxide-solution storage tank 30
for storing a hydrogen peroxide (H,0;) solution. The sulfuric



10

15

20

25

30

14, a heater 20 for heating a liquid passing through the return pipe 14,

and a filter 22 for filtering a liquid passing through the return pipe 14. The
chemical-liquid mixing apparatus also includes a sulfuric-acid storage

tank 24 for storing a sulfuric 35 acid (H2S04), and a
hydrogen-peroxide-solution storage tarik 30 for storing a hydrogen

peroxide (H202) solution. The sulfuric 12 acid and the hydrogen peroxide
saflitionrsiotbe in Vit e RIVE sisrageotarie 24 BnEE30 iard BeppReaective

%%@g%%rpﬁkzw ?Mda§9|f'éﬁi§'3§_tipb§ﬂiéﬂv MI@gt%&iéﬂgwaerl tank 10 by
- <ide-solution su pipe 34, respectively. Su .
AL SHRPERD e Ao oS e L by de-solution
ssilfipridsacipli iyt valvespeahity & hyd rogerSparpXite Gpkition &upplpl the
Y?%V&Hé&;{@speﬁ%lycﬁurtm,;&e cheanicalliguid MIXHg appasaiysric-acid
includes a controller 40 that %rols the return pymp 1?, he heater 20,

s BRRrivaldE S daRePE HAETRe PES %§@8@éﬁ-&§+8ﬂdé%ﬂﬁoxmve
sBppIy-¥alvectiki dlerebelovhte redspectieatiorapoimntd ohihéng apparatus
C -liquid. mixi parat e ibed in detail wi to+
Y PG At féé?é‘??he*ﬂﬁe’:@é%ﬁgf?’%@%“% i
stisasRtially @ reblihgutal BolFsREHE. THERRISr tAfK M2 is §0 ofnd  the

suRsiaptially-p sectangides Botid shape miickeis/rger. than the inner tank

10. The oyter tan is dispgsed the ci ference of
inner tar'lkfl:{%(f3 ﬁse gﬁtrib.eﬁpgbovefga%g %‘&% oveﬁmﬁfrom the i%\::,3 r t-he
{aPIRETD S SAIRUEhEGULBE tERPES2EHE rétlfn BRRClPR GivdtgdE Al With

twe parts,whase ransls argregrinected to a bottom of the inner tank 10.

TTbngBiqUid sent from the return pipe 14 can enter the inner tank 10
th the bottom thereof. As shown in Fig. 2, the inner tank 25 10 is

provided vithsh painofiwaier holddhs 1080 FBing 8 iRupAlisHEshaRg!lY 2
Wi that-a1g aaanaast ip orsles8029] AsmghowntaFigsdkand 2, arsintakey  of
142 gLihe ety pipe 24 15 connegish oo ATRe QUISHAMK #af the
inner tank 10. The outer tank 12 is dispesed to surround the
circumference of the inner tank 10. As described above, a
liquid overflowing from the inner tank 10 is sent to the outer
tank 12. The return pipe 14 is diverged into two parts whose
ends are connected to a bottom of the inner tank 10. Thus, a
liquid sent from the return pipe 14 can enter the inner tank 10
through the bottom thereof. As shown in Fig. 2, the inner tank
10 is provided with a pair of wafer holders 10a for holding a
plurality of wafers W that are arranged in order.
[0029]
As shown in Figs. 1 and 2, an intake 14a of the return
pipe 14 is connected to a bottom of the outer tank 12. A
sulfuric-acid supply port 28a of the sulfuric-acid supply pipe 28
is positioned above the inner tank 10 near a side periphery
thereof. A hydrogen-peroxide-solution supply port 34a of the
hydrogen-peroxide-solution supply pipe 34 is positioned above
the inner tank 10 near a corner thereof.
[0030]
As shown in Fig. 1, the sulfuric-acid storage tank 24, the
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30 sulfuric-acid supply port 28a of the sulfuric-acid supply pipe 28 is
positioned above the inner tank 10 near a side periphery thereof. A
hydrogen-peroxide-solution supply port 34a of the

hydrogen-peroxide-solution supply pi|ol 34 is positioned above the inner
tank 10 near a corner thereof. 35 [003(% As shown in Fig. 1, the

sulfuric-acid storage tank 24, the 13 sulfuric-acid supply valve 26, and the
<ifliiciacREEppPEIbe U8 ¥6ndRuté R SullficsAtit st ipsty tshifFRPY Pipe
supphRG BsHifurc sagitlinto-the dneermptank LGiORthesatheliangd aheulfuric
hydrogen-peraxide-solution e tank 30, hydrog
p%?b idéDSSIugt@nesuforbﬁ‘ye&alj’fa%%g ar%'jI the hy%]rr%ggﬂé) ei%xﬁi&ar-sglatri]gﬁ the
shpglyogipe -Precondtrite @l HyBgerl GadgiddaBkitioh suppeunitfgrogen-
25@51!]35@9@@&%@95%?] peé%@ﬁysolutménto m':;oilnr@ﬁtanktﬂé [0031d rd@en-
s shown in Fig. 1, the controller 40 is conngected to communj )
whith" e ?@ﬁﬁﬁ %&h%‘ 16,8{11]%%&%6‘? %3 thrén{ulf%?ir(]:-sz?c‘:?g' EU pg/]vgj\%}g%??n
ape theiHydemenigerexidelsolutith Bupply vaIversD. ar iy eoe@se iy oxide
copiials, aph Pk these mamiais bycsending control signals thereto. 15

Sgecifically, the controller 40 opens at first the sulfuric-acid supply valve
2648 fift the inner tank 10 with a sulfuric acid, so that the overflowing
sulfuric agisl Ehomtine innErgank, 10 fiows nibto liee ctleizapRkReTih, ttheand

¢ ﬁ@H%ﬁf%QP@&S e rhydiegerperaxigersiution Supply valwee2 tm, the
supply a 20 hydrogen peroxide sotjtlon mgo the inner tan\l;ﬁg SO tﬁ?}jthe n-
h?&‘r@ééﬁ&?&(ide SHARRON flow<ahtS the olter tafk' 2, ?eby S =

kipdsmtiltpids) utio theshyosogenadermxide. solitmncarit tedlsulfdfic aeitrols
ar C?Sctﬂregf infhe quter o2 TB?”@Q?\&%?""@ o opeshgs thereto.

hydrogen-peroxide-solution 25 supply valve 32, and simultaneously. . X
aGRBRE Bl YetlHurd H6! 1R TadhiioAP #ecoRltrdliEr hoiv Egg%'é'ac'd
healgpRP alerean @lapséi f ehpresetgetiad ke 10, ¥hthiraites) frome theid, so
activation of e, [BHiD; RYMO A, RIS #TNeROBHEl inner tank 10 flows
into the outer tank 12. Then, the controlier 40 opens the
hydrogen-peroxide-solution supply valve 32 to supply a
hydrogen perbxide solution into the inner tank 10, so that the
hydrogen peroxide solution flows into the outer tank 12,
whereby the two kinds of liquids, i.e., the hydrogen peroxide
solution and the sulfuric acid, are stored in the outer tank 12.
Then, the controlier 40 opens the hydrogen-peroxide-solution
supply valve 32, and simultaneously activates the return pump
16. In addition, the controlier 40 activates the heater 20 after
an elapse of a preset period (e.g., 15 minutes) from the
activation of the return pump 16. Details of the control
operations by the controller 40 are described hereafter.
[0032]

Next, operations of the chemical-liguid mixing apparatus
in this embodiment are described. Specifically, with reference
to Fig. 3, there is described a method of producing a mixture
liquid by using the above chemical-liquid mixing apparatus
shown in Fig. 1 and so on.

[0033]
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operations by the controller 40 are described hereafter. 30 [0032] Next,
operations of the chemical-liquid mixing apparatus in this embodiment are
described. Specifically, with reference to Fig. 3, there is described a

method of producing a mixture liquid by using the above chemical-liquid .
mixing apparatus 35 shown in Fig. 1 afid so on. [0033] 14 As shown in

Fig. 3(a), the inner tank 10 and the outer tank 12 are empty in their initial
states. Anthis tiona,rthen ré€figrn pgaly lithandrihe hezekarelnaDEF Huaeouter

t first, - 3(b) ' .
A 2 art Rt P M sl CHe ok SLply Aive. 2 o ohened by & 1€

coRtOTEGHMENd RoRthd RBNTBRERARSS 48 WduSpRIE sulfuric acid into
theymper tank 10. The supply of the sulfuric acid is continued until the

inner tan is filled u ith. Ifurig.aci t ulfuric.aci

overflowslixlérg%f é’ (g&te%%g;ﬁ)%ﬁﬁg%%#@?j m%vr\ﬁ\ |én %’Eﬁg‘?(\c)?%mp 16
aedutdanee Vamt & cotirod réotfRin 6m‘flﬁ@céﬁﬂf&l@?21@9ﬂgesuf’my valve
sulfurig-aeid isuapbyvalve 4B 86 i elaseth @andtdfre the controlier 40 so as

hydrogen-peroxidersolution supply v 32.is st 2
h%&rc?g%u %réxi%%‘ﬁéfdﬁo%ﬁh#o%%% ieg}rg%r érﬁ“%%?%ﬁl%c?gﬁe Qrﬁgpglé{_&p'y o
e ganpeioxrisdlstionn Supdpamn Bhd bethaner tank 10 is filled up
hydragersresxidersoluian sHpBlywire s3A i Resiienedonearibe coined the
of the inner anﬁ 0, a 20 hydrogen peroxide solution falling into the inner
taﬂHtﬁfﬁ)‘?ré?a y from the hydrogen-peroxide-solution supply port 34a
infd8diately overflows into the outer tank 12. In this manner, the

hydrogen-pergyidgsalionflowsigto the-outey tapksld Anee thusihe entrol
kinds of liquids of thigp}ydro e rom%\ solution Zig ari1dmth§ u|lei|I’IC PC"\jfalve
aredirRANA thECsTk gnﬁg@a[%@%] e@’sﬁg\ﬁnﬁH W58 theUPPY
hyzifogenspesexddessodutitre hydrogen-peroxide-solution supply valve
32 is opened so as to supply a hydrogen peroxide solution into
the inner tank 10. Since the hydrogen-peroxide-solution
supply port 34a of the hydrogen-peroxide-solution supply pipe
34 is positioned near the corner of the inner tank 10, a
hydrogen peroxide solution falling into the inner tank 10 by
gravity from the hydrogen-peroxide-solution supply port 34a
immediately overflows into the outer tank 12. In this manner,
the hydrogen peroxide solution flows into the outer tank 12, and
thus the two kinds of liquids of the hydrogen peroxide soiution
and the sulfuric acid are stored in the outer tank 12.
[0036]

As shown in Fig. 3(d), the hydrogen-peroxide-solution
supply valve 32 is closed by a control command from the
controller 40. Simultaneously, the controller 40 activates the
return pump 16. Thus, while the hydrogen peroxide solution is
being continuously supplied into the outer tank 12, the two
kinds of tiquids of the hydrogen peroxide solution and the
sulfuric acid are withdrawn from the outer tank 12 by the return
pump 16 through the return pipe 14. In this manner, the liquid
is circulated through the combination unit of the inner tank 10
and the outer tank 12. At this time, there is performed a
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supply valve 32 is closed by a control command from the controller 40.
Simultaneously, the controller 40 activates the 30 return pump 16. Thus,
while the hydrogen peroxide solution is being continuously supplied into
the outer tank 12, the two kinds of liquids of the hydrogen peroxide
solution and the sulfuric acid are withggawn from the outer tank 12 by the
return pump 16 through the return pipe 14, In this manner, the liquid 35 is

circulated through the combination unit of. the. i 1 th r
BRI (IR RIS (Rbrd T e Bl 13 Ak st 5 iy Ry 0
kirats i digLddLdfi tie apdrdlien SpefoMite aittioNabRIGNEsHRGrS B iff PY

theJeium, Hj\p?%Byl@‘P VA BYMEHLE rwherabyithe fwngkingls efrbquidsed

are mixed with each other, 5 [0037] Subsequently, as shown in Fig. 3(e),

WHER tﬁ@%i)&&ﬂ?rﬁquid reaches a certain level in the outer tank 12, the
hyabagen-peroxide-solution supply valve 32 is closed by a control

commanggpgé GRroller @%m&epimeﬁgipm@f);OvUBﬁehyctmemsxture
u
;

peroxide solution. However, the operation of the return pump 16g|s 19 the
coAttied 88 &St liqeid 18 Contimictisly eirdliEte Wirdugh®h P
capbiaation ueitof he-isakritank 168wapgdiyhevalites tabR 125 DGEO%ee DY 2
circulation liquid iXtur jon-oftherpy nReroxidepiy of
s%Pu?igrﬁqan%ﬁﬁﬁ %%H'ﬂsuT ur?g ggﬁc%s%%ﬂigbﬁe@@zatrg %rgg%f (%018 fyt:
FiR&Iy) Ba rsHtivh WF@?'Q@),Sﬁléﬁ%%lapg@ﬁ\f%vﬁfes&epé’ﬂ? ? .'é.‘?l% ©
Miates) frermihelactivatiom oirthe detsm postp the, thewichtiellepadinuously
activates the heater 20..Thu iqui i u 10 and
L R L e e e ey g TS

rdised atiseteripekatiire suibRe o cldirg WL, YedfCalatdpc the
tqABAGor s¥ariple{0089thb Atidst geen plee dentireratinetod theand the

!%ﬂifhnntgeaia%e!rstg%élgcrﬁa I(\:/ké%s; a.cerain temperature, the controller 40
[0038]

Finally, as shown in Fig. 3(f), after an elapse of a preset
period (e.g., 15 minutes) from the activation of the return pump
16, the controller 40 activates the heater 20. Thus, the liquid
passing through the return pipe 14 s heated, and a
temperature of the liquid in the inner tank 10 is raised at a
temperature suitable for cleaning wafers W, specifically, 100°C
to 150°C, for example.

[0039] ‘

At last, when the temperature of the liquid in the inner
tank 10 reaches a certain temperature, the controller 40 stops
the return pump 16 and the heater 20. Following thereto, a
plurality of wafers W are all ‘together immersed into the inner
tank 10, to decompose a resist adhering to each wafer by the
mixture liquid of the sulfuric acid and the hydrogen peroxide
solution, more specifically a peroxomonosulfuric acid generated
by mixing the sulfuric acid and the hydrogen peroxide solution,
to thereby remove the resist from the wafer. In this manner, a
series of steps for cleaning the wafers is completed.

[0040]
According to the chemical-liquid mixing method and the



10

15

20

25

30

35

the return pump 16 and the heater 20. Following thereto, a plurality of
wafers W are all together immersed into the inner tank 10, to decompose

a resist adhering to each wafer by the 30 mixture liquid of the sulfuric acid
and the hydrogen peroxide solution, more specifically a

peroxomonosulfuric acid generated b)? @mxmg the sulfuric acid and the
hydrogen peroxide solution, to thereby remove the resist from the wafer.

It Hsrmanineig @i dseriesi nbsteps foratieaningtthis wafetoidicomptetede3mner

[ 9491 ‘}fcfo@'?ﬂéi’sﬁg%ﬁ'%%‘“!fs" lm id %"é{é}%}ffﬂ‘% and é'?wedl%ﬁ sulfuric

emica QUId mixi apparatus in this embodiment e'inner tan
f.aswfnfédanﬁ WG sERIt 4618, AR Bfe Saifrid %cfdcavérﬂksmg‘cﬁenputer

thftemnerzank ﬂi@élow?vn@@ﬁiw&ﬁj mmt&ob@ﬂ dE’rSU@ﬁlé’“E@thxon into

rogen peroxi u to 5 the inner tank

ge ide solutuon I(?VQ/S ?ZP{ ﬁe/d?)utgr tarﬁ(elrfxI ere (?L[ﬁ{g{\]/v%?él FO the

||cqmaeroiafé<h9@rogéhe FRPokiEREs SO KBRS siurfurréSa@ﬁ Hie s“w@epge n
eogatﬁé %@&%nT%@t@Hép@mﬁdﬁ@ getivaipd simyltanepysthe outer

en t %h eroxide solutlgrg flowsg he outert gk 12. 10 ! h
nr YERiIR LD B URUFiE 248 Whign ' e
habeebmn@gay sporeediitithe sutet tank f_LQ,\AesrartKOoftﬁhe solftse denk 12.
f%%\é%t%m? W%&e@eﬁ@ﬂeﬁﬁp@tw igiBiereasad iethergutar dark ifuric
12. Therefore, F? eration ratloéf eroxomonosulfu ic acid g
olB et HGHHER SACE the 16 P&k WA 16 & SetRAted Shilitangods o
whérttre bytiogena petoxida Hokition flowshpttr tecouteerank d2, sheusign is

perfopneda ey ca%'sdoﬁﬂfémaﬁ mﬁulfUW@M@F@ t'%eg'éWé?S%n ratio of
peroxide solution in the return pipe 14. Durin rn eration, since
arf aRRIHEITIRE ASHIBYER pae%éz.d@@o kg %@rv atlvgg gf since the

ge@emtmrpuﬁameréxmnanbandaﬁent amdummenpmmmﬁntme feyarogen
pi lgatlﬁ e munm pegexmongsylfuric-aci ;
%{fﬁ]ﬁgéy% Iy produced mixture | |qu%d of the sulfuric acE:I: ant%tr?]%re '

h)@% %@%x%e%%ﬂ‘ﬁ%lﬁ@ irrbaieg. A atRsus'y Hiktareastdigaiad the
that/ig eftpstive #roemiying Autesist fronfeesubstrate pdpe 14. During the

stirring operation, since an amount of the hydrogen peroxide
solution is relatively small, generation of a peroxomonosulfuric
acid is further promoted in the return pipe 14. Therefore, a
ratio of the amount of peroxomonosulfuric acid contained in a
finally produced mixture liquid of the sulfuric acid and the
hydrogen peroxide solution is increased. As a result, a mixture
liquid that is effective in removing a resist from a substrate can
be provided.

[0041]

In addition, the return pipe 14 is provided with the
heater 20 which is activated after a preset period has elapsed
from the activation of the return pump 16. In generating a
peroxomonosulfuric acid by mixing a sulfuric acid and a
hydrogen peroxide solution with each other, if temperatures of
the liquids which have not been mixed yet are excessively high,
a peroxomonosulfuric acid cannot be sufficiently generated.
However, since there is an enough period of time in which the
return pump 16 is operated while the heater 20 is not operated,
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be provided. [0041] In addition, the return pipe 14 is provided with the

heater 20 which is activated after a preset period has elapsed 30 from the
activation of the return pump 16. In generating a peroxomonosulfuric acid

by mixing a sulfuric acid and a hydrogen peroxide solution with each

other, if temperatures of the liquids which have not been mixed yet are
excessively high, a peroxomonosulfuric acid cannot be sufficiently
genetated. 35 taweyierc sintestirens isap enouboperiodsof imefinavhizhly a
Ine I uTp 1915 gpaipied while e fispler 205 el QPErRiadnddrlf of
other words, since there 1Is a period of time in which only a circulation of

the NiepsiT® RNSSEOFMEE, AR Eneig P RRNESE e oxomonosulfuric acid
ql?ob@generated. [0042] 5 The chemical-liquid mixing method and the
che

mical-liquid mixing apparatus. are nqt limited to t
embodimlrjer%, and@a?%&%gﬁﬁ%?ég and%g%ihéiltion@eﬁgpggssiblg.nlgor the
exaenplisah prcklofubmgdha BORIAELTI® uppRivAIv terlarig thee above
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sulfuric-acid su unit and the rogen-perexide-solution_su L,
SBBPR/ Plimps rggg b@x?é&?ét&ivé@g ppo%al%%d gﬁ thu((;73 &éur@:%ci {;B{ppf)g acid
pipe 28yandahes hytrogenthetbedessliaaesupsy ppesseb o SUpPlY
sygRrieas sulfeGAacithapda hydeogan peimide-sakiior by ihesersupphd the
15 pumps from the s Ifgrlc-a id stora e}ank 24 and the! mps mav be
h{e %%656&6%8%@%&4 %%6?395 @1‘% %0 Walpe 2ty YinP Hishasa: @Y

the spattillex!¢Omuntidis thesetbapply! purpsa Mdptatendy corllfg R the
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4 0043] Further, in place of positigning the hydrogen-peroxide-
SoHeH 5, 3pAY A 545 GVARB R ERoG BBl BRGECUMUh Spiy B 3871
above the ifrerankiid, tise Hyfogeniderskiagelutivarsuppbiporidda the
may hepesiigacd ahpvetiGition storage tank 30, respectively. In
this case, the controller 40 controls these supply pumps, in
place of controlling the sulfuric-acid supply valve 26 and the
hydrogen-peroxide-solution supply vaive 32.
[0043]

Further, in place of positioning the hydrogen-peroxide-
solution supply port 34a of the hydrogen-peroxide-solution
supply pipe 34 above the inner tank 10, the hydrogen-
peroxide-solution supply port 34a may be positioned above the
outer tank 12, which is shown in Fig. 4. In this case, a
hydrogen peroxide solution can be directly supplied from the
hydrogen-peroxide-solution storage tank 30 into the outer tank
12.

[0044]

An amount of a peroxomonosulfuric acid contained in the
mixture liquid is decreased by repeating the wafer cleaning
process. In order to cope with this, the present method may
further include a hydrogen-peroxide-solution replenishing step
for replenishing a hydrogen peroxide solution. A hydrogen
peroxide solution is replenished through a hydrogen-peroxide-
solution replenishing pipe 36 shown in Fig. 5. One end of the
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25 outer tank 12, which is shown in Fig, 4. In this case, a hydrogen
peroxide solution can be directly supplied from the
hydrogen-peroxide-solution storage tank 30 into the outer tank 12. [0044]
30 An amount of a peroxomonosulfuric acid contained in the mixture
liquid is decreased by repeating the W&fer cleaning process. In order to
cope with this, the present method may further include a
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hing valve 3 itching op apchef thegenlenighreendof geroxide

h%}%ﬁo%‘réﬁ’ eroil e Ggoigl)ﬁlc?r\f{m g]g] 10 Since the other elﬁd of the

iﬁ@&@@éﬂperomde solution replenishing pipe 36 reaches the inside of the

reta pi ipe 14, when a hydrogen peroxide solution is replenished, the

hydroge% ﬁegrog%aen sc’i&g@%}t@ﬂ ferred.from H\‘?cf%%f@ﬂe %Q?@q_ﬁ'golutlon

solution is directly sent to the returnéa e 14 14,
soemuecusétimgwme36p@ﬁ§‘i€cﬁh§%g@?§b%?o>8 I HE{hdptWe
syhis acidyis pegermed inthecratotatipa 14. rbptemy shestirting hydrogen
op eratlo smce an.amount_of the hydro erqxjde isTelatived de-
sﬁ%rmé @noﬁ&l‘w % xo%%n%s?ﬁ uéélgz a%il%ggn gﬁg&mmn the return

i (L 020 Jtwetedsret antatid Of helarRclhY ofaPefdxshoricatifitPARD +4-
generated by the,ieplerishagt of tha dyrdsggen perexidey dobdien iperoxide

increaged. A5 9 IEsul, & 6513t lemeYINg efigensy ol N kbt Wb 14.

During the stsrrmg operation, since an amount of the hydrogen
peroxide solution is relatively small, an enough
peroxomonosulfuric acid can be generated in the return pipe 14.
Therefore, a ratio of the amount of a peroxomonosulfuric acid
generated by the replenishment of the hydrogen peroxide
solution is increased. As a result, a resist removing efficiency
of the mixture liquid can be maintained.

[Example]

[0046]

Next, a Present Example of the chemical-liquid mixing
method and the chemical-liquid mixing apparatus as shown in
Figs. 1 to 3 is described below. A Comparative Example of a
chemical-liquid mixing method as shown in Fig. 8 is described
for comparison.

[0047]
<Present Example>

A chemical-liquid mixing apparatus as shown in Fig. 1
was prepared. The chemical-liquid mixing apparatus includes
an inner tank 10 in which a wafer W is accommodated, and an
outer tank 12 disposed around a circumference of the inner tank



10

[Example] 25 [0046] Next, a Present Example of the chemical-liquid
mixing method and the chemical-liquid mixing apparatus as shown in
Figs. 1 to 3 is described below. A Comparative Example of a
chemical-liquid mixing method as shown in Fig. 8 is described 30 for
comparison. [00471 <Present Examplés A chemical-liquid mixing
apparatus as shown in Fig. 1 was prepared. The chemical-liquid mixing
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inner tank 10 by a sulfuric-acid supply pipe 28 and a
hydrogen-peroxide-solution supply pipe 34, respectively. A
concentration of the sulfuric acid was 98 wt%, and a
concentration of the hydrogen peroxide solution was 30 wt%.
Supply operations of the respective chemical liguids are
adjusted by a sulfuric-acid supply valve 26 and a
hydrogen-peroxide-solution supply valve 32, respectively. A
supply rate of the sulfuric acid supplied by the sulfuric-acid
supply unit was 4 liters / min, and a supply rate of the hydrogen
peroxide solution by the hydrogen-peroxide-solution supply unit
was 1 liter / min.

[0049]

The chemical-liquid mixing apparatus in the Present
Example further includes a controller 40 for controlling the
return pump 16, the heater 20, the sulfuric-acid supply valve 26,
and the hydrogen-peroxide-soiution supply valve 32. Fig. 3
shows control operations of the controller 40, and details
thereof are described below.

[0050]

As shown in Fig. 3(a), the inner tank and the outer tank

were empty in their initial states. At first, as shown in Fig. 3(b),
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supply rate of the sulfuric acid supplied by the sulfuric-acid supply unit
was 4 liters / min, and a supply rate of the hydrogen 25 peroxide solution
by the hydrogen-peroxide-solution supply unit was 1 liter / min. [0049]
The chemical-liquid mixing apparatus in the Present Example further
includes a controller 40 for controlling #e 30 return pump 16, the heater
20, the sulfuric-acid supply valve 26, and the hydrogen-peroxide-solution

 sypRi:valve 3g-trign3 [shavs centiol wperatioascof thestentiolipt 4Q End the

details thereof are described below. [00 in Ei : :
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A e su es i : .
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. ric acid overflowed
info @eiquter tank. [0051] Then, as shown in Fig. 3(c), the sulfuric-acid

Suol v as ese ey desenperaispiensupny valve
rogen peroxi _
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hydsegespperedidersaiutian suppli poroigegrapiey dridediatdlybverfiohedtne
!”{%ﬁ}er ‘%%tﬁk.tangrt'@rﬁ‘és manner the hyeraen pripyidesolssionfeweslling
into the outer tank, and thus the two kinds of liquids of the hg/ rogen .
péFéxide SolUivAT 28 BRGRRESHAFTAME Ree SOPRIYh ths &?Elte tanid VLY

[0052hAa isftewn nvEiek] 8¢} dherfigdrogenquetexiderbdlutiohnslipity Vadener,
wanPRUET.GaA R BlA RIS CRGIE Shibertame diee. T, anc
\ gen peroxide solution was 20 being continuously s plleg .
InfehMhe S0fr K KRS EvB KRGS S O Bt N BGe BEPlafe So1ution
soffignpadthesutfusieiacidere stored in the outer tank.

[0052]

As shown in Fig. 3(d), the hydrogen-peroxide-solution
supply valve was opened, and the return pump was activated at
the same time. Thus, while the hydrogen peroxide solution was
being continuously supplied into the outer tank, the two kinds of
liguids of the hydrogen peroxide solution and the sulfuric acid
were withdrawn from the outer tank by the return pump
through the return pipe. In this manner, the liquids are
circulated through the combination of the inner tank and the
outer tank, whereby the hydrogen peroxide solution and the
sulfuric acid were mixed with each other.

[0053]

Subsequently, as shown in Fig. 3(e), when an amount of
the liquid stored in the outer tank reached about 90 percent of a
total storage amount of the outer tank, the hydrogen-peroxide-
solution supply valve was closed to stop the supply of the
hydrogen peroxide solution. However, the return pump
continued its operation so that the liquids were continuously
circulated through the combination unit of the inner tank and
the outer tank. Due to the circulation of the liguids, the
hydrogen peroxide solution and the sulfuric acid were
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were withdrawn from the outer tank by the return pump through the return

pipe. In this manner, the liquids are circulated through the combination of

the inner tank and the 25 outer tank, whereby the hydrogen peroxide

solution and the sulfuric acid were mixed with each other. [0053]

Subsequently, as shown in Fig. 3(e),%\7hen an amount of the liquid stored

in the outer tank reached about 90 percent of a 30 total storage amount

eb the-eutey tank rthedwydrotiere petoxida solution supply valve was closed

L(Qatgg the supply of the hydrogen peroxide solution. However, the return
ontlnued its operation so that the liquids were continuously
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Passing dhrevgh-the fefue Ripe wasckeated, and a temperature of the

Itmjdr%l the inner tank was raised at 100C in the last place. [0055] At last,
n pump and the heater were stopped. 10 Following thereto, a

wafer was irrmsérsét éntoether nned favik S0 Gstosefaeca ré’s%ﬁa@ﬁ@ﬁrﬁ’@d
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hydrogen peroxide solution a condition gf resi
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apparatus as shown in F|g1b[% was prepared. Vol mes of 20 an nnerdtank

T et AT Bk Y PRET gragdid" the mindure lgaid A the
inner tank and was taken up therefrom.
[0056]

<Comparative Example>

Also in the Comparative Example, a chemical-liquid
mixing apparatus as shown in Fig. 1 was prepared. Volumes of
an inner tank 10 and an outer tank 10 of the chemical-liquid
mixing apparatus were identical to those in the chemical-liguid
mixing apparatus of the Present Example. Similarly, structures
of a return pipe and a return pump 16, and structures of
sulfuric-acid supply unit and hydrogen-peroxide-solution supply
unit were identical to those in the chemical-liquid mixing
apparatus of the Present Example. However, control operations
conducted by a controlier 40 was different from the method of
the Present Example as shown in Fig. 3. The control operations
in the Comparative Example are shown in Fig. 8, which are
described in detail below.

[0057]

As shown in Fig. 8(a), the inner tank and the outer tank
were empty in their initial states. Under this condition, as
shown in Fig. 8(b), a sulfuric-acid supply valve was opened to
supply a sulfuric acid into the inner tank until the inner tank
was filled up with the sulfuric acid. Then, as shown in Fig. 8(c),
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mixing apparatus were identical to those in the chemical-liquid mixing
apparatus of the Present Example. Similarly, structures of a return pipe

and a return pump 16, and structures of sulfuric-acid supply unit and
hydrogen-peroxide-solution supply 25 unit were identical to those in the
chemical-liquid mixing apparatus of thé Present Example. However,

control operations conducted by a controller 40 was different from the
method f | theiPresent Exaumpléyas shaiwen Figie®: Thelsigebl  and @

S LB B e O o i B et

“below. [0 As shown in Flg. 8(a), the ipner %t nkt
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ah SRWMinFfig. 8()) atsidfiriciacid supplyreatveavas loiiénedstorgsly vaive
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After that, as .shown in Fig. 8(d), the hydr - ide- ' p .
vallEH a8 @@ﬁ’d’,%(fb" fﬁsgsull thr?c-gif:}i/% s%gp‘%})r/p \(/%a%qfelgvsgﬁs? gg%?r? Ege%ggu e
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agﬁqu filled up with the sulfuric acid, the sulfuric acid overflowed into the
outer tank where the sulfuric acid and the hydrogen peroxide solution
W8 Péixed with each 10 other. [0058] Subsequently, as shown in Fig. )
8(e), the Sulfusiecacizh yppsvaliewas dgaiff doséd candthe rétHiisimmpcid
Was P?&Ch 98- Thys, FQ%&iﬂPidc%g@o‘?Utﬁh@n ks returned puthghewas
inner tank and the liquid in the jnner tank overflowed into, the outertank.. 1 ¢,
wWhERH Btk Afuid J\—/qﬁg%wli fatdd énc%}ﬁbﬁw%{%h (it of 1he mner?ar?k
anf dhengiser tank: Aftet dbeui dOiinotehraihesséands SYGWH anag. into
Bk neJSHUn YRR, WaFHERRA Tk ade OFF Al theipuliisieacidn the
Sc%pnis/bination unit of the inner tank and the outer tank. After
about 10 minutes had passed, as shown in Fig. 8(f), the return
pump was temporarily made OFF, and the sulfuric-acid supply
valve was opened to supply a sulfuric acid into the inner tank.
Thereafter, as shown in Fig. 8(g), the sulfuric-acid supply valve
was again closed, and the return pump was switched on so as to
again circulate the liquid. Finally, after a passage of about 10
minutes, as shown in Fig. 8(h), the heater was switched on to
heat the liquid passing through the return pipe. Thus, a
temperature of the liquid in the inner tank was raised at 100°C.
[0059]

At last, the return pump and the heater were stopped.
Following thereto, a wafer was immersed into the inner tank so
as to remove a resist adhering to the wafer therefrom by the
mixture liguid of the sulfuric acid and the hydrogen peroxide
solution. Fig. 9(b) shows a condition of residues of a resist on
the wafer which had been immersed in the mixture liquid in the
inner tank and was taken up therefrom.

[0060]
As described above, a peroxomonosulfuric acid is
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20 valve was opened to supply a sulfuric acid into the inner tank.

Thereatfter, as shown in Fig. 8(g), the sulfuric-acid supply valve was again
closed, and the return pump was switched on so as to again circulate the
liquid. Finally, after a passage.of about 10 minutes, as shown in Fig. 8(h),
the heater was switched on to 25 heat-the liquid passing through the

return pipe. Thus, a temperature of the liquid in the inner tank was raised

at 100C. [0 59 At last, the return p and the h ater were st p
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be understood that an amount of the resist (an amount of the
residual resist) remaining on the wafer of the Present Example
is significantly smaller than that of the wafer of the Comparative
Example. That is to say, as compared with the chemical-liguid
mixing method of the Comparative Example, it can be seen that
the chemical-liquid mixing method of the Present Example can
remove a larger amount of the resist when the wafer is
immersed in the mixture liquid. Therefore, it was found that a
peroxomonosulfuric acid that is effective in removing a resist
from a substrate can be sufficiently generated with the use of
the chemical-liquid mixing method and the chemical-liquid
mixing apparatus of the Present Example.



Example. That is to say, as compared with the chemical-liquid 20 mixing

method of the Comparative Example, it can be seen that the

chemical-liquid mixing method of the Present Example can remove a MCSLLP
larger amount of the resist when the wafer is immersed in the mixture

liquid. Therefore, it was found that a géroxomonosulfuric acid that is

effective in removing a resist 25 from a substrate can be sufficiently

generated with the use of the chemicapgid mixing method and the

chemical-liquid mixing.apparatus .of the Present Example. S 4 -
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_ ir}gygspectively an inner tank; an outer tank disposed around the
inner tank, into which outer tank a liquid ov_erflowinrg from the inner tank

flows; a RIGRAHINE corfRRiFed Y& PstuH thd TH&id indh outdP talk S the 2"
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!'Sv'é’rﬂ%{bﬁwg‘%ﬁmﬂ%ﬁ%thﬁﬁ%ﬁé{éﬁw:ﬁamw@ Restylfwicasid iathured
inner tank forfilling the inner tank with the sulfuric aﬁd, and allowing the

SUAfUTREBET SVRAIGWAKY HoritRe SAHE 1R ftwiRfo tREEhtEF B ;and a
skpplyingru hydregerv pesoxide sdlatior ntorthp iipaef otarsie odiine otier fiquid

talquktﬁfteor J?grngH 'c%%citq}%u%p'lyé@gtgtﬁ& and aIIOV\_/ing the hydrogen
peroxide solution to flow Into the outer tank to store in the outer ta lﬁthe
B LQird

two kindSerIRitRDR the Hijdie Rl felBkRIE RBIUASIEANE jing the
apigh @nd astivaling thiegeturf prmpesindy taneosip withgherstastu bithe acid
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the sulfurici@gitMinte dutey FEPEENhIREFRMGINS AYdFRyenipEfoXiRE Inner
seltion and the sytfdFickacit wigfeach pthesu2idhe-cheticaldighithg step,
malaxr%rgig g]?ct)r\l/\?i%gc%%rgmgytgrCcl)agigsnnl’peroxide solution to flow into the
outer tank to store in the outer tank the two kinds of liquids of
the hydrogen peroxide solution and the sulfuric acid; and
activating the return pump simultaneously with the start
of the hydrogen-peroxide-solution  supplying step to
simultaneously send to the inner tank the two kinds of liquids of
the hydrogen peroxide solution and the sulfuric acid in the outer
tank, while mixing the hydrogen peroxide solution and the
sulfuric acid with each other.

2. The chemical-liquid mixing method according to claim 1,
wherein a heater is provided on the return pipe, and
a heater activating step for activating the heater is
performed after a preset period of time has passed from the
start of the return-pump activating step.

3. The chemical-liguid mixing method according to claim 1,
further comprising a hydrogen-peroxide-solution replenishing
step for replenishing a hydrogen peroxide solution by a
hydrogen-peroxide-soiution repienishing pipe that is
communicated with the return pipe.



wherein a heater is provided on the return pipe, and a heater activating

step for activating the heater is performed after a preset period of time

has passed from the start of the return-pump activating step. 3. The MCSLLP
chemical-liquid mixing method according to claim 1, further comprising a
hydrogen-peroxide-solution replenishing step for replenishing a hydrogen

peroxide solution by a hydrogen-peroxide-solution replenishing pipe that

4S COMMYNICAIES Wi IS BLNE BSaMGS R Mty FREMIGR- itk and a
mixing apparatus for mixing a sulfuric acid and a hydrogen peroxide
RyigeANtRE PP E N WiRRp iR GPRATAHE? GRIRPAISWSter tank disposed
around, the, jfd1erdaikk, into which outer tank a liquid overflowing from the
inner tank flows; a return pipe configured to return the liquid in the outer

tank t@theutticiankidigsraserbairinshippisnaedast BRI RS tank
sapdiacdherfiswshia rlesomen ink tahRerionar tank; a sulfuric-acid supply

unit configured to supply a sulfuric acid into the inner tank; a
hydrodefebérpxriresGRREAWEShP URtUanthR rbausl dhpfie L el tRydR to the
iRBEPYERISOAEPN to the inner tank or the outer tank; and a controller
configured to control the sulfuric-acid supply unit, the

hydrogeREHFB R IRIRHIRA N JhR, il tRRRIFPpSFRdIRG the liquid in

RNy llar thsing aprfipiied tangentrol at first the sulfuric-acid supply unit to
fill the inner tank with a sulfuric acid, allowing the sulfuric acid overflowin

from tReSiier BaARIED ABRRRME 6ARKIAHARI tiRrSHRPEs ARSIl g Cid into
Rfigigethiskeontrol the hydrogenperoxide-solution supply unit to supply
a hydrogen peroxide solution into the inner tank or the outer tank,

allowirty MWETRARBFRA"PXIDRIGS 'LbiRRoT Y AN Y theigeredhito supply a
sjantbe iwsadeingds afdiguisismef thedivdivnon frsaxiderseiiioarmnd

the sulfuric acid are stored in the outer tank, and the controller being

config@r&P B RURIaROMMOVERG D PR ERh TN SHITMY SRR thS LRRIOMAL. the
[N pEHos el Ergetionesapislg-aaittiangunelyatdith pump, the controller

being configured to control at first the sulfuric-acid supply unit to fill the
inner tank with a sulfuric acid, allowing the sulfuric acid overflowing from
the inner tank to flow into the outer tank, then the controller being
configured to control the hydrogenperoxide-solution supply unit to supply a
hydrogen peroxide solution into the inner tank or the outer tank, allowing
the hydrogen peroxide solution to flow into the outer tank, whereby the two
kinds of liquids of the hydrogen peroxide solution and the sulfuric acid are
stored in the outer tank, and the controller being configured to activate the
return pump simultaneously with the start of the activation of the hydrogen-

peroxide-solution supply unit.

5. The chemical-liquid mixing apparatus according to claim 4,
wherein a heater is provided on the return pipe, and the controller is
configured to control the heater such that the heater is activated after a

preset period of time has passed from the activation of the return pump.



5. The chemical-liquid mixing apparatus according to claim 4, wherein a
heater is provided on the return pipe, and the controller is configured to
control the heater such that the heater is activated after a preset period of MCSLLP
time has passed from the activation of the return pump. MCSLLP 26 6.

~ ‘The chemical-liquid mixing apparatus according to claim 4, wherein a

hydrogen-peroxide-solution replenishirig pipe for replenishing a hydrogen
peroxide solution is arranged in communication with the return pipe.

6. The chemical-liquid mixing apparatus according to claim
4,

wherein a hydrogen-peroxide-solution replenishing pipe
for replenishing a hydrogen peroxide solution is arranged in
communication with the return pipe.



