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Specification A sulfuric acid recycling type cleaning
systemand a sulfuric acid recycling type persulfuric
acid supply apparatus 5 [Technical field] [0001] The
present invention relates to a sulfuric acid recycling
type cleaning systemthat uses a sulfuric acid
solution repeatedly to regenerate a persulfuric acid
solution and supplies it to a 10 cl eaning apparatus in
which silicon wafers etc. are cleaned to renove
contam nants etc. adhering to them by using the
SP?E%@&$?E&?% aC|d sol ution which can serve effectively
elL reno al.so relates to a sulfu
aobul PEES el SrEY B ndii e 8538%@5%@?@“1fgﬁ%ﬁa?ﬁ;fuﬂc
acici‘aéeéﬁ'fkppiﬁ St d S
system , ackg?%i%%£§?%fugfgo%%QdT%gggg# g%ﬁ%ﬁg
{Teﬂhnn¢x&afﬂ@l@]large scale integrated circuit (VLSI)
production process serves for renoval of resist
[40lildue, 20 fine particles, netal oxide filns formed

TBRIRRR hyebbiont e ot Lﬁfslcgﬁéniﬁf%%@éﬁng type
clé%ﬁ{ﬂ'ﬁ d& e hM-nat Gsdi Xaegu‘i‘fiueg' OQ url 2 aCI%'Ye:g&%atedly to

bl omi'ng“ozone into concentra
regﬂhﬁraﬁaﬂh(ﬁﬁﬁh¢ﬁﬁmmddea@idO§@D@ti§naﬂﬂ@dsﬁ lies it to a
hi gh-concentration 25 sulfuric acid, the sulfuric acid
clﬁagucm dibRaraterd ormvieraduistiddicon aifers etics Rmewnleaned to
ersul.furic acid hows a hlg?m xidizin power

renigi ﬁgﬁﬁa@FEﬁﬁFﬁge%TF REREE G LEndS| RedddipoRgssul furic
aciildo1GRIMANEAIdEE tgeweveff%g%&%a&gpg% VUL Ehfiovh, ang

addition to ove- nent | one ers c aci

aldgy edueitieen to. §OS@E£1B@ﬂ§,adid lx&edymwhgt kperpReESUFliric acid
uric acid solution for cleaning 1 can be produced by

supsllet ePpRy2icng Blnabguamisi o perisod fogricainidd-o said cleaning
system. |
[Background ar-t}

[0002]

The wafer cleaning step in a very large scale integrated circuit

- (VLST) production process serves for removal of resist residue,
fine particles, metal, oxide films formed spontaneously, etc.,
~and generally uses a mixed solution of concentrated sul furic acid

- and hydrogen peroxide (SPM) or a mixed solution produced by

blowing ozone into concentrated sulfuric acid (SOM). When

hydrogen peroxide or ozone is added to high-concentration

' sulfuric acid, the sulfuric acid is oxidized to form persulfuric

acid. It is known ‘that persulfuric acid shows a highl oxidizing

- power and high cleaning performance as it self-decomposes, and
can serve effectively _f'or <cleaning wafers etc.

In addition to the above-mentioned persulfuric acid ‘production

methods, it is known that a persulfuric acid solution for cleaning
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sulfate ions in an electrolysis reactor (see patent
references 1 and 2). [0003] 5 [Patent reference 1]
Tokukai (unexam ned Japanese patent publication)
2001- 192874 [Patent reference 2] Tokuhyo (published
Japanese translation of PCT publication for patent
application) 2003-511555 [ Disclosure of the
invention] 10 [Problens to be solved by the invention]
carl @ROg}olinctheng ask@irSRM i Mt sl bhiuebasagbtuf DbRBtbntaining
froma hydrogen peroxide solution decreases in
suldietdi Ziong gowen gdectrogygbfisdeeanposessearpl et ofoferences
contlnuous supply of the hydrogen 15 peroxi de sol ution
ﬁ@cessary to conpensate for the deconposition.
[00% thernore, the high-concentration sulfuric acid has
ge repl aced when the sulfuric acid concentration
[Pahﬂﬁit dectoased to araaidal N(dewedmiddl SeHpghi®idgthtent
however, the persulfuric acid solution is diluted
puhﬂndaﬁﬂunwwﬁmﬂlflﬁﬁ&ﬂﬂ of 20 the hydrogen peroxide
sol uti on, naklngblt difficult to majntain a constant

(P qtietﬂfl & eé@l"ﬁ?ailet ntoky e %J‘rﬁﬂe@ JpRangge trapshakion of
mf %ﬂﬂw%@%%@%ﬁyﬁ Q#%w#%s

erva s or for
{ngdyyydﬂb[5¥fgﬂéﬁyﬂ¥gﬂgmm@t be kept constant, and in
addition, a |arge volunme of chem cals have to 25 be
[Prefdreact: ton Hehescdlasel dfy 3@ dorveniteiatlher hand, the
sol ution does not undergo dilution, leading to a
[OPSﬁéer solution replacement cycle, but it is i nferi or

In yhe® (AL 0 REN ORI A S A Soidd) M 4 Hiogen

perdfW Rflutd RERIIFIHd: agl %ﬁmﬁw@%&e%mﬁ the

hi gh- concentration

- self-decomposes, and.therefore contlnuous supply of the:hydrogen

peroxide solution is necessary to compensate for the

' decomposition. Furtherwmore, the high-concentration sulfuric

acid has to be replaced when the sulfuric acid concentration has

‘decreased to a certain level. In said method, however, the

persulfuric acid solution is diluted with the water content of
the hydrogen peroxide solution,,making it difficult to maintain
a constant liquid.compositioﬁq-and.furthermore, the solution]masr
to be discarded and replaced at prescribed timé intexrvals ox for
every'few'batches. Thus, the cleaning'performance cannot be kept
constant,'and in addition, a.large‘volume of chemicals have to
be stored. In the casé of SOM; on‘the other hénd, the Sqlution

does not undergo dilution, leading to a longer solution

 .replacement cycle, but it is inferior in c¢leaning performance as

compared with SPM.

' [0005]

In the case of SPM, furthermore, only a 1imited amount of
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sul furic acid and the hydrogen peroxide are poured and

m xed in the cleaning vessel at the beginning and

when hydrogen peroxide is added to the m xture

several tinmes later on. In the SOM nethod, 5 the ratio

of the amount of persulfuric acid generated to that of

ozone added is very low. Wth these nethods,

therefore, the concentration of the resulting

Refsnl i € acid ol Wd Prdducdd Minad, £ thidi$- concentration
cl eaning performance is also limted. [0006] 10 The

gurlesentc mrvientndnthahhpdrogen neeeoaide rate pocired and mixed in
background is ainmed to provide a sul furic acid
ﬁﬁﬁ@r@yﬁéséﬁéaﬁF ﬁ‘gh%ytsﬁt@rﬁme%tar@awhﬁar lg%qi:;/ogen peroxide

decr sulfuric acid on throu

ISERaaRRT L WP hES B A BB LA ShUCR 1 som metnoa,
Ry sukhiatscigns an[%hﬁ&; b%cﬁsﬁba@khhf:ra%&@ ef@UF co that of
sul furic acid solution while 15 using sulfuric acid
azepeateiiiad id Means fow. Jalth nghdde ped@Ens|thd00A}e, the
Thus, the sulfuric acid recycling type cleaning system
QangﬂirﬁqﬂﬂﬂnQﬁthﬁxﬁﬁﬁqkﬁﬁmg1R@%ﬁ fuyie acid solution is

characteri zed |n that |t 20 ¢ ri ses a cleani
1Epar R pe hat SRS A G riiea.

q@b@6§olut|on as cleanlng f|UId an electrolytic

reaction apparatus that regenerates the persulfuric

acTlte polasten®Ninbynpesh pwiikth eheatddd ¥henkeanidng Harkground,

produce persulfate ions fromsulfate ions contained

leraimed $ol m@‘vjhde angudfericwaid mczglnnﬁetytmacleanmg system
rculat s t rsul furic¢ acid _solution_between th

h
A Efaﬁ?ﬂg Apa 3ét CLRRPT e % PEdSIYT F‘c“liie%%‘ﬁwtlon through
.a @%&iféte i&?@%lzg@'iﬁnguiﬁc!d&é% a@ﬁ%b%%ﬁﬁegg%éi(ﬁlf te ions
Cl Cc IS Chara

eani ng systems alm terize

e&&c&:&@bdeﬂubﬁ&l@u |f&bbfnl gnashdebasyshi fgridlad¥Pe&olution while
cl eaning. system of the invention, the temperature of

‘upheg suddlaticonctidatrepsadlestitrol yzed in sai d

| ectralytic_reacti
ﬁeans %o% solv%ng E%e problems]

[0007]

Thus, the sulfuric acid recycling type cleaning system of the
invention specified in claim 1 is charaéterized in that it
comprises a cleaning apparatus that cleans objects using.a
persulfuric acid solution as cleéning fluid, an electrolytic
reaction apparatus that regenerates the persulfuric acid solution
by performing electrolytic reaction to produce persulfate ions
from sulfaté ions éontained in the soiﬁﬁion, and a circulation
line that circulates the persulfuric acid solution between the
cleaning appara-tus and the electrolytic reaction apparatus.

[0008] |

The sulfuric acid recyCling type cleaning system Spécifi’ed in

claim 2 is characterized in that in the sulfuric acid recycling |

type cleaning system of the invention, the temperature of the
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apparatus is kept lower than the tenperature of said
cleaning fluid. [0009] 5 The sulfuric acid recycling
type cl eaning systemspecified in claim3is
characterized in that in the sulfuric acid recycling
type cl eaning system of the invention, the tenperature
of the solution that is electrolyzed in said
el ectrolytic reaction apparatus is kept in the range
s0Quth®rd @nRC.; 51 Q1IRQLYQ TR Sul Wi AGR 8 GH Reaction
type .cl eaning systemspécified in claim4 is
apphatadctse riisz écbpitn lchetr tthers wHeu tempadiat urec wel isaddt ypeaning
cl eani ng system of the invention conprises a heating
flpdgns to heat said cleaning fluid. 15 [0011] The
£8ﬁbggric acid recycling type cl eaning system specified
rn~"claim5 is characterized in that the sulfuric acid -
] . _ o - i . o .
i B B S L YA Sl bR kot e pgciea in
clesut 8 be ehecidiodyizos iim sadt eheehe Bylieri2@cid recycling
reacti on apparatus. [0012] The sulfuric acid
typec ydiepng oy pa stedamin hey stepnsporni f tbe itempekaknre of the
Ls.characteri.zed.in that the ,sulfyric_acid recyclin ,
sop ettt REaT 6. SJEEmby AN Irnoanty 67 cCoRpIrEse Fedction
apfARLENG TBARSLLO 160¢he? AR 33 bl 28 bhak 1S to be
l'ectrolyze n said. electrolytic Teaction
[appal atus. [0013] The sulfuric acid recycling type
cl eaning systemspecified in claim7 is characterized
iThe lvatl fupd csabf driecyel thg doys chganyps SPstdeapergfied in
system of _the jinvention conprises a heat exchange .
c13ia 184CharBerFbt Aftledt tg*ﬁl&h%éwlﬁusréma%m dHAGldng type

cl!agﬂgng%y@@é]n B!Eethe invention comprises a heating means to heat

said ¢leaning fluid.

[0011]

The sulfuric acid recycling type cleaning system specified in
claim 5 is characterized in fhat the sulfuric acid recycling type
c¢leaning system of the invention écmprises a cooling means to cool
the solution that is to be electrolyzed in said electrolytic
reaction apparatus. 7 |

[c0l12]

- The sulfuric acid recycling type cleaning system specified in '

‘claim 6 is characterized in that the sulfuric acid recycling type

cleaning system of the invention comprises a cooling means to cool
the solution that is to be electfolyzed in said electrolytic
reaction apparatus. |

[0013]

The sulfuric acid recycling type cleaning system specified in

claim 7 is characterized in that the sulfuric acid recycling type

cleaning system of the invention comprises a heat exchange means
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conparatively | ower tenperature feed persulfuric acid
solution flowng fromsaid electrolytic reaction
apparatus and the conparatively higher tenperature
return .persulfuric acid 5 solution flowing from said
cl eani ng apparatus. [0014] The sulfuric acid
recycling type cleaning systemspecified in claims$8
is characterized in that passages in said circulation

thl gérf@Eﬁ Aede ehcAdaRkziAr shehrafibugiget Byl enge B8tween the
[0015] The sulfuric acid recycling type cleaning

coypheatspetifieder ntemgbaranOre Fedthp@atsenifzzed d actidatolution
the sulfuric acid recycling type cleaning system of
fipwipgyERPRoRaE8nplESEscdyEéeonpasStiPrBnanRpratiufagnd the

d tam t d f bj ect id .
c38BarBANT ALY P 80T6) COTREC GBI or FECRERaPRBEyREIAaCt FRAS
sELaRRLAYESYRL Y EP6RI Lhed bﬂe&hﬁhg‘ 40 Leagharacterized

In that 1n the“sulfuric acid recyCli 8 type cl eaning

sysiem of the invention, the solution to be 20

el ectrolyzed in said electrolytic reaction apparatus _
Helse uldiifig peidcrecrohsiat Fape ohlsaning syatge epegified in

0,18M 0017], The sulfuric acid recycling.type . .
ARLE b WraRaad Fed A BaparAFs 14 gatd Ofifulation Line
ak %Q&ée5£?§-9a£8zt bat tQ&éEquLS&Eﬁ?ﬁSﬁe in the 25

el ectrolytiC reaction apparatus 1n the sulfuric acid
[@eys] i ng type cleaning systemof the invention, at
| east an . anode is a conductive dianond el ectrode.
[ (ESpultheisurdidinecsiid e tyok aleaypeg clwdrdmgpecified in

stem,specified in Q claim12 is_characterjzed in, -
Ci%ﬁ‘f‘ ] Frst‘FFéa%%FF‘“f%ﬁ‘r%ecgéindt’F%E § AYL I G R &g ing type

c§¥§£fﬂ§0§y§@§n ic:)nfv ‘EBQ Qﬂveﬁgfoﬁo&%ﬁié@s %L' agggﬁposition unit
rthat decomposes contaminants removed from objects by said
¢leaning. | ‘

foo1e]

. The sulfuric acid r'ecyclih_g type cleaning syétem ‘s.pécif:ied in
claim 10 is characterized in that in the sulfuric acid;recyqling
type cleaning system of the invention, the solution to be
electrolyzed in said electrolytic reaction apparatus has‘ a
sulfuric acid conc;ent‘ration in the range of 8M to 18M.

[0017] | o |

The sulfuric acid recycling type cleaning systém "specified in
claim 11 is characterized in that of the electrodes in the
electrolytic reaction apparatus in the sulfuric acid recycling
type cleaning system of the invention, art least an anode 1s a
conductive diamond electrode. | |

[o018]

The sulfuric acid recycling type cleaning system.spécifiéd“in.

claim 12 is characterized in that in the sulfuric acid recycling
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el ectrodes provided in the electrolytic reaction

apparatus are self-standing type conductive di anond

el ectrodes produced by |am nating conductive di anond

on a substrate followed by renoving fi 5 the

substrate. [0019] The sulfuric acid recycling type

cl eaning systemspecified in claim13 is characterized

inthat in the sulfuric acid recycling type cleaning
ty@psmmamiﬁmgheyiammdforthd hervebjtdein , t aHee codrelaed vel @iamond

a sem conductor substrate. [0020] The sulfuric

el&é’ltéfold@@yé’FfPHgdﬁﬁipéncF]é%nﬁa%%c'é}?@hé‘ﬁ%% p?"e%ar@t'rw jgpparatus are

l.ai_m haracter d |n hat he  sul urlc i d
ol EoTEPRG S S eCRRAAE Lot o R SR odaced by

laﬁlllﬁ‘éﬁzrlﬁlgyéd)ﬁduét 9\9@ 'i:lﬁ%lrrlo%‘él dr SQubbebafaldA 1%9@@5( removing
rate of "TOC (t ot al organi c carbon) increase esulting
thbr@mbbh&atenoval of organic contam nants in said
cl eaning apparatus to the rate of persulfuric acid
[pPdAliction in said el ectrolysis apparatus

d L L/ hr
PRErSh it a2t PRSI CYBR SLGTE ) 75 8o Apagt cied in
c1kbhe 1ange c?xfax%tgtte‘%l%g 1h002dd inTReesyhi#hi-fc %Féﬂi recycllng

recycling type cleaning systen1spe0|f|ed In clarm1
tybe chasatherigeteh ot haie &hﬁeﬁﬂhb@flﬁhacbﬂjéeﬁymd&ﬂgcleaned
type cleaning systemof the invention conprises an

isypt paparendacéprosulstpeogen peroxi de sol ution

[é gbgnlshnent line to supply ultrapure water or a
§ gen peroxide solution to said persul furic acid

R
claharpetiey chagacietiatd Mntdieas li|rf UhECs@Tfdri @&ld Rechcling
type cleaning system of therinvention,' electrolysis is controlled
so that ratio of the rate of TOC (totai organic carbon) increase
resulting from the removal of organic contaminants in said
cleaning apparatus to the rate of persulfuric acid production in
said electrolysis apparatus (pérsulfuric acid prbduction rate
(g/L/hr) per TOC increase rate in cleaning veésel (g/L/hr)) is .
in the range of 10 to 500. |

[0021]

The sulfuric acid recycling type cleaning system specified in
claini 15 is characterized inthat the sulfuric acid recycling type
cleaning system of the invention cqmprisesA an ultrapure water or
hydrogen peroxide solution replenishment line to supply ultrapure
water or a hydrogen peroxide solution to said pexsulfuric acid .
solution.

{0022]
The sulfuric acid recycling type cleaning system specified in

claim 16 is characterized in that in the sulfuric acid recycling
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type cl eaning system of the invention, said ultrapure
wat er or hydrogen peroxi de sol ution repleni shnment
line is provided to inject ultrapure water or a .
hydr ogen peroxi de solution into the bottom portion of
the cl eaning vessel in the cleaning apparatus. 5
[0023] The sulfuric acid recycling type cleaning
system specified in claim17 is characterized in that .
typaecbehlimg csyaciahn reefit ydid ngvieppd ongl eadidnglsyspaereofater or
the invention conprises a sulfuric acid concentration
hydeasen crertxhéansol et honi replenbsuentritnaci g ropvided to
._concentration of the solution so that the injection.
L0 fEomSHI RO MRie har VY SrOFS IS s SR ion into the
boSOLH AL {APLENE RO Iif veeaB10n (3 ERLLAUNBASSh ratus.
on concentration nmeasurenents taken by said suffuric
fexaxl concentrati on nmeasurenent neans. [0024] 15 The

sul furic acid recycling type cleaning system specified _
iThe grafurie acic racystldny suprercidrning syisdeyubpariigied in

acid_recycling. type cleaning syst of, the, [ nventiqn,
1§ 32t Pk e e e R B T PRy ik Mo ang tvpe

_ i o, £ 1 SAl | YT QGLA, 5 .
C1%é#%§$d%yéééﬁﬂ?%ng?%p%%nls fﬁ#ﬁE§¥$ﬁg?%Qd%nductéﬁlﬁm%ﬁﬁd
cofei tiea €ONC k4 Al Ofe atetins by Bl ttstl 1k | suBBhtlic acid

concentration neasurenent nmeans is 0.2Mor nore
congeeratiem @f prlscedbedion| se. thd902s) Mectddmrfron said

o A R SO A L L g 11n
carf B LU AAEq DA SERARUN ‘égﬁ%nﬁ?ﬁg%ohﬁlg&éhg&ﬁ?%ﬁg t2€en by

the absorptiometry to neasure e sulturrc ac
satdNaentuaid ot id WAbden diter Soi frd SuGidht ield Ng

type cleaning systemspecified in claim20 is

[0O%4lacterized in that the sulfuric acid recycling type

3 clefning system of the invention conprises a |liquid .

vBEUHR fl-,yr ¢ dcid recycling type cleaning system specified in
claim 18 is characterized in that in the sulfuric acid recycling
type cleaning system of the invention, injection of the ultrapure
water or hydrogen peroxide solution from said ﬁltrapure water or
hjfdrogen peroxide solution replenishment line is conducted when

the concentration measured by said sulfuric acid concentration

‘measurement means is 0.2M or more higher than a prescribed value.

f0025]
' The sulfuric acid recycling type cleaning system specified in
claim 19 is characterized in that said sulfuric acid concentration

measurement means is designed to use the absorptiometry to measure

~ the sulfuric acid concentration.

30 .

[0026]
The sulfuric acid recycling type cleaning system specified in
¢laim 20 is characterized in that the sulfuric acid recycling type-

cleaning system of the invention comprises a liquid volume
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measur enent neans to nonitor the volune of the
cleaning fluid in the cleaning vessel in said
- cleaning apparatus so that the injection action of

said ultrapure water or hydrogen peroxide solution
repl enishnment line is controlled based on neasurenents
5 taken by said |iquid vol ume neasurenent neans-
[0027] The sulfuric acid recycling type cleaning

me Sy at@Enm sp esarisedoi montt @i h2lvoiuabasfalier c2edningt fikid in
the.sulf uric acid recycling type cleaning system of

the Heleaniam i 6PF thpkl s%fslfh ¢hspiling argarEEyse ssurtdadntthe

inf AP AR P VERSaP e SNE T ai o9eh perocide

soﬂ?@féﬁ&‘ézn%%l%ené Egnénise%*dn% gtédoﬂagfedséﬁ theasurements
ul trapure water or rogen per oxi ution :
takap|igpi st iduiine v@mtﬂ@émm%mmawr ement s
taken by said liquid | evel nmeasurenment neans. 15
[q@028] The sul furic acid recycling type cleaning

ste pecified aim?22 is characterized in that
{-‘%‘@ v ? e ATk rP&é’f]‘iFPﬂ Sf%gleaf’éé}ﬁ ﬁ@’%%‘t%ﬁ’ﬁﬁflea in

14 RAER LR, SO L, ki L LG A ETE Do e

clekhilte Sfandh NPE WEES elnvehiSird c@ngﬁkflé& JPRarRLiEs 1%¥rel
that the injection action of said ultrapure water or

medgudrauet peax de wolinidoiheedligniishieve]l iafe the cleaning

control | ed based on neasurenents taken by said |liquid
£lydd d—ﬁ‘t CheaStFemiRy skl 1[“0652‘9}i chgankpy S%H’P%ﬁ‘%u%cﬁ% that

thd ‘:‘Eﬁﬁ%c'tﬁg té’@@lcgl I%%’%{ﬂ% o %E?ﬁg%ggx%{éfgf %#&Séﬂ”p%@mmde

aracteri ze uric a

so]&ﬂﬁ.\&{ g1 chiRemneheani A8 fé’&b%@r@fllbﬁebégéérﬁﬂ astAicthent s
liquid weight neasurenent neans is designed to

- takmadwy edive Iienbidhdewd glasefrenent oleeansi.ng vessel

and the cleaning fluid in the cleaning vessel. 30
0] 8 - ‘

The sulfuric acid recycling type cleaning system sp'eci‘fied in
claim 22 is characterized in that the sulfuric acid recycling type
cleaning syetem of the invention comprises a liquid weight
measurement means to monitor the weight of the cleening fluid in
the cleaning vessel in said cleaning apparatus so that ﬁhe
injection action of said ultrapure water or hydregeﬁ peroxide
s:oll.ition replenishment line is controlled based on measurements

taken by said liquid weight measurement means.

- {0029]

The sulfuric acid recycling type cleaning system specified in

'clalm 23 is characterized in that 1r1 the sulfurlc acid recycllng'

type cleaning system of the 1nver1t10n, said- llquld we:l.ght

' measurement means is designed to measure the combined weight of

. the cleaning vessel and the cleanlng fluid in t:he cleaning vessel.

[oco30]
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The sul furic acid recycling type persulfuric acid
supply apparatus specified in claim24 is
characterized in that it conprises an electrolytic
reacti on apparatus that perforns electrolytic
reaction to regenerate a persulfuric acid solution 5
by producing persulfate ions fromsulfate ions
contained in the solution, and a circulation |ine
Theabutifigdlates d heqerisud wyige poiahigeinitd eriketgply
said electrolytic reaction apparatus and a cl eaning
aprgdFdrus (pedbl led ek pekaim f 24 | bs acharadoosijed 10n THeat it
sulfuric acid recycling type persulfuric acid suppl
COMEIHASR (AR SPRRTE T F1F T4 T Do | SRR Bt crhyedbeREoTS
in 4 furie. ' cli L L ur .
Lo LI FeaRiH ] b6 vaflioLSELE KA iRBAY S b fucion
by pFicduicaey beRguti¥pecpebill fHbh Gsubedth SRR YoakRaKalUSH the
of the invention conprises a cooling neans 15 to coo
solttd aret ard gctindwrtfiawligef toat tdierailedsmghe persulfuric
aﬁﬁggparatus to the electrolytic reaction agparatus in

SPIII AGtoeean Re1 61ERETPANGE coFeaptignoprparatus and
. T [ [ ' ) | furi
2 I, AR AP LT I RE B R L ©

[oochgracterized in that the sulfuric acid recycling type
persul furic acid supply apparatus of the invention
toaprudégracheatdngengahsingotipat pereuf dadicsakitli enpply
flowng fromthe electrolytic reaction apparatus to

APRHE LS ERFH] Eshafat i3 iR 3 & 9 diradtanised iinethat in the

LT . 70C. 33% The . sul furic
s R s A b b Parph i e Apin, A paramnaracus
of $PeCHhied iRl @kt ddikarshasachersapd) tAqtPdte the-sul furic
sulfuric acid recycling type persulfuric aci'd supply
acidgppuappliysagfavittbef nheninoentbopriegscicdreat cooling means
exchange means to performheat 2
to cool the return selution flowing from the cleaning apparatus
to the electrolytic reaction apparatus in said circulation line
to the range of 10 to 90°C,
[0032]
The sulfuric acid recycling type persulfuric acid supply
apparatus specified in claim 26 is characterized in that the

sulfuric acid recycling type persulfuric acid.suppiy apparatus

of the invention comprises a heating means to heat the feed

- solution flowing from the electrolytic reactibn.apparatus to the

cleaning apparatus in said circulation line to the range of 100
to 170°C.
[0033]

‘The sulfuric acid recycling type persulfuric acid supply

 apparatus specified in claim 27 is characterized in that the

'_ sulfuric acid recycling type persulfuric acid supply apparatué

30

of the invention comprises a heat excharige means to perform heét
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9 exchange between the feed solution flowng fromthe
el ectrolytic reaction apparatus to the cleaning
apparatus and the return solution flowing fromthe
cl eani ng apparatus to the electrolytic reaction
apparatus in said circulation line. 5 [0034] The
sulfuric acid recycling type persulfuric acid supply
apparatus specified in claim28 is characterized in
exdHiaigd betheensthé Bded acldeieaytldwichd ¥RempErs elkdtirdlytic
acid supply apparatus of the invention, the sulfate
red @i wo Rt ofthraid esoling awppar@tivs gWdoithepreturn

wo R Lot o L T R S
rea% a?é%azrea[ \{Q tpads Q{ Ctlt]:%ul%l.tei?)tr{ qdeg, placed in- |
el ro

i ¢ 56t on apparatus in the 15
[ogguﬁurlc acid recycling type persul furic acid supply
apparatus of the invention, at |east an anode is a
EhadauﬁfueidiaqmddreeYebin9d9yp§Opeﬁ$ulfﬂhécsa¢i@r$upply
acid recyclln gersulfurlc acid supply
ap P&‘&ﬁaﬁ%’% Vi} i éB 13in |28 mhs3chpgagharaceer ?-%et"oha% in the

sultﬂlla::‘ d bd; '&er%% S ab% @ﬁgg {)ﬁeX&if&‘Q & Y08 P, iﬂ&“aﬁ;aratus

d Sipply ‘a P VentT on. pas

of §ﬁéd1ﬁ{réﬁt|i@ﬁ| @hd klesface I@Q%dﬁcentratlon of said selution
tetrafluoroethylene [0037] 25 Thus, according to the

is @gMesentmdnesention, persul fate ions in the cl eani ng
fluid self-deconpose to devel op an oxidi zi ng power,
[ORRISéh in turn serves for effective renoval of
aned. _Ln_the

TR RRTRIERFurt Lt heb e lier frpe PAEPEL GRS v dei forry

appdadual lpedegreases @fairﬁlezgoe_rss ehbrabeckr988dl fh 3hdher the
sol ution continue to self-deconpose. . This persul furic

eleatirddes placed in said electrolytic reaction apparatus in the -
sulfuric acid recycling type persulfuric acid supply apparatus
of the invention, at least an anode is a conductive diamond
electrode.

[0036].

The sulfuric acid recycling type persulfufic acid supply
apparatus specified in claim 30 is characterized in thét in the
sulfg’ric acid recycling type persulfuric acid supply _ap'paratus
of the invention, passages in said circulation line a;r'e_- made of
tetrafluofoethyléne. |
100371

Thus, according to t'h,e present invention, persulfate _ion‘s in -
the cleaning fluid self -decompose to develop an oxidizing power,
which in turn serves for effective removal of cor_lt_aminé.hts from
the object being c_:léaned. In the cleaning f£luid, the peréulfuric
acid concentration gradually decreases as the persulfate ions 1n

the solution continue to self-decompose. This p_e_rsulfuric acid
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10 solution is sent to an electrolytic reaction
apparatus through a circulation line. In the
el ectrolytic reaction apparatus, an electric current
is applied between an anode and a cathode that are
placed in a solution containing sulfate ions in order
to 5 oxidize sulfate ions to form persul fate ions,
| eading to regeneration of a persulfuric acid
solsalivti ds wehh aosahfeteenhrbyythicghepet sohfapparacns through
concentration. The regenerated persulfuric acid
a cdglcydipgdons 1386t F@ the eleghrn Yﬁhﬁaﬁ%@ﬁﬁl@ﬂr%ﬁ@%r¥¥kﬁr an

circulation |ine, ef f ective, cl eani f
e1eiaSghUerons O WPt BREYBRRET AR 08 2UFFERPEe that
are gj'l%.c%@ Yt gn s@ﬁutﬁ%ﬁ? rdad, AboVe - sdheRer auhd Ui c‘o:r:cler to

solution is circul ated repeatedly bet ween t he
oxidieanisg fapranainis tnEdhe mheairfdyd | Tongd eacdading to.
apparatus to ensure continuous effective cleaning
regstpcre t Lral mfaarmrf@salf:@ﬁsq: Anipaccuttign wighi @ sufficiently

oncent t| on. n the I,oces IS starte
higH PPETT L WET G ey DEUHSE ReR i R 258t R SR e s rqut ruric
. I I
aci@l IR b T i (Pl fnd BULALIIRA AR che

ciddif atGione llllaltel,omoqttowaa peT sififburt cael dafohyt bONthe object
[0038] 20 Persul furic acid self-deconposes faster at

withi gher hielﬂm@cmtmatti@rs owrshigherie|asd mplution as
erfornance h tenperature of _ 130C, for

G B Eh S -0 . BEGIda I DR i P IEEth; i, i qghated

[ -val.ue 0 [ t

A e R I L

reakddldn @_@péﬂétué it 353&%%d)§tﬂﬁ@6u§%$ﬁ&ﬂﬁv@ Elehanhlywhile
and the el ectrodes suffer | ess damage at | ower .

naisdldriioy aenpesbant asrdl fumel prasishronpesiirasacn .t Ween the
cl eani ng apparatus and the electrolytic reaction

PYOoggssr dtus taditeds dar SR Hrich 3 <h Thdie Wed Rt Rifpduce a
per%ﬂ?l'llf&fr‘i% SLEELELHER 91[11!1% %h&fcg @Jg%iféifé 5:% c‘?:%h' %haratus,

aratus can be mal ntai ne
whlblfhalist Reiee) @RMENG S ltied o 19001 Y é;ﬁpdﬂw&ﬁ% start the

circulation of the persulfuric acid solution.
[0038] |
Persulfuric acid self-decomposes faster at higher tenperatures
to show higher cleaning performance. At a high temperature of
130°C, for example, the self-decomposition rate is as high as to

achieve a half-value period of about five wminutes. In the

- electrolytic reaction apparatus, on the other hand, persulfuric

acid is produced more efficiently and the electrodes suffer less
damage a_t' lower s_olut;iqn temperatures. In the present invention,
the. cleaniné app.aratus and -_the electrolytic reaction apparatus
are separated from each other, so that the solution electrolyzed
in the electrolytic- reaction apparatus can be maintained at a

lower temperature than the cleaning fluid, serving to increase
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11 the efficiencies of the processes in the cleaning
apparatus and the electrolytic reaction apparatus.
[00391 The cleaning fluid can be maintai ned at an
appropriate 5 tenperature by heating with an
appropriate neans of heating. Such neans of heating
useful for the present invention include, but not
limted to, ordinary heaters and other heating
thedBR@ 8t HaeSest BatcRerd s dinal iexehangeayhiig paseitels and
or vapor. The appropriate tenperature range of the
thec ledanitng 1fiituicd ey theyn fagparEwexanpl e, from 100 to
170C. The cl eani ng performance of the persulfuric
[088Pd solution deteriorates as the tenperature falls

I t hi . ALt t 170C th
her AR BERG PP B aBeah AR IPedert - HhCOMpOSE T
tem?%@é._tlﬂr%l 'b{/ ety @ty {akh ad Qpﬁ?ﬂog)'r%ﬁt‘énﬁeiﬁsg b¥heating. Such
, ufficiently, so the above tenpérature range 15 is

mea@ssS wietdeh0ihg appEopr fakethé OfdddenT hisaititaron ricd udie, but

~electrolyzed in the electrolytic reaction apparatus .
notdyuisecobPedor8iBATHPPEBBET Et @Y epfer athAad MY FPRaratuses

ppropri at ans of cooli.ng. ,Such ans of cool
el Bedder T B30 SRR, “Hdi SR AR &7 YEE6Rng 6t
. .eL-C . . r | : E I
o LSt BObISLIRE, e PRGN LALSHSBPEL Bl oy ve, cox
exaf@PCe , TFe-caf flio0 ercy 7af el atia @llysirsny Ide rdetreisineeatE the
and the el ectrode damage will be larger as the
perseferdicuneidi sekut hppvdetdrioraims aesthe ferrpgisitairg falls

the tenperature falls bel ow 25 the range, on bhe t he
belp¥hiG drApde 6 HERSEREPEYS AHAY Db 0 Saut L4 Hdapand,

s £2L9NL DY A lrs ? 3 LONRELAtLL & %r%%%% r80d £ha fail
be yerfal ong pi pe vs\lll's‘][e eg_e ngcegﬁgary #%r heat e Crhange, '
to oeti Lo ithe tddst Busrisisat1p, asd thalabdw@ télipsrature range
_reason, it is nore desirable that thelower limt is
is 4ageuavd Gopée lEpproprya8@C, 30 respectively.

{0040]

The solution to be electrolyzed in the electrolytic reaction
apparatus may be cooled to an appropriate temperature with an
appropriate means of cooling. Such means of cooling include, for
example, coolers of an air-cooling or a water-cooling type. An
appropriate temperature rangel of the solution being electrolyzed

is 10 to 90°C. The efficiency of electrolysis willl‘deteriorate.

and the electrode damage will be larger as the temperature rises

above the range described above. If the temperature falls below

the range, on the other hand, very large heat energy will be
required to heat the cleaning vessel to a temperature of 130°C,
and a very long pipe will be necessary for heat exchange,
indicating that this is not_practical . Fox this reason, it is more
desirable that the lower 1imit is 40°C and upper limit is 80°C.,:

respectively.

iz



10

15

- 20

25

12 Said heating neans and cool i ng neans may be

provided on the cleaning apparatus or the

el ectrolytic reaction apparatus, or nay be provided

in the circulation line. O, a separate |line may be

provided in the cleaning apparatus or the electrolytic

reaction 5 apparatus to perform heating or cooling of

the solution. [00411 Tenperature adjustment of the

Sl dithet e nge@tednd| yasTi @i dnedhe ©Q) Ubé OPr&#$€de@Son the

cleaning fluid can be achieved by inter heat exchange
Clﬁﬁatngs&mrfamﬁe@r@q fégchrelybnt fearh it Apparatus, or may

b %gﬁ rgﬁu .0 the other th h the circul ation
RS Ae 10 s iRy tion heRPor figd %&Wwém may be
pr@@i&é‘&fiﬂ 'tc]‘neagflg lﬁxgt é?éa£*5f£1 r 0 SQl Htd o@tr ct ﬁeactlon

a corrparatlve rrpera ure and

apﬁhﬁ@ﬁuﬁgt@pp@fﬂ&ﬂﬁ h@athﬁ?ebﬁC&b@hithoEe@ﬁElQBlutlon
apparatus and the persulfuric acid solution (feed

(@M ution) that has a 15 conparatively |ower
tenperature and flows fromthe electrolytic reaction

AP tHES ERERAI My t&&pﬁ?&ﬁ%mﬂh@%ﬂ}m trolyzed and
t LB
enf Qe WL 25 SR EPRE AL LS M L B S o e

ex¢RAGde & Ha®TDE P Q-iles hisabh &y 0l s@h%cf fc% Bé&'t%érnabggratus
el ectrolytic reaction apparatus. The feed 20 soluti©

towiheh ofHeonwdrhromighe ititeu cé riille thien Adated Tthheaghekehhinge is

exchange, and will be adjusted to a tenperature
Iaé%m Patrgen e Pagseﬂéaﬁ#ﬁ@qmdjsaluSapa {wegturn solution)

t
enfXRANGE MRbal e AT TOntr Yelbranllr Y ne Eriber Fupn the
cléaﬁiir@&@?@@&tﬁ@ td ehéléié&t?ééﬁ?‘tié %%aﬂa&&'&hd%aw@ugéna the

passage for said neans of heat” exchange sho
repselforait yadiel spiart zoror (fatd afd Lot beh hyt ke, hadi &h
are not easily damaged by persulfuric acid. A neans

COMPATRIA Y t H@W@Ffe%?wpi%rﬂ‘&if% 2@t £ homeafieo theool ¢agrolytic
i | d
re%{?% dl##%%ﬁt§8t$o sal ro yzespg% u&x&ﬁ%ﬁ%%%urn801Utl°n

with a high_er temperature will be cooled as it is deprived of heat
by the feed solution, and will reach a temperature desirable for
electrolysis in the electrolytic reaction apparatus. The feed
solution with a lower temperature will be heated through,heé.t

exchaljlge, and will be adjusted to a temperature desirable for use

as cleaning fluid. Said heat exchange may be performed with an

appropriate means of heat exchange such as heat exchanger. The
material for passages in the circulation line including the

passage for said means of heat ex'change-should preferably be

~ quartz or tetrafluoroethylene, ‘which are not easily damaged by

persulfuric acid.

A means of heating the cleaning fluid and a means of cooling

.the solution to be electrolyzed may also be provided in addition

to said means of heat exchange.

13



10

15

20

25

30

13 [0042] Furthernore, in order to deconpose the

organic matters including resist that have been

di ssolved into the persulfuric acid solution as a

result of the cleaning, a device for their

deconposition may 5 be provided inside or outside the

circulation line. Such a device may be, for exanple, a

thermal deconposition apparatus or an electrolytic
[00d@dt i on apparatus. [0043] In the system descri bed

above, the solution to be electrolyzed 10 in the
FUrEBErmoFe . 1 QEEEFJiP ApBarRrES dunerdasie metaessi brsluding

eff|C|e of .persul fate jon
red R SR PRl i e R shELEpL Aedg saucion
as b.an&;YtHﬁ‘ ltH%”@FQaﬁ’i/néh% aBYi B EGr A r decomposition may
concentration. Specifitcal y the - ef¥|0|ency ?
be peosulktadt tnsbie produtsida tne rdased aas onh®isel faldica device
acid 15 concentrati on decreases. |If the sulfuric acid

maye ifoeftiFatg e ke, c?ed'i’fé%i@éﬂ- cimmmsittm GgEatakus or an
ele'@:ttef J! ncI u{_idcltn:,.L resi st v‘wt decrease in solubility
nd becoie more o AR renove from the obj ect

.[oh@qu cl eaned. Fromthis, the sulfuric acid

concentration in the solution used for this system

Tshout dy20 o ekecatibyedbebotel examiiacidh thebé aNge:1iolyzea

8Mto 18M For the sane reason, the lower limt

in Ghg lﬂl@qmﬁoéymlé? srant §ob @pEEvan Cgppennslaultfasﬁeoubds and

endBf e B AT Jospec el 50, e
ele@%&%@.@%@ r@&%ﬁl&no\%g%{ya@a%q}éalfsy 1oty Sal e%%ll%ltlle%ced by the

el ectrolysis The er content creases as

sulfesult aefidevapeiditeitiol o lﬂic%il]fyor il @AQsS ey of
water, it is desirable to add ultrapure water or a

perﬁyérf@gt@n iy priodeicédlont iimeressete amttdre corltfentic acid
decr ition of said ultrapure water or a

°°nﬁ§&F5&iF&0§‘od68F8%F&é sOF uERBnSULL vERT o b EsRCantRation is
dectB¥% 58, PHAWIS 1 @h3UBR Mnic matters including resist will

decrease in solubility and become more difficult to remove from
the object being cleaned. From- this, the sulfuric acid
concentration in the solution used for this .system should
preferably be, for example, in the range of 8M to .18M. For.i:he

same reason, the lower limit should more preferably be 12M and

upper limit should more preferably be 17M, respectively.

[0044]

However, the water content in the sulfuric acid solution

‘decreases, though only gradually, as a result of e‘lectrolysi's.

‘I‘he water content also decreases as a result of evaporatlon To

replenlsh for this loss of water, it is desirable to add ultrapure

‘wate_r -or a hydrogen peroxlde sol_'ution as the water content

décreases- For addition of said ultrapure water or a hydi:ogeﬁ

peroxide gsolution, a replenishment line may be provided to supply

14
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14 ultrapure water or a hydrogen peroxide solution to
said persulfuric acid solution. If water is poured on
the surface of the sulfuric acid solution, a large
heat will be generated to cause part of the water
added to evaporate or scatter at the surface, 5
| eading not only to a loss of ultrapure water or the
hydrogen peroxide solution but also to danger. to the
ulppaparer vaTer agvi @ hyfirsgent pesopids esobat tdat tsasaid
ultrapure water qor hydrogen er oxi de sol ution
Peréwgﬁ%ﬁr‘%ﬂdﬁ%@t&@%r i yBEer nig rItedvey: thrafurface of

eng3h A HLATEBLE 8 58C PISLRESRBELEHL 95 SELHLLPDA1S cavoe

pa¥esseltHd Wklter 6h8aRI P8 SPRAMALUS of M4Rler htt PBe surface,
operator supplies water carelessly as the water
legdhhentot appkarsota have ofcukassouse gritdc ant | yhe tigdrogen
sul furic acid 15 concentration may change largely to _
PeEGHEEe FP RGP RiHg @ lise tife dapeerotRaiibe PRerREAByaTo avoid
resis nd.- ot he rganic. matiers. So, .a nmeans o
enfy, {5812 ARG bl O S Pl Rt iR huirogen
peP6RYVHEESh 110 TRASA driies i tuniiGAped peBREaBE" 2hi O0cRfa way
the solution that is circulating through the
that rsaidtubordpunse twatadt o 20yGebdbul pemptid: ddRItdn is
._hydrogen peroxide solution replenishnent line to _
Anheetd T SEe dirtopet @ah Pasidie onteshgentrerseoh in the
surenents taken by said neans of sulfuric acid
Cl%%%%%%t%%ﬁ??ﬁFu%masurenent. Concentrati on neasured may

. [d®ghown on an appropriate display 25 apparatus to

al l ow the operator to operate the ultrapure water or
m¥delogepepertaxi sepsdi af ivitaepheailsbaRitad ivhe hased @mtent
‘the neasurenents displayed, or a control valve etc.

APRRAT D Privlelpcnanaat wlanidprantiaterthy shidhogen acid

er oxi e.solutiog repl eni shpent |ine tha& IS ,
CoEHT TS e BRI b NS FRLYr Chitiee S01p598) PhARERein the
pertdFRHES MRl GfenRivdlY Y09 NET QHASSAM Y Yhnic matters.

S50, a means of sulfuric acid concentration measurement may be

provided to measure the sulfuric acid éoncentration._of the

solution that is circulating through the circulation line to allow
said ultrapure water or hydrogen peroxide solution replenishment
line to perform injection operation based on concentration

measurements taken by said means of sulfuric acid concentration

‘measurement.

Concentration measured may be shown on an appropriate display

or hydrogen peroxide solution replenishment line based on the

measurements displayed, or a control valve etc. may be provided

in the ultrapure water or hydrogen peroxide solution

‘replenishment line that is cont;rolied based on the meas'uxj_ementé

to allow the ultrapure water or hydrogen peroxide solution
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15 repl enishnment line to be operated automatically.
For the present invention, there are no specific
l[imtations on the neans of sulfuric acid
concentration neasurenent if it can serve to neasure
the sulfuric acid concentration properly, but 5 the
use of absorptionetry etc. is preferred because it can
deternmine the sulfuric acid concentration quickly. A
repgesfiehalsing duldfeurtice e iabaaneehtaaidnet imayl he.

prescri bed beforehand for the solution so that the

FO‘—’nE%uPE%S%BECJeW@%‘H%f wrpauomparpecifin tieitations on

bed trat troll 10 the
enehEREE B SR IPRETH 2 adlru oRRbr Bl oh e bner iRt Bkt can

ser@@'%b'ﬁ@asﬁ%@l@Hésgﬁﬁﬁﬁrhbn§c1&nc5ﬁ%éhﬁ¥$¥ﬁoﬁ f&berly, but

preferred that said ultrapure water or hyd ro
thepeseXiode ababutdrdmneeplye ritshnen grhdie riRet fiﬁ’dadéée it can
injection of the ultrapure water or hydrogen peroxide
det§Mﬁheoﬁhﬁh@hﬂ{fWé%m{ded:m¢matatqmmm@@ms 0. 2M
the prescri bed concentrati on.

S O T L e bed
TFSLPEaBLe At TR BFEACFR EFREF2hePBUlrRYr PE BEPECTiPE
befe&aﬂaﬁhl 983:' PhENSo BLEELROLYSESat f@@&&rggaz.%ﬁc £AfFentration

rapidly if the. concentration becomes
canhb@ exmpiayasdl whehophé Prasatitad %hl::@ntﬂ&.l:h‘.@ﬁcﬁl %ntt!i%l ling
efficiency of persulfuric acid production is small if

theqperar nn pértdivulEsapuese waimy Or Mdrde@iuproxide solution
;8 hg t he tion operation of the ultrapure
repg P APRBRR et horos G8sCol 4t O PEREEREERTERRE Said
Fo) I
il S T -

pertbeaniing iagpatabuso tist aad rgﬁubéﬁi@aﬁartﬁﬁﬁi%%éry Ele%oxide
acid concentration. A decrease in the volu
solytdani whenl the meadusatesoacense aitnonhbesokgr Oc 28cbet more
cl eani ng stem the vol une of

nigfigE EBnhr bR prePre LbrrC oarroh rokine  nRLEndS because the
ef£8EEEHE g ¥f|geg%gikpklétg&idn§§gh¥0%98%t§%tt urlg%g§681Y818

the cleanin ectr ol processes
reatﬁofh@ecreases rapidly if the concentration becomes 0.2M or

- more higher than the optimum. value, while influence on the

efficiency of persulfuric acid production is small if the
difference is less than 0.2M.
[0046]

Furthermore, the inj ection operation of the ultrapure watei or
hydrogen'pei‘oxide solution replénishment line may be performed
based on the volume of the cleaning fluid in the cleaning vessel
in the cleaning appératus in stead of basing on the sulfuric acid
concentration. A deci‘ea.se in the volume of the cleaning fluid
indicates a _rise in the sulfuric acid concentré.tion. In the
cleaning system, the volume of the solution in the circulation
line and the electrolysis reactor stays neé;rly constant during

the cleaning and electrolysis processes, and a change in the
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16 volune of the solution will cause a change in the
volunme of the <cleaning fluid in the cleaning vessel.
The volune of the cleaning fluid can be determ ned
fromthe weight or the level of the cleaning fluid in
the cl eaning vessel. These val ues may be neasured by 5
appropriate neans to neasure the anount of the fluid
to allow the injection operation of the ultrapure
volutR! ef ehehy€1Qgesn PRl DXi sl thiaphel 8R! € SRRIMe of the
line to be controlled based on the neasurenent. _
cleBayexydE hgidnin hbet gpeaninguamsietly The belmeasufdtie cleaning
sai d neans to nmeasure the anount of the fluid may be a

ElugehRn be dgr e rmihest ﬁé@@t%ﬁ%w%ﬁ@ﬁttw levehicd qﬂé@/@ﬂeanmg
£1dTRPIW ¢ Eﬁ%n le?anll%%lvr&%%el Ol P ues fna,grukagz meaggaed by

measur enent measur emnen s requlr

| app%tpxtla%eveéaﬂg 1l mtaa%ugeeaﬂé RehJurdt 8EC@e MQid to allow the

rm ned by nmeasuring the volunme of the space |eft
injiecttoa cpkeabing vEddsd ultyaporet wetenventiyarodereperoxide
are no specific limtations on the neans. to neasure
SOlPﬁé"é‘nﬁ'@ﬁ’tle@fls%D&l ddmien§or bgi gont-rof lednbaspdeont ghe

0S asure and variou
e LR D BT RO B oh 707 i AT e 360 PR AP Sured.
sai@NmeRhEMHA hegsthfe | @YElamAntve)ed Ehe”ﬁiu?& r@éf%g 'abﬁlgans of
'so that the prescribed value can be 20 conpared wt
liquhé Ieaslnesentreimenal 1 HWitne dul évapueaswataeneris requlred,
hydrogen peroxi de sol ution replenishment line to
ox aemﬁ@rlm of e gleRiLehweAEhgpBeassRTERl oEf 1danidhwagaht

| b
neagl BErbicss Falior<thou ﬂlfse%#lr"ﬁi‘gﬁ%@a chfsring f1uid can

be a@eemgﬂeapg?ra&géurfhg%ﬁ@'véilﬁné Sf Reld ed @fe in the

pai r of elecirodes anode and cat hode.” For
clepnéagniregge@nt i on, there are no specific I|n1tat|ons

on the material of the el ectrodes. However, if

Pratiirumn e usst afderaais pouspecisiel démisggions on the

material, is ed for th ode . in the 30 .el ectrolytic
neal 6F i st B RS G FRBCHSRIRE Al SF 1¢ chh Sexve
for the purpose of measurement, and various exis_ting Sensors may

be used. In performing such measurement, an optimum liquid level

--or weight may be prescribed so that the prescribed value can be

compared with the measurement to allow the ultrapure water or
hydrogen peroxide solution replenishment line to perform
replenighment operation (on/off switching, injection volume
control, etc.}) bva_sle_cl'on the difference value.
[0047]
In the electrolytic reaction apparatus, electrolysis is .

performed on a pair of eleétrodes, i.e. anode and cathode. For

the present invention, there are no specific limitations on the

material of the electrodes. However, if platinum, a substance
widely used as elec¢trode material, is used for the anode in the

electrolytic reaction apparatus of the present invention,
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17 persulfate ions cannot be produced efficiently and
platinumw || be dissol ved undesirably. Conpared with
this, a dianond el ectrode can produce persul fate ions
efficiently without suffering significant damage. It

is preferred therefore that a dianond 5 el ectrode be

used as the anode which works to produce persul fate

ions, and it is nore preferred that both the anode and

persiel Cathodels bendbéanpnpreidotadeEsicietdsly akd platinum will

preferred conductive di anond el ectrode nmay be a
be Sﬁ&&@éﬁfefih%de%reélbr &daqu%/waehr@w bash agforyl electrode |

l h
ca] SRS e TDES G vl PaD e Srokis) nihhShy oyl gting
sidYi £ S50t UidRigOf fhei¥wabelroPled EEQQH§B¥EhEﬁa{:Sa diamond

produced by performng precipitation to forma
elamtfodd étreduegdt ypecip atmedeofvhpehyebystato @Ix@a{&&@ persulfate
i nstead of using a base. A product 15 consisting of a
iong apBAdiF dy%WOFQ riveeit ered rdwed] botbsthapacdecind d&deNpathode
sed but in this type, the dianond
be?%ﬁ%ﬁon& n$¥% %ﬁf nore easily as the electric
[cagient density increases. [0049] 20 A process for
produci ng persulfate ions fromsulfate ions using
Bquuckiid 1 e diomidantt isteeatl bAGRs ABScLede i} béh‘;@@roduct that
(Ch.Cominellis et al., Electrochen cal and
is qud&cadabér uéf—ngr 3, bage Gf (@ )perAcTmdyceg0patEoiiahysuch as
(p ubl ged Jap e translation, of PCT publication

100%39 At %‘bﬁﬂ 38 R GRS dF%WOEQS]é@f%é?efomed
folz.l.%mler&?b %ilesgdﬂL&l%H Lent edﬁgfie.rry dlsagﬂ%onsn S%I ng&of roduced

However, 1n the case o an elettro

by plmrrfod‘luﬂmm@ﬂe&y@rlt&ltﬂﬂﬁf ted Folfh a %&@Lsﬁéﬁgiﬁgt €ype plate
t he di anond | ayer can peel off and fail to in a

of %ﬂcrﬁ@rﬁadd Gofamank irEsad i of es refaerbask t A yseoduct

sel f-.stan ductive di anond el ectrodes that
COngAE R Pdd & Q&X‘E‘ﬁf%r ieyﬁﬂft SPFBR0ANaASHBERE av@bstrate such

as f\TBl,lﬁVﬁ_gd by w@P¥R! ulka, but in this type, the diamond layer

will peel off more easily as the electric current density

increases.

- {0049]

& process for producing persulfate ions from sulfate ions using
conductive diamond electrodes has been published (Ch. Comninellis
_ét al., BElectrochemical and Solid-State Letters, Vol.3 (2) 77-79

(2000}, Tokuhyo (published J‘apan'ese translation of PCT

-'publica-tion for patent application) 2003-511555) for cases where

the electric current density is about 0.2 A/cm®. However, in the

case of an electrode consisting of a thin diamond layer supported

j'.on a metal substrate, the diamond layer can peel off and f£ail to

work in a short period of time. Thus, it is preferred to use

self-standing type conductive diamond electrodes that are

produ_ced by precipitation on a substrate followed by removal of
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18 the substrate. [0050] Said thin | ayer of
conductive dianond is produced by doping a thin
di anond | ayer with a required anount of boron or
nitrogen 5 during a dianond synthesis process in
order to allow the |ayer to devel op conductivity.
Bor on-doped. | ayers are used frequently. If the degree
of doping is too low, the layer will not have a
thalesibb®dratechnol ogi cal advantage, while the effect of

doging will level off if the layer is doped

[ ssively. The optinum degree of doping 10 is

eneral.ly.in the_.ran of .50 to 20, 000 mrelative |
SPG % RBLBMBGRET OF BT e (HERP% 0 BRORUCRayBY . doping a
thiF rdj!:é{?lﬁ) el%ﬁ%tﬁq'w'l\é?”%' S %U%Blb\/lﬁtdbj%n%gfjon or
el ectrodes in the ormof - a plate are used 1Tn nost

duiasPs dimchd |s3ine nkeMid §rd RISk or8bEUEL UA B16Rthe layer
al so be used. Thus, for the present invention, there

to dsvelepnoorpect fvityi Borar-clnpeashlaheramtrensaddE faaquantly.

oﬁ said electraodes, [0051] It is preferred that the |
It g %&aergrﬁ%f‘s?g WERY SAFaockiut bRy el Bbhdod kete sdiesired

: ‘ . 20 Wi i
e R A AR R B TR A hetrp ey 1t Tevel
of BUF kel a pérlikeq69ad esldekd idicaaRpngnL e b?:‘éti\‘aﬁgﬁ'ﬁag?xrlﬂe of doping

all owi ng a solution containing sulfa [

nitrogen

e ions to flow
is penaraslyvint hhée hengieanDid te 26 tnedeps reflatévatt@the amount

linear velocity of 1 to 10, 000 m hr so that they
of &ﬁﬁ§QWf%bﬁ#5%ﬁhﬁ%l@%ﬁﬂﬂ?@n#ﬂ%@rQS The cl eani ng
e eith f..a single.disc .
bRy o IRt P o A g o i s an ohe

fora0bell g1 dEE 28RSt ANGLR0BE A SSObUED pi BEL HRB ng a network
cleaning fluid as resist and other contam nants "are

st nuermveEdcandh ldicsse lusedl .dThiing fidietheqarigemt dhvantion, there
el ectronic substrate in said cleaning apparatus. Here,

are po3FRES ifd e ddar Atd Remse it TRIBSUBRcfeed of said
o1.8ffigiently fromthe

[0051]

- It is preferred that the electrolysis using said conductive
diamond electrodes be performed by applying an electric current
with a density in the range of 10 to 100,000 A/m’ to the surféce
of the conductive diamond electrodes and allowing a solution

containing sulfate ions to flow parallel with the diamond

-electrode surface at a linear velocity of 1 to 10,000 m/hr so that

they come in contact with each other.

The cleaning apparatus used may be either of a single disc
processing type or of a batch processing type, but goluble TOC
substances are dissolved into the cleaning fluid as resist and
other contaminants are removed and dissolved during the cleaning

of an electronic substrate in said cleaning apparatus. Here, it

_is necessary to remove the TOC substances efficiently from the
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19 cleaning fluid and prevent re-adhesion of organic

substances onto the electronic substrate,. and

therefore the persulfuric acid production rate

(g/L/hr) in the electrolytic reaction apparatus

shoul d preferably be 10 to 500 tinmes the generation

rate (g/L/hr) 5 of the TOC substances that result from

renoval and dissolution of resist in the cleaning -
clespparatisid Hiidpserens 1 aitaeive afgnothnibakabeeances onto

between the consunption and formation of persulfuric .
thgy G ectyarif e 1erds ciagt desmfiane dite dgrsiefitric acid

el ectrolysis. F he . s reason, .the lower limt
prEhEHIPLFREE: (ol BT AR 2 ERECERRer i aot bt ohimparatus

aaf : e

A AT R R A R T e S
of siHef moe sabkdaneeygcthag typealel £achNgensysl endfdideolution

i nvention consists of a cleaning apparatus that 15 _
of perigErs Eheariernlg avpagaiugertil $ serivesatpdchieve a good
sol utjop- as_c¢leanin fluid, el ectrolytic reaction )
validt behuSen i dorapmet LpBarih FGrRati-eatts BRregL ruric acid,
persul fate 1ons fromsul fate ions contained | _
sangokeabon, wanrdlaweikrinid shbuldneréfataisiy ¢d abemd Ble upper
_persulfuric 20 acid solution between the cleaning '
1ingigp stendsl aae ferabdivedter G001 e speadtived yappar at us, so
hat the sulfuric acid solution can be used
[54W§ﬂ£i§§ﬂ9f &ﬁ&eFﬁaP &S PG A acid sol ution
[oyabgh serves to enhance the removal perfornance can
be fegenerated on-site in the electrolytic reaction
Aappaset tse@ntbdiaed they sehgamriilac28 +80pSEling type cleaning
Furthernore, the sulfuric acid recycling type
sysy@ms Wt (phiec 1aviedt iomp slopsdsrar atfus ofl eemd rionwgpdmtus that
consists of an _electrolytic reaction, apparatus that

PELTEF TECF B PYIYRIRY PRETT O Yol PEYERt dtielqrhgs cleaning
£1f S WRcRE0n a0 JEL0R B READNGING RECSM A0,

1 ons romthe s ate rons co
eleaftdodytic reaction to regenerate the persulfuric acid solution

pernBdanel Al £r{ o RE 'E:%élaflilil lCard§ b FS 2L UEE U o @é’rcﬁi}?%ieg' BB the

by producing persulfate ions from sulfate ions contained in the
goluticn, and a circulation 1ine that circulates the persulfuric
acid solution between the cleaning apparatus and the electrolytic

reaction apparatué . 8o that the sulfuric acid solution can be used

. repeatedly and that the persulfuric acid solution which serves

to enhance the removal performance can be regenerated on-site in’
the electrolytic reaction apparatus and used for cleaning..
[0053]
Furthermore, the sulfuric acid recycling type pérsulfuric acid
.supply apparatus of the r.inv'é'nt'ion_ consists of an. electrolytic

reaction apparatus that performs electrolytic reactiqn to -

regenerate the persulfuric acid solution by producing persulfaﬁe

ions from the sulfate ions contained in the solution, and a-

C 20
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20 circulation line that circulates the solution
between the electrolytic reaction apparatus and the
cl eani ng apparatus that consunmes persul furic acid, so
that instead of adding chem cals fromoutside, the
sul furic acid solution can be used repeatedly 5 to
allow the electrolytic reaction apparatus to produce
and supply the persulfuric acid solution on-site. :
cif8nietidestinpt thatotitbeldraw ops] sof10%4h bEtgues ik
a schematic drawi ng showing a node of the sulfuric
elaetuolybie st iy epparatesniang shstainafincthapparatus that
invention, Lgure 2]. A schenmatic drawi hg shqw.n .
cob RISl A o T Gseoh RESEREnRY ghemicals
Frh AW G &DOWIHIG <31 Fpd gcogcﬁaeséﬂllé E(%Ill Ccﬁ'? 'b%h u_%g&ygebggtedly
type persul furic acid supply apparatus of the
to kNvent tloneldotibilguie ¥dadt sohapphira tdsaw pgoahewiail supply
anot her node of the sulfuric acid recycling type
the | rersnbivyse eae bt sobuthoentiiopite| Figure 5] A

schematic drawi ng showi ng still another node. [Figure
[B%ﬁegﬂg%ﬁ%ﬁﬁﬁ?%oﬁr%gﬁﬁ@es HEEEti 11 anot her node.

dd=pl anation of nunerals] 20 [0055] 1 cleaning vessel
2 persulfuric acid solution 4 return pipe 5 feed pipe
[FZpufe 110 quistHeted iRUBawTnheovtNangfie ¢ tHO3 3% ric acid

| ob el ectrolysis reactor 11, Ila and | 1b anode 12,
reayal Hl Upe catdweing 3y dSehi pbl Hne el medn oites.
[Figure 2] A schematic drawing showing another mode of the system.
[Figure 3] A schematic drawing showing a mode of the sulfuric acid
fecYcling type persulfuric acid supply apparatus of the
invention.
[Figure 4] A schematic drawing showing another mode of the

sulfuric acid recycling type cleaning system of the invention.

[Figure 5] A schematic drawing showing still another mode.

[Figure 6] A schematic drawing showing still another mode.

[Explanation of numerals]
[0055]

1 cleaning vessel

2 persulfuric acid solution

4 .return pipe |

5 feed pipe

6 iiquid feed pump

7 heat exchanger

10, 10a and 10b. electrolysis reactor

' 11, 11la and ilb anode

12, 12a and 12b cathode

13 bipolar electrodes -
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21 14 DC power supply 20 thernmal deconposition reactor
21 heater 25 ultrapure water replenishnment line 5 30
sem conduct or wafer 40 sulfuric acid recycling type
persul furic acid supply apparatus 50 sulfuric acid
concentrati on neasurenent apparatus 5l1a liquid |evel
sensor 10 51b liquid |level sensor 52 weighing
apparatus [Best node for carrying out the invention]
14[ 0056¢ pewdodiweply 1-1) 15 An enbodi ment of the
sulfuric acid recycling type cleaning system of the
20§ nvelppernal sdesprpesbdidrel ovadaeed on Figure 1. An
5 el ectrolysis reactor 10 which corresponds to the
lele ?%F%?ic reaction apparatus of the invention is

con r b, ' a feed pipe 5
25.to 2?%%%#%% vesse?r%fél&{%]%%glrﬁg%ponds to the
30cCl ek appatedtSeDfert he i nvention. | n both the
return pipe 4 and the feed pipe 5 at |east the inner
40sur faicksunie aubd vicyelin | Uwoadndwnbiriandad isgyply
feed punp 6 for feeding the-persulfuric acid solution
FPRRYIYFovided in the line of the return pipe 4. The
circg ' . o) .y, ' AR i.d
50 ot (P hE o AR B RS S e

s1deatl exednpsfel ddiado€orresponds to the heat exchange
nmeans of the invention is provided between the return

51k pel Unaidl tdreel femtbqpi pe 5, and sai d heat exchanger 7
serves, for heat exchange between the solution flow ng
52 n REFIERF FRRPE P Snd the sol ution 30 flowing in

(BAE £688 PLPCRrrihg NSud YASS LDl SNQYM Within the
_[0056] '
{Embodiment l-‘-l)
An embodiment of the sulfuric acid recycling type cleaning system
of the invention is explained below based on Figure 1.

An electrolysis reactor 10 which correspondsl to the

electrolytic reaction apparatus of the invention is connected

through a return pipe 4 and a feed pipe 5 tQ‘ a cleaning vessel
1 which corresponds to .the cleaning apparatus of the invention.
In both the return pipe 4 and the feed pipe 5, at ieast the inner
surfaces are made of tetrafluoroethylene, and a liquid feed pump
6 for feeding the persulfuric acid solution 2 is }j;)rovidec_l in the
line of the return pipe 4. The circulation line of the invention

comprises said return pipe 4, feed pipe 5, and liquid feed pump

6. A heat exchanger 7 that corresponds to the heat excha.i’lge means

of the invention is provided between the return pipe 4 and the

ﬁeed pipe 5, and said heat exchanger 7 serves for heat exchange

between the solution flowing in the return pipe 4 and the solution

,flowing in the feed pipe 5. In the tubes {(not shown) within the
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22 heat exchanger 7 as well, at |east the inner

surface is made of tetrafl uoroethylene. The use of

tetrafl uoroethyl ene, which is resistant to

persul furic acid, as material for the return pipe 4,

feed pipe 5 and tubes in the heat exchanger 7 serves

to prevent 5 danmage from bei ng caused by persulfuric

aci d. Heat exchange between the solutions is
heglerd:ormtydetveen welld. ,r etulnapipehd amter the feed igi pade of

5 in this enbodi nent, but for the present invention,
tet ¥l Feaptpathy hana- nhle bespr ofi bedrafiHosoebbyiege redhich is

oA aSEELS AR L RLET A A0 02 10 2005, e

, keal n | LUt f :
1. PSRN b A3 Bt o SEAULY freven

damage pioovn dedling saised!legt pelyal surieastod. 19eadndxchange
bi pol ar el ectrodes 13...13 are provided at 15
betyear thsegolutérpsl i Ravkermedoadinade theangtwhe pipe 4 and

..cathade. 12. For_. the present invention, the electyodes .
the FeSdIPIRE S 4 B DEIRP A PREE LUHC ey CoRpresE it yuaRtion,
thaRe¥Rrangd;i Be CAMRABe 5ALE: 30946 iH 220901 2
are conngé gd.mﬁth S:%%?p%mer SJ%%Fy 14 %%ggﬁg%gfggﬁé cools
theelseciutolors iprafeactiy Mbrd REford diorecihe el Ak 28ed pipe
electrolysis. [0058] In this enbodinent, said
5 mEved e pgEeyifded withapdhestdogpmesss dbabohdats the solution

ect.rodes. Said di anp el ectrodes are produced by
prerejgreﬁ}?:]%gupa q%i%o%i%%uﬂgoT%yer over a substrate and

[o9erijng it with 25 boron preferably in the range of 50
to %O, 000 ppmrelative to the anount of carbon in
Bai Zhéde N 1dhadoaddwyele 1BUALBES IO Bled tinBYidREI étrolysis
sel f-standi ng type el ectrode which i's produced by
reachsvitiy atrhg migsshaatel ef terdes othicl hgptdetduited at

pre!ﬁ%%é:ﬁirl?qiggggmig l;rgi?wgézr? a}:rﬂengﬁgggsle]l_ ‘a%ldi Ehg %23:%%(1?512 . For
the present invention, the electrodes may not be of a bipolar type
but may comprise only an anode and 4 cathode. Said ancde 11 and
-the cathode 12 are connected with a DC power supply 14 to allow
the electrolysis reactor 10 to perform direct-current
electrolysis.

[0058] |

-+ In this em‘bodiment, said electrodes 11, 12, and 13 comprises
diamond electrodes. Said diamond electrodes are produced by
producing a thin diamond layer over a substrate and doping it with |
boron preferably in the range of 50 to 20,000 ppm relative to the

amount of carbon in said thin diamond layer. Furthermore, it may

be a self-standing type electrode which is produced by removing

o the substrate after producing the thin layer.

30

- [0059]

The c'lean_ing vessel 1 is connected with the thermal

23



10

15

20

25

30

23 deconposition reactor 20, which corresponds to the
deconposition apparatus of the invention, through
circulation pipes for thermal deconposition 22, 24,
whi ch are provided separately fromsaid circulation
line. Aliquid feed punp 23 is provided in the line 5
of the circulation pipe for thermal deconposition 22,
and the conbination of the circulation pipes for
de¢dreporml t det orpodiori 20, W22 clR4ocamdsphedbitquite faetbmgunyition
23 allows the cleaning fluid to circulate between the
APRIEAH §TVERR dRVENEASPTY NER TP Rrs raud ahpoRiRiRSsP for thermal.

ctor_20. rther Lupy heat er [ QVi 0
deééﬁhﬁﬁl?%erﬁgf é§0g3%5| Ridhe s 6Y%#-éxféb?ﬁﬁ§§iﬁlﬁgom said
citdeil did g iR . KeIFehi cARdedabinb e 8l 31odh 8R4SEA V@R line

as the heating means for the present invention.
of [I¥6 0 irdiiea bskipipef far stihdtmaT detshpecyclom@d,ypad the
cl eani ng system 15 configured as described above is
Comﬁﬁﬂ%ﬁ#ﬁﬂiQﬁﬂﬁﬁﬁ QAﬁ§MMﬁ9%Q?-QGPQSSEPUt¢QﬁFWﬁltﬁQFOWPOSlthH

f d
22 18 Pk h PR TR Pt Crapihie Rat by <TebRE g e to
c1fc91]?aﬁ’e9ll'5g@ﬂééﬁ 101 0f e i dln 19y PrOglice 2 Y féHé G

sol ution. The .solution is sent continuously by t
dedonpo fieed 2qnow 206 Farithe reloget, r al ¥ehset ety pdvided
In the electrolysis reactor 10, electricity is

in &pgl 'F}é%lrftl%l {dReommats. tiomrearkercad hedbeat the lifuiddn the

14 s e bipol ar el ectrodes, 13...13
vedi! VERrYgilied®ar! o Shoudidind e FRReSToLps tisans for
thd fgggﬁg R-eseidhed intervals. The solution sent to

t%é electfbly5|s reactor 10 is 25 allowed to flow
[oogtodeen t hese el ectrodes. The output of the liquid

feed-ﬁunp 6 .shoul d preferably be adjusted so that the
Thei weakingepécht yudfurhe arddi te¢yoling Yype il gearigy sfystem

10, 000, m hr th t.h I at f
corg Rttt QRSP GHATIb! o B ALk S+ hat ¢ he
A s%lirfﬁ%t: Q%l}}ﬁl E)Sl@t%lbﬁhwiﬂﬁf QC&?E%%{E?Oﬁﬁ%S@%%ei}Q:ﬁtion of

el ectrodes cones in e range o
10 to 18M is poured in the cleaning vessel 1 and ultrapure water

-is added up to a volume ratio of 5:1 to produce a sulfuric acid

solution. The solution is sent continuously by the liquid feed
pump 6 to the electrolysis reactor 10. In the electrolysis reactor
10, electricity is applied to the anode 11 and the cathode 12 by

the DC power supply 14 so that the bipolar electrodes 13..13 are

polarized to allow anodes and cathodes to be formed at prescribed

intervals. The solution sent to the electrolysis reactor 10 is

allowed to flow between these electrodes. The output of the liquid

feed pump & should ,prefe_rably be adjusted so that the linear

velocity of the liquid flow is in the range of 1 to 10,000 m/hx.

Furthermore, the application of electricity should preferably be

. adjusted so that the current dens ity at the surface of the diamond

electrodes comes in the range of 10 to 100,000 A/m®.

24



24 [0061] Wien electricity is applied to the solution

in the electrolysis reactor 10, the sulfate ions in

the solution is oxidized to form persulf ate ions,

resulting in the regeneration of the persulfuric 5

acid solution 2. This persulfuric acid solution 2 is

sent through the feed pipe 5 to the cleaning vessel 1

to provide the high-concentration persulfuric acid

[09&%tion 2 in the cleaning vessel 1. In the cleaning
ssel. 1, i.n spite of a slight decrease |n the B

EBR B oo L i S b SPASR O fons hertrolysis
resRfldy 49¢OMROSI Albe LS ILUELLGLLCHLAT AP JIWIBRY 1o Form

t he cl eani ng vessel 1 and thRe el &ctFo ysi's Teéactor 58
pemnd fldtd Somb patenllyzietl ihrtHdeegkaetkhehivel Sf t@aGE&Fsul furic

10, producing persulfate ions to maintain a
acigl ghlebhevrit r dbiisnpofspifyui ¢ atwid seduthon phissent through

ractj cal nopde, the process of producing persulfuric
the) $5FG EHRELS 9 1 A RTIRPS L oL SHRrRERp QRrtaR

hidbp i i | Yy f.0r .inventjo o
LS R D00 Bt UL AL LIS cheaning

- vedda userwfrhel etbanlinyi eseaTti ORnagPALALAS of 81 ight decrease
persul furic acid production is advantageous because

in féyes giohgeing ragdicth odh geeswldduced s sidwlt 2y [HO62]
Furt hernore, .the persulfuric acid solution 2 in the i
self-defoAg stédoa: Ghe s lpd inkat d4cByaErP A taIssy thReleaning
RSyl [ ' |0 f we the clean
Ves\%%slsgl gﬁéandgﬁwlge%%gél%%léw&%@o%ﬁorsi%{&i 8ﬁgr;é c;l"%req%‘ftr‘)lyzed
in theokglcthe 19kl euhabic@bPiRes rfard dd¢id®yifate ions to
deconposition 22, 24, and liquid feed punp 23, while
maimpgatinng hhghsclontieant rat itme cifh gremalu Idescenpiesid | Gor this
reactor 20 with the heater 21. The circulation )
PrachisGdhmPHE - cFREUPEPFRRS pPheRr Pdicingigremsulfuric acid from

s BEGIIESIY L0006 p 20 LS, LS PR B B vy,
- buttfer @:h@g[ﬂwf%f\l/te_?%,\/ pesalilkuhas 4868 qRSPH: W dRRd in advance .
How[e?rgurl,r?:hé use of electr.olytié reaction apparatus for
' “persulfuric acid production is advantageous because persulfuric
acid can be produced on-site.

{00621 |

Furthermore, the _p_ersuifuric ac:_id.solu‘tion 2 in ‘the cleaning
..vesse,l 1 can b_é heated by circulating the persulfuric acid
solution 2 between the cleaning vessel 1 and the thermal
degomposition reactor 20 through t_hé circulation pipes for
thermal decompos-itibn 22, 24, and liquid feed pump 23, while
heating the solution in thé;"thermal decomposition reactor 20 Wilth
the heater 21. The ci_rculation through the e¢irculation pipes .for
thermal decomposition 22, 24, and liquid feed pump 23 t_nay'_b.e
- started after the persulfufié _acid concentration in the-cleani'ng: _

vessel 1 has increased' up to a re_quiredllevel..
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25 [00631 deaning of a sem conductor wafer 30, which
is the object to be cleaned, is started after the
tenperature of the persulfuric acid solution 2 that
acts as cleaning liquid in the cleaning vessel 5 1 has
been increased by the above-nentioned heating up to
about 130C. Specifically, the sem conductor wafer 30
is imersed in the cleaning vessel 1. In the cleaning
[oosssel 1, strong oxidative conditions have been
devel oped as a result of self-deconposition of
Clepn g foff @ pemd canduetpacvadersalf uwwitchcial thendbg m;ré to be
etc. aon the sem co ctor wa

Clea%eigfr%%%ﬂn%?@@ﬁﬁe\rememaer%rgfﬁb Pgo&ﬁ%?&rﬁ fieturie acia
so PR A L1 AL S UL 0 3 T8 SUOTHADGES. [ETRYE vensel

ans nto t e per aC| ution 2
1 WL béeponpesedsby bbetmtam@m@ﬁffdﬂé@&ﬁaltqm@ up TH& about
persul furic acid in the cleaning vessel 1 is sent, to
13qQHe. Hpaatidtiaaol s §hee@@ﬁmcomudhmghﬂehre36etarmrp¢p@ed in
4 and the liquid feedlgﬁ and persul fate ions are
the) co8aLed S YORFSUI-al® | §1e§§116’é158?i36%i‘1 TabglEongpxidative
co cjﬂﬂ!lélt@ %Wesﬂééﬂrd%&% ?lg,c%rlterﬁlto 2) g\@if— Q&ﬁ’ﬂpOSltlon
ecrease as a res econposItion

of ipFAasRtde t DoMe GaNer &t Pedth o Peh bt & Ca@td d a%gi Wik, the
2 20 [00641 As the persulfuric acid solution 2 flows

contaougnttheztret urm tphqaesemchrruimttt’cer chatar P \egsaterdoved
to the electrolysis reactor 10 . under goes heat

effe%zaja‘f@éf iapd wer%éte%?@h éﬁ&@r t’?e\r/]\P?ﬁSP%urbfé r3eHe qlution
2. Zlﬂeers slﬂ:ta %szrteﬁ%gf ?éﬁgg ir ?r gg t?ﬂlggésli&ﬁfurlc

_ el ng eCtr ol ySis'T
acid sol@ i cpeb sathd Wédan%@éécﬁgb%h@rh&lférpwfnge%ﬁlﬁate ions.

t he cl eani ng vessel has been heated up to about
Thel 380G Iofwensura: it figctihe claezaminyg. vesihel perisuldant co the
acid solution 2 flowi ng out of the electrolysis

e ercéﬁa]delfOre@ﬁtf’ﬁel&tkfé?mfﬂifh&h%ﬁt&rpeﬂb@?ét aré Bpe liquid
£edPRUL1AC 230 Puribgelhe Nsal 9o R20gE D' HESR LDPELYL sons
as described above, so that the persulfuric acid concentration

- which has decreased as a regult of self-decomposition is increased

to regenerate the persulfuric acid solution 2.
[0064]

As the persulfuric acid solution 2 flows through the return pipe

4 from the cleaning vessel 1 to the electrolysis reactor 10, it

undergoes heat exchange in the heat exchanger 7 with the

persulfuric acid solution 2 that flows through the feed pipe 5
after béing electrolyzed in the electrolysis reactor 10. The
persulfuric acid solution 2 flowing out of the cleaning veséei

1 has been heated up to about 130°C to ensure effective cleaning.

"The persulfuric acid solutien 2 flowing out of the el.ectrolysi.s

"reactor 10, on the other hand, has a temperature of about 40°C.

During the heat exchange between the two flows of the persulfuric
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26 acid solution 2, the persulfuric acid solution 2
flowng through the return pipe 4 is cooled down to a
tenperature of nearly about 40C while the persulfuric
acid solution 2 flowng through the feed pipe 5is
heated up to a tenperature of nearly about 130C. 5
After the heat exchange in the heat exchanger 7, the
persul furic acid solution 2 flow ng through the
aciétsriutbiore24 oo lpe reatl dnadiley acafites watr tbrardf goadngl dhrough
to about 40C, which is a suitable tenperature for
the redtind PLre 4 dacepehced|dowmite o lsost chgnepsly about
cessary,, a_cooli neans,. for_exanpl .
40 R G R IG VAL B5SF RYLHEARE, 2 OB Al the
fed @i 6eds GROl 4y @ thhe t&lllﬁecfa[@l%’]es'o% h€aEL9 apdur 130°c.
Aft'er under gol ng heat exchange in the heat exchanger
Aftler tthe heasubfcHatgadindthel kdorextHdrwing , t thoygtrsul furic
the feed pipe 5 reaches the cleaning vessel 1, and
acid wed uiiich 2 Hdowigdgstihfongh tied detorutpipe 2 tedlsinnturally
t he cl eani If the 15 tenperature of the

At QST e AT DR T AR LA (e FhebiiEable

| temROURSd 3 ¥ectio u}??@%f&“@tﬂbgg mA%@{vg]cooling

up to a tenperature or cleanin
is deseddhet, abovwoliigy meeirsll fidgd il sl Wdteh- 2ddling or
cooled as it flows fromthe cleaning vessel 1 to the
airien¥igly sieanssadayr bE0 provided dlohdianyezd cooling of the
el ectrolyzed, it is heated as it flows back fromthe

e leGta i iR iTE a4 t8r £6E8 YRECEFRART METesPeFhange in the
' ' y : [ 0 I r
hef EhBHahLE 7Y EhE iy AP Bt ato Tl ond £RSiEhyyHEousn
theDfFebaapiponsuandhbarcid e 1RealimOvRESE.SS, amixes with the
therefore, if the efficiency of the heat exchanger 7
persniany chaghd X5luthieont énpef htiur ¢heonteahing vdwmsel 1. If the
ersul furic %gid solution, 2 can_ be perfornmed very

Cenpehadiuift I9F ByesBppFPLAYgTacsAeif Sabuhtonf2 Hepithe cleaning

- ve rgybgf:&megF%%%%%v},oﬁgolggf;%?;heeaftoé’d '?vﬁ% 182161 u??ao%elé 21 up

I ssipation. T i uric acid s
to potéupedaviibd S@NEAMNFHY:S cleahifg.3AsCUEHH- Ny SS®e, the
1 is sent through the circul ation pipe for thernal ,

- persulfuric acid solution 2 ig cooled as it flows from the cleaning

vessel 1 to the electrolysis reactor 10, a_nd‘ after being
electrolyzed, it is heated as it flows back from the electrolysis
reactor 10 to the cleaning vessel 1. Iﬁu’fing thAis cycle, the
gquantity of heat released from the cooling -pfbcess is nearly equal
to the quantity of heat consumed for i;he héating proceés', and
therefore, if the efficiency of the heat exchanger 7 is very high,
the temperature céntro‘l of the per_éﬁlfuiic acid_ sdlu’;ion_z can
be perf_Ormed very efficiently by supplying a smaill amcunt of heat
energy from outside to co.m.pen'sate for heat dissipation. |
[0065] o o

The persulfuric acid solution 2 pol_iuté:,d- w1th cont_aminants in the

cleaning vessel 1 is sent through the circulation pipe for thermal
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27 deconposition 24 to the thermal deconposition

reactor 20, where it is heated with the heater 21 up

to an appropriate tenperature (130C for exanple) to
ensure that resist and other organic substances wll

be deconposed to enhance the cleanliness of the 5

persul furic acid solution 2. This sulfuric acid
solution is returned to the electrolysis reactor 10

deqqperit P 24 teubhei dherprpaddepmpdmitiein reactor 20, where

.. dec si.tion and the Liquid feed 23 so that

e JECRARRRN PP SRR ACE: B1dHb g BE S BPEBpF L p c iograture
, Y I I hi g, . ‘
(]'peﬁgdéﬁgﬁﬁéﬁhgo Hhus,é§$ﬁ€%e S%Ff%§$%§%CI3 B%€§% T A

subyh&d £anilng bsygtebmpssedsed dihLh@anH@leanliness of the
sem conduct or wafer 30, the persulfuric acid solution

pexEwhinpec et replat e y2 . wirthousubiipplyiagiddeblutoben is
1g¥q%%?en ngoxide solution or ozone, in order to allow .
relgtt itve ChEl AT HECL¥ShE Rt F e W PEIRebRRST HE Tt ion

' plﬁ(é%%bog:glf:%%{rﬁ%lg?@%ﬁg?ﬁiéléﬂlﬂ !a% %he[ 9?%2:1% uﬁ%eudr e é-.lmp 23 so

er enbodi ment of
thaactUerAeHGIWITY b¥porad@aMdgi tBY P péul heri Avend $Mution
I s expl ai ned bel ow based on Figure 2. 20 For sone '
2 gt had wediodierernt High cohddmine dosiivtmadae t o ,
enbodi pent.. 1 descri pbed above, the sane nunerals are

HEEE- ahl theiFUlBRptaRfibrsKicd i09 tveg pieaning system is
' i i ed. e I sel-.1 Ls egul ppe 1ih a .

us L TR 15E% SPRCSERTRRRAcYE Farel 48 O MBRT I i acia
solaiticil $0c8fUbS RSk Wirldhedit dd 1ty ARYEBOURSSUBH BFing additional

repl eni shnent line 25 to supply ultrapure water to the
hydmrganl peroxidei sobot ivnorn: 2zofleg theardeary tvessbbwlefctive

connected wth electrolysis reactors, 10a and 10b, =
clegiidy EorPeBitd s uhd L8 BeieRP AT ENg ddet PeRsulturic acid
paratys, through a return pipe 4 and a feed pipe 5.
iquid 30 feed punp 6 is provided in the return pipe
[ob663and a heat exchanger

sol

(Embodiment 1-2)

Another embodiment of the sulfuric aecid recycling type cleaning
system of the invention is explained below based on Figure 2.
For some parts of embodiment 1-2 configured similafly tol
embodiment 1 described above, the same numerals a.fe used and their

explanations are omitted or simplified.l

The cleaning vessel 1 is equipped with a heater 21 to heat the
persulfuric acid solution 2, and also equipped w:i...th an ultrépure
water replenishment line 25 to supply ultrapure water to the
persulfuric acid solution 2.

- The cleaning vessel 1 is connected with electrolysis reactors

- 10a and 10b, which correspond to said electrolytic reaction

apparatus, through a return pipe 4 and a feed pipe 5. A liqﬁid

feed pump 6 is provided in the return pipe 4, and a heat exchanger
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28 7 is provided between the return pipe and the feed
pipe 5 as in the case of enbodinent 1. [0067] The
el ectrolysis reactors 10a and | ob are connected in
series, 5 and the return pipe 4 is connected with the
el ectrolysis reactor 10a and the return pipe 5 is
connected with the electrolysis reactor |lob. A
connecting pipe 4a is provided between the
7 18 @eovéldesi betivggot bhelbatand pige elngttthel fskd piopetHras in
. lob. Thus, the solution 10 flows through the return
they (89 O | TRIMWEs Teactor 10a, connecting pi pe 4a,
{dﬁ trolysis reactor |ob, and feed pipe 5 in this
order. An anode |la and a cathode 12a are provided in
trhe €lectrolysis raareeh® 1d0and@ioBnade cbhbedfdddin series,
cathode 12b provided in the 15 electrolysis reactor
and ¢be beporarpigbect fedesniSated i8aptheiabst-tatolysis reactor
prescribed intervals between the anode |la and the .
105 &t ddrel ZetUBh PHRSH S &S BEIGG@Ss wigl thesglectrolysis

: QVi at prescribed intervals between the anode
re%$%%%%§ﬂ%he cat hode 12b. For the present . invention,

hAheoshest ingdepipeedal Dst POoRL 8EHT BLYRESn M ERCT O e MY Bk i 5
not be of a bipolar type but nay conprise only an

reagnigde 18adard datehedectrbaystibi seantmdilment Thds araid solution

el ectrodes are used as the electrodes |Ila, IIb, 12a,
flops, thippyghy fhe 3ptuasd indbend cadecsrodiisdgi weactor, 10a,

ese _dj anpnd, el ect r odes, _ar.e. produced dopj hi n .
corflET BIRIGHE: i B o SrReagtpe o et et tpe 5 in
chiandddeg- cat hode 12a 25 and the set of the anode IIb

and the cathode 12b are connected wth a DC power
Asuppbde I4a anfiod alaltéloden1ah| awe phevelieat {0lInts 8lectrolysis
reactors .10a and | ob to performdirect-current

reagitegt ARy spE. arcgeedflbTREder kiatiode LRb puPVited avi the

r lin I i ng. m ri [
eleéjx(é:?ég,lylﬁé. %%?cgt f:rel%rial, glIS)Xig.g elescotrdoedSeCs I11’9&16_(:11 g %Vr%vliséied at

_prescribed intervals between the anode 1lla and the cathode 12a,

and bipolar électrodes 13b..13b provided at prescribed intervals

between the anode 11b and the cathode 12b. For the present -

 invention, the electrodes used in the electrolysis reactor may

not be of a bipolar type but may comprise only an anode and a éath_ode.

For this er‘nbodim'ent, diamond electrodes are used as the electrodes

1ta, 11b, 12a, 12b, 13a, and 13b. Ag in the case of embodiment

-1, these diamond electrodes are produced by doping thin diamond

layers with boron. The set of the anode 1la and the cathode 12a
and the set of the anode 11b and the cathode 12b are connected
with a DC power‘_supply 14 in parallel to allow the electroly-_sfs
reactors 10a and 10b to perform direct~curre;1ﬁ electrolysis.
[0068] |

The working of the sulfuric acid recycling type cleaning sysfem

- described above is explained below.
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29 The cl eaning vessel 1 contains a sulfuric acid
solution wwth a sulfuric acid concentration of 8 to
18M and ultrapure water, which are heated with the
heater 21 up to about 130C. The mxing ratio of
sulfuric acid and ultrapure water is adjusted 5
appropriately by supplying ultrapure water fromthe
ultrapure water replenishnent |ine 25 while taking
thhensperatingnvestel accoohbindhe swl furic acid solution with
solution is sent to the electrolysis reactor |0Oa by

a $RELVTIRi AFFecPiRppt Rtiont ol &l th®f Wik ulégepore water,

10a, electricity is .applied tq.the anode |I the . .
ot o B SE RO BT He® B cor oW P70l it - (W mixing
rablHOLAT &1 61100881 438nd: h3Rrapli®ePRbREZ8E. 1E88sted

solution sent to the electrolysis reactor 10a “is
apprbenesic &by f bpwsappliyhagr uterapuly ebtdrt §rdf, @08 ultrapure

mhr, and electricity is applied so that the current
vagersteplomnisheentr tane 26f whhéedialmbnd &reospsédesion into
cones i.n the range of .10 t Q0, 000 A/ ne. 5 069 .
acggihe Thi RIIRIAIoAS ith "R tarbo PP 6l ¢ & Bregbkorysis
PEESHT0AL By 101S 1 LA 1 A A m (&) d QNS 140
lAet hen the S%ol ut i o[;lﬁils s%llt&%?lg&)trﬁe Igf‘égtgregjl%/m S %@%ﬁ graacmr
10a plelidutatighi yhd s appneetli 89 fheeudaie 08 4a8dldhe cathode 12a

persul fate ions are-produced from 20 sulfate ions in
by tihe BCeppvorysirplvdd s Fbbtashedtipeimprdeicteodes 13a..13a

hi gh- tration, persulfuric acjd solution 2, The
ar Q) EGH g FE SHLTer GBI 441t Eonthd ShpdkTonals Fesever 10a

to [ f.e Inp .
S RO GO 2 dalesle MY O TTRD RoPBod; /A, ana
eldlensidycatist Appiiedacs tob t! fRe Zh1tH AP IENBL R £048% ESrface
adjusted in the range of 10 to 100, 000 A/nR2.. [0070]
of The dlaernhglessgsides aonesont shasramge of 10 to 100,000 A/m’.
hgg;-concentration persul furic acid solution 2 that
LG¢ “‘undergone el ectrolysis as described above, and a
ASCTHEoRAY Al e R, 3Q 4] Sifed eangd §&§ Ore%%l%or 104,
ab i st*and "ot her

ove-nenti oned case t0 renpve resis

perdeitedions are produced from sulfate ions, and then the

. solution is sent to the electrolysis reactor 10b through the

connecting pipe 4a. Similarly, persulfate ions are produced from
sulfate ions in the electrolysis :Eeactor 10b as well to provide
a high-concentration _persulfuric acid solutioﬁ 2. The

high-concentration persulfuric acid solution 2 is sent .to the
cleaning vessel 1 through the feed pipe 5. In the electrolysis

reactor 10b as well, the current density at the surface of the

diamond elec‘trodes ig adjusted in the range of 10 to 100,000 A/m?.

[0070]
The cleaning vessel 1 now contains the high-concentration
persulfuric acid solution 2 that has undergone electrolysis as

described above, and a semiconductor wafer 30 is cleaned asg in

- the above-mentioned case to remove resist and other undesired
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30 substances effectively fromthe sem conductor wafer
30. The { persulfuric acid solution 2 in the cl eaning
vessel 1 gradually decreases in persulfuric acid
concentration as a result of self-deconposition, but
after being sent to the electrolysis 5 reactors 10a
and 10b through the return pipe 4 and the liquid feed
punp 6, it is regenerated by electrolysis to increase
sulbbéSanpes set fHEL Evaty dfLOMCERET 3kh@BondSctbr T h®P6r 30. The
through the return pipe 4, it undergoes heat exchange
pe¥sul fler hearc X chalgerory vitth thehelpendugf vessedcl dyradually
solution, 2 flowng through_ the feed pipe 5 10 after
deHRe LRI BRPBFFYLEUF +C t Re1 €| eePFonlErkivRaps ¢ 4oH liaLr
t h er. furi cid. .
se B et of FUSRL SUENEEE R PRETCRERE B g Hecerorysis
re£00be8 1AENH0 b LRFBaLAL tHe r‘éftL&%Vﬁf_gé 4 hBASHE 1iquid feed
degrees C slightly above 40C, while the persulfuric
purgei @, ol it i oag@ndtaveddoy he baghrohesigeto piperdades its
heated up to a 15 tenperature of a hundred and severa
PeRIRLLOF i g Rff b CRGH RN AP A1 FdewsaEhepughj ghe return
; per.sul f-uri Cj olution 2 flaqw n hr ough_t he .
plé%?hrﬁtpﬁ%gg%gbgglégﬁgt%#% ??9%oﬁ%q$%agﬁgﬁte§6g?nger'Y“ch
thd g@menatiie & udiabke1{i0h ol 8CE 1Ok Yhd CH:RAMH @he #8E4 pipe 5
persul furic acid solution 2 flow ng through the,fee&)
afmpdEne slentttal tdeed A6 ¢hearilegivedssliislreadtor 10b. As a

subsz&yently it is heated with the heater 21 up'to a
regiphheahare ifhamge the ereadliyrirmeid sodwsdonndfilowing

| furic. acid.sal utiop i d
e s it B dr o GoPRE B bl P FENBCTRF GGt By oral

terds b @b4p¥es ef bechhi ey HIRAA NG o0 Qﬁif?@ﬂénﬂég ?géuric acid

[00711 ~ (Enbodi ment 2) An enbodi ment of the sulfuric

soladiicbn eyl dwind Wierqeyls WHealrfeedogpibe SR Yheafiza? afpiko a

of the invention is explained bel ow based on Figure
tempergiyrs cfopehpaftedoind Hevaimbdiarshofcdngrges €d slightly

bel%vmllzarc’lcy zt{]?txte{]ethis, the persulfuric acid solution 2 flowing

through the return pipe 4 cools naturally down to about 40°C, a

- temperature suitable for electrolytic reaction. The persulfuric

acid solution 2 flowing through the feed pipe 5 is sent to the
cleaning vessel 1, and subsequently it is heated with the heater
21 up to a temperature suitabie- for cleaning.

In this embodiment as well, the sulfuric acid solution is used
repeatedly to regenerate 'thé pers_uifuric acid solution 2 to alllov;r
effective cleaning to be continued.

[0071]

{Embodiment 2)

An embodiment of the sulfuric acid recycling type persulfuric acid

- supply apparatus of the invention is explained below based on

. Figure 3.

For some parts of this embodiment configured similarly to the
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31 enbodi nent descri bed above, the same nunerals are

used and their explanations are sinplified. A return

pipe 4 in which at |east the inner surface is nade of

tetrafl uoroethylene is connected to the electrolysis

reactor 5 10a, while a feed pipe 5 in which the inner

surface is simlarly made of tetrafl uoroethylene is

connected to the electrolysis reactor lob. Aliquid
embediimpunpict: dmibeskabbrg , t tike peintd nutera 18Chde W diE@Ntheir

2 is provided in the line of the return pipe 4, and a
exﬁe%Pag%@ﬁ%nﬁéﬁ Slmglkﬁ%@dded bet ween the return pi pe 4

the 10 feeg ﬁ The |rcula%|on i ne of the
%’é”fetﬁ‘t”ﬁ RF&fit Fom™ BﬁﬁPu 8bs ' PRESr EPEr hMPRpesUripgeqis made

d [ |
o R Bt SEl MRl Ll SSRRRILTY AL reactor
104 hevieilecty obyaisipd 5 LeaGhoth! Oke tihide RhaRld0l ¥SESmilarly
reactor |ob, and the solution flows through the return
mage pef 4tefet@%l¢@¢%ﬁ1§fl@a@t ¥ teanectednectiing plpetdalysis

eIectr ea t % and feed, pipe 5in this.
TeRrLRY Rry1 Pee PR Bty g ndangy e PeFsydd unic acid
soi@@l&heft r@'ﬁi‘%ﬁd&%ﬂ #ﬁ%ﬁ?oﬁ"l}’] e ag gngggughb ggg & and a

cat hode 12b “provi ysi'S reac | Ob,

. hedt potaiaiactr q@e@r&adedlﬁet%ew @g@ 2btuPhepspbPedand the

intervals between the anode |l a and the cat hode 12a,
feemdr i di arThe etiradeds ik8b. 1idsSppridw decksnt invention
I@élfescriq%gﬁlntervals bet ween t he anode bi b and the
CORL Hifte refygle PaPEC fr o d68d104PE25, | pBY idguidofeed pump

: n#ﬁﬁi grade of dianond el ectrodes. [0073]
?§¥§93% vegﬁ%gh'and 15b are provided near the end of
[ddve]lreturn pipe 4 and the feed pipe 5, respectively,
inthe circulation line to configure the sulfuric
A yinketeyxdine ppd.spensutifded c@ciadrtsupp yelectrolysis -

appar at us 40 for the i nvention so that the
re QU it Hig g§lectrolysis reactox 10b, and the solution

flows through the return pipe 4, electrolysis reactor 10a,

connecting pipe 4a, electrolysis reactor 10b, and feed.pipe 5 in

“this. order.

An anode 1la and a cathode 123 are provided in the electrolysis
reactor 10a, an anode 11b and a cathode 12b provided in ﬁhe
electrolysis reactor 10b, biﬁolar ele"ct;:odes 13a..13a provided at
prescribed intervals between the anbde 1la and the cathode 1.'2a,
and bipolar electrodes 13b..13b provided at prescribed intervals -
between the anode 11b and the ce.-thode 12b. These electrodes 1la,
11b, 12a, 12b, 13a, and 13b. are made of diamond electrodes.

{0073]

On-off valves 15a and 15b are provided near the end-of the return

pipe 4 and the feed pipe 5, resp‘ectively, in the circulation line

to configure the sulfuric acid recycling type persulfuric acid

supply apparatus 40 for the ihvention so that the persulfurie acid
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.32 solution can be sent to the cl eani ng apparat us
through the feed pipe 5 that is equipped with the
on-of f valve 15a, while the sulfuric acid solution is
returned fromthe cl eaning apparatus through the
return pipe that is equipped wth the on-off valve 5
15b, in order to allow the persulfuric acid to be
regenerated in the electrolysis reactors 10a and
solutOion dewre bet Benkti heathe et beariing efpgahe tusqihtoligbwehe feed
-, and_the electric current density are set
Pk pt dptd et e @sipped hel gbblae nent of Hesel vdetbabovielle the

The ends, .of the.an-off valves 15a and, 15b are .
sl R AT o SRR RphEEn sheccTrfaipg rppasatus
thRRIGH fHY e ReIH SUdtHRR 1:eg Ayl Pryt .

el egg%]r ol ysi s reagtﬁ(?}s 102 ér?d %ggb?%@bg&ggegﬁef%? _Off valve
151g) danbader The «likmultaid parkun€uedn heidalathabbgeheolted in

the cleaning vessel 1 to allow the persulfuric acid

thesgllgetaplysiberedahereol a had EPbariene affer dinsas, velocity
d change-.over_ val ve 15 pbe provided.to allow :

of The dIR® TG 317 Jhs colec Tho Srre detuan mpe set
apARRATAIUSISS 2 AS A Nl RS e n?énﬁ@edec‘ég%iﬁdé& eﬁ%:chge )

recycling type cleaning system described in e

Thevwenderii ehedonoder tdlrsulifoy kadarsi areewahnebfed to the

type persulfuric acid supply apparatus 40 can send the
clezmigy yeEsstielt ¢ drd alelewt vdig tpdrsor ftheic laeaind rop etsisel

1 to serve {:%%mcgeani ni; of the sem conductor wafer
TeHEHTICRI" FRRLOUFTERPTES 1S JoREHRYS dffodinfeAPPoFo e used
£orS Wl iG,aC e o RE¥ClING L yPe & e %i'setsayc%'} %Te()ffrom the

the invention i1s explalne bel ow.~ For some parats of _
clebhiingmedeseontli gor adisivthar byrb@1Ehei fogess desetidiedo ve

above, the same nunerals are used and their
sengy pPapbiie b sl eaneng rApnatk wrsess npind kedhafyectver ysibve may
b react.gtre%n Oa Ed 10b ar(i connected in series by 30 a
© BoRNEET OpPPLCHaPSERHLE FAPURALEI 8 1 SR drdete T rore
cleWhliBg@Bpparatuses.
As in the case of the sulfuric acid recycling type cleaning system
described in the above-mentioned mode, the sulfuric acid

recycling type persulfuric acid supply apparatus 40 can send the

solution to and receive it from the cleaning vessel 1 to serve

__‘for cleaning of the semiconductor wafer 30,

[00741
(Einbo_dimen"t 3-1)
Another embodiment of the sulfuric acid recycling type cleaning
‘system of the invention is explained below.

For some parts of this mode configured similarly to the modes

- described above, the same numerals are used and their explanations

are omitted or simplified.

‘Electrolysis reactors 10a and 10b are connected in serieé by

a connecting pipe 4a, and a return pipe 4 is connected with an

- 33
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33 electrolysis reactor 10a and a feed pipe 5is
connected with an electrolysis reactor lob. Aliquid
feed punp 6 is provided in the return pipe 4, and a
heat exchanger 7 is provided between the return pipe
4 and. the feed pipe 5. 5 [0075] An anode |l a, cathode
12a, and bipolar electrodes 13a...13a that are nade

of diianmond are provided in the electrolysis reactor
elefFolyaid Siematan yo2arndrddeqd Pipcabhbdlecamscta with an

i pol € rodes, ..13h. . .13b.that. are de of di nd .

ele?r‘%%& osvﬁédgégfzﬁgf Hel R &:H%ng €9 Bupigag iy bYgBLded 1o the
3981 pe Ehewicd 8RNI XeRSRE oL beha e 1

e 4 aﬁ% %%e feed pipe e5 areégonﬁgipgggﬁséggﬁﬁﬁggﬁpaféEgturn

pirpe Sulahd itheadicthC @rigentx.ati on neasurenent appar at us
50, which works as said sulfuric acid 15 concentration

[0Rd&dur enent neans, in which part of the cleaning
1l is circulated to_all ow

fluid in_the egni ng vess
an oRSAE, 1y CahERG Lncarin iRt SURE n Rgorlqrgthat
ard 8288 JEASHMSHY R prINlifddd fn%@ei@%ﬁ?gigié%ac%or 10a,
nmeasur enent apparatus 50 1s configured to heasure the
andssifiltaclaciah emadeni1B] i @tiye0 28 Son@Eigmidy e188trodes
whi ch known apparatuses can be used. On the other
13bndrd, that gue apdechiiemondpienipsiuvddied indl@Seilsctrolysis
- c%nneﬁéﬁg to the cleaning vessel 1, and an on-off
TEAE-&&t gnetic valve 26 is connected to the
[odkgyapure water replenishment |ine 25. The opening
and closing notion of the on-off el ectronagnetic valve

The25] &4n Dradvies seant. red mdchytﬁ@&e%ﬁxfm%&@ea@bﬁd the feed pipe
concentrati on neasurenent apparatus 50. For the

5 axgl fonpecheddi s oreinped ivoith ressdfendat agppfacabosntfation
a sulfuric acid concentration to be nmintained in the

MEAEPEERFRG GBESERTYS SOpr ¥Rdtha¥oxks: afdaRddy AP HEUT G 2Rid
conk Eﬁtn?ég@gglgﬂegéhygmgﬁt nrgeéltig ’r e]?l‘é L{‘g“%}f tp%-rr%g %fngﬁg e leaning

such menory devi cé and as requrred:
fluid in the cleaning vessel 1 is circulated to allow the sulfuric

acid concentration of the cleaning fluid to be measured. The
sulfuric acid concentration measurement apparatus 50 is
,configufed to measure the sulfuric acid concentration by
absorptiometry, for which known apparatuses can bé used. On the
other hand, an ultrapure water replenishment line 25 is connected

to the cleaning vessel 1, and an on-off electromagnetic valve 26

s connected to the ultrapure water replenishment line 25. The

opening and closing motion of the on-off electromagnetic valve

26 can be controlled by the sulfuric acid concentration
measurement apparatus 50. For the sulfuric acid concentration

measurement apparatus 50, a sulfuric acid concentration to be

‘maintained in_ the cleaning vessel 1 is preset as a standard value,

with the standard value being stored in a storage means sucﬁ as

memory device and read out as required.
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34 [0077] The working of a sulfuric acid recycling
type cl eaning system configured as described above is
expl ai ned below. In this enbodinent, as well as in the
enbodi nent descri bed above, 5 the cleaning vessel 1
contains sulfuric acid, and ultrapure water is added
to adjust the sulfuric acid concentration to an
appropriate value in the concentration range of 8 to
{0BMland heated with an appropriate heater 21 up to
about, 130C. Here,_a sulfuric acid concentration to be
Thegf st e O 52 pFRLEITAS aCiflaRBardliaIUEYRE FASRARNY System
[ LOn peasurenent .a ratus 50,
C°5%4$#§%§é£%|%%§$%§§§§e %v%nl%f?x9§?%8e96ggi PHg cl osed
In \MRER &hBAAIAENL] %éWltler i ensubtbbd fndst G bNabove,
is sent to the eIectronS|s reactor 10a by the liquid
the edeapimy Gessaltlheonkathsaykfsrteactiar, dfaultkapure water
persul fate i ons are produced fromsulfate ions that
is ﬁ@%ﬁ%l%?‘h tre selierdn, aahd emecsoFuebbani so an

nt rough. the con ect o th
Plgﬁtb:[ﬂf o) Ef/‘s’iag re%%f:h o) lfeét %’é?@%ﬁﬁa‘f %Slglaéld heated
witH @ﬁuéﬁﬁr&ﬁﬁﬁﬂéﬁélﬂ@é@ef @ﬁsuﬁstdw _Rg abgve, Pf@f@ LOsul furic
produce a hi gh-concentration persulfuric acid solution

acizDcncketeattiba toneanaiakadned 0f dghesdd geid stbhodagtdvalue
the electric current density are set appropriately as

in the %Lﬁefl%?‘b?d%élcéé‘s‘?ﬁl‘#%@tr%fbb@@ me[a(mmmempmmw@@o with
1 contai.ns a hi

enel SRS B DA SO0ETT BLigh POESULUILS ounsg

i sA.eQngductor wafer 30 to renmpve resist etc. fromthe

sem conductor wafer 30. The persulfuric acid solution
Phesuhiucl €ariid)sybes tbnli @ satitatbyrhélegeedses yveis reactor
persul furic acid concentration as a result of

1085@1?? thecbipBsilt f@ﬁd PP  + dn méienglszefmroﬂasttﬁereactor 10a,

ot %%rol 5330 act%r 10a@e%lldathrohq:h

p rSéJt 88 f—xr%ﬁa gza te lons that are contalned
in the solution, and the solution is then sent through the
connecting pipe 4a to the electrolysis reactor 10b where
persulfate ions are produced from sulfate ions as in the above
case to produce a high-concentration persulfuric acid solution
2. Here, the linear velocity of the liguid flow and the electric

current density are set appropriately as in the modes described

‘above.

[oo78]

' The cleaning vessel 1 contains a high-concentration persulfuric
‘acid solution 2 which is used for cleaning of a semiconductor wafer

.30 to remove -resis-t etc. from the semiconductor wafer 30. The

persulfuric acid solution 2 in the cleaning vessel 1 gradually -

- decreases in persulfuric acid concentration as a result of

self-—de‘cbmposition, but after being sent to the electrolysis

. reactors 10a and 10b through the return pipe 4 .and the liquid feed
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35 punp 6, persulfate ions are regenerated by
electrolysis. In this node as well, the sulfuric acid
sol ution can be used repeatedly in order to allow
effective cleaning to be continued while  regenerating
the persulfuric acid solution 2. 5 The sol ution
gradually increases in sulfuric acid concentration as
a result of electrolysis and evaporation of water as
punp &i peukaf éstehiouglareheegkhaanmiangdvies sdleck rangstike In this
electrolysis reactors 10a and | ob. The sulfuric acid -
MO FeoMierldtqi EheoPul Rer k9| 3 1B reo ket weadbeons ¢ A umpsatedly

. 0 ' i nt | ith t | furi i.d,
in R e bl B S et B Sathe e 56 a1
re%%k?elsélj:{ﬁ’é | Eh@Ghdh o COAGENL L] §Ns SBESHS,EMBNT  appar at us

conpares the neasured concentration wth the
Phesetluvalive, gaanduapeps ihbeecaleectinoragmatic aaiaff
valve 26 if the nmeasured concentration is 15 0. 2Mor
CORRRT-TR it aernResnet mfesdechuplpsi s aad evanptatainn of water

ter. t e inj.ected tq the cleaning vessel 1 from
25 the Cu}ﬁ?@p%%s _ Ifécfugq} e%feenqjsefﬁfélrﬂgl ?1%992]51 P the
eldbaRiityid Qe dULAURE JBY i Praselen i Mnadvansg or
the sul furic acid concentration neasurenent — apparatus
corfifertaya thieonlesi gned da Uit of's thea suhddirddhtaghbudldy or at
concentration to maintain the injection until the
SPRAGIEd R 6 RiRatWheen Wik ridss uneE woine entidatdanreatad atthien
reset val ue becones |ess than 0..2M After_ the

MR E T, 2RARE A T PondgHA T B o 1Ehe e g G gcid
cOdHéﬁ%?&éﬂHﬂ“ﬂHhédyédgﬂg'%Bpé@éé&%a§ﬂﬂé§ﬂﬂ§.e Ciehe measured

concentrati on. m_sasu_r enent "appar a_ us V. al cont I‘_O
corgent@s e Wit MRl ridiR S Wdiild C Afd GpeRRCeLr ation

of the solution appropriately and automatically,
elegiirefiasatic pagefiéretion 26f if pdis mehateeionscentsrtion is

rformnmed efﬁici ntIX by the electrolysis reactors

0- o igFq BEOREE076n LaE REHRRINE & B low ultrapure water
to be injected to the cleaning vessel 1 from the ultrapure water
replenishment line 25. The quantity to be injected may be preset
in advance, or the sulfuric.acid concentration measurement
apparatus 50 may be designed to monitor the sulfuric acid
concentration to maintain the injection until the difference
between the measured concentration and the preset value becomes
less than 0.2M. After the.injection, the electromagnetié on-off
valve 26 is closed through the control by the sulfuric acid
concentration measurement apparatus 50. Said control serves to

maintain the sulfuric acid concentration of the solution

appropriately and automatically, allowing the regeneration of

persulfate ions to be performed efficiently by the electrolysis

reactors 10a and 10b.

[0079]

. {Embodiment 3-2)
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36 In enbodi ment 3-1 descri bed above, the sulfuric
acid concentration of the solution is nonitored for
control of the injection of ultrapure water into the
solution to naintain an appropriate sulfuric acid
concentration of the solution, but 5 instead, the
vol unme of the solution nmay be nonitored for
estimati on of the sulfuric acid concentration of the
In salhtddiereito 3 -Qoridwe]rithel idjeat | athofswl fusiprec @t er
into the solution. In this enbodi nent, the volume of
condrntgEitidro e $heomalortan by mesirdred ther | deptdel of the

. Jevel of the solution in the cleanin 10, vessel 1, .
1IN} GG o t?éﬁt ﬁ’gltsr@raurteo et 18R r@%@‘é‘ﬂ%ﬂ gqiaintain an

i L O i o S .
AP i A PR AP M S olutiba, pue
insARSET, he@k akAVmhe 0T SRR CIAMIRIRI Sa AR Usksth Biebd heds
expl anations are omtted or sinplified. 15 [0080] In
esttivatdlaennfnghey esgdlurlic kicqdi dohevrtraehsorst She antlution to
51b,. - which work as said |iquid | evel neasurenent .
confgls thyy dEGHIGE O T dEt RS RSP eVt i e reRutirn-
' of u ' i d sol ufj .
RS oG P A i RS ot 10S AP A0 e Heficorea
by ki@ durduigd dieyali Rars Alesrald Rt h1ddied idithe cleaning
| evel sensor 51b,” for exanple, receives light emtted
vespelt He beficqe deliegelsesdensar thlea,clawhitthe dpmprat ysevelhis
is determned as, the |lower Iimt of the range where

embqdgmentahs remipimed e lave Farspane Marts pitt Beisrmkafinent
Str t.he, i qui 25 | evel neasurenent
congd G A SR Ly ofF e afoa frend s o Sy o e same
nundB¥ 1€ e dske, BRRI Pk ith @ dd10Wd 1 RMe lard RPMA g tdie
persul furic acid solution 2 "has a strong oxidi zi ng
simpdvdriedand therefore, a non-contact type sensor,

whi ch does not conme in contact with the solution, is
[0OBB@ierred. In the controller (not 30 shown) which

1ECEhY ecc’leoalfgfﬁ’lgt' vf'ersosrgf h,Le, l]ll u':’fjd llee\z/veell Sseennssocgrsmsb]’_a and 51b,
which work as said liquid level measurement means, are provided

near the liquid level in order ‘t'o monitor the level of the

persulfuric acid solution 2 contained in the cleaning vessel 1.
'In the case of the liquid level sensors 5la and 51b, the liquid

. level sensor 51b, for example, receives light emitted by the

liquid level sensor 5l1a, and the liquid level is determined as
the lower limit of the r-angé_ where light can reach.
There are no specific limii_:_at'ions on the structure of the ligquid

level measurement means for the invention, and a floating-type

~sensor may be used to mo_nitor" the liquid level. However, the
persulfuric acid solution 2 has a strong oxidizing power, and -

‘therefore, a non-contact type sensor, which does not come in

contact with the solution, is preferred. In the controller {not

shown) which receives output from the liquid level sensor 51b,
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37 a liquid level to be maintained may be preset in
advance to allow the sulfuric acid concentration of
the solution to be naintained appropriately based on
the liquid level nonitored. The controller can
control the opening and closing notion of the
el ectromagnetic 5 on-off valve 26 based on the liquid
| evel nonitored. [0081] During the cleaning with the
a lpepdd favet aeibed aainthonedthey lWprdsetemeladvandeto allow
cleaning vessel 1 is nonitored continuously or at
the spddpriiat ecidteoneantnition b thqual ke teehsomsintained
51a an %ép 10 .,The control]er receives output from
APRERPY Pader Tohog L . 1@8&&&?@&%@%5§erwtrﬂl€r

AU . f.aljauid:lev i,f.. the .
O ol G P e ™ E i PR sl fr et
on-@ENtidlwe tdamddal Wesaie VRl deid CRRd Dot fered.
el ectromagnetic on-of f valve 26 so that ultrapure
[OR#dr is injected to the cleaning vessel 1 15 fromthe
ultrgﬁgr wat er repl eni shnent_|ine 25. The preset

DU SFTGHet PR g e ERMt Ferigpcifegsolution, the liquid

eq g LC:0n- lye._2 he liquid |ev

lfﬂggkg%{Qg%beggbgﬁggégggﬁpad¥s%?e ?%%%%F?% Cé#&ﬁnuougiy or at

appitpreftiee imBEgrPa1 20w O h B PRESEH Yalde e S91h8nd 51b.
the wvariation in the liquid I'evel that is equivalent

Thet goahrphierasec@ived dAit2Mt firbhetheidentidhllcoalofetdier 51b),
solution that takes place as the water content

compErrEaSEs Tearter tHEtdViavelk emc kberpgasekdliquid level,

' . i . | f.ult ter, b .
and 3 BASET TS o LS oR e vl Y B
thafDBhé ek ta1ke J:bﬂ@fgls|@@El§@ﬁ§8ﬁ|§gﬁé@i@n&15aﬁf valve

to allow injection to be continued until 725 the .
26 dpf featneckt bepwee nwd tter neEadurjed tadd tbhehpr ebedn i hdguiaksel 1

| evel becones |ess than_a prescribed val ue. Through
fromfhe chitraurs yetezur ehl-pei gRnanE ohisem@5at Tha Rifeddfe value

ory e tbalLibd FRene hERR oF e W i R B varve

26 ggf t6é eNdyid NdRel AREITOEY S fale8et LS I Qii%'&%eth%nari 1y

[ 0082]
and therefore may be zero. The preset value may also be the

variation in the liquid level that is equivalent to an increase
of 0.2M in the concentration of the solution that takes place as
the water content decreases to lower the level from the regquired

height. A prescribed volume of ultrapure Water may be injected

at a time, or the liquid level may be monitored with the liquid

level sensors 51a and 51b to allow injection to be continued until
the difference between the measured and the preset liquid level
becomes less than a préscribed value. Through this control, the
éulfuxic acid 'concentr_ation of the golution is maintained at an

appropriate value, and the regeneration of persulfate ions is

-performed efficiently in the electrolysis reactors 10a and 10b.

[0082]
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38 (Enbodi nent 3-3) In enbodi ment 3-2 descri bed above,
the volunme of the solution is nonitored based on the
liquid level in the cleaning vessel so that the
injection of ultrapure water into the solution is
controlled 5 to maintain an appropriate sulfuric acid
concentration of the solution, but instead, the
wei ght of the solution in the cleaning vessel may be
(Embndinead sSe3yhat the sulfuric acid concentration of
the solution is estimated to allow the injection of
In guhepiment vatleflesardbeticlsoralt ithe velonatsdldiedsoSuehon is

an_enbqdi nenf is 1g_explained bel ow. For sone parts
‘“OB%t?ﬁ?g PReme LaAPLEUrSte silm the o) eppipgevessel so that

~ th& %é@{gn %%S‘Fifpﬁguég Q}’aﬁze:} E%t?::igﬁ% nrsl“clsgt{if%:qsi} ?éicgr?te Jgolled

and thelr explanations are omt

to[ 0883t aid Sad hepsl- 6Pt #ie VESELhric i ScPh a@&‘i’cé’ﬂ‘t%%ﬂ i odf‘ the

t he wei ghi ng apparatus 52, which serves a sa

solet e, edsineheat, ndenypighttdftthet helabaogeid Bhkheleaning

wei ght of the liquid contained in the cleaning vesse
Vei%ﬁﬁ“%‘é HeeBSH-EATRAL FO tHR nditighiSHg Tappar asid GEMmeettgration
[y Qi i.ght .eaui.val.ent .to e requi.red syl furic
of el b o e B bl S i Rt . trapure

watopar it dIstin?. sdhet 1 fhe.sul L1 &y ach %Q{‘%%ﬁ&cfﬁtn}e‘%{k is
at e val ue

of the solution is maintained at an appropri

expkaidm@rmhsd. from t he wei ght neasurenent.
Furt hernore, the weighing apparatus 52 al so serves to

For G IPaHe dferfit avbodimgnthgonftiorasd sidlarly to the

: i n-of f valve 26, so that 25 if the .
o R il oY e U GRSt Lt G vstrand gheix
expland RS G D esh AU id Jipatheprescribed val ue,

the electromagnetic on-off valve 26 is controlled to

[0g183dw the wultrapure water is injected to the cleaning

vessel 1 fromthe ultrapure water replenishnment |ine
They g leaRdng, ¥eerebel IGURARFE] G0 ey bé ke wpighing apparatus

52, ALAGERILOPALL Y 209 108 L8 A ST 08 128, Qe T 18 BLESE | e

- the change in the weight of the liquid contained in the cieaning

vesgsel 1 can be measured with the weighing apparatus 52. The liquid
welght equivalent to the required sulfuric acid concentration ig
prescribed in the weighing apparatus 52. Whether the sulfuric acid
gbncentrapion of the solution is maintained at an appropriate
value is determined from the weight measurement. Furthermore, the
.weighing apparatus 52 also serves to control the opening and
closing motion of the electromagnetic oﬁ—off valve 26, so that
if the weight measured with the weighing apparatus 52 diffexrs by
a pr'esc.ribed quantity from the prescribed value, the

e],ectr‘omagnetic on-off valve 26 is controlled to allow the

ultrapure water is injected to the cleaning vegsel 1 from the

ultrapure watexr replenishment line 25. The prescribed quani:ity

may be set up discretionarily and therefore may be zero. The preset
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39 value may al so be the variation in the liquid
wei ght that is equivalent to an increase of 0.2Min
the concentration of the solution that takes place as
the water content decreases to reduce the weight from
the required value. 5 [0084] During the cleaning with
the persul furic acid solution, the weight of the
cl eaning vessel 1 is nonitored continuously or at,
valappropy sl i erival saml dbibheiwetBbi DgqapPare &8t SZhat is
The weight of the body of the cleaning vessel 1 is
eqElgisteItt  tamp theredate, 000t B thahge condtdmtration of the
asur t_taken_by the i ghi ng apparatus 52
SO L ERa il Bllr&)éei IF & &%F%F%ftetnﬁed%@r%as% tprreduce
g ) I ghi ng apparatus 52 :
tjﬁigﬁ%gyggq?ﬁgn&%giaﬁéﬂ}%%%QS“%Fu%iescribed wei ght, and
[oiofg4tihe measured weight is |lower by nore than a
prescribed quantity, the el ectromagnetic on-off valve
Duragq ghe ¢ legming vetghtthegpeoaulftrapacdwdbutisn, the weight
£ injected to the cleaning vessel 1 fromthe ultrapure
of Fitfer haapiad SiRfsf! 14 e SBenFgRred sipniginusfugiie or at .
LRGN ; er. . uantity to _he .
Ay A8y b Ao e T g i o0 e wesane

of ahpabadyoH2ha BYchRiHgSTH886110. i JTBBhEREnENCA MR G reFore,
to maintain the injection 20 until, the measured

thewghghgebie dies megsalremend pakeoribpatheyabiighinghiSparatus 52
control allows the sulfuric acid concentration of the

Andigpkesohhe SHEagfai Rt dinwe ightaot 4hsr eptibien val the dsaning

odi 1.t 3- rihed above, the ultrapure
Ve rer bk R Re o FEEe B cORREE e e fpry TP e and the
pregbiiapdr @eWahel, hAHOikhehe2ReRShsHLT WLl Shac d SQldt 'R more
as required, but for the present invention, a“
thapep| e sdmidred quesnttitgt, shepkilesthypinggenipesOxbie valve 26
. solution jnstead of ultrapure water may be provided to
8 SRR LRI ROB P EPPORS YRteR IenEnedesd deosthe bdeaning
ve. t her th_an ultrapure ter ..
ves?églgnfgﬁﬁegﬁerﬁggrgﬁ %5 ﬁ?&ﬁ%@gﬁ' ?P&f£%§n§ol§89u@ﬁonFor
cont £l esE St nin{d e JRb & 1R AP dwaRdral Lved L8 ity to be

. perform -
injected may be preset in advance, or the weighing apparatus 52

may be designe_d to.fnonitor the weight to maintain the injection
until, the meaS-ured weight becomes equal to a 'prescribed value.
This control allows the sulfuric acid concentration of the
solution to be maintained at an appropriate value.

For embod’iinent 3-1 to 3-3 'described above,. the ultrapure water

répl’enishment line is provided to supply ultrapure water into the

-pers_ﬁlfur_id acid solution as required, but for the present

;E_nventi_‘on, a __rep'lenishment- line that supplies_hydrogen peroxide
-solutiq_n instead of ultrapure water may be provided to perform

similar operations as in the modes described above. Furthermore,

both an ultrapure water replenishment line and a hydrogen peroxide

.solution_réplenishment line may be provided and allowed to perform
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40 simlar operations. [Exanple 11 [00851 An exanple
of the invention is described below. 5 A sulfuric acid
recycling type cleaning systemas shown in Figure 1
was used to perform cl eaning under the follow ng
conditions. Girculated solution: high-concentration
sulfuric acid solution (volune ratio of sulfuric acid
to ultrapure water = 5:1), volunme of solution: 50L 10
sifmfidetr obgsbsioaact or Conductive di anond el ectrodes
(5,000 ppm boron doped), anode area: 40 dnR
[E P@E@Po&}sis condition Current density: 3000 A ne,
{ﬁpthion tenperature: 40C, flow 15 velocity: 10 m hr
eani ng vessel Persulfuric acid concentration: 3g/L,
an! 8EAARALULE: th30En WAk ebnCleatklg e8RACKLY0d00 Of
5-inch wafers/hr 20 C eaning was carried out using the
A sykien desdd bedyabbneg, typul cleastihyssydhomed st diadwit B8 Figqure
required frequency of sulfuric acid replacenent was
1 Haerearedte eI qiearidre wndan phes0bl daying cpndbtions.

o fhln R OKARRY T bRt sedh il on of, idogen PO R, cion

(vEULhH L B It LRE¥AHE R L YRR & hﬁ@?’ﬁlggréyﬁe{@é@ aSg3 Egvmvolume
in Figure 2 was used to perform cleanrng under "the’

off eblawiag: ceodi tions. A high-concentration sulfuric

acid solution prepared by m xing 30 40L of 980
Etepleemtyatedreatt@¥fic acid and | OL of ultrapure water

Conductive diamond electrodes (5,000 ppm boron doped), anode
area: 40 dm?

Electrolysis conditien

Current degsity: 3060 A/m?, solution temperature: 40°C, flow
velocity: 10 m/hr

Cleaning wvessel

Persulfuric acid concentration: 3g/L, temperature: 130°C
Wafer cleaning capacity

300 of 5-inch wafers/hr
Cleaning was carried out using the system described above, and
;esults showed that the required frequency of sulfuric acid
replacement was decreaséd to one third, namely from 150L/day in

prior art to 50L/day, and that addition of hydrogen peroxide was

‘not necessary.

[o086]

(Example 1-2)
A sulfuric acid recycling type cleaning system as shown in Figure
2 was used to perform cleaning under the following conditions.

A high-concentration sulfuric acid solution prepared by mixing

40L of 98% concentrated sulfuric acid and 10L of ultrapure water
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41 was poured in a cleaning vessel and nmaintai ned at

130C. Inthe &electrolysis reactor, tw cells

connected in series were placed, each cell containing

10 el ectrodes, and each el ectrode conpri sing

bor on- doped (boron doping: 5,000 ppm conductive

di anond 5 supported on a Si substrate with a di aneter

of 15 cmand thickness of 1 mm The total effective
walRiired Y8 8§ @leaning BssHP A nligit CHa®ak densclyIn the

was 3, 000 A/n2, and the electrolysis was conducted
el@atmﬂ@si@r oaRrherantvy sissllagf cansearped bh sdwd ssovareaplaced,

out, fromthe outlet of the el ectrolysis

ea% Sw‘tli'nrcoqttajxﬁd&% A8Vt §Het MR 1 ABgEt P GFE OFE ¢emprising

S R G e R e

suppBRSEOnf061 10uPELAES Wit A TA R PG IVES @ ahfl thickness
perform dissolution of resist (TOC i ncrease rate:

of 0. 96. giie oralThéferesubt ahtcsoblysdn s ciascbatwland the

wth-a liquid feed E np, het ween 15 the cl eani ng vessel
curppnt Aensl b tfs §sPRO A Y épeaejff?%W?]aY%ls ¥psiconducted

at %d‘gd’l (EJJ:JO e%i’le ?h%iglgﬁs Ofl .Iaq 5.' OYE . ége %gi&t%%ﬁeﬁowz.ng

r ési s -Cco0a icon wa Wwas™i nmersed
outs 8kbhi @ bt be of |t%”é1@cﬂ§§§§él§’%&ch§ owR il shben that
TOC concentration was 30 ng/L ~at first, but after -
thengartsu lifimion wtceis] ofrasiuciulat ixEte twes 533;’[/01:1 ton. 281 rone
t he cl eaning vessel becane colorless and transparent
imggrH aheyctee *EBn’%%YﬁTJa‘?GF%rﬁJGé'{W R eFeét seplter Yikhtresist
Such waf er I ean % S condtllét ed.-for.8 hours . to perform
We]iecﬁé“é‘l?rﬁ&dz 260 Ve ePﬁ?ESaﬁ’a Sur PSSP EHIWE T T Rkt FO HR
di SHANGRRC @ nAld ot SEldulide A%t el i an & 1%Si/hr) . The

effectively for resist renpoval and that the

resditcent salibhodSvate ot eaned thdl wirlh kel gt bdticn punptbetween

Wafer cleaning was continued further for 32 hours
the( @Ilééﬁﬁﬁg ‘Qe%‘é)@l\ﬁﬁ%rtéle edealragyezsooerciarerdl 2 fhgw rate

| h
ST, TSR PTEL KDL FORGETLE D g
resrfs!@-\@a@w sithlort RarEPE QQQC%éﬁééen gﬁ€r§§§ﬁglon in the
bel ow the detection limt. 0 [0087]

c¢leaning vessel became brown and the TOC concentration was 30mg/L

at first, but after nearly 10 minutes of circulation, the solution
in the'clea_ming vessel became col_orles_s'and tran'spareﬁt with the
TOC concentration Bélowrthe detection limit. Such wafer cleaning
was conducted for 8 hours.‘ {(cleaning 2,400 wafers), and results
showed that the high-concentration sulfuric acid sollu.tion served
effectively for resist removal and that the TOC concentration
decreased below the detection limit. Wafer cleaning was continued
further for 32 hours (cleaning 79, 600 wafers, totaling 12,000

wafers), and res’u'l_ts- again showed that -the_high‘—conceﬁtration

. sulfuric acid solution setved effectively for resist removal and

that the TOC concentration decreased below the .detéctio,r_lj‘l_imit.

[0087]
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42 (Conparative exanple 1)

A sol ution prepared by

addi ng 10L of a 350 hydrogen peroxide solution to 40L
of a 98% concentrated sulfuric acid was poured in a
cl eani ng vessel was maintained at 130C. According to
the 5 sane i mersion cycle as in Example 1-2,

resi st-coated wafers were
for dissolution of resist.

imMersed in this sol ution
In the first 6 cycles

(Covpeanitnge3@&awmfler 9), the sol uti on becane brown

I medi ately after the star

t of immersion, but it

A fechindoBoPsrPassd Bivdadddngpanénofi m B8ar hydiBgen peroxide

utes

TOC concentratlon 10 reached the

n 0
BPdeF; bR "r‘gﬁﬁ? Fot® T HEOMSATIR e Hd Uriceps id was poured
h t
e300 AT 0 T o
samBeirgiardi@i ciyamerss am EJH&%J.e Qo Okest be- é@ﬁHé&%f@ﬂ% were
taken out fromthe cleaning vessel and 10L of
1mﬁ?6$@§éﬁﬂ6@@@%$@bugb¢®ﬁknhdmasoaddedn<ibkbe%ed bmlthe first

€ a ? % 15 the resul.tant solution at 130C. In the
?Y s? 83 RELPECP BRNVRESTE 00 RB?e?@}Utiﬁ@ befame ohrown

1mﬁ§§9§€§1§"&cﬁ’iﬂaf PREd &8l %fainfrﬁénf J.on,aﬁ)al té%?ﬁgfn@n?o}?‘rless

i mmersion, but it becones

colorless

andiletaﬂ‘drysgizﬂréﬁlmmrﬁ&ea&ﬂ_g' L bemTkec £9NCHM: rtfiﬁté Bl ?ﬁ@@ﬁtratlon

the detection |limt. For

the next set of 50 wa

reyehed dhe dekecolon ldmiz0 Femahratehr een,ompd wate rEQGowever,

? e 1 GeTATREA PR T
/{ﬂ QN7 WaR; d{x@&%‘ Qe f .t

of a hydrogen perOX|

conrjﬂ ration was still 30 /Lin 10 m nutes after

kjai 'HOC ronasbedion was still

? ebfafi R \e-tiane, ke, 0n of

th@ﬁcﬁ][uttmr\&iéﬂtd]&ﬂ od&air%ﬁlnﬁ:h@UQQeaH#h?mggség and 10 of

waf ers were i mersed, the

solution 25 fo renove

a pitragssi perekfidet sobliyiohees REIGAIE FHR30SEA0PY ddithtaining

after 10 m nutes

end Bl sin o belns ThBcks daar

Cﬁhacemsnt of the entire
én ehedninff 8f cuclesalclsgfaning

10$%f@§r S NS sJiJE 'Sd}le %840[1106888]}31'03‘4911 (1%Xn?e@1ate]1y after the

start of immersion, but it becomes colorless and transparent in

nearly 10 minutes, and the TOC concentration reaches the detection

- limit. For the next set of 50 wafers, however, the solution

remained brown, and the TOC concentration was still 30 mg/L in

10 minutes after the start of immersion. Then again, 10L of the

solution was taken out from

the cleaning vessel and 10L of a

hydrogen peroxide solution was added. The wafer immersion test

was continued, but when 50 wafers were immersed, the solution

failed to remove the resist effectively, leaving some resist on

the wafers after 10 minutes.

finished.

[0088]

(Example 1-3}

Replacement of the entire solution

became necessary when clé..aning of a total of 400 wafers was
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43 Cl eaning test was perfornmed under the sane test

conditions as in Exanple 1-2 except that the

tenperature of the persulfuric acid solution in the

cl eani ng vessel was varied. O her test conditions

were the sane as in Exanple 1-2. 5 Results showed that

when cl eaning was perforned with a cleaning fluid

heated at 90C, the rate of resist renoval fromwafers
Cleas inbovesn Wahe pbirtstrmerChfae ANthd e3hat +¥88 d&idi¥bns as in

the wafers, indicating that cleaning was not achieved
Exgmpilef Act oridapt Whert tbleetanpgramarpesf e gewstih faric acig

| eaning fluid heated at 130C 10 (Exanple 1-2), on the -
SogPﬁéPn GheiHeap R Vepsrviars Vald eflasObigh tesandonfit ions

fuyri i i t I ffici tl
we D B A G P L o & he e ey base 1t b
Re£01 £ 86@hddhdd )ehat m@hce&gaaihg%ag'Ig%%%ng@%ﬂi%%hgexfganing

effectively. In another cleaning t ere a
flgiddraied ki donds tieatetabrlBOS] st heerlbrPRES ! WaiFers was

acid production rate was sufficiently high. (3g/L/hr)
loypip h-gh?i Firstyeyelas dpdpaeedsw vast hef TG i tive eesters,

. (0. L/shr),. but the persulfuric acid in the
A PEEe L OB STt et fpbe BANLSHPel FoC ARERTHETS 1y . When
cled® wigt FSOPRL PPcn PET ' L4y was, no o
sufijIF%i en?l%/@far ge for co%lczjtz%éﬁf#gvgﬂjz%\/%?a at 130°C
(Esamyst@ances, dreauerg il nghl, thalehs s6D$eaRAS +4kd Ras high,
solution. This clearly indicates that the tenperature
angfthg @erguddiindg piediddpshdurt ipnetetabivys belsm dibficiently

g f 120Cto 170C, . 089% Exanpl e 1-4) 25 Then,
ni gl 457 %éh%" §° GREPPEPT SRR JEC tHereaffraEst (0.069/L/hr) ,
iRk LA Nha A% 1 LIRS Lidy SYELRLe ANl A8
t enper aE?u_re of .the sol ution |nleq%%h<geeﬁfteecct%rlaf g IR another
clesguoiPreams wiaiet Adelidest1eendidd s &t tec, the
same_as in Exanple 1-2. Results showed that when the
pPeripferaiu e lgPrdtuasian iratei was 30 fifieienedroiysi (8g/L/hr)
in t§ACTOr was 5C, the .persulfuric acid production
in € 1rsl cycie as compared with the TOC increase rate
(0.06g/L/hr), but the persulfuric acid in the cleaning vessel
self-decomposed rapidly, and the amount of the remaining
persulfuric acid was not sufficiently large for complete removal
Qf TOC substances, leaving 30 mg/L of TOC substances in the
solution. This clearly indicates that the temperature of the
cleaning £1luid should pre-fér_ably. be in the range of 100°C to 170¢°C.
[0089] |

{(Example 1-4)

- Then, cleaning test was performed under the same test conditions

as in Example 1-2 except that the température of the solution in
the electrolysis reactor was varied. Other test conditions were
the same as in Example 1-2. |

Results showed that when the temperature of the solutién in

the electrolysis reactor was 5°C, the persulfuric acid production
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44 rate was 4.5 g/L/hr, and a sufficient vol une of

persul furic acid was maintained as conpared with the

TOC increase rate of 0.06 g/L/hr, but since the

tenperature of the cleaning fluid was 130C, heating

was necessary to increase the tenperature of the

solution 5 by 125C, which required | ong pipes for

circulation as well as a large input of heat energy.
rafbuss a.lsaggn/her thed DEulrke ciperswbiwh Q)@?ie@s‘(ﬁsfuric acid

consuned before reaching the cleaning vessel, and 30
Waggrdlpta ol sy stampasederveéthefhei MOChénspéatéonagé of 0.06

e nd of the first cycle. Conpared with this, when
g/ ffﬂ%’ft E’ng%%? EDFOtepPERRtYEE lﬁﬁngheiqietawén@l e Mpsi $30°C,
i . r..90C the persul futic .
e R er Tor T Are deyagR iy regblgaPine of thesotucion
by 4990, watidh Se@ilihid TREPRAIE! Ry %Egeﬁiéﬁﬁlgnt Datyel11 as
ersul fate ions were produced efficiently. The
a @egs riggest vef ehedt eenefgyantiges af & eladgdOtotolss &f the
elgﬁ%%g%¥sis. when the 15 tenperature of the solution
PER T BETFOT33 FenrEaeopetipse Toachingrththe leanéng vessel,

/L/h ,_clearly_shomnng _
endb@duké | P @icgcidet ebnhatady: fAUS,1d h ﬁ%a?l;%oéemperature

an S SIS QUL LD DO L2088, 0:25, o

(persul furic acid production rate (g/'L/
of th

ereabet fen én( ght/dirggtwabyd &s s ebleanrifas and c,200°C, goeC,

oxidative deconposition did not proceed
or et fomaTF M e rafrd PBEDIGos Wfteelvest roIgAL thr, 3

r tyo ed | ex i ation of the_conductive,
o/ LR 108 4B O B Dl rpR ot iTRag - PYGURSEing that

perchada=lte &B@ﬁnwbgétpkB@u&@HPQEQEEESnQ%%Eripéxg#gééﬁ§§ﬁs were

used for the electrolytic reaction s prefer
Erejge oifn delvage2 mfitangd @0 0l hcr OE 1R 1 DAt n the
£ 1-5) Then, cl| eaning test was perforned under the sane

CIPELR LS RdPE FERsS ORIt ion Exdipt eleckrekyepe readviton es 100°C,

on CHET densidy. in the Sg el ectrol ysis reactor was

varleg %o %%ﬁ%gghFh%eﬁ%? brFirigcytpgoduction rate was 0.25
g/L/hr, clearly showing that the persulfate ion production rate
deteriorated. Thus, the ratio of {persulfuric acid production
rate (g/L/hr)/TOC increase rate (g/L/hr)) was less than 10, and

oxidative decomposition did not proceed satisfactorily.

Furthermo;e, 500 hours of electrolytic reaction resulted in

‘exfoliathxxoftheconductivediamondlayerfromtﬁmasisubstrate.

Thus, it was clearly shown that the temperature of the solution

used for the electrolytic reaction éhould preferably be in the

xange of 10 to 90°C,.
[0090]

(Example 1-5)

Then, cleaning test was pexformed under the same teét conditions

as in Example 1-2 except that the current density in the-

electrolysis reactor was varied to change the persulfuric acid
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45 production rate. O her test conditions were the

sane as in Exanple 1-2. As a result, a sufficiently

hi gh persul furic acid production rate as conpared

with the TOC i ncrease rate was obtai ned and effective

5 cl eaning was achi eved when the current density was

in the range of 10 to 100,000 A/n2 as shown in Table

1. [00911 46 [Table 1] Result of exam nation varied
prédiidendn densi. t gt ke eRlc BASHU fid Ger@NShd &omd @ in Example

concentration cleaning Run density production rate
1-Zncrease rate persulfuric acid in a solution effect

for No. (A/nQ%_l[hr [ TOC ng/l) wafers 1 7.5 0.1
As § ¥5°uly. soRgFFisientiydp ¢ Depsnéivniemng/d poodaeshon rate

. < .4 7500 6.5 0.06 108 .<5mp/1 .0 _5 |
=5 HlB 50T B golsit Stre &2T50itn cbtediroRERd Fda Eive
cldhrdthd ekly ade ikl ihen3PRB/ duXefle r(i%&‘llsf'tﬁ%]&agcirq thhe range

TOC : persulfuric ions production rate f' I ncrease
of rit &4 00BR]00® K fetampl ehbwh) i6 eabiagit est was.
erformed under the sane test conditions as in
le 1-2 except that the persulf uric acid
production rate was varied by changing the |inear
velocity of the liquid flowin the electrolysis
~reactor. O her test conditions were the sane as in 10
Exanpl e 1-2. Results are shown in Table 2. Wen the
l'inear velocity of the liquid flowwas 0. 3 nihr,
many air bubbles were forned in the electrolysis
cells, making it inpossible to performthe
el ectrol ysis reaction.

T 46



10

16

o0

For a linear velocity of 20,000 m hr, on the other
hand, a very 15 long tube would be required for heat
exchange, making it inpossible to design a practica
system A sufficiently high persulfuric acid
production rate, relative to the TOC i ncrease rate,
and a satisfactory cl eaning perfornmance were achi eved
when the linear velocity was in the range of 1 to
[T HO00] M hr. 20 [0093] 47 [Table 21 Run |i near
Eersulfurlc ions TOC persul furic acid OC concentrati or
tseihof gpminggion veriedcdunyniplentditict i on rate increase rate /

TOC TyRem P clrgu it fhi[eClTd®r (mt nr.) [ guf@(é \égr[hlaticgnm']cleaning

wWBPEr G, etsiliimei asidd
3 Mjg / idé%ns?é') sab{i&héﬁ] %a?e Tnclasd l%l%:) 0 < gfﬁﬂ Lol r‘(ﬁ] Il;g eft;(:;‘elfzr
006153 <5ngr % 19} 06—55—~<5nytt 56061

3.5 g. 0> 58 <5n‘b¥| 0 h‘é{’ﬁappar at s’ 6 20000 3@mﬁhot he X
0. 06 my/ 1 est gbli pctuall persulfuric ag¢id
2 35% e suléﬂl o} |ons,0S€6:e ducti o rat¢ / Tl O
|n rga rate J40094] 2 2) A

hi nh-r‘?\(ﬁ)r(‘)p']t rmz{ on_sul fllrl c arid qgél uti on r)|r<esé)7n red. ©

m'zxi ng75080L of Q806 donceey raf ed qg@furl C ac<|5q1g,qnd 8L O

ef —uhtrapuf-e—wat-er %asmpea%d—f—n—a—c—l—egm ng—vessel

and neitid®d| ned % 130C. & shpwn 150 Fi ure<3mgrln the O
et eC[rUié@ reactor, 7 twocetfs—conmected—1n—sert+es$
wef e [pi2800jslecteade fhrokenll it ai Plesitgda drokembct r GBee] anfl X

RAGMuric acid / TOC : persulfuric ions production rate / TOC increase rate
{o0092]

(Example 1-6}

Cleaning test was performed under the same test conditions a.s. in
Example 1-2 except that the persulfuric acid peruc-ti'on rate was
varied by changing the lineax veloc-ity of the liquid flow in the
electrolysis reactor. Other test conditions were the same as in
Example 1-2.

Results are shown in Table 2 ..When the linear velocity of the liquid
flowwas 0.3 m/hr, many air bubbles were formed in the electrolysis
cells, making it impossible to pérform the electrolysis reaction.
For a 1ihear vélocity of 20,000 m/hr, on the other hand, a very
long tubé would be required for heat exchange, mak‘ing it

impossible to design a practical system. A sufficiently high

persulfuric acid production rate, relative to the TOC increase

rate, and a satisfactory cleaning performance were achieved when

the linearx veloc1ty was in the range of 1 to 10,000 m/hr.

[0093]
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10 el ectrode conpri sing boron-doped conductive di anond
supported on a Si substrate with a dianmeter of 15 cm
and thickness of 1 mm The effective anode area and
the current density were 30 dn2 and 30 A/ dnR,
respectively, and the electrolysis was conducted at
40C. Fromthe analysis of a sanple of the solution
flowng out from 15 the outlet of the electrolysis
[Taddet a1, it was shown that the persulfate ions
produgt:i-on or—one—myersion —cycle,

at o —ama 20l l 1 hy
at VWS Oy T e ¥ -
IS (PERIAEG ottt T SC ¢ o dspdinict hidf 981 Snoapispiion] cleaning

5Ruai X-

i e $ 5O g %‘)ﬁirﬁtﬁ RSN e ol gani ng ed septiong |effect for
perf-of-m {...)S_.o! tH-on ] ot (TQC. | nr'paqéﬂ_lg[at e: | wafers
0.04 ¢/ L/ hr.clafeliesyl tant sql uti on 20| was circul at ed

wi tth & fdnp| Becieel d he 8Peanijng vessel | and3tnd 49 X
electrolysis rea®eors/at a flgwrate of{1 L/min.

[ 0@951 Wen| t hespesi st -c@ased|siligpon wafersgs O
i-rrer-ged—the—solut+op—i-n—t-he- ningivessel~becgne
bréwn| al the T@OZ concentb@ti on wass 5 BO rgbhyat e
fiTst] but jafter nearfy 10 nnputes—of—€jrcutat+onm—the
softut | of?%i n t he38l eanj ng®¥essel bedane Lol offregh and O
trans tf w thel TOC contentration bet ow the

de ec??@ﬁylinit598uch wal'® ¢l earfng was cotcted O

for 8f hour s Thelappaaating 2, 400 wafers) , and results

sh medz&ﬂet thﬂmhﬂ@h-COQi? tration sul furic_ acid
solut) On 10 savlised gf f ectl vely for resj st H0swbval |{and

1that the TQC cemnapntriati on decreased bel ow t he

ion, |, f.er cleaning Was ni | nued further
SELAG R ) sT'aFf:'| Pé"\égﬁ%% SRR/ TO5t MG 9. 000
[oed£rs), and results again showed that the
hi gh-concentration sulfuric acid solution served
(Exfmpbeizely for 15 resist renoval and that the TOC
concentration decreased below the detection limt. :
A ftldﬂbﬁonct%"rﬁ%wfi vdlidis eciyd spAugiehepnépgre@suelnixing

o . )
401&% %fB %9§é‘11c%91€%89%aé§9f3¥££ uar.cl"fd aaﬁ‘{dd 8VIYa<S)f ultrapure water

was poured in a cleaning vessel and maintained at 130°C. As shown

in Figure 3, in the electrolysis reaétor, two cells connected in
series were placed, each cell containinc_j 10 electrodes, and each
electrode comprising boron-doped conductive diamond supported on
a 8i substrate with a diameter of 15 cm and thickness of 1 mm.

The effective anode area and the current density were 30 dm® and
30 A/dm?, respectively, and the electrolysis was conducted at 40°C.
From the analysis of a sample of the solution flowing out from
the outlet of the electfolysis reactor, it was shown that the

persulfate ions p_z.*oduction rate was 3g/L/hr. For one immersion
cycle, 50 six-inch siliéon wafers coated with resist were immersed

for 10 minutes in the cleaning vessel to perform dissolution of

resist (TOC increase rate: 0.04 g/L/hr). The resultant soiution

was circulated with a pump between the cleaning vessel and the
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20 poured and 8L of a 35% hydrogen peroxide sol ution

was added to produce a solution, which was then

heated at 130C. According to the sanme imrersion cycle

as in Exanple 1, resist-contam nated wafers were

imrersed in the solution to carry out dissolution of

the resist. In the first 6 cycles (cleaning 300

waf ers), the 25 solution served to performresi st
eleetpydlsebf eehtvely, agnd thewghacit obegampybrown

I medi ately after the start of immersion, it becane

(@®PDk | ess and transparent in nearly. 10 nminutes, and

e. TOC concentration reached the detection limt.

th . '
MheR - hESfext ~Septedrs Bhl Rl daf e HfoneelTmerardt thgssolution

s : ' ution 3 emai.ni ng brown, .
im0l 20l 06 ALELS, bERRRoLULLE NP AT I8 on va
30 My aut esraf | et hecstaidaofy iRESLLBs I lé_%.rchh.&%ﬁ:%.on, the

50 wafers were excluded because it was consi dere

sothaion Hey thad: fmxninmdesgeicbetinetdoot Yeend BRIE transparent
equently, 8L of the solution was taken out from

. Sub !

With&R E5hi TS VR badevsLhef dat gt oy diiydr oxiugh wafer
' t roduce a sol ution, which S
LEPUIG WGBSR 2o O Gre B 2 200 adlEs)  ana
reS@dd BHBHed! thdthehs Hish & SH RS- £2BL PBuL P8 2cid solution

waf ers), the solution served to performresi st
seredvaf fleftfoctiwdor walist hoagbval Hedatabrened Toc

i medi ately after the start of imersion, 10 it becane
CORHHrTHSOBAFCT rARSP ARV Fhe fisddar itm himit e¥afantcleaning
. T, C ent.ration reached the detection limt.
wad Honr OB LA ERRIRGS [ty obiadd\garers,
tot&ftnPm 1, Hlehs)t h | L d rehmd ni

e ot e R g P SEPELT | bl e e
high-maresemitaridheustaricefcidBelacodn ddwised bigser5Qely for

waf ers 15 were excluded because it was consi dered that
regifty raRavadtand fhaF dde TOO eenfeptrabaonsincre:368Ybelow the
det Q9 Hﬂﬁi?L of the solution was taken out fromthe
cleaning vessel and 8L of a hydrogen peroxide
[098leyt i on was added. The wafer

(Comparative example 2)

In a cleaning vessel, 40L of 98% concentrated sulfuric acid was

poured and 8L of a 35% hydrogen peroxide solution was added to
produce a solution, which was then heated at 130°C. According to
the same immersion cycle as in Example 1, resist-contaminated
wafers were immersed in the solution to carry out dissolution of
the resist. In the first 6 cycles (cleaning 300 wafers), the

solution served to perform rési'srt removal effectively, and though
it bgcame brown ‘immediately after the start of immexsion, it

became colorless and transparent in nearly 10 ‘mirites, and the

- TOC concentration reached the detection limit. For the next set

of 50 wafers, however, resist was left on the wafers, the soiution_

remaining brown, and the TOC concentration béing still 30 mg/L
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20 i mersion test was continued, but when 50 wafers

were imersed, the solution failed to renove the

resist effectively, |eaving some resist on the wafers

after 10 m nutes. Replacenent of the entire solution

becanme necessary when cleaning of a total of 400

wafers was finished. Wafers thus cl eaned were pl aced

in a wafer analyzer, 25 where they were heated at 400C
inahd niheirgaticerr e MRS E IRASHE 86h WiHh® BR8Se 50 wafers

spectroneter. The anount of organic residue was in
Ve ke epgRYEleef baseuses0d we sl 00 sigleor®, thaggeskivngathabt
un?%ghl clgantwﬂfers wer e not obtained. Furthernore,

gﬁé@iﬁﬁ FyLoi et & S3EERE-n was observed by | ow
L,on [ D 0 el ectron .

S sy 238 PYRGRIERN bkt 2REF i e sieaning

vebBel sl sL.eF U Masydrehérox i 889811 (BRIPLE addl Lp%groduce

hi gh-concentration sulfuric acid solution prepared
a2 fPkihgons Wolchiwagyitheonbenatedt at i fOr iThaAsiadteandmBbrsion
c o% ul trapur.e m%%er was poured in a cleaning vesse

CEhd* RGBTt Tiskee firtthe cyréesr Wiritingddd wafers),
thaPPai gt ¥ rol ysi el l.s .connected in serie

“were pl a%rédé, é!\gva(% etgéelqé%%én a%rﬁsnlgs':lﬁeméﬂvggt F538§,%1Xﬁ3% and
theagh &l elaedeheownr i mhde Dok -a‘%%%dtﬁé"%%éé ¥ i i '
~dianond supported on a Si susgfrate wth a aneté%8%¥510n’
it i gamaandlobiiekaessd ¢firahspareiteiafiectliwe oanDae: & eand the
- $nd the current densit were 30 dn2 and 30 A/ dng,

Of e Pt §iondeatied itbe Askpstionabintondint ddeanext set

' t ysis.of a s e of the solutign )
of Hun EELE, MR VELE1 8t S R ke b Yot gt e o the solution
refi@Rtih®bapRal A thkd Tde Wascehewa thilal phb '
~ persulfate ions production rate was SS%LFEFEg Eg%l%ngo mg/L
iniigneisibas afte; the startneh isieredonefess, coatRds50 wafers

wth resist were imersed for 10 mnutes in the
WETT ST Hf SR ReFause rifer i v rcorsidered ndeat foren had atot
Q ing a total of 12,000 wafers) to

undgrgft%@ éﬁ?eé .Ju?eantro trp%réiizst (

pertTorm di ssolution TOC i ncrease
{0097}

Then again, 8L of the solution was taken out from the cleaning
vessel and 8L of a hydrogen peroxide solution was added. The wafer

immersion test was continued, but when 50 wafers were immersed,

~the.solution fajled to remove the resist effectively, leaving some

| J;e.sist on the wafers after 10 minutes. Replacement of the entire

solution became necessary when c¢leaning of a total of 400 wafers

was finished. Wafers thus cleaned were placed in a wafer atalyzer,

where they were heated at 400°C and the organic residue was

measured with a mass spectrometer. The amount of organic residue
was in the range of about 500 to 1000 pg/cm?®, suggesting that highly
clean wafers were not obtained. Furthermore, the periphery of the

pattern was observed by low acceleration voltage type scénning

~electron microscopy, and results showed that a large amount of
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20 rate: 0.04 g/L/hr). During this process, the
sul furic acid concentration of the sulfuric acid
sol ution was nonitored continuously with a sulfuric
acid concentrati on neasurenent apparatus, and whenever
the sulfuric acid concentration reaches 16. 6M
ultrapure water was 25 injected automatically until
the sulfuric acid concentration reaches 16.4M This
reaitonedsiteeswb&uréecacid concentration to be
mai ntained in the range of 16.3 to 16. 7M t hr oughout
[Qqﬁﬁbrocess [0099] 30 (Exanple 3-2) 51 A
h concentration sulfuric acid solution prepared by
(Eﬁ? Phy - ﬂbﬂ of 97% concentrated sul furic acid and 8L

I i Q ani ng vessel _
a I SRR S P bRl B BedaRi B breoF BRd g piing
40RRAUSontwALeheeHr 8L Y BLSi 6 eécl:f’d AP %@_.egf ediiFapure water
series were placed, each cell containing 10
wag|motrestidsy aantleenthyg etestebdend orpiritsiingdatons degedIin the
conductive dianpnd supported on a Si substrate with a

elef et er i o aar iR mPPa T idkhe sevofe leghinofrls cells

V. rea.an t he curr nt nS|t O
coffigfod TR LI 05 ) AT il et i 3
elo@srdde £0RAUE L6 Bl c4PEoaE UR f;sﬂ%iaf@w%bﬁ -85 gd%ﬂa&tm

of the solution flowi ng out fromthe outl et 8 the
disiged moippcirtedeant & G appatatire, with aaslsfener bfals cm and

the persulfate ions Froductlon rate was 3g/L/hr. For

thiffegsmetsi B - Ghe ef Ispt i7s angdle atea e84 tied ensrenhtdshsity

d f 0 .
ol R LA SE L IG5 A v
corddidePht490 h@“ﬁ?’r&r&'t@%ﬂhﬁgl s&gt?{fr a $hndA<0080 wal esro%.)utlon

to performdissolution of I st OC inCrease rate

£1cvifdy git/fhmom tibyoundethh S thEQC?&&S:,rd]f}ﬁ:Jld gaadti@ii&ppafratus .
the sulfuric acid solution was nonitored continuousl

it ype ﬁ@%ggﬁt%g¢rﬁpbﬁaﬁggons production rate was 39){:./hr.

For one immersion cycle, 50 six-inch silicon wafers coated with
resist were immersed for 10 minutes in the cleaning vessel.
Immersion was continued for a total of 40 hours {cleaning a total-

of 12,000 wafers) to perform dissolution of resist (TOC increase

rate: 0.04 g/L/hr).

‘During this process, the sulfuric acid concentration of the

sulfuric acid solution was monitored continuously with a sulfuric

acid concentration measurement apparatus, and whenever the

sulfuric acid concentration reaches 16.6M, ultrapure water was

‘injected automatically until the sulfuric acid concentration

reaches 16.4M.

This allowed the sulfuric acid concentration to be maintained in

_rt_he range of 16.3 to 16.7M throughout the process.

[0099]

(Example 3-2)
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20 in the cleaning vessel, and whenever the liquid
| evel |owered by 5mm ultrapure water was injected
automatically to raise the liquid level up to the
initial height. This allowed the sulfuric acid
concentration to be maintained in the range of 16:2
to 16. 7M t hr oughout the process. 25 [0100] - (Exanple
3-3) A high-concentration sulfuric acid solution

A pighacefcbytibxing sd0Euplc94%4 goncERE I & -l HdH 1f mixing
acid and 8L of ultrapure water was poured in a

408l @Bn? Yy aesswit itk drsivitfaimied aati d1306. s1.roft hd tr3@ure water
el ectrolytic reacti.on apparatus, two electrolysis

WAEPPLTRY Rrih&iSEd Y ¥Erred fBfenpiatadncdath 1G09C. In the
Enig .ectr and each el ectrqode,
e1£8BLB10LTE Hactl B AR T AR SR8 el ek W G soreLds
coffedtSi $HDsbLabe webh prdbamet ehcff L3108 ining 10
thi ckness of 1 mm The effective anode area ané tﬁg

eleatredesdens] eych alera: B3idnBupid s3QgAdsirth - doped conductive

.reégectively, and the electrolysis was conducted at
digpend iR eHecdintt fsfd Yibatsabpivel @i a Héavetarioh 15 cm and

rom.the outl.et of the electrolytic .
e Rt P T il ofbe SE Rl Shin Seha ik b G gensity
welt®NS REGAEd | 0N J/RhE, WBss 3844 Fols g;'i% LAIRES :
cycle, 50 six-inch Sl|i0%§ mafe%%ybdg%% MAFEQ?8§59§$lS was
conaistised wer @ OiotheFsed fios akth gl eF hnsdhel€l@RhBIsolution
vessel. I mersion was continued for a total of 40
LIPS opdl Iedm fieputotalt ofdtheleleobradybic)raas yienf apparatus,

e G BBl A 10 1018500 8L 008 k050

Foit @ik GRhlersiorDUYLAE, { Bh S PLOLES? o IR OLAL W8T QDL 80 wirn
t he cl eani ng vesSel was nnnltoreégcontlnuous Yy, ang

resimEmnevere tirmewsght falecreastgubys Ol Kge k@i vessel.
ultrapure water was injected automatically. This
T T YegeCnFinEee Y @ tohebm¥ 40iboutre (leaning a total

of T2, BEB0SELD) (BN PIR 8hsB10e18n'Se TN NCVHI0 ncrease
rate: 0.04 g/L/hr).

During this procegsg, the liquid level of the sulfuric acid
solution was monitored continuously with a level sensor provided
in the cleaning vess.el, and whenever the liquid level lowered by
Smm, ultrapure water was injected automatically to raise the
ligquid level up to the initial height. |
This allowed the sulfuric acid concentration to be .maintained in
the rarig_e of 16.2 to 16.7M throughout the process.

[0100] |

(Example 3-3)

‘A high-concentration sulfuric acid solution prepared by mixing

40L of 97% concentrated sulfuric acid and 8L of ultrapure water

was poured in a c¢leaning vessel and maintained at 130°cC. in the

electrolytic reaction apparatus, two electrolysis cells
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20 [0101] Thus, the invention has been expl ai ned above

based on practical nodes and exanples, but these

nodes or exanples do not inpose any limtations on

the invention, and they may be nodified in the scope

of the invention. 25 [Industrial applicability]

[0102] The cleaning systemof the invention is suited

particularly to cleaning of silicon wafers, glass
cogutesttest 651 fseir ileisqueteC Pisicalds, eapholemaskonuhshiakese

and ot her substrates for electronic 30 materials, as
elgaHroge se| ¥t ieaghot Les treeds goipers. sdbjgém:sax;m;md 68nductive

.specificall i.t can_be used in processes for renoving
dl%r QRS 8“1’88%5‘?%%? SdcRiBstrateWithes dianalnsrefhd s eu and

] | use [so in .

e h o S e Al 0B, ofir i orfoms densiey

wepar 80 ciies anads ot Alm*gdheEpBgLt Oe Dy s e & MME Qb rolysis was
substrates. In nost conventional Sem conduct or

copdhstedt ot prifces§iren theoveskesis drfy aesaip g cAdhe solution
ashing steps for oxidizing and ashlng resist, which
tiPyigg éH%g ﬂ%ﬁi%ﬁ%??l%ﬁéfdﬂa%ﬁaéetF@ Ypi etneasttiem apparatus,
i | Lng. uch steps, hawever, can
O R P e e 3 03 BBl Rt e 988 0 /0
Fofoomariatherditor kegee,t Be sS¥YRL eMen A tied BueRELOBnated with
whi ch can perform cleaning very effectively, can
regéht evere hemnensedl fof teshituteeqiatehy dTedN@cRSSsel .
that. does not have such pretreatment steps for dry
TR TR A YACaRRiRYed Brus tohal ol &Rt howre dvlseniag o total

or 5% 00 8BS L5 TRt L LR oL 20 g tncrenae
rael b I cYEin NGt YRR GheAr RE Y RLAThGOPRELE NWad put on the
load cell. | ' |

buring this précess, the total weight of the cleaning véssel was
monitored continuously, and whenever the weight décreased by
9.1kg, 0.1kg of ultrapure water was injected automatically.
This allowed the sulfuric acid concentration to be maintained in
the range of 16.0 to 16.8M throughout the process.

[0101] |

Thus, the invention has been explained above based on practical
modes and examples, but these modes or examples do not impose any

limitations on the invention, and they may be modified in the scope

of the invention.

[Industrial applicability]

{0102]

The cleaning system of the invention is suited particularly to

cleaning of silicon wafers, glass substrates for ligquid crystals,
photomask substrates, and other substrates for electronic

materials, as well as cleaning of other various objects. More
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cl eani ng apparatus that cleans objects using a

persul furic acid 5 solution as cleaning fluid, an

el ectrolytic reaction apparatus that regenerates the

persul furic acid solution by performng electrolytic

reaction to produce persulfate ions fromsulfate ions

contained in the solution, and a circulation |line that

circulates the persulfuric acid solution between the

speicddnicad 1¥0 appanatbs asddthe tecésobyticr readv 0y organic

ppar at us. Caim?2] Asulfuric acid recycling type

SUPRERRCRE SYShemsa¥eqdstr mraddus agihening wve e, canvector

f th | ut.i t hat i | ectrol d
s R 57 e BeoREEFo L draltioI5s Jeep o Hemwdiing
cogl]hlﬁﬂihaﬁt%e RRef akyhg ‘ffinl\%ah)%rgtli ing f4 Hlie%al [aghaeié_";{]ng to

sulfuric acid recycling type ¢l eaning system

segésonidhedornsubkairacdéswherei n the tenperature of the

solution that is electrolyzed in said electrolytic
In, Baeti eANMppaianas Pemitepndug to20 subetrange pebctGstiog

C..[Caim4] Asulfuric acid recycling type cleaning

Prsgg?%%ﬁasé% PSP PR 27109 sieRTEor e$ldizing and ashing
re§98P! i N4, 3 NEALLNY 10 he 1.9; 9gk8anin

fluid. 25 [0 aimis] A su TEl %?%ﬁ?%‘?i;‘é%?ﬁ%ﬁ Jigtreatment

pridearnd ng.eytsiiem axe BEsstthedceps, awdfel] AP ihdiQade the
conprising a cooling neans to cool the solution that

equiphenpend M%Szlm cos¢ai-dCotperedl itk tleand | ahe system
o008 B i Lo St o e Sy,
R L R S 2. T PRy sl & Gapephpes that
do@@pﬁ:rtahaﬁe such pretreatment steps for dry etching and ashing.
Thus, the invention can serve to egstablish a prbcess that ig free

of such pretreatment steps.
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[Qaim7] 5 Asulfuric acid recycling type cl eaning

system as described in any of clains 1 to 3

conprising a heat exchange neans to perform heat

exchange in said circulation |line between the

conparatively |lower tenperature feed persulfuric acid

solution flowng from said electrolytic reaction

apparatus and the conparatively higher 10 tenperature
Clamtsirn persul furic acid solution flowing from said

cl eani ng apparatus. [Caim8] A sulfuric acid
[C¥%%?cllng type cl eaning system as described in claim
2 é‘l erein $qisa es jnh said circulation line are made,

O TS qUATYZ TOroX BT | G Det hyi g FXFEi M mpkising a
cléé'ﬂ{f&& lop) Gﬂa‘iEJseE}éalt' Bﬂeéﬁg%kﬂqg@@é E&i%geﬁ@%lgéulfur' c acid

descri be in clarml conprisihg a decomposiiion Unt t
solltatonl eto eSS noC Fudd, Nant 81680pYegt L& 0P AL B6L adPhratus

said cleaning. 20 [Caim 101 A sulfuric acid recycling
thaty egeneiiting i aresuibecid bectidispllEion bywhendgiarming
(iflulion to be electrolyzed in said electrolytic

tne
SLEEHI O AR H R He REUIR B P o @i rdtqrpFulfate
iodd AL aD0e 9 8M tﬁ?ﬂﬁ!\’ﬂox‘gs difd al mAM A SUTYE hae
aci d recycling type cl'eaning system as 8stri be iy
cimhdidnds Wiy @drafl fiei elaeid adesud o e la] e/ idikaning
“reaction apparatus, at least an anode is a conductive
aprfrErl asice dtheode e ctfx@lgitm d e84 s Wdperdatwaci d
r%ércling type cleaning systemas described in 56
[CT434 A111 wherei n the conductive di anond el ect rodes

i ' | i GiLeact | t .
n SRR o LB, S BLYL €, LERELLOR, PR ALY A R ea i
claitPdueRtiin AR e GMBC IV & he solution that is :

electrolyzed in said electrolytic reaction apparatus is kept

lower than the temperature of said cleaning fluid.

{Claim 3]

A sulfuric acid recycling type cleaning system as described in

claim 1 wherein the temperature of the solution that is
electrolyzed in said electrolytic reaction apparatus is kept in
the range of 10 to 90°C.

[Claim 41

A sulfuric acid recycling type cleaning system as described in
any of claims 1 to 3 comprising a heating means to heat said
cleaning fluid.

[{Claim 5]

A sulfuric acid recycling type cleaning system as described in
any of claims 1 to 3 comprising a cooling means to éool the solution
that is to be_electrolyzed in'said:electrolytic reaction
apparatus. |

{Claim 6]
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di anond on a substrate foll owed by renoving the
substrate. 5 [Claim13] A sulfuric acid recycling type
cl eani ng system as described in claim1 wherein the
obj ect to be cleaned is a semiconductor substrate.
[Gaim14] 10 A sulfuric acid recycling type cl eaning
system as described in claim1 wherein electrolysis
is controlled so that the ratio between the rate of
A $OECE(Lobahc 08 Pk Fe TR AR)pd NCIEaSENd %%}él.éénpgts ti(a%@rlbed in
t he renmoval of organic contam nants 7n said cleaning
clappat aipwimindie cabd ok mpensasl tdardéconait: rydlditczldrplﬁhat is
in said 15 electrolysis apparatus (persulfuric acid
toppedaterbrotured B/ eahd)e géﬁatlr@@tﬁ@r sasetigheapparatus.

ni,ng vessel (g/L/hr)) is in the range of 10 to
[Cg%gg ?Elain115] A sulfuric acid recycling type

A ShEANY VY B8/ 1¢ @yﬁgjdﬂéaﬂgﬁ s@b CAMALLRLR8ed in
an ul trapure water o rogen pero ution
a_ny epli ediadhgenttdin e:dn@riu;ﬁpigy a%éaambt@d@j@ meRinsA to perform
drogen peroxide solution to said persulfuric acid
he%%lemq ge i) g e Feroalaiifony lena&@wee@y ¢hiengompaeatively
laim 15 wherein

Lof PP VRt BrTRYH GEen Pel b aLutLoR UEf gHing From
sal&Bhen 't§B‘I§EE ol fék‘?ctfﬁ)rpégéhgggg%%&c?%ﬁg |Cr??[{(])3atrl%qﬂb‘%tlty higher

water or a hydrogen per
temoetatonrofrdthen gegniifhniesslid Bollig iohe&Nbing from said
apparatus. [Claim17] 30 A sulfuric acid recycling

cl Q%ﬂﬁ?ﬁﬂ%ﬁﬁﬁfﬁf%@sten1as described in 57 either claim
I 5 or 16 conprising a sulfuric acid concentration
Jement means to nonitor the sulfuric acid

ﬁogﬁfﬁ{ﬁ:i‘@:' ?818f re&981§1q UHF]SQ éfeéﬁfﬁgtgfst@negé'c?egscribed
fromsaid ultrapure water o :

in claim 1 wherein passages in said circulation line are made of
quartz or tetrafluoroethylene.
[Claim 9]

A sulfuric acid recycling type cleaning system as described
in claim 1 comprising a decomposition unit that decomposes
contaminants removed from objects by said cleaning.

[{Claim 10]

7 A sulfuric acid recycling type cléan’ing system as degcribed

in claim 1 wherein the solution to be electrolyzed in said

electrolytic reaction apparatus has a sulfuric acid concentration

in the range of 8M to 18M.

[Claim 11]

A sulfuric acid recycling type cleaning system as described in

. .claim 1 wherein of the electrodes in the electrolytic reaction

apparatus, at least an anode is a conductive diamond electrode.
[Claim 12]

A sulfuric acid recycling type cleaning system as descr-ibed in
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hydr ogen peroxi de sol ution repl enishnment |ine can be

controlled 5 based on concentration neasurenents taken

by said sulfuric acid concentration nmeasurenent

means. [Claim 18] A sulfuric acid recycling type

cl eani ng system as described in claim17 wherein

i njection of the ultrapure water or hydrogen 10

peroxi de solution fromsaid ultrapure water or
claydr Dyeth@es DX thte Sadnlh O ¥& M RMSHRMe ddiR1dsS provided in

conduct ed when the concentration neasured by said
thgyetleetrodyrdcconsehirat hppamesssr arentelEassanidsing. ibe

oL . Jore hi gher than a prescribed value. [Qaim19] 15
CoRARGHH YR TraReR SdAFHHARe S Prederednydadyisiadings conductive

. i bed,i Lm1 rein, said sul.furigc aci
dl%@ﬁ%%n?ﬁa?i%Hb%%gég%eﬁggﬁgwﬁgaﬁg Fgmaggpantgetgugggrate.
[cehserptjonetry to neasure the sulfuric acid

concentration. [Claim20] 20 A sulfuric acid recycling

. A sybnclean nd yotemas tascrdiketiing sgistear ael aeBridbed in

lor 16 conprisinﬂ a liquid volune neasurenent neans to
<Lathi t ot EhelVoFifecBicEhetel kanrhganedi dsia shwiconductor

suﬂ%f%ﬁ%@g vessel in said cleaning apparatus so that
the injection action of said wultrapure water or

[cIwili ogen peroxide sol ution replenishnent line 25 is
controll ed based on neasurenents taken by said |iquid :

A ol et c mesdslremantl gAY pd dlaiamidl] siesehf HEi §ed6ithed in
recycling type cleaning systemas described in either

cladmyin wheRin o lempr ok aibs al ¢ | qontrobled seashakensmt ratio

0] itar, the liquid.level of the cleaning . . -
be A chd e TRonhf n&g,to_f}«f'_g1 GR5EBiCiTA AR CPERRPRG Tesulting
frAPRAHALMER T Bt R8s 1 e@éﬁ@ﬁnﬁ?%ﬁ@é‘ 19f s S84 dclea.ning

ultrapure water or hydrogen peroxide sot'uton ‘ .
appegpiterds shmbrithd irecd o qudrah] Bdr Dasesh @HrEASY BSRMS said
taken b _ '
electrolyggs apparatus (persulfuric acid production rate
(g/L/hr) per TOC increase rate in cleaning vessel (g/L/hr)) is
in the range of 10 to 500. '
[Claim 15]
A sulfuric acid recycling type cleaning system as described in

claim 1 comprising an ultrapure water or hydrogen peroxide

solution replenishment line to supply ultrapure water or a

hydrogen peroxide solution to said persulfuric acid solution.

[Claim 16]
A sulfuric acid recycling type cleaning system as described in

claim 15 wherein said ultrapure water or hydrogen peroxide

--solutionreplenishmentline:usprovidedtx>injectultrapurewater

or a hydrogen peroxide solution into the bottom portion of the

cleaning vessel in the cleaning apparatus.

{Claim 17]

A sulfuric aqid'recycling‘type cleaning system ag described in
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said liquid |l evel neasurement nmeans. 5 [Caim22] A

sulfuric acid recycling type cleaning system as

described in either claim15 or 16 conprising a

l'iquid weight neasurenent nmeans to nonitor the weight

of the cleaning fluid in the cleaning vessel in said

cl eani ng apparatus so that the injection action of

said 10 ultrapure water or hydrogen peroxi de sol ution
eitdmremilsiments brnees eompphtfod|LWBSeti ®kicid concentration

measurenents taken by said |iquid weight neasurenent
me}?@éﬁ”@me[r@ BegrE3to maesni fon ithicasid fredychdhg dorpeentration of

clea |@ syste siﬁgacrlbed in 15 claim 22 wherein
LR PR 3—%%%%%% dESEAC T ELRY %élaéélqu ater or
1 {£3ning_vesse
g o oy Tt e e 2 Eb Ao R o3l o1 e

baseslibhutdic@tt ga t £6Y Gld At the katehUpl CsRtd GuaYRRLY: acid
apparatus 20 conprising an electrolytic reaction

CORSERCARGS onh A aserkenent mebsst.rol ytic reaction to

en te a persulfuric acid solution by producing
[Cgéa §§ite ions fromsulfate ions contained in the

s t | ine that circulates the., .
R 30498, 203 2L A0, SN S AR bE e in
cleg¢actii7oRhappahatiugeafiodSod eheaihfgaplpar ghbsyt Bf‘t hydrogen

uses persulfuric acid. [Caim25] A Sulfuric acid

peresyeri slulpen facsubhidi vl aciplusy ppky rappanalrdsrenageroxide
n ¢laim?24 conp r|3|qa a cooling neans to
k&)

cri bed
SO@B@FOP%EP } ertFRneB deiten 1P 69 CF?@mh%t@ee@Wﬂgntratlon
t tlc [ i.on a aratus '
e B2 12 ST TH AL Yo rETEL B FBRR)PepEnt neans
is[ @l aMnb:ZGﬂaofeSHhéhétCtﬁﬁhdaf§£¥§bfﬂﬂeé)’9§1@§r sul furic

aci d supply appar at us
[Claim 19}

A sulfuric acid recycling type cleaning system as described in

claim 17 wherein said sulfuric acid concentration measurement

means is designed to use abgorptiometry to measure the sulfuric
acid concentration.

[Claim 20]

A sulfuric acid recycling type cleaning system as described in

either claim 15 or 16 comprising a 1liquid volume measurement means

‘to monitor the volume of the cleaning fluid in the cleaning vessel

~ in said cleaning apparatus so that the injection action of said

ultrapure water or hydrogen peroxide solution replenishment line
is controlled based on measurements taken by said liquid volume
measurement means. |

[Claim 21]

A sulfuric acid recycling type cieaning system as described in'
either claim 15 or 16 comprising a liguid level measurement: means

to monitor the liquid level of the ‘cleaning £luid in the cleaning
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as described in either claim?24 or 25 conprising a
heating nmeans 5 to heat the feed solution flow ng
fromthe electrolytic reaction apparatus to the
cl eaning apparatus in said circulation line to the
range of 100 to 170C. [Claim27] A sulfuric acid
recycling type persulfuric acid supply apparatus 10
as described in either claim24 or 25 conprising a
vepdal Bxothdeclemaing tapperd oum sieathex dandesjketweanaction
fthe.%eeﬂ solution flowing fromthe electrolytic.
Ol 2AtYi VntEPPYFat Hetes PRehyPEgArRg Peppadat 69lundonhe
t f. owi rram { he cl.eanin appar at us
rep AP LB Bl g R B B e s Baken by
satdr Lidpad @ ODetréNemeabGh-ainBhe8helnsul furic acid :
recycling type persulfuric acid supply apparatus as
[Cheier2dkd in claim24 wherein the sulfate ion

concentration of said solutionis. 8Mor nore. 20
A R ORI JRINFIHODGPS cpdiing ©yseepersuliearitbed in
.acid . I ar af Us _.as descr. bed. in c]aim?24
o1 TR o AP RS M B e R Y e 1.6hF geelrement means
to Rbagtoe! Whé waieprt ben aPRaLaLYS, J[ {106 '
: a‘_conductive]'iannnd electrode:gg%u %ﬁgﬁﬁ$§8?%%gggwf§ES581
in s@lifucileaading rpppehicng bypehper sl fijd e aserBhY of said
%%Paratus as described in claim24 wherein passages
ul tyApuye Wet e PRtYSFageepespEifadeobition replenishment line

is tc%'h[tgollli%rc‘io%gg%ldegg'mga(t)surements taken by said liquid weight

méasuremént means.

[Claim 23]

A sulfuric acid. recycling type -cleaning system as described in
claim22 where'i_n said liquid weight measurement means is degigned

to measure the combined weight of the cleaning vessel and the

cleaning £luid in the cleaning vessel.

[Claim 241
A sulfuric acid recycling type persulfuric acid supply apparatus
comprising an electrolytic reaction apparatus that performs

electrolytic J;eaction to regenerate a persulfuric acid solution

by producing persulfate ions from sulfate ions contained in the

solution, and a circulation line that circulates the persulfuric

acid solution between said electrolytic reaction apparatus and

a cleaning_ app’ara_t:,us that uses persulfuric acid.

[Claim 25]

,A s.ulrfu‘ric acid recycling type persulfuric acid supply apparatus

as described in claim 24 comprising a cooling means to cool the
return solution flowing from the cleanirig apparatus to the

electz_:olytic rea_t:tion apparatus in said circulation line to the .
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[Claim 26]

A.sulfuric:acid.recycling'type_persulfurié acid supply apparatus
as described in either claim 24 or 25 comprising a heating means
to heat the féed.solution.flowing from the electrolytic reaction
apparatus to the cleaning apparatus in said circulation line to
the range of 100 to 170°C.

[Claim 27]

- A sulfuric acid recycling type persulfuric acid supply apparatus

as described in either claim 24 or 25 comprising a heat exchange
means to perform heat exchangefbetween.the feed solution flowing
from the electrolytic reaction apparatus to the cleaning
apparatus and the return solution flowing from the cleaning
apparatus to the eléctrolytic reaction apparatus in said
circulation line. |

{Claim 28] |

A sulfuric acid recycling type persulfuric acid supply apparatus
as deécribed in claim 24 wherein the sulfate ion concentration
of said solution ié‘BM or more.

[Claim 29]

A sulfuric acid recycling type persulfuric acid supply apparatus

as described in claim 24 wherein of the electrodes residing in
said electrolytic reaction apparatus, at least the anode is a
conductive diaﬁond‘electrode.

[Claim 30]

A sulfuric acid recycling type persulfuric acid supply apparatus
as desCribed inclaim 24 wherein passages in said Circulation line

are made of tetrafluoroethylene.
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