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Specification A sulfuric acid recycling type cleaning system and a sulfuric
acid recycling type persulfuric acid supply apparatus 5 [Technical field]
[0001] The present invention relates to a sulfuric acid recycling type

cleaning system that uses a sulfuric acid solution repeatedly to

regenerate a persulfuric acid solution and supplies it to a 10 cleaning
apparatus in which silicon wafers etc. are cleaned to remove

contaminants etc. adhering to them by using the persulf uric acid solution
SRR CHRSERR effectively for their removal, and also relates to a sulfuric
acigl igeyeling dyne perslfide acid: surpl appartus-thataupplies parselfric
uric acid to said cleaning 15 system. [Background art] [0002] The wafer
2féshing SEER M3 Ve SaRfe StAE htey rafedciftiP (Y L3P prédiicion
pracess sehves;for ggmoval of resist residue, 20 fine particles, metal,

oxide films formed spontaneously, etc., and generally uses a mixed

sH@r of concentrated sulfuric acid and hydrogen peroxide (SPM) or a
mixecksohution, progucead fuyn blovdng 9zong ito sercenrated sulfulicagidype
(SOM). When hydrogen peroxide or ozone is added to high-concentration
S5e&ME %E%t,?ﬁ‘etgﬂﬁmﬁ%%i& i§okidiZed BIothPP&ufc SREGHE®Y &°
koguinethat pessWilria,agidrshows adhigh axdizing: poweirand bigh t to a
cleaning performance as it self-decomposes, and can serve effectively for

ERAGHACRSERE W AdHition 38 thé HhtRR-MRitBRet Ferdiitric &g £
pragictionn3ammetheds dt is. kiovw-that adersifuccidsehdipatenl furic
g!::eiacgngglgition which can serve effectively for their removal, and
also relates to a sulfuric acid recycling type persulfuric acid
supply apparatus that supplies persulfuric acid to said cleaning
system.

[Backgfound art]

[0002]

The wafer cleaning step in a very large scale integrated circuit

- (VLSI) production process serves for removal of resist residue,

fine particles, metal, oxide films formed spontaneously, etc.,
and generally uses a mixed solution of concentrated sulfuric acid
and hydrogen peroxide (8PM) or a mixed solution produced by
blowing ozone into concentrated sulfuric acid (S0M). When

hydrogen peroxide or ozone is added to high-concentration

gsulfuric acid, the gulfuric acid is oxidized to form persulfuric

acid. It is known that persulfuric acid shows a high oxidizing
power and high cleaning performance as it self-decomposes, and
can serx}e effectively for cleaning wafers etc.

In addition to the above-mentioned persulfuric acid production

methods, it ig known that a persulfuric acid sclution for cleaning
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can be produced by electrolyzing an aqueous solution containing sulfate
ions in an electrolysis reactor (see patent references 1 and 2) . [0003] 5
[Patent reference 1] Tokukai (unexamined Japanese patent publication)
2001-192874 [Patent reference 21 Tokuhyo (published Japanese
translation of PCT publication for patent application) 2003-511555

[Riscloguesatihe yvention]: 40 [Rroblerts e solved bydhernventianhing
[0004] In the case of SPM, persulfuric acid formed from a hydrogen

spefeife SNGtidH RIErEASES Ty bXithFinGEAGWEr ad e eFeddmpbokeE e Rees

;agdthekefore continuous supply of the hydrogen 15 peroxide solution is
necessary to compensate for the decomposition. Furthermore, the

hiffébncentration sulfuric acid has to be replaced when the sulfuric acid

(eaReentration has deereasgd 0.3 ceftainlayehda spiddanethod,howaver,

the persulfuric acid solution is diluted with the water content of 20 the

prpdrbsReRipEroxdde $oRtRidH Taking it difficult to maintain a constant liquid
[GARQsitiEAnd futhermoranthe splutionhas: tpbr discardedhandrion of
replaced at prescribed time intervals or for every few batches. Thus, the

PEIBaRIRLPEFEARENES T aRREERe REP EERELME artd F addhirr a large

rolume,af chemicals have.te25 by stored. In the case of SOM, on the
other hand, the solution does not undergo dilution, leading to a longer

BiahdsmRiacdifefiteyae, Bt ithe idferdr i-eRhning performance as

qeppared with SPM. [0005] 30 In the case of SPM, furthermore, only a
“limited amount of
In the case of SPM, persulfuric acid formed from a hydrogen

peroxide solution decreases in oxidizing power as it
self-decomposes, and therefore continuous supply of the hydrogen
peroxide solution is necagsary to compensate for the
decomposition. Furthermore, 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 composition, and furthermore, the soluticn has
to be discarded and replaced at prescribed timé intervals or 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 case of SCM, on the other hand, the solution
does not undergo dilution, leading to a longer solution
replacement cycle, but it is inferior in cleaning performance as
compared with SPHM.

[co0s]

in the case of SPM, furthermore, only a limited amount of



2 persulfuric acid can be produced when the high-concentration sulfuric
acid and the hydrogen peroxide are poured and mixed in the cleaning
vessel at the beginning and when hydrogen peroxide is added to the
mixture several times later on. In the SOM method, 5 the ratio of the
amount of persulfuric acid generated to that of ozone added is very low.

Wltg}h%iefLrpr%tQOd%’itgeé%forgétherg nggatr%%%r}xoggge fxe_LSLﬁtwlrc]:%nc ntraticn
pe?sul?urlc acid soafutlon IS 1'ﬁmlte ) andllts cleaning perform%nce Is also
limitetE (0006410 FThe presantdnveriiopavitich dmsmadeagaistsuchixed in
a background, is aimed ovide a sulfuric acid recyclin cleanin .
o s e B RS A e WRe. ool b roiae
peisulate doadatyelingxpiace ss=that procixes persalf ate.idnsthe SOM method,
electrochemicallg from an a uteo%s sulfuriifcid, soluti,ocgm while 15 u |Qg that of
b suffific’id Pepéatdtfiy {8 ansForoiving the probfersf 166071 Thus® =72+ ©
the suliwric agislyecyclirg-fype eleaning systeneofithehdiaventiorespeeified the
in claim 1 is characterized in that it 20 comprises cleaning apparatus |, ,
tha&%?&&ﬁ’%ﬁfe%?&u%gtﬁ‘ep&%ﬁ%ﬁ&%%i SSittoA B Ceaniry fidia ahon 1o
electkplyics reaeifori appanaiis that egeneraiesdbe persuyic aitked .
solution by performing electrolytic reaction to produce persulfate ions
fror 8BR&fe ions contained in the solution, and a circulation 25 line that

10 Circulatgs the-pessyliurieagidsolulivndiehuecndbe Hleanisg appRratisckground,
and the electrolytic reaction apparatus. [0008] The sulfuric acid recyclin

5 \ g
typEechedHifig Sy BT SPB R R ERMT S48 HRr8CleifRd TR that ffthes system
SU@Hﬂ%aégkﬂﬂ§E¥ng decrease the sulfuric acid consumption through

:a.persulﬁate ion recycling process that produces persulfate ions
electrochemically from an agquecus sulfuric acid sclution while
15 using sulfuric acid repeatedly.
[Means for solving the problems]
[00C7]
Thus, the sulfuric acid recycling type cleaning system of the
invention specified in claim 1 is characterized in that it
20 comprises a clieaning apparatus that cleans objects using a
persulfuric acid solution as cleaning fluid, an electrolytic
reaction apparatusg that regenerates the persulfuric acid solution
by performing electrolytic reaction to produce persulfate ions
from sulfate ions contained in the solution, and a circulation
28 line that circulates the persulfuric acid soclution between the
cleaning apparatus and the electrolytic reaction apparatus.
[ooos]
The sulfuric acid recycling type cleaning system.spécified.in
claim 2 is characterized in that in the sulfuric acid recycling

30  type cleaning system of the invention, the temperature of the
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30 type cleaning system of the invention, the temperature of the 3
solution that is electrolyzed in said electrolytic reaction apparatus is kept
lower than the temperature of said cleaning fluid. [0009] 5 The sulfuric
acid recycling type cleaning system specified in claim 3 is characterized
in that in the sulfuric acid recycling type cleaning system of the invention,
the temperature of the _solution that.is electralyzed in said electralytic,. .
D Gt R A RS Fagbr A0S BOCC TE (ORI The o
spifuric aaid tecyiclipg type<ieaning syistemespecifiethire cidins4iig cleaning
characterized in that the sulfuric acid recycling type cleaning system of

Hihvention comprises a heating means to heat said cleaning fluid. 15
[0@kl] sfihe sulfuric acid recycling type cleaning system specified in claim
5 is characterized in that the sulfuric. acid recycling_type c’;eanin system. .
of BT LorMB e CoamE aRSs o e ok A o &
be elactiolyz eshinrsaideteetsdlytic 2Mhtedctiorhappalkdtusi {08&2F Teeycling
sulfuric acid recycling type cleaning system specified in_claim 6.is
SHEBCTATEAH TR e Bt Soid G g 1 pe. Clearning Systm of° °F°
theliavention comprisesl acoolihgaaéans te £bd| 2bthersdiution thakisttdon
be electrolyzed in said electrolytic_reactiq parat 013] The sulfuric
%B?géﬁafnglerrJ}%ea%aﬁf}\gtgy%tg?nn28egff!i]egelngo 30

[0010]

The sulfuric acid recycling type cleaning system gpecified in
claim 4 is characterized in that the sulfuric acid recycling type

cleaning system of the invention comprises a heating means to heat

said cleaning fluid.

fooi1]

The sulfuric acid recycling type cleaning system specified in
claim 5 is characterized in that the sulfuric acid recycling type
cleaning system of the invent:ioﬁ comprises a cooling means to cool
the solution that is to be electrolyzed in said electrolytic
reaction apparatus.

[o01z]

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 electrolyzed in said electrolytic
reaction apparatus.

{00131

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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claim 7 is characterized in-that the sulfuric acid recycling type 30 cleaning
system of the invention comprises a heat exchange means 4 to perform
heat exchange in said circulation line between the comparatively lower
temperature feed persulfuric acid solution flowing from said electrolytic
reaction apparatus and the comparatively higher temperature return
persulfuric acid 5 solution flowing from said cleaning apparatus. #?014
THe St ALB TRty EH T R ClRNTTg SySteh Spatiiey ih* Bfaifeg s en the
charastarizad:in thatpassagapirsaic-Girewatiopding. prermadedifdiewaitiit ion
or tetrafluoroethylene. 10 @015] The sulfuric acid recycling type cleanin
sySteifSfedifigll it L S RERIdciEnZEq it tindt (BRI ie"aGBY “1e
resyaing Hne Qleapngsysteanpb tha e ntion GeMpPEses Bruric acid
decomposition_unit that decomposes_contaminants removed from objects
by SAIE S RISHAMGG0BIBT Fic SuffdFE AT rERRIMYWBe cleaning
systeangpecified in claim 10 is characterized in that in the sulfuric acid
recycling type cleaning system of the invention, the solution to be 20, _. ,
electrofy 28t iR Bfet 15t Fédtiom apparatishad £ SifihicReq -+ =
corcenti ation dndhe cange o 8VHe18Mpaledgd I he sulidiciacithlation 1ine
recycling g/pe cleaningﬁsystem sFecified in claim 11 is characterized in

[

thAF 6 S8 SUr SBEE IR 25 BIEGrolyiE PG BBparatus in the

sulfusicaagid recycling type cleaning system of the invention, at least an

anOde'I‘riféastffpigyj?éiva?cgE?nggc%!gggogy%e cleaning system specified in
claim 9 is characterized in that the sulfuric acid recycling type
cleaning system of the invention comprises a decomposition unit
.t:hat decomposes contaminants removed from objects by said
cleaning.

{0016]

. The sulfuric acid recycling type cleaning system specified in
claim 10 is characterized in that in the sulfuric acid recycling
type cleaning system of the invention, the selution to be
electrolyzed in gaid electrolyric reaction apparatus has a
sulfuric acid concentration in the range of 8M to 18M.

fo0171]

The sulfuric acid recycling type cleaning system 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, at least an anode is a
conductive diamond electrode.
fools]

The sulfuric acid recycling type cleaning system specified in'

claim 12 is characterized in that in the sulfuric acid recycling
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[0018] The sulfuric acid recycling type cleaning system specified in 30

claim 12 is characterized in that in the sulfuric acid recycling 5 type

cleaning system of the invention, the conductive diamond electrodes
provided in the electrolytic reaction apparatus are self-standing type
conductive diamond electrodes produced by laminating conductive

dianond 0.3 subsiate fllged, DYEIIONNG - NG SUBSHAIE 000 amona
The sulfuric acid reCycling type cleaning system specified in claim 13 is
elaacterizsd prthatdadhesiifwic deiotreeleling yprcdieaningrysemafare
the ipvention ihe Qbisct (.bs, cleaped ;191s asemicondyelar subsraies »
[%%12%] The sﬁ%ﬁric%%d recyélling type cleaning system speciﬂ%d in claim Y
T4visi charaeterizedunthae idithesulfanciaagitheoyeing aypewtcaningemoving
syste fthe ipyention, electrolysis is controlled 15 so that ratio of the

rate of TOC (total organic carbon) increase resulting from the removal of
orffa#lé tontaminants in said cleaning apparatus to the rate of persulfuric
acigrproduictionsin said electolysisapparatusdparsiiuric. add pradudtion,
rate (g/L/hr) pelr TOC incre%g% rg?g?n %?eaning vess%lg{é%!_/hr))% 20in =
théaamgelot 4 -lrBe0 LU A THe Shiftritradéila etykfingitgprrddanmsy c1ing
ytem-srecitiad i, claim 13 ispharactarizedin thal thessuiunc,agid o1 canea

recycling type cleahing system of the invention comprises an ultrapure

vigte? o TELRPERRTOBe FOGE Solftion replenishment line to supply
ultyggykg water or a hydrogen peroxide solution to said persulfuric acid

The sulfuric acid recycling type cleaning system specified in
claim 14 is characterized in that in the sulfuric acid recycling
type cleaning system of the invention, electrolysis is controlled
g0 that ratio of the rate of TOC {total organic carbon) increase
re'sulting from the removal of or'ganic contaminants in said
cleaning apparatus to the rate of persulfuric acid production in
said electrolysis apparatus {persulfuric acid production rate
(g/L/hr) per TOC increase rate in c¢leaning vessel {(g/L/hr)) is
in the range of 10 to 500.

f0021]

The sulfuric acid recycling type cleaning system specified in
claimls ig characterized inthat the sulfuric acid recycliing type
cleaning system of the invention comprises an ultrapure water or
hyvdrogen peroxide solution replenighment line to supply ultrapure
water or a hydrogen peroxide solution to said persulfuric acid

solution.
[ooz22]
The sulfuric acid recycling type cleaning system specified in

claim 16 is characterized in that in the sulfuric acid recycling
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solution. [0022] The sulfuric acid recycling type cleaning system specified
in 30 claim 16 is characterized in that in the sulfuric acid recycling 6 type
cleaning system of the invention, said ultrapure water or hydrogen
peroxide solution replenishment line is provided to inject ultrapure water
or a hydrogen peroxide solution into the bottom portion of the cleaning

Nesiselin tha Gleaning apparatus. 5023 Jhe suliuwic ecidrewclinguypeor
Cleaning system specified in claim 17 is characterized in that the sulfuric
e peeyciPRIEHEI eI SIiHG ISteRRd b ShHTERort Hfpris&r g Stiifric t®
Afld Lonsenialion measweneNtHaangda Penises fie sulfuticAcidk the

concentration of the solution so that the injection from said ultrapure

heter HeydrbeR PBerBRide SBTitRM YEFERIsHM M dirte SCaH BE eRftsReds -
on concentration measurements taken by said sulfuric acid

concentration measurement means. [0024] 15 The sulfuric acid recycling |

typBheleanl iy sy Stanish BEMealin eI &SPt St A REEN TS Th IREChTthe? *»

sylfuric acid recycling Ltype-cleaninghsystensof the-nvartiancdjeetionsfype

the ultrapure water or hydrogen peroxide solution from said ultrapure

WeraRoPchyfeEeR rokitfe SBIRIONHFIDIEASRmE R Tind BYdntutedctd

when.20 the conceoyaticarmeaskees by saidsuiiuge agid concentrationcia
measurement means is 0. 2M or more higher than a prescribed value.

FIOIE 58REHHE Bcid Pe SN P e e dimG SiterTdpEtHRn ifToRiR2
194s gharacigrized 43 that seil sulrisacid eeneanttalioBp2onishment line

measurement means is designed to use the absorptiometry to measure
can be controlled based on concentration measurgments taken by
sald sulfuric acid concentration measurement means.

[oo24] .

The sulfuric acid 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 nydrogen peroxide solution from said ﬁltrapure water or
hydrogen 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.

[0025]

The sulfuric acid recycling type cleaning system specified in
claim 19 is characterized in that said sulfuric acid concentration
neasurement means is designed to use the absorptiometry tomeasure
the sulfuric acid concentration.

[0026]

The sulfuric acid recycling type cleaning system specified in

claim 20 is characterized in that the sulfuric acid recycling type-

éleaning system of the invention comprises a liguid volume
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the sulfuric acid concentration. [0026] The sulfuric acid recycling type
cleaning system specified in claim 20 is characterized in that the sulfuric
acid recycling type 30 cleaning system of the invention comprises a liquid
volume 7 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,_solutjon o
TERHETFER TR CoIOTEd Bttt S MO b rane SERy i i

ased on measurements y sal
digelickvelkimadneasyeement means: 1 fRO2A T heppalfuriaacicbredyetinghe
type cIe,anin% sg/stem S ecif,i%d iritclaim 21 is characterﬁzeéjrin té}zlat tgg:oxi de
BHGRE 0 Sy P TeBhing Sy stem 61 the invention cormphses a
diguick lpyel ddh maasiienent means toanoritdribe hguiddevelofdherements

cleaning fluid.in the cle nirzigtLvesseI in said cleqanin apparatus so that
tRETHebiof %%%0218%1 sla%dvu heSUTement | Maaliy

r%%%re water or ﬁ? rogen peroxide solution
r¢pterrighment line is controlled based on measurements taken by said

auig level measurement means. 1o (00281 ] be.sulfuric acid eveling, o 4
type cleaning system spéecified in claint 227is charactérized in that the
suHurcoacid: recyching 4ype edeaniig systensofl therinventicdreempliseg &ype
igucyelont Deasurement means o monlio e weight,alghe £sanig
ﬁUI in th cleaning vessel In sal ceanlngpapparatus sothat the
tgectioreachonmefaid ulitrapuicwateher hydrogknlperoxidé shlatioheaning
epienishment g s conirolied based 90.Mea7UEMRD'S BRED A Y chac
iquid weight measurem tmeans.l[ 0 T
the injection action of said ultrapure water or hydrogen peroxide
solution replenishment line is controlled based on measurements
taken by said liquid level measurement means.

{o028]

The sulfuric acid recycling type cleaning system s‘pecified in
claim 22 is characterized in that the suifuric acid recycling type
cleaning system of the invention comprises a ligquid weight
measurement means to monitor the weight of the cleaning fluid in
the c¢leaning 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 ligquid weight measurement means.

- [0029]

The sulfuric acid recycling type cleaning system specified in

claim 23 is characterized in that in the sulfuric acid recycling

type c¢leaning system of the invention, said liguid weight

measurement means is designed to measure the combined weight of

‘the cleaning vessel and the cleaning fiuid in the cleaning vessel.

foo3o0]
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25 The sulfuric acid recycling type cleaning system specified in claim 23
is characterized in that in the sulfuric acid recycling type cleaning system
of the invention, said liquid weight measurement means is designed to
measure the combined weight of the cleaning vessel and the cleaning
fluid in the cleaning vessel. 30 [0030] 8 The sulfuric acid recycling type
persulfuric acid supply apparatus specified in claim 24 is characterized in

(BT SHMpHERS & HectioiVic oSO pParattis tHat feRGHsS PP LY

Hiectralylic regetianr e segeneraiem persufurs acid soltimb By that it
producing persulfate ions from sulfate ions contained in the solution, and

CORPEHIEHEN FRethaf EFCUMBES tFE peFsuiurRPBRIF S8Rt Abe RS T 55T

Slectralylic £aaction Appatatus arkk Reclganing mppalatus- hakuses solution
persulfuric acid. [0031] 10 The sulfuric acid recycling type persulfuric acid

1 gy AL RS SR LiRicrin CRfm 25T TRARAGR I RS Rt I tRg 1 the
syifutic acidseaysling-typesparsyliuric-acithsupph-appacaiushofidesul Furic
invention, the sulfuric acid recycling type persulfuric acid suppl

! : ) ply
ApPArERSHPR MYEREER GBrhpritss a-codify MeaRs 1530 eadthatus and
setura setutiprafipwing front the: clesningappanatusi to e alectrolytic
reaction apparatus in said circulation line to the range of 10 to 90C.

The sulfuric acid recycling type persulfuric acid supply 20
apmafatus: spaeified:s tlaine 264s charastesizeddedhatdhe-suliukdc acish1y
recycling type persulfuric acid_supply apparatus of the invention )
RBRRRL A FRATP G RaAHS (3 REA fie el SORAbR ARG fomk e 12 the

glectiolytic reaciiareappataiysHpdbepersul furic acid supply apparatus
of the invention, the sulfuric acid recycling type persulfuric
acid supply apparatus of the invention.comprisés a cooling means
to cool the return solution fiowing from the cleaning apparatus
to the electrolytic reaction apparatus in said circulation line
to the range of 10 to 9%0°C.
[00321

The sulfuric acid recycling type persulfuric acid supply
apparatus specified in claim 26 1is characterized in that the
gulfuric acid recycling type persulfuric acid supply apparatus
of the invention comprises a heating means to heat the feed
solution flowing from the electrolytic reaction 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 speéified in ¢laim 27 is characterized in that the
gsulfuric acid recycling type persulfuric acid supply apparatus

of the invention comprises a heat exchange meang to perform heat
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cleaning apparatus in said circulation line to the range of 100 25 to

1700C. [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 apparatus 30 of the invention

comprises a heat exchange means to perform heat 9 exchange between

the feed solution flowing from the electrolytic reaction apparatus to th(i .
Cef'g yvtic

CEHAMEBPAAGR AHA e Fefith SRR AEHING TFM TE Feating”

aning
Anparatys therglectrolyic Heaslienapparafisin-said circulatien iaeusn

(0034] The sulfuric acid recycling type persulfuric acid supply aratys .
SRR AT B0 S T B A PR TG BuCr PO L

1yne pessuliyria asidbsupplyanparaiusibedaventen, the sulfate ion
concentration of said solution 10 is 8M or more. [0035] The sulfuric acid

ré@?éﬁ’ﬁg type persulfuric acid supply apparatus specified in claim 29 is
chargeterized.in thai of dheeelectindps-piaceddrsaid eitetralytic reaptory
gpparaieIn e 1 suluc sid ecieng e perinepod S, e
slectigde; [0036] rEhesifusiccapid feaysling dype: persdlfarippicid supphatus
20.a paratus specified in cla}im 30 is characterized in,that iglthe. glsfgﬂlcition
SEidRECY O I per It 816 S0PbR Apparatas ot ite II’?\%LEIIOH,
passages imsaigl. circulation line are made of

{0035]

The sulfuric acid recycling type persulfuric acid supply
apparatus specified in claim 29 is characterized in that of the
electrodes 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 persulfuric acid supply
apparatus specified in claim 30 is characterized in that ﬁ,n the
sulfuric acid recycling type persulfuric acid supply apparatus
of the invention, passages in said circulation line are made of
tetrafluorcethylene.
foe37]

Thus, according to the present invention, persulfate ions in-
the cleaning fluid self-decompose to develop an oxidizing power,
which in turn serves for effective removal of contaminants from
the object being cleaned. In the cleaning fluid, the persulfuric

acid concentration gradually decreases as the persulfate ions in

the solution continue to self-decompose. This persulfuric acid

i¢
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tetrafluoroethylene. [0037] 25 Thus, according to the present invention,
persulfate ions in the cleaning fluid self-decompose to develop an

oxidizing power, which in turn serves for effective removal of

contaminants from the object being cleaned. In the cleaning fluid, the
persulfuric acid concentration gradually decreases as the persulfate ions

in 30 the solution continue to self-deéom ose. This gersulfuric ggig through

the s¢ 0
sSgibfioAts St 36 Bt Q¥ YRS FEaton  Spparatis through & circulation
Jdine.Jnheelactrolic reastioneappaatus g eleeticeumentjspapplied , an
between an anode and a cathode that are placed in a solution ggﬁgaére\in&at

SRS IS BRI 15 5 R S B LRSS P Pefetifate iORS,
deadingate: deganarasionefia pecawburinanisg salufenaitvasufficientiyr to
high persulfuric acid concentration. The r%%e erated persylfuric, aci

QL1

BEIGHGS iSUehERthE 8ahihd SpPaFatis throtigh the  eirculation fihe,
fallawedhy: effestive geasinratthe abjettstiwithdthedigh-soncehirationt 1y
persulfuric acid solution as _described abover.l'll' he é)erSléLtlélgC cid solytion. .
SR eTaR TRAEIEaY DERISER e SISy Sppe S And I

Slactrelytic creaction apparatius thensirsodntinzous:etectve blisanghg the

while maintaining a constant persulfuric_acid concentration. When the 15 _ .
O s Sy, ST BTy ba Shihe SR perbig =t

ective ¢ ing
gUsed to prodrﬁce a persuﬁfurlc
acichseldioniigHhefleetnnlytic reacten appavatis, aghichss thenwen o

the cleaning apparatus to start the_circulation of the persulfuric acid

: lated
SBRATE 100381 20 P AR RITE R Serf B eomp ooty Faster &t higher>"°
terppetalares tetshaw higker tleaning perferrrnce. Atd bigh electrolytic

g*een;ggg.ac}grgpgaratus to ensure continuous effective cleaning while
maintaining a constant persulfuric acid concentration. When the
process is started up, sulfuric acid wmay be used to produce a
persulfuricacid solutionin the electrolytic reaction apparétus,
which is then sent to the cleaning apparatus to start the
circulation of the persulfuric acid solution.
{0038]

persul furic acid self-decomposes faster at higher temperatures
to show higher cleaning performance. At a high temperature of
130°C, for example, the self-decomposition rate is as high as to
ac;hieve a half-value period of about five minutes. In the
electrmlytlic reaction apparatus, on the other hand, persulfuric
acid is produced more efficiently and the electrodes suffer less
damage at lower solution temperatures. In the present invention,
the c:leaninj apparatus 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

11
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130C, for example, the self-decomposition rate is as high as to achieve a -
half-value period of about five minutes. In the electrolytic reaction
apparatus, on the other hand, persulfuric 25 acid is produced more
efficiently and the electrodes suffer less damage at lower solution
temperatures. In the present invention, the cleaning apparatus and the
electrolytic reaction apparatus are separated from_each other, so that the
tEebR CILERBRR P n tRE SERGERTT edttioiPabpaPARRTCARRE 2 -us o7
dRaintained-at 330 lovwerdemperagite-tarsthe cleaning fluid, serving to
increase 11 the efficiencies of the processes in the cleaning apparatus
ditd>3hke electrolytic reaction apparatus. [0039] The cleaning fluid can be
maintained at amyappoptiatab emparaida hy hestingnvithamappsopriate
means of heating.. Such means of heating useful for the prE%enttinventié)Qch

SREIEES bUE SHBY AREA 1S, B &y RRBESIR i SREFR8ating =2+ "9
Rlparatises dbab periosmuheabexehange sxitmhot watar obvaporifile, but
appropriate temperature r%g%e of the clean(iin ftlgid may ehfor 10a ses
R mpEL R tH00 B8 TT0TE TS Riediin G Performance of the parsulfuric
aeid sphitinfr-Aeterioratescas the temperaivre falis: belewthirangeeAt
temperatures above 170C, on the othe hﬁ\nd, lpersulfuriglac:ig vﬁ\{gl be for
R RREORPB e IPE VR iy PAE aRE fail®t5 oxidize the Tesist ¢
suffigiant]y, sethe above temperatureaanbea hbrig assuftethiade of the
appropri:it;%éomo Th sglutio to be,electt:roIEyzedti: thge%{egtrrg@gig falls
PEXSIOT Hppariiad M3y Be 86ofed t6 R approptiate temperature with an

BADRPHRLE Meass oheookingeSuchmeaxisofcouling includésforBOr hand,
Ség[sn@{efh?:gglgglg %21 Ir-s(:é)f P Uge%ro%l}\;/)voas;[g ré?g %ligg%ié%nrate and fail
to oxidize the regist sufficiently, so the abov.e temperature rangs
is assumed to be appropriate.

foo4o}

The solution to be electrolyzed in the electrolytic reaction
apparatus may be ccoled 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 range of the sclution being electrolyzed
is 10 to 90°C. The efficiency of electrolysis will deteriorate
anémgge electrode damage will be larger as the temperature rises
apove the range described above. If the temperature falls below
the range, on the other hand, very large heat energy wiil be
required to heat the cleaning vessel to a temperature of 130°C,
and a very long pipe will be necessary f£or heat exchange,
indicating that this is not practical. For this reason, it is more
desirable that the lower limit is 40°C and upper limit is 80°C,

respectively.
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appropriate temperature range of the solution being electrolyzed is 10 to
90C. The efficiency of electrolysis will deteriorate and the electrode
damage will be larger as the temperature rises above the range
described above. If the temperature falls below 25 the range, on the other
hand, very large heat energy will be required to heat the cleaning vessel
to a temperature of 130C, and a very long pipe will be necessa_r?yggor heat

exdnifgeeahticattig iathis St Paciea EoP is1aBoRitithag the
desisablesthabthe laweslinitds-40G anshyppey 1imitisi8RGpadratus, or may
respectively. 12 Said heating means and cooling means may be_provided

Bt tRECEH NG apPar &t Bt b SIBctrdRffic RactRdrPappariils oFmdpY be
begprovisied indhe ciicidation lne-Lf aiseparaiading awyrbe viernvided dt ion
the cleaning apparatus or the electrolytic reaction 5 apparatus to perform

RBRANG O T oSt of e s SiGfbA"J061 FAvhipratdre-aaj i theht 8P the

solpgion;being electrolyzed and the solution used as cleaning fluid can be
achieved by inter heat exchange that is performed as they are sent from
eithEPHpPETaTE AP e sthe A throbg e GrcitRth e L fegpty2ed and
exrhangetiscpeiteamed debaaendhel parsuhiieacidisobition getiifer heat
solution) that has a comparatively higher temperature and flows from the
SESRMP Soparathe Pbeﬁ]feogf%%ﬁoﬁﬁti‘ég%éc??é% SpParaf st the” apparatus
perstifericcaeitl salbtiogH feed sellton)dsabhas ankd compatatively-lowere is

t ture and flows from the electrolytic .reaction apparatus to the,
BN S TGS TaHGr SN i & NG r (P AEAE RS

eolediassitdsdeprived of beat hsthe-feethgeluionrandnillieael drom the

temperature desirable for %Ilectri)éysis in the electrolgtic reaction
cl an%ng %%af:atdls to the electrolytic reaction apparatus and the
apparatus. ce

persulfuric acid solution (feed solution) that has a
comparatively lower temperature and flows from the electrolytic
reaction apparatus to the cleaning apparatus, the return solution
with a higher temperature will be cocled as it ig 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 througﬁ heat
exchange, 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 exchange should preferably be
quartz or tetrafluoroethylene, which are not easily damaged by
persulfuric acid.

A means of heating the cleaning £luid and a means of cooling
the solution to be electrolyzed may also be provided in addition

to said means of heat exchange.
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20 solution with a lower temperature will be heated through heat
exchange, 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 25 passage for said means of
heat exchange should preferably be quartz or tetrafluoroethylene, which
a[rgoﬁg‘@t}easily damaged by persulfuric acid. A means of heating the

cleagtig=fhuid @ dia mepns of ceelifighdhe selytinnie be riecteslyzad-maying
also be provided in_addition 30 to said means of heat exchange, 13 _
16645 g&%ﬁéfﬁw"é‘ré’?ﬁ%‘?aéFP&H&éoﬁ?&&s‘él}ﬁ@%F&&&i%%hﬁé&%ﬂc?ﬁ&mbm“
desistthat haverbeen disselved nto daepeesuliuricracid sRBERAPo8S ©ion may
result of the cleaning, a device for their decomposition may 5 be provided
BRI BGtSitBh ecﬁEu?&?&%ﬁﬁe?%%&%ﬁﬂéiﬁé&%‘a&’ﬁé@; fo‘?%gﬁ&@}’éce
Hhaermeal decampestiion-appataiusas And eleciolytic reactignappaiaiuss an
%304:@ In the system described abaove, the solution to be electrolyzed 10

i fTe Bt olytic FESCHSH apBR TS ®ontains sulfate ions, and therefore,

tHe @ffigiency of persulfate ion production in the electrolytic reaction
ap&ara}gus is Iargﬂe‘z#influeg%%d the sulfuric acid concentration.
|

SI5 Y fhe S ERE) BT parsiifate 18R STatiioh erdadeteas find vzed

Speciﬁca e efficiencyo
sulfihie @tk t beioncentrasion decieasesa iubacsulfane acid concenkal#gnand

is decreased, howeyer, the organic matters including resist will decrease
PREBRHIRG anBoca RS UEuR TS FER R e AT (RE SIS Bng? the
eleanecs Frodrthisaihei sulfaf@aeitus is largely influenced by the

sulfuric acid concentration. Specifically, the efficiency of
persulfate ion production increases as the sulfuric acid
concentration decreases. If the sulfuric acid concentration is
decreased, however, the organic matters including resist will
decreage in solubility and become more dlifficult 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. Foxr the
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 electrolysis.
The water content also decreases as a result of evaporation. To
replenish for this loss of water, it is desirable to add ultrapure
water or a hydrogen peroxide solution as the water content
decreases. For addition of said ultrapure water or a hydrogeﬁ

peroxide solution, a replenishment line may be provided to supply
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concentration in the solution used for this system should 20 preferably be,
for example, in the range of 8M to 18M. For the 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 25 decreases, though only gradually, as a result of
electrolysis. The water co t%pt also decreases as a result 01;: evaporgtion.
Lf]ot)F@BI}/éﬁ?sﬁqﬁ)t?etﬁisost% gf{ warer. it ig%re%}lcr]agsfe 5 ada’Gitrapuré Water or
ahlingeniperoxide solutidmas the watercasteriudedreasebeFenrface of
addition of said ultrapure \t/:vater ora ?ydr(%%enti%o. Birgxidensorluﬁi_% & cause
O SHSAMEHT 56 Tiay B& providediorsupply- 14 UltrApare water or a
pyerogen peroxitesohdilntta saitrapersalfurieacidsotutiontifukaterus face,
oured on thg sur acetof thfehsu'lfu@ %%igrsoh&oen,w% !:aerigeok}e% Willhb%1 oqen
88&8@}8&8 calse’ part of the water addedto evaporate or scatter at the®
sutfaee de leadiaginet baly toladoss cladtrepureowelber opthenhydrogen avoid
roxide solution buyt also.to danger to,th erator. To avoid this, it is
ggejfgrreatth%? s‘é?‘fgﬁ%ﬁ lﬁiretv%%Eersoa Ry %%%ﬁpiﬁg?oﬁagesrol utio rim1 ydr8gen
eplenisimentiline be previded dusach dway Heatsaidiwedplme svaler orway
hydrogen,peraxide solution js 10 injected into the bottom part of the .
e R e S e e e e e
Watercaarélessty astthebwatencarient appdees ¢d dravendesoaset in the
significantlyathe §lélt§%rsic acid 15 concentration may change largely to
é:al?s?enélfgrgep g ange in the performance for removal of resist and other
orgfame matters. So, a means of sulfuric acid concentration measurement

ma}.LLQethe operator supplies water carelessly as the water content

"appears to have decreased significantly, the sulfuric acid

concentration may change largely to cause a large change in the
performance for removal of resist and other organic matters.
Sc, a means of sulfuric acid concentration measurement may be
provided to measure the sulfuric acid concentration 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
measurament .

Concentration measured may be shown on an appropriate display
apparatus to allow the operator to operate the ultrapure water
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 controllied based on the measuxjementé

to allow the ultrapure water or hydrogen peroxide solution
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provided to measure the sulfuric acid concentration of the solution that is
circulating through the circulation line to allow 20 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 25 apparatus to allow the operator to

T AR R Hrapd e wateP or WddGeR etbRIE"<6RilibY replenishment

rhrediased-epdhe measitemeninhdisplayed or aontrol valye sis ciayen
t%gvided in the ultrapure water or hydrogen peroxide solution

RBRfdHEt fid HRIriS Ghitolfd taBEd b e ReABiTeREHs 30 ==

sallow the diyapure waler arhnvdrogen-ier axide-saktiionibh replenishmenbut
line to beﬂ(‘%)erated automatically. For the present invention, there are no
it

CBFeBRE MTit@RIR ST RS hRAns 6 sdifurRFgda dotitentrationrT *& can
ameastiementd ibcamuseryeio measwrethe sulforicacidenpcentration
properl;jr(€| but 5 the use of .absorg(:iometrg/ etc. is preferred because it can

dRt&rTin e he Sttt T SHcEhtrataTaiiERy - A plstérdsieRtififrie 2d

vegRcenitaiior mayx he presatiber befatehanthtorntbessolyionsathaitheion
measured concentration .can be compared with the grescribed

CEBNRENTRANRATR CERONIY T e S perati G OF i titrstite s Grot +ne

tiydspgen pesaxidesalutinn- applenishment line:dRdhisncaseqitiisprefewedon
that said uItra%ure, water or hydrogen peroxide solution re Ignisgnt]_ent line
rﬁé’&gﬁﬁ?ﬁg’?ﬁ] cgi&ﬁ} of thé utftré‘ﬁurea Water or ﬁysdl%xtjeenepr foxide asoIS'L’JﬁL{‘f)Lﬁ1
wibeagheamesssred:canaentratiofebestie =0 2M Birmorp 1k highenthdni ne

thegprescr'bed concentratio ;Il'hi%i'%because the effici%r;@éof ersulfuric

exrform injiestio the rapure water or ogen peroxide
paCI pro uc?lon ?n fhe efé&ro?yss P J=np

solution when the measured concentration becomes 0.2M or more
higher than the prescribed concentration. Thig is because the
efficiency of persulfuric acid production in the electrolysis
reactor decreases rapidly if the concentration becomes 0.2M or
more higher than the optimum value, while influence on the
effici_ency of persulfuric acid production is smalil 1f the
difference is less than 0.2M.

[00456]

Furthermore, the injection operation of the ultrapure wate_f or
hydrogen peroxide solution replenishment line may be performed
based on the volume of the cleaning fluid in the cleaning vessel
in the cleaning apparatus in stead of basing on the sulfuric acid
concentration. A decrease in the volume of the cleaning f£iuid
indicates a rise in the sulfuric acid concentration. In the
cleaning system, the volume of the sclution in the circulation
line and the electrolysis reactor stays nearly constant ciuring

the cleaning and electrelysis procegses, and a change in the
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- 2PREARTG-RGRI TS SRR VESsER e rREIBIm T

reactor decreases 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 20 difference is less than 0.2M.
[0046] Furthermore, the injection operation of the ultrapure water or
hydrogen peroxide solution replenishment line may be performed based
on the volume of the cleaning_ fluid in the cleaning vesse| 25 in_the

VEHnG Appkratas i SRATOF baSiHg St SR Fic Acd “cSReeRfatbn e

cAdlecreaser i the volume Déshe sleasing-fluidisdicatessadisens thesaning
sulfuric acid concentration. In the cleaning?s stem, the volugntehgf

the .
E B HST ThR S SRRt SRR THE SR S8 FeI6T Stays né:amr Vi
£gQngtanh dunag-3Q the sleaningand electolysis pracesse hanctashani ey
in the 16 volume of the solution will cause a chagwgﬁ inft?e,\éo{:umelﬁf t‘p%he
ot the c‘é%mina Fuid Can
ilog dletermnings frani the sreight anthealpuebokthecleaningifiicingheoxide
cleaning vessel. These values may be measuq:erdoﬁ Sdaggrs%%rl%te r%(?tans

SRBIMELSTrd TR TG the itid 18 Afow Hie-iRjection operation of the

wdlrapusawvaler wsfyeiogen qeroxidevsalutianqeplenisiymentinentabered,

controlled based on the measurement. Dependipg an the type of quantity
578 REHSuI o SRR B AT AL B The Bt DT foid iy b6 5

did may be a
1means ek liquiddevemensdremantdf liguitllewelsmeasarenientisiuired,

required, or a means of liquid weight measurement.if Jiquid weight
HrehsIrARRnT R RSt B e SORE ST cietn e £ S5
eteietmingd byi measuring:thevo)unte aftherspacetipf iritheiclgahlng d can

esgel. 15 For the invention, there.are nq specific limitatigns on 4

in the
cleaning vessel.

For the invention, there are no specific limitations on the
means to measure the amount of the cleaning fluid if it can serve
for the purpose of measurement, and various existing sensors may
be used. In performing such measurement, an optimum liquid level
or weight may be prescribed so that the pregcribed value can be
compared with the measurement to allow the ultrapure water or
hydrogen ?eroxide solution replienishment line to perform
replenishment operation (on/off switching, injection volume
control, etc.) baéed on the difference value.

[0047]

In the electrolytic reaction apparatus, electrolysis is
performed on a pair of elegtrodes, 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 electrode material, is used for the anode in the

electrolytic reaction apparatus of the present invention,
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means to measure the amount of the cleaning fluid if it can serve for the
purpose of measurement, and various existing sensors may be used. In
performing such measurement, an optimum liquid level or weight may be
prescribed so that the prescribed value can be 20 compared with the
measurement to allow the ultrapure water or hydrogen peroxide solution

replenishment line to erform re nlshmen%lfserathtn (onéo gw'tCh'ngmn

RRFERIOHATSIUES oAt i) % BHtS differencevatie Hooa7t 35

ya H&Q&D&@Wﬁ&@@ﬁﬁaﬁmpw@ﬁmx@emﬁmﬁt&ﬁs perfmi:mm:hdreaepawrode M
of electrodes, i.e. anode and cathode. For the Presen |nventlugfthere‘a1ﬂe o

SRS BEORRIMRETGIE-OR the TTeTa DT The Secrdase bwever of -9
Plagnumcansubsiange . widely sisptlereeleairotpematerial, ismsed fdrteond
anode in the 30 electrolytic react|§ u%{)aratus of the 8prese t invention

QYRGETRAFaRS S At Sth5e BROGGc St SHicIantly and pagngm Wil be -

gisso)vedandeasirably. Gempared dvith thigysiamordeeledtrodel care c:athode
produce persulfate i |on§ efficiently without suffering significant damage. It
Re R tHet8frEMET a diamond 5 electrode be used as the anode

wiighayorks to produce persulf ate ions, and it is more preferred that both

the anode and the cathode be diamon eectrode 004 Apref
coftlBERAE SRR ceﬁi"‘ecﬁf’rod% %ay /Be a p!rtogucﬁt ath %epro uceéﬁ)g ehat

using-adinseiaba semicprdieios material suthcasisiticon waferor Wisithia as
thin conductjve dlam ayer sforme Ilowe by dissolution of t
AR HHOEEL DAL oo By BaTer e St e Tora 3o

IS prodtice rforming preC|p|tat on to form a
self-stavading tpesplate: iefpolf tiystabdienmond dnstedtof Uting asbasediced

ggro%erformlng precipitation to form a self- standing type plate
of polycrystal diamond instead of using a base. A product
consisting of a diamond layer formed on a metal substrate such

as Nb, W and Ti may be used, but in this type, the diamond layer

will peel off more easily as the electric current density

increases.
{0049]

A process for producing persulfate ions from sulfate ions using
conductive diamond electrodes has been published (Ch. Comninellis
et al., Electrochemical and Solid-State Letters, Vol.3 (2) 77-739
(2000), Tokuhyo (published Japanese translation of PCT
publication for patent application} 2003-511555) for cases where
the electric current density is about 0.2 A/cm’. However, in the

case of an electrede congisting of a thin diamond layer supported

on a metal substrate, the diamond layer can peel off and fail to

work in a short period of time. Thus, it is preferred to use
self-standing type conductive diamond electrodes that are

produced by precipitation on a substrate followed by removal of
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15 consisting of a diamond layer formed on a metal substrate such as Nb,
W and Ti may be used, but in this type, the diamond layer will peel off
more easily as the electric current density increases. [0049] 20 A
process for producing persulfate ions from sulfate ions using conductive
diamond electrodes has been published (Ch. Comninellis et al.,
Electrochemical and Solid-State Letters, Vol.3 (2) 77-79 (2000), Tokuhyo
{PEbRSRSF5ab&nese translation of PCT publication for patent application)
2Q3;511555) for cases where 25 the electric current density is about 0.2
A/lcm2. However, in the case of an electrode consisting of a thin diamond

la§@i-SupBohteth Birathetarititistrate, thetaiond BYEFEERDER SfiRhEe 2

fail 10 arcinsa shest-peiied of imguTbueg, Hisprefesrediaeiseor nitrogen
self-standing type conductive diamond electrodes that are 30 produced b

HredipratioR Gl YRR ASWRE P RSinbUaP b8 te 3tbRMtat8e taver
{00501 Sajd thindayen of egndustive diripead is/pradueced by dapisgurnt 1y.
thin diamond layer with a required amount of boron ar. nitro%en 5 during a
R AssAeSTHRIRES n T A te: alibf 1RE TayEr 16 BRVEIBES & desixed
€epgustivis Baransdepeddayersmare-used feegpiently £ lfdbpidegrer of 1evel
doping is too low, the layer will not have a desired technolggical ,
Sioartddt® WIEHHS SREECOPEORIR WbV S PR B I RIE thpbgioping
excessiely. 1 Thenopintim glegres otdoping 40 ipgeraraiyva thevangamotint
50 to 20, 000 ppm relative tg the amount of carbon in the thin diamond

Ry eTPEBPThe Bréd¥ntiRvBn g Bt & diamond electrodes in the

fotre ota plote ase tiSes-dhoiost casesilet pvpla@ehaviogadqetwaiks in the

form of a plate are uzed in most cases, but a plate having a network
structure can also be uzged. Thus, for the present invention, there

are no specific limitations onrn the number and form of said

electrodes.

[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 surface
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 elther of a single disc
processing type or of a batch processing type, but scluble TOC
substances are dissolved inteo 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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structure can also be used. Thus, for the present invention, there 15 are
no specific limitations on the number and form of said electrodes. [00511
It is preferred that the electrolysis using said conductive diamond

electrodes be performed by applying an electric current 20 with a density
in the range of 10 to 100,000 A/m2 to the surface of the conductive

diamond electrodes_and allowin% a% olution containingisculf%}? ions to flow
d

DERMEitH tHE SRhBhaY eftc e et b fAEEFvaIS e 6P 116 16 °
+0R0 m/BEsedhat theyseomedn conaetwite each ather (26 Fhefcleaningcid
apparatus used m?}/&?e either of a single disc [rlJroc,essin tgge orof a

RRACH Pro RS 1y 5 Lot IE™FOT U NCe S at € Hissoie dhRto the
geaniagfivicbasresigand nihes cenaainants preaemdvetant (g/L/hr}
dissolved durirf\‘llgj the cleaniré% of an elfgtr_gnic substrate, in s%id Gleaning, .

HpgatatdO HEPE S 308 HedE 5 T8 tonid e FO B S UBRTa e

ances
sfficienthrfrom the c12 alearing fuichand preveatseracizesion i brganicgood
substances onto the electronic substratg, nd thereforefthe rperfglfurjc

BRSO REEHSHT Patd TR Hries Bl SR oh i T s Tor afparatie Should” <
peeferablynbe-10 i0 SO0 timesthegenaratign cdtenfgAihr)Srol the FOBor the

substances that result from removal and.dissolution _of resjst in t :
i apPara Lif"\'s.ij THis setves tg%éjc n%éiv raeéggg%%‘allgﬁcgi%fﬁe%ﬁ#ep pex
Tonsumpitar andfemaatibmofgersoalfuricasigk cpenmitting efficient

leaning and efficient electrolysis. For the same reason, the lower limit
gﬁ%%?d" ?e%%?&ﬁlyeﬁ% Eﬁtar?c? th%lﬁp:blé‘rfef& fimit'should preferably be 300,

rgspectively. [Advantageous effect of the invention] [0052]

As described above, the sulfuric acid recycling type cleaning
system of the invention consists of a clieaning apparatus that
performs cieaning by using a persulfuric acid solution as cleaning
fluid, an electrolytic reaction apparatus that performs
electrolytic reaction to regenerate the persulfuric acid solution
by‘pioducing persulfate.ions from sulfate ions contained in the
sclution, and a circulation line that circulates the persulfuric
acidsolutionbetweenthecleaningapparatusandthee&ectfolytic
reactionapparatus,sothatthesulfﬁricacidsolutioncan&xaused
repeatedly and that the persulfuric acid solution which serves
to enhance the removal performance can be regenerated on-site in’
the electrolvtic reaction apparatus and used for cleaning.

[0053] . .

Furthermere, the sulfuric acid recycling type persulfuric acid
supply apparatus of the invention comnsists of an electrolytic
reaction apparatus that performs electrolytic reaction to
regenerate the persulfuric acid solution by producing persulfaf:e

ions from the gulfate ions contained in the solution, and a
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As described above, the sulfuric acid recycling type cleaning system of
the invention consists of a cleaning apparatus that 15 performs cleaning
by using a persulfuric acid solution as cleaning fluid, an electrolytic
reaction apparatus that performs electrolytic reaction to regenerate the
persulfuric acid solution by producing persulfate ions from sulfate ions
contained.in the, solutjon, and a circulation line that circulates the
CRENACTD AR DR 6 JBEmAG A pA S Brd ethe

cleetralyligt teaeticir apparatys, iso-thatdhe suturd agid sglutigrmeande that
used repeated| d that the persulf yric acid solutjon which.serves_ta
Ce‘fﬁ?a‘ﬁ%eestﬁeefgn}%gggfﬁgr%?rﬁé)hcgéocé%l%%e rjé%Sé%l1eearleéxlte(3 O%(-%EI] 't c%%%mlcals
eteairelyticieactioneapparatusanrd ideddn clisaningn 2%:[0(53] repeatedly
Furthermore, the sulfurjc acid recycling type persulfuric acid, suppl
A
that perfeuns eldciralylid reattiondo regenerate the persulfuric acid
olutio roducing persulfate 30 ions fram the sulfate ions contained in
fﬁg % ut%)gngcarnl §l§8p c?ré L%‘t?or% ﬁﬁ‘éﬂfﬁlgts(gzirculates the solution between
tHeoslertrolytic reaction apparatus and the cleaning apparatus that
nsumes persulfuric acid,.so that instead of adding chemicals from, .
! a
R s SR I I S i =
etectrdlytic reagiorappalatysspgirerducé drigesupplsnthepersulfuric acid
sougiononysite [Briel deserintan, ofdhg A auingsL I00SHLEIGNE L & s cen.
cheématic drawing rs“ﬁowmg & mode of the sulfuric acid 1 recycling type
Cleaming S\istewcbithetihvehtion.jFigev2ha schedsatit dimwing Showingcid

%Qggkréﬂgdgégéh8é¥§%ﬁ¥hric acid supply apparatus of the

invention. _

[Figure 4] A schematic drawing showing another mode ¢f the
sulfuric acid recycling type cleaning system of the inventibn.
[Figure 5] A schemétic drawing showing stili another mode.
{Figure 6] A schematic drawing showing still another mode.

[Explanation of numeralg]

{00551
1 cleaning vessel
2 persulfuric acid solution
4 return pipe
5 feed pipe
3 liguid feed pump
7 heat exchanger

10, 10a and 10b electrolysis reactor
11, 1la and 11b anode
12, 12a and 12b cathode

13 bipolar electrodeg
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[Figure 3] A schematic drawing showing a mode of the sulfuric acid
recycling type persulfuric acid supply apparatus of the invention. 15
[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 mqde. [Explanation of numerals] 20 [0055] 1
%f‘eaning%&%‘ﬁﬁ S&R&tric acid solution 4 return pipe 5 feed pipe 25 6

tiquid fegskpuap debeabexchangerdA-10a and lob electrolysis reactor
11, lla and Illb anode 12, 12a and 12b cathode 30 13 bipolar electrodes 21
1% DC P&REFSupply 20 thermal decomposition reactor 21 heater 25
wirapurelwaigirepleaisbmentdine: fsBosemitanductor wafer 40 sulfuric

acid recycling type persulfuric acid supply apparatus 50 sulfuric acid
&BncenftGHGAIRERSTREMERT Shparatus 51a liquid level sensor 10 51b

Hguid leyel sepser acid recycling type persulfuric acid supply
apparatus .
50 sulfuric¢ acid concentration measurement apparatus
5la ligquid level sensor
51b  liguid level sensor
52 welghing apparatus
[Best mode for carrying out the inventicn]
[0056]
(Embodiment 1-1) |
An embodiment of the sulfuric acid recycling type cleaning system
of the invention is expléined helow based on Figure 1.

An electrolysis reactor 10 which corresponds to the
electrolytic reaction apparatus of the invention is connected
through a return pipe 4 and a feed pipe 5 to 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 least the inner
surfaces are made of tetrafliuoroethylene, and a 1iquid feed pump
6 for feeding the persulfuric acid solution 2 is provided in the
line of the return pipe 4. The c¢irculation line of the invention
comprises said return pipe 4, feed pipe 5, and liquid feed pump
¢. & heat exchanger 7 that corresponds to the heat exchange means
of the‘invention is provided between the returm pipe 4 and the
feed pipe 5, and sald heat exchanger 7 serves for heat exchangs
between the solution flowing in the return pipe 4 and the solutién

flowing in the feed pipe 5. In the tubes (not shown) within the
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52 weighing apparatus [Best mode for carrying out the invention] [0056]
(Embodiment 1-1) 15 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 corresponds to the electrolytic reaction
apparatus of the invention is connected through a return pipe 4 and a

1eed pipe 5 1o a cleaning, vessel, 20,1 which Gorisspands. g the.cleaning. o
apparatus of the invention. Tn both the return pipe 4 and the feed pipe 5,
tatdeast therineenysurface Shee niade 6f tettafribroetindehe land a Wipdigh is
feed pump 6 for feeding the persulfuric acid solutign 2 is provided inthe,
it 6t the rerfarﬁ’ %Fpsél gg%ﬁlé{i?i#gﬁoﬁlinegﬁ the invention 25 comprisg?sw‘)e
saitkermtupi pepe dafeetyiipe Sparteligar-fesdpamier6] Aem erchangernt
that corespands to the heat meansof the invention.is.,
gpar%e%%d%gtr\gvegnlﬁ?e (r:éatﬁt%% pip()a§p 4°and the feeg pipe 5, and said ﬁegtnge
exohaayerte senles forseasaxehngecidbnbenthetdsi UM HoWIig ¢hend

return pipe 4 an Ehe [yt ng i f ol ion,
R R T A e B
Suefaceristmade of ttemafuerostiicss Thelusewiabiadutioathylene,cools

WD 43 JERISIARLLC DRLAIERE] e ASIDARS S JOL WAIRWIBRIESa pipe
eed pipe 5, andtubes in the heat exchanger 7 serves to prevent 5
SamsayddramdboidgEavsed by persimgicasids Hé@te ey & isefirdet-1on

é@%ﬁgl}%’fﬁ i ngeiéorﬂb%d bgtwegn the return pipe 4 and the feed pipe 5
n this embodiment, but for the present invention, the return pipe 4 may
bEogoYided with a cooling means that cools the solution preferably down

to %Qntglgggé:ﬂh!i%&hg f@,ﬁ%{}'@@ 12 are provided in said electrolysis

reactor 10, and bipolar electrodes 13..13 are provided at
prescribed intervals between the anode 11 and the cathode 12. For
the present invention, the electrodes may not be of a bipolar type
but may comprise only an anode and 5 cathode. Said anode 11 and
the cathode 12 are connected with a DC power supply 14 to allow
the electrolysis reactor 10 to perform direct-current
electrolysis.

{o058]

In this embodiment, said electrodes 11, 12, and 13 comprises
diamcnd 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 reiative to the
amount cof carbon in gaid thin diamond layer. Furthermore, it may
be a self-standing type electrode which is produced by removing
the substrate after producing the thin laver.

[0059]

The clieaning vessel 1 is connected with the thermal
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105 may be provided with a heating means that heats the solution

preferably up to 100 to 170C. [0057] An anode 11 and a cathode 12 are
provided in said electrolysis reactor 10, and bipolar electrodes 13...13 are
provided at 15 prescribed intervals between the anode 11 and the cathode
12. For the present invention, the electrodes may not be of a bipolar type
FrREPTRPEOMNBE BARTAT 2 odEH OB ARCBARI EhblE FEEPBPHTe t1on
spihade 42 gieeniedied i a B BOUPLSURY A AL My thermal
electrolysis reactor 10 to perform direct-current 20 electrolysis. [0058] In
drisambedinient, 283id dectrebidés 1212, prEVIZiesnmirRrEdianbrigon said
clectiodos; Said diamand slpeliedasare aiaduced D POAUIR0H B 1ine
diamon ayer over a substrate and doping it with 25%oron preferably in

tte rrgeoF501e 20yB00ipemieatieerontht daoonrobésdson #isaignd the
thin diamond layer. Furthermore, it. may PF;; a sglf;standing tyne. electrode,. ;
gv%%l%aﬁr%%céé% Bfll erer%lcﬁ/cl;rlmlg athé subst aeie after producing the %%% cron
tayerzﬁ)@ﬁ@_i 80<The gleahifigadsehd g ereoted With te amémyalf PBid to
decompositiqn ieactor 20, Wieh cortesronds o e docqmposiion.;
apparatus of the invention, througﬂ circulation plpesaf?)r therma
decampositiohn2? 24 cnbichzare provitedseparatelynfrenesaitl cicuationded
line. A liquid feed pump 23 is, provided_in the line 5 of the circulation pipe

R SR R 55 A (6 G DifdioR S CiEuare o the
pipesdor thermakdecompositiarn 22,24 aarhthe liguidHeedgpumpPdeans for
allows the cleaning fluid to circulate between the cleaning vessel 1 and

RS hRRRERRE irnvention.

[oo60]

The working of a sulfuric acid recycling type cleaning system
configur@d as described above is explained below.
A sulfuric acid solution with a sulfuric acid concentration of

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 ig applied to the anode 11 and thé cathode 12 by
the DC power supply 14 so that the bipclar electrodes 13..13 are
polarized to allow anodes and cathodes to be formed at prescribed
intervals. The soluticn sent to the electrolysis reactor 10 is
allowed to flow between these electrodes. The output of the liguid
feed pump & should preferably be adjusted so that the linear

velocity of the liquid fliow is in the range of 1 to 1(,000 m/ hi.
Furthermore, the application of electricity should preferably be
adjusted so that the current densg ity at the surface of the diamoﬁd

electrodes comes in the range of 10 to 100,000 A/m”.
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decomposition reactor 20. Furthermore, a heater 21 is provided 10 in the
thermal decomposition reactor 20 to heat the liquid in the vessel, and said
heater 21 also serves as the heating means for the present invention.

[0060] The working of a sulfuric acid recycling type cleaning system 15
configured as described above is explained below. A sulfuric acid solution

wid® &dulfuric acid concentration of 10 to 18M is poured in the cleaning

vesgel 1 é‘{‘é’c@ﬁé‘@%%%tg%;ﬁ%gﬁ%%@ 2Vl SN e ro1ysis
produce a sulfuric acid solution. The solution is sent continuously by the
figartized 20 pimEBlidahe denolysis heasorubian te ewbdd to form
reacto . electricity | ie t t t .
Dt sy 11 STt the Ear Sronties R 15 g Lgurie
pofatized to atlove ariides padsatiiodeste bedormed dvpréstdbeent through

intervals. .The solution sent to the electrolysis reactpr 10 is 25 allow 0
W ¥ to eed
h%\?v_k%ﬁv%é)nlﬁ%lsge e%c%ro es. éu()rﬂ%puteoﬁﬁgliqu%o f@é: ‘pr)ﬁrr?p 6
Bhgtldé-preferabity becadjusteshdd thatthedindas olelocity of the: lighl fldwaning
is in th &ang% oghl toI'Lé) 0Q0 m/hr, FLirt ermore, the aggligatigg

f
‘é?esc?rluty shoul ﬁreﬁerfbl})}%% %ed?gsﬁe $othat letgurrent eng%yta?tcer sase

strfabe of the ciamandoB0 efegirodes éames intize ranyd of &8 tdrom

100,000 A/mz. 24 [Q061] when electricity is applied to the solutign in the .
BN PRRAE 107 (hE KT TAS TS SOIICH & SRATESH B ToraE 27
peessdfiate ions, TrRSUKingritribeyregenesatioroef e petsulfure B acikbrolyzed
solution 2. This persulf uric acid solution 2 is sent through the feed piPe 5

tothe e AR eSS 1ot Fovide the hightUhtehtiarBR pets afite atf® =°

sRlutien ZinstheiglgaBicentration of persulfate ions. For this
practical mode, the process of producing persulfuric acid from
sulfuric acid during its start-up period was described previously,
but for the invention, persulfuric acid may be procured in advance.
However, the use of electrolytic reaction apparatus for
persulfuric acid production is advantageous because persulfuric
acid can be produced on-site.

[0062] |

Furthermore, the persulfuric acid solution 2 in the cleaning

wvessel 1 can be heated by circulating the persulfuric acid

solution 2 between the cleaning vessel 1 and the thermal
decomposition reactor 20 through the circulation pipes for
thermal decomposition 22, 24, and liquid feed pump 23, while
heating the solution in the thermal decomposition reactor 20 with
the heater 21. The circulation through the circulation pipes for
thermal decompesition 22, 24, and liquid feed pump 23 may be
started after the persulfuric acid concentration in the cleaning

vegsel 1 has increased up to a required level.
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vessel 1. In the c]eaning vessel 1, in spite of a slight decrease in the
concentration of persulfate ions resulting from 10 self-decomposition, the
solution circulates between the cleaning vessel 1 and the electrolysis
reactor 10 and it is electrolyzed in the electrolysis reactor 10, producing
persulfate ions to maintain a high-concentration of persulfate ions. For
thig gractical mode, the process of producing persulfuric acid from 15

sulfuric acid during its start-up period was described previously, but for
fheciRPéRGoR IpereGMATOREIITHAY BEpRICUTE iHatR AR, LRV Cthéo be

useofelectiulvic raacior: pRparaile [, PEESIflIG2cid, Productianis i ¢ acia
advantageous because persulfuric acid can be produced on-site. 20

[BO52F Fartheriibie, #d persulftifeadisSoldion-g idthékteatingniagsslessel
1 qanbe heated by circidalingthe persyiiupe acith SoMHON 2 DeIween ey oy

cleaning vessel 1 and the thermal decomposition reactor 20 thfough the
Gildutatiorp pipaistforadbltheriied ditohmsositicr-22, pafandiRuid féegersed in
RyDR-23.while beating the splutiann the thermaldesompasition reactor, . ;e
20 with the heater 21. The circulation througli the circulation pipes for
thendakdeoenipogitions2? 2t cdne diduid feedesunp 23 maybalstampdsition
after the elrgulfuric gcid on&cergg%ti igfthe ning 30 .vessel as
e e L B TR A0 e, e
walet 30 micly iethe objectte becvleanedyistsiarted Eteribheare removed

temperature of the persulfuric acld sglution 2. that as%}?bé‘ér%lgagi%”%“iﬂution
in‘the cleaning vesse gafﬁas een |ncreasedeb§€fﬁe apove-men |onedp
heatirigeu s to sibout «E30EnSpetifioallyt thensemicontiuctoowaler Beisulfuric
Irarxléq_e 'Sseo It?tion 2 are decomposed by the action of persulfate ions.
The persulfuric acid in the cleaning vessel 1 is sent to the
electrolysis reactor 10 through the return pipe 4 and the liquid
feed pump 6, and persulfate ions are préduced from sulfate ions
as described above, so that the persulfuric acid concentration
which has decreased ag a result of sel_f~deéomposition is increased
to regenerate the persulfuric acid solution 2.

{0064]
As the persulfuric acid solution Z f£lows through the return pipe
4 from the cleaning vesgsel 1 to the electrolysis reactor 16, it
undergoes heat exchange in the heat exchanger 7 with the
persulfuric acid soclution 2 that flows through the feed pipe &
after being electrolyzed in the electrolysis reactor 10. The
persulfuric acid sclution 2 flowing out of the cleaning vessel
1 has been heated up to about 130°C to ensure effective cleaning.
The persulfuric acid solution 2 flowing out of the electrolysis

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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the cleaning vessel 1. In the cleaning vessel 1, strong oxidative
conditions have been developed as a result of self-decomposition of
persulfate ions and effect of sulfuric acid, and thus, the 10 contaminants
etc. on the semiconductor wafer 30 are removed effectively and
transferred into the persulfuric acid solution 2. The substances removed

and dransferrashinto thespgestiuricuacid selidiah2arediecompasathby ke ugh
action of persulf ate ions. The persulfuric acid in the cleaning vessel 1 is

5Bt 1 e 1PERR ol SIS ROAEE AT Thrbaigh HRTREERT B & afigithey about

liguig {ged pupH Bpansarsulf algdens swe REAdHCed frosasulfateionsgh the
as described above, so that the persulfuric acid concentration which has

deedaberad 4 febiift tFSRdEBOMPEERBR IS HicteaEaERd tegehetdte 30 C-
thedrersylfunic acid salution.2.; 20100641 As the-persidb-usic agid spivtion 2uric

flows through the return pipe 4 from the cleaning vessel 1 to the

eleegtoipdisréantdr 1o nAdEgBES h&ERceXeaRge it BiSetheaPéicharger 1 1Y
Lwith the persufuric agidysolutian 2that flaysdhrough-the feed pipeB 28

after being electrolyzed in the electrolysis reactor 10. The persulfuric acid
setapen 2towirpout b the elednifghrasel anhasheer hamed up'e cooling

?rkéo%e]é’éoé%% ensuge gfiective cleaning,, 1 h&&%{ﬁﬂguﬁcv@a?&%@l&@é?ﬂ&g or
owing out of the electrolysis reactor 10, on the other hand, has a
temperatirersf alseut400a30 Puninpiiedadatioxchzpigesfenrsgni e two the

fEutng ESUEl e TEko B 41 Coolee G s gelape o -» £
esrly abowMRE Whitsithe@ersilfnd goit $dl g2 frowing tirolrgh therough
B DR RIS I A g A SR R4 e
persulfuric acid solution 2 left in the cleaning vessel 1. If the
temperature of the persulfuric acid solution 2 in the cleaning
ves.sel 1 becomes toc low, it may be heated with the heater 21 up
L0 a temperature sulitable for cleaning. As described above, the
peréulfuric acid solution 2 is cooled as it flows £rom the cleé,ning
vaesgsel 1 to the electrolysis reactor 10, and after being
electrolyzed, it is heated as it flows back from the electrolysis
reactor 10 to the cleaning vessel 1. Duiting this cycle, the
guantity of heat released from the cooling process is nearly equal
to the guantity of heat consumed for the heating process, and
therefore, 1f the efficiency of the heat exchanger 7 is very high,
the temperature control of the persulfuric acid solution 2 can
be performed very efficiently by supplilying a small amount of heat
energy from outside to compensate for heat dissipation.

[0065]

The persulfuric acid solution 2 pollutéd with contaminants in the

cleaning vessel 1 is sent through the circulation pipe for thermal
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acid solution 2 flowing through the return pipe 4 cools naturally afterward

and gradually to about 40C, which is a suitable temperature for

electrolytic reaction. If more positive cooling is necessary, a cooling

means, for example a water-cooling or 10 air-cooling means, may be

provided for forced cooling of the electrolysis reactor 10. After undergoing
deabexocbandeiin thet heabexchanget 7d¢hepprsulfurimaciebstlation®@ where

flowin throu%h thehfe?éje

ipe S reaches the cleaning vessel 1, and mixes,
T T B R AR S Tt TG (R 1° I b Th Arure

tempecataee: of thenpeesulfusicacitselution:2 irethiecleaningntessebtganic
becomes too low, it may be heated with the heater 21 up _to

TRBLRRER ShubIFoP BESRIG: 2 HESEBER Sbova® (R SpRrctitRR o the

Beisaletion 2 isccnoled astt Bews fromike slepning vessel lsoitheion is
electrolysis reactor 10, and after being 20 electrolyzed, it is heated as it

RBWATBEK FonT ie SHECTOIPES Fadtor 1696 the CRBRH VBRgeF 1 culation

Dusiagthisayelandheaguantity-aiieat released framiheGeoling process 23 so
Is nearly equal to the quantity of heat consumed for the heating process, |
BHE CR&RABT e LHEIERRY ORHRE HER R XA TRGEF Fis Vet Righ® 25 {rie-1on
terapgrature-contkelpfdhe Parsuifuria agidisplutivn: 2sam he:performed

very efficiently by supplying a small amount of heat energy from outside .
to CORMSenddte ot Het disiFafiG 00855 FHR D EARF LTSI R IG5 8 15

palligedwith contaminants indhen3Q sleapina. vessel Lis seat thiopghitheacia
circulation pipe for thermal 27 decomposition 24 to the thermal

gedornpesitbrr féater I WRERS Hit HeateW WP He FiRér 229 thiaf tonal
approptiate temperature, {1396 fos example) to.epsue thal tesishal¢ cective

other organic substances will be decomposed to enhance the cleanliness
ofiyaning to be continued while regenerating the persulfuric acid

solution 2.
fooéé6l
(Embodiment 1-2)

Another embodiment of the sulfuric acid recyceling type cleaning
system of the invention is explained below based on Figure 2.
| For some parts of embodiment 1-2 configured similaﬁly to
embodiment 1 described above, the same numerals are used and their

explanations are omitted or simplified.

The cleaning vessel 1 is equipped with a heater 21 to heat the
persulfuric acid solution 2, and also equipped with an ultrapure
water replenishment line 25 to supply ultrapure water to the
persulfﬁric acid sclution 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. & liqﬁid

feed pump 6 is provided in the returm pipe 4, and a heat exchanger
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5 persulfuric acid solution 2. This sulfuric acid solution is returned to the
electrolysis reactor 10 through the circulation pipe for thermal

decomposition 22 and the liquid feed pump 23 so that cleaning will be
continued with the persulfuric acid solution 2 that has restored a high
cleaning performance. 10 Thus, if the sulfuric acid recycling type cleaning
Bysteprisvised toeteasthd semicontdocior veafond0;thefsard ulfipic dcigs in
t:stcal‘_ut‘[:ons% CaE_%?n gggg r{gggg&e_dly, without supplyi_ng additio_nal hydrogen
perox%e SolGtion oF ozone, in order to allow effective cleaning to be
ctotigrued while regenerating the persulfuric acid 15 solution 2. [0066]
(Embodiment 1-2) Another embodiment of the sulfuric acid recygling type.
CloBH G SrERRE FRRa s SR Aea Haohs gt ot R ies.
28d-ensome pard pabembadinnenhi <t ednfigtted sémniady tocimbadimeat tor
1 described above, the same numerals are used and tl_rﬂeir explanatio .
108 GRflel'St STRPIREIETRE clodfing VRREET T s BATIbREL wibA HESFe
2ddedwatibe .persulfuric acid solution 2, and also equipped with an
ultrapure 25 water replenishment line 25 to supply ultrapure water to the

: u ,
perSufGRCSE-SHIUROR®. “Fhe'&IBhG 78St S d oLy 1s
electrolysisgeaskars Hoacand 40b1 which osrespendio saitheleetelyEisl ution

‘reaction apparatus, thro%gh a return pipe 4 and a feed pipe S. A liquid 30

Y BUMp e Yo BrdiGed it tHE &Mt pipe FLERGEPHESEEXATITTEH 28%7
isprovidedhbepygendbe etum: pippand thefeed piperd asdn theddsgef s in

embodiment 1. [0067]
this ordex.

An anode 1lla and a ¢cathode 12a are provided in the electrolysis
reactor 10a, an anocde 11b and a cathode 12b provided in the
electrolysis reactor 10b, bipolar electrodes 13a.l13a provided at
prescribed intervals between the anode ila.and.tbe cathode 12a,
and.bipdlar'electrodes 13b..130 provided at prescribed intervals
between the anode 1lb 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 cathode.

For this embodiment, diamond electrodes are used as the electrodes

1la, 11b, iza, 1i2b, 13a, and 13b. As in the case of embodiment

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

layers with boron. The set of the anode 1lla and the cathode l1Za

and the set of the anode 11b and the cathode 12b are connected

with a DC power supply 14 in parallel to allow the electrolysis

reactors 10a and 10b to perform direct-current electrolysis.
{ooes8] |

The working of the sulfuric acid recycliing type cleaning system

descyribed above 1s explained below.
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The electrolysis reactors 10and lob are connected in series, 5 and the

return pipe 4 is connected with the electrolysis reactor 10a and the return

pipe 5 is connected with the electrolysis reactor lob. A connecting pipe 4a

is provided between the electrolysis reactor 10a and the electrolysis

reactor lob. Thus, the solution 10 flows through the return pipe 4,
electrelysis=taactor es sebnectiagipipe:daa etectolysis reactorslobyandn with
feed pipe 5 in this_order. An anode 1land a cathode 12 ar%)rovided in

the BB Si8 SRAESPIGA A7 5hSHe Tb &nd3 dathodBdb brovidad in = cer -
the: 45 slectrelysisgeacter oty bipatanelettiofessl3aoul3a proddethatmixing
prescribed intervals between the anode lla and the cathode 12a, and

BRbi& QEcHLHAES 1. A3 prRfudt BF BRECALEA thtervals>BeRFeER the
apede ik and:the eatheded2l-har thecpresant iRvaMioN: tbe eleriredes-apure
used in the electrolysis reactor may 20 not be of a bipolar type but may

EERPFSE T Bh A and AecaRoti Eor s BbbaRRER: TmBRd* °

glecttades arglised agthe elestiodes lasdh, 12a:d2, d3aand 18 AS1ysis
in the case of embodiment 1, these diamond electrodes are produced by

FSFHAGUIR eRaRIO Rl dyers IRtR IRARHINES set Bfthe ahBAEIRATG theSactor
Gathodgl2a 2% and the sebot thesapederlb apddberqathade 42b ateinode 122

connected with a DC power supply 14 in parallel to allow the electrolysis

reActIs POaRATEIoIS WPP&oth BffceiRtiridit dleardiysiss - fopesyatie 132132
working of the sulfuricacidirecyeling dype cleaning.systepy 133 descibedor 10a

above is explained below. 29 The cleaning vessel 1 contains a sulfuric

doid sbhatierinith &lsefurie ddiBeoncenkratiénr vf 8ftol18M aRd UhPapdier . and

Vgﬁtgcr:’tricity is applied so that the current density at the surface
of the diamond electrodes comes in the range of 10 to 100,000 A/m’.
{0069}
As the solution flows in the electrolysis reactor 10a,

persulfate ions 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
gsulfate ions in the electrolysis reactor 10b as well to provide
a high-concentration persulfuric acid sgolution 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 electrodes is adjusted in the range of 10 to 100,000 A/m”.

[oo70]
The cleaning vessel 1 now contains the high-concentration

persulfuric acid solution 2 that has undergone electrolysis as
déscribed above, and a semiconductor wafer 30 is cleaned as- in

the above-mentioned case to remove regsist and other undesired
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which are heated with the heater 21 up to about 130C. The mixing ratio of
sulfuric acid and ultrapure water is adjusted 5 appropriately by supplying
ultrapure water from the ultrapure water replenishment line 25 while
taking transpiration into account. The sulfuric acid solution is sent to the
electrolysis reactor 10a by the liquid feed pump 6. in the electrolysis

48861040103, elecliicityis apptiesiorthe anade-taanddbe cathedesla 40
by the DC power supply 14 so that the bipolar electrodes 13a...13a are
RRFEAER e SoldiciPiatientne ectdtySid FaadRY 188 SEIowdgieatly

dowat linear velggity. of 4,10510,0004nAunand celeetisity-is applioshse that

the current density at the surface of the diamond electrodes comes in the

$8RGe FATRPEOG 1000 APy, B FO0EY ASHEESSIUEBN RS I fHer o1y sis
glectiolysis peactos 102, persuliate irns are prodused fem sullalg ions: reed

and then the solution is sent to the electrolysis reactor lob through the
PONReEting hipe 48S SHRRAAT Sse iRV IfAB GO/ BYE pfofFced bR 2D 1ts

ﬁg@g@ﬂ%ﬂe theselecitglysis-reactonobas welktpovide 8gh the return

igh-concentration persulfuric acid solution 2. The high-concentration .
Pepsulfuric ol 8BlEoRs2 e 36Nt XS Il %t ARing FebSET. SFHOWREte 7 with

feed pine.§, In.the electrolysis, raactos lok a5 wglle rephdensity dipe s

the surface of the 25 diamond electrodes is adjusted in the range of 10 to
200200098/m9z & JGRT0ICRIYE eleakin§ Ve ssbr & How- EBhfaingaRECT 10b. As a

high:sengentration .persulfuric acid solutiong.that hasundergang » £1owing

electrolysis as described above, and a semiconductor wafer 30 is cleaned
abivedithdabevermaptipaddicasetdsdifove estenpothchyadesieyeral

2Qsubstances. effectiveloiem e semiconducinl Waleh 8¢ etifn furic acia
solution 2 flowing through the feed pipe 5 is heated up to a
temperature of a hundred and several tens of degrees C slightly
below 130°C. After this, the persulfuric acid sclution 2 fiowing
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
¢leaning vessel 1, and subseguently it is heated with the heater
21 up to a temperature suitable for cleaning.
In this embodiment as well, the sulfuric acid solution is used
repeatedly to regenerate the persulfuric acid solution 2 to allow
effective cleaning to be continued.

[0071]

{Embodiment 2)
an embodiment of the sulfuric acidrecycling 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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persulfuric acid solution 2 in the cleaning vessel 1 gradually decreases in
persulfuric acid concentration as a result of self-decomposition, but after
being sent to the electrolysis 5 reactors 10a and lob through the return
pipe 4 and the liquid feed pump 6, it is regenerated by electrolysis to
increase its persulfuric acid concentration. As it flows through the return

pis-di thamdargoesieat axehangeia therheahchangere Willedhend their
persulfuric acid solution 2 flowing through the feed pipe 5 10 after being
BIRARISPIIT 117 BIStHUNySiE t64ctor 10b. As a result of heat exchange,

the persulftiGacid solutiog2iflowing throughdhe refieipe4isccoaledrade
down to a temperature of several tens of degrees C slightly above 40C,

RhileHEAS ARG B SOR TG PRIRRHRG thRoGYKR tReJEET Plge Esigreactor

heatedWp1to 8 ke lempssature of arhundredandsevesaltensofidegrgesiaryy
C slightly below 130C. After this, the persulfuric acid solution 2 flowing

BEEgR ThETERFRPE Y EBBIS RSy BEWE T6 BB otP 40ES e 1ectrolysis
tenperaturgrsuitableforelectiolyticreaction s Ehe perstifuric Acit soltion: 1 q

2 flowing through the-feed pipe 5 is sent to the 20 cleaning vessel 1, and

SEH3EGRN Yy iSsHeatéASnth the-healekn21 2 ('8 tERfpeFaIRERRIithbIEnd a
for cleaning. i this-embodimentag welk fae sulfric Aciq sQIYIORISUSets the

repeatedly to regenerate the persulfuric acid solution 2 to allow effective
éeafingirbe cofftinuetr 251@b7aT (Ehisodildm) it efbodiment bl on

thesuiwic.acidrecygling %P;gé’eisu'f%%%@gé%%éﬁ@%@ﬁi@fE@%a_ pump
invention is explained below ased on Figure 3. 30 For some parts of this
émbodimiéht eshfigaransimilarly to the 31

[0072]
2 connecting pipe 4a is provided té connect the electrolysis
reactor 10a to the electrolysis reactor 10b, and the solution
fiows through the return pipe 4, 'eiectrolysis reactor 10a,
connecting pipe 4a, electrelysis reactor 10b, and feed pipe 5 in
this order.

An anode 1l1la and a cathode 1l2a are provided in the electrolysis
reactor 10a, an ancde 1llb and a cathode 12b provided in the
electrolysis reactor 10b, bipeolar electrodes 13a..13a provided at
prescribed intervals between the anode 1la and the cathode 12a,
and bipolar electrodes 13b..13b provided at prescribed intervals
between the anode 11b and the cathode 12b. These slectrodes 1la,
11lb, 12z, 1i2b, 13z, 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, respectively, in the circulation line
to configqure the sulfuric acid recyéling type persulfuric acid

supply apparatus 40 for the invention so that the persulfurié acid
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embodiment described above, the same numerals are used and their
explanations are simplified. A return pipe 4 in which at least the inner
surface is made of tetrafluoroethylene is connected to the electrolysis
reactor 5 10a, while a feed pipe 5 in which the inner surface is similarly
made of tetrafluoroethylene is connected to the electrolysis reactor lob. A

digyid-feed pumm6 forsendingthe Prrawiuric agich solution Rispravided feeq
in the line of the return pipe 4, and a heat exchanger 7 is provided

PERFesn tHe FeftFn e BPSRY tHe 10 ¥8&d Pipe 5 THelEifcdtafion WHe st the

18 Presentipyantan (¢amRrises thefethitn piRe . faedping p: Andligiid o vy s
feed pump 6 in this embodiment. [0072] A connecting pipe 4a is provided

o renabctite srRERElyHIPES Feadtor 3 0adeithpasierirbly sidfeatiopfdh, valve
god the salpgion flawsthrough theseturn pipe 4. £leatrolysis reagi0deq in

connecting pipe 4a, electrolysis reactor lob, and feed pipe 5 in this order.
Pireanba e tacdins bcateecra e protidéd iniins eleblivlydisepg velocity

[g2dipL 193, .an anegs, Jin ard g.cathede 1.2l prayided in fie, eleciralysis, o
reactor |0b, bipolar electrodes 13a...13a provided at prescribed intervals
bERFeET iR ahvdedlaiand e eatrrodiemErd: s afddsipoks &ledrodes

130,130, providedat prgsgabed intervals; betweeanihe anode llh andithe, ¢y
cathode 12b. These electrodes lla, 25 llb, 12a, 12b, 13a, and 13b are

nﬁa@c@éﬁ@aﬁﬁﬂﬁﬁlebtr@de@ll{emsp_@np@ﬁr%w@sﬂ%agﬁdla@étéion
Eéﬁ)’é%%drgggétgﬁ q:r}_geo i@%g@g&@ﬂgeéggg%% f?'t? %'88 E’Ob to be used

respectively, in the circulation line “to configure the sulfuric acid recycling

e parsatfurig acih80supphi apparatds 4o fgﬁm@mmm:@émwﬁhem the

8 ESAJHEHEJ a‘\‘rcédssel i toc allow the persulfuric acid solution to be

sent to other cleaning apparatuses, and a change-over valve may
be provided to allow persulfuric acid to be fed to two or more
cleaning apparatuses.
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 te and receive it from the clean_ing vezsgsel 1 to gerve
for cleaning of the semiconductor wafer 30.
[0074]

{Embodiment 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 theéir explanations
are omitted or simplified.

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

a comnecting pipe 4a, and a return pipe 4 1ls connected with an
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32 solution can be sent to the cleaning apparatus through the feed pipe S

that is equipped with the on-off valve 1Sa, while the sulfuric acid solution

is returned from the cleaning apparatus through the return pipe that is

equipped with the on-off valve 5 15b, in order to allow the persulfuric acid

to be regenerated in the electrolysis reactors 10a and lob. Here, the linear
ajelotity lofshe licpad flow bwl trdefedineupdpn dedsityarmseted with an

ppropriately as.in the e di ts descri e. The ends. qf the

R e T A A e e
raltowr theigersulfarnid adidsokticnanggene ratepkirvthded] etrolysis taactersurn
1anan Iogrt%gg L%%%d f0£ c(lee%ning. The circulation line can be

Fd&tachabie from the c%:fmﬁg vessel 1 to allow the persulfuric acid

dalotien to be sent to other cleaning apparatuses, and a change-over

yalve may 1o be Bé%‘{miggg .tf%allovg.gc? ré“'f%ri%aciéjl%’cg%é%%éoﬁt‘ﬁ’g N0 ae
CleBRNg apparatisSes.AS in thé case of the sulfuric acid recycling type
oteanintesystetetleseried i thve ddbdviermesrtiohed tmotiesthe sedfatior 10z,

acid recycling type ersu#fur' cid supply apparatus 40 .can send.the 20
BBt S rechE PR oM the GRalreEvaaty T18 Sake o Sty e
Hithe sermiconditeiaiadaler30i {8044 {Embediment3it) Arotiesctrolysis
embodiment of the sulfuric acid recycling type cleaning 25 system of the
TRGSHSh 5% plained below. For some parts of this mode configured
similady to the modes described above, the same numerals are used and
their exeplanations are omitted. or sim%lified. Electrolysis reactors 10a and .

106 SECHHRERa ATk Dy ich the return pipe 4 and the feed pipe

5 are connected is equipped with a sulfuric acid concentration
measurement apparatus 50, which works as gaid sulfuric acid
concentration measurement means, in which part of the cleaning
Fluid in the cleaning vegsel 1 is circulated to allow the sulfuric
acid concentratiocn of the cleaning f£luid to be measured. The
sulfuric acid concentration measurement apparatus 50 is
configured to measure the sulfuric acid concentration by
absorptiometry, for which known apparatuses can be used. On the
other hand, an ultrapure watey replenishment line 25 is connected
to the cleaning vesgsel 1, and an on-off electromagnetic valve 26
is 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 59, 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 such as

menory device and read out as required.
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30 a connecting pipe 4a, and a return pipe 4 is connected with an 33
electrolysis reactor I0a and a feed pipe 5 is connected with an electrolysis
reactor lob. A liquid feed pump 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 ila, cathode 12a, and bipolar electrodes 13a...13a

that af¢ made of diamond are provided in the electrolysis reactor 10a,

and similarly, an anode llb, cathode 12b, and bipolar electrodes 13b...13b
Tt afe bR GFidigmintEarel fravidet PheceieBfolisRe 10 RsHEIBPIoby Stew

&%@gﬁ?@&'%@ﬁ@&s\ﬁsﬁ%é t&%@&hﬂg?é%m%% %&%me feed pipe
5 are connected is equipped with a sulfuric acid concentration

Fae kibdre prepr AppaRdtuSS07vHichEWERk SR SRiPPSUIRATT atpggpibed above,
cpacentrationmeasirerment means, i whichnad of the,cleaning Auiding e r

the cleaning vessel 1 is circulated to allow the sulfuric acid concentration
b tisigidniny fdicwtbé iseasurear THeasdifurieasiedordeiRiation an

measpenent appaats o.is.canfigured.toneasie the suliurigacits heated

concentration by 20 absorptiometry, for which known apparatuses can be
W68, Ohaherowek Handicat alrapur® watarepledishftentiire 25 sul furic

cognecied.dadhe clegning yessel 1. andan on-gif Slectiomagneliealye, .1 ye

26 is connected to the ultrapure water replenishment line 25. The
operitegsand elosingahotivrnebiiaren-oifrelnormregsaticazive 22826 ¢arwith
bg conmolled by, 6. sylfuris, agidcongeniration, Measurement JpR3IalYS aning
50. For the sulfuric acid concentration measurement apparatus 50, a
sylfwieatiedconcentration to be maintained-in the cleaning vessel 1 is
pre%’%teagu %@Pldgrgc\é. USslution is sent to the electrolysis reactor
10a by the liguid feed pump 6. In the electrolysis reactor 10a,
persulfate ions are produced from sulfate ions that are contained
in the solution, and the solutien 1lg then sent through the
connecting pipe 4a to the electrolysis reacter 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 liquid flow and the electric
current density are set appropriately as in the modes described
above.

[o078]
The cleaning vegssel 1 contains a high-concentration persulfuric -
acid solution 2 which is used for cleaning of a semiconductor wafer

30 to remove resist 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-decomposition, but after being sent to the electrolysis

reactors 10a and 10b through the return pipe 4 and the liquid feed

35



10

15

26

25

30

with the standard value being stored in a storage means such as 30
memory device and read out as required. 34 [0077] The working of a
sulfuric acid recycling type cleaning system configured as described
above is explained below. in this embodiment, as well as in the
embodiment described above, 5 the cleaning vessel 1 contains sulfuric

sl andiuirapure watgsnis addedla.adivstthe sylfutisacid cpncentiationi s
to an approgri)z:te value in the concentration range of 8 to I8M and heated '

RGee ahcaSropridtBheaef 91l 36 HbotR HDEoTHERS ReUiftfit Hgatedly
£engeqlration tg bepaixained ispreset Asa;Siandasd valua 4048 hei 1 e

sulfuric acid concentration measurement apparatus 50, with the
BhRGrShaghetc BRroPvaRe S8 DEING s etRAHEAMedning is started.

Th%ﬁé"f%ﬁéﬂ%ﬁo%ﬁ-@@ﬁﬁ@“iﬂéli%é%mi)éﬁiéﬁ%ﬁ!ﬁc'%% the
n

liquid feed pump 6. Tn the electrolysis reactor 10a, 15 persulfate ions are
PROGEEEE FbhP B Afare TERS Hiat Brel 6B itHE S SRBATaRYRE T water

salufion.s then sent thsough the, conpecting pipedadoithe elgstrolysis

reactor lob where persulfate ions are produced from sulfate ions as in the
abeveredse i¢ prsdteahighxotieentrafion Pt saidiAc e 36ffion 20

Zohisiachglingarelagity ofthe:ignidiflow,.and the £IegHic; GUIENt, or at
density are set appropriately as in the modes described above. [OO¥8]
Thpuseaningeyagset Tvearitaistd Hidls-cohéERiFatio A ptis FfRTE TG aEkrn

salulion.g.wiich, is used for glganing ot a seoucondyctor Wafgr 80 1.1 o

remove resist etc. from the semiconductor wafer 30. The persulfuric acid
soltiontit-thencleaniy eessd] BRRadUtiys 50 compares the measured

concentration with the preset value, and opens the
electromagnetic on-off valve 26 if the measured concentration :,s
¢ .2M or more higher than the preset value to allow ultrapure water
to be injected to the cleaning vessel 1 from the ultrapure water
replenishment line 25. The guantity 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 waintain the injection until the difference
between the measured concentration and the preset value becomes
less than 0.2M. After the injection, the electromagnetic 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.

f0075]

{(Embodiment 3-2)
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decreases in persulfuric acid concentration as a result of
self-decomposition, but after being sent to the electrolysis 30 reactors 10a
and lob through the return pipe 4 and the liquid feed 35 pump 6, persulf
ate ions are regenerated by electrolysis. In this mode as well, the sulfuric
acid solution can be used repeatedly in order to allow effective cleaning

19 Re.sontinuad while Jegeperating.thepersulfuric.agid saldtiar 295 The

solution gradually increases in sulfuric acid concentration as a result of
caleceolysEant evapdrstiGP HR RS S eRdiateaihfeligh the ERarfifg the
yessel 1 and the, electialysis reaciors 102 and 1ok, 1The sifwdc Agithtain an
conhcentration of the solution is measured continuously orat 10
appropriats ntenefs vith theisulftiReasidcontentrafiof Mealbdhen: but
Apnaraus 9. Fuhermors tbesulbiicasd senpanliaton easurampent
apparatus 50 compares the measured concentration with the preset
astuerancopens tre selbtuohragrédcTnaf VaraL 267 tHe Hheasarad-ion to
£opeeniration is do.9. M. pols bighsribandbe prasglvalie (alaw on.
ultrapure water to be injected to the cleaning vessel 1 from the ultrapure
water téplensiimdntlme 25t evauamtity ¢ behinjeted rigpbésreset tered
advance, or. the sulfurjc acid.cqonce tr%t'%) asurernent apparaius 3Q . 5
}?ﬁfaf/n %%S(}‘e%%lﬁeg k% rr%ﬁ%rdth%es‘ﬁ uric aréti? %0 conce%Etlration to maintai%mng
tea injectiomeftit theodiffeye semthdtweenethe inens op drporeaEtrion e

the preset value becomes less than 0.2M. After the inject) :
SRR RRG ot B CaR e B6 o HoE o e Py pbodiment
sulifigactdi eamdantratjononeasuremsiteppardas-50b84idbonol the sane
serves to 25 maintaig the sulfuric acid concentration of the solgggg or

BBBFSSHateRF Snd Stitomatically. allowing the régeneration of
simplified.
(0080}
In the cleaning vessel 1, liquid level sensors Sla and 51b,
which work as said ligquid level measurement means, are provided

near the liguid level in order to monitor the level of the

persulfuric acid solution 2 contained in the cleaning vessel 1.

'In the case of the liguid level sensors Sla and Slb, the liguid

level sensor 51b, for example, receives light emitted by the
liquid level sensor 5la, and the liguid level is determined as
the lower limit of the rangé where light can reach.

There are no specific limitations on the structure of the liguid
level measurement means for the invention, and a floating-type
sensor way be used to monitor 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 fnot

shown) which receives output from the liquid level sensor 51b,
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persulfate ions to be performed efficiently by the electrolysis reactors 10a
and 10b. (0079] 30 (Embodiment 3-2) 36 In embodiment 3-1 described
above, the sulfuric acid concentration of the solution is monitored for
control of the injection of ultrapure water into the solution to maintain an
appropriate sulfuric acid concentration of the solution, but 5 instead, the

ave'fgna%sfﬁgl@eaol Iqnnay; he manitored for., estimation,pLine SUIiUEE agid o,
concentration of the solution to control the injection of ultrapure water into
tihe sollfioninahisdembotiment thenvelérhbefahésolgiohdshn oritorsg ined

o mceasyéig&th%éégglgJ;evg{l%ffﬁggf&lﬁg%waan%@@g. 1o.vesselloiier

oré’ﬁelng $&nt o the aeanlng paratus. This embodiment is
cexplaimed-belone Bpresdme pads-ébthisgmbdadiorent coafiglead simiametic
to the embodiment described above,.the sa numerals .are used and
e gt s S R R T ISR o

viessel 1L, liquid level sensors Sla and 51b, which work as said liquid level

measurement means, are, provided nearthe liquid.level in order t : quid
RGAE: NG FEVET o1 e DEre O B Colion D CorTaneg e -t
loleaningrvessel 41 anlirtheveasedf thel bquidrévelksehsosShavant: Eih or at

the liquid. level sensor 5Ib, for ex If receives light emitted by.the
TR0 SEnsby SR b e T ars A e IEF 520
it @b the cange wherei kght canpeachr Therdarkinm spebificlindtators S1b,

<%>\1}§n thﬁeg%;u%i‘n%%ﬁ%g% pqeizq%i%vﬁlemfg Sg£1e ‘ggé: rg?f%rs]sétf:oﬁ.ghqeu_id level,

and if the measured liguid level is lower by a prescribed quantity
than the preset value_, controls the electromagnetic on-off valve
26 o that ultrapure water is injected to the cleaning vessel 1
from the ultrapure water replenishment line 25. The preset value
for triggering the control cf the electromagnetic on-off valve
26 by the ligquid level sensgor S1b may be set up discretiomarily
and therefore may bé zere. 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 required
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 5ia and 51b to alliow injection to be continued until
the difference between the measured and the preset l_iquid level
becomes less than a prescribed value. Through this control, the
sulfuric acid concentration of the solution ig maintained at an
appropriate value, and the regeneration of persulfate ions is
performed éfficiently in the electrolysis reactors iOa and iOb.

fo082]
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sensor may be used to monitor 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 30 shown) which receives output from the
liquid level sensor Slb, 37 a liquid level to be maintained may be preset in
@gﬁ{ggggrggﬂlogm §I31e sulfuric acid concentration of the solution to be
maintained appropriately based on the liquid level monitored. The

Eormiled igmmncontdldhewpéridgeany elosihg molionofthahe solution is
sisaiomadnslices o efl/alye A4 NARAS oG LA U MANIOLe s, ciae

[0081] During the cleaning with the persulfuric acid solutior, the liqui

- tewvelinikettiganivg véssebliiz rmasitored:tontihaceslyroiat appropriatelled

Lnée%/a?:{%w:;ixt{]nthe "%ui%}.lgi\fls‘li%e?neso%%?é‘&r%nq Q%Qalgom% Cﬁggg!{%% of the
receilves outputaf?omp e liquid level sensor Ib, comparesr% € measured

Eglidtével, andtthepresest lidiid lexveghantfifthe preasuted liguidhlevel ésaning

lower by a prescribed guantity, than the,_presetvalue, contrals the .
B R s B S A A A e e iom
oleariingavassel drl Sdresttheatitrapurewater epleinsirmentiine 251 thepure
reset valye for triggering the caontrol of the electromagnetic o -oéf.valve .
S e o e it I S i BT g hene. 1
tharetoreariapdieowero. The preset value may also be the variation in the
jquid level that js equivalent to an increase 20 of 0. 2M in the .
SRSt T orioh (AT B s 4t U THef 1BiaLy to the
deteaibes:to ywerthedavebirom) thagegutikechineight, Afpresgabadand their
voluige ofcultraspure water may be injected . at.a time, or the liquid level
My BE Aomtbred Fitt e Tiglid Tevé®tsors51a and Sib to allow

injectex to be continued until

The cleaning vessel 1 is placed on top of the weighing apparatus

52, wnich serves a said liquid weight measurement means, so that
- the change in the weight of the liguid contained in the cleaning

vessel 1 can be measured with the weighing apparatus 52. The liquid

weight equivalent to the required sulfuric acid concentration is
prescribed in the weighing apparatus 52. Whether the sulfuric acid
concentration of the solution is wmaintained at an appropriate
value is determined from the weight measurement . Furthernore, the
weighing apparatus 52 also serves to control the opening and
closing motion of the electromagnetic on-off valve 26, so that
if the weight measured with the weighing apparatus 52 differs by
a prescribed quantity from the prescribed value, the
electromagnetic on-off valve 26 is controlled to allow the
ultrapure water is injected to the cleaning vessel 1 from the
ultrapure water replenishment line 25. The prescribed quaﬁt:ity

may be set up discretionarily and therefore may be zero. The preset
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25 the difference between the measured and the preset liquid level
becomes less than a prescribed value. Through this control, the sulfuric
acid concentration of the solution is maintained at an appropriate value,
and the regeneration of persulfate ions is performed efficiently in the
electrolysis reactors 10a and lob. 30 [0082] 38 (Embodiment 3-3) In

£mbediment. 3-2 described above, the volume.of th lution is_,monitored.
based on hea?iqaic% Ievgf?in the cleaninré v%esseflgo t§§9 the‘fr?jé%%llct):n %&?at e
aduapafewatdranto thewsoletion istontrelied 5 tolmagtanrean appiopriate the

syfiurie acideqncentration olhe selution futinsiead: eyeiditol e, ..
soluition m% e cleaning”vessel may be'monitored so that the sulturic aC|dd
tdos ceatration fobthecdelutiomis. estimatdad:ito allow the injection of

U{(H?BE e water into the solution is controlled. Such an embodiment is 10
explained below. For some parts of this embodiment configured similarly

nothecenhzodiment desctibied lab pee; hé Same numeé rads ard asedAadve ight
{heip, explanations are omitted of simplified. {0083] 15 The dleaning -
vessgfal iS p%celagon (t:‘op of the welg[fhlng apparatus Eﬁ, which Serves a
sapd-bguitdaveightvaeasire merih meanse sgthialy therehangesis themueight i ght
o% trt]_% ”qu%conéajc ed in the cleaning v sslel.l can be measured with thfe
Weighihg Apparatds 525 THeGiHd” Welgit dqtik J8RFIF tHe régdrsg T tore.
shiuticsacie coneenirataris-20piescaked iBghenyeighinyappaatas S2us s2
Whether theéglfuric acid . concentration of the solution is majntained at an

PFSRTAR VHUE R R et MingT HohT tHe Selght ARAstiEMant the cleaning
Teshermaraibereieighing apparaltiss 2 alsomesves tereonkakiiesd and the

pozrr)grs]izn i%g% weight, and if the measured weight is lower by more
than a prescfibed guantity, the electromagnetic'on—off valve 26
is controlled to allow ultrapure water is injected to the cleaning
vessel 1 from the ultrapure water yeplenishment line 25. For
control of the injection of ultrapure water, the guantity to be
injected may be preset in advance, or the weighing apparatus 52
may be designed to monitor the weight to maintain the injection
until the measured 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 embodiment 3-1 to 3-3 described above, the ultrapure water
replenishment line is provided to supply ultrapure water into the
persulfuric acid sclution as required, but for the present
inventioh, a replenishment line that supplies hydrogen peroxide
solution instead of ultrapure water may be provided to perform
similar operations as in the meodes described above. Furthermore,
both an ultrapure water replenishment line and a hydrogen peroxide

solution replenishment line may be provided and allowed to perform
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closing motion of the electromagnetic on-off valve 26, so that 25 if the

weight measured with the weighing apparatus 52 differs by a prescribed

guantity from the prescribed value, the electromagnetic on-off valve 26 is

controlled to allow the ultrapure water is injected to the cleaning vessel 1

from the ultrapure water replenishment line 25. The prescribed quantity

gQ njlﬂ]peos%tru gisr(l:éetionarily and therefore maybe zero. The preset 39

Vallie may A4S0 De the variation in the liquid weight that is equivalent to an

iereasa of 0]2M in the concentration of the solution that takes place as

trljie }glgltefr content decreases to reduce the weight from the required

vafue [00841 During the cleaning with the persulfuric acid solution, the

weightagpthe eleatirg vesseltliismbnitéred edbtidubadlywor at

apprapriate intervals with the weighing_apparatus 52. The weijght of the ,

o DR LRaR G SELEbl e Tt SH th SATGE 26 R ERaHOe e

theveeasesementdakenhy teweighinguepparatus 521 hdidaigsdbeditcions.

change in the wejght of the solution in the cleaning vessel 1. The .

Wiy i%ﬁ‘%%%a?%?%%ﬁ’%bﬁ%gr%"s AR s Endihe préstiipgy ot v ion

weighimandst the sreasuma-weightia lowen by more: thana presciibedrolume
uantity, the electromagnetic on-off valve 26 15 is controlled to allow

%ﬁaﬁﬁiélwa?&’ isiffected to the cleaning vessel 1 from the ultrapure

waleydeptanishmentdineads. For control of the injection of ultrapure water,

the quantity to be injected may be preset in advance, or the weighin

appaPAts 557 sy BB AESIGhET 1 HERiIdr RN eTait TR el - anode

injestions20 gntil the measured weight becomes equal to a prescribed

value. This control allows the sulfuric acid concentration of the solution to

bEHShEIREE R &rPApPfopttate value.

Current density: 3000 A/m”, solution temperature: 40°C, flow
velocity: 10 m/hr
Cleaning vessel
Pergulfuric acid concentration: 3g/L, temperature: 130°C
Wafer cleaning capacity
ﬁOO of 5-inch wafers/hr
Cleaning was carried out using the sgsystem described above, and
results showed that the required frequency of sulfuric acid
replacement was decreased to one third, namely from 150L/day in
prior art to 50L/day, and that addition of hydrogen peroxide was
‘not necessary.
{poge]
{Example 1-2)
& sulfuric acid recycling type cleaning system as shown in Figure
2 was used to perform cleaning under the following conditions.
A high- cdncentration sulfuric acid solution prepared by mixing

40L of 98% concentrated sulfuric acid and 10L of ultrapure water
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For embodiment 3-1 to 3-3 described above, the ultrapure water
replenishment line is provided to supply ultrapure water into the 25
persulfuric acid solution as required, but for the present invention, a
replenishment line that supplies hydrogen peroxide solution instead of
ultrapure water may be provided to perform similar operations as in the
modes described above. Furthermorgf, boéh an ulérafurg w?
19 0 ed a

. t o
Yepl&RsRRRntlife ShaE MErdgen perdXide 50 Soltition rep TRpesy, e the

enishment
%iﬁédfl@bﬂg% REOVisteskand allawed 1a perfeme AG:dimiasepeeativase placed,
Example 1] [0085] An example of the invention is described below. 5 A. .
SHEALATBESOI 0 AURATE Seras SRE L CuracT Bt baing
wisedtoReriormisisaning ey the follmwingreonsitiehs: cCireutitedond

solution: high-concentration sulfuric acid solution (vol ratio [furi
SORPR EREABE HAEPETS YOG BTN SOF 16 Hlbbiange s mese

reactqrCopductiie.diarmend eleeirades {30001ipmberonadometiahedel the
area: 40 dmz Electrolysis condition Current density: 3000 A/m2, solution

fRHApERRIRD AV, HBH 15 V8IGERY- 1%/‘?1]?%%%%%&& Qg PGS Hongueted
acid, gancentration ndghn iempesatirenl 38@p Vater cleaning napaeity308ving
of 5-inch wafers/hr 20 Cleaning was carried out usin%the sg/stem

cusChbet BBV BIRF RIsHREshbrd el T rEoRibt Treqlefy 8P =7

' _ ency o
%&U&Ufﬁ%ég&func acid production rate was 3g/L/hr. For one

immersion cycle, 50 five-inch silicon wafers coated with resist
were immersed for 10 minutes in the cleaning vessel to perform
dissolution of resist (TOC increase rate: 0.06 g/L/hr). The
resultant solution was circulated with a liquid feed pump between
the cleaning vessel and the electrolysis reactors at & fiow rate
of 1 L/min (linear velocity of liquid flow: 80 m/hr) . When the
regigt-~coated silicon wafers wag immersed, the solution in the
¢leaning vessel became brown and the TOC concentration was 30 mg/L
at first, but after nearly 10 minutes of circulation, the solution
in the cleaning vessel became colorless and transparent with the
TOC concentration below the detection limit. Such wafer cleaning
was conducted for 8 hours (cleaning 2,400 wafers), and results
showed that the high-concentration sulfuric acid solution served
effectively for resist removal and that the TOC concentration
decreased below the detection limit. Wafer cleaning was continued
further for 32 hours {(¢leaning 2,600 wafers, totaling 12,000
wafers), and results again showed that the_high'.-concentrat:ion
sulfuric acid solution served effectively for resist removal and
that the TOC concentration decreased below t:hé detection limit.

foogT}
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- &S’r?wbﬁ%% HordAkisied (B

replacement was decreased to one third, namely from 150L/day in prior
art to SOL/day, and that addition of hydrogen peroxide was not
necessary. 25 [0086] (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
ared by mixing 30 40L of 98i concentrated sulfuric acid and 10L of
ff’fg A8F AT AR Sodred in a cleaning vessel and maintained at

33@611&&&1 eleclfRlysis nepcielaiwg celis, CepNECtethin SRR W 8eroxide
placed, each cell contalnlng810 electrodes, and each electrode

mﬁaﬁﬁﬁfgtéaﬁ(ﬁ?pﬁﬁﬁ%dhﬁﬁﬂedd%ﬁoﬁ&umd
§ supperiedang Stedastrateswith adiameter of 1h:ewcand thickaess el the

mm. The total effective electrolysis area was 30 dm2 and the current
FERSity WS 00 BYRS aRdHRESRER distvasstiiducieataforters were

Ftema the analysisi of acsample: of dhessalutian, flowing s aut fram the,outlets s »or
of the electrolysis reactor, it was shown that 10 the persulfuric acid

SroERIEliBR rafel RABIRGLARC FER-BRES ImnferSioRcdytie COORARTIR SN
wafers costad, with Lesisteweredmmensagdor 10-mipytes indbecleaning 1 ess

vessel to perform dissolution of resist (TOC increase rate: 0.06 g/L/hr) .

PRE fSSMERESBRItITVRES UL IS fiquid feéB D RAP Isemmssi- 18t ion
theLleaning xessel apddhe glggtrobysisygaciarscat aflowdgte, oL 1L/MiN e ver

(linear velocity of liquid flow: 80 m/hr). When the resist-coated silicon
WaferRAVES A ERSERL B5E $310HEN iATtHet bR ANAg-rassel berahre browist 111

anddhe TQE eengentrationivas 30-ma/k - atdirst oyt after nearyd Q. 1 o1, of

minutes of circulation, the solution 20 in the cleaning vessel became
m”é@égﬁaqfﬂﬁ%ﬁéﬁg@ﬂtwm@ from the cleaning vessel and 10L of

a hydrogen peroxide solution was added, followed by maintaining
the resultant solution at 130°C. In the first 2 cycles {¢leaning
100 wafers), the solutioﬁ becomes brown immediately after the
start of immersion, but it becomes colorless and transparent in
nearly 10 minutes, and the TOC concentration reaches the detection
limit. Foxr the next set of 30 wafers, however, the solution

remained brown, and the TOC concentration was still 20 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 regist on
the wafers after 10 minutes. Replacement of the entire solution

became necessary when cléaning of a total of 400 wafers was

finished.
[oosg] .

(Exauple 1-3)
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TOC concentration below the detection limit. Such wafer cleaning was
conducted for 8 hours (cleaning 2,400 wafers) , and results showed that
the high-concentration sulfuric acid solution served effectively for resist
removal and that the TOC concentration 25 decreased below the
detection limit. Wafer cleaning was continued further for 32 hours
cleaning 9,600 wafers, totaling 12,000 wafers), and results again showed

h&HghsEonUBRtREbN SHRMCRTT SotdtsRBerved efedively it 25 1n

esistramoval apdefhatthe TOG consentratior deareasedBeloW the-ic acia
detection limit. 30 [00871 42 (Comparative examgle 1) A solution

PPy bR G 1B 3596 Fiydfe§ertierskid @ tastitidiFio FRddfal ons
Q8% cenecentiatedisuliyricasighwaspotired in a cleaning vessel was
maintained at 130C. According to the 5 same immersion cycle as in

EsaHidle B2OYeSsEeatedWarets eI irRfe ke A mrRsYiHorfforleaning
disgolution el resistobothe first H.6\kclgs (Cleaning 0 wafers)oth€arers was

solution became brown immediately after the start of immersion, but it

Bevarte CHIBriEss sind iiakRpateft afedly Yo-mihttds, ahdhfe Yotsrs,
congeniratipn dQreachedhthedeiectiondimitnFar the pext setek 30 wafersmen

however, the solution remained brown, and the TOC concentration was

SHPT[OLRMG/FIE 1PeRiIes hftetthesstaA TRt 5ot i oL 6f tAe 0°C
%@ygagwgaﬁt@k? nRutfron the- gleaningvessel and 101 of, a aydragen v s o |

peroxide solution was added, followed by maintaining 15 the resultant
$618tiBReatrE3TC LiHh-first X paledyefebdin g 100 vrders)sthesbliforently
becames;brown | fﬂ@%@@%&%@c{t@& the, flanof IMmersion, Uit Recmes, /nr) |
colorless and transparent in nearly 10 minutes, and the TOC

denernidiieh Frchesitrrdai@ction heitl Foethe RERCEAVSAS0 wWafepother

@%@Eﬁ%ﬁéhﬁé%%U%%ére a cleaning fluid was heétéd at 180°C, the

persulfuric acid production rate was sufficiently high (3g/L/hr)
in the first cycle as compared with the TOC increass rate
{0.06g/L/hir}, but the persulfuric acid in the cleaning vessel
selfi—decomgosed rapidly, and the amount of the remaining
persulfuric acid was not sufficiently large for complete removal
of TOC substances, leaving 30 mg/L of TOC substances in the
gsolution. This c¢learly indicates that the temperature of the
cleaning fluid should preferably be in the range of 100°C to 170°C.
[oogol

{(Example 1-4)
Then, cleaning test was performed under the game test conditions
as in Example 1-2 except that the temperature of the solution in
the electrolysis reactor was varied. Cther test conditions were
the same as in Example 1-2.

Results showed that when the temperature of the solution in

the electrolysis reactor was 5°C, the persulfuric acid production
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20 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 25 failed to remove the resist
effectively, leaving some resjst on the wafers after 10 minutes.

RéntoT iy

RUpal@manto? (e Bhtirs 80IGtiGH e CHTE naCaeiy RhHRFFARAATGEGr 4o1d

{etal ah400anatess sascdaishess [A088) +3Q (mxample 1=3)43 £leankg o.os
test was performed under the same test conditions as in Example 1-2

AL PEth AP thE B SRARUFE TR HE DRTSLRGT SR SHdsh A RE ¥RAMARG °C-

Nessehwasvanied. ihektest canditions were the sama;2s BEXaeie ution
1-2. 5 Results showed that when cleaning was performed with a clea\ning:L
as

RYid-Rasfed Wroor, YKETAESS redig RS Fm AR HeC oS YR

firstoysle, and.resist was teftpasthe wafgrs,, indigating. that,cleaningsvas, .
not achieved satisfactorily. When cleaning was performed with a cleaning
REfCHEATR 4t 2308 "IP(ERBRPIE D 25 L St dterahle theseRidgty vessel,

gemoyal rdeivas hiahs anddhepersulfdiic acidpraduehion RIeWaslse che
sufficien%high (3g/L/hr) as compared with the TOC increase rate

B, Sraratmythat GeIRREaNaY Hchishdd effhaRciicl T anBaie ture

sleanipa:tesiwhsre a ¢lganing fuid was heated 21800, thee15 persslf ggoc,

uric acid production rate was sufficiently high (3g/L/hr) in the first cycle as

esmpared Vil tRETOE fitréssé Fate RIDBEATRPR: bt Hie PrfsdlfgHd/hr, 3
gid in.the cleaning wessel self-decomposedJsgpidly.and the armount f cpa e
;;;gﬂgggiggions were produced efficiently. The electrodes were
free of damage after 1,000 hours of electyrolysis. When the
temperature of the solution in the electrolysis reactor was 100°C,
on the other hand, the persulfuric acid production rate was 0.25
g/L/hr, clearly showing that the pergulfate 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.
Furthermore, 500 hours of electrolytic reaction resulted in
exfoliationof the conductive diamond layver from the 5i substrate.
Thus, it was clearly shown that the temperature of the golution
used for the electrolytic reaction should preferably be in the
range of 10 to 3%0°C.

[009G]

{Example 1-5)
Then, cleaning test was performed under the same test 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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- persulfuric acid was not sufficiently large for complete removal 20 of TOC

substances, leaving 30 mg/L of TOC substances in the solution. This

clearly indicates that the temperature of the cleaning fluid should

preferably be in the range of 100C to 170C. [00891 (Example 1-4) 25

Then, cleaning test was performed under the same test conditions as in

Example 1-2 except that the temperature of the solution in the electrolysis
REACRF WS varTst. OthertestoRafbhsinBfR e daific® a8 P xsmprample
1-2. Results showed that when the temperature of the solution in 30the

electrolysis reactor was 50C, the persulfuric acid production 44 rate was
HsRgremplandrassiffftdiehrvshimeicipersiinticiadia 37as martametPasrate
Lompared-with, the, TREC crease ale oFQ.08 LUL/Rh ot alRcethe Frective
temperature of the cleaning fluid was 130C, heating was necessary to
Piereasedheae mpdiairdoVirasbitichisuRnE2senwiizheg e d fshgrange
Pipesfar cingiation ag well as alarge inpuw.gthieat energy. Thus, a large

portion of the persulfuric acid was consumed before reaching the .

clédfihg vessel, and 30 mg/L of TOC substances were left in the solution

at the end of the first cycle. Compared with this, when the temperature 10

of the solution in the electrolysis reactor was 10C, 40C, 80C, or 90C, the
persulfuric acid production rate was 4 g/L/hr, 3 g/L/hr, 1.2 g/L/hr; or 0.9
g/L/hr, respectively, suggesting that persulfate ions were produced
efficiently. The electrodes were free of damage after 1,000 hours of
electrolysis. When the 15 temperature of the solution in the electrolysis
reactor was 100C, on the other hand, the persulfuric acid production rate
was 0.25 g/L/hr, clearly showing that the persulfate ion production rate
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deteriorated. Thus, the ratio of (persulfuric acid production rate (g/L/hr)
ITOC increase rate (g/L/hr)) was less than 10, and 20 oxidative
decomposition did not proceed satisfactorily. Furthermore, 500 hours of
electrolytic reaction resulted in exfoliation of the conductive diamond layer
from the Si substrate. Thus, it was clearly shown that the temperature of
the solution used for the electrolytic reaction should preferably be in the
BErRRyetdf 10 to 90C. [0090] (Example 1-5) Then, cleaning test was

peﬁf&[ﬁp%g aggﬁgt{g}pﬁgme;@ggﬁtcmg@ons asin Example 1-2 except that

"\ r\llrrn t Aanat tll mn

C-CHFFeat uncu.1 e the-30-el DID reacter-was @:b %o'}?cé’”a“ ckggmng
pefsmkfw S45 PRl i h@f& Qietedfoneons Welg NG SIRE: fo

as ifEexy é‘f -2. Agrayresult, apufficiently igh persulfurjg,agid wafers
prbductign 5351 as compare WI'[B ége TOC In rease rate was btained
and effeqtive 5 (‘Ipanlnn waslachieved Wwhen.the current denshh y washin
the range @fhd O to 103){3000 A/m20a% shawn insbable 1. [OOQ:EM,@ [Table ©
11 Resuitof exd minaa%n varigd current densug/ current perggmu icions
TaC To¢ Ehcentratith cleaping 'Run density DrOdU"tlon ratefincredse

rate persulfyne acid irga solutjon effect for Nqo@Amt)TOth\gﬁafers 1O

X

7.5 061006 1 780mg/T X2 3000-3:00.06 50 <5my/{ 035000 4.8 G.06
80 <5$ng | 6)000 99.0 0.06 150 < SmgAl @
8 120000|electrode broken! 0.06 electrode broken 30mg/l x

persulfuric acid / TOC : persulfuric ions production rate / TOC increase rate
f0052]

{Example 1-%)

Cleaning test was performed under the same test conditions as in
Example 1-2 except that the persulfuric acid production rate was
varied by changing the lineax veloc.:i,ty of the licquid 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 perform the electrolysis reaction.
For a linear velocity of 20,000 m/hr, on the other hand, a very
iong tube would be required for heat exchange, making it
impossible to-design a practical system. A sufficiently high
persulfuric acid production rate, relative to the TOC increase
rate, and a satisfactory cleariing performance were achieved when
the linear velocity was in the range of 1 to 10,000 m/hr.

"[0083]
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4 7500 6.5 0.06 108 <5mg/1 0 510000 9.0 0.06 150 <5mg/I 0 6 120000
electrode broken 0.06 lectrode broke 30mg/l X persulfuric acid / TOC :
persulfuric ions production rate / TOC increase rate [0092] 5 (Example

1-6) Cleaning test was performed under the same test conditions as in
Example 1-2 except that the persulfuric acid production rate was varied

by changing the linear velocity of the liquid flow in the electrolysis reactor.
otiRértestEonditions were the same as in 10 Example 1-2. Results are

sh ovyﬂuin Tahle 2piiheedhend neam@loci]'%y y of the |igﬂiﬂ)¢|mmﬁhn3cleaning
m/hrymanyeaitsyirblediwert (ormed mithe e'j @fys s wellseknakingpifect for
impaossible fhskifordeMe electrdgfsl reactionFor a linedmgllacity lofvafers
20,000 mjhr, on the6thigrHarld, a very 15 long tube Would_be required for
hegt éxchan%%, rnéﬁ’l@"}t‘sirﬂp ossi® to design a prattical’$Péem. A~
suffietentty-high—perstt tiric acidproductionrate; retative-to-the-TOE
indrease Irate, and a shfisfactory B¥aning perfrmance weré™ehieved ©
when sthe lingar yelocigy was |n thegiange of | tg 10,000 mihg,,,2P [0093]47

Tr hln 21 lnpoar nihrcrdfiicieione- OO O canecan frat: Alaarnime o~ L A
GuoTC LJ oo P SOmormc ToTT TOOC o ijourioceTtriran T blcalllllu P lrllullb

acid irt a dol3ffonieffecifor Run vBRStity produttion rate inchsiede rate ©
TQC No. (mghy) m wafets electrolytie 1 Q.3 reagtion is di 0<qglé,130mgll 5

sable

The apparatus
6 | 20000 ::;g;’; h‘; 0.06 —~ 30me/l %
actually
persulfuric acid / TOC : persulfuric ions production rate / TOC increase rate
[0094]
{Example 2)

A high-concentration sulfuric acid solution prepared by mixing
401, of 38% concentrated sulfuric acid and 8L of ultrapure wabter

was poured in a ¢leaning vessel and maintained at 130°C, As shown
in Figure 3, in the electrolys‘is r:eacito_r, two cells connected in
series were placed, each cell containing 1¢ electrodes, and each
electrode comprising boron-doped conductive diamond supported on
a Si 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°, regpectively, and the electrolysis was conducted at 40°C.
From the analysis of a sample of the solution flowing out from
the outlet of the electreclysis reactor, it was shown that the
persulfate ions p_roduction rate was 3g/L/hr. For one immersion
cycle, 50 six-inch gilicon wafers coated with resist were immersed
for 10 minutes in the cleaning vessel to perform dissolution of

regist {TOC increase rate: (.04 g/L/hr). The resultant soiution

was circulated with a pump between the cleaning vessel and the

48



10

15

20

25

30

253.00.06 50 <5mg/I 0 340 3.2 0.06 53 <5mg/I 0 4 300 3.3 0.06 55

<5mg/I 0 55000 3.5 0.06 58 <5mg/l 0 The apparatus 6 20000 cannot be
0.06 - 30mg/l X established actuall persulfuric acid / TOC : persulfu is

ions production rate / TOC increase rate [0094] (Example 2) 5 A
high-concentration sulfuric acid solution prepared by mixing 40L of 960s
concentrated sulfuric acid and 8L of ultrapure water was poured in a

eleing V8si8l &5 Aiahtaifbdat IB0C WS shewn i Figiite 3, in the
elgeterlysis reactor, two cells connected in series were placed, each cell
containing 10 electrodes, and each 10 electrode comprising boron-doped
¥batUEvergianfing Sapperidd o aon Jediastrarwite diatetéhef 48laption

apd-tickness. of. & . B LIREING A0ade, area,ancine SHIENL dePSIY, o

were 30 dm2 and 30 A/dm2, respectively, and the electrolysis was
gormntied atf406E Fior e atanmsis b aldamipie bf thesolution flowing , the

ga&ﬂe%ﬁ?ﬁb%ﬂgt@i@gﬁ@ﬁgelsgggyfigg%aﬁgrcg%@S_La@%%w%@g@

persulfate ions production rate was 3g/L/hr. For one immersion cyc e,sgg“rent
sikthcHsiliEeR wafererdoamedanithrésist Weralntmerded lomiiG midlutds wrier
hecleingygssehiq,eedariLdissaluian. of Jeslsh (F9C NYBARLAR,) | ana
0.04 g/L/hAr) . The resultant solution 20 was circulated with a pump

besvadrs thhatedring védsehaal thend8 etecuolysissigdoiorisa @iffosplution

rsaé;[%%c& E/%T%'Qct@gg?\} for resist removal and that the TOC

concentration decreased below the detection limit. Wafer cleaning
was continued further for 32 hours (cleaning 9,600 wafers,
totaling 12,000 wafers), and results again showed that the
high-concentration sulfuric acid solution served effectively for
resist removal and that the TOC concentration decreased below the
detection limit.

[009¢6]

(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
walers 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 resist removal effectively, and though
it became brown Iimmediately after the start of immersion, it

became colorless and tran_sparent in nearly :L'O'miri‘t.it:es, and the
TOC concentration reached the detection limit. For the next set
cf 5C wafers, however, resist wag left on the wafersg, the soiution

remaining brown, and the TOC concentration béing still 30 mg/L
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When the resist-coated silicon wafers was immersed, the solution in the
cleaning vessel became brown and the TOC concentration was 5 30
mg/L at first, but after nearly 10 minutes of circulation, the solution in the
cleaning vessel became colorless and transparent with the TOC
concentration below the detection limit. Such wafer cleaning was
conducted for 8 hours (cleaning 2,400 wafers) , and results showed that

fe WighieBHicehR&tTGT stliftrft-agid SHIUBH 10 ServedBfiectheRrigd waters
tesis! remavaiand.that the TRCkoNcentatign.decreased helowrthe noc

detection limit. Wafer cleaning was continued further for 32 hours
EIeEHPOrS 60DiRaetY S tGRRAGMERD00 wafers), and results again showed

hat dheuRighrcongentation.suliyric Acid solution sered effectivalt fak daning
resist removal and that the TOC concentration decreased below the

gerstion ARt S[0096) TehseairE exafpRAIRipeivaningiedss Mopduce
af 98e.rongentgied sulfiric acld was: 20 pauredeand 8k,0f 8350 immersion

hydrogen peroxide solution was added to produce a solution, which was
frrPtheafed R IBTCEAcddrding oL 15E safiEdhrielsidnaybRgakin walfers),

Example J. {g5iskeopaminated. wajgrs wete Immersed indbe SQUtion 0 4ng

carry out dissolution of the reésist. In the first 6 cycles (cleaning 300
Wwhfargl te Decsgiationaarverreddeterhy reiist rehivy sltefféctive immeds ion,

%@&dﬁlge&@f&‘%%%”am%ﬁ%é&% tgﬁ ﬁ%&‘iﬁ)@!ﬁ“ﬁ@%@%t and the

became colorless and transparent in nearly 10 minutes, and the T
St antnatort reaci et tre dbtattione idwt#or the Nextiset BPBOvaferesct sat

ist n ers, i ining.bro .
S e e AN R viton

staresfipnaeksionniThesdtHdse 50Wafarsentration being still 30 mg/L
in 10 minutes after the start of immersion. Thus, these 50 wafers
were excluded because it was considered that they had not
undergone effective treatment.

(0097}
Then again, 8L of the soluticn 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 failed to remove the resist effectively, leaving some
resist on the wafers after 10 minutes. Replacement of the entirxe
sclution became necessary when cleaning of a total of 40C wafers
was finished. Wafers thus cleaned were placed in a wafer analyzer,
where they were heated at 400°C and the organic regidue 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 ghowed that a largs amcount of
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were excluded because it was considered that they had not undergone
effective treatment. Subsequently, 8L of the solution was taken out from
the cleaning 5 vessel, and BL of a hydrogen peroxide solution was added
to produce a solution, which was then heated at 130C. The wafer
immersion test was continued. In the first 2 cycles (cleaning 100 wafers),
the solution served to perform resist removal effectively, and though it
Tetkthe HioWiitnKediat&lf after the start of immersion, 10 it became
cpigdass and transparent in nearly 10 minutes, and the TOC
concentration reached the detection limit. For the next set of 50 wafers,
Hervpaeere résist was left on the wafers, the solution remaining brown, and
ihg;TRCLancentationheing #ilk-3Q Medy ia dmiantes.aftentbe siarkting
immersion. Thus, these 50 wafers 15 were excluded because it was

Phsife At tvanpeytizrt-a6t nderybRceictnd@atmbritl [OTPHTFheRter
@géi%o&&f the solHionyyas taken outfomihe cleaning yessehapd 8y, tne

of a hydrogen peroxide solution was added. The wafer 20 immersion test
WETEoRintdd, BERWheASARBRSTA WEre FtRePIEE THIL ¥SRMoRTAEd to

Lemovedbe resistafiectively, leawng seme Jegistomtheayaters after,ip

minutes. Replacement of the entire solution became necessary when
elezrfirg &f 5 torafl sdlinalafers oRaSHfBRE 8 L R EARuS eheahednmbrt ive

Rlagedin ayaferanalyzer, 23 whers theywere heatgd at400C and they, »ng

organic residue was measured with a mass spectrometer. The amount of
orgaiivgesidie was Phthe Fings ofabbatsCORR 100D Pefcmyzrent density

suggesyng inatfiohly xclagm walets wete, 0ot oblajped, Furthermore, g, yas
periphery ot the pattern was observed by low acceleration voltage type
scaniningeg0=sle¢t of mitroscthy, aneliesiitsshewsdthbe ofrgesamlng ion
gﬁéﬁkngoutfrmntheoutletofth@ed@ctrolyticxeactionapparatus,
it was shown that the persulfate ions production rate was 3g/L/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 (TCC increase
rate: 0.04 g/L/hr).

During this process, the sulfuric acid concentration of the
sulfuric acid solution was menitored 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

the range of 16.3 to 16.7M throughout the process.
[0099]

{Example 3-2)
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resist residue was left. [0098) (Example:3-1) A high-concentration sulfuric
acid solution prepared by mixing 5 40L of 97% concentrated sulfuric acid
and 8L of ultrapure water was poured in a cleaning vessel and
maintained at 130C. In the electrolytic reaction apparatus, two electrolysis
cells connected in series were placed, each cell containing 10 electrodes,
and each electrode comprising boron-doped conductive 10 diamond

AUphohet B eSSt &b traB with B diaffeter P8RRI eRekiRE Lgf pixing
- Jheselfective aoderiga-and the cusrent dansing, Were,30 pédAdsater

30 A/dmz2, respectively, and the electrolysis was conducted at 40C. From

e abaiRsiora Safmifté ™t ite Bfiftoh FRVRG RRFARIh_ At S then the
S@ér@iﬂféiﬁ%t@é‘amﬁﬁt%%ﬁérﬁw,5*&%”4@@%@@0@%@953&%%

production rate was 3g/L/hr. For one immersion cycle, 50 six-inch silicon
ARIEREGHiedTVRS TESBWRETR IMMERSEd R FRuteS IR Hid BisthiA§

yessel-Jmumersion was copnvedderatatalof 40 hours(cleaning atofal-+ i ve

of 12, 000 wafers) to perform dissolution of resist (TOC increase 20 rate:
O ignInELIRAT G thiStpro ces T Hhe Stfftificvaeid: cortbiertrition eftié cm and

sHifwicacd splutign was mepliared, coinsousiy with & UG a0l qensity

concentratiog measurement apparatus, and whenever the sulfuric acid
v6iceRPatith reschRés A6, HEapers Wadywargs ifjectid@ctrolysis was

apomatcalhsuntib e splfuric aeid gonconiration Jeaghes 164N IS yrion

allowed the sulfuric acid concentration to be maintained'in the range of
£6 3BT Emongheur e proet s 00g9TC BOL (Examipte @t2pn apparatus,

it was shown that the persulfate ions production rate was 3g/L/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 dissclution of resist (TOC increase
rate: 0.04 g/L/hr).
During this process, the liguid level of the sulfuric.acid
solution was monitored continuously with a level sensor provided
in the cleaning vessel, and whenever the liquid level lowered by
Smm, ultrapure water was injected autowmatically to ralse the
liguid level up to the initial height.
This alliowed the sulfuric acid concentration to be maintained in
the range 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 cleaning vessel and maintained at 130°C. In the

electrolytic reaction apparatus, two electrolysis cells
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51 A high-concentration sulfuric acid solution prepared by mixing 40L of
97 concentrated sulfuric acid and 8L of ultrapure water was poured in a
cleaning vessel and maintained at 130C. In the electrolytic reaction
apparatus, two electrolysis cells 5 connected in series were placed, each
cell containing 10 electrodes, and each electrode comprising
boron-doped conductive diamond supported on a Si substrate with a

GarREF 6F 15T S ShitkhBsE bR 151m SR e fBLtvEINbRE RS did
thecurrentdensity mere SOdm2and S0pidm2 niespectivelypand-Bieauct ive

electrolysis was 10 conducted at 40C. From the analysis of a sample of
A& AR FRBRIIF B LR FrStth S BRFE TR eieBrdIfieReaEioRt 15 cm and

anparRilSs sibwasmhovikthakheperswialig donsdr addction e Was density
3g/L/hr. For one immersion_cycle, 50 six-inch silicon wafers coated with

(E8TEE Wi mBrsed Y 40 minBRREATHETISanRRAV 686 R USRIy SioR Was

was,aantinued.for @ totakpEA4 0 hours (eleaning 2 totabpf 12, DOQNATErS) ¢ i on
to perform dissolution of resist (TOC increase rate: 0.04 g/L/hr). During

tREIFRE S RHE RBU Ve bEthe S G e LRFE T Sltion RerThbpRGRER T atuS,
contipuouslyyithadevel Provided, 0o e Heamng vessel apdr my .

whenever the liquid level fowered by 5mm, ultrapure water was injecte
HRSNRRR Ao Riss the HGuidi8veFip 10 e sdiliarReigi This aftaled with

the suliurigacid concenatie fo e maipiainedin {He range i 16.240.ce1 .
16.7M throughout the process. 25 [0100] (Example 3-3) A

higieoRtentreior SuftReetifso RitfontaresereP dymbangs Uernérgraototal
copcenteaied,silfurio acid ande8l-of HIapyie WAtk MASAU LA nerease

cleaning vessel and maintained at 130C. In the
rate: 0.04 g/L/hr).The whole of cleaning vessel was put on the

locad cell.
During this process, the total weight of the cleaning vessel was
monitored continuously, and whenever the weight decreased by
0.1kg, 0.1kg of ultrapure water was injected automatically.
This allowed the sulfuric acid conc,;entration o 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 applicabilityl

féro2]
‘The cleaning gystem of the i.nventioﬁ is suited particularly to
cleaning of silicon wafers, glass substrates for ligquid crystals,
photomask substrates, and other subgtrates for electronic

materials, as well as cleaning of other various objects. More
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30 electrolytic reaction apparatus, two electrolysis cells 52 connected in
series were placed, each cell containing 10 electrodes, and each
electrode comprising boron-doped conductive diamond supported on a Si
substrate with a diameter of 15 cm and thickness of 1 mm. The effective
anode area and the current density 5 were 30 dm2 and 30 A/dm2,
Lespectively, and the electiolysis was conducted at 40, Bromte ; o, capy
a aFyS|s ora s\émfﬂe 6f the Soltition ﬁovv?ng Ut from the outiet of the ~* °
elgetrolyticcreaotion apparaiiis; tit weasi shewa dhatthepersulfaié donsiuctor

roductiog rate was S%/I}/Dhr. Fo%oni immersion cycle, 50 Eix-inch silicon

&5 Gatad with T0'teSfst Were immersed foF 10 mintites i the cleaning

vesselnimmersiamnasidentimiackfasartotal 1of A haurs: (claariapea-tatgl to
of 12,000 wafers) to perform dissolution of resist (TOC increase rate: 0.04
GRTAS CRE R Hte ‘cci’f"gf%%alﬁﬁ Vessel was put on the load cell. 15 During
this peecessoihe itabngighicafibercieaniog vessekwase manitosed ing
continuously, and whenever the weight decreased by 0.lkg, O.lkg of ,
BAPETE Gt Was Tetist SioRTtitady S S8 £%\3v8%ﬂf§é%’tﬁ‘fgrﬁlgcﬁsmg
eercaentraten o besnaeitdaine dub: d36. sange 6 Ha-oodkt S thpeugheultment
the process. 20 [0101] Thus, the invention has been explained above
BASET oh RAtRAL HodEE atd eXAfTbIEE SH Gt tHEE T ote o eXampias e the
QRIOLHBROSE AN Y- HbRitalianRs; 0pdbednventign. & dhey: rnnay e, madifigg stem
in the scope of the invention. 25 [Industrial applicability] [0102] The .
Qéahfify 3StERT6Pihe HVEMIOTRRS Siftet FaHiCURAR ST ceaming reGidote Ly -
waterscglasssuhstratesdortiquig ¢ystals. adequately in a process that

does not have such pretreatment steps for dry etching and ashing.
Thus, the invention can serve to establish a process that is free

of such pretreatment steps.
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photomask substrates, and other substrates for electronic 30 materials, as
well as cleaning of other various objects. More 53 specifically, it can be
used in processes for removing organic substances such as resist

residue adhering to semiconductor substrates. It can be used also in
processes for removing contaminants including fine particles and metal
gfihgring to 5 semiconductor substrates. In most conventional
semiconductor substrate processing processes, dry etching and asking
dd@ps:far oxidizing and ashing resist, which is organic material, are
RQYIAGE. 9 RGURIE Uk RHOLQISOAAG S OhSHESIRNS dHPUEN btjecrs
can increase the 1 equipment and processing costs. Compared with

thige, threulfystand efithen irmabsative wikieh Yerirpetifonsriede aprgivehyt
effectively, can achieve,the r. i L -

R S TN e S pscepe
thss ifve stifinedan semvadbiettaliviva provesetitiniing dat dgwiiayibh persulfuric
AL SEP 8 2 SIS SR Bl BHIHIE AHS ERENGHRI WBR n he
cleaning system comprlsm% &c eaning apparatus that cleans objects
usiperaupesstifsniotaei tha il utéomohsed| easain gl thiidy terelatirepphtarsackion in the
apparatus t regenerates.the persulfuric acid solution by performin

R i T o o e Bl SRR P SHBIOR eaton
inntide isekthontandiancidellatiode line that circulates the persulfuric acid
solution between the cleaning apparatus and the electrolytic reaction

& §l]us wherein the 10 temperature of the solution that is electrolyzed

in, said-Rlest alyisite apticRappayatussisikepbid thelaangecohfifitp068@ing means
and wherein of the electrodes in the electrolytic reaction apparatus, at

EetstdsisaRsd it onductive diamond electrode. [Claim 2]
[Claim 3]

A sulfuric acid recycling type cleaning system as described in claim 1 comprising a cooling
means to cool the solution that is to be electrolyzed in said electrolytic reaction apparatus.

[Claim 4]

A sulfuric acid recycling type cleaning system as described in claim 2 comprising a cooling means
1o cool the solution that is to be electrolyzed in said electrolytic reaction apparatus.

[Claim 5]

A sulfuric acid recycling type cleaning system as described in claim 1 comprising a heat exchange
means to perform heat exchange in said circulation line between the comparatively lower
temperature feed persulfuric acid solution flowing from said electrolytic reaction apparatus and the
comparatively higher temperature return persulfuric acid solution flowing from said cleaning
apparatus.

[Claim 6]



A sulfuric acid recycling type cleaning system as described in claim |
comprising a heating means 15 to heat said cleaning fluid. [Claim 3] A

sulfuric acid recycling type cleaning system as described in claim | _
compriging oolin 19508 e SeMRR DAL IPI0.Re GlECQINERHL: in wid
in said %Iré%{ﬁ%ﬁﬁlé Fgggtl%n fﬁpgratug\';s.gl [gfaﬁﬁm 4120 A sculfuric acid OA &S s
recycliewptppéreleaning systeneasddborisédimmelaim 2 comprising a
cool'r&gfmgins to cool the solution that is to be electrolyzed in said

electrolytic Teaction apparatus. [Claim 5] A sulfuric acid recycling type

cleaning systenacaisdedonbye ifeainnyiion mpEsnigdihdatexairangss a

means to f:\Ejerform].lp% t exchar;%% n said %r]ge%g\trléar}rgne between the

b decon% m obiec sai

CSTHON 1N ECOMPO THATH I ; saging.
compara e’lypowerﬁ tem eraturémf'ée persulfuric acid solution ffowmé

from[Saich @lectrolytic reaction apparatus and the comparatively higher
temperature return persulfuric acid. solution flowing from.said cleani :
apparatiS BT SR S S SR L B soion o
as déseltbedymdclaimi tiowhepsirpassagesdtsiaic: gilottatiairdmrengagon in the range
made Evﬂz% or tetrafluoroethylene. [Claim 71 A sulfuric acid recycling

type ¢ eaning system as described in claim 1 comprising a 5

tecon@jsifipn unit that decomposes contaminants removed from objects

by said cleaning. [Claim 8] A.sulfuric acid recycling.type cleaning system

as degéﬁllgénc? ?ﬁg(i: g{%ﬂf gr‘éfﬁn the’ So%llftiaosngfocr%g%?ectroIyzed in said
electrolytic reaction apparatus has a sulfuric acid concentration in the

range of 8M to 18M. 10 [Claim 9] A sulfuric acid recycling We cleaning

system as described in 15 20

15

20
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25 30 56 claim | wherein the conductive diamond electrodes provided in
the electrolytic reaction apparatus are self-standing type conductive
diamond electrodes produced by laminating conductive diamond on a

subgifate fallawad RY-EemVINe.thE ShstatElfIm dOliaAosuliwigiatifhparatus

recycling type cleaning system as described in claim | wherein the object

to bere ctfzading BrssmibaiiBrLLBTass Radirmd by Arurtigcoadngtve diamond
recygling tung: GleaningSusismAs.deserRed in claim | wherein electrolysis

is controlled so that the ratio between the rate of TOC (total organic
carbétdintiease resulting from 10 the removal of organic contaminants in
said Cleaning ARPARINS, A0 he: faleof Rexsiibtic,AGiEhPT QdEHPRBbRRIG0 be
electrolysis apparatus (persulfuric acid production rate (g/L/hr) per TOC
incretesectate srmereriiiey YBsS¥E-(g/L/hr)) is in the range of 10 to 500.
[CIai[@aJﬂg]lﬁ sulfuric acid recycling type cleaning system as described in

claim | comprising an ultrapure 15 water or hydrogen peroxide solution
replenishirie atifiFrs i sty etiBp e At Se BT e hifcagehw prarisgigesrolysis is
So'”E%&QQ@QI‘B%L}M%%Q selution -ﬂ&%ﬁh@%ﬁi&ﬁ%&% Relthse resulting from

recycling type cleaning system as described in claim 12 wherein said =~~~
iltrafharemovatef eramiphugarnpardiad detninsimspenrKie PP resuliuric acid

provided 10, iNeet MIERRINE  WHEE R BeriRVATRGER RGN dRS0UlIARdNtRC

the bottom portion of the cleaning vessel in the cleaning apparatus.
[Claiirceaf Aesitfcirieraeitrsbipdlifig e thidarin g’ 494ttt as described in

25 39:@%;?!'3?” claim 12 or 13 comprising a sulfuric acid concentration
measurement means to monitor the sulfuric acid concentration of the
solutforrliigraidtrrevifiectionciroin SHRIET HafRFEfbifeyam | comprising an ulmapure

15 water or hydrogen peroxide solution replenishment line to supply ultrapure water or 2 hydrogen
peroxide solution to said persulfuric acid solution.
[Claim 13) ,
A sulfuric acid recycling type cleaning system as described in claim 12 wherein said vitrapure
water or hydrogen peroxide solution repienishment line is provided to inject ultrapure water or &

20 hydrogen peroxide solution into the bottom portion of the cieaning vessel in the cleaning appafarus.
{Claim 14]

A sulfuric acid recycling type cleaning system as described in

3%
(=3
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hydrogen peroxide solution replenishment line can be controlled based on
concentration measurements taken by said sulfuric acid concentration
measurement means. 5 [Claim 15] A sulfuric acid recycling type cleaning

systgmas.4e seapedinaiain Ldivhesaindiestione tihautiEantlaWalehitor the
or hydrogen peroxide solution from said ultrapure water or hydrogen

pergXifEc FrrEfiehrEMn RIS eoha e tetrhEh s CBRLE M ETioh
MeagireeDyeRRiek SHEIC AR EARCERIAHRR MHSRIISMENBSRORIS A

.2M or more higher than a prescribed value. 10 [Claim 16] A sulfuric acid
recy@RrgrEyiseTIam GRS STEVACRS I8 6B A BRERH e REWREWSIN said
sulfygacid concentration measurement means is designed to use
absorptiometry to measure the sulfuric acid concentration. [Claim 17] 15

A suffatiferd faeselingpp ey B s as tBskmBdd YreHR i crap P! the
12 opid 3GWRESING @ dGUid MQIUDRRRERASKI &G R PIRARRLQTRRRHRE HRxide
volume of the cleaning fluid in the cleaning vessel in said cleaning o
appaPAtifg &P 'arisiuteat e BrErAAREbNISE &% dNRTERIRS Tratered P syBRC acid
pero&ﬂﬂ&xﬁ%&%{&?&%@ﬁ%ﬁ%{% bngds:cRpgllad %@@@Qﬁ%%ﬁ@men_ts
taken by said liquid volume measurement means. 20 [Claim 18] A sulfuric
'4cid Féaieliflg type cleaning system as described in either claim 12 or 13
COMRIigiAg:eadifikid Jevel IeRMHe MeBh MaRRs IRIMOMIRN heniRidate @kuric acid
of the cleaning fluid in the cleaning 25 30 58 vessel in said cleaning o
appAARIEEE FhAtHETRECHEAS ATHSIFSE Sart AP e AR RS Gelfric acid
peroxigde-salution replenishment line is controlled based on measurements
taken by said liquid level measurement means. [Claim 19] 5 A sulfuric

acid feljeling type cleaning system as described in either claim 12 or 13
LOMPIisiiig-R an_El%@y\é{ﬁ@ biRRASHIGIREALNGRNR L0 i%?ﬂgxﬁhﬁatﬁ?l WEIGE D prising 2
the cleaning fluid in the cleaning vessel in said cleaning apparatus so that

the iNfBEH SR VTSR] BIIROR FRONRISROTINRR 656 R Frerdg daid in the cleaning

vessel in said cleaning apparatus so that the injection action of said nitrapure water or hydrogen
peroxide solution replenishment line is controlied based on measurements taken by said liguid
volume measurement means,

20 [Claim 18]
A sulfuric acid recycling type cleaning system as described in either claim 12 or 13 comprising a

liquid level measurement means to monitor the liquid level of the cleaning fluid in the cleaning

(3]
[
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solution replenishment line is controlled based on measurements taken by
said liquid weight measurement means. 10 [Claim 20] A sulfuric acid
recycling type cleaning system as described in claim 19 wherein said
liquiesswigighid eramsp epRaant RoeRn Siismilesignedotoofited sitrethereanmibiyécbgen
weight of the cleanipng.vessel.and the cleaning fluid in the cleaning vessel.
OIS TR e R ey GRG0 56 S SR S gy S0 i e
appasatusearmpasing an electrolytic reaction apparatus that performs
electrolytic reaction to regenerate a persulfuric acid solution by producing
peréﬁﬁ%ﬁé%ns from sulfate ions contained in the solution, and a
circulatiendine thatkGite wipiesahe; patsidilddecebid scltitoridoetWweers saithrising &
electrolytic reaction apparatus and a cleaning apparatus that .use

per AT T R R TR B L BPAING & S AR RS e o

eant t aning vessel
INg Means {5 COOITE Feturn
solutiendlmaing 30 framn dhecleanisgiapparatuidd thexglectuolytityéastioperoxide
apparatus in said circulation Iineltg the 25 30 59 range of 10 tod .OCa bt
whe iR B TR P b B T RTINS AT AR BE S B prartie e
at leasithe-angsasis a conductive diamond electrode. [Claim 22] A
sulfuric acid recycling type persulfuric acid supply apparatus as described
h cliti™1% comprising a heating means to heat the feed solution flowing
fromatherelestiolyticieasiio tleapnasaitis Aoithe-claan grappsaatissi Sgidd weight
circulation line to the range of 100 to 170C. ,CI%im _23J /? sulcguric acid it
recy B 58 PEFEtIMHERETd OB A5t R HEsE B i el 2 4 ™
compising b eahexphangemeans to perform heat exchange between
the feed salution flowing 10 from the electrolytic reaction apparatus to the
clear{fﬂar&f)]daratus and the return solution flowing from the cleaning
BppAtUsHotheeleaHotypicosaation.ap parmiusiarsal oottt atian digfolytic reaction
[Claim 24] A sulfuric acid recycling type persulfuric acid supply a par tus duct
as d &R 2 L P AR SRR BT 88ﬁ?§§‘ﬁ‘f?ét$8‘§ O Sqf~ procucme

solutiesauisS Mne FrBR0EEIfate ions contained in the solution, and a circulation line that circulates the
persulfuric acid solution between said electrolytic reaction apparatus and a cleaning apparatus that
uses persulfuric acid, and further comprising a cooling means to cool the retumn solution flowing

20 from the cleaning apparatus to the electroiytic reaction apparatus in said circulation line to the

[ o]
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15 [Claim 25] A sulfuric acid recycling type persulfuric acid supply
apparatus as described in claim 21 wherein passages in said circulation
line are made of tetrafluoroethylene. 20 60

10

20

range of 10 to 90°C, wherein of the electrodes residing in said electrolytic reaction apparatus, at
least the anode is a conductive diamond electrode.

[Claim 22}
A sulfuric acid recycling type persulfuric acid supply apparatus as described in claim 21
comprising a heating means to heat the feed solution flowing from the electrolytic reaction
apparatus to the cleaning apparatus i said circulation line to the range of 100 1o 170°C.

[Claim 23}

A sulfuric acid recycling type persulfuric acid supply apparatus as described in claim 21
comprising a heat exchange means to perform heat exchange between the feed solution flowing
from the electrolytic reaction apparatus to the cleaning apparatus and the return solution flowing
from the cleaning apparatus to the electrolyiic reaction apparatus in said circulation line.

[Claim 24]

A sulfuric acid recycling type persulfuric acid supply apparatus as described in claim 21 wherein
the sulfate ion concentration of said solution is 8M or more.

[Claim 25]
A sulfuric acid recycling type persulfuric acid supply apparatus as described in claim 21 wherein

passages in said circulation line are made of tetrafluoroetiylene.

60



