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 persulfuric acid solution 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 15 system. [Background art] [0002]
The wafer cleaning step in a very large scale integrated circuit (VLSI) production process serves for
removal of resist residue, 20 fine particles, metal, oxide films folmed spontaneously, etc., and
generally uses a mixed solution of concentrated sulfuric acid and hydrogen peroxide (SPM) or a mixed
solution prodG&sif by bfGWikgdzone into concentrated sulfuric acid (SOM) . When hydrogen peroxide

or ozone is addeg {9 highscancantration.25 sulfyric,acid, the,sulfic, acidis axidized tq form persulfuric

acid. It is known that persulfuric acid shows a high oxidizing power and high cleaning performance as
it self -decomp®sés rad ¢ansenic/effettivedy idraleanimg Wafereply avipraddition to the
above-mgntiopgg(:@lg?gg_ulriqfja}gifidqroduction 0 methods, it is known that a persulfuric acid solution for

cleaning
[o001l

The present invention relates to a sulfuric acid recycling type
cleaning system that uses a sulfuric acid solution repeatedly to
regenerate a persul furic acid solution and supplies it to a

10 cleaning apparatus in which silicon wafers etc. afe cleaned to
remove contaminants eltc . adhering to them by using the persulfuric
acid solution which can serve effectively for their removal, and
also relates to a sulfuric acid recycli_ngltype persulfuric acid
supply apparatus that supplies persulfuric acid to sald cleaning

15  system. |
iBackground arltB

fo002]
The wafer cileaning step in a very large scale integrated circuit
- (VLSI) production process serves for removal of resist residue,

20 . fine particles, métal, oxide filfns formed spontaneously, étc.,

cand generally uses a mixed solution of concentrated sulfuric acid
- and hydrogen peroxide (SPM) or a wmixed solution produced by
blowing ozone into concentrated sulfuric acid (SOM) . When
hydrogen peroxide or ozone is added to high-concentration

25 sulfuric acid,. t:h@ sulfuric acid is oxidized to form pergsulfuric
acid. It is known that persulfuric acid shows a hig-hl oxidizing

- power and high cleaning performance as it self-decomposes, and
can serve effectively for cleaning wafers etc.
':;[n addition to the above-mentioned persulfuric acid ‘prociuction

30 methodsg, it is known that a persulfuric acid solution for cleaning



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 2] Tokuhyo (published Japanese translation of PCT
publication for patent application) 2003-511555 [Disclosure of the invention] 10 [Problems to be solved
by the invention] [0004] 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
15 peroxide solution is necessary to compensate for the decomposition. Furthermore, the
high-conceatratiorisidfirc edidlias te be replneddaviian teusutysicsacig Edneenpationiiabrdecreased

toa certainklgg eltln said method hovl\/e%?f erssulf uric_acid ggléjgoniigizlﬁted ith the water
u

r, the
content of e ﬁycfr%agn %ér%%d% 6 i]()(ﬁ, %%klngrﬁ%ﬁﬂt&]ftt Mmaintain a cons arﬁﬁiﬁf}lcdes

- compositionzgsad furthermore, the solution has to be discarded and replaced at prescribed time
intervals or for every few batches. Thus, the cleaning performance cannot be kept constant, and in
addition, a i%%%lume of chemicals have to 25 be stored. In the case of SOM, on the other hand, the

solution dpgs nof, undergo,dilifian Jleading te 2 jonger.solufignueplagement cyele putit is inferior in

cleaning performance as compared with SPM. [0005] 30 In the case of SPM, furthermore, only a
limited arpeurit of adersuliur20dcid £&2 é4produced whenthe high- concentration sulfuric acid and the

hydrogen peroxide are poured and.mjxed in the cleaning vessel at the beginning and when hydrogen
peroxite AR B TBITE ool S BT DR R SR ET o, THE FATe-atHe Hmount of

persulfurip@gidgenerateditedhat-of ozene addegis vesHewnWithdhese methads, therefore, the

concentration of the resulting persulfuric acid solution is limited, and its cleaning performance is also
limited. {Disclosure of the invention]

10 iProblems to be solved by the invention]
[0004]
In the case of SPM, persulfuric acid formed from a hydrogen
peroxide sblution decreases 1in oxidizing power as it
self-decomposes, and therefore continuous supply of the hydrogen
15 peroxide solution iS necéssary 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
20 the hydrogen peroxide solution, making it difficult to maintain
a constant ligquid composition, and.furthermore, the solution has
to be discarded and replaced at prescribed time intervals or for
every few batches. Thus, the cleaning performance cannot be kept
constant, and in addition, a laxge volume of chemicals have to
25 be stored. In the case of S0OM, on the other hand, the Sqlution
does not undergo dilution, leading to a longer solution
replacement cycle, but it is inferior in cleaning performance as
compared with SPM.
- [0005]

30 In the case of SPM, furthermore, only a limited amount of



[0006] The present invention, which was made against such a background, is aimed to provide a
sulfuric acid recycling type cleaning system that can largely decrease the sulfuric acid consumption
through a persulfate ion recycling process that produces persulfate ions electrochemically from an
aqueous sulfuric acid solution while using sulfuric acid repeatedly. [Summary] [0006a] In a first aspect,
there is provided a sulfuric acid recycling type cleaning system comprising a cleaning apparatus that
cleans objgets-ysing.a-persulfusicacid setutiornsas cleantay: fuid, anwelectrolytin seactioryapparatus that

regenerates the persulfuric.acid.salution.by.performing eleatralye, reation taproryce persulfate ions

from sulfaté fons contained in the solution wherein the solution containing sulfate ions is allowed to
flow parallétwithethe elettréde stirface atafinéardslotily oFER10,000 mit, diftPairétifation line
that circulatasthepersulfusie agid splution between theleaning apparatustand theseleetrolytic
reaction apparatys. and wherein the teperafrs, ot ins. soluton that s eleciglyzed . said electrolyti
reaction apparatus is” kept lower than the temperature of said cleaning fluid. [0006b] In a second
aspect, thefe is provided asiAfuicasid FEcyRIRG fbe Perstlfdric atid SUpIapiar&tts éémprising
anelectrolytiereactionappatatusthatpesforms elecirolyticaeaction:to regenerate-arpersulfuric acid

solution by pro %éngrpe%rg lg%a ions f:rgm%lfaitg ian .%on%%ifgg in the. solytions. wherein the solution
containing sulfate fonsis a owed t6 flow paraﬁel with tlhe_ e eptrodle surface at a linear velocity of 1 to
10,000 m/hi tand dscieiladiondine that Bir€ulafesitheperstiffiii¢acid solution between said electrolytic

reaction apparatus and a cleaning apparatus that uses persulfuric acid, and wherein the temperature

of the solution %%%t is eII%cté%l)ézeg Ansa d.%xgctrol tic reaction apparatus é%lﬁ%%tén tggggngg of 10 to
90C. [Means for soIang t%e_prob emsi1 0 | Thus, the sulfuric acid recycling type cleaning system
of the invertRKSHETIE in €fair TUsthafactefizBHGR that it eompiises aciéaniiy dpparatus that
cleans objeeis-using @=parstlferic asid solution-as cleaningifiuidican-elestrolytie reactionrdpparatus that
regenerate% éq%p%rgggglr% lednsoégl%%rb ¥ pgrfgg@gqﬁgg ‘olgg%re]%:g% {op o%cges@glfatg ions
from sulfate iohs contained in the solution, and a circulation line that circulates the persulfuric acid
solution befWeeh thercI8BARY apparatis aid thé efsttrSiyFCfeattiof appatatus. 008 e sulfuric
acid recyclipg:type sleaning systemsspegified imelaim 2.8 charactetized inthatinithe sulfutic acid
recycling tyggpcela%%nég%?ystem of the invention, the temperature of the

[Summary]

[0006&]

in a first aspect, there 1s provided a sulfuric acid

recycling type cleaning system comprising a cleaning

apparatus that c¢leans objects using a persulfuric acid

solution as clesaning fluid, an electrolytic reaction

apparatus that regenerates the persulfuric acid soclution by

performing electrolytic reaction to produce persulfate ions

from sulfate ilens contained in the solution wherein the

solution containing sulfate ions 1s allowed to flow

parallel with the electrode surface at a linear velocity of

i to 10,000 m/hr, and a circulation line that circulates

the  persulfuric acid sclution between the cleaning

apparatus and the electrolytic reaction apparatus, and

wherein the temperature of the solution that is

electrolyzed in said electrolytic reaction apparatus 1s



solution that is electrolyzed in said electrolytic reaction apparatus is kept lower than the temperature of
said cleaning fluid. [0009] 5The 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 electrolyzed in said electrolytic reaction apparatus is kept in the
range of 10 to 90C. 10[0010] The sulfuric acid recycling type cleaning system specified in claim 4 is
characterizegjn thatthe sulfurictacid reeyeling typecleaning: systemeofithe ifention comprises a
heatip_g meafgotB%egt said cleaning fluid. 15[0011] The sulfuric acid recycling type cleaning system
specified in claim 5'iS characterized in that the sulfuric acid recycling type cleaning system of the
invention comprisesi& €oblingHHesns to cHBPMR® solitioR TRATIS T betelettrblyzetin SHid Glectrolytic

20 reaction-apparatusy [0042] cEhe sulfuric acid reeycdlingiype cleaningtsystemspecifieddn claim 6 is

characterized in thal the sulfyic acid regycling bype cleaping system of fhie nvenfion comprises a
cooling means to coo the’solution that 1S to be electrolyzed in said electrolytic reaction apparatus.

[0013] Thg%bﬁgﬁél%hldiﬁé”cycﬁﬁ@Ct%@%leatrﬂng%‘ifé?é‘rﬁ%fi)%%ifie?j in chfith® 7-i< Chafactéfized in that the
sulfuric acid sgeycling type producing persulfate ions from sulfate lons

contained in the solutions wherein the solution containing
sulfate ions is allowed to flow parallel with the electrode
surface at a linear velocity of 1 to 10,000 m/hr, and a
circulation line that circulates the persulfuric acid
solution between said electrolytic reaction apparatus and a
cleaning apparatus that uses persulfuric acid, and wherein
the temperature of the sclution that is electrolyzed in
said electrolytic reaction apparatus 1is kept in the range
of 10 to 90°C.

[Means for solving the problems]

[0007]

Thus, the sulfuric acid recycling type cleaning system of
the invention specified in claim 1 is characterlized in that
it comprises a cleaning apparatus that cleans objects using
a persulfuric acid solution as cleaning fluid, an
electyolytic reaction apparatus that regenerates the
persulfuric acid solution by performing electrolytic
reaction to produce persulfate dlons from sulfate ions
contained in the solution, and a circulaticn line that
circulates the persulfuric acid solution Dbetween the
cleaning apparatus and the electrolytic reaction apparatus.

[0008]
The sulfuric acid recycling type cleaning system specified
in claim 2 is characterized in that in the sulfuric acid
recycling type cleaning system of the iInvention, the

temperature cf the

3a



30 cleaning system of the invention comprises 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. [0014] The sulfuric acid recycling type cleaning
system specified in claim 8 is characterized in that passages in said circulation line are made of quartz
or tetrafluoroethylene. 10[0015] The sulfuric acid recycling type cleaning system specified in claim 9
is characterized in that the sulfuric acid recycling type cleaning system of the invention comprises a
decompositiohuinitthat:dedonmippseseohtaninants remcetdremobjectd by saidrescleaning. [0016]
The sulfuric acid recycling type cleaning system spegified in claim 10 is characterized in_that in the
sulfuric acERES Gty oaing LSk Oh 1o LB A Sulitin & h o0 DIEC St sec
electrolyticereagtion apparatus has a sulfuric acid concentration in the range of 8M to 18M. [0017]

The sulfuric acid recycling type cleaning system specified in claim 11 is characterized in that of the
electrodes iIElQHf& 25 electrolytic reaction apparatus in the sulfuric acid recycling type cleaning system

of thenventiap, gt laagt 0. poode 8 a cenductive diaondelecliode JO0LEh opdtiesulrie,cid
recycling type cleaning system specified in 30 claim 12 is characterized in that in the sulfuric acid
recycling claim 3 is characterized in that in the sulfuric acid recycling
type cleaning system of the invention, the temperature of the
solution that is electrolyzed in said electrolytic reaction
apparatus ig kept in the range of 10 to 380°C.
10 {0010]

The sulfuric acid recycling type cleaning system specified 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. |

15 | [o0111

The sulfuric acid recycling type cleaning system specified in
¢laim 5 is characterized in that the sulfuric acid recycling type
cleaning system of the inventioﬁ comprises a cooling means to cool
the solution that is to be electrolyzed in said electrolytic

20 reaction apparatus.
[oo12]

The sulfuric acid recycling type Cleéning 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

25 the solution that is to be electrolyzed in said electrolytic
reaction apparatus.
[0013]

The sulfuric acid recycling type cleaning system specified in

claim 7 is characterized in that the sulfuric acid recycling type |

30 cleaning system of the invention comprises a heat exchange means



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 diamond on a substrate followed by removing 5 the substrate. [0019] The sulfuric acid
recycling type cleaning system specified in claim 13 is characterized in that in the sulfuric acid
recycling type cleaning system of the invention, the object to be cleaned 10 is a semiconductor
substrate. [0020] 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 15sgthatietio dfted: rateof IOLE (total Hrgahic tadboh increaseitesultiag woenthigremoval
of organic contaminaréts ig faidlg%%rgjng %%g)aratus to tlge r%e of per %Jéigcacé% E@%@Eo%in said

electrolysis%%ggﬁ"a]fﬁs f“p%rs&ffurlc acid pf?o l?clf%ir‘”lufgge g?ﬁ r)%ger InCreaSe rate in c‘llealn?ﬁlg

vessel (g/L/hnpisi2Qinthesarge af 10 ¢-500.1[002% rHie-sulfusicasic regysling:typeelganing
system specified in claim 15 is characterized in that the sulfuric acid recycling type cleaning system of
the inventioR EBRTHES B itr S TR SFatEEBP 25 RHicy chpeisxide bR tibhtEpIEn’&RAfént line to

supply yltraguse watsy, of aslioen,asroxide sl ion torsaid peraplfuie acid solution. [0022]

The sulturic acid recycling type cleaning system specified in 30 Claim 16 is characterized in that in the
sulfuric acid repythrig . :

The sulfuric acid recycoling type cleaning system.specified in
claim&%iSChaxécterizedJmithatpasgagesjxlsaidairculationline
are made of quartzlor tetraflucroethylene.

J44] [0015]

The sulfuric acid recycling type cleaning system specified in
claim ¢ is characterized in that the sulfuric acid recycling type
¢leaning system of the invention comprises a decomposition unit
that deccomposes contaminants removed from objects by said

15  cleaning.

[0018]

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 solution to be

20 electrolyzed in said electrolytic reaction apparatus has a
sulfuric acid concentration in the range of 8M to 18M.

[0017]

The sulfuric acid recycling type cleaning system specified in
claim 11 is characterized in that of the electrodes in the

25 electrolytic reaction apparatus in the sulfuric acid recycling
type cleaning system of the invention, at least an anode is a
conductive diamond electrode.
foo18]

The sulfuric acid recycling type cleaning system Speciﬁied,in-

30 claim 12 is characterized in that in the sulfuric acid recycling



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 vessel in the cleaning apparatus. 5[0023] The sulfuric acid recycling type
cleaning system specified in claim 17 is characterized in that the sulfuric acid recycling type cleaning
system of the invention comprises a sulfuric acid concentration measurement means to monitor the
sulfuric acid 10 concentration of the solution so that the injection from said ultrapure water or hydrogen
peroxide solution replenishment line can be controlled based on concentration measurements taken

by said sulfif€adid eBRdSHraTi5h iBaQirelnfit AELRREBEB4] A& SRR rebl 2y Spe
cleaning systemsResiied jp sIaimLB is.characisrized in inat in-the-suliLric, acid geycling. type cleaning

system of the invention, injection of the ultrapure water or hydrogen peroxide solution from said
ultrapure wetéfostnairddery penaxiecsoldtior-repte nisiimemdinelis conddete d whetu@Etheby

concentrat_itogmr]r_lgggurgd p:%s id sulfuric ci% g%ggcggtgago%gteaggre@gﬂ{én‘?eag%is }ggr%ga rr{mre
higher than'a prescrfbe%l val’vﬁe%%kgf e sulfuric aC|durecyc mgetype cleaning gystem spec?‘fied in
claim 49 isc¢haracterzed inethat said sulfuric acid concentration 25 measurement means is designed
to use the absorptiometry to measure the sulfuric acid concentration. [0026] The sulfuric acid

recycling tyéé’%}é%hing system specified in claim 20 is characterized in that the sulfuric acid recycling

type 30 cleaning systep,of the.inyention.comprises aliguid valyme, measurament means o monitor

the volume of the cleaning fluid in the cleaning vessel in said cleaning apparatus so that the injection
action of saitiultrapiire watbrorlntrodert petoxitdesdpldtiorn replenishment lmedid contretiéd bagsed on
measurements 5 3Ky, said lquid volume Measurement MeANS: object to be cleaned

16 | is a semiconductor substrate.

fo0o201

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

15 so that ratio of the rate of TOC (totai organic carbon} increase
resulting from the removal of organic contaminants in said
cleaning apparatus to the rate of persulfuric acid productiocn in
said electrolysis apparatus (persulfuric acid production rate
(g/L/hr} per TOC increase rate in cleaning vessel (g/L/hxr)) is

20 in the range of 10 to 500.

[0021]

The sulfuric acid recycling type cleaning system specified in
claim 15 is characterized inthat the sulfuric acid recycling type
cleaning system of the invention compriseé an ultrapure water or

25 hydrogen peroxide solution replenishment line to supply ultrapure
water or a hydrogen peroxide solution teo said persulfuric acid
solution.

[oo22]

The sulfuric acid recycling type cleaning system specified iI’l.

30 claim 16 is characterized in that in the sulfuric acid recycling



[0027] The sulfuric acid recycling type cleaning system specified in claim 21 is characterized in that
the sulfuric acid recycling type cleaning system of the‘invention comprises a liquid level 10
measurement means to monitor the liquid level of the cleaning fluid in the cleaning vessel in said
cleaning apparatus so that the injection action of said ultrapure water or hydrogen peroxide solution
replenishment line is controlled based on measurements taken by said liquid level measurement
means 15[0028] The sulfuric acid recycling type cleaning system specified in claim 22 is
characterized in that the sulfuric acid re%?]/cling type cleaning system of the invention comprises a liquid

weight méaSRFemeRtmedts 18 fidito? the- ReigHt B QB anfyfitid-hT 3634 Blekhingvedtel in said

cleaning apparaus sothatthe dnjection,actiqn ofsaid Hittapyee, watenar hydrogenperaxide solution
replenishment line is controlled based on measurements taken by said liquid weight measurement
means. [0029E25Thé suluricracidaeeyclirg typeydeating Systerir specified il tRimizgis dhafacterized
in that in the sulfuric acid.recyggn h%/p&celg%ning s\ystem of the i%ven jon, said Iiguid weight

measurement Meahs ]fst&éjsrf*gned 6‘measire th coerﬁgi%%dlvr\}e% o %ﬁéﬁ %ﬁé%%inéj Yessel and the

cleaning fluid fpthe cleaning vessel. 30[0030]  The sulfuric acid recycling type persulfuric acid supply
apparatus specified in claim 24 is characterized in that it comprises an electrolytic reaction apparatus

that performsTEIEcHHY T FdAL D feRfeHErated p¥RIRHE AP SoRYSH &b Prstutifyheériulfate
ions from sulfate ipps gopfained. inthe. soltion, And & circulation.line that gircilates the;peysydfuric acid

solution between said electrolytic reaction apparatus and a cleaning apparatus that uses persulfuric
acid, [003¢} £6THergulfurictaeid vdcycling iypespdrsafuricaid sapplya sulfuric acid
concentration measﬁrement means to monitor the sulfuric acid
10 concentration of the solution so that the injection from said
ultrapure water or hydrogen peroxide solution replenishment line
can be controlled based on concéntrationAmeasurements taken by
said sulfuric acid concentration measurement means.
[0024] |
15 The sulfuric acid recycling type cleaning system specified in
c¢laim 18 is characterized in that in the sulfuric acid recycling
type cleaning system of the invention, injection of the ultrapure
Qatei‘or‘hydrogenxperoxide solution from said ultrapure water or
hydrogen peroxide solution replenishment line is conducted when
20 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
25 measurement means ig designed to use the absorptiometry tomeasure
the sulfuric acid concentration.
fooze]
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



apparatus specified in claim 25 is characterized in that in the sulfuric acid recycling type persulfuric
acid supply apparatus of the invention, the sulfuric acid recycling type persulf uric acid supply
apparatus of the invention comprises a cooling means 15 to cool the return solution flowing from the
cleaning apparatus to the electrolytic reaction apparatus in said circulation line to the range of 10 to
90C. [0032] The sulfuric acid recycling type persulfuric acid supply 20 apparatus specified in claim 26
is characterized in that the sulfuric acid recycling type persulfuric acid supply apparatus of the
invention comprises a heating means to heat the feed solution flowing from the electrolytic reaction
apparatusafEERERTHY BPPBFAES iR SFciiafor Nihe®s thé raR§eor DBl ot [0D33)

The sulfuri,acid recyeling tyne persuliyric.acid supply.apparatys.specifieddn claim 27 is gharacterized

in that the sulfuric acid retycling type persulf uric acid supply apparatus 30 of the invention comprises
a heat exdhapgemmeansto-penrfointheatidxchiangerhetween the-feed doldtienftowingfroni the
electrolytic reaction apparatus to the cleanjng ap%aratus and_ the return solution flowing from the

cleaning &5paEtuS TotHE LRELLBIVIR Hoattiol apparatistif Sk cirdi&ion B esfiesH five Sulfuric

acid @cyq{iggéypq)ger@gﬁariq id:supph apRaratus-spegifieddn glaim28 is characterized in that in the
sulfuric acid recycling type persulfuric acid supply apparatus of the invention, the sulfate ion

concentratibf®? hid solution

The sulfuric acid recycling type cleaning system specified in
claim 21 ig characterized in that the sulfuric acid recveling type
cleaning system of the invention comprises a liquid level

10 measurement means to wmonitor the iiquid level of the cleaning
fluid in the cleaning vegsel in said cleaning apparatus so that
the injection action of said ultrapure water or hydrogen peroxide
solution replenishment line is controlled based on measurements
taken by said liquid level measurement means.

15 foozs]

The sulfuric acid recycling type cleaning system specified in
claim 22 is characterized in that the sulfuric acid recycling type
cleaning system of the invention comprises a liquid weight
measurement means to monitor the weight of the cleaning £luid in

20 the cleaning vessel in said cleaning apparatus so that ﬁhe
injection action of said ultrapure water or hydrogeh peroxide
s-olution replenishment line is controlled based on measurements
taken by said liquid weight measurement means.

[0029]

25 The sulfuric acid recycling type cleaning system specified in
claim 22 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 weigﬁt af
the cleaning veggel and the cleaning £luid in ﬁhe cleaning vessel. |

- 30 foo3ol



10 is BM or more. [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
15 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 20
apparatus specified in claim 30 is characterized in that in the sulfuric acid recycling type persulfuric
acid supply apparatus of the invention, passages in said circulation line are made of
tetrafluoroethylene. [0037] 25Thus, according to the present invention, persulfate ions in the cleaning
fluid self-deddHpasel fordeve|ciran oXidiziitg pawers WifichPiprta - Serves feraffdctiverarroval of

contamingiis Jiom e olect feig clegned.dp,ihe glepning,1uid. Ihe pefeuliuic agd, congentration
gradually reases as the persulfate ions in 30 the solution continué to séli-decompose: This

persulfurieaeish $elationr.is sentde a0 electwolyticaeadtion apparatusdbraughta giscttationdine. In the
electrolytic reaction_apparatus, an electric current is applied between an anode and a cathode that are

placed in & <hitton cont&nfrRASUIBTEL S PGaBfig te @ persulfuric acid solution

5 by producing persulfate ions from sulfate ions contained in the
solution, and a cirvculation line that circulates the persulfuric
acid solution between said electrolytic reaction apparatus and
a cleaning apparatus that uses persulfuric acid.

{6031}

10 The sulfuric acid recycling type persulfuric acid supply
apparatus‘specified.in claim 25 is characterized in that in the
sulfuric acid recycling type persulfuric acid supply apparatus
of the invention, the sulfuric acid recycling type persulfuric
acid supply apparatus of the invention comprises a cooling means

15 to ccol the return solution flowing from the cleaning apparatus
to the electrolytic reaction apparatus in said circulation line
to the range of 10 to 90°C.

[0032]
The sulfuric acid recycling type persulfuric acid supply

20 apparatus specified in claim 26 is characterized in that the
sulfuric 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

25 to 170°C.

[6033]
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

3¢ of the invention comprises a heat exchange means to perform heaf



5 oxidize sulfate ions to form persulfate ions, leading to regeneration of a persulfuric acid solution with
a sufficiently high persulfuric acid concentration. The regenerated persulfuric acid solution is sent to
the cleaning apparatus through the circulation line, followed by effective cleaning of the object 10 with
the high-concentration persulfuric acid solution as described above. The persulfuric acid solution is
circulated repeatedly between the cleaning apparatus and the electrolytic reaction apparatus to ensure
continuous effective cleaning while maintaining a constant persulfuric acid concentration. When the 15
process is started up, sulfuric acid may be used to produce a persulfuric acid solution in the electrolytic

reaction @pak@ns aWhihNG Brehlsetes the eletnimy abparitis 16 5eatt the Grtafafibh by the
persulfuric acid. solution. [0038] 20P IS éic @féda%?ﬂk&deg £ ga%gg&ag:@{ghg te;peratures to
show higﬁeeraéféh’eihn?ﬁlg %ggfgr]ﬁ%%%. gt ;{J'If'#gh temperatdre oﬁ%%%or example, the

- self-decomppsition fiatel isvag-highramta laehicvesa: hak vatwe pariod of @lidut fiveeminutds, tri the
electrolytic reaction apparatus, on the other hand, persulfuric 25 acid is produced more efficiently and

. the electrb88$EffE IESPFEREYE al Hvid SoItbhTeMibetatres T the present invention, the

cleaning apRR aLus 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 30 lower
temperature #zm the tfeaning fuiddsawingtblinaebypethesfficliddcias of ereistosassebiin the
cleaning apparatus and the ej%ci[er%ytic re ctioﬁq §%D%rsatu§i&[%03 The &'ea”i@,%ﬂ%:di%a%ge

. . . erizZe Ik
maintainet ﬁa‘arnagﬁlpsfo%ﬁgt%ltemper{éﬁjr(é ay eating with an ggproprlgte means of heating. Such

- means ofheafing usefid foI the presantdnventiondackidef butinotdimitedstayprginappheaterssand other
heating apparatuses that perform heat exchange with hot water or vapor. The appropriate temperature
range of the ABENIHGIRIE AR bEBr bR fple hr FRABBRb T OEC T 1R cRéahih G peHbitEhce of the
persylfuri¢ acigdsqlytign deteriorates as the temperature falls below this range. At temperatures above

170C, on the other hand, persulfuric acid will self-decompose at a very high rate and fail to oxidize the

resist suffidi@fthi ko the above temperature range 15 is assumed to be appropriate.

The sulfuric acid recycling type persulfuric acid supply
apparatus specified in claim 29 is characterized in that of the
electrodes placed in said electrolytic réacticn1apparatus in the

15 gulfuric acid recycling type persulfuric acid supply apparatus
of the invention, at least an ancode is a conductive diamond
electrode.

{0036]

The sulfuric acid recycling type persulfuric acid supply

20 apparatus specified in claim 30 is characterized in that in<the
sulfuric acid recycling type persulfuric acid supply apparatus
of the invention, passages in said circulation line are made of
tetrafluorocethylene.

[0037]

25 Thus, according to the present invention, persulfate iong in-
the cleaning fluid self-decompose to develop an oxidizing power,
which in turn serves for effective removal of contaminants from
the object.being'cleanedd In the cleaning fluid, the persul furic
acid concentration gradually decreases ags the persulifate ions in

30 the solution continue to gelf-decompose. Thig persulfuric acid
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[0040] The solution to be electrolyzed in the electrolytic reaction apparatus may be cooled to an
appropriate temperature with an appropriate means of cooling. Such means of cooling include, for 20
example, coolers of an air-cooling or a water-cooling type. An 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 necessary for heat exchange,
indicatingsthatithisis riot practicak Farthislreass itis Morechsirdple Mapiieibwer irGe4bC and

upper limil 15,896, 30 fespecivel. iRagiealing means and coaing.means pav s grovdse on the
cleaning appara?us or the electro ytic reaction apparatus, ‘or may be provide the circulation line. Or,
a separatgilinednay:beprovided i the eleasingrappatatts=ot the«electrolyie reactiondeapparatus to
perform heating or cooling of the solution. [0 0 4 1] = Temperature adjustment of the solution being

electrolyZ2BaihE 2| ution 2sea e hethifGRGR ah 1% SH&R by s Héht R%ERdndethat is
perfaimed,as they.are. sept framieifher appatys (%@iostr@f%@r thsaugh the-circylatien line. If heat

exchange is perfoi ed between the persulfuric acid solution (return solution) that has a comparatively
higher tempgrateresdnitiiows fromens uikiningcaprardiuscbuhé eleatiditie réadtibhabpardits and

- the persulfuric acid solution (feed so tiot%) that has.a 15 ¢ aratively lower emperature and flows
from the glé o?y?ilésl%%%:ﬁg rgL gp%%%’a s oﬁﬁg%ﬁ%s?l%n%ndp%%r%ﬁ%?%%%rre Vl;érﬁésglﬁﬁgﬁl W:E[H%lﬁgher
temperature will becepleshas i issdeptived of iheat-hy thei feed:gehution: and wilk-reagh a-temperature
desirable for electrolysis in the electrolytic reaction aglgaratus. The feed 20 solution with a lower

(53

temperatGrenit b Heaked #iBught AeaLsathdnyec 456 GHILEE atirtet R tdmbBfatRiGsSrable for
usegs cleaning fiuid. Saidvheat exchange may beeatfoimed with.an apropriatesneans of heat

exchange such as heat exchanger. The material for passages in the circulation line including the 25
passage fix saidiinednsbblveat eRohamge skiduid pisferabhibe qluiti on tetmfludrsatiyénss: which

are not e?:%i,lgedaa{g%gfg @éggggg utricleacg:qjeaning apparatus and the electrolytic
reaction apparatug to ensure continuous effective cleaning while
maintaining a constant persulfuric acid concentration. When the
15 process is started up, sulfuric acid may be used to produce a
persulfuricacidsolutidnﬁ11theelectrolyticreactionapparatus,
which is then sent to the cleaning apparatus to start the
circulation of the persulfuric acid solution.
[oo38j
20 Persulfuric 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
aéhieve 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.1c>we1:'solutiontemperatures° In the present invention,
the cleaminé apparatus and the electrolytic reaction apparatus
are separated.fxtm1each.other, so that the solution electrolyzed
in the electrolytic reaction apparatus can be maintained at a

30 lower temperature than the cleaning fluid, serving to increase

11



A means of heating the cleaning fluid and a means of cooling the solution to be electrolyzed may also
be provided in addition 30 to said means of heat exchange. [0042] Furthermore, in order to
decompose the organic matters including resist that have been dissolved into the persulfuric acid
solution as a result of the cleaning, a device for their decomposition may 5 be provided inside or
outside the circulation line. Such a device may be, for example, a theLal decomposition apparatus or
an electrolytic reaction apparatus. [0043] In the system described above, the solution to be
electrolyzed 10 in the electrolytic reaction apparatus contains sulfate ions, and therefore, the efficiency
of persulftdte ierf prodietion. #sthefelebirolyticresction apparatus isdargely influencet by thedulfuric
acid concentratign. Sﬁ)ecgicaljy, the eff'g:iency ogers%{?ée ion production increases as the sulfuric

acid 15 cohcentratiof tatreasss Hf tHe diifuricdeit

id @oricentration is decreased, however, the organic
matters inclyding resist will decrease in solubility and become more difficult to remove from the object
being cleaned. From this, the sulfuric acid concentration in the solution used for this system should 20

preferably beffsr exbpigtdif tﬁé?ﬁ@ml‘%% ‘I@ﬁfﬁ%@«’f@s%ﬁe%@a@@iﬁﬁ@%ﬂimit should
more;preferably b HRRR: HHLANORIA Mot PISIrRYDR M. iashedlivell, [OadidHowever,

the water content in the sulfuric acid solution 25 decreases, though only gradually, as a result of
electrolysis: e wateheanteny alsocdactedses ada reselsohevaporatidn.cro feptdnisk fortthis loss of
water, Its desijabi 12.3dd yitrapure water pLa fyrogen.Peioxioe soiuianas e water content
that perform heat exchange with hot water or vapor. The
appropriate temperature range of the cleaning fluid may be, for
10  example, from iOO to 170°C. The cleaning performance of the
persulfuric acid solution deteriorates as the temperature falls
below this range. At temperatures above 170°C, on the other hand,
persulfuric acid will self-decompose at a very high rate and fail
baoxidizethezesistsufficiently,sotjuaabavétempefaturerange
15 is assumed to be appropriate.
[0040]

The solution to be electrolyzed in the electrolytic reaction
apparatus may be cooled to an appropriate temperature with an
appropriate means of cooling. Such means of cooling include, for

20 example, coolers of an air-cooling or a water-cooling type. An
appropriate temperature range of the solution being electrolyzed
is 10 to 90°C. The efficiency of electrolysis will deteriorate
an&mgge 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 enerygy will be
required to heat the cleaning vessel to a temperature of 130°C,
and a very long pipe will be necessary for heat exchange,
indicating that this is not practical. For this reason, it is more

desirable that the lower limit is 40°C and upper limit is 80°C,

30 respectively.
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decreases. For addition of said ultrapure water or a hydrogen 30 peroxide solution, a replenishment
line may be provided to supply ultrapure water or a hydrogen peroxide solution to said persulfuric acid
solution. If water is poured on the surface of the sulfuric acid solution, a large heat will be generated to
cause part of the water added to evaporate or scatter at the surface, 5 leading not only to a loss of
ultrapure water or the hydrogen peroxide solution but also to danger to the operator. To avoid this, it is
preferred that said ultrapure water or hydrogen peroxide solution replenishment line be provided in
such a way that said ultrapure water or hydrogen peroxide solution is 10 injected into the bottom part
of the cleanifig¥es$Ea HSICREANG Parsns [bbgsreanhiebpérater Busplitdsvhtercdrliessly as

the water equigq Aepepiiehae decteased signlfisphtly. Inesibiic g 35, consentialion. pay

change largely to cause a large change in the performance for remova Sist and other organic
matters. Soz gomeansiefisufutitacidiconcéatration Measurementmayherprowidetiie megsure the
sulfuric acid concentration of the_solution that is circulating through the circulation line to allow 20 said

ultrapure WafRY bPR§ oy & efoxide soiaBRPEFRAIEANTENt THE 6 Heriorini¥iettoh SpEfatioh based

on conceniitionspeasuemenis-iaken by said meaps obsulfutic acid copcenyation speasurement.
Concentration measured may be shown on an appropriate display 25 apparatus to allow the operator
to operate th‘é%ﬂfépure water or hydrogen peroxide solution replenishment line based on the

e o AR ASPIICLAE SR PR S e
ultrapure whatersarihydiogen gpedoxide-dadutiomgeplenishment lire toheopetated automatically.
exchange that is pérformed as they are sent from either apparatus
10 to the other through the circulation line. If heat exchange is
performed between the persulfuric acid solution (return solution)
that has a comparatively higher temperature and flows from the
cleaning apparatus to the electrolytic reaction apparatus and the
persulfuric acid solution (feed solution) that has a
15  comparatively lower temperature and flows from the electrolytic
reaction apparatus to the cleaning apparatus, the return solution
with a higher temperature will be cooled asg it is deprived of heat
by the feed solution, and will reach a temperature desirable for
electrolysis in the electrolytic reaction apparatus. The feed
20 solution with a lower temperature will be heated through heé.t
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 pagsages in the circulation line including the
25 passage for said means of heat exchange should preferably be
quartz or tetraflucrcethylene, 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 alsoc be provided in addition

30 to said means of heat exchange.
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For the present invention, there are no specific limitations on the means of sulfuric acid concentration
measurement if it can serve to measure the sulfuric acid concentration properly, but 5 the use of
absorptiometry etc. is preferred because it can determine the sulfuric acid concentration quickly. A
preferable sulfuric acid concentration may be prescribed beforehand for the solution so that the
measured concentration can be compared with the prescribed concentration in controlling 10 the
operation of the ultrapure water or hydrogen peroxide solution replenishment line. In this case, it is
preferred that said ultrapure water or hydrogen peroxide solution replenishment line perfoim the
injection of Hg%ﬁﬁapure water or hydrogen peroxide Solution when the measured concentration

becomes 0.24,qn ot L5 highes fnan the presessLeongenralan. Tsis herause g effidency o

persulfuric acid production in the electrolysis reactor decreases rapidly if the concentration becomes
0.2M or mare highehthatheoptiaiuiivedad, wehile. irifluémce paxthe Bfficiency of gesstlfuricacid

production is small if iq:e 29 diiflfere ce is less than 0.2M. [0046] FurtheLtuore, the_ injection operation
& %%Vr}e%f%rﬁ%ntélﬁ? firfe Hi&y BE petformBdased on

of the uItr%%u?eWa%er or ﬁdeogeer? p%raor)lﬁ'd}eqSoﬁaJt

the volumeeopthewalerningriuiciin die sleagingvessebas-in he cleaning appasatus i siead of basing
on the sulfuric acid concentration. A decrease in the volume of the cleaning fluid indicates a rise in the

sulfuric aBi& ¢oRentfoncIRiilGeafing 8gaiBm! tiie voRRSIftheBoREDA 1A WS cirsulation line and
the elecyrg[ygiéggggtg{ﬁ@yigggggx 88h3@,85§g&953.’0 the cleaning and electrolysis processes, and a

change in the
- 100437

In the system described above, the solution to be electrolyzed
10 inthe electrolytic reaction apparatus contains sulfate ionsg, and
therefore, the efficiency of persulfate ion production in the
electrolytic reaction apparatus is largely influenced by the
sulfuric acid concentration. Specifically, the efficiency of
persulfate ion production increases as the sulfuric acid
15 concentration decreases. If the sulfuric acid concentration is
decreased, however, the organic matters including resist will
decrease in solubility and become more difficult to remove from
the object being cleaned. From this, the sulfuric acid
concentration in the solution used for this system should
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 electrQlysis,
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 hydrogen

30 peroxide solution, a replenishment line may be provided to supply
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volume of the solution will cause a change in the volume of the cleaning fluid in the cleaning vessel.
The volume of the cleaning fluid can be determined from the weight or the level of the cleaning fluid in
the cleaning vessel. These values may be measured by 5 appropriate means to measure the amount
of the fluid to allow the injection operation of the ultrapure water or hydrogen peroxide solution
replenishment line to be controlled based on the measurement. Depending on the type of quantity to
be measured, said means to measure the amount of the fluid may be a means of 10 liquid level
measurement if liquid level measurement is required, or a means of liquid weight measurement if liquid

weight measlrenrehitss Htire L Br 2NBXERAAE D BT EAAMgIRIcEST Be ‘Hetéldhed by measuring
the volume of the; snace leffdn ghe Sheaping,vessel, L3kor the igyention. dhers,areng-specific, £

limitations 'on the means to measure the amount of the cleaning fluid if it can serve for the purpose of
measurenigmt, end Varousiexisting sehsors.nfay bedssbe.ah pédoriving sueh ateabirements an
optimum liquid Ievgl 9 We&?;é ma gée%cribed so that the lprescr@gd vallﬁegﬁn be 20.compared
with the mé&&0reénet1d AW ihed rapureO water éjrrﬁyderogen Spcé?"oxﬁér S0 utlonere%}te%ls%?ﬁént line to

perform replenishipeni-apesation (en/eff switehing, injactiopveline eertrelretendased.adba
difference value. [0047] 25In the electrolytic reaction apparatus, electrolysis is performed on a pair of
electrodeRTECHAGH 8Rd CaHIULEDr MHSPrdsentfiVéftionh thehe afPRE3pedfic fimiatichision the

material of {e.elegtodes. However.Jiplafioum, g sybgtance widely lised as glegirode faterial, is
used for the anode in the 30 electrolytic reaction apparatus of the present invention, persulfate ions
cannot beyproducetikefficibntly and:piatirm wilkbe dissohe dengdesirabiie € ompanediwith thig, a
diamond electrode can produce persulfate ions efficiently without sufferjng significant damage. It is
preferred HEPTOf@that & LIARENAS HEFadd be (€A 48T He BROUE WHTo S B braduce

persyifatejons @nddt isrnerecprefermd that path-theranagde andethgicathadeshe diampondglectrodes.

[0048)
cleaning apparatus.

[0045]
If the operator supplies water carelessly as the water content
‘appears to have decreased significantly, the sulfuric acid
15 concentration may change largely to cause a large change in the
performance for removal of resist and other organic matters.
So, 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
20 said ultrapure water oxr hydrogen peroxide solution replenishment
line to perform injection operation based on concentration
meagurements taken by said meang of sulfuric acid concentration
measurement., |
Concentration measured may be showrn on an appropriate display
26 apparatus to allow the operator to operate the ultrapurre 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 controlled based on t;he measun;ementé

30 to allow the ultrapure water or hydrogen peroxide solution
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A preferred conductive diamond electrode may be a product that 10 is produced by using a base of a
semiconductor material such as silicon wafer on which a thin conductive diamond layer is formed,
followed by dissolution of the wafer, or a product that is produced by performing precipitation to form a
self-standing type plate of polycrystal diamond instead of using a base. A product 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 Rﬂf@éﬁrﬁﬁ‘iﬁ@% et AR E|EEtrEE&TRIEAPAIRIAS B St Leftérsy Vol .3 (2) 77-79 (2000) ,

Tokuhyo feblishedJapanese iapsiation,of RGT publigalian o paiery Applieglion) 2035 41555) for
cases where 25 the'electric current density is about 0.2 A/cm2. However, in the case of an electrode
consistinglo¢ artkmrdiambndudyBrisupperted oncanmetal :substraten¢hesdinmenddayér ¢an peel off and

fail to work in a short period of time. Thu%, it is preferred to use self-standing type conductjve diamond

electrodedShatare 30 FRTIESd bY DratipitiiortoR G SUBSHARSIOIbREd By AR OF théYibstrate.
[0059] Said thiaayer of epriystivediameondisproduced-by-deping athindiagond layer with a

required amount of boron or nitrogen 5 during a diamond synthesis process in order to allow the layer
to developeeRduématy CB6rorMddpbdiiayesiste tRBEF R RGPS Bieiddgkee of doping is too low, the

layer will not ef q%gg t%‘:imﬂl%gi!%ﬁ'aﬁg}(%mé \é/h'%eg g%ffect of doping will level of.f if the
layer is dopegse%(cegsively. The optimum degree ogggpiﬁg 11(?% g%nrg%fly%% t erlsaasﬁcélélo %% to 20,000
ppm relatweef torthb aamab it of Chrbaroihuthé dhinsdiambad layer. mEarsthesptesenidaention; eanductive

diamond electrodes in the form of a £Iate are used jn most cases, but a plate having a network

structure G A8 HEREES THIL For tHe Presdht veftichTheR- ration in controlling

10 the operation of the ultrapure water or hydrogen peroxide solution
replenishment line. In this case, it is preferred that said
ultrapure water or hydrogen peroxide solution replenishment line
perform the injection of the ultrapure water or hydrogen peroxide
solution when the measured concentration becomes 0.2M or more

15 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
efficiency of persulfuric acid production is small if the

20 difference is less than 0.2M.

{0046]

Furthermore, the injection_operation.of the ultrapure watef or
hydrogen peroxide solutiomn replenishment line may be performed
based on the volume of the cleaning fluid in the cleaning vessel

25  in the cleaning apparatus in stead of basing on the sulfuric acid
concentration. A decrease in the volume of the cleaning fluid
indicates a rise in the sulfuric acid concentration. In the
cleaning system, the volume of the solution in the circulation
line and the electrolysis reactor stays nearly constant during

30 the cleaning and electrolysis processes, and a change in the
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15 are no specific limitations on 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
20 with a density in the range of 10 to 100,000 A/m2 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. 25The
cleaning apparatus used may be either of a single disc processing type or of a batch processing type,
but soluble TOC substances are dissolved into the cleaning fluid as resist and other contaminants are
removed endiuisschid dering Ihe-dleaninldf arneleetronidsutstrata inbaid/cléaningdpparatus. Here,

it 30 is ne essary IEO remove tﬂg TOC substances efficiently from Jh cleargr%}%w% je_lgg revent

re-adhesfo ec?f%rg:%m s%%stancggl 6nto the aledtronic Substra 3, and theréfore the persu furit acid

productiopyrates@dMhpdnithe-alpctrelyticreactipa appajiatus shoeiwld prefaralzybe 1A &xpQ6:tmes the
generation rate (g/L/hr) 5 of the TOC substances that result from removal and dissolution of resist in

the cleanfigdishak&tus I ThiS SRAREE dtdfsiRla 906 Palarice HREwBEY thec
formationgieipultulc aqid-perriting efficient sleaging.and sficiaar elactigivsisa ToGhe same
- reason, the Tower limit should preferably be 20 and the upper 10 limit should preferably be 300,
respectivetly; fadvantagesussdffectof theé inventionppure water or hydrqgen peroxide
solution replenighment line to be controlled based on the
measurement . Depending on the type of guantity to be measured,
said means to measure the amount of the fluid may be a means of

10 liquid level measurement if liquid level measurement is required,
or a means of liguid weight weasurement if ligquid weight
measurement is required. Or, the volume of the cleaning fluid can
be determined by measuring the volume of the space left in the
cleaning vessel.

15 For the invention, there are no specific limitations on the
means to measure the amount of the cleaning fluid i1f it can sexrve
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 perform
replenishment operation (on/off switching, injection volume
control, etc.) baéed onn the difference value.

[0047]

25 In the electrolytic reaction apparatus, electrolysis is
perfcmed on a pair of eledtrodes, 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 ancde in thé

30 electrolytic reaction apparatus of the present invention,
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[0052] 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 perfoits electrolytic reaction to regenerate the persulfuric acid
solution by producing persulfate ions from sulfate ions contained in the solution, and a circulation line
that circulates the persulfuric 20 acid solution between the cleaning apparatus and the electrolytic
reaction apparatus, so that the sulfuric acid solution can be used repeatedly and that the persulfuric
acid solution which serves to enhance the removal performance can be regenerated on-site_in the

electroly RGBS AT GREHREDIS RIS 256655 Firthe bt et datifcadid
recycling fypg persiifvdg agid SURRY gPparatys,of theriguantamgansists of ao-plectralytic-rraction

apparatus that perfoius electrolytic reaction to regenerate the persulfuric acid solution by producing
persulfate:8@ ignsffemahesulfaté forisscomained #f theisohition, whtzoelrcaaliér ingthat circulates

the solution between the ecgtectrol tic reaction a atus and. the cleanin ratus.that consumes
persulfurit Ja%fa%g?)(fﬁ“gﬁns ead ?ad(igg %ﬁeﬁ?’f%g? ﬁg%goutgll g?%r?%xggl%%%%cﬁj gojllajltxflo%nc(:%an be

usedsrepeatedly 2-tecaliow-the alectralylic reastdenapparatiis:ta produseandos pRiy theigersealfuric
acid solution on-site. [Brief description of the drawings] [0054]  [Figure 1] a schematic drawing
showing & fitfle aRthé SUIEMRARINDFEETARY e tIeahRg SR RRPIRIMVENT O [FIgHe 2] A
schemati grwgﬂéﬁa""g@e@?ﬂt@%@que of the system. [Figure 3] A schematic drawing showing a
mode of the sulfuric acid recycling type persulfuric acid supply apparatus of the invention.

[0048]

A preferred conductive diamond electrode may be a product that

10 is produced by using a base of a semiconductor material such as
gilicon wafer on which a thin conductive diamond layver is formed,
followed by dissolution of the wafer, or a product that is produced
by performing precipitation to form a self-standing type plate
of polycrystal diamond instead of using a base. A product

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 {(published Japanese translation of PCT
publication for patent application) 2003-511555) for cases where

25 the electric cui:rent density is about 0.2 A/cm?. However, in the
case of an electrode consisting 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 |

30 produced by precipitation on a substrate followed by removal of
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15 [Figure 41 A schematic drawing showing another mode of the sulfuric acid recycling type cleaning
system of the invention. [Figure 5] A schematic drawing showing still another mode. [Figure 6] A
schematic drawing showing still another mode. [Explanation of numerals] 20[0055] 1cleaning vessel
2persulfuric acid solution 4return pipe 5feed pipe 25 6liquid feed pump 7heat exchanger 10, 10a and
10b electrolysis reactor 11, lla and llb anode 12, 12a and 12b cathode 30 13bipolar electrodes 14DC

power supply 20thermal decomposition reactor 21heater

the substrate.

[0050]

Said thin layer of conductive diamond is produced by doping a
thin diamond laver with a reguired amount of boron or nitrogen

5 during a diamond synthesils process in order to allow the layer
to develop conductivity. Boron-doped.layvers are used frequently.
If the degree Qf doping is too low, the lavyer will_not have a degsired
technological‘advantage, while the effect of doping will level
off if the layer isl doped excessively. The optimum degree of doping

i0 is generally in the range of 50 to 20, 000 ppm relative to the amount
of carbon in the thin diamond laver.

For the pregent invention, conductive diamond electrodes in the
form of a plate are used inmost cases, but a plate having a network
structurecanalsolxaused.Thus,farthepresentinvention,there

15  are no specific limitations on the number and form of said
electredes.

{0051]

It is preferred that the electrolysis using said conductive
diamond electrodes be performed by applying an electric cuxrrent

20 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.

25 The cleaning apparatus used may be either of a single disc
processing type or of a batch processing type, but soluble TOC
substances are disgolved into the cleaning fluid as resist and
other‘cont.aminants are removed and dissolved during the cleaning
of an electronic substrate in said cleaning apparatus. Here, it

30 is necessary to remove the TOC substances efficiently from the
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25ultrapure water replenishment line 5 30semiconductor wafer 40sulfuric acid recycling type
persulfuric acid supply apparatus 50sulfuric acid concentration measurement apparatus 51a liquid
level sensor 10 51b liquid level sensor 52weighing 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 feed pipe 5
to a cleaning vessel 20 1 which corresponds to the cleaning apparatus of the invention. In both the
return pipeleamd e fded gipa 8, r faaph the smasHstrfeBsCHr cmade bt eHhaflcreethylomd and a
iquid feed pump;6 fqr feeding the persuric acid soluionga fs preyided in theinggfhe atym pipe 4,
The circulation Tine of the invention 25 comprises said return pipe 4, feed pipe 5, and liquid feed pump

6. A heatgxekangel Jrihai cerresponds-to the heat exekangeimednrs pétheribventgmis:provided
between the retuin pipe 4 and the feed pipe 5, and said heat exchanger 7 serves for heat exchange

between FaRaltiaT abGHRPhHRG G Bipd 4 AidfR SERBASTAdWnG hhe fedd bR s, inthe

tUbe%(nogih%\ﬂ@ \ﬁlgb,‘irht@ﬁstances that result from removal and dissolution

of resist in the cleaning apparatus. This sexrves to achieve a good
balance bet:}ve-en the consumption and formation of persulfuric acid,
permitting efficient cleaning and efficient electrolysis. Foxr the
same reason, the iower limit should preferably be 20 and the 'upper
10 limit should preferably be 300, respectively.
[Advantageous effect of the invention]
[0052]
Az described above, the sulfuric acid recyecling type cleaning
gystem of the invention consists of a cleaning apparatus that
15 performs cleaning by using a persulfuric acid solution as cleaning
£luid, an electrolytic reaction apparatus that performs
electrolytic reaction to regenerate the persulfuricacidsolution
by‘pioducing persulfate'ions from sulfate ions contained in the
solution, and a circulation line that circulates the persulfuric
20  acid solution between the cleaning apparatus and the electrolytic
reaction apparatus, so that the sulfuric acid solution can be used
repeatedly and that the persulfuric acid solution which serves
to enhance the removal performance can be regenerated on-site in
the electrolytic reaction apparatus and used for cleaning.
25 [0053] | 7
Furthermore, the sulfuric acid recycling type persulfuric acid
su?ply apparatus of the invention consists of an electrolytic
reaction apparatus that performs electrolytic reaction to
regenerate the persulfuric acid solution by producing persulfate

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

20



heat exchanger 7 as well, at least the inner surface is made of tetrafluoroethylene. The use of
tetrafluoroethylene, which is resistant to persulfuric acid, as material for the return pipe 4, feed pipe 5,
and tubes in the heat exchanger 7 serves to prevent damage from being caused by persulfuric acid.
Heat exchange between the solutions is performed between the return pipe 4 and the feed pipe 5 in
this embodiment, but for the present invention, the return pipe 4 may be provided with a cooling means
that cools the solution preferably down to 10 to 90C while the feed pipe 10 5 may be provided with a
heating means that heats the solution preferably up to 100 to 170C. [0057] An anode 11 and a
cathode 123876 ptaidEdinlddig efdtdfoly3isBatira®, Bhe bijsvlarelesrSRiZvER 11 58fe provided at

15 prescriped intervals hetween the gnode.11-apd the gathode &@eﬁ%&'&@%n%ﬁgg%mgnﬁ%%éhe

electrodes may not be of a bipolar type but may comprise only an anode a cathode. Said anode

11 and thesathade < Joaresconbected with 4,DEpavwertsupphtbtd alfowdde atectiodysisceastor 10 to
perform direct-current 20 electrolysis, [0058] In this embodiment, said electrodes 11, 12, and 13

comprises dath St &R tfodE8 S Sid didhbatddh S HrsProdaed By 6 dut S thfitdiamond
layergover, sitbstiate rad dapipgduwith 25-Baropiaferabirindie woge 6EB0-L020000mpy relative

to the amount of carbon in said thin diamond layer. Furthel_more, it may be a self-standing type

electrode Whichrisproddeadilsy rRpicVing I dubistraiie &ftécproducing the thin layer. [0059] 30The

Gocompoutan Shpaatia T Thd et o Frough oy el pipes for hermal decompostion 22, 24

which are provitletl separately from said circulation line. A liquid feed pump 23 is provided in the line
fFigure 1] a schematic drawing showing a mode of the sulfuric acid

10  recycling type cleaning system of the invention.

[Figure 2] A schematic drawing showing another mode of the system.
{Figure 3] A gchematic drawing showing a mode of the sulfuric acid
recycling type persulfuric acid supply apparatus of the
invention.

15 [Figure 41 A schematic drawing showing another mode of the
sulfuric acid recycling type cleaning system of the invention.
[Figqure 5] A schematic drawing showing still another mode.

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

[Explanation of numeralsg]

20 {0055]

1 cleaning vessel
2 persulfuric acid solution
4 return pipe
5 feed pipe
25 6 ligquid feed pump
7 heat exchanger

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

36 13 bipoclar electrodes
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5 of the circulation pipe for thermal decomposition 22, and the combination of the circulation pipes for
theimal decomposition 22, 24 and the liquid feed pump 23 allows the cleaning fluid to circulate
between the cleaning vessel 1 and the thermal 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. [00601 The working of a sulfuric acid
recycling type cleaning system 15 configured 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€ aRRHisFRe TS 6¥5:1 to produce a sulfuric acid solution. The solution is sent

continuou Ié{ by the,liquid %e(g 20 pump 6 to the electrolysis reactor 10. In the electrolysis reactor 10,
eIectricity?s appliet t%ftﬁg ano%e(ilgandlt e cathode 12 by the DC power supply 14 so that the bipolar

electrodes 13...13ratepotarized to allow anodes and cathodes to be foLmed at prescribed intervals.
The solution sent to_the electrolysis reactor 10 is 25 allowed to flow between these electrodes. The

output of the liquidteEaaRIFS 6"EHotTd prekerabl B adiustet™$ that the linear velocity of the liquid

flow ig in thg range of, 1 40,48,Q00-%/hys FHithezmore, the application of electricity should preferably be
- adjusted so that the current density at the surface of the diamond 30 electrodes comes in the range of

10 to 100800 A/ns: 0061 avheh sReiiciyigappiitl Banesbliichon A5 Elesibysi¥ reactor 10,
the sulfateaioggén 7Ehessolution is oxidized to form persulfate ions, resulting in the regeneration of the
persulfuric BRgid Sollition 2. This persulfuric acid solution 2 is sent through the feed pipe 5 to the
cleaning vessel 1 tapovide-thediigh-concentrationipersulfuric acithsalutiop2-nthe eleaning vessel 1.
In the cleaning vessel 1, in spite of a slight decrease in the concentration of persulfate ions resulting
from 10 séif-gecormp8ition 1RESbIdtfoniculates between the cleaning vessel 1 and the electrolysis

reacfgr 10;and it is glectrglyzeddn the-electrolysis reactor 10, producing persulfate ions to maintain a
high-concentration of persulfate ions. For this practical mode, the process of producing persulfuric acid

from 15 s@furic acwe takingdts spaeuppesiod was described previously, but for the invention,
persulfuric[%cid may ge p£ocured in_ advance. owevet the use (9111 lectrolytic reaction apparatus for

persulfuric acid pro (ction 15 a%%f‘a-’r“ﬁ%é‘é%ué" Because |c%1rgﬁf?urlc acid can be produced on-site.
20[0062] fooss6]
{(Embodiment 11.-—1) 7
15 An embodiment of the gulfuric 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 cqnnectad
through a return pipe 4 and a feed pipe 5 to a cleaning vessel

20 1 which corresponds to the cleaning apparatus of the invention.
In both the return pipe 4 and the feed pipe 5, at ieast the inner
surfaces are made of tetrafiuoroethylene, and a liquid feed pump
6 for feeding the persulfuric acid sclution 2 is provided in the
line of the return pipe 4. The circulation line of the invention

25  comprises said return pipe 4, feed pipe 5, and liguid ‘feed pump
6. A heat exchanger 7 that corresponds to the heat exchange means
of the invention is provided between the rétum pipe 4 and the
feed pipe 5, and said heat exchanger 7 sexves for heat exchange

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

3¢ flowing in the feed pipe 5. In the tubes (not shown) within the
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Furthermore, the persulfuric acid solution 2 in the cleaning vessel 1 can be heated by circulating the
persulfuric acid solution 2 between the cleaning vessel 1 and the theal decomposition reactor 20
through the circulation pipes for 25 thelmal decomposition 22, 24, and liquid feed pump 23, while
heating the solution in the themal decomposition reactor 20 with the heater 21. The circulation through
the circulation pipes for theimal decomposition 22, 24, and liquid feed pump 23 may be started after
the persulfuric acid concentration in the cleaning 30 vessel 1 has increased up to a required level.
[0063] Cleaning of a semiconductor wafer 30, which is the object to be cleaned, is started aftgr the

temperattteF tFEFRRARHGAC ActPsditition Zthat S6E s di&anig T uRtin e Tldaniig $es8dl 5 1 has
been incr@@%%@a_tﬁ@m%m@ﬂ@neﬁl@ea&kﬁ@ uprtorehout, 306 -Seeeiically. the,sgmigonductor
e

wafer 30 is immersed in the cleaning vessel 1. In the cleaning vessel 1, strong oxidative conditions
have beenwlevelopad asa Fesuitof Seif-Hecompdsition dfpersulPatelios Bhe effferbistlfrie acid,

and thus, the 10 contaminants etc, on the ser’g' gnigg tor \gé%fﬁ 13{ are.r rg%%%%‘fe t_f@/ ly d
transferre%j’in o] %%g%jéps%l Uric %(élc(}: %%Iﬁﬁojﬁnz. ﬁhe su%stgncesgre eoved%and transfcé%e(? in?o%he

persglfurigasisksolution:? Beei decorapesed hythpaction dfpersufatelionscEe persulfrieacid in the
cleaning vessel 1 is sent to the 15 electrolysis reactor 10 through the return pipe 4 and the liquid feed

pump 6, &SGR L& bt ded REmSUTRR i IR AE a8 tise d ShEVE 83 Rfartn@sersulfuric

acid concepiration which has fdecreased asarasulit of sslf-deserpasitionds increased {q rggenerate
the persulfuric acid solution 2. 20[0064] As the persulfuric acid solution 2 flows through the return pipe

4 from thé-bleantr iy vasgel Reaoithess| et aysiy fedeti0Ht underydrs Meereschhinfed®tieheat
exchanger, L with ing Rersuitric-add seiitgn. 2. ek lows Hroygh dhe,18ed PIASS feea pipe
10 5 may be provided with a heating means that heats the solution
preferably up to 100 to 170°C.
[0057]
An anode 11 and a cathode 12 are provided in said electrolysis

reactor 10, and bipolar electrodes 13m13 are provided. at

15 prescribed intervalg between the anode 11 and the cathode 12. For
the present invention, the electrodes may not be of a bipclar type
but may comprise only an anode and a 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

20 electrolysis.

[0058]

- In this embodiment, said electrodes 11, 12, and 13 comprises
diamond electrodes. Said diamond electrodes are produced by
producing a thin diamond layer over a substrate and doping it with

25 boron preferably in the range of 50 to 20,000 ppm relative to the
amoﬁnt of carbon.in.said.thin.diamond.1ayer. Furthermore, it may
be a self-standing type electrode which is produced by removing
the substrate after QIOducing the thin layer.

[0059] |

30 The cleaning vessel 1 is connected with the thermal
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25 after being electrolyzed in the electrolysis reactor 10. The persulfuric acid solution 2 flowing out of
the cleaning vessel 1 has been heated up to about 130C 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
40C. 30 During the heat exchange between the two flows of the persulfuric acid solution 2, the
persulfuric acid solution 2 flowing through the return pipe 4 is cooled down to a temperature of nearly
about 40C while the persulfuric acid solution 2 flowing through the feed pipe 5 is heated up to a

temperature of nearly about 130C. 5 After the heat exchange in the heat exchanger 7, the.persulfuric
acid solGR 2 TSGR AR A COAE RELTMR SRt RN o oot 40C,

which is a,giitaple-temngeraiue favelectialyticieastion i mergirositve sopling s nagessaryia cooling
means, for example a water-cooling or 10 air-cooling means, may be provided for forced cooling of the
electrolysitereastor 10 After @Rderging ikt exeiEndermthe Péasereiargety, Heopersaliglic acid
solution 2 flowing through the feed pipe 5 reaches th Ing vessel 1,.and.mixes with ersulfuric
acid solutioh 2 Fegffalnltﬁgi cl{ejarﬁ?n'gq\?es%ﬂ%ﬁ(tﬁ% 1% ?elfgh]“ e%%uraésoﬁt%(é%&g%lﬁ?}ﬁ%: %g s]g%l%i%n 2in
the cleaning vesseld becoraes no lpwpé nfaybe heatediwife thanbeater 2w a temperatere
suitable for cleaning. As described above, the persulfuric acid solution 2 is cooled as it flows from the

cleaning WS8R DES e elREirbiySisTEattor b SHd RHRF Beiry2 & RieiRly AL RTOREARAAS it flows
back fromythe elgctiolysiseagtosl04odbe gleaning ygssall-puiring:this sycle niherauantity gf heat

released from the cooling process is nearly equal to the quantity of heat consumed for the heating
process, arid-thetefore, ifthwetfitidhey ofithehbateXshHdgeér ¥ isventhighths uwatemperature

control Ofé%%Bﬁr%Sgg%@tﬁ%%dégé‘éP&z 58 bﬁﬁﬁé{wo%%dr‘e’%eryaegé%%%% b#“f&'ryg'@%@f@ead' amount
of heat energy from outsSide to compensate for Hieat dissipafion. | e persulfuric acid solution
2 paltutediwithreo iamingnis de thergd sleaning vesset diismpnidhnesgh the circglationipipetfer theimal
decomposition 24 to the theHal decomposition reactor 20, where it is heated with the heater 21 up to
an appropifié temparuRPA3deeRt @Rahipl8) it e FEIrE BatiR it amfatherargarcsubSances will
be decomgéegfgggp@n%tpg&qq;}ypess of the 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 ligjuibfieed pump 23 so that cleaning will be continued with the persulfuric acid solution 2
that has I’e%?ée%gr Ig_rr]lgegg mg %%I’{?{Tr%ng eélc:id recycling type cleaning system
15 configured 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
20 pump 6 to the electrolysis reactor 10. In the electrolysis reactor
10, electricity is applied to the anode 11 and the cathode 12 by
the DC power supply 14 so that the bipclar electrodes 13..13 are
polarized to allow anodes and cathodes to be formed at prescribed
intervals. The solution sent to the electrolysis reactor 10 is
26 allowed to flow between these electrodes. The output of the liquid
feed pump 6 should preferably be adjusted so that the linear
velocity of the liquid flow is in the range of 1 to 10,000 m/hr.
Furthermore, the applicatidn of electricity should preferably be

adjusted so that the current density at the surface of the diamond

30 electrodes comes in the vange of 10 to 100,000 A/m’.
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10Thus, if the sulfuric acid recycling type cleaning system is used to clean the semiconductor wafer
30, the persulfuric acid solution 2 can be used repeatedly, without supplying additional hydrogen
peroxide solution or ozone, in order to allow effective cleaning to be continued while regenerating the
persulfuric acid 15 solution 2. [00661 (Embodiment 1-2) Another embodiment of the sulfuric acid
recycling type cleaning system of the invention is explained below based on Figure 2. 20For some
parts of embodiment 1-2 configured similarly to embodiment 1 described above, the same numerals

are used a
heater 21 t

Ed thei

Heat

iexplanations are omitted or simplified. The cleaning vessel 1 is equipped with a
he persulfuric acid solution 2, and also equipped with an ultrapure 25 water

replenishmenidiag 23 e supply tlirapuse weterda the persuiutic asid selutien-2.« - the,eleaniag vessel

1 is connected with electrolysis reactors 10a and 10b, which correspond to said electrolytic reaction

apparatus;FeEgh & Potufipige’d &nEa feeEpipe IR ligerie-BoifeRd puripislisanevidediatiie return
pipe 4, a e%QSQSc[%g%?%% , g ArQviqed, hetween fhe retrn pige, andkthe feed pipe,3-as fthe case

of embod

ent 1.

5

10

15

acid solution 2. This persulfuric acid solution 2 is gent through
the feed pipe 5 to the cleaning vessel 1 to provide the
higlﬁ—concentration persulfuric acid solution 2 in thé cleaning
vegsel L. In the cleaning vessel 1, 1n spite of a slight decrease
in the concentrétion of persulfate ions resulting from
self-decomposition, the solution circulates between the cleaning
vessel 1 and the electrolysis reactor 10 and it ig electrolyzed
in the electrolysis reactor 10, producing persulfate ions to
maintain a high-concentration 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.

20

However, the use of electrolytic reaction apparatus for
persulfuric acid production is advantageous because persulfuric
acid can be produced on-gite.

[0062]

Furthermore, the persulfuric acid golution 2 in the cleaning

-vessel 1 can be heated by circulating the persulfuric acid

25

30

solution 2 between the cleaning vessel 1 and the thermal
decomposition reactor 20 through the circulation pipes for
thermal decompositién 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 decowposition 22, 24, and liquid feed pump 23 may be
started after the persulfuric acid concentration in the cleani'ng

vessel 1 has increased up to a regquired level.
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The electrolysis reactors 10a and 10b 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 10b. A
connecting pipe 4a is provided between the electrolysis reactor 10a and the electrolysis reactor 10b.
Thus, the solution 10 flows through the return pipe 4, electrolysis reactor 10a, connecting pipe 4a,
electrolysis reactor 10b, and feed pipe 5 in this order. An anode lla and a cathode 12a are provided in
the electrolysis reactor 10a, an anode 11b and a cathode 12b provided in the 15 electrolysisreactorlob,
bipolar electrodes 13a...13a provided at prescribed intervals between the anode lla and the cathode
12a, and bipdfsF lectrodes 13b...13b provided at prescribed intervals between the anode Ilb and the

cathode 125, Egr the present nvention, the slectrades Used inthe gleciolysis rgagtar may 2 not be
of a bipolartype ﬁu?may comprise only an anods and a cathdde. For this embod?’ment, ramond

electrodes-aeeausedl asdhereleciroras dda, 14b, d2apd2b,.th3se ayd d8b. Asisihegase of enabodiment
1, these diamond electrodes are produced by doping thin diamond layers with boron. The set of the
anode lla Bfd fd eRthodeFa 25 afid3fe SEEEIhEANHE b tHe CatRid 88 1 2BArE 8fifidcted with

a DCpower,siipply.14,in paralielfo aliow the.elactplysis ieactgls 40g.and; 10010, REform .,

direct-current electrolysis. [0068]  The working of the sulfuric acid recycling type cleaning system 30
describedidi®Ve is explainetieeldw. tThesclmaningdesseil eariansd sakfureaeidsetlitibn with a
sulfuric agtic?kcongentration of 8 to %81M aInd ullqtrapire water, which are hea%__ed with the heater 21 up to
about 130C T ?rﬁ)?i"ﬁﬁ Fatio of Sulfuric anciEI an uf%raarf“)ﬁlrlequa?gﬁ% a&]ﬂs‘f’ed‘r 3%%&%% |§tié%/vk§)§/
supplying attraiur e svaten e thetittrprre dyater seplenishinent life 25 whikes takigestsanspiration into
account. The sulfuric acid solution is sent to the electrolysis reactor 10a by the liquid feed pump 6. In

the electr6iysiBFEactor 268 ctevtficiiid dpphied o ffe &hodeHd and tHélcathode WS, the

10 contaminants etc. on the semiconductor wafer 30 are removed
effectively and transferred into the persulfuric acid solution
2. The substances removed and transferred into the persulfuric
acid solution 2 are decompoéed by the action of persulfate ions.
The persulfuric acid in the cleaning vessel 1 is sent to the

15 electrolysis reactor 10 through the return pipe 4 and the liguid
feed pump &6, and persulfate ions are produced from sulfate ions
as described above, so that the persulfuric acid concentration
which has decreased as a result of self-decomposition is increased
to regenerate the pergulfuric acid solution 2.

20 . [o064]
As the persulfuric acid solution 2 £lows through the return pipe
4 from the cleaning vessel 1 to the electrolysis reactor 10, it
undexrgces heat exchange in the heat exchanger 7 with the
persulfuric acid solution 2 that flows through the feed pipe 5

25 after being electrolyzed in the electrolysis reactor 10. The
persulfuric aclid solution 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 4056.

30 During the heat exchange between the two flows of the persulfuric
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10 by the DC power supply 14 so that the bipolar electrodes 13a...13a are polarized. The solution sent
to the electrolysis reactor 10a is allowed to flow at linear velocity of 1 to 10,000 m/hr, and electricity is
applied so that the current density at the surface of the diamond electrodes comes in the range of 10
to 100,000 A/m2. 15[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 20 sulfate ions in the electrolysis
reactor 10b as well to provide a high-concentration persulfuric acid solution 2. The high-concentration
persulfuri@gdid o2 is denthtne eidahfgiisset 1dhfoughttherfee dpipe51dn Hha efesitolysis
reactor 10‘%?5 well, the curren%densitg aiggje]: C§urfacgoo1‘a$ e 25 %Iiarq:ond eIe%trodesis aggg{letd_in the

range of 1 %foeot%& E/]r‘r?f.:[ O%]C The cleaninc ains the”

eaning vesse ?mr%wrg"or‘ﬁalns the ﬁ@ﬁ-%ncentraﬂon

persulfuric.acid sehitivg 2 thatdasauidergane electiolysisas desaibetabiove, end@asamicbrductor
wafer 30 is cleaned as in 30 the above-mentioned case to remove resist.and other undesired

substance<SSife ARR frohTthe 84 dHAURoAWETEIRST attiakseRbiIfBiRa Rt 8816t 338 fife cleaning
vessg 1 %%@'yt%%ﬁ@@és%swﬁa%&f@%@@!ﬁ&%@g’at@éeﬂ@ﬁ%&ewﬁ ehselbdecompesition, but

after being sent to the electrolysis 5 reactors 10a and 10b through the return pipe 4 and the liquid feed
pump 6, itis isyendratedbyelettralisE thincread-ite persulfonedgie doncentraticr: Wsatiflows

through theg@é% Fﬁ!%e g}ﬁll lg%%r@?gi Pga%gxcl%%glgte n &g%heath%xquganger 7 Wlthéggfgrsulfurlc acid

solution Zﬁ‘owmg roug pipeé % 10 after being elect’rol‘f’/vzegm e&e&’“r&ysm reactor 10b. As

a result ofhert exehange, dbe parsulfuriciaaid sokdion:a Bowingethroughihe feittnpipsdt isregoled
down to a temperature of several tens of degrees C slightly above 40C, while the persulfuric acid
solution 2¥RBWATFRFEGH thefeeaDipe's ifReaRd JiPth &¥5TemhperatiRrisHa iivdrd&dnSeveral

tens;gf degeges S stightly R%IQWS%S%ggfi%t ISothesRersefuricagid sgluign 2;flowing thraugh the

return pipe 4 cools naturally down to about 40C, a temperature suitable for electrdlytic reaction. The
persulfurie aeid sohtion iz flowingtthrodgh. theffeed pipeSrigsématotthe 20ciehringwesselthiand

subsequegtl\éjct ig he}?t%d \évith,/th%ﬂgat%r 21Ll yp to atempe at%r Quitgbl far cleaning. Ir;r tr{is _
embodimenit as well, thessutfuric acid 86fution 1s'used repéaf‘edfy f re%gngrﬁa?é”ﬁ%g& uﬂuﬁgaud,
solution 2dpalleveeffpsiive cleaniagisberconinued 38(Q7d¢el 1, and mixes with the
persulfuric acid solution 2 left in the cleaning vessel 1. If the
15 temperature of the persulfuric acid solution 2 in the cleaning
vessel 1 becomes too low, it may be heated with the heater 21 up
to a temperature suitable for cleaning. As described above, the
-persulfuric acid solution 2 is cooled as 1t £flows from the cleaning
vesgsel 1 to the electrolysis reactor 10, and after being
20 electrolyzed, it is heated as it flows back from the electrolysis
reactor 10 to the cleaning vessel 1. Dufing this cyele, the
quantity of heat released from the cooling process is nearly equal
to the quantity of heat consumed for the heé_ting process, and
therefore, if the efficiency of the heat exchanger 7 is very high,
25 the temperature control of the persulfuric acid solution 2 can
be performed very efficiently by supplyi.ng a small amount of heat
energy from outside to compensate for heat dissipation.
[0065] o

The persulfuric acid solution 2 peoliuted with contaminants in the

36 cleaning vessel 1 is sent through the circulation pipe for thermal
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(Embodiment 2) An embodiment of the sulfuric acid recycling type persulfuric acid supply apparatus of
the invention is explained below based on Figure 3. 30For some parts of this embodiment configured
similarly to the 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 10b.A liquid feed pump 6 for
sending the persulfurjc acid solution 2 is provided in the line of the return pipe 4, and a heat exchanger

7 is provid&F BERREN tHE Tettitn P ASrid e 0 et BB ES Fhb i difatfondine: 8t tHE5tEEent
invention comptisesthe setrn RiRe.4, frad-pipe, apd ﬁgumwgﬁaeéh@e%{?e%wﬂé [0072]
ee

A connecting pipe 4a is provided to connect the electrolysis 15 reactor 10a to the electrolysis reactor
10b, and tHe3sblGtiokrffovrsceiredgh theretitApijse 4helbctrelydis feadtidr Db cconpegtng pipe 4a,

electrolysisu(ga%or 1&21 %ngoie%%p&)e 5 in this (%r er. An.anode I%%gnd a %atlﬂgde 12a agg&ggvided in

the electrglysig 0 reactor 1 a, an anode Ih-and a cathode 12b prowdce%em the rel%%ﬁoﬁlgsreactorlob,

bipolar eleeiredes fhdai ¢ 3apiavided atprescrinedriniervals behween shel aneds ha and thescathode
12a, and bipolar electrodes 13b,..13b provided at prescribed intervals between the anode Ilb and the

cathode ToBLFhBSE fttFdteSHE P& Py 958, 19BC 9%, Ad TRPAEMEHE of HiHoRFdRBtrodes.
[0073] Onseffvalves 1oa.ang 15Raremrevded Baas the sRd:9fdhe 181 R PiRR.4 Jnehihefeedpipe 5,

respectively, in the circulation line
that cleaning will be continued with the persulfuric acid solution
2 that has restdred a high cleaning performance.

10 Thus, if the sulfuric acid recycling type cleaning system is
used to clean the semiconductor wafer 30, the persulfuric acid
solution 2 can be used repeatedly, without supplying additional
hydrogen percxide solution or ozone, in order to allow effective
clea-ning-to be continued while regenerating the pergulfuric acid

15  solution 2.

[0066]

{Embodiment 1-2)}
Another embodiment of the sulfuric acid recycling type cleaning
system of the invention is explained below based on Figure 2.

20 For some parts of embodiment 1-2 configured similafly 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 heatér 21 to heat the
persulfuric acid solution 2, and also equipped with an ultrépure

26 water replenishment line 2% to supply ultrapure water to the
persulfﬁric acid solution 2.

The cleaning vessel 1 is connected with electrolysis reactors
102 and 10b, which coxrespond to said electrolytic reaction
apparatus, through a return pipe 4 and a feed pipe 5. A liqﬁid

30 feed pump 6 is provided in the return pipe 4, and a heat exchanger
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to configure the sulfuric acid recycling type persulfuric acid 30 supply apparatus 40 for the invention so
that the persulfuric acid solution can be sent to the cleaning apparatus through the feed pipe 5 that is
equipped with the on-off valve 15a, 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 10b. Here, the linear velocity of
the liquid flow and the electric current density are set appropriately as in the embodiments described
above. The ends of the gn-off valves 15a and 15b are connected to the 10 cleaning vessel 1 to allow

the persulfurt®aBli LBIRR rRGEHE e & I tHESBEROR SRS AR bIE D 4TI LOBRE b Gsedifar

cleaning. {he cirgulation:ling,sam bgdetaghable from the cleaning vessel 1 to allow the persulfuric acid
solution to be sent to other cleaning apparatuses, and a change-over valve may 15 be provided to

allow persulfifie acid to be fed to two or more cleaning apparatuses. As in the case of the sulfuric acid
recycling type.cleanin stem described,in the above- joned mode, the sulfuric acid recycling
type persulfuef‘[l'(:ﬁ Gaa_c‘%é%c g%%f/) %KE&r%tﬁ% iﬁtc%ﬁssé?rg% the ggL ré%ﬁ ution ﬁ)oglﬁﬁoe Fe%%%/é it i e tleaning
vessal 1 taserve: orreleaningmfiihe sersicondtetor wafer 80. {007 4] (Eathasiment3: Bz« + oAnother
embodiment of the sulfuric acid recycling type cleaning 25 system of the invention is explained below.
For some s ¢hiE Mo de ESHRyUPSAP SintllaH§ t6 TR RTeRE dekEhbédabbie thesbkfelfumerals
are used and their. explanations are omitted or simplified. Electrolysis reactors 10a and 10b are

connected in series by 30 a connecting pipe 4a, and a retuku pipe 4 is connected with an
A comnecting pipe 4a is provided between the electrolysis

reactor l0a and the electrolysis reactor 10b. Thus, the solution
10 flows through the return pipe 4, electrolysis reactor 10a,
connecting pipe 4a, electrolysis reactor 10b, and feed pipe 5 in
this ordéxv '
An anode lla and a cathode 12a are provided in the electrolysis
reactor 10a, an anode 1lb and a cathode 12b provided in the
15 electrolysis reactor 10b, bipolar electrodes 13a..13a provided at
prescribed intervals between the anode 1la and the cathode 12a,
and bipo.lar electrodes 13b..13b provided at prescribed intervals
between the anode 1lb and the cathode 12b. For the present
invention, the electrodes used in the electrolysis reactoxr may
20 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
l1la, 11b, 12a, 12b, 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 12a
25 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.
fooes]
The working of the sulfuric acid recycling type cleaning Sys{:em

30 described above is explained below.
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electrolysis reactor 10a 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 11a, cathode 12a, and bipolar electrodes 13a...13a that are
made of diamond are provided in the electrolysis reactor 10a, and similarly, an anode 11b, cathode
12b, and bipolar electrodes 13b...13b that are made of diamond are provided in the electrolysis 10
reactor 10b. [0076] The cleaning vessel 1 to which the return pipe 4 and the feed pipe 5 are connected
is equipped with a sulfuric acid concentration measurement apparatus 50, which works as said sulfuric

acid 15 concdtfatiohSRBAS et frledn S FRGAIR D&t BPthE ddsnRg FRiF M IR ‘earidd Pessel 1
is circulated fo,allqyy the swivsicagid.concentration of the elsaning fluid to bemeasured: the-sulfuric
acid concentration measurement apparatus 50 is configured to measure the sulfuric acid concentration
by 20 absetptiometry; foewhich kndkntdppdratuses cah b used:i@nithd dther hdiids aniuitrapure
water replenishment line 25 is connect%d to t{Qe cietani%qlvessel % and an og-.oft %Ie&tromagnetic valve
26 is conngtted’tothe Tt %&%va?grlrepﬁérﬁlsh%en]fﬁ 628, x‘f{ﬁe<t;’)}r3e%|$f’1gaarﬁl(ﬁo§“ing motion of the
on-off elegifomagneticiwive 2526 ¢ap beicontiolled-hythe sullliicracid-eancaniralionragastement
apparatus 50. For the sulfuric acid concentration measurement apparatus 50, a sulfuric acid
concentratigi €& b prdiftairdenintfe EiaRing vehaleisitbdatad & 3nFRFR VAR, Witk the

standard yalue hEing sigred.inya-glorage meanssue as,3q memgry device and ead,qut as fequired.

[0077] The working of a sulfuric acid recycling type cleaning system configured as described above is
explained#zetavi.dn thimmembaodismaritras dvélbasiiptigetnbddirmbért déscribedlabove thetceaning
vessel 1 contains sulfuric acid, and uItrgglUJe ater js added ad'%Jst the, sulfuric ac&% %?ncentration to

an appropriate VBB T THe dbrceriraidhirange ot 8 1 18RCAT hadied (ith n SpProphate Adater 21
up tgabout 1306 HereAsuidigpaig concentiation torhe maniainedds sreset @s standand value

are polarized. The solution sent to the electrolysis reactor 10a

is allowed to flow at linear velocity of 1 to -10,000 m/hyr, and

electricity ig applied so that the current density at the surface

of the diamond electrodes comes in the range of 10 to 100,000 A/m*.
15 {0069]

As the solution flows in the electrolysis reactor 10z,
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

20 sulfate ions in the electrolysis reactor 10b as well to provide
a high-concentration persulfuric acid solutioﬂ 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

25 diamond electrodes is adjusted in the range of 10 to 100,000 A/m.

[Go70]

.‘I‘he cleaning vessel 1 now contains the high-concentration
persulfuric acid solution 2 that has undergone electrolysis as
déscribed above, and a semiconductor wafer 30 ig cleaned as- in

20 the above-mentioned case to remove resist and other undesired
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10 in the sulfuric acid concentration measurement apparatus 50, with the electromagnetic on-of f valve
26 being closed when cleaning is started. The sulfuric acid solution is sent to the electrolysis reactor
10a by the liquid feed pump 6. In the electrolysis reactor 10a, 15 persulfate ions are produced from
sulfate ions that are contained in the solution, and the solution is then sent through the connecting pipe
4a to the electrolysis reactor 10b where persulf ate ions are produced from sulfate ions as in the above
case to produce a high-concentration persulfuric acid solution 20 2. Here, the linear velocity of the
liquid flow and the electric current density are set appropriately as in the modes described above.
[0078] Thewlssiny-vessel L eohtaimsla higretoridentratond perstifatie25widsoltifion Zhwhich is used
for cleanin%of a §$miconductocﬁ Wafﬁr %O to remove ,é%sist Tca%%rg thgasgénéioq[dugg&\ﬁyaﬁ 30, The
persulfuri? atid solution 2 fnthe cﬁé)ar‘ﬁné“ ?lxéssellflgrad%aﬁy Gecreadesh persu futic acid Y

concentratign as=a:kesult0f self -Aecompasition; dut-alterdieing senkriodbe £lactwalysis 3¢ reactors 10a
and 10b through the return pipe 4 and the liquid feed pump 6, persulfate ions are regenerated by

electrolysie It FOIR 25 WdIPthe StifurfctaGd sBRHBA caRbe (kdTepestedif- i ordgr® allow
effecgive cleaning tq.becontipyed while, regeneraling the perguliudc,acidselition; 2, xhe-salytion

gradually increases in sulfuric acid concentration as a result of electrolysis and evaporation of water as
it circulatgsathpough the cleaning vesseh Leahdiyie elestiolysisrebetdrs 10acarmhE8b. i sulfuric acid
concentration of the solution is measured continuouslx oratl a(gapro%rkilate intgrvzﬂs with the sulfuric

s 10 L1 o the T

acid concBRtFAbH MEaSURTHSh APparatis 50 Ethaimdre, the St acd concantration

measurempgMapparatus Sicempaenthermeasuedsoncentationvdth the-presgt-valuewand opens
the electromagnetic on-off valve 26 if the measured concentration is 15 0.2M or more higher than the

preset valilegoRgoRiFdpde watkt (6 beuhker dtoitHetiekhirgvedsd fRenf arduriparé water
replegishmenting, 29, the quantity 1 be dnieqiednay e Aredsljn AdvVADGE. Y iheylfuglg agid
concentration measurement :
result of heat exchange, the persulfuric acid solution 2 flowing
through the returnpipe 4 is cooled down to a temperature of several
tens of degrees C slightly above 40°C, while the persulfuric acid
solution 2 flowing through the feed pipe 5 is heated up to a
15 temperature of a hundred and several tens of degrees C slightly
below 130°C. After thig, the persulfuric acid solution 2 flowing
through the return pipe 4 cools naturally down to about 40°C, a
temperature suitable for electrolytic reaction. The persulfuric
acid solution 2 flowing through the feed pipe 5 is sent to the
20 cleaning vessel 1, and subsequently 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.
25 foco71]
{BEmbodiment 2}
An embodiment of the sulfuric acid recycling type persulfuric acid
supply apparatus of the invention is explained below based on
Figure 3. |

30 For some parts of this embodiment configured similarly to the
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apparatus 50 may be designed to monitor the sulfuric acid 20 concentration to maintain the injection
until the difference between the measured concentration and the preset value becomes less than
0.2M. After the injection, the electromagnetic on-off valve 26 is closed through the control by the
sulfuric acid concentration measurement apparatus 50. Said control serves to 25 maintain the sulfuric
acid concentration of the solution appropriately and automatically, allowing the regeneration of
persulfate ions to be perfoimed efficiently by the electrolysis reactors 10a and 10b. (0079) 30
(Embodiment 3-2) In embodiment 3-1 described above, the sulfuric acid concentration of the solution
is monitoré& R CHREBEof B ECRHjEeEOnBiefitap iifecwaterenthe soliiGr® wttaimdn Eippiopriate

sulfuric acgﬁﬁrggggﬁ '% o&g_hg Sﬁ%%@f&é instead, the volume of the solution may be monitored
2 ; .

for estimation of the sulfuric acid concentration of the solution to control the injection of ultrapure water
into the solutian re tnithis empediment, teivaluse ofdhe solutien iswmenitereddy-measuringtbe liquid
level of the solution in the cleaning 10 vessel 1 before being sent to the cleaning apparatus. This

embodimént i& B&BRMEITIGR ESEHME D SR BERIEEMbE dihent dsitigired Shildrs s five
emboglimer desgribad aboveethe,sgmesnymerals areised;andtheln gxplanations ate omitted or

simplified. 15[0080] In the cleaning vessel 1, liquid level sensors 51a and 51b, which work as said
liquid leveradasaientaritraddnmg aee privddatendar thetigeidtiedkl v okder te hroritoothedével of the

persulfuric acid solutign 2 contained.in.the cleaning vessel 1. 2Q In the case of the.liguid level sensors
51a and 558?&1@?@3@?@% Eé“%lolr%%ﬁefg?%%({g %Ief?gcgﬁ%éjﬁaﬁt %%?tt%%lﬁsﬁiglﬁ Gid RY&Fsensor
51a, and the liquitHevel is sletekminadasithedowen timit ob thectangeawhere lighbean reachqa There are

no specifi¢ limitations on the structure of the liquid 25 level measurement means for the invention, and

a floating-BpRs&HSor AT tséd P ROMOEthe R fR ek Mfowas et heigteutfuridstid 86lution 2
has gostropg Qxidizing pewenaNd-therefors, ARONTGoIactyRe, sensar.which.does nof come in

contact with the solution, is preferred. In the controller (not 30 shown) which receives output from the
liquid levetsemgorsd®, the return pipe 4, feed pipe 5, and liquid feed pump
6 in this embodiment.
[0072]
A connecting pipe 4a is provided to connect the electrolysis
15  reactor 10a to the electrolysis reactor 10b, and the solution
flows through the return pipe 4, electrolysis reactor 10a,
connecting pipe 4a, electrolysis reactor 10b, and feed pipe 5 in
‘this order.
An anode 1la and a cathode 12a are provided in the electrolysis
20 reactor 10a, an ancde 1llb and a cathode 12b'provided in ﬁhe
electrolysis reactor 10b, bipolar 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 electrodes 11a,
25 11b, 12a, 12b, 13z, and 13b are made of diamond electrodes.
{co73] | |
Onfoff valves 15a and 15b are provided near the end of the return
pipe 4 and the feed pipé 5, respectively, in the circulation line
to configure the sulfuric acid recycling type persulfuric a-cid

30 supply apparatus 40 for the invention so that the persulfurié acid
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a liquid level to be maintained may be preset in advance to allow the sulfuric acid concentration of the
solution to be maintained appropriately based on the liquid level monitored. The controller can control
the opening and closing motion of the electromagnetic 5 on-off valve 26 based on the liquid level
monitored. [0081] During the cleaning with the persulfuric acid solution, the liquid level in the cleaning
vessel 1 is monitored continuously or at appropriate intervals with the liquid level sensors 51a and 51b.
10 The controller receives output from the liquid level sensor 51b, compares the measured liquid level
and the preset liquid level, and if the measured liquid level is lower bya prescribed quantity than the
preset valBig et B efeRtdfitiyiefictditoff Vaiveire s Bra A asuichwaten s iHjectéd toithe

cleaning gl 115 from t Lé| re watet E%PI%'H hment ling 25.-The preset value for triggering the
control ofth electromagner:i or%%%%}%ﬁ/e 26rL by the %C]Lﬁgl Ie?/gfséfr?slo‘f%l gr%éyt%@%éteupt%%
discretionarilyandithesefare may bieizeno i Ehe presetvéluernay giso be e vamkatignsia:the liguid level
that is equivalent to an increase 20 of 0.2M in the concentration of the solution that takes place as the

water conteHt YaeReddes 5 FoWerthB &Rl HERT tHe r i BRI L At reB& st (i Gmigaok (ftrapure
wates may bg inipgted-aka-time -orihe ligyid jevekmay. beimogitored withtheliouid level sensors 51a

and 51b to allow injection to be continued until 25 the difference between the measured and the preset
liquid levelpecohrstiess. ihahsh preselibed viahde aTisr duh thiteentroh thé Sulfanic eeitkeohcgntration

of the sol t;liont' mziintaine at,an appr priate value, .and the regeneration of. persulf ate ions is
perfoimeé"Jj effic%ﬁtly %nq‘%ﬁlecglect?o‘fysagnraéa% ors %da{:n]alfOb?% ] ;érﬁ&(%&fm%}ﬁ?f’a%ﬁ:n

embodiment3-2esatikdd-abave; the-relumereithesalutionissmenite dapasas on the liquid level in
the cleaning vessel s that the injection of ultrapure water into the solution is controlled to maintain an

appropriate sUGrE AR BSnES T ARbPEthEsbT o BurdndehaPRe fsighmust @€ SokfioFHA the
cleaning vassehmay bednaaitored sg thatithg spifuric,acid copgentiation; of the solufion is estimated to

allow the injection of ultrapure water into the solution'is controlled. Such an embodiment is 10
explainediseieneFatssnépdriscofthisdmoddimbnt configured sifidarynd tbembdeimentdescribed

above, the same, JUMErAls aig,used:ANd el planations are puited of SMRffied: v ene
cleaning vessel 1 to allow the persulfuric acid solution ﬁo be
sent to other cleaning apparatuses, and a change¥over'valve may
15 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
20 solution to and receive it from the cleaning vessel 1 to serve
for cleaning of the semiconductor wafer 30.
[0074]
(Embodiment 3-1)
Another embodiment of the sulfuric acid recycling type cleaning
25 éystem of the invention ig explained below.
For some parts of this mode configured similarly to the modes
described above, the same numerals are used and their explanations
are omitted or simplified.
Electrolysis reactors 10a and 10b are connected in series by

30  a connecting pipe 4a, and a return pipe 4 is connected with an
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[0083] 15 The cleaning vessel 1 is placed on top of the weighing apparatus 52, which serves a said
liquid weight measurement means, so that the change in the weight of the liquid 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 20 prescribed in the weighing apparatus 52. Whether the sulfuric
acid concentration of the solution is maintained at an appropriate value is determined from the weight
measurement. Furthermore, the weighing apparatus 52 also serves to control the opening and closing

motion of tge e%gtr magnetic on-off valye 26, so that 25 if the weight measured wjth the weighing
apparatu$ L5 TS by pres o QARG bR the SeRcad VTt TP LTaGrbHAG b fEon-of

Iffers %y aprescribe
valve 26 isentretied toiallewdhe yltrapire waterds injegtedio thecleaninguessealkifrom ¢he ultrapure
water replenishment line 25. The prescribed quantity 30 maybe set up discretionarily and therefore
may be z&f-THE Predett valie MajralSoohe ta garatiorilp HaViqiad weighie tiat-is e gaivaient to an

increase 8&%@M4inégg cgﬂge@éaé@npoifé e solution that takes place as the water content decreases
to reduce the weight from the required value. 5[0084] During the cleaning with the persulfuric acid
solution, theow&ight of the cleaning vessel 1 is monitored continuously or at appropriate intervals with
the weighing gg}gﬁatus 52. The we(i%ght of the body of the cleaning vessel 1 is constant, and therefore,

10 the chafg e hbdsufeteifttakert By tREWeighRg App&raias 59 idcatt’d the ThERGE in the
weight of dhe spidionsin Hiesgleaningregseldi Joe WRIEHRIANNSFMYS P21 COMDAres the measured

and the prescribed weight, and if the measured weight is lower by more than a prescribed quantity, the
electromagtétRidh-of vake 26 BigEdntidledd@tedeulirdpuraivhiet ivikfectedas thedieaning

vessel 1 {4 e WA patgLiepIBpalyaeNLnG. 22 PRLEONOl atihg Dieglon ol ianyre water
the quantity to be injected maybe preset in advance, or the weighing apparatus%% may be dsésigned to
monitor theweight ta naintain the injection 20 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 appropr‘ﬁgt%7\/6a1ue. For embodiment 3-1 to 3-3 described above, the ultrapure water replenishment
line is propided iQawRRY %@@é’@ water W Methe return pipe 4 and the feed pipe

5 are connected is equipped with a sulfuric acid concentration
measurement apparatus 50, which works as said sulfuric acid

18 concentration measurement means, in which part of the cleaning
fluid in the cleaning vessgel 1 ig circulated to allow the sulfuric
acid concentration of the c¢leaning fluid to be measured. The
sulfuric acid concentration measurement apparatus 50 is
configured to measure the sulfuric acid concentration by

20  absorptiometry, for which known apparatuses can bé used. On the
other hand, an ultrapure water replenishment line 25 is connected
to the cleaning vessel 1, and an on-off electromagnetic valve 26
is connected to the ultrapure water replenishment line 25. The
opening and closing motion of the on-off electromagnetic valve

25 26 can be controlled by the sulfuric acid concentration
measurement apparatus 50. For the sulfuric acid concentration
measurement apparatus 50, a sulfuric acid concentrat:ibn 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

30 memory device and read out as reguired.

34



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. Furthezmore, both an ultrapure water replenishment line
and-a hydrogen peroxide 30 solution replenishment line may be provided and allowed to perfoLm
similar operations. [Example 1] [0085] An example of the invention is described below. 5 A sulfuric
acid recycling type cleaning systemasshown in Figure 1 was used to perform cleaning under the
following conditions. Circulated solution: high-concentration sulfuric acid solution (volume ratio of
sulfuric acid %’Eﬁ'r]apure water = 5:1), volume of solution: 50L 10Electrolysis reactor Conductive

diamond glgetrofes (5,00Q,pom bg&%ﬁe&%d)a@%deré@ﬁeﬂ_ﬁaggﬁo%rg;%tgggr%%%%;%gﬁemw”ent

density: 3000 A/m2, solation temperature: 40C, flow 15 vélocity Persulfuric
acid concentrdition:Bgi , 2emperaturel:&80GWafer ckeaninglcapaeiy B@Q o#5-inch wafers/hr 20
Cleaning was ca\rriedg%}n#;gin the system_descrihed above, and results showed that the required

frequency ot SUFIE BiGEEmERt WS- deBfeddbd b5 o8RRI d Hh e i 1PSTh 120t /RS e prior art
to 50k/day;and jhatrodiionr abbydrogenparpXide was ot ReLes$sANLnd ultrapure water

is added to adjust the sulfuric acid concentration to an
appropriate value in the concentration range of 8 to 18M and heated
with an appropriate heater 21 up to about 130°C. Here, a sulfuric
acid concentration to be maintained is preset as a standard value
10  in the sulfuric acid concentration measurement apparatus 50, with
the electromagnetic on-off valve 26 being closed when cleaning
is started.
The sulfuric acid solution is sent to the electrolysis reactor
10a by the liquid feed pump 6. In the electrolysis reactor 10a,
15 persulfate ions are produced from sulfate ions that are contained
in the solution, and the solution is then sent through the
connecting pipe 4a to the electrolysis reactor 10b where
persulfate ions are produced from sulfate ions as in the above
case to produce a high-concentration persulfuric acid solution
20 2. Hexe, the linear velocity of the liquid flow and the electric
current density are set appropriately as in thé modes described
above.
[0078]
The cleaning vessel 1 contains a high-concentration persulfuric
25 acidsolution 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
' decreaseé in persulfuric acid concentration as a result of
self-decomposition, but after being sent to the electrolyéis

30  reactors 10a and 10b through the return pipe 4. and the liquid feed
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25[0086] (Example 1-2) A sulfuric acid recycling type cleaning system as shown in Figure 2 was used
to perfoLm cleaning under the following conditions. A high-concentration sulfuric acid solution
prepared by mixing 30 40L of 98% concentrated sulfuric acid and 10L of ultrapure water was poured
in a cleaning vessel and maintained at 130C. In the electrolysis reactor, two cells connected in series
were placed, each cell containing 10 electrodes, and each electrode comprising boron-doped (boron
doping: 5,000 ppm) conductive diamond 5 supported on a Si substrate with a diameter of 15 cm and
thickness of 1 mm. The total effective electrolysis area was 30 dm2 and the current density was 3,000
Alm2, andHEre R ctiRERANAS eBntitR P ACADETEISTH W& dnal $id BF & Sakiptd Bf tR& sbitiidn flowing
out from the qutigtol, b cleetialvsinieaston Luas showthah Qe ersulluric aelcradycfion rate
was 3g/L/hr. For one immersion cycle, 50 five-inch silicon wafers coated with resist were immersed for
10 minutesrin theleleatingakssel toperforimdissolutioniofgesist FROCandreasedateh® 06 g/L/hr). The
resultant solution was circulated with a I'ﬁ]#id feed%)um?g betﬁ/een 15 the cleaning vessel and the

electrolys?éer%fﬁ@t%Fsa“gtlﬁlﬁo% St ST i‘ﬁr(ﬁﬁea RV C‘Tt? ‘ﬁ&ﬁ)ﬂa flow: 80 m/hr). When the

resisgcoated-gilicog yatersamMas iramessery thexsoidtione i the cleaning yessel hecame brown and the
TOC concentration was 30 mg/IL at first, but after nearly 10 minutes of circulation, the solution 20 in

the cleaniR§Vessél rtante TolariedshhE frhrsparditwithcthe FoTwoHeentation sdovptredetection

. Such waler deaning wes copMeg oL bouTdleRn 2400 wafers) yand, esults showed that

the high-concentration sulfuric acid solution served effectively for resist removal and that the TOC
concentratiba@5wecyease drdselowdhe detectiondinmitodafeheleaninfuras: centinuied further for 32
hours (cleaning 9,600 wafers, totaling 12,000 yvafers%, and results again showed that the

high-conceRttatioh Eaifuritadid sbitffiof SERietBtettivay F6H st réMbuaUaiPtha: fe F6C
congentration:desreased below the detegtion limie3a[0084]-{Comparativereampig ) on

measurement apparatus 50. Furthermore, the sulfuric acid

concentration measurz_ement apparatus 50 compares the measured
concentration with the preset value, and opens the
electromagnetic on-off valve 26 if the méasured concentration is

15 0.2M 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 quantity to be injected may be preset
in advance, or the sulfuric. acid concentration measurement
apparatus 50 may be designed to monitor the sulfuric acid

26  concentration to maintain the injection until the diffexrence
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

25 maintain the sulfuric acid concentration of the solution
appropriately and automatically, allowing the reg@nefation of
persulfate ions to be performed efficiently by the electrolysis
reactors 10a and 10b.

foo7¢l

30 {Embodiment 3-2)
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A solution prepared by adding 10L of a 3596 hydrogen peroxide solution to 40L of a 98-6 concentrated
sulfuric acid was poured in a cleaning vessel was maintained at 130C. According to the same
immersion cycle as in Example 1-2, resist-coated wafers were immersed in this solution for dissolution
of resist. In the first 6 cycles (cleaning 300 wafers), the solution became brown immediately after the
start of immersion, but it became colorless and transparent in nearly 10 minutes, and the TOC
concentration 10 reached the detection limit. For the next set of 50 wafers, however, the solution
remained brown, and the TOC concentration was still 30 mg/L in 10 minutes after the start of
immersioduT e A0 Lot tie Soluticeaasihkeh slcfism thdelearihfvesseahiti10L of a hydrogen
peroxide solution was added, fpllowed by,maipiaining 18.¢ resultant solulion at 430, I [ first 2
cycles (cleanlngli 0 walfers), the so?utlon]becomes rown immediately after the Start of immersion, but
it becomes:eplarlessangiranspasgniiie neardy: 10 minuvtes hands e t@Ercansentatiorereaches the
detection limit. For the next set of 50 wafers, however, the solution 20 remained brown, and the TOC

concentraBR A IS0 ML IE niifitds GREFHRIEET SPInMErdd THeh Hgkfit 10PWF the
solutipn was taken outfram.the cleaning yesseland L19L,of adydmaenpereype goktion was added.

The wafer immersion test was continued, but when 50 wafers were immersed, the solution 25 failed to
remove thestesist effectivdlyt leaving. Someaesist @ rcthraratbrsedfierd @ fihbre ssReptacemént of the
entire solution became necessary when cleanjng of a total of 400 wafers was finished..[0088]

O LamE T T o o R o e R e o 1

except that thg-temperature 6 the=persuliukc acitselution inthe sleaningaessel was: variackOther
test conditions were the same as in Example 1-2. Results showed that when cleanin% was perfomed
with a cleBiing SR Héaed BE 9oLl Hibifatd B Rosist Ferhbfalfrobh iiefer s Wasio® iR tréfirstgycle,

and fesistags [oft an fiewalers,dadigaungaival clepnina Nas.RaL AeNiNsY, spLact ol AVhen
cleanieng was performe W\%% a Eeagilﬁg fluid heated at 130C 10 (Example 1-2) , on the other hand, the
resist remauhbrateraias Higheapd dhierpdridfure adid preductigrandte wes alsbss @ffibiedtiynkaigh

(3g/L/hr) as comgared with the TOC incre%se rate (O OG%{rIl_/hr , indicl:gjtin that cleaning was achieved
t t
e Wa

effectivelFTREHIHEr ASAMid tast WirGrd BRI SRR Hia WS FeStedP 51866 Vife 15 BeFaNric acid

production hale massuffieienthe Righ{39MKaA i thefirsheyele-as campare with-the;TOC increase rate
(0.06g/L/hr) , but the persulfuric acid in the cleaning vessel self -decomposed rapidly, and the amount

of the rentsifiBd beisisifuric acid was not sufficiently large for complete removal 20 of TOC
sub%ances[,dg%\g g 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.

In the cleaning vessel 1, liguid level sensors 5la and 51b,

which work as said liguid level measurement means, are provided
near the liquid level in order to monitor the level of the
persulfuric acid solution 2 contained in the cleaning vessel 1.
20 In the case of the liquid level sensors 5la and 51b, the liguid
level sensor 51b, forx exaﬁple, receives light emitted by the
liguid level sensoxr 5la, and the ligquid level is determined as
the lower limit of the range where light can reach.
There are no specific limitations on the structure of the liquid
25 level measurement means for the invention, and a floating-type
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 ﬁhe controllex (not

30 shown) which receives output from the liquid level sensor 51b,
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[0089] (Example 1-4) 25 Then, cleaning test was pert orated under the same test conditions as in
Example 1-2 except that the temperature of the solution in the electrolysis reactor was varied, other
test conditions were the same as in Example 1-2. Results showed that when the temperature of
the solution in 30 the electrolysis reactor was 5C, the persulfuric acid production rate was 4.5 g/L/hr,
and a sufficient volume of persulfuric acid was maintained as compared with the TOC increase rate of
0.06 g/L/hr, but since the temperature of the cleaning fluid was 130C, heating was necessary to
increase the temperature of the solution 5 by 125C, which required long pipes for circulation as well as
a large inpuiléfivdal disergy. Thubcatarbetportient ofahe persulftsietadid way sonsutneceicfore

reaching the cleanipg vessel, and 30 ma/l. of TOO substances were.left in the solutjon at.the end of
tho TSt 6YOTE. COMPar oS AR B Rra e 1D P Dotk 1 e el A cactor
was 10C, 496 8PCi 9t 80C he parsulfurie adid-picduetion raienvas:4gi./m3 ebinr-b.21gk/hr, or
0.9 g/L/hr, respectively, suggesting that persulfate ions were produced efficiently. The electrodes were
free of dafifHy& aREF P OO RoBRETEIGCRBA T4 ARhER the WE B Rjekdttre bf fie-solatbitihitfe

electrolysis regeter was 1005 on.the pther hand, $he nersulfuris.acig production rate was 0.25 giL/hr,

clearly showing that the persulfate ion production rate deteriorated. Thus, the ratio of (persulfuric acid
production F&&s@IL/hr)/TOC increase rate (g/L/hr)) was less than 10, and 20 oxidative decomposition

did not proceed satisfactorily. Furthetmore, 500 hours of electrolytic reaction resulted in. exfqliation of
the conduitve Bambnc P tHe &1 CUp&IERE TS Rwae Hedy Showh 1nat i teparature o

the solutigr:usad far the electiohiciigaction should psefersatily bedn therb 1anae: 96 10 43-99€. [00903
(Example 1-5) Then, cleaning test was pertoitued under the same test conditions as in Example 1-2
except thaPREWHEAE GehBiRER ViR 307l tiohfkid Heakter hrsshrfroehamyefiseStffuric acid

10 The controller receives output from the ligquid level sensor S51b,
compares the measured liquid level and the preset liquid level,
and if the measured liquid level is lower by a prescribed quantity
than the preset value, controls the electromagnetic on-off valve
26 so that ultrapure water is injected to the cleaning vessel l

15 from the ultrapure water replenishment line 25. The preset value
for triggering the control of the electromagnetic on-off valve
26 by the liquid level sensor 51b may be set up discretionarily
and therefore may bé zero. The preset value may also be the
variation in the liquid level that is equivalent to an increase

20 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 ligquid level may be monitored with the liquid
level sensors 51la and 51b to allow injection to be continued until

25 the difference between the measured and the preset liquid level
becomes less than a préscribed 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 effici@ntly in the electrblysis reactors iOa and 10b.

30 {o0B2]
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production rate. Other test conditions were the same as in Example 1-2. As a result, a sufficiently_ high
persulfuric acid production rate as compared with the TOC increase rate was obtained and effectl\/g
cleaning was achieved when the current density was in the range of 10 to 100,000 A/m2 as shown in
Table 1. [0091] [Table 1] Result of examination varied current density Run No. current density _(A/rr_]2)
persulfuric ions production rate TOC cease rate 1g/wild persulfuric acid / TOC TOC concentration in a

solution
(Embodiment 3-3)
In embodiment 3-2 described above, the volume of the solution is
monitored based on the liquid level in the cleaning vegssel so that
the injection of ultrapure water into the solution is controlled
5 to maintain an appropriate sulfuric acid concentration of the
sclution, but instead, the weight of the solution in the cleaning
vessel may be monitored so that the sulfuric acid concentration
of the solution is estimated to allow the injection of ultrapure
water into the solution iz controlled. Such an embodiment is
10  explained below.
For some parts of this embodiment configured similarly to the
embodiment described above, the same numerals are used and their
explanations are omitted or simplified.
[0083]
15 The cleaning vessel 1 is placed on top of the weighing apparatus
52, which serves a said liquid weight measurement means, sc that
the change in the weight of the liquid 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
20 prescribed in the weighing apparatus 52, Whether the sulfuric acid
concentration of the golution is maintained at an appropriate
value is determined from the weight measurement. Furthermore, the
weighing apparatus 52 also serves to control the opening and
closing motion of the electromagnetic on-off valve 26, so that
26 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 quan.tit:y

30 maybe set up discretionarily and therefore may be zero. The preset
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value may alsc be the variation in the liquid weight that is
equivalent to an increase of 0.2M in the concentration of the
solution that takes place as the water content decreases to reduce
the weight from the required value.

[0084]
During the cleaning with the persulfuric acid solution, the weight
of the cleaning vessel 1 is monitored continuously or at
appropriate intervals with the weighing apparatus 52. The weight
of the body of f:he cleaning vessel 1 ig constant, and therefore,
the change in the measurement taken by the weighing apparatus 52
indicates the change in the weight of the solution in the cleaning
vesgel 1. The weighing apparatus 52 compares the measured and the
prescribed weight, and if the measured weight is lower by moxe
than a presctibed gquantity, the electromagnetic on-off valve 26
is controlled to allow ultrapure water is injected to the cleaning
vessel 1 from the ultrapure water replenishment line 25. For
control of the injection of ultrapure water, the quantity 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 contrel 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
persgulfuric acid sclution as required, but for the_ present
inventioh, a replenishment line that supplies hydrogen peroxide
solutioﬁ instead of ultrapure water may be provided to perform
similaxr operatibns as in the modes 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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5000 4.8 0.06 80 <5mg/1 0 4 7500 6.5 0.06 108 <5mg/1 0

similar operations.
EExample 11

(00851
An example of the invention is described below.‘
A sulfuric acid recycling type cleaning system as shown in Figure
1 was used to perform cleaning undexr the following conditions.
Circulated solution: high-concentration sulfuric acid solution
{volume ratio of sulfuric acid to ultrapure water = 5:1), volume
of solution: 50L

Electrolysis reactor

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

Electrolysis condition

Current density: BOOO A/w*, solution temperature: 40°C, flow
velocity: 10 m/hr

Cleaning vessel

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

300 of 5-inch wafers/hr
Cleaning was carried out using the system described above, and
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. '

{0085}

{(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.highwcéncentration sulfuric acid solution prepared by mixing

40L of 98% concentrated sulfuric acid and 10L of ultrapure water
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5 1_0000 9.0 0.06 150 <5mW1 0 6 120000 electrode broken 0.06 electrode broken 30mg/I X persulfuric
acid / TOC persul c ions production rate / TOC increaserate [009 2] -

was poured in a cleaning vessel and maintained at 130°C. In the
electrolysis reactor, two cells connected in series were placed,
each cell containing 10 electrodes, and each electrode comprising
boron-doped (boron doping: 5,000 ?pm) conductive diamond
5 supported on a Si substrate with a diametexr of 15 cm and thickness
of 1 mm. The total effective electrolysis area was 30 dm* and the
current density was 3,000 A/m?, and the electr_olysig wag conducted
at 40°C. From the analysis of a sample of the solution fiowing
out from the ocutlet of the electrolysis reactor, it was shown that
10 the persulfuric acid production rate was 3g/L/hx. For one
immersion cycle, 50 five-inch silicon wafers coated with resist
were immersed for 10 minutes in the cleaning vessei to perform
dissolution of resist (TCC increase rate: 0.06 g/L/hry. The
resultant solution was circulated with a liquid feed pump between
15 the cleaning vessel and the electrolysis reactors at a flow rate
of 1 L/min {linear velocity of liquid flow: 80 m/hr). When the
resist~coated silicon wafers was immersed, the solution in the
cleaning vessel became brown-and the ’I‘OC concentration was 30 mg/L
at first, but after nearly 10 minutes of circulation, the solution
20 in the cleaning vesgsel became colorless and tranSpareﬁt with the
TOC concentration bélow 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 that therhigh‘rwconcentration
sulfuric acid solution served effectively for resist removal and
that the TOC concentration decreased below th:g detection’ Timit.

30 [0087]
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5(Example 1-6) Cleaning test was performed under the same test conditions as in Exa_mple 1-2 o
except that the persulfuric acid production rate was varied by changing the linear velocity of the liquid
flow in the electrolysis reactor. Other test conditions were the same as in 10 Example 1-2. Results are
shown in Table 2. When the linear velocity of the liquid flow was 0.3 m/hr, many air bubbles were
foimed 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 15 long tube would be required for heat ex_change,
making it impossible to design a practical system. A sufficiently high persulfuric acid production rate,
relative to HeTOE MEfSESeERMARE alsatisfactory cleaning performance were achieved when the

ty (m/h
e o AL SRR P [P0 A o QRATNY- 28100971 1T90le 3L By, freaeygigs™y (m/)

solution to 40L of a 98% concentrated sulfuric acid was poured
in a cleaning vessel was maintained at 130¢C. According to the
&  same immersion cycle as in Example 1-2, resist-coated wafers were
immersed in this solution for dissolution of regist. In the first
6 cycles (cleaning 300 wafers), the solution became brown
immediately after the start of immersion, but it became colorless
and transparent in nearly 10 minutes, and the TOC concentration
16 reached the detection limit. For the next set of 50 wafers, however,
the solution remained brown, and the TOC concentration was still
30 mg/L in 10 minutes after the start of immersion. Then, 10L of
the solution was taken out from.the cleaning vegsel and 10L of
a hydrogen peroxide solution was addéd, followed by'maintaining
15 the resultant solution at 130°C. In the first 2 cycles {cleaning
160 wafers), the sclution becomes brown immediately after the
start of immersion, but it becomes colorlesg and transparent in
nearly 10 minutes, and the TOC concentration reaches th}_a detection
limit. For the next set of 50 wafers, however, the solutbion
20 reﬁained 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 resist on
the wafers after 10 minutes. Replacement of the entire solution
became necessary when cleaning of a total of 400 wafers was
finished.
[ooss]

3¢ {Example 1-3)
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production rate [g/Whr) TOC increase rate persulfuric acid / TOC TOC concentration in a solution (mei
cleaning effect for wafers 0.3 electrolytic reaction is di sable

Cleaning test was performed under the same test conditions as in
Example 1-2 except that the temperature of the persulfuric acid
solution in the cleaning vessel was varied. Othex test conditions
ware the same as in Example 1-2.

5 Results showed that when cleaning was performed with a cleaning
fluid heated at 90°C, the rate of resist removal from wafers was
low in the first cycle, and resist was left on the wafers,
indicating that cleaning was not achieved satisfactorily. When
cleaning was performed with a cleaning f£fluid heated at 130°C

10 {Example 1-2), on the other hand, the resist removal rate was high,
and the persulfuric acid production rate was also sufficiently
high (3g/L/hr) as compared with the TOC increase rate (0. 06g/L/hr),
indicating that cleaning was achieved effectively. In another
cleaning test where a cleaning fluid was heated at 180°C, the

15 persulfuric acid production rate was sufficiently high. (3g/L/hr)
in the first cycle as compared with the TOC increase rate
(0.06g/L/hr), but the persulfuric acid in the cleaning vessel
self-decomposed rapidly, and the amount of the remaining
persulfuric acid was not sufficiently large for complete removal

20 of TOC substances, leaving 30 mng/L of TOC substances in the
solution. This clearly indicates that the temperature of the
cleaning fluid should preferably be in the range of 100°C to 170°C.

foog9] |
(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 reactor was varied. Other test conditions were
the same as in Example 1-2. |

Results showed that when the temperature of the solutién in

30  the electrolysis reactor was 5°C, the persulfuric acid production
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rate was 4.5 g/L/hr, and a sufficient volume of persulfuric acid
was maintained as compared with the TOC increase rate of 0.06
g/L/hx, but since the temperature of the cleaning fluid wag 130°C,
heating was necessary to increase the temperature of the solution
by 125°C, which required long pipes for circulation as well as
a large input of heat energy. Thus, a large portion of the
persulfuric acid was consumed before reaching the cleaning vessel,
and 30 mg/L of TOC substances were left in the solution at the
end of the first cycle. Compared with thisg, when the temperature
of the solution in the electrolysis reactor was 10°C, 40°C, 80°C,
or 90°C, 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 eﬁfiéiently. The electrodes were
free of damage after 1,000 hours of electrolysis. When the
temperature cof 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 persulfate ion production rate
deteriorated. Thus, the ratioc of (persulfuric acid production
rate (g/L/hr}/TOC increase rate (g/L/hr)) was less than 16, and
oxidative decomposition did not proceed satisfactorily.
Furthermore, 500 hours of electrolytic reaction resulted in
exfoliationof the conductive diamond layer fromthe Si substrate.
Thus, it was c¢learly shown that the temperature of the solution
used for the electrolytic reaction should preferably be in the
range of 10 to 90°C,

[o090]

(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

45



<5mg/l 0 4 300 3.3 0.06 55 <5mg/1 0 5000 3.5 0.06 58 <5mg/1

production rate. Other test conditions were the same as in Example

1-2.

As a result, a sufficiently high persulfuric acid production rate

ag compared with the TOC increase rate was obtained and effective
5 cleaning was achieved when the current density was in the range

of 10 to 100,000 A/m’ as shown in Table 1.

[oosl]
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6 20000 The apparatus cannot be established actually 0.06 30mg/lI X persulfuric acid / TOC :
persulfuric ions production rate / TOC increase rate [0 0 9 4 | (Example 2) 5 A high-concentration
sulfuric acid solution prepared by mixing 40L of 98% concentrated sulfuric acid and 8L of ultrapure
water was poured in a cleaning vessel and maintained at 130C. As shown in Figure 3, in the
electrolysis reactor, two cells connected in series were placed, each cell containing 10 electrodes, and
each 10 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
dm2 and 36"Ardrfi2 Irespectively, and the electrolysis was conducted at 4 0 C. From the analysis of a

sample of th?igs%w%?ne}tilgﬁva\llrllg Ogu\gé%g] current density

current | persulfuric ions TOC . . ATOC concentration] cleaning
Run . . . persulforic acid)™ . .
No density | production rate jincrease rafe / TOC in a solution jeffect for
© ] (amd) [/V/hr] {o/l/hr] {(me/l) wafers
i 7.5 6.1 0.06 1.7 30mg/l X
2 | 3000 3.0 0.06 50 <Smg/l O
3 5000 4.8 0.06 30 < Smgft O
4 7506 6.5 0.06 108 <5mg/l @]
5 10000 | 5.0 0.06 150 < 5Smg/l O
G 120000)electrode broken 0.06 lectrode broken| 30meg/l X

persulfuric acid / TOC ! persulfuric ions production rate / TOC increase rate
foos2}

5 (Example 1-6)
Cleaning fest was performed undeyx the game tegt conditions a-s in
Example 1-2 except that the persulfuric acid production rate was
varied by changing the linear velocity of the liguid flow in the
electrolysis reactor. Other test conditions were the same as in

10 Example 1-2.
Results are shown in Table 2 .VWhen the linear velocity of the 1liquid
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 velociﬁy of 20,000 m/hy, on the other hand, a very

15 long 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 cleaning performance were achieved when
the linear velocity was in the range of 1 to 10,000 m/hr.

20 [o093]
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15 the outlet of the electrolysis reactor, 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 to perform dissolution of resist (TOC increase rate: 0.04 g/L/hr) . The
resultant solution 20 was circulated with a pump between the cleaning vessel and the electrolysis
reactors at a flow rate of 1 L/min. [0095] 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 Hihlthe 710C concentration below the detection limit. Such wafer cleaning was conducted

for 8 hours (¢leaning Z;400 WateisliandnkeSUltscghowed that the highreOngERIaEoN Sz acid
solution 10 sTer%a effeativelifonesisttemavakand 4 RFHETOT Epngentiation detigase §

detection limjt, Wafelr Glganing waaeantinued gumker for 32 Hdurs (¢leanipng:#,600 Wafans,

elow the
aling

12,000 wafe
effectively fo
[0096] (Com

harativg exampje 2) sabe cleaning vessel, 40L of 98%- lconcentrated sulfuric aci

s), andiresults pgaia:shiguved| that the high-concentration sulfuric acid solution $erved
" 15resist #émavatandathatiihe TQG concentration degreasaakhalow the detection limit.

H was 20

poured and §

8L of a 3596 hydrogen peroxigle sglggion yvas adgled to prodqogngﬂsolut on,¢yhic

o Aed tho . cama itmmaercinn.e lo I 1 am_ma:b
Same-Hmerst VEte-as-h Exan ."‘!e 1, resist-coit

heated at 13
were immerg

arcdina-t
. I‘\U\.UIUIIIH L uaTre LAYA N} uy Ao~ T T I=7"CAT P ToTrot™ow

ed # the sHlutipn to cetryoutdissdRftion of the Tsist. In theifsted cycles (Elear

h was then
bd wafers
ing 300

wafers), the

5 _()Iunor% erved to perform res@)gemcval effectively, and tnog&n ithecamet
fter the start of immeérsion, if became calorless and transpaﬁ%’ﬁ

rown

nearly ‘10 minutes, and

immediately
the TOC cor

cergrationgeached thesdetection finwt. Far the pext set of SQ:wafars, howeyer, |

esist was

left on the w

afers-the-sotut D, apparats
cannot be
6 3 -
0000 | o g | 006 30mg/i X
actually

[

persulfuric acid / TOC : persulfuric ions production rate / TOC increase rate
0094]
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(Example 2)

A high-concentration sulfuric acid solution prepared by mixihg
40L of 98% concentrated sulfuric acid and 8L of ultrapure water
was poured in a cleaning vessel and maintained at 130°C. As shown
in Figure 3, in the electrolysis reaéto_r, two cells connected in
series were placed, each cell containing 10 electrodes, and each
electrode comprising boron-doped conductive diamond supported on
a S5i substrate with a diameter of 15 cm and thickness of 1 mm.

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

persulfate jons production rate was 3g/L/hr. For one immersion
cycle, 50 six-inch siliconwafers coated with resist were immersed

for 10 minutes in the cléaning vessel to perform disgolution of

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

was circulated with a pump between the cleaning vessel and the
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30 remaining brown, and the TOC concentration 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. Subsequently, 8L of the solution was taken out from the cleaning 5
vessel, and 8L 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 became brown immediately
after the start of immersion, 10 it became colorless and transparent in nearly 10 minutes, and the TOC
concentratide réachép the detsotipntimit For theleext setef 5G wafdigiowever, resist was left on the
wafers, thea[?(?buti%w remaining brown, and the TOC concentration being still 30 mg/L in 10 minutes
after the start of ifrimersion. Thus, these 50 wafers 15 were excluded because it was considered that

they had natendergore effeetivectieatiment QA9 e a0ain-8Loidhe selutionavas jakengut from
the cleaning vessel and 8L of a hydrogen peroxide solution was added. The wafer 20 immersion test

Was_contiﬁﬁé&,%ﬁﬁ/ﬁ@ﬁ%@@vﬁ%w%@qms}%?% apiitiohcralied BTBRRVE RS Fesisketfectively,
ieaving some st g thexaferp allel A0Ininiles. Repiaoement of e antlie. squlion hecaie

necessary when'cleaning of a fotal of 400 wa afers'thus cleaned weré placed in a
wafer analyzén 2bomhere they alereiibatedrab4@0Canththe organiclresid usmdasonaagiired Mith a

mass spectrometer. The amount of organic residue was in the range of about 500 to 1000§Jg/cm2,

suggesting it fighily' dean WS walke RSt o6thinéd Hurtserfifore Welgétidhery 0Fh&'pitémn was
observed by ow ageeigsationyveliage-typeseagning 3Q electton /micoscopy, apd Fasults shgyed that a

large amount of resist residue was left.
resultsshowedthatthehighmconcentrationSulfuricacidsolution
10 served effectively 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
15 resist removal and that the TOC concentration decreased below the
detection limit.
[0036]
(Comparative example 2)
In a ¢leaning vesgel, 40L of 98% concentrated sulfuric acid was
20 poured and 8L of a 35% hydrogen peroxide solution was added to
produce a solution, which was then heated at 130°C. According to
the same immersion cycle as in Example 1, resist-contaminated
wafers were immexrsed in the solution to carry out dissolution of
the resist. In the first 6 cycles (cleaning 300 wafers), the
25 solution served to perform resist removal effectively, and though
it became brown immediately after the start of immersion, it
became colorless and transparent in nearl?ilﬁhmiﬁﬁtes, and the
TOC concentration reached the detection limit. For the next set
of 50 wafers, however, resist was left on the wafers, the soiution

30 remaining brown, and the TOC concentration béing still 30 wmg/L
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[00981 (Example 3-1) A high-concentration sulfuric acid solution prepared by mixing 5 40L of 9796-
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 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 dm2 and 30 A/dm2, respectively, and the electrolysis was
conducted at 40C. From the analysis of a sample of the solution flowing out from the outlet of the
electrolyticiedetiohiapparatist 1St Was stiownt thdt thensersakfate Bhsprotbetion fdtewsas Bg/L/hr.
For one immersion c ﬂledgg %)gi(_pézgssﬁialic% wafers coate%with esgt were immersed for 10 minutes in

WSTE St four teehifing d'ftalt 12,000

. 2 S C s
the cleaning vessel. Immersion was COﬂtInUEH%OF a ?Or%éﬂ 0

wafers) to pedeir dissoltipaof tesist{FLG mertase 20 rate: 0.04 g/L/hr). During this process, the
sulfuric acid concentration of the sulfuric acid solution was monitored continuously with a sulfuric acid

concentratitiPmedsGrehient dfpaatbLaiPwHédsverhe dakrk s8¢ doreBntaton keashierul6.6M,
ultrapgire waterwas 25 injected automatically uatl the sulfurie acid concentration reaches 16.4M. This
allowed the sulfuric acid concentrat%zr% to% m%intained in%h%%r%g é}f& %6%3%%81556F7Wtﬁ?0%%%%ut the
process. [609%] BO{ERampté 32 Adwglrtencestatioh sulfuriacid sohuiorfrepatechby siixing 40L of
97% concgntr ted sulfuric acid agﬁd 8L of %Iét?raé)ure water was poured in a,cleaniélgcvessel and

[o]

maintained &t 1307 117 fhe- dTaefrolytic Teaction abparatusy twd electrohdis bdiid B L dthettedin series

were placetheachioetl contaiaingal) eleciedesand-eacelesttpde somprisinglaaransdoped
conductive diamond supported on a Si substrate with a diameter of 15 cm and thickness of 1 mm. The

effective anBaEAred amefRtrem dedss e Solaniaar 30h%/ a2 sespcliveigrandthe

elecyplysis WaS.came colorless and transparent in nearly 10 minutes, and the

TOC concentration reached the detection limit. For the next set
of 50 wafers, however, resist was left on the wafers, the solution
remaining brown, and the TOC concentration being still 30 mg/L
in 10 minutes after the start of immersion. Thusg, these 50 wafers

15 wexe excluded because it was considered that they had not
undergone effective treatment.

{0057]

Then again, 81L of the solution was taken out from the cleaning
vessel and 8L of a hydrogen peroxide solution was added. The wafer

20 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 entire
solution became necessary when cleaning of a total of 400 wafers
wasfinished,Wafersthuscleanedwereplacedin51waferaﬂalyzer,

25 where they were heated at 400°C and the organic residue was
measured with a mass spectrometer. The amount of organic residue
was in the range of about 500 to 1000 pg/cm?, suggesting that highly
clean wafers were not obtained. Furthermore, the periphery of the
pattern was observed by low acceleration voltage type Scénning

30  electron microscopy, and results showed that a large amount of
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10 conducted at 40C. From the analysis of a sample of the solution flowing out from the outlet of the
electrolytic reaction 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. 15 Immersion was continued for a total of 40 hours (cleaning a total of 12,000 wafers)
to perfoim dissolution of resist (TOC increase rate: 0.04 g/L/hr). During this process, the liquid level of
the sulfuric acid solution was monitored continuously with a level sensor provided 20 in the cleaning
vessel, and whenever the liquid level lowered by 5mm, ultrapure water was injected automatically to
raise the Hehd evekgs iclthe ivitial Reight. This allowed the sulfuric acid concentration to be
maintainediﬁ(}%%iange of 16.2 to 16.7M throughout the process. 25[0100] (Example 3-3) A
high-concentrafion sulfuric acid solution prepared by mixing 40L of 97% concentrated sulfuric acid and
8L of ultrapgrewaler was poured in a cleaning vessel and maintained at 130C. In the 30 electrolytic
reaction apparatus, two electrolysis cells connected in series were placed, each cell containing 10

electrode$ dHFEAG BIREHGIS ESMPIiSbIBroR-dopkt EMtuERva dRifEIT SGhpoftaY i ASi
substgate i) 8 glametel oldamn anddhickness oLl mqTheefiaciye apdegigaang e current

density were 30 dm2 and 30 A/dm2, respectively, and the electrolysis was conducted at 40C. From the

analysis ofass@nplessi the solgticreffowiggve i s drel onddtifdhe efectiolythoreactiam apparatus, it

was shownlthat the_persulfate ions,production rate was _3g/L/h;. For one immersion cycle, SO six-inch
ach é’ ﬁ# gl

silicon wafers Coatad with 1078Sist Ward thfiersedTor T mifctes it the’ &Enihg veSsel. Immersion

was continueshfarcelotal ©f 40 hnsies (@leaning adeta) oki2R00afers)ie perory dissolution of resist
(TOC increase rate: 0.04 g/L/hr) .The whole of cleaning vessel was put on the load cell. 15 During this

process, reX6tat Hefght SrfieAellE FESRI Q&S TRRIErerEcBRtINTbUARR ef ¢ AR HEEH e weight
decigpsea Db Qb ot Wianire wastyasniected, auiomaialive Tl glowsd e syfurc acid

concentration to be maintained in the range of 16.0 to 16.8M throughout the process. ] Thus,
the inventidni hasbeencexplamedrilsoné Hased oa praslieal maedesdncthexamptes; bdithesae modes or

examples do not im%oge an Iimitat]i/ons2 on the invention andé%%%/ ir:na be madified in the scope of the
|

invention "58]fdtibt éﬂaﬁﬁ’l%gb(?li@ foofrespectively, he electrolysis was

conducted at 40°C. From the analysis of a sample of the solution
flowingcnﬂ:frmntheoutletcﬁfthéel@ctrolyticreactionapparatus,
15 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 resigt (TOC increase
20 rate: 0.04 g/L/hr).
During this process, the sulfuric acid concentration of the
sulfuric acid solution was monitored continuously with a sulfuric
acid concentration measurement apparatus, and whenever the
sulfuric acid concentration reaches 16.6M, ultrapure water was
25 - 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]

30 {Example 3-2}
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The cleaning system of the invention is suited particularly to cleaning of silicon wafers, glass
substrates for liquid crystals, photomask substrates, and other substrates for electronic 30 materials,
as well as cleaning of other various objects. More 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 adhering to 5
semiconductor substrates. In most conventional semiconductor substrate processing processes, dry
etching and ashing steps for oxidizing and ashing resist, which is organic material, are provided for
pretreatmént itk 16 eleanitigr sewi stieh Breps; howedegchintinorasedhe 16k dripmeéntiamd
rocessin sts ared with these,.the system of the inventjon, whjch can perform cleaning very
Cifoctvely Lo SEnng (e OOV Al T Aot baMR Sty ohn SO ke HOCE RBRS B
pretreatmeslstpps ferdiry:etehing endiashing sBuis, shelinvention can sesve i establighagracess
that is free 15 of such pretreatment steps. Claims [Claim 1] A sulfuric acid recycling type cleaning

system cotSifsiiga Clebfintt ittt sIRRECEANS objetts GifG BrsereaHwiccadid Solution as
cleanyng fudhanaledrolvlicienciion gaparaisihabreqegaiptes ine pefaulyi geld selution by

performing electrolytic reaction to produce pérsulfate ions from sulfate ions contal in the solution
wherein thel selttivriesntaimdgesutfate liens iscallo wetito-flow paralielowithitieeel eotrode stiiface at a

linear velo#;j_tg o(glllg %8_ oogrr%@& and a glrcullﬁ%iog Iing that, circulates theﬁ)ersulfuric acid solution
between thé ¢leaning a%Bara (& and the BleStrolfitid reactiSh apparati@  aha whdretr 1 éMberature

of the solutiendhatiseleetroly@edinsaid Rlecirolyie feartion-appanaiusis keptlawerdbanthe,
temperature of said cleaning fluid. [Claim 2] A sulfuric acid recycling type cleaning system as
describedfR EfaiRP| ieréfthé tefrséTature"sTaRe SoRMmbN tharis dbarelesd rrdale brectraytic

reactipn apRAMILS ISt in fhe-range,of égéoagga?lysis of a sample of the sclution
flowing out from the outlet of the electrolytic reaction appa:tatus,
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.

15 Immersion was continued for a total of 40 hours (cleaning a total
of 12,000 wafers) to perform dissolution of resist (TQC increase
rate: 0.04 g/L/hr).

During this process, the ligquid level of the sulfuric acid
solution was monitored continuously with a level sensor provided

20 in the cleaning vessel, and whenever the liquid level lowered by
S5mm, ultrapure water was injected automatically to raise the
ligquid level up to the initial height. |
This allowed the sulfuric acid concentration to be maintained in
the range of 16.2 to 16.7M throughout the process.

25 o100}

(Example 2-3)

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

30  electrolytic reaction apparatus, two electrolysis cells
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[Claim 3] A sulfuric acid recycling type cleaning system as described in any of claims 1 or 2 comprising
a heating means to heat said cleaning fluid. [Claim 4] A sulfuric acid recycling type cleaning system as
described in any of claims | or 2 comprising a cooling means to cool the solution that is to be
electrolyzed in said electrolytic reaction apparatus. [Odin 5] A sulfuric acid recycling type cleaning
system as described in claim 3 comprising a cooling means to cool the solution that is to be
electrolyzed in said electrolytic reaction apparatus. [Claim 6] A sulfuric acid recycling type cleaning
system as described in any of claims 1 or 2 comprising a heat exchange means to perform heat
exchange #8818 efr8lafion fifE befivast therderhpatatively Tovas e nipensiute feerl pérsulfuric acid

e n Bg LoRsRlC eisainle L9clop RIS 3K e SOIRA e Ul emberatre
return persulfuric acid solution flowing from sal cleanr%g appaga Us: [Claim=7 Sulfuric acid

recycling typecleading:spystemeas deseribedsmickaima wvhereinpassdges:insaid Eircylatignslire are
made of quartz or tetralluoroethylene. [Claim 8] A sulfuric acid recycling type cleaning system as

described TSI ESMSrLiRG a GEEonTdeRioh thAthaBEs RIS Bertahr s emei&d from
objects bysgajdsclegning. [elaim @ln / afe sulfutic,acidreeycling fype Gleaning systemm,as deggibed in

claim | wherein the solution to be electrolyzed in said electrolytic reaction apparatus has a sulfuric acid
concentrafi@n e Fdnge HOOUTSINU vl 8iM. [Claiiy20F of a sample of the solution

flowing out from the outlet of the electrolytic reaction apparatus,
it was shown that the pexsulfate ions production rate was 3g/L/hr.
For one immersion cycle, 50 six-inch silicon wafers coated with

10 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)fxnperfOXﬂldissolutioncﬁfresist {(TOC increase
rate: 0.04 g/L/hr),The whole of cleaning vessel was put on the
load cell.

15 Dburing 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 concentration to be maintained in
the range of 16.0 to 16.8M throughout the process.

20 {01011
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.

25 [Industrial applicability]

fcroz2]
The cleaning system of the inventioﬁ.is suited particulariy to
cleaning of siliconwafers, glass substrates for liquid crystals,
photomask substrates, and other substrates for electronic

3¢ wmaterials, as well as cleaning of other various objects. More
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A sulfuric acid recycling type cleaning system as described in cam | wherein the electrodes in the

. electrolytic reaction apparatus, at least an anode is a conductive diamond electrode. [Claim II] 15A
sulfuric acid recycling type cleaning system as described in 20 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 substrate followed by removing
the substrate. [Claim 12] A sulfuric acid recycling type cleaning system as described in claim | wherein
the object to be cleaned is a semiconductor substrate. [Claim 13] A sulfuric acid recycling type
cleaning sy&teftdd gedcribediih @i PRhEfess eldetbRizEs 2080hRsllatse tatghe ratimbatween

the_ rate Of_s-@)%tgﬁ)ﬁ@ eoggg%g a&b§rg nerease E?QHQ'JQ fgq ék}:eirgﬁ(n%vgl gig I([)t%gcafglgl%%%rg%@lnants in
said cleaning apparatus and the rate of persulfuric acid production in said électrolysis apparatus
(persulfurieabisipradectionitate: égil the) peresfOGincrease atedreleaningaesseli@iti/My) is in the
range of 10 to 500. [Claim | 4] ) ) —
contaminants including fine particles and metal adhering to
5 semiconductor substrates.
in most conventional semiconductor substrate processing
processes, dry etching and ashing steps for oxidizing and ashing
resist, which is organic material, are provided for pretreatment
prior to cleaning. Use of such steps, however, can increase the
10 - equipment and processing costs. Compared with these, the system
of the invention, which can perform cleaning very effectively,
can achieve the removal of resist 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

15 of such pretreatment steps.
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15A sulfuric acid recycling type cleaning system as described in claim 1 comprising an ultrapure water
or hydrogen peroxide solution replenishment line to supply ultrapure water or a hydrogen peroxide
solution to said persulfuric acid solution. [Claim 15] A sulfuric acid recyciling type cleaning system as
described in claim 14 wherein said ultrapure 20water or hydrogen peroxide solution replenishment line
is provided to inject ultrapure water or a hydrogen peroxide solution into the bottom portion of the
cleaning vesseRifithe cleaning apparatus. [Claim 16] A sulfuric acid recycling type cleaning system as
described in 2% @ either claim 14 or 15 comprising a sulfuric acid concentration measurement means
to monitor the sulfuric acid concentration of the solution so that the injection from said ultrapure water
or 6hydrogen’bEF0Kitié LOMGHEHHE BIRNSHHBREINRE A BE B8 RtFSIBE S VAT BR Barfdamtration
measurementsitakeniby spigselfuriciacid.eonee %ﬂﬁ%@%ﬁ%@ﬁ%@@%@%&%ﬁmﬁm SU”UViC
acid recycling type cleaning system as described in claim 16 wherein injection of the ultrapure water or
hydroge);l pegg '%1(3%{8 tio f?(a;l?ﬁ{%%‘?alﬁﬁ? I GPENWATEr B I PS5 raxid to produce ?emigﬁe

ions from sulffate ions contained in the solution wherein the solution containing sulfate jons is
allowed to flow parallel with the electrode surface at a linear velocity of 1 to 10,000 m/hr, and a
circulation line that circulates the persuifuric acid solution between the cleaning apparatus and the
electrolytic reaction apparatus, and wherein the temperature of the solution that is efectrolyzed in
said electrolytic reaction apparatus is kept lower than the temperature of said cleaning fluid.
{Claim 2|

A sulfuric acid recycling type cleaning system as described in claim 1 wherein the temperature of
the solution that is electrolyzed in said electrolytic reaction apparatus is kept in the range of 10 to
90°C.

IClaim 3]

A sulfuric acid recycling type clea.ning system as described in any of claims 1 or 2 comprising a
heating means to heat said cleaning fluid.

[Claim 4]

A sulfuric acid recycling type cleaning system as described in any of claims 1 or 2 comprising a
cooling means to 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 3 comprising a cooling
means to cool the solution that is to be electrolyzed in said electrolytic reaction apparatus.

[Claim 6]

A sulfuric acid recycling type cleaning system as described in any of claims T or 2 comprising a
heat exchange means to perform heat exchange in said circulation line between the comparatively
lower temperature feed persuifuric acid solution flowing from said electrolytic reaction apparatus
and the comparatively higher temperature return persuifuric acid solution flowing from said
cleaning apparatus.

[Claim 7]
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10solution 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. [Claim 18] A
sulfuric acid recycling type cleaning system as described in claim 16 wherein said sulfuric acid
concentration measurement means is designed to use absorptiometry to measure the sulfuric acid
15concentratign. [Claim 19] A sulfuric acid recycling t cleanin stem as described in either claim
14 or 15 comp NG S RaL S e PSR AT HANEES O SHGHe QUICHE e i afing furd
the cleaningrvgsseh imsaid siganinguapparalissethattag:injection action of said ultrapure water or
hydrogen 20peroxide solution replenishment line is controlled based on measurements taken by said

liquid volu Fiedkurement means. [Claim 20] A sulfuric acid recycling type cleaning system as

described in eifhgrclaim 4.0 4 cOMPHSING AJigid level meastrament means {9 monitor the liquid

level of the cleaning fluid in the cléaning 25 30 vessel in sai %Seanlng apcgial}gfﬁgl%g that the injection

action of sdidwitpaptire wetéraoddrypdnogencperoxice: soluiiord épleniskment tiie is:eangrolled based on
measurements taken by said liquid level measurement means. [Claim 21] A sulfuric acid recycling type
cleaning s %f%\jﬁ a5 described in either claim 14 or 15 comprising a liquid weight measurement means

to monitor the Augigiyt of dhecieaning fluittinithe deaninanessel in Said ¢18aRRg ARREKAILSSO that the
injection action of said ultrapure water or hydrogen peroxide
be electrolyzed in said electrolytic reaction apparatus has a sulfuric acid concentration in the range

10 of 8Mio 18M.
[Claim 14]
A suifuric acid recycling type cleaning systemn as described in claim | wherein the electrodes in the
electrolytic reaction apparatus, at least an anode is a conductive diamond electrode,
[Claim 11]

15 A sulfuric acid recyeling type cleaning system as described in



10solution replenishment line is controlled based on measurements taken by said liquid weight
measurement means. [Claim 22] A sulfuric acid recycling type cleaning system as described in claim
21 wherein said liquid weight measurement means is designed to measure the combined weight of the
cleaning vessel and the 15cleaning fluid in the cleaning vessel. [Claim 23] A sulfuric acid recycling

tyne persulfyic ackl SuPRY ARRAALS SAMANISING. A0 ARcRl e fEarlan ARPAIRI hakagrforms
electrolytic reaction to regenerate a persu furic acid solution y producing persulfate ions from sulfate
ions contaiReskinsheisqluiensnihereinithesdl vitoncdentaidingsoifatei 20iop sdsdatiowettodidow parallel
with the electrode surface at a linear velocity of Ito 10,000 m/hr, and a circulation line that circulates
the persulfitic4ERT 46 (N BERLESH SR TRIsUSIHc reaction apparatus and a cleaning apparatus that
uses persyifyric acid, and wherein the temperature of the solution that is electrolyzed in said
electrolytic reaction apparatus is kept in the range of 10 to 90C. 25[Claim 24] A sulfuric acid recycling
type persuffundiacidstipply Bpparatts:agdesdribead dnsctdied 23-Bomprisingatteolitgttdans to cool the
return solutjon flé)yyicn from (t:‘he cle nin@ apparatus to the electrolytic reaction apparatus in said
circulationifie t6 lt“h‘le‘rséTHfj%]o‘fciﬁ £8°90€%30 [Claim 25] A sulfuric acid recycling type persulfuric acid
supply apparatys &s described in either claims 23 or 24 comprising a heating means to heat the feed
solution flowing from the electrolytic reaction apparatus to the cleaning apparatus in said circulation
line to the %ﬂé@%@f 400 wyYEPoetype cleaning system as described in claim 1 wherein electrolysis is

10 controlled so that the ratio between the rate of TOC (total organic carbon) increase resulting from
the removal of organic contaminants in said cleaning apparatus and the rate of persulfuric acid
production in said electrolysis apparatus (persuifuric acid production rate (g/L/hr) per TOC
increase rate in cleaning vessel (g/L/hr)} is in the range of 10 to 500,

[Claim 4]

15 A sulfuric acid recyeling type cleaning system as described in claim 1 comprising an ultrapure
water or hydrogen peroxide solution repienishment line to supply ultrapure water or a hydrogen
peroxide solution to said persulfuric acid solution.

[Claim 15]
A sulfuric acid recyciing tvpe cleaning system as described in claim 14 wherein said ultrapure

20 water or hydrogen peroxide selution repienishment line is provided to inject ultrapure water or a
hvdrogen peroxide solution into the bottom portion of the cleaning vessel in the cleaning apparatus.
[Claim 16]

A sulfuric acid recycling type cleaning system as described in

30

o1
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[Claim 26] A sulfuric acid recycling type persulfuric acid supply apparatus as described in either claim
23 or 24 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 electrolytic reaction apparatus in said circulation line. [Claim
27] A sulfuric acid recycling type persulfuric acid supply apparatus as described in claim 23 wherein
the sulfate ion concentration of said solution is 8M or more. [Claim 28] A sulfuric acid recycling type
persulfuriceagid Ssipply appacatuis-ias de scfibéchindclane2Bwheneisuotthet elestrades rgsidireg in said
electrolytic reaction apparatus, at least the anode is a conductiye diamond electrode. lCIaim 29] A
sulfuric acit' ey iy R pErstft e é@i‘&‘gﬁﬁ%@%gﬁd%ﬁg@a}a@sﬁl BRSNS 8 Wherein

passages Ei;”é@#rﬂf&%!@ﬁi@&llﬂ%@F@pfé!ﬁQﬁn@xﬁ{tﬁH@EM&D@&M@ﬂﬁ-bﬁeﬁ'éxk—&ié&h@nﬂ@;@ RECYCLING
TYPE CLE%\NI G SYSTEM AND A SULFURIC ACID RECYCLING TYPE PERSULFURIC ACID

SUPPLY ARPARATUSB-ABSTRATTA: gystemdorcieaning Wit persgiific acid which makes it
possible t &ra]]réap e the persulfuric acid concentration and thereby attain higher cleaning effect and
which 10 périmits the continuation of cleaning; and a feeder for feeding persulfuric acid into a cleaning
apparatus sThefeedan isprovideganthainelactiolysis vesseli{ 10) for forheing peesutfate ions by
electrolysis from sulfate ions contained in a solution and thus regenerating a persulfuri¢ acid solution,
and lines (@5 4By ara {6y TEY ERetdHy 4 oS Sttt FO B RIS ORI BN H EeHhRTE &%k (1) and the
electrglysis yassel. (1 Andne:syaiemds.constitiiad ofthe aboye.feeder and.a cleaming.fank (1) for

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

{Claim 18]

A sulfuric acid recveling type cleaning system as described in claim 16 wherein said sulfuric acid

concentration measurement means is designed to use absorptiometry to measure the sulfuric acid
15 concentration.

iClaim 19}

A sulfuric acid recycling type cleaning system as described in either claim 14 or 15 comprising a

liquid volume measurement means to monitor the voiume of the cleaning fluid in the cleaning

vessel in said cleaning apparatus so that the injection action of said ultrapure water or hydrogen
20 peroxide solution replenishment line is controlled based on measurements taken by said liquid

volume measurement means.

[Claim 20]

A sulfuric acid recycling type cleaning system as described in either claim 14 or 15 comprising a

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

)
[y
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member (30) to be cleaned by the use of a persulfuric acid (2) as the cleaning fluid. Figure 1

10

20

30

vessel in said cleaning apparatus so that the injection action of said ultrapure water or hydrogen
peroxide sotution replenishment line is controlted based on measurements taken by said liquid level
measurement means.

iClaim 21]

A sulfuric acid recycling type cleaning system as described in either claim 14 or 15 comprising a
liguid weight measurement means to monitor the weight of the cleaning fluid in the cleaning vessel
in said cleaning apparatus so that the injection action of said ultrapure water or hydrogen peroxide
sotution replenishment line is controlled based on measurements taken by said liquid weight
measurement means,

IClaim 22]

A sulfuric acid recycling type cleaning system as described in claim 21 wherein said liquid weight
measurement means is designed to measure the combined weight of the cleaning vessel and the
cleaning fluid in the cleaning vessel.

[Claim 23]

A sulfuric acid recycling type persulfuric acid supply apparatus comprising an electrolytic reaction
apparatus that performs electrolytic reaction to regenerate a persulfuric acid solution by producing
persulfate ions from sulfate ions contained in the solutions wherein the solution containing sulfate
ions is allowed to flow parallel with the electrode surface at a linear velocity of 1 to 10,000 m/hr,
and a circulation line that circulates the persulfuric acid solution between said electrolytic reaction
apparatus and a cleaning apparatus that uses persuifuric acid, and wherein the temperature of the
solution that is electrolyzed in said electrolytic reaction apparatus is kept in the range of 10 to
G0°C.

[Clatm 241

A sulfuric acid recycling type persulfuric acid supply apparatus as described in claim 23
comprising a cooling means to cool the return solution flowing from the cleaning apparatus tc the

electrolytic reaction apparatus in said circulation line to the range of 10 to 90°C.



[Claim 25]

A sulfuric acid recycling type persulfuric acid supply apparatus as described in either claims 23
or 24 comprising a heating means to heat the feed solution flowing from the electrolytic reaction
apparatus to the cleaning apparatus in said circulation Hine to the range of 100 to 170°C.

[Claim 26]

A sulfuric acid recycling type persulfuric acid supply apparatus as described in either claim 23 or
24 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 electrolytic reaction apparatus in said circulation line.
[Claim 27]

A sulfuric acid recycling type persulfuric acid supply apparatus as described in claim 23 wherein
the sulfate ion concentration of said solution is 8M or more.

[Claim 28]

A sulfuric acid recycling type persulfuric acid supply apparatus as described in claim 23 wherein
of the electrodes residing in said electrolytic reaction apparatus, at least the anode is a conductive
diamond electrode.

[Claim 29]

A sulfuric acid recyceling type persulfuric acid supply apparatus as described in claim 23 wherein

passages in said circulation line are made of tetrafluoroethylene.
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