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Specification A sulfuric acid recycling type cleaning system and a
sulfuric acid recycling type persulfuric acid supply apparatus 5[Technical
field] [0001] The present invention relates to a sulfuric acid recycling
type cleaning system that uses a sulfuric acid solution repeatedly to
regenerate a persulfuric acid solution and supplies it to a 10 cleaning
apparatus in which silicon wafers etc. are cleaned to remove
contaminants etc. adhering to them by using the 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
SR&fet tlésHidGRtep in a very large scale integrated circuit (VLSI)
production, process;senves,fon removalaf resistresidue, 2Q.fing paricles ¢, ; .
metal, oxide films folmed spontaneously, etc., and generally uses a mixed
asuldticie oy congentiated %ﬁﬁé%@aﬁdw@%wpémm@m%r a

[‘E@%ﬁ@&ﬂo% %ciq:ﬂced by blowing ozone into concentrated sulfuric acid
SOM) . When hydrogen peroxide or ozone is added to high-concentration

Zﬁ%ﬂm‘ﬂjrlc acid, the sulfuric acid is oxidized to form persulfuric acid. It is

kngwn that persulfuric acid s high oxidizing power and hi
cler%l%vnl per?or‘?nance 295 it seﬁvéegomgﬁoses a!Lnﬁjcar? s&ervé9 e gécuvejf)l}1 For YP°

cdleaningowafersceict hadnadditionstd therdbowetnenticned persaffurc agid, to

@Ir"g#é:%%”é’ Telods.fiAsrown that 2 &%E%E%r'%ﬁc'dsi%t'ﬁgsf%t to a
cleaning apparatus in which gilicon 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 recycli_ngltype persulfuric acid
supply apparatus that supplies persulfuric acid to sald cleaning
system. |
iBackground arltB

[oo02]

The wafer cileaning step in a very large scale integrated circuit

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

£ine particles, métal, oxide films formed spontaneocusly, etc.,

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

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

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

- power and high cleaning performance as it self-decomposes, and

can serve effectively for cleaning wafers etc.
In addition to the above-mentioned persulfuric acid ‘prociuction

methods, it is known that a persulfuric acid gsolution for cleaning
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can be produced by electrolyzing an aqueous solution containing sulfate
ions in an electrolysis reactor (see patent references 1 and 2). [0003] 5
[Patent reference 1] Tokukai (unexamined Japanese patent publication)
2001-192874 [Patent reference 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
can geraRidedoigibireereasbs il pxidixh g ponarecuissaip decbmposastaining

gnd therefore, continuoijs sup Q/ of the hé/dr en eroxidce S Iutio% is
sul ate lC)I'l% in an & EtE‘,C g’ﬁls Tres ) ha S ey rergrences
necessary to compensate for the decompaosition. Furthermore, the

1 addghEeqQncentration sulfuric acid has to be replaced when the sulfuric acid
concentration has decreased to a certain level. In said method, however,
LOQHE hersulf uric acid solution is diluted with the water content of 20 the

[ padEFogenREroXIde spjutiog, making it difficuli;to maipiain g consiant liguid

composition, and furthermore, the solution has to be discarded and
publképlatedal pistiibéd dgedintervals or for every few batches. Thus, the

cleaning performance ¢ of be kept constant, and in addition,alaﬁie )
(P B SF TS b b RA b e G B SN RAbEE fon of

pCT Qibeniand theselbtiondees: notwaderga chilution, Jeading to adenger
solution replacement cycle, but it is inferior in cleaning performance as

IDigpHisared with $PR. (6051889 the case of SPM, furthermore, only a
(prdiRiGEAPURLOTf. persUliuR G acid can be. prodyced whenthe high-

concentration sulfuric acid and the hydrogen peroxide are poured and
[oomixed in the cleaning vessel at the beginning and when hydrogen
eroxide is added to the mixture several times later on. In the SOM

1 SR theYatic of theSMBtnt SFpetsfiirt ddid geferat&dc a8 o2

perdzone assedds yarydew- With-these nethads; therefereethesgoncentration

of the resulting persulfuric acid solution is limited, and its cleaning
selfp—é?gﬁﬁ@faggg%smﬁqﬁnﬁggxefore continuous supply of the hydrogen

peroxide solution i‘s necessary to compensate for the
decomposition. Furthermore, the high-concentration sulfuric
acid has to be replaced when the sulfuric acid concentration has
decreased to a certain level. In said method, however, the
persulfuric acid solution is diluted with the water content of
the hydrogen peroxide gsolution, making it difficult to maintain
a constant ligquid composition, and furthermore, the solution hag
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
be stored. In the case of S0OM, on the othex hand, the so_lution
does not undergo dilution, leading to a longer solution
replacement cycle, but it is inferior in cleaning performance as
compared with SPM.

- [0005]

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
pe selfuric acid repeatedly. {Summary] [0Q06a]br adirst aspect, there is high-
cofigided 2 suliutie acid eeveling tyng, leaning syplemLeoMANG Ase axe
cleaning apparatus that cleans objects using a pérsulfuric acid solution as
oogleshimfiluidi arrelectfolytic fedctidhragparatas #fat régenéfiftesthg: nring
andersuliurie agid-selutign: by pedorming:eleetrolytic renstion torprodueeveral
cufSisulfate lons from sulfale lans,containee, i Ihe sqlytion WHErEInING o«
Solution containing sulfate ions is allowed to flow parallel' with the L
of eleetiode Surfage atcd finedf Velotit§of £ o 16:600 Mhr, A& cirdifstion - S
ve #ine that cirgulatestthe persudftricacid solutien betyeeththe cleaning ration
o 2pparatus.and the electrolytig reaction apparatis, and wherei e . arg
temperature o the solution that is electro yzed in said electrolytic reaction
it apparatisie keptiswerihan the témperatufe bfSaid cleaning fluid.

[ §@@Q8b] In a second aspect, there is provided a sulfuric acid recycling type
r%%rsulfugcSagg}dﬁsugg!y@%%rggus GRAMPISIAG . e against such 2
anéﬁec%o?ytlcreactlonapparatusthatper orms electro%/t_lc reaction to _

bapsgarerate a persaftie adid s6lufidR By prodtiding Fersulfite fonsrom L 119
tyselfatedens sentainedin the=solutions wherein thessolatiorecantaining furic
sulfate ions is allowed to flow parall it electro '
o L 0,000 U o o a0 e Tt i ate et | se
thpbrsEfRVEEE sostcBétieen d&id%let6Iyiic PEaAGbN aparatus 8fd &
agéccleaning.apparatus fhatuses petsulturieacide andswhereismthéuric acid
ret%rggg@lture of the solution that is electrolyzed in said electrolytic reaction
%pparatug is kept in the range of 10 to 90C. [Means for solving the
[ SwrBBlERs] [0002] Thus, the sulfuric acid recycling type cleaning system
[ of thesinvention specified in claim 1 is characterized in that it comprises a
: Sleaning apparatys that cleans objects using,3 persulfuric agid solution as.; 4
cleaning ?de, an glectrblytlc reaction apparatus that regenerates the ‘
re pEfulfic aBidPsolutiorEly: paForniilg efdctrofficteaétio¥to Frodice: 2n-19
appersulfate iansfrom:sulfate ions centained in the salutipprand uric acid
=oflieylation line thaj grgulates the pereulfurg acid solution betneen e .. ;o
cleaning apparatus and the electrolytic reaction apparatus. [0008] The
apRakaricacill iRy cingaype tiedhind sy stemsspeciffiedinttaith 24 t+on oY
pe eharacterizedlisdhatinthe sulfutic acishrecyclingdype cleanirng:dystem dfons

f:ctal’zlre ms\{lein ia%] th%é%@peégwggﬂgg&e in the sclution 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
ke APPBSAtS iStkept ththerrangerof thdrto 90C s:Q[0030F arhe stilfuriciacid

[qﬁ%%ll]ng type cleaning system specified in claim 4 is characterized in that
e sulfuric aTcid recycling type cleaning system of the invention comprises.
1n a heatifgTheans toteat said@B&ningflufel 2B{0TTL] @ THe'SGIRHEacicd
redgeyeling type §|W$MQmﬁsmmﬁd§ﬁp@ﬂjm bis-eharacterizedyn fratng
an e ylfuric acid regycling type. gleaning sysiem ol Lhe Invetion comyyrises

a coo mgl“r,nea s to cool the solution that'is to be electrolyzed in said ‘
elééiééft?cilyﬁészo reBeash Appadratus 60127 2 The sulfuri®a&idresydiyg tipe: <
soﬁh%qmﬂg &y@te@kﬁmﬁm&e@in p@im@'t&cha_raﬂtm&edﬁhdﬂnat the sulfuric ions
co3Cid recyeling paets clepning system, ol ihe pveplon gomplises 2 680UN% i ng

the solution that is to be eIectroI%/zed in said electrolytic

means to cool : ]
suyBacton apparatuss JO0FF T HeSsUfAE deid rechRing type diénifig ©Ctrode

susystem specified imelaim ziscehargcterized indthatithe Golfuric/acid  and  a
ciggg%g@géxpeline rhat c¢irculates 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
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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
solgarrortbasflucroethyleeo 1p[oed ST ke sdlfgicatidesycling Ipsect ion

clear?:in% s¥steg1 S ecifiewg ig céia_fthQ '_ chatrg%terilz:g(glilr}?g\aégﬁe g.,ng ricl -
PPEGG ré'}i:yc n’&f’g y%é)tclee?nlr{?g sys 8m of the invention comprlsessa creaning
£ 1udecomposition unit that decomposes contaminants removed from objects

by said 15 cleaning. [0016] The sulfuric acid recycling type cleaning

[O%Efém specified in claim 10 is characterized in that in the sulfuric acid

F8eYaling fype cleaning systemy gt Ihedguentign, the soluliontape g0 rieqg in

electrolyzed in said electrolytic reaction apparatus has a’sulfuric acid
cladoncenimationam e rangecct 8M tbBMi[00173 sTHd sulfuricadid recycling

recycling type cleaning system.specified in claim 11 is characterized in
VBl at I S OLRS T 1 26 Bt TostHon Ror SN RA Rt ™e of the
so1sufuee aekkrecyeingitype eleapingisystem-0fdhe inveptonyatieasteai-« ion
anode is a conductive diamond electrode. [0018] The sulfuric acid
2PPREFEIT tyfe ERIARINGsy<hemSpagifie@n 36 kM P72 fs-characterized in
{Oglfléjn the sulfuric acid recycling

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.

[0011]

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 comprigses a cooling means to cool
the solution that is to be electrolyzed in said electrolytic
reaction apparatus.

[oo12]

The sulfuric acid recycling type cleaning system specified in

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

cleaning system of the invention comprises a cooling means to cool
the solution that is to be electrolyzed in said electrolytic
reaction apparatus.
[0013]
The sulfuric acid recycling type cleaning system specified in
claim 7 is characterized in that the sulfuric acid recycling type |

cleaning system of the invention comprises a heat exchange means



16

15

20

25

30

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.
to[Qe20F cThe baihdriccaciéi regyeling typeicleaning systerpspddified ipedlaigen the
14 is characterized in that in the sulfuric acid recyclin e cleanin .
OB o the IR, SERHBAE L Cot OTL TS S ToAF ot e oLt iom
f1eke 8 TOLototaharganicsearben)increasesesulting fopntherremouakof he
organic contaminants in said cleaning apparatus to the rate of persulfuric

CORBIATRGANRILH i SSiacaleSPOIHSIS APPaRIES [HBFSuRRTEABIE Broduclier ¢

/ s TQC te ] ' [br)) is 20 in the
G 0] 100 G007 (001 Thb sulfurs St Jesting e Sleaning

I 8ystein specified in claim 15 is characterized in that the sulfuric acid

A S S e e B s a5

c1dirapHreswaten-ela Bydrogen perddde solutionto saidperulfurie acid ion 1ine
solution. [0022] The sulfuric acid recycling type cleaning system

argpdRfdl MRBOKIART 2695 chaaEferirea R ity #Heesulfuric acid
[62FYSlng |

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
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
electrolyzed in sald 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
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-

claim 12 is characterized in that in the sulfuric acid recycling
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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

LYP&iF A0 FRMEEN TNt the sbitfion AR injEBforrfBATGHG Ve diamond
e 1diraprevater o Rudrogendgprroxide solusiopreplenishmentling can e ;o are
controlled based on concentration measurements taken by said sulfuric
se ldcid concemmtiommeeastrdment means 2j0024) ERwCsyifitie aviduced by
recycling type cleaning system specified in ¢claim 18 is characterized in .
L ] Sy G Ke LR, Sre S Hod B emoving
thelnetian 85 the ultrapure water or hydrogen peroxide solution from said
uItraFure water or hydrogen peroxide solution replenishment line is
LOgdriducted when 20 the concentration measured by said sulfuric acid
THANSSARRIIPNMEAsementmeans is Q,eM-9Lmote DiIghartian &, cified in
prescribed value. [0025] The sulturic acid recycling type cleaning system
clagpedified in caimakischagatterizedan that sdid sulfufivatid acid recycling
concentration 25 measurement means is designed to use the
s R (RS A b bcohii DA fob 2y P rhbeaned
is sulfusigiacidhracyeling ype sleanirg system specified in claim 20 is
characterized in that the sulfuric acid recycling type 30 cleaning system of
LOflihvention comprises a liquid volume measurement means to monitor
TR ¥85491&9@h£&1%‘%@89£&%&‘1‘#h€ eANAg YESSE] 'Egglfjeﬁle Y9 fied in
apparatus so that the injection acfion of said ultrapure water or hydrogen
claperdoxde sotutnaeplenishadentiindustcamtralled badddion aneasutemnsents 1 ing
5 tajfen bX said liquid volume measurement means. .
cype cleaning system of the invention, electrolysis is contreolled

so that ratio of the rate of TOC (total 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
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
hydxrogen 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.

claim 16 is characterized in that in the sulfuric acid recycling
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[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]

YD Hel SHAHE ACRY RIS typdIeaNifg 'syStem Spedisd if ki 221g ter o
nya£haracterized.in hatdhe sulfwic acidrecycingdvie dleaningsystem ofithe co
invention comprises a liquid weight measurement means to monitor the
inj eveighticftheeleaning fuidin 20 heltleanihgrresssiipssala Bidakiy into the
apparatus so hat the Injsqtion, ation.of salf yiraplre YAIEEOLIVAIN0EN.,
roxidé softition replenis Rt line S controlled based O Measurements ’
[ odakgn by said liquid weight measurement means. [0029] 25The sulfuric

acid recycling type cleaning system specified in claim 23 is characterized

TiehErhHE STIRFE ACE TS ChRg (YR TIBAMNE SYSIEHBF ik Tvntibn =3 11
c1a BRI9 Yopid weight measyrement Means is.desigpged e @@i@&;uf_%g%?:ling type
combined weight of the cleaning vessel and the cleaning fluid in the
clezieamnosvessel 30f0030¢ iThesulforc acidredysingaypepérsaifariecid
acid su%)gy apparatus Sé)ecifig,'d in crllaimt24 IS (:I{la{actegﬁ%d inuqrngt itic acid
COnGaRpticsd B SIEAfONTIE Teaction apparatus that performs electrolytic
condeaatipAde segeyrerate=a pensutftice asisl selulion-hay prgdidningpesutfatesaid
ions from sulfate ions contained in the solution, and a circulation line that

ult eRbiER Y He PRI RIS SORTITH Heth sth' Sdid Ry ficredetgrt tine
can 3RRALAILE 204 Acleaning ARRRAYS (DAL USAS REISHILUIC3CHl003 1k aken by

10The sulfuric acid recycling type persulfuric acid supply
said sulfuric acid concentration measurement means.

bot

[0024] |

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
‘water or hydrogen peroxide gsolution from said ultrapure water or
hydrogen peroxide solution replenishment line is conducted when
the concentration measured by said sulfuric acid concentration
measurement means is 0.2M or more higher than a prescribed value.

{0025}

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

cleaning system of the invention comprises a liquid volume
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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

mea%ﬁa%t&?éﬁ:zéaama%é%ﬂﬁwq%eré@%wtﬁfe pBAsWRFRERE sy in
he 2RRAIAIYS Of (e Jnvention comprises.a heating means fo, heatthe feed.

solution flowing from the electrolytic reaction apparatus to the cleaning
injapparatusin-daid cisCulation lind to thenangea0f 400 25thd0Cg {033} roxide

The sulfuric_acid recycling type persulfuric acid supply apparatus specified
SOl PP RETed I hatne et her RASCIG B pergfment s

takéﬂC@yidsawlxﬁ%ea@t%m@éth@e@ya@%&@@mﬁ&%@%a heat exchange
means to perfoim heat exchange between the feed solution flowing from
LOGRE Electrolytic reaction apparatus to the cleaning apparatus and the

efurn S ution rowiQQIfcr g?(%{ a@' apparatus t g\e %Iectrgl ig Fied i

R e e B Ba e im

clatecyaling typepersudiuiic atidrsiapply appamils specified in aetainy 28 isig type
characterized in that in the sulfuric acid recycling type persulfuric_acid

cleappp dpparatts Of thevartich: tHeBufSBRS Soficéntratidn st shid e+

neasSQMABNt means to monitor the liguid 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.

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
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]

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. |

(00301



10

15

20

25

30

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
They ppiyldppakatusofthe fveatdm pasEage Pirmstid Elgulatiortive arpply

appd0age of tetralliaroethviene. JA037] 29Thus. gecording lo,the presenty . 5
iInvention, persulfate ions in the cleaning fluid seﬁ-d%compose t0 deve op

compnimddizing pever whithin turnsecvesdar efiectivedemovakefl performs
contaminants from the object being cleaned. In the cleaning fluid, the

eleqgiratighic ackPesicsitrdtfo GrRATUEN 8 RS the Dirsafde iBRd vt ion
by dedgdhe sqlutiop.continue tg sglf-decompeser This ReRSUIfUAC Ao g in the

solution is sent to an electrolytic reaction apparatus through a circulation
soliinéon, thenelestrolytivxbattiomappamtobagnalentrid sbrent Iseapplisd: 1 furic

ac eEN an.anode and a cathede (hat are plaged Ina soluign contalning g
a cleaning apparatus that uses persulfuric acid.
{6031}

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
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 90°C.

[0032]

The sulfuric acid recycling type persulfuric acid supply
apparatus specified in claim 26 is characterized in that the
sulfuric acid recycling type persulfuric acid supply apparatus
of the invention comprises a heating means to heat the feed
solution flowing from the electrolytic reaction apparatus to the
cleaning apparatus in said circulation line to the range of 100
to 170°C.

[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

of the invention comprises a heat exchange means to perform heaf
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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

exchiparaketyepsurbedrtindote Bifetave Hleahing Wiirmidiaafding erotvtic
constant persulfuric a |(g can egggg . hg té 12 process ig (tﬁar&egt

reacu%%%ﬁlfl? Faci %ﬁla%y ge useé: to pro ucé% pgréu?fur?c aci% SO|U'[%FI in th(lé”:L ol

soleldetmlytictenctiofrappatatus iwhichisithem sentttodheccleanirg ectrolytic
apparatus to start the circulation of th(i{gtersulfuric acid solution. [0038]

readigbds R H i Self HetdhthdstE FASRF PMghe femperatures to show

[Ooty'gr?er cleaning performance. At a high temperature of 130C, for example,
the self-decomposition rate is as high as to achieve a half-value period of
ThbowrfivEuminatess inltheeslgettdipic Feartionappardiug;ich geistheppply

appahrangugerssu'f%‘%ggc?‘f{% '%Eéofu‘f.%g Tore.glficient r%‘i;]zde%)ei%eggggein the
su‘:f"fer esspd%mage at lower solution temperatures. In the present

sul fiventioncthe eleapinpiappargins andthelalectielyte tenctoprEppasaisratus
are separated from each other, so that the solution electrolyzed in the

of tHBCHBN/EE Fdatior Rfparaths Ean S niIRGR YT EE 88 Iower a1 d solution
iz demperaiyre.than the cleaning fluid, serving to increase the efficiencies of
the processes in the cleaning apparatus and the electrolytic reaction
[ 00a@gplaratus. [0039] The cleaning fluid can be maintained at an

appropriate temperature by heating with an appropriate.means. of heating.
T R EAR 4 o1 REAling G0t 0r e FRGOPE TMon e DUt P 27

C1 re 1C aCFJ.
uch means of heating us Invention include,

appdifditeddos petinayheatarsand ather Heatingapparaitsesdhatpetianmof the
heat exchange with hot water or vapor. The appropriate temperature

e leGhrgelBFikd-eearidg ifd- ma6E FoP 1Y ckamme clrdmr oB R 1 76EsSTHe the
sulﬁ%@n%gﬁo%@m%@ete&;éuEléricsaeﬂ@@pi%i%@cq%iega%%aagggmms

temperature falls below this range. At temperatures above 170C, on't
of wWikerimarel pérsulfusit abithwill seif-detohtpose &t aeaguigh vate Ghanfaihd
ggéi&iize the resist sufficiently, so the above temperature range 15 is

t
elecassumeéd to be appropriate.

{0036]

The sulfuric acid recycling type persulfuric acid supply
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]

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 obj ect being cleaned. In the cleaning fluid, the persul furic

acid concentration gradually decreases ags the persulifate ions in

the solution continue to gself-decompoge. This 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
solubiperdtarefils befoi25ethe ¢aAge. VhitRe GtRE Hart, ARpR lBRge Rebr rough

.ener ill be required.to heat the cl ing. vessel t %Hg er gloit
» T S A A Seenersrlop e e e, o
eledbatbisiset practicaldroritbis leaserdhissmoredesirabld thatthetloder that

limit is 40C and upper limit is 80C, 30 respectively. Said heating means

are FMRGSing Tnari iy bE'broNHEG HRRE cRAM TR s bt g 9eT to
oxidlegiralyticAeaction,apparatus, Phmay-Re Arewided in the cifculationines

Or, a separate line may be provided in the cleaning apparatus or the
regegiectediyitoryeattisriapparbtsito peticing héatingror vodlihgiofthef iciently
. .solution.[Q04.1] T erature adjustment of the solution bei .

. 1f
SR a2 Bt (6 COToN Lo 2 aPing FUid dah bEaeheved By £urie

acidntes haatiexchange dhat is perfimethasiheyqarespatisems=eitherough the
apparatus 10 to the -other through the circulation line. If heat exchange is

c1rqibhr d@behiden tHedRURGH YA Sofftioh \(Fettireditighthat Rgs @b ect
wi tk‘f%@@@%@@ﬂ%&?&%@%&ﬁe aad flows from the.¢lganing apparatds

to the electrolytic reaction apparatus and the persulfuric acid solution
de sdfedokesblationy ¢that Has &5 sompardtivelyddwestehmperature and flowslated

from the electrolytic reaction apparatus to the cleaning apparatus, th .
DR LA TO W Mt IO ot it T T COIEe Qe e debrgdapytie

emper ed as It IS aeprived o

readteabhy-hgdeed selution andruilieach mismperaitse desisabletoning while
electrolysis in the electrolytic reaction apparatus. The feed 20 solution with

ma ingtpyivel mperafE #itbe HeatebitiotgIRRdat xMargbrand R phen the
Do e 1y he Sorarot i 4 apiora et heans &f hoal exaraas = 2
persuthwshrarddisaiger iDieimdtbiat for passdgasiin tendicutatieplinpgatus,
ns SR e 5 eestoe (o et peans sl e TS A
cirdyiparsuhudgaele persulfuric acid solution.
[oo38j

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
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

lower temperature than the cleaning fluid, serving to increase

11



10

15

20

25

36

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

the sppaiatusni0D43] irftHe sy stemcdesetibetiralidve, tiesolitionapieratus and
electrolyzed 10,in the el%ctroII%/tic reaction apparatus contains sulfate ions,
s 573 B

the fhfih e &ffidiendy Bf pertiffatéion production in the electrolytic

[ ooreagtion apparatus is largely influenced by the sulfuric acid concentration.
Specifically, the efficiency of persulfate ion production increases as the
THaIfuFicaRid 1S chhténtratin Rer@asestiRe SultricacitiioheBntatch

temiéa93%@@;%39%%%%%@9%{ﬂcagg%rgmﬂ@%es%;&,swilﬂlgsgfsge. Such

in solubili more difficult’to remove from the object being
mearcieaned aonrthisy e sulfurcraditt €opcesteationiinthe sbhutioihryseddfer but

this_system should 20 preferably be, f le, in th f8M to
R0t GRS inG San FEHLORY LB NEF Tt Shotid ForB el b B F0 5=

r haansupRerlimilshould.-mese peefarably he d7Ws respeshivelypl0944the
However, the water content in the sulfuric acid solution 25 decreases,
ApPIRBEIRERY GARGART 85 % ISR DI TTeticly it TR Dt BoftdiR e . Tor

R R e S S
persvaléoedrtentid 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
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
example, coolers of an air-cooling or a water-coocling 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
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,

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
SptefehedthRSs H6 UMM pHRE WesHor Hy dFFenherdxidesokifieriided on the
' [ royi i id ultrapure water, or
e aloX s Saa 10 oSl s (e oo P oe o may
be pleanintpvesselimthe cleaningtapparatiuse[0045] alfdth@aperaioi ine may be
supplies, water carelessly as the water content appears to have decreased

PrOgipfiftatiy™ e Sttt Ao ARFERERTFation My EH&TJe fRtgdly foreaction

app&edsa:8 lageshangedn hespariprmancedenremovakofigsist ang Oher
organic matters. So, a means of sulfuric acid concentration measurement
[O®ayl be provided to measure the sulfuric acid-concentration of the solution

DAL AcylAna iong.the cieyiaion g (o Blow20 SA UERUE, - oy ang
water or Eygrogen peroxide solution repﬁanls%ment ine to perform Y
the igjettiari operatioh hased omrcongehtratidndaeaburemaenisitakenpyisaidr heat

means of sulfyric acid concentration measurement. Concentration

eXChaarbbtay & SHAIRBRAA AppiopriateuRpRY 25 ApratiligtordipRratus
to Hheoperater to9Ralale thedltrapurewateror Ryd{agen peraxide sQIioR 4o 15

replenishment line based on the measurements displayed, or a control

periapeesidataberpidiided s the ulrap ure whier be hydiodere paroxide lut ion)
thafy o 7 e@%?gﬁ%?ﬁ&%%@fi“ﬁ%‘gﬁ%“@'&%‘j 2%%%%1%% t%%Qeﬁfg&esm%Qtém the

0 to allow the ultrapure water or hy rogen%erom e Solution
cledeplagisiypantlinesa beropetdted avtomalicallyeact ion apparatus and the
persulfuric acid solution (feed solution) that has a
comparatively lower temperature and flows from the electrolytic
reaction apparatus to the cleaning apparatus, the return solution
with a higher temperature will be 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

solution with a lower temperature will be heated through heat

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

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

appropriate means of heat exchange such as heat exchanger. The
material for pagsages in the circulation line including the
passage for said wmeans of heat exchange should preferably bhe
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

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
rescribed concentration in controlling 10 the operation of the ultrapure
(%%Er or hydrogen peroxide solution replenishment line. In this case, it is

ruvefRIredthat said ltsapure, water,or hydregen peroxide, %PM%% cluding

replenishment line perfoim the injection of the ultrapure water or yé’r%gen
res petokidetSohutiohedie d iiresmeasyredh Concentiationbetomes 82M e lution
more hi&?er than {he gr,escribed concentration. This is because the
t th I2EY

a8 Aofficiohcy St psretfunE At Srodtctioh i thé TetlSiydisiegeppos ition may

be paesreases fapidlydf§ e saneartrationhecemes D:AM:on MQLe highe! ki ce
the optimum value, while influence on the efficiency of persulfuric acid

may hrduciioh i§$ARIIPtheR0-MifETRNEe 36 RRSRINAH-O 2V [BPBEIratus or an
e leé@f%g{%e%gé@j@gﬁqr&&g&rg&g@ 9of the ultrapure water or hydrogen

peroxide solution replenishment line may be performed based on the
- {00vgldme of the cleaning fluid in the cleaning vessel 25 in the cleaning
Inaggaratus in stead of b,aginfg on the sulfuric acid concentration. A
d F

Credsein e Vofl e BFthe R fing ffidSAditate™ Figeif théstittind vzed
in cAeideenaeryalion dn-the-cleani e ¥allgeef the $QHONHAs | ang

the circulation line and the electrolysis reactor stays nearly constant

thexngipges0 theclediing hna ele b lyeis probEsdes, hnt aralvadigetinahe 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
concentration decreases. If the sulfuric acid concentration ig
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
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

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

peroxide solution, a replenishment line may be provided to supply
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OPPRREA di

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

ultiPpatkfedSarsd A MeBKE TeARRASERE thetaRodorthe fuimaf be a
perNeaps of 10:liauid leyel megsurermept flguid;leyel, MeasYIEment Surface of

required, or a means of liquid weight measurement if liquid weight
thermedsurementdis degired 10r the Velumeefithevdlédnimgdhrictar be to cause

detel.mined by measuring the volume of the space left in the cleanin
bar ool e BRI GaMoh SRee ARoes Lo d et LN LI L cace,

lealtDimeaguie themewntof thessleaningifiuia futeanserve forrthepurpgserogen
of measurement, and various existing sensors may be used. In performing

PeTgHdifimeRURMER, BR otk HYuitFRIE ot Refght nRRFR&@ bRSeriBed avoid
ch1 80 that the prescrbed valug.can be 20 comparsd with fhe meagurement o, ,,

allow the ultrapure water or hydrogen peroxide solution replenishmént liné
pertoperforme teplénishment epésitioa(on/offswitehipg;dnjedtoh Yolumeh a way
n control, etc,) based on the differenc v§lue. 0047] 25In.t eelegéré)l ftic
Ehab, 8931 apparahs  Sedidiyds 1 paHSTelr 8n BPardfdledfodds P8 +8

in-japedeiand eathagle. Fot thewpresent iBYeRtian, IR aNouPesic in the
limitations on the material of the electrodes. However, if platinum, a
clegnidianéeRidely B8ed as electrode material, is used for the anode in the
[0 §Q5ellectrolytic reaction apparatus of the present invention, persulfate ions
cannot be produced efficiently and platinum will be dissolved undesirably.
Eoniparedavititthis sadaimend waectrode cad produgceapetsidfate fens content

efficiently without suffering significant. damage._It is preferred therefore |
SRS BB SIS (REA T EHNSHE wiliER WOt 6aAce 3

conberstifateiionsxand dtismereipreferied thathaththe angdganehiigge in the
cathode be diamond electrodes. [0048)
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
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
apparatus to allow the operatoxr 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 the measurements

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

rep MRRIFHERE diahiend RyeRwiRSEE bfimaieteasiy éahe Blectric current
For Gensity.ingreases [004829,A pracess fqrpradug] egcﬂefi%lf%t%‘{g@%ggkxs on

sulfaté ions using conductive diamond electrodes ‘has been publishe
the @emmmellls etal f EldctrashemicalrancrSolid State hettorsr ok (2)f it can

77-79 (2000) , Tok hgo([% %Iished Japanese translation of PCT
ST il O A AR 2 G361 £S5 151 Eae b U ErEoReeY - Bt

the €lgelri UHBBRLANSIYS aRQUIL:2 AlGa2HaweYek i thecAse-ofan can
electrode consisting of a thin diamond layer supported on a metal

detegabshate; e Biakioneayerdih peetefrdcRfaled wior fkd Bhort period
A g&%@srmﬁse itd5 prefetred 1o hee aglf-standing tpe C@%ggg@e%‘ﬁgg@ﬁbed

lectrodes that are 30 produced by precipitation on a substrate followe
befdnetemayaf of thesubstratei (0050 Said thihiayesaécorducivecent ration

diamond is produced by doping a thjn diamond layer with a required

can BhGHERFboron o HitrdgeR 5 ttirhy ot By miftediS proteSS R w01 Ling
the OHarde alavsthe lryan o-develap £onductyity, Boronsdopeddayels awiution

used frequently. If the degree of doping is too low, the layer will not have a
replgesirrbinesinoldgical abvahtabe, aae theléffdat ab depirrmeil Iéve of Siid

he layer is.doped excessively. The optimum ree of doping 10 | .
1t RELR 0P TN !
L A oo e B Grgprene Line
per fearhorhia the tbintdiament tayer. 1 Eoriherpresent invantiori-conductive oxide
diamond electrodes in the form of a plate are used in most cases, but a

solull oh Xrdta MG BRI Te TR B2 bled PRIOTShE pris&if more

highwerlig thele prescribed concentration. This 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
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
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

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] Itis 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
vo luappardtushssetbiial bereittiel of cesifgleadisbprasessing yperodofe of the
batch processing type, but soluble TOC substances aye dissalved into the .
i SR o RS S M A RS
£1uidueng: the eleaningiofan elecironic sulisiratesin said Tlepringapparatusaning
Here, it 30 is necessary to remove the TOC substances efficiently from
fluife igle&hifg FLRPEIIBre(RAERLad &SR o Brganfc BRIEtARCALaTETRE bY

appr%?%&%ﬂ%%Q§H§t%c@%m%@rgﬁ@ea&%ﬁﬂ@%%aff%pﬂ%i%r%tflow the

In the electrolytic reaction apparatus should preferably be 10 to

injes00itimespke generation tdte (gllthi BofeheRC substacessivat pesutxide

from removal and dissolutigan of resist in the cleanirﬂ%g aratua. This

SO1UIA 08k R MRV RHSBY bhtdtite BoriBe ! T Consantb Sy OB the

neadopaation-of prisulfidic.acidnpermitting-effisientcleaningane efficieRtasured,
electrolysis. For the same reason, the lower limit should preferably be 20

Sa1Ca M BIeSUPise rE R ShobRl af@%%‘éw@e%b@, fdspidiipely. be & means of
11@6&%%@%@@?%Wéﬁ%eﬂgvf9%ﬂd 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.

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
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.) baséd onn the difference value.

[0047]

In the electrolytic reaction apparatus, electrolysis is
perfcrmed 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 the

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 )
Pe“é%g?d?ﬁi&Péé%tﬁﬁwf%rlaﬁ@%%dfﬁaﬁﬁeﬁm%&%ﬂm@&gﬁiﬁb&um will

be aiised ieneatedly.and that the persifute agid-solulion Whigh SEHes 10 e ct rode

enhance the removal performance can be regenerated on-site in the
can glecitblytic pacton.dpgaratustendedsed-foroiearing! 2bpgs3putfering
. _Furthermore, the sulfuric acid recycling t persulfutic_acid suppl .
LT AS o T et ohaas o ot SetBhE (o babai i amend

eledbatiprifeius alectralytie reastionite agenaratethe pesspfudmaeidoersulfate
solution by producing persulfate 30 ions from the sulfate ions contained in

iongheassiufionl arfcE LIRARRIRRE T Eircalsfe S Mot A BenvEEnTRE ode

he Slegtroldic reaction apparatus and the cleaning apparatus that consumes
persulfuric acid, so that instead of adding chemicals from outside, the

[oosufuric acid solution can be used repeatedly 5 to allow the electrolytic

reaction apparatus_to produce and supply. the persulfuric acid solutio _
B EGHE TR SSOIb PGPS OBBAP C R T A RaR G that
is pHening-showingsa mede eftbe ssifusicasidi Lo renyeting type-eleaniDgsuch as
system of the invention. [Figure 2] A schematic drawing showing another

silimedevst fivs sysaiFipard BLA sariutieidravdigenpring eshote srrmed.
co1 {BRSHWIGaEE4sHlRY WP RRIRIEE 2dd pPlRpRatAlIR  dfiSroducea
by performing precipitation to form a self-standing type plate
of polycrystal diamond instead of using a base. A product
congsisting 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.

{o049]
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
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 |

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
the 1apgsgawéesupply 20thermal decomposition reactor 21heater

[0050]

Said thin layer of conductive diamond is produced by doping a
thin diamond laver with a reguired amount of boron or nitrogen
during a diamond synthesis 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 |
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
are no specific limitations on the number and form of gaid
electredes.

{0051]

It is preferred that the electrolysis using said conductive
diamond electrodes be performed by applying an electric cuxrrent
with a density in the range of 10 to 100,000 A/m® to the surface
of the conductive diamond electrodes and allowing a solution
containing sulfate ions to flow parallel with the diamond
electrode surface at a linear velocity of 1 to_ 10,000 m/hr so that
they come in contact with each other.

The cleaning apparatus used may be 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

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
cleadaiplflic tdaetichrpparattisrer tRENEHBE eoitdeicd IhpBER-es onto
the "SI PIRG %3“%@%@9«59&%% °10.8 9!%%’}%%%%5%%8 ‘%b@gﬂ furic acid

corresponds to the cleaning apparatus of the invention. oth the return
prodipe-4andthesfeed pipeb) ai least¢he innar suifacds:aremadecef apparatus

tetrafluoroethylene, and a liquid feed pump 6 for feeding the persulfuric

shouleh RBREBRZS DI e thE Sne SrafcTRRuFeatFE 20 THE GRtufatls &/ )

of dife aldhe lnyention 25.compisessald reriraRinshdesd PiPRIS@Rdo1ut ion
liquid feed pump 6. A heat exchanger 7 that corresponds to the heat

of rexchehdermbans bt thelingeriioa s providdd bstweary tie tot@inlplpyg a good

and the feed pipe 5, and said heat exchanger 7 serves for heat e %mn e ,
o3 aR e SA e OO T S A Sod D LB R ShUL 28 acid.

periloninigin dhe feetkpipe-5.darihedubed @mot shownxwithictheolysis. For the

same reason, the iower limit should preferably be 20 and the 'upper
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
performs cleaning by using a persulfuric acid solution as cleaning
£luid, an electrolytic reaction apparatus that performs
electrolytic reaction to regenerate the persulfuricacidsolution
by pi"oducing persulfate 'ions from sulfate ions contained in the
solution, and a circulation line that circulates the persulfuric
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.

[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

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

ciraielahsiREt ool tHehsdlution-preterably RP10 ol 90C RFHIEIRE fEde

ele@iﬂ?o%%? {ray. be provided with a heating means thatheaf; t@%—@%‘k‘ﬁ%s that
preferably up to 100 to 170C. [0057] An anode 11 and a cathode 12 are

conprovdedrrsaid Blectrolysis reactor 10zndibipolasélectrogéd 3z . thareicals
provided at 15 prescribed intervals between the anode 11 and the cathode

£ron PELE ilPoredefit Fvehtdn IR EEchiSdeshay it st A BFbIAFRpRtedLY
to aluldnayRompase Aplyan anadeant-kaeatheds Saidapededdand dheupply

cathode 12 are connected with a DC power supply 14 to allow the
the eerdlsisvenctiord0to peHebmUireeBcirEm-20 electrolysis. [0058] In

thi§ e@bogime 4 said eée%t %deér]ajsadg a d 13 comprises diamond
EBrJé ectro%lgs.régi% d?élmgnd e{lectrodes larég p?oduced by producing a thin’
[cafiarhond layer over a substrate and doping it with 25 boron preferably in

. the range of 50 to 20,000 ppm relative to the amount of carbon in said thin
EFl%"rHﬁero?w% Ry e o Vit itay DeH S R BRER P E fd E1sttidder 1 ¢ acid
rec%MTiC:‘Jh'o Rroguced By reraving the-gubsirate after,producing the thin

ayer

. [0059] 30The cleaning vessel 1 is connected with the theLLual
[Figerenipositivriemeatol Q0nghieh gctheapondspabieie copgjsosificie system.

%éor Pernal g curs o acid

{Fi%ﬁ:,@@%r%t %Oéé@%é@é’zgﬁ%oﬁrth&%“ hscf{c‘dr'a}i‘%”a"%ﬁ’gg

7 ecomposition , 24, which are provided's parately from said circulation
recyjioeifAdiquigdecgpump Zdisiproxided istpeline apparatus of the
invention.

[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]

[0055]
1 cleaning vessel
2 persulfuric acid solution
4 return pipe
5 feed pipe
6 ligquid feed pump
7 heat exchanger

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

13 bipoclar electrodes

21
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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

14 recfingeyfrecledningsystem 15 configured as described above is

oo €XP %née)%&%?lpwe@O%@gg%%s%gg%w'ith a sulfuric acid concent_ration
of 10to is poured In the cleaning vessel 1 and ultrapure water is

21 addedarpde a volume ratio of 5:1 to produce a sulfuric acid solution. The
solution is sent continuously by the liguid feed 20 pump 6 to the

25 eledirbly<iPHRIIPIT Tn HRPREHENER actdr %0, electricity is applied
50 10 the.aneds, &l apd-the sathede 12 by the DC power supply 14 so that
the bipolar electrodes 13...13 are polarized to allow anodes and cathodes
40 to bevdlfmedat préstrivedyntbivads. THeesalaacddntté thaeledtrolRIBLY
a Drej:%cécglrslo is 25 allowed to flow between these electrodes. The output of
PPe liquid feed pump 6 should preferably be adjusted so that the linear
50 velagity phithiecligidd dowdsa dretherrandeof deta 460:000:mthra fsthermsre,
the application of electricity should preferably be adjusted so that the
51a cyrrbAtiensitSttte GHEEE of the diamond 30 electrodes comes in the
51prange gf 1Qita 100,900 A/m2,- [0061] When electricity is applied to the
solution in the electrolysis reactor 10, the sulfate ions in the solution is
52 oxidizeditoifosmagepsulfatations, resulting in the regeneration of the
[Be ttgrsﬂlflfaric alg:i(;(i:g_%)_ﬂlllfltiogfl1 2. ;jl’ﬂlg, %%{gU';lﬁ{?ea iggg tion 2 is sent
rou&h e féed plpe%ﬁoqhe cleaning vessel 116 provide the
[ odmgdt-concentration persulfuric acid solution 2 in the cleaning vessel 1. In
the cleaning vessel 1, in spite of a slight decrease in the concentration of
(Em3arstifaiFiohs Yésulting from 10 self-decomposition, the solution
aAn <iisylaieshetweentbe.deaning vessehL-and the; lectrplysis 168619hL0s s tem
and it is electrolyzed in the electrolysis reactor 10, producing persulfate
of {dns tormaintaima High-evhdevitreidnist pews ditse tbrisn FBL tig prdctical
mode, the process of producing persulfuric acid from 15 sulfuric acid
B g BT Boro WaS HebarIBad brbvisuSly: BT forhe Tvehtion,

elepersyifutic acikmay berpragyred-nadvatice: Hdowenetntheaiseief connected

electrolytic reaction apparatus for persulfuric acid production_is

thrgRgEnAgEE G BRcRIRS périfithie abRFER BEDrod k@ Fof SRB™SHIBoESSse L

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
comprises said return pipe 4, feed pipe 5, and_liquid‘feed.pump
6. A heat exchanger 7 that corresponds to the heat exchange means
of the invention is provided between the réturn pipe 4 and the
feed pipe 5, and said heat exchanger 7 sexves for heat exchange
between the solution flowing in the retuxn pipe 4 and the sol@tibn

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
hea & P BERBITE T dorodhraliGR i (o Elekiiig 30 V584 fifs made oF

et #3G72a860WR 19,8 seduired levels J0063] Gleaning @b AREMNCIRIUCIORhich is
wafer 30, which is the object to be cleaned, is started after the .
resiempaiatie oithe phisufificarid'solBfof2 that dcts BRCIERSing figUiKinpipe

the cleaning vess has been incr ve- ' _
o BN R e e DUla o T VO, prevens
damd@anersesinibe nieaningsvesse) 1 plenthe Claaning wessel 1Hsrongxchange
oxidative conditions have been developed as a result of

be twafyddyin SEHEH BFSerstIPAE 16T SHd e REs s (RfE §ET B tRGs ¢ and
the hedd goptaminants gtc. aphe seRVGONENGIOF wakeh S aeemoyedent ion,

effectively and transferred into the persulfuric acid solution 2. The
the gubstarcasiemdvad dreeraiisfeirdgdnwithe persuifliicacigaolatiohal cools

are gdecomposed by the action of persulfate, ions. Tl rsplfuri acfEi in .
the (8 EREROR Potat P Lon e 18 el o weadlB s iagh e Pipe
5 mdetute pieé anddheliguidfene pumpst raachpershiifatehions are peodicedt ion
from sulfate ions as described above, so that the persulfuric acid
prefgraditation ifich s tacled?el as a result of self -decomposition is
[Od'ggrjeased to regenerate the persulfuric acid solution 2. 20[0064] As the
persulfuric acid solution 2 flows through the return pipe 4 from the
Apleanimdpvédselridtatite sleetolysh razepr o iidamdergoeshentectrolysis

ron EhARGE inih Nl efchanopr 7 wifihg pErsyricand saliian 2 e
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
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
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] |

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 tq a temperature of _
e c R HbOUPABCARHTE (HE pet I ING R E SRR 2 oG SFGagR Rt Lon

appd©ad 0iPe b istheatedup-tosntemperatyre of neanly abeut 4306 ¥ Hftelhermal.
the heat exchange in the heat exchanger 7, the persulfuric acid solution 2~
decdiopimg thiougRthe refurnyBide s cosR mutaralljaftefRariIrate diadtampteaid
cirapatads Hich 92 ﬂ'tabj{%,t%@@afgga;ggj%f'ﬁ%rg,\ég%g%%c(yoyn'feﬂgreline
posItive cooling 1S necessar , & cooling means, for example a
of wvater6ealing:af ldmiptpelintbmeansmnay beqrovided fariforcerbcoaling the
of the electrolysis reactor 10. After undergoin%aeat exchanﬁje in the heat
comxbppidgEr Pin&PRrsufricdtid SoubioR 2% ovithg thfouhthaseelpipe. =+0n
22, 2eachgsdhe cleaningvessel lp@rag rixeswith,the-persuifude 86id r1uid to
solution 2 left in thé cleaning vessel 1. If the 15 temperature of the
cirpetsulfericetiesolutidre? i gRndleaning v@sdelll Boacorhes téorpwmatt
may be heated with the heater 21 up to a temperature_suitable far .
e e atie, F R eaors SR R cugiebry oed

in tiewshwmiie aeadingoessebh todhe electlysis teastorh@, andmafterin the
zed, it is heated as it flows back from the electrolysis

being 20 elec%gcgf/
ves§gdetor 26 1§ hemfirvéds@ s D RIGRS &t §antiy offigas for
the rﬁ@éﬁ%@:ﬁoﬁh@&i@?&ﬁg process is nearly equal to the qu_a_ntity of heat
consumed for the heating process, and therefore, if the efficiency of the
[odeak exchanger 7 is very high, 25 the temperature control of the
ersulfuric acid solution 2 can be eé{oLwed very efficiently by supplying.a
Thegr‘hqgfarjﬁ%%n?%f fed U‘eﬁrér%:ﬁ” ro?ngcj)“u sfa%c%cclglré‘ ehkﬁg for ea Zm% gYStem
con®ishipalions 00852 c i Haei parswfdria acishgelution=2 pplated with
contaminants in the 30 cleaning vessel 1 is sent through the circulation

B sYhSaickhaiial GetonIcEtion S 6 e Hetal derontbsstisRaE Ry 1o ©F
1o 20 wheredt iz heatgd;with the beatgr 214u0 £0.20 APProRHata 1EMPRIAIINE, tex

(130C for example) to ensure that resist and other organic substances will
is dgtidecomposedtoenhamece theicleaflifess d¢ithe® gesalfariswtidiric acid
solution 2, This sylfuric acid solution is returned to the electrolysis,reactqr
oL R e IR0 e ToF e Al AP 20 e & haic =<
pumpesd purmR: 231 s@- thad Tieaning ¥dlk-be carinuedyyithdhe perssiige acidactor

solution 2 that has restored a high cleaning performance,
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
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, 060 m/hr.
Furthermore, the applicatidn of electricity should preferably be
adjusted so that the current density at the surface of the diamoﬁd

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
rod tgeénvention is explained below based on Figure 2. 20For some parts of
Hibodiment 1-2 configured similarly to embodiment 1 described above,
wihersamediumerals,aie useshanditheiraxplarationsafe enmittedOlectroiysis
simplified. The cleaning vessel 1 is equipped with a heater 21 to heat
maf%ﬁé’Ee?@ulf&#@a@nﬁ%%ﬂt%rﬁ«?%né%l@@qﬁ@éé‘(‘fW é@ﬁﬁé&ﬁé@@ to form

t t |
o iR 2 Th Ly JosaeT 1 & Ronmbeicu i Sk 1 Furic

acideactors 16a andﬁ@bsvﬂmmnmﬁespmémsamtﬁlammmm reactient through

atus, through a return pipe 4. and a feed pipe 5. A liquid 30 feed
the p‘gﬁrﬁﬁie%Bf’oﬁde%on*iH& réth Bie%, ‘é%ﬁ%%a]t XehBRGR 5 the

nigirevided hetugen-theJetwnive-and 1he feedhiipe 535 i the ¢ase M eaning
embodiment 1. [0067
vegsel L. In the cleaning vessel 1, 1n spite of a slight decrease
in the concentration of persulfate ions regulting 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.

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

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
L0@leé klectrolysis reactor 10a, an anode 11b and a cathode 12b provided in
the 15 electrolysisreactorlob, bipolar electrades 13a...13a provided.at _
L e P s s, e AASHE 14 hd e Shiis ToaCiget to be

cledipoipr elecirodesdsh.c i3k provideshaepreserihed Migivaishetweendhe acid
anode lIb and the cathode 12b. For the present invention, the electrodes
s01kd@Th thd BREUBIER RACHIFAZ] 20 nbt B8 bfaipbiBF tfpkeBiimgy vessel

1 nEOMISe %‘é‘laé‘a%f&ﬁ%@“Q&C%%B@%-—E%ﬁlﬂi&%@&)?ﬂ%n@aﬁp% about

electrodes are used as the electrodes 11a, 11b, 12a, 12b, 13a, a
130 AG.in3becade okedmpodirhentErthesedianiond elefredé? aie pigdueeded in
the ?/ doping thin dlar%?nd Iaflers with poron. The set of the anode lla and

1 d the,
AFGde 1925551 the set of the anode Tbarid ifs dattiode 138Gt dative

cond@hnesisdiaiik aRerpawersupply: Mdmnparaliel to akowethe eleciralysisition
reactors 10a and 10b to perform direct-current electrolysis. [0068 The

of RRFRIAG of ife SARFICA PRt Bfbestiddning: Systefria0 aescrideds . the
con@gﬁiﬁﬁ%@@ggq b&LPV%he g@%ﬁ@@ﬂ&%‘@é}?e%fgga% §glf"ﬂ§uoved

acid solution with a sulfuric acid concentration of 8 to 18M and ultrapure
effeyatervaihiclrark heated fvthcthe hedter 2bepdeabolf30C. Fhédnixmbution

tio of sulfuric acid and ult ter is adjusted 5 iately b ,
2 LR GARGRe WA Yot TS uFaBUra WaiSH tebleniormiienEiie-9a furic

acidvhiletakingHranspisatien il aseeunty thessulfuriciacid sqlationissent ta ons .
the electrolysis reactor 10a by the liquid feed pump 6. In the electrolysis
The rpsatsridaielectAcibfisdpphibs t6 ifPadste N aRE§ the cathotienRate the

electrolysis reactor 10 through the return pipe 4 and the liguid
feed pump &, 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.

{0064]
As the persulfuric acid solution 2 £lows through the return pipe
4 from the cleaning vessel 1 to the electrolysis reactor 10, it
undergces heat exchange in the heat exchanger 7 with the
persulfuric acid solution 2 that flows through the feed pipe 5
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.

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
acidonpéetiigpipe 46hSimaai berstifateéns ard plotereed fdaragsultiteough
the'%n {?#heé)e?%tglyisslsc[%% tory 1 b as @/ell tq pro ovide h| h -cQ centr?ponabo v

persulfuric acid solution 2 | R-concéntration persu Uric aci
4002 isisentto-the gleaning ﬂaﬁei Jathmugda;nhetfeed pipeE bolnithe through the

electrolysis reactor 10b as well, the current density at the surface of the 25

feediznbhd %Ié&r@&@st%daaﬁﬂsféﬂ th RGO 05186850 AAE G076 0 °C-
arcdpe-geaning.vesseh d.now contaias;ibe High-cancentration pRESUIUAC 1 furic

acid solution 2 that has undergone electrolysis as escribed above, and a
acidepdicotducto? Wdfew 80 4ds theameda s ire 30ethe ah avimehtioretscasd torally
remove, resi and sire stanges effectively.from the
a“ft{:‘as.g"r‘rrfvf‘con uc%r%véﬁer ?‘éiyhgcpergﬁ ur%c g@ld%gblu ?(Jjncﬁln]tﬁe clealhji"rif&ble
tempesseld:graghally dectaasegdn perseliiticacid Toncentation s aviestiol ing
of self-decomposition, but after being sent to the electrolysis 5 reactors

1s BOSSPRAE0H tkﬁo@?ﬂ%tlﬁ?ﬁ%ﬁﬁe A% RERGEYTesd PakfFe GPRIing or

aix legenerled v electrolysisiig increase;its persuliys acld 99@59@&5@“% the
As it flows through the réturn pipe 4, it undergoes heat exchange inthe

el ehbatéychemges FanitrthieOpeisaiferc avidesalstion? Hewingthrbagiothein the
feed pipe 5 10 fter beln elecir zed |n th electrolysis re tor 10b. A

heaty f?hp Fhear exéhangep %he pérgb}/ Giic acid sofiti %YZO o ?ﬁ"r%nahttﬁgough

the rggga piRpd is cealed&ownio atempenature oksaveraldaaswf degregsh the
slightly above 40C, while the persulfuric acid solution 2 flowing through

per g fasisif & fedtet it al i terpdraire bt arHatacasaRilséveraf the

remi8A% 219807685 G, Slightlyhalew, 130G, After duis, the persulfuric agid 1 e aning
solution 2 flowing through the return pipe 4 cools naturally down to about

ves#eL, la lmmpeaasurecsuilabio fdrtelmatrolgicreattioh Wilighpeistlfusis tagid 21 up

S ut|0n2fl Wln thro tgﬁhe ed ebissenttot e20 clean vessel
QC i e%ownﬁl‘l[[) % ép

opsfbsequenﬁy]t gt &'hed rznlsupet= a‘témperatore - ¢ the

. per§ummlg:a‘@ra:¢aanmlﬂttfuﬁzezwwb@@ma%weﬂttb@@uﬁt&f@@c@@m@&nmg

is used repeatedly to regenerate the persulfuric acid solution 2 to allow
vesggbetvd BlebRfhgtd Setdsntivtiéd. 25perer 10, and aftex being

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,
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 pollutéd with contaﬁtinants in the

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

deCHRHY Al of thffafitiStoetiiigie i ot o' e eefsipsis®® . where
it ireagtordob.fdiguid-ieedpump 6 for sgndingdhe pepsulfuricacid sahlion 2eure

. Is provided in the line of the return pipe 4, and a heat exchanger 7 is
(13 pr6vided berwrsenithe ré@repipedaniddiie 16 fdettpiped. Thecsircalagipnic

line of the pr. t invention comprises the.return pipe 4, feed pipe 5, and

b R R S it e A Of che

perfpiovided to eennecstiesiectolysis Thireastel f0a fo the-gleckolysision is
reactor 10b, and the solution flows through the return pipe 4, electrolysis

retysn&dr 48al-tonfd@myPipe 44 SelcttitlRis rdhdibr PO artd edd pipe &t ion
pipd fjg qﬁ@maa@@%mogaggzﬁ@{h@%%@ BHPIQUdS IR Ngs pump 23 so

electrolysis 20 reactor 10a, an anode llb and a cathodé 12b provided in
tha heldecticlgsisiddchrlsiotigolaeelectivtés:¢3ze 18aprovidedatid solution
5 ¢ ar_%s%ggedgrétse %a%s%té\{v en tplec gde :JLIg and tg catg%ieelza, and

yipolar Slectrodes el grow ed at prgs?rl edihtervAlS between the

Tanede iiF apddhewahoded 2 dhesestectiode s’z 14801287 s ten is
13a, and 13b are made of diamond electrodes. [0073] On-off valves 15a

use%mﬁsﬁbmmqﬁé%ﬁ&%tWélFé{arrFBipe SNBSS Fipe acid
sol feiPectively ia tn%&ﬁckl%%g@@ﬁly, without supplying additional

hydrogen peroxide solution or ozone, in order to allow effective
clea-ning-to be continued while regenerating the pergulfuric acid
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.
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
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

feed pump 6 is provided in the return pipe 4, and a heat exchanger
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-reaéregy%l%l(ga’fype cleaning %)]/:‘s% SortheTRvention

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 electralysis reactors 10a and 10b. Here, the linear velocity of the

7 iRt S A RS ERrid Barra Rt deisis e Shdpphspi&er RdRetHe as in

+he embodimentsdesgribed abgve. The ends of the on-off valves 15a and 15b
are connected to the 10 cleaning vessel 1 to allow the persulfuric acid

[0 &olution regenerated in the electrolysis reactors 10a and 10b to be used

or cleaning. The circulation line can be det able from the cleanin .
e e e S A e O e s g os

vesse uric acl on

and apparatisesrapd pechangeavenyalyednay dib baprevidedio alleWs reactor
persulfuric acid to be fed to two or more cleaning apparatuses. As in the
102 e offie SffuiEAcRIREyElingPyPREREAHIRG sYstbhh ddserideash awdysis
readPoye-mgntioned mode, the sulfuric acid recycling type persulfuric acid
supply apparatus 40 can send the 20 solution to and receive it from the
Acleaming vessal Iptbrserde forsclgaring otthesgmiecendudter wibfert3hlysis
074] mg%%jrg%rg 3é- Another embodimer%éjof the sulfuric acid

expiattied BBV Fott1on

£1owomepastayaf thissmede eonfigured similar\stortherpades deseried 104,
above, the same numerals are used and their explanations are omitted or
connghbified. PLPe Eléotr61Y/6is FE 2B FOA A0 AP coftfEcieesia Sdes 5 in

thi@ycgpdégfgnnecting pipe 4a, and a retuku pipe 4 is connected with an

An anode lla and a cathode 12a are provided in the electrolysis
reactor 10a, an anode 1lb and a cathode 12b provided in the
electrolysis reactor 10b, bipolar electrodes 13a..13a provided at
prescribed intervals between the anode 1la and the cathode 12a,
and‘bipoiax'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
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
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 System

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.

Toa76] PRE ERANIRPRSSs el LI WHCH thefretirh Pipd 4 &fd-thesRibphpe with
a s2g.copngeted is gguipped. yyith-a, sulfuric acid copceptiation vapure water,

measurement apparatus 50, which works as said sulfuric acid 15
whicbneestratier measurénisnt heariss in Whiokp part ebthetcleaning flditlgnmixing

the cleaning vessel 1 is circulated to allow the sulfuric acid concentration
A R B ) (VA BHSar P SefriPAtTd oA O

appMEPsUERMent appasails bisgonfigirag ta-measueethe:sfuieacich r rapure

concentration by 20 absorptiometry, for which known apparatuses can be
watgEed <D e strReRANd 1t uRBphitiistel éptefishifeRt e as jon into

accc%&ﬁ@ept%géo 4 eleaning, vassel 1, and ap onsoft glgctromagnetia valve ;v

6 Is connected to the ultrapure water replenishment line 25. The opening
reaahdxlasingondtion of theich-DHceicotromagndlic valve 2626mwalnkie s reactor

controlled by the suylfuric acid concentration measurement apparatus 50.
102 £ 5 {08 G SR RN St act BHIEHE A 805 SidtRde 122
by asid sengentsatignighe maintaines i-thenelegningivessel dds praget assh . 13a

standard value, with the standard value being stored in a storage means
are RRhISITEReMOG §OUEE 4R ré&d buE AsHRYUHEEC TO9AYSTHR RoRher 102

is 2 %é&gari%gciﬂf %V%JH‘%ZB%_QFWH‘%;%V&?“&P”{ig%e%s; 885 PAY-, ana
above Is explained below. In this embodiment, as well as in the
eleembbdiment desppidctdbover hdhe tdheanmngvessetitcohtayns sutivecsur face

acid, and ultrapure water is added to adjust the sulfuric_acid concentration_ , ,
of the A bpBHhae YAl AR OB ntratdNTagE6t 8o  PalPah hrehid™/ ™ -

{ o gty an appropriate heater 21 up to about 130C. Here, a sulfuric acid

concentration to be maintained is preset as a standard value
As the solution flows in the electrolysis reactor 10z,

persulfate ions are produced from gulfate iong, and then the
solution is sent to the electrolysis reactor 10b through the
connecting pipe 4a. Similarly, persulfate ions are produced from
sulfate iong 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
diamond electrodes is adjusted in the range of 10 to 100,000 A/m”.

[Go70]

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

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
subitaabeve cddestotprodice atigh-tdscarrmiicnpdmsuifericwritesoléfion The
20.2. Here, the._linear velocity of the liquid floyw and. the electric.current
P RN AS S el e The THGan SRLCHE T S (Qo J e 1Y
dec£iLaning vessekisontains a highteconeentyatien perssifude 29 asiultc of
solution 2 which is used for cleaning of a semiconductor wafer 30 to

sel fefieereststidid Ffom & seirfndbetbh wafsido, the P& shitGrEagdysis
reaSPLION; 2 in thescleanipg vessel Lgradualy degreases Qh&eﬁiéﬂirifqt%‘?ﬂé feed

concentration as a result of self -decomposition, but after being sentto the
pumeletirolysisi30 reaptorsiiaeahd 0k krotgir thesrbturnpipedransthei ts

liquid feed pump 6, persulfate ions are regenerated by electrolysis.. In this
PR TR0 SO AT S ton A2 bb (0 T EhIaiy 51t e
pipdllew effectivecleaning ke be continded:while regeneeating:therpessuliuric wich
acid solution 2. 5The solution gradually increases in sulfuric acid ]
the gpEeHtaivnias atéSurdl Blet®blydid AR¥ evapSiativHDt water 589c pipe 5

ol ing | i
aft%%?%ﬁ?#ﬂ%asuf hgqleaning yesgel Land e slectalysisreastorsdfa as a

uric acid concentration of the solltion is measured
reswebhtindobslyoratcitagerppriate petemalstwitti the sitiuso leldion 2 flowing
.concentration measurement ap argug%{% Furthermore, the sulfuric acid

i B Ao B RSBt BFRTAE B GBrSaTos e eAStad T Soveral

ten&ACeMptionvithdhe preset walu-20d opengihae elesiomagnelie @nidffacia
valve 26 if the measured concentration is 15 0.2M or more higher than the

solyfdsut vallelealiow hapUE waRe td 56 thjsdEEd 18 tHe cleanfvésBelo 2
congL e MR NPT 2 US54
belomeaswemendtf ter 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
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.

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. |

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
embpaifgie BRASIE begseRGified-efficiertialsy Hansioatslyaisaaaetolszi0d their
expi%%&ggb@97%:éo ég Q@%@?-Z) In embodi_mer_1t 3-1 d_escribed

above, the sulfuric acid ‘concentration of the solution is monitored for

xantroliettheipjection of witrbphreswaterdnto thesoluting 10 maimaiean ¢ made

appropriate sulfuric acid concentration of the solution, but 5 instead, the
of %Eﬁﬁe‘%m%ﬁwm%%yﬂﬁe FHIG e Prdr e tistich 6hELMEAS sErRpctor

10a¢oReantation:ghine selutiansta caniral the, njgclion oflirapwe water ipioy o1,
the solution. In this embodiment, the volume of the solution is monitored
madpy pledstiing fReiguid teuel ofthelsolgtiomiathe dleamingh#0 sdssef tolysis

before.heing,sent ta the cleaning apparatus. This.embodiment is . ,
e o ot e Baa T ot EmBoA D CoNRGRTEd SRy © acid
soltctherembodinentdeserbed:abave the same numekals armusadand, and a

their explanations are omitted or simplified. 15[0080] In the cleaning
heafoexGH2NMG5 18It EEoic o ahe BTB S Whichavéik A ani iggiddesad the
feeH1§aSHEEMENtINRARS Ak PrRvided pearthg Hapidleyeldn ardertg monitpr |

the level of the persulfuric acid solution 2 contained in the cleaning vessel
congr 264 thdicaseolite Iipflittlevel fersbre Spha and Sii] thd tiguiid |festd pump
;58 ﬁ%r551bm£gﬁxa%@e, receives light emitted by the liquid level sensor

I%la, and the Ilqwal?evel‘ is detekmined as the lower limit of the range
[oowdEre light can reach. There are no specific limitations on the structure of
the liquid 25 level measurement means for the invention, and a

B CHBAEfig-E SHRBr ifhy'tie BIEY i ROntet tREMRE-IeVaICHBWRGE: By S 15
reaPEEMIMIGS acid solution 2 has 2 strong eddizing poygy, and thergfore, a4 5 o
non-contact type sensor, which does not come in contact with the solution,

£1 oy prafieeadiiin the corteolior (RAE80 show)avhitie leteivesreutputfromoa ,

the liquid level sensor 51b .
connec!:q_ng pipée fa, e5le<‘:trolysz_s reactor 10b, and feed pipe 5 in

&

‘this order.

An anode 1la and a cathode 12a are provided in the electrolysis
reactor 10a, an ancde 11b 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,
11b, 12a, 12b, 13a, 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

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
sO1qheQR rtdileP focEits SGpEfror Slidind foversensot Sy, cemipdrhe feed

. ndhg;measured Jiquid level and the, preset liguid leyel, and if the measured
pe liquid level is Iowe%yé%?escr%e q%a%tifg}jfhgr]? t ev B"Ee%%t \?aglﬁé, g}ﬁt‘rioﬁ?s the
sul fher¢lectromagneiic ohaifl valve 26saribat dliraputswatardsiijestesdiparatus

the cleaning vessel 1 15 from the ultrapure water replenishment line 25.

Ehrapdh E8& FRGEHO iggsind e dontRAof iecsleBtéiabheioBrofE valve
15b Valve 38y thediauid leyel senseroib mayhe set up discrstignatilyand « o g i

therefore may be zero. The preset value may also be the variation in the
the |Rlerlevelmal s eqavdionttolan ineréakeR0 BegaM finthd inear velocity

ncentratio he solution that takes, place as the water content
of the ?L:x.(fxlc? erfow 2 e elecCiric X
ecreases 1o lower thé level from the reqﬁ‘lred‘:ﬁlerlﬁﬁf1 ér%rslgﬁbéfd are set

appmohiie obllirapareiwaten maybesifijected at adimer obéwe hguiddevel may
be monjtored with the liquid level sensors 51a and 51b to allow injection to

The Bhtfifued Untif287ne bifferehie Betwder e Hdasire CaRPaRIHEske the
cledidyicdevelhecomesdess,than, pigscrkedvalyg. fhroygh shis eonirel,,

the sulfuric gcid concentration of the solution is maintained at an
regeppragzde Valddrandthe regenaraton of porsulf atédons:d péifoimede used

_efficiently in the glectrolysis.reactors 10a and 10b, 30[0082 éc%E;POdimem
for ¢ )ef?lne%lﬁgddi%%%t §fz‘¥§éls3c?i%é8%b%%8ﬁh‘e’%%lJ”rr‘?eLg?ﬁwaeL GtiGh fsrom the

cleananitpred hased Dnibediguishievelkinghe gleaningivessel 8o thattheon to be
injection of ultrapure water into the solution is controlled to maintain an
Sent it oA S (IRt tPc SRESHERD OF the SO BREMSRIRS the Lve may

be peightRldhesoltipgn the clearingvesselmay e mopitared sq thatthe .o
su!furlc acid concentration of the solution is estimated to allow the
cledgpjcegompPaltrapireasater into the solution is controlled. Such an

as 1 €M %d@%né ig ’F’lqigglailleﬁdubgloyg_.clzio some é)frtg oftthis eglkéodiment
configured similarly o'thé embodiment describe agovgg)%e sGmetnd system
de sdninesalsiaretisedzanshibetiexplapatienmaw=omitied ersimplified.acig
recycling type persulfuric acid supply apparatus 40 can send the
golution to and receive it from the cleaning vessel 1 to serve
for cleaning of the semiconductor wafer 30.
fo074]

(Embodiment 3-1)

Another embodiment of the sulfuric acid recycling type cleaning
-system 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

a connecting pipe 4a, and a rveturn 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 th ,
Lo e e R U SHe: (16 WLEHHG pperal A ESahgs with an
eleSENES0GONEC] e 0peoing Andiclesingrmetiop.efthe eleciemagmetici n the
on-off valve 26, so that 25 if the weight measured with the weighing
retiggp arhis 52 U is By A (fFeseHeicgUARRYETFS tHe Preséiilsedaiger e turn
pipéh% %Bgrgﬁggr%%tgc@%qué@g/? 26 is controlled to allow the ultrapure
water Is Injected to the cleaning vessel 1 from the ultrapure water
tooreplenishment line 25. The prescribed quantity 30 maybe set up
discretionarily and therefore ma%é)ﬁ zero. The preset value may also be

b
An 3HRVArifion it e ftifd Welghtthat R &fuiitet 16 ahiRtRast¥tol2n that
are idhe caneaniriign aibeselutionthatiakes place asdhe watercaptent 104,

decreases to reduce the weight from the required value. 5[0084] During
and Etidaing withiepésulftiic sciderktioh2the ardyhisihaxliedsingrodes
el ] itored _conti r ropriate intervals with th .
e s e L A T R TR e ppy ot
reacgopstantand therefore, 10 the change in the measurement taken by the
weighing apparatus 52 indicates the change in the weight of the solution
[Uoi%étlfe cleaning vessel 1. The weighing apparatus 52 compares the

The BeasHracARd he preseuded walohhand ifihe, Measuired WeigRLUISHOWE i e
by more than a prescribed quantity, the electromagnetic on-off valve 26 1
5 arg copnohed slalcw etivaiRpe hvatéitls injettddwrthe dedningaressaltivation

meas QBUIARMIG WAE! replenalenLIne o SO SAIOLAl e INecton, 4
ultrapure water, the quantity to bé injected maybe prese?ln aélvance, or

concihetweighing appasatusbeimaybderdesigreditoimpniaitheofeght te leaning
.majntain the_injection 20 until the measured weight becomes equal to a

flul&ré‘s‘%r%"e% CETRPTRE ESTTS-alfows e SRt atid edhbenttdifon sithburic
acidsQdiontedhe makHained at anappsopriate values Fos embagiment 34 0rne

3-3 described above, the ultrapure water replenishment line is provided to
sul fyipbly aRbPurenaRtifidtien measurement apparatus 50 is

configured to measure the sulfuric acid concentration by
absorptiometry, for which known apparatuses can bé used. On the
other hand, an ultrapure water replenishment line 25 is connected
to the cleaning vessel 1, and an on-off electromagnetic valve 26
is connected to the ultrapure water replenishment line 25. The
opening and closing motion of the on-off electromagnetic valve
26 can be controlled by the sulfuric acid concentration
measurement apparatus 50. For the sulfuric acid concentration
measurement apparatus 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

memory device and read out as required.
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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
[0&Yitdric acid recycling type cleaning systemasshown in Figure 1 was used

The t%@ﬁé&%c@@ﬂﬁ]gstﬁwﬁsm%fogew@%wgmgg{! '@te&%%ﬂ%% system

high-concentration sulfuric acid solution (volume ratio or sulfuric acid
confltrapoued wate rde 511y ivebdnelotgelufien 50t 1 EiEle diralydisweactor
andu%%ve diamond electrodes (5,000 ppm boron_ doped), anode area: 40

In tihs EBeroy S thndifor St Garht defisiy ot TR sGt RS 2bove.

the teMneratiEe 408G fow e velocky 10 1Whe-Cleaning vessel uRersiiulie water
acid concentration: 3g/L, temperature: 130C Wafer cleaning capacity 300

is pfdarcH-Rafctsme Lo dIgasiHg fiasicaraed ButsingiHersysiem to an
i I ired f
appjggégi%ecgeathY$eaﬁq Sy Eso?g%og%tggﬁ g&? J;%%gﬁl%eog %q!ijlge??%%?and heated

uffuric acid replacement was creased to one , hame
wit1 50k /dapiropridsarétts8keay? andthat addition obbydroges:peroxidel furic
a_ciéllv %%g%%%%q;ggggﬁ to be maintained is preset as a standard value
in the sulfuric acid concentration measurement apparatus 50, with
the electromagnetic on-off valve 26 being closed when cleaning
ig started.

The sulfuric acid solution is sent to the electrolysis reactor
10a by the liquid feed pump 6. In the electrolysis reactor 10a,
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
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

‘acid solution 2 which is used for cleaning of a semiconductor wafer

30 to remove resist ete. from the semiconductor wafer 30. The

persulfuric acid solution 2 in the cleaning vessel 1 gradually

- decreases in persulfuric acid concentration as a result of

self-decomposition, but after being sent to the electrolysis

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

PUmE G00RpRYHoHRIERVE MR ABR IS SGRSdiPoh Y SE 4664t iitkta L0 this
moadiamelerof 156/ and, thickness of & may. Jhefotal affactive electrolysis . 41,

area was 30 dm2 and the current density was 3,000 A/m2, and the
in eslebtolyss wad eendiddied at 46CErom timgyanalysis of arsainpled e 1e
solution flowin%%ut from tg% outjet of the electrolysis reactor, it was shown

T eI R TO B De TR At pHEtCH T Pate TS SRR 2For one
THRNGISIAN-GYSIE, :fesineh sHliconyalers cpated,withresistwere

immersed for 10 minutes in the cleaning vessel to perform dissolution of
COnGESSIFOCThereastaate: D 06 At THe reka it solatsrahson of water

as @rc@ﬂe&w%g&%f&@&%@%b@tﬂ%@ﬂ%@@%ﬁﬂ!n& vEReelan the
electrolysis reactors at a flow rate of 1 L/min (finear velocity of liquid flow:
eledOumuly) Wher thetresist-toategksilicopbwaferewas Ifimersed,dhe

solution in the cleaning vessel became brown and the TOC_ concentration

CONGREITIGAT 4t firdtButaitet ey 10 MirdiEes 6 cifcoiktion tedafution 2¢

app#8ge {he cleaningvessel hacame selodassand transparepbwittibe JQG6
concentration below the detection limit. Such wafer cleaning was

meapehEucEd f@m%a@@@%}n@‘mebm@@,{aﬁzilﬁesmé%ms\i&daﬁéﬂ
coné@%@%ﬁ%pogﬁ:exgg%g%n %‘&'é% %%%glt%grggg Sgﬁvego%;%%gé“’e'yf Lrelsured

removal and that t e'Ir' conce decreas e?oswt e
conetectionliont. Water cleaningewas continued fariiebfosd? howrs

cleaning 9,6Q0 wafers, totaling 12,000 wafers), and results again showed

SRR ek sV b It e vy T L

o . 2Mesistiemovalansthat dhe kG eancentiationdecreasesbgioni thsire water
detection limit. 30[0087] (Comparative example 1)
to be injected to the cleaning vessel 1 from the ultrapure water

replenishment line 25. The quantity to be injected may be preset
in advance, or the sulfuric. acid concentration measurement
apparatus 50 may be designed to monitor the sulfuric acid
concentration to maintain the injection until the 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
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

{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
In gohedimation B0 feadhed théddterhion imitther wieldexr 6t gfebwafers,
however, the solution remained.brown, and the TOC centratipn was _
oG ST I Lh Mitites A (RS St O ruerien. Then TOL o the " ©7°
in7 Selution was takenut fremithecleaning vessel and 10k «f athydiegecain an
peroxide solution was added, followed by maintaining 15 the resultant
aPPIEERItbR R 130 Wi MEES cFOBS Fae&Rtd 2B0Wafble§, e tifution . Put
insiegaMes;prowp immedigteiafter the, start-of immersion oyt becomes-
colorless and transparent in nearly 10 minutes, and the TOC
est ooatdntratidh teackes. therdateetion lipit Fentheutdser HitSgwaferst ion to
howevey, the solution 20 reg1aiqtedrlegz)lro{\:{vné avr}d_ é@(% Tgn cor%(_eer!ltrsag?[n was |
Centsfifflso §/Lﬁ%]l%0rﬁfﬁ%?esoaftélr A& SEATT 6f inniersion. TRen again, BE of
rthesolwiomwas taken-outdfrom $ha cleaning vesselkand:t0loaf a Ayamgenored
peroxide solution was added. The wafer immersion test was continued,

by MR EREHED Warerd- Ward tnersel, fe $AIGtGIP25 FiRE téPefmble tHean1ing
vesdBYSheaciel, 10aYINg SAE 14YSANNE MAIGARMIIOBIMES: 1nis
Replacement of the entire solution became necessary when cleaning of a
embdotaheid00 wafers was didi el 10088] 3¢(ERaemple 43P Cleanmetdspdiment
was performed undgr the same test cgnditions sin E{ﬁmge%-z excegg
confpsith& tefifbtafite 8f it Pers it HAT B iR IA Hhs iRy vesslf Same

nund¥as e Qiherdestheondiians wekeitha samenas irexampleded or

Results showed that when cleaning was perfomed with a cleaning fluid
s inmmbhfdeat-90C, the rate of resist removal from wafers was low in the first
rod%, ﬁe, and resist was left on the wafers, indicating that cleaning was not
achieved satisfactorily. When cleaning was performed with a cleaning fluid

Theated at 188G 10 (Examsple 1:2) ldmthedbotherkanddhevesistyemaall 51b,
. rate was high, and_the, persylfyric acid production rate was also sufficiently
it G Ot iy S OB D T RS MR e P B AT DEoVLded
neaindigating; that gleaningwas.achievad eltiectivaly: by-anoiben eleaning tethe
where a cleaning fluid was heated at 180C, the 15 persulfuric acid

perddisibh Rfd daaSHfcem 2 hPrEBATRY id thé Rfstelerrdslg vessel 1.

1n cgpeared with %%T%ggg%gl sefate (Q06g/Lhg , but the persulfuric iquid

acid in the cleaning ve -decomposed rapidly, and the amount o
levdhe semainingpersulfuric acidwyssenotselfficiently largetfor eomipletel by the
removal 2Q of TOC substances, leaving 30 mg/L of TOC substances in,

Liayiel shRitiBe. PRRTRIAR AR HAE e RISrkfE b i Qekffgined as
the fisshould preferply b in-ihe angs ol 1088484706 reach.

There are no specific limitations on the structure of the liquid
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

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
a ligholgs giviat, bat Sincedhe termperatipy opthetianhd fluiliwas 480C; allow

cne SEPGWaS necessany o Increpse the epperature ot he soluign B by g
25C; WhichTequired Tong pipes Tor circulation as well'4s'a 13rgé ifput o

apphept-energyy husea largeportiogof dhepersulfiaic acidwns TRASEMRG-o1ler
before reaching the cleaning vessel, and 30 mg/L of TOO substances

can gefHER infthe SoIGHdTs: entcst tRE frsttd/ere cEomtisarfewify ffggnet ic

on-d¥entheJemperaiure 10 gfthesolytion jn the glectrolysis;reacioy was
10C, 40C, 80C, or 90C, the persulfuric'acid production rate was 4 g/L/hr, 3

{oag/r, 1.2 g/L/hr, or 0.9 g/L/hr, respectively, suggesting that persulfate
ions were produced efficiently. The electrodes were free of damage after, .
D LT Sk 1y G, ViR e s (oPgB A o7 e oiiob T b
1eveleaolysis reactorwas 1006s en the dtherdiangsthaspetsuifinieacidly or at
production rate was 0.25 g/L/hr, clearly showing that the persulfate ion

APPERBAIGHER reid BETEHbPatEHC T HRS tRe MRt of PEPduIRATSARIE Srdudiich S1b-
The @ (QLTUTOG nctease Eﬁiﬁé&’é’%@kﬂa&@s_& fhan 40: a0d 20 e oo 51,

oxidative decomposition did not proceed satisfactorily. Furthermore, 500
comgrooess of ble atrebsic redctianmeisd ltbd e Exdalidtichofille sehdlidtiyeld level,

di dl f the Si trate. Thus, it was clearly shown_that the )
and g AL Doy (18 SEFInE PoRER S, Guanti ty

tharPiefRrabhebe in $ag 48 ranga of 4 940:90C 00903 daxample L-3nlhers valve

cleaning test was pertoitued under the same test conditions as in Example
26 spotdigeptitaiaraiEareatgendify iheodebfolysR rehefning vakeel 1

froﬁ%ﬂ@qg&tpgﬁﬁféu%r&%cpep_lenishment 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
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
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.

{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 effective 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/m2) persulfuric ions production
rate TOC cease rate 1g/wild persulfuric acid / TOC TOC concentration in

(Emhadhiiont 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
to maintain an appropriate gulfuric acid concentration of the
sclution, but instead, the welght 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
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]
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
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
if the weight measured with the weighing apparatus 52 diffexrs 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

may be set up discretionarily and therefore may be zero. The preset
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(r98/1) 30mg/1 cleaning effect for wafers X 17.50.10.06 1.7 2 3000
3.0 0.06 50

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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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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510000 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 [0 09 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
supported on a 5i substrate with a diameter 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
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
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
in the cleaning vessel 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
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 the detection limit.

[0087]
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5(Example 1-6) Cleaning test was performed under the same test
conditions as in Example 1-2 except that the persulfuric acid production
rate was varied by changing the linear velocity of the liquid flow in the
electrolysis reactor. 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
(Copglediscdf 20, 6o@mizhe ohlthe other hand, a very 15 Iong tube would be

uired for heat exclan it ossible to dps ractical i
A S?%émgﬁ dufticiently [E%persulﬁn%c iaré]% préductlon ra 98 b ffex1de
soltOtoincreaserate; mnd asatistagtosy eleaning @ﬁiﬁfq{ﬁlai@ee%ﬁr@ was poured
achieved when the linear velocity was in the range of 1 to 10,000 m/hr.

in 30mbRAP ALK ESERuVRS. THedvaldRs! (A PRiSifiedemding 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
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 Ithe cleaning vegsel and 10L of
a hydrogen peroxide solution was add'ed, followed ‘by maintaining
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
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
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.
fooR8]

{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.
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 fluid heated at 130°C
{(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
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
of TOC substances, leaving 30 mg/L of TOC substances in the
solution. This clearly indicates that the temperature of the
cleaning fluid should preferably be in the range of 100°C to 170°C.
foog9] |
(Example 1-4)
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 solution in

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
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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
ag compared with the TOC increase rate was obtained and effective
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
[Talpleztrblle comprising boron-doped conductive diamond supported on a Si

suPstrpte with a dlame&er of 1?& nd thickness of 1 mm. The effective
t x_amlnata) Varc

e curren densi v ere 30 dm2 and 30 A/dm2, -
O] Cicaiim

1 7.5 0.1 0.06 1.7 30mgA *
2 | 3000 3.0 0.06 50 < Smg/l O
3 5000 4.8 0.06 30 < Smgft O
4 7500 6.5 £.06 108 < 5mg/l O
5 10000 | 5.0 0.06 150 < Smg/t O
G 120000)electrode broken 0.06 lectrode broken| 30meg/l X

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

(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
Example 1-2.

Results are shown in Table 2. When 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
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.

[6093]

47



10

15

20

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
[ Tah kke 2leaning vessel became brown and the TOC concentration was 5
30 mg/Latfirshhuiafierde arlyﬂ@dnlrgltes of CirCulafefx e SRIMTg j;@:anmg
thEcleaningyvesseldassame soloressaRTHERED AN with theEQC |effect for

coficenteation belgwithe detectignhimit. Such Whfer ¢ eaning:was wafers
conducted fori8 biuksi{aleanhing 2,400 wafers), and results showed that

thé high-@éncentration suliric atigh solution 16-served effextivgly for resist
remoMal and that thebEOQC concentration decreased lelow the detection
lingit, Wafer cleaning was cqntinggg further fog32 hoyrs (clegping 9,600

£ tatali 12000 f A nd-ragiilt 1
wafers;-totaling12,000-waters)-and-regults-again-showed-that-the

high-gonééntration Sifuric acid &8fution servéd effectively<fémgs resist O
removal gnd that the TOC gonceniration decreased pelow The detection
limit. [0096] ( ‘ompagr"gtive e am% egzy Ina cle%ninq vessefﬁfﬁﬁ/ﬁof 98%-
cancentsated sulfurigacid was 2(ppoured and 8L of a 3596 kydiogen
—peroxjde-sotutign-was-addet-to-produce-a-solution;-vwWhich-was-then
heated at 130(?131%%;@?1‘ Ing fo the same immersion cycle as in Example 1,
reisticeftdimin gg&%ﬁ grs weré-fihmersed imthe so|ution3®@medrryout
dissolption of the 5@@53;}, In the first 6 cycles (cleaning 300 wafers), the 25
solufion served to_perform, resist removal effectively, andthough-it
PRRUAITE 17O RTRLRT BRET R AP B Hii{erion EEEAE
rosolpriess and transparent in nearly 10 minutes, and the TOC
concentration reached the detection limit. For the next set of 50 wafers,
(ExRPR&Ger tesist was left on the wafers, the solution '

A high-concentration sulfuric acid solution prepared by mixihg

T T=oTT

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
elesémedys performaéesiserentoval Effestivehtand thdudgh/imbecame brown
[ bm diately after the start of immersion, 10 it became colorless and
ransparent in nearly 10 minutes, and the TOC concentration reached the .

whesletectionslimitcFeidthenexd set ebb0walerss hawevieimesit vastedt 9B 1 ueion
the wafers, the solution remaining brown, and the TOC concentration

in Heing SaRBOEgNERSET- RAGESRASINE StBf SHimARRIBANTRIS, thégeon was
10 myMalgrseks weregxelugad be %%%eﬁg%s z%%%@%@d?t %?ékf'% adngl, the

unhdergone effective treatment. [0097] Then again, 8L of the 'solution was
soltekenroltfroethel eleaning vessebanddBtaofa dydrogbagperonitie salutigmrent
was added. The wafer 20 immersion test was continued, but when 50

Wit Ar8fs Were TRTETEEd the WIRhILiEdGoFEMVE RS rédit e Sty water
cleloaying semedssistondhe wafers atter10 minutes; Replacenetof ey | ana

entire solution became necessary when cleaning of a total of 400 wafers

reswhsTimBRee AVaRFsthes ednesrmerniiasdd raavaitranalyrer d2so lut ion
ser%é‘@ﬁr%%?éfc‘ﬁf&&%ﬁt%%@ %%%%39%@%&%%”'%%?” ye was meagired

with a mass spectrometer. The amount 0 organic residue was in thée

coneangereftaboutisio-de 460®pdiom2 heuggesingitbat ghly cleaFwaielsaning
were not obtained. Furthermore, the periphery of the pattern was

was (GO ERE ol HeeR T attHVoltagBFE sdaifind 30 letton? wafers,
ot ANGHIgCaRY, Bigl results-showed that adarpe-Amguntof Siesist sesigue Was e

higklle—ﬂéoncentration sulfuric acid solution served effectively for
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
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
solution served to perform resist removal effectively, and though
it became brown immediately after the start of immersion, it
became colorless and transparent in nearly 10 “min;{ii:es, and the
TOC concentration reached the detection limit. For the next set

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

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
in aAcdénés armifthecirhrentdensityoleieBo um2and30ia/dmBese 50 wafers
respectivel the electrolysis was conducted at 40C, From the
e i e o oh PeviRg ST i B8 o kb e moc

undelectrelytic reaston appanadus: Syt was shown that the persulfate ions
production rate was 3g/L/hr. For one immersion cycle, 50 six-inch silicon

SubfgfEreBbatéd With Pésist et immiersetidsr toRaRutsttiffertiBhaimgleaning
vesmelam%@aw&@&g@ﬂ ef%gieit@'goég&%ﬁwgeg%%@&é%tgﬂgf duce
er .

12,000 wafers) to perform dissolution of resist (TOC increase 20 rate:
a sglyddburimditis precessh e seluricdaeid coheeatralioe offifeesubfuticersion
tes%CQaSSOIUtion Wag r&oni%ore%ge(\)/g#nuousl with_a sulfuric acid concentration

§ ehaver the Suffiid Setidontdntrafiora fers)

COﬁtiLIl ) n
measurement apparatus, a

thereashes 166 Meutiapueawatar was2s ijeated:aufermaticalyfitit the 1 v, ana
sulfuric acid concentration reaches 16.4M. This allowed the sulfuric acid

thopghedritrRfsiPrpE TRaiftaifed th thesrhrgediae Bhe F-amupdughoersion,
it g@%gﬁp&%ﬁ&%@ié%ﬁéae}%%%%rémﬂfmcaeﬂg% I%%Ud'cea%%d%ﬁd the

solution prepared by mixing 40 7% concentrated sulfuric aci

TOCof alteputewaterwas poiwed infeeci@ahmngnessel and maintainethatnext set
130C._In the electrolytic reaction a@paratus, two electrolysis cells 5

of SNt Fin YaHSEY Wore TACHIE iR ¢aIF EoRtainity YBiiEcrodls gRdution
remé@ﬁ'lﬁ@oﬂﬁgwpnam@imataormtd%fee@ﬁqs@mgi@@%@Sge%qrie@ 8Mug /L.

. a Sisubstrate with a diameter of 15 cm and thickness of 1 mm. The
1n Idantive epddetaien &Me s etitenf densty Gere 30Tdm2 andi86 A /8 dafers

weréewgﬂﬂgé'%@gﬁ%d&oéy%a¥Va<§onsidered 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
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
was finished. Wafers thus cleaned were placed in a wafer analyzer,
where they were heated at 400°C and the organic residue was
measured with a mass spectrometer. The amount of organic residue
was in the range of about 500 to 1000 pg/cm?, suggesting that highly
clean wafers were not obtained. Furthermore, the periphery of the
pattern was observed by low acceleration voltage type Scénning

electron microscopy, and results showed that a large amount of
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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
res pedcasest@diguidievekdithe sulfuric acid solution was monitored
mocé)ge{inuously with a level sensor provided 20 in the cleaning vessel, and
whenever the liquid level lowered by 5mm, ultrapure water was injected
( Ex&uignaatically to raise the liquid level up to the initial height. This allowed
the sulfuric acid concentration to be maintained in the range of 16.2to
A higraRrorghbatthe hroteds D510 Foold Bammiié @gpAcpared by mixing
sor highsencentiation sulfuri acid selutianpreparsdiby mixipg 4QL0EIT% o ey
concentrated sulfuric acid and 8L of ultrapure water was poured in'a
was gleanirglvéssel arldearaimgineslst<dBEC1dnnthe 30:electtblytic 18aLtion In the
eleggﬁgiatu§,éwg electgnol¥15is cells cgnnected in siries we erglaced, %ach
afl Lontalning 10 CdHro e &RE eath elditode Comtsing Boroniddped
cons@pduetiverdiampnd suppered DA:8i, substiate-with a-diameteriofglSiem
and thickness of 1 mm. The effective anode area and the current density
e leqligiedRdnil andcstRAd MRt FEiHR GRERL Afid ivckisaivijsipossonduct ive
aiarfOREUSIEN A ALy o tae analeis ata spmale ofdhe solution flowing., 4
out from the outlet of the electrolytic reaction apparatus, It was shown that
thidhepesulfaicuignsTiredetlion rdteanvas @i Awe Eorehe immensisneydensity
SQ six-inch silicon wafers coated with 10 resist were immersed for 10 |
oG S A s SET TRTTRTSER Wes CBRTR FrEtota orabs as
condiQ¥fe(rleaning-atotal-efl 2100 bwafersite prerfarmgigsolution efeesish urion
(TOC increase rate: 0.04 g/L/hr) .The whole of cleaning vessel was put on
£ lovhadoat edFas ey his prodesbetrd etawdight of fise elebming praratus,

it wyessel\was it i Y. > weight decr -
el AR R S A A G e
For theessulfuricaeidcongentmatiohttosiecarmamthinedlindba renge 0&16dktoed with

.16.8M throughout the process. 20 QlOlE]j Thus, the invention has been
TSI pIAITES abo 855%5 R hradichiMBHES ahlt B pidS Put HfesEessel -

ImmeRedesorexamples doaatimpase aby initations,en ihe ventignnand cotal
they may be modified in the scope of the invention. 25[Industrial

of 1gpﬂﬁgﬁmﬁﬁﬁg§@2Pc;perform dissolution of resist (TOC increase

rate: 0.04 g/L/hr).

During this process, the sulfuric acid concentration of the

sulfuric acid solution was monitored continuously with a sulfuric

acid concentration measurement apparatus, and whenever the

sulfuric acid concentration reaches 16.6M, ultrapure water was

‘injected automatically until the sulfuric acid concentration

reaches 16.4M.
This allowed the sulfuric acid concentration to be maintained in
the range of 16.3 to 16.7M throughout the process.

[0099]

{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
& highicondoeior sabstrates Whimsdtconvedtiondiwehtivopdustersubsdtrateri xing
pr ing processes, dry.etchjng and ashing ste sdg r oxidizing and
“0h R ir%siés%s A vﬁﬁ%%irsag%én%}{na erial, S‘Félﬁ%o&{‘/?l e %r%?eﬁzég ent prioy & tex
wast@oleanmgi bJse efisuchisiepsciowavermeaminoreasa-the L equipmentrn the
and processing costs, Compared with these, the system of the invention,

elegdledn fertsittadaming Ry effdctively 8af herieve e iem 6 b
confeSistadegyately.inaprocess that dogs not have sygh B@&@ﬁfﬂﬁ%ﬁ@s

for dry etching and ashing. Thus, the invention can serve to esta
eleptoceds thatizgdree ds ofl sydhrpritreatment stepg. bOlaimsJCladmd dbAductive

o140 BERLEPEng vpe cestipg e CopIOn S LA e

. . ace
appara cleans  objects Using a persu

hiduige a8 electralyticreaciippappaiusibatragenesaas-the parstfliCiensicy
acid solugion by performing electrolytic reaction to produce persulfate ions

werdrom stifatd hs*Cofaiid if riPSstiiotPiiteretinthé Bel tibhdoneditings was
congilfatedons i @'«L@vem&loma@égWEE@%E'%C%%%%M%%G ggxeg INeAn 5 on

velocity of | to 10,000 m/hr, and a Circulation line that circulates _
£ 1opersuburic fcpirsbhkionibémeerf theclkednngappardtus-and theon apparatus,

electrolytic rekgction a garatus],sjgnd wherein the temperature of the

AT WS B R e e oIS P SR BIARRE PO AP PR afuE S Kkepe L/ hr -
For lewer tharsihe temperatuee, of saigicleaning flyid {Claim2l#A sulfutic agid witn

recycling type cleaning system as described in claim | wherein the
res y&hpBricre oTiRe §61ti6R that s BideHbRZed h s4ifl cld@rohitiirenetcel -

Imm@ngfgﬁ%éﬁ k@Bh@i@Eéﬁ”@SPfal%%QQCof 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
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.

[0100]

(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

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 elgectrolyzed
conRagiEdletioffiE tesctivndpfatatsdClanrs] Asbfutentidieiyding0
e1eNVPESRANNG.RY ST fiEaellBed 1.0 Of SRR, OF 8 COMPIRNG Bt sve

heat exchange means to perform heat e change(%n said circatation fine

nibeccomphrativestowertiemperature teedipgisutitie aed 15 cm and

.solution flowing from said electrolytic reaction apparatus and the )
thighmiparatfely Hiyhetempéilre e aRrp& &iitric atiF 8sItBr fawitp nsity
we rEORLSAIFECERRING apPaRUS, Klain 1 v oA SUlTlHE aGiEL redVelifg MK i s was

cleaning system as described in claim | wherein passages in said
congrstiigib@finé &€ mEdeof gharasr ivwdlfucréethgenpl€laimigle Aolution

sulfuric acid recycling t cleaning, system as described in claim | :
L e L e reRRRT 2t v
it veamsthjects by saithelganiag.[Claim Sdns prsidivricaaithreeycling type r./hr .

cleaning system as described in claim | wherein the solution to be

FOr R TrolYREHR KAl elechBlytictedtiion AbParatdd AaS a'adifie sqated with
res§@ncepirationimheange l0of §1N4 19 8M; [Claim 1Qhaaning vessel.

Immersion was continued for a total of 40 hours (cleaning a total

of 12,000 wafers) to perform dissolution of regist (TOC increase
rate: 0.04 g/L/hr) .The whole of cleaning vessel was put on the
load cell. |
During this process, the total weight of the cleaning vessel was
monitored continuously, and whenever the weight decreased by
0.1kg, 0.1kg of ultrapure water was injected automatically.
This allowed the sulfuric acid concentration to be maintained in
the range of 16.0 to 16.8M throughout the process.

{o101]
Thus, the invention has been explained above based on practical
modes and examples, but these modes or examples do not impose any
limitations on the invention, and they may be modified in the scope
of the invention.

[Industrial applicability]

fcio2]

The cleaning system of the invention is suited particularly to

cleaning of siliconwafers, glass substrates for liquid crystals,
photomask substrates, and other substrates for electronic

materials, as well as cleaning of other various objects. More

53



10

i5

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
spethblsifRirate. [ChimarR]Resufailt deidrec/eing Spefceanngeaystmasganic

[ in claim.| in_the object.to be cleaned is a semiconductor

o, [T 4] AESGITe Aoty i 8 Aenies S e cox
subgescribed in tlaimdwheseinselectrolysis isqlOspotrelied:so that thewatio: ng

between the rate of TOC (total organic carbon) increase resultin% from the

COnANGVEOF Brganic-ChERina i iPed ERARm Bipb Pt hradthe raley to

sem@tRersuliyricacidpreductign in said electrolysis apparatus (persulfuric
acid production rate (g/L/hr) per TOC increase rate in cleaning vessel

In ReEM)yEIvans tangelofSERio-SU0YClam | dhbstrate processing

processes, dry etching and ashing steps for oxidizing and ashing
resist, which is organic material, are provided for pretreatment
prior to cleéning. Use of such steps, however, can increase the
equipment and processing costs. Compared with these, the system
of the invention, which can perform cleaning very effectively,
can achieve the ;emoval 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

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
teplenishment 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
Utirapure 20water or hydrogen peroxide solution replenishment line is
[riemded to inject ultrapure water or a hydrogen peroxide solution into the
bottom portion of the cleaning vessel in the cleaning apparatus. [Claim 16]
AR IR PG AR e S ST S HaR RS B0 C leithser

oblaitn ks ©f ﬁ&s@ﬁﬁﬂi@ﬁS]ﬂ@o@ﬁM{fhﬂ’ iga6is GNCeRtERIED TNeASHISMERLratys that
means to monlt the sulfuric. acg)} concentration of the solution so that the

TR0 HoRT S Ut Spari ALY B7 BRYBHoGETT DSl B SaItigRaLee P
icmﬂ@mslurfmmhmeocamdmélmdmtsdliedib&&edlom&mmtmﬂam ng sulfate jons is

said su furic.acid c ncentr tion as en
e e o
cirdeiiethirihelainyul 8onHe rmmitjection of thieutrapanswatenoe hypinegennd the

eQ&E@&ggl'MipéﬁﬁEQMQQigi Wﬂ@QHEﬁeW%E&'Q{UQy&r RIEN LR%'E%'H & electrolyzed 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

ulfric acid concentration measurement mea sés designedtoyse .

ABLOTphcHatR 6 TeaRtre tha e iR Xi6°18 eon‘é‘e‘%ﬂ oW " FETAI A STBYeA i said
circHbifeHGrAGIE FRECiN@ YR cleamng systemeas described in either claim 14

or 15 comprising a liquid volume measurement means to monitor the
[ClayBifime of the cleaning fluid in the cleaning vessel in said cleaning

Aepaiatun Ak ine plestion. acten, b ald iR s et Rl ugiiegen

20peroxide solution réplenishmernit line is controlle based on -
decomeastrementsatakemipysaich liguithvalumerneddsunervient meansc Eiaim
i 20] A sulfuric acid recycling type cleaning system as described in either
[“lagiuih 14 or 15 comprising a liquid level measurement means to monitor

Ahediguid levelof the cleaning fuiddrdhe gleaningig?i3d: vesselingaidiution w

cleaning apparatus so that the injection action of said ultrapure water or
be cligpbien iperdkitieisoltionadsie abshmentiineSd tontrolled rassetion in the range
of glneasurements taken by said liquid level measurement means. [Claim 21]

A sulfuric acid recycling type cleaning system as described in either claim
[Claibd 191} 15 comprising a liquid weight measurement means to monitor the

weight of the c¢leaning fluid in the cleaning vessel in said cleaning

A suParatidssiiia e aesnatiion of salbeditraitire Waieresr Hyalsgarss in the

eiec@@@%'%otim} apparatus, at least an anode is a conductive diamond electrode,
[Claim 11]

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

clain{lvle{%pc{rog hg t’?(!)eg g, Veaszg(%aa Qgcgpo%c%S%I{%?@é(@ %f!hlédt l'&&lg?vﬁ!'ex%géﬂgn apparatus
vesse ef aim ]l sulfuric acid recyclihg type persulfuric acid supply
are slppariug compniding anizlectiobticrreaction appaydtusthatperdmmse diamond
electrolytic reaction to regenerate a persulfuric acid solution by producing
on a ltpifs fa S We R TR SaI R He GAt&ined in the solutions wherein the
5 [CadQktion containing sulfate 20ions is allowed to flow parallel with the
electrode surface at a linear velocity of Ito 10,000 m/hr, and a circulation
A suliing thattoiroulBte Sy thee sersulfuritacie dsotation ibetwaenvdaig eldetrblytico be
elen I{gggtgocpe I{al%gr%guosr guragtg %Ieaning apparatus that uses persulfuric acid,
d*WhErem ﬂtﬁe ttempera‘?ttu're of the solution that is electrolyzed in said
[Claiectrolytic reaction apparatus is kept in the range of 10 to 90C. 25[Claim
24] A sulfuric acid recycling type persulfur ¢ acid supply apparatus as =~
A subfgieapiedany lamives CHRPESHEE o 0fTH P Adas cosP ety s's 1s
10 conenQiEHONAQWIDG, fromhe, cleaning, ppparalds @%tmc%@s@ﬁ IYHiCSRRCHMine from
apparatus in said circulation line to the range of 10 to 90C. 30 [Claim 25]
the rArsulfuricoagiticecyelingatyp e peirsulfuriceavichsupplyEpparatasrasul furic acid
descripbed.in either claims 23 or 24 comprising a heating means to h
iR T A NG R
incraleanineh appanalyssie said /siscuwation lingdethe wange of 100 to 170C,
[Claim 14]

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
eithepaisuilfuria acichsupiplycappdiate scabodessribedn metaim:23:1whengimthenitor the
_sulfate ion concentration of said solution is 8M or more, [Claim 28J/A
sulfug RG I ARTaTREEIMG Ty B PERSTATAC Kelth STISBIT Ap R Pt S BE W8 eEiBed
hyd r&%éﬁl %mgige\’mﬁf Rineh l@%@sﬂl@%@rgg@&ﬁ% g_@&ﬂﬁ&ﬁb@s@@ﬁ“@ﬁ@ﬁ%ﬁ@&! on
apparatus, at least the anode is a conductive diamond electrode. [Claim
measpGIRgaT Bickdidenyichng tifpepersiifieh cTeeidstipplyrapparatus as
[Claigefﬁribed in claim 23 wherein passages in said circulation line are made
of tetrafluoroethylene. A SULFURIC ACID RECYCLING TYPE
A suf@l:RANING OIS T oA AsBidiFdd REC ACIDREGYIG NG T YilREtion of the
PERSULFURIC ACID SUPPLY APPARATUS 5 ABSTRACT A system for
ultrapyeanig With posstIfGHR eieP WHRINTEREY {IHBRYIbIA Y ShRuHeEtheroxide
soluRErRYUNG Acld concentration and:thrrehy.attain higher.clgapingielfgchic acid
and which 10 permits the continuation of cleaning; and a feeder for
conchaeding persulfurictacidrintolsl bleaming apparatas 2 Thisdeederiyprovided
Clh with an electrolysis vessel (10) for forming persulfate ions by electrolysis
[Clagpohiisulfate ions contained in a solution and thus regenerating a
A subefsUlfurie acichselytionaang dinesn(4) (5)-and (6ifen qisculaiiigsaid sulfuric acid
persulfuric acid solution between a cleaning tank (1) and the electrolysis
conopRisHEIN TORSISTIE! Syten’s detisnaditotey Hrtatiapsyy feayaiuntigsiliuric acid
Comgllgl%gior]llg tank (1) for cleaning a

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

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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A SULFURIC ACID RECYCLING TYPE CLEANING SYSTEM AND A SULFURIC
ACID RECYCLING TYPE PERSULFURIC ACID SUPPLY APPARATUS

ABSTRACT

A system for cleaning with persulfuric acid which makes it possible to enhance the
persulfuric acid concentration and thereby aftain higher cleaning effect and which
permits the continuation of cleaning; and a feeder for feeding persulfuric acid into a
cleaning apparatus. The feeder is provided with an electrolysis vessel (10) for forming
persulfate ions by electrolysis from sulfate ions contained in a solution and thus
regenerating a persulfuric acid solution, and lines (4), (5) and (6) for circulating a
persulfuric acid solution between a cleaning tank (1) and the electrolysis vessel (10).
The system is constituted of the above feeder and a cleaning tank (1) for cleaning a

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

Figure 1
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