DESCRI PTI ON TI TLE OF THE | NVENTI ON: LI QUI D HEATI NG APPARATUS AND LI QUI D
HEATI NG METHOD 5 TECHNI CAL FI ELD [ 0001] The present invention relates to a
| i qui d heating apparatus capable of highly efficiently heating liquid in a
short tinme. The present invention particularly relates to a liquid heating
apparatus that can be suitably used to rapidly heat cleaning fluid at a
resist stripping step included i MESCHHRTONuUct or nmanuf acturing process
and to a liquid heating nethod therefore. BACKGROUND ART [00021 As a
Method UseSTRE HFCTEE TgNe! ERQUITS STRATINGS L RPPARAPOY gatDon, a

sul furic aci olytic nmethod has been known wherein sulfuric acid

sol ution | t peroxosul furic acid (peroxodisul furic
aci d: nDIL@@Egif%gﬁgﬁﬁggmﬂﬁpﬁgbiLid and ionic peroxosulfuric acid) and
then cleaning is performed using the peroxosul furic acid solution as
cleaning fluid. Resist stripping efficiently proceeds at a resist
stripping 20 step, when the tenperature of cleaning fluid is elevated (to
about 8120CECHNIOAL FIELBan be considered that this is because when the
tenperature of cleaning fluid produced using such a sulfuric acid

el ectrol YIdﬁalﬂeTHQg)rb&ﬂtnﬁfv%ﬁ%ﬁi tQatesPioes el dhRadind ghpdRins cababR,
peroxosul furic acid in the cleaning fluid autol yzes, and sul fate radicals

nom rPpcxbf Bl SHERAG,"ReMMhEULER PORhRE BirbdSTHERELALANRMion

ean ical's have only s ime, and
therefore, if the tepperature of cleaning fluid i ai sed earl..er,
per oxosul Pﬁlfql‘{'}‘lﬁgliydrq feere & Mg ﬁ’gj’aﬁ}lﬁ eraitu%ufjﬁa\g 93%%[90%‘“5%4?1VWS§% its
radicals will be consunmed wi thout contributing to cleaning. Wen the

t enper at ut® wWPiplr deasurleaning aBnil sHl 1 i wesists simppiags e Mslwdegh in

t enperature, peroxosulfuric acid autolyzes to generate sulfate radicals,
and the cemaenhdatiorn nednsfacbatiagr pao@at sandnsequdidhiyl irateas esethbde
generated sul fate radi cal s sinultaneously deconpose to decrease the
concentrajpquspf sul fate radicals. The concentration of sulfate radicals
peaks after several tenths of a second to several seconds fromthe

el evation of

BACKGROUND ART
[0002] As a method used at a resist stripping step in semiconductor
15  fabrication, a sulfuric acid electrolytic method has been known wherein
sulfuric acid solution is electrolyzed to form peroxosulfuric acid
(peroxodisulfuric acid: molecular peroxosulfuric acid and ionic peroxosulfuric
acid) and then cleaning is performed using the peroxosulfuric acid solution
as cleaning fluid. Resist stripping efficiently proceeds at a resist stripping
20  step, when the temperature of cleaning fluid is elevated (to about 120°C to
190°C). It can be considered that this is because when the temperature of
cleaning fluid produced using such a sulfuric acid electrolytic method is
increased to a predetermined high temperature, peroxosulfuric acid in the
cleaning fluid autolyzes, and sulfate radicals having extremely strong
25  oxidation power are thus generated and contribute to cleaning.
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10 the tenperature of peroxosulfuric acid solution, the tinme interval
varyi ng al so based on the tenperature of the solution. Therefore, since it
is nost efficient to set the timng of elevating tenperature in such a
manner as to contribute to cleaning just when the concentration of sulfate
radi cals reaches its peak, it is necessary to appropriately set optinmm
timng. 151f cl Badidals hhté 8niyssid@Miytiivated thuesfote li0Tg tdipeddtare of
exanpl e, for several mnutes), the autolysis of peroxosulfuric acid and

the asSocuaeftﬁgngm@ﬁﬂa@mfsiegwfr 3L RLBsYIARE A1 B 06 bk ML

el evation of tenperature. Therefore, at t time o e conplretion of the
el evation of .t enperat ure, e cancentr.ation of peroxosul furic..acid |s

ol ready | BRol3EE B ertly Sahitd s o fordeBrd SR sheb it |5
cal cul ati ng based on reaction kinetics and Arrhenius equation, and the
resul ts shisanimat YWibeatthegtestrgratesceimaroresuliizng arl sotuiends ynagpssed under
hi gh tenperature. [0003] As seen fromthe above, it is necessary to
perforint be kighvatinperafureenpavabsulfunt atidarungykésit iganarater yukfhtr t
time (in several seconds) 25 inmediately before cleaning. On the

ot her hangdadiAterard OVRE chapReratisheof siaRf f4dikERCYortequBALIG! BekEeusi s Of
sulfuric acid solution is higher and the rate of the autolysis of

per oxosul fr i id i Moo ak £ 1k Se r t fcd jd
Col ut i on Boeerulintyd JulfAlf madiiats bRt & BRkdinhi% o5 didbae B U
as 5 cleaning fluid at. a r.esist .strippj step, ,it.i S necessar 0
instantan@@ﬁ%ﬁ?r%ﬁ%%dﬁksgﬁﬁﬁhFﬁé“%%?d g@%u?@%ﬁﬁtﬁﬂ?%%‘ﬂés %%i%@&%?gﬁ at

| ow tenperature, to high tenperature from| ow tenperature inmediatel

bef ore cl pankngitewaeveras tepthsraimusechond thsavéag seeands ﬁnamé:h@eeéﬁvzﬁmp@ged.

For exanple, such a fluid heating apparatus 40 as shown in FIG 8 10 has
been p®nvehd itemglekytuisest parcxostiHprief adidadolugoputiee waherinoerviahevdriykes i n
sem conductor fabrication. The fluid heating apparatus 40 includes: a

closed quaidZLy&as6h the fethidiarsRAREtRE sBItHRE; Phédeitted siileeti #lRoand a

liquid outlet 41b provided obliquely with each other on a side wall of the
cl osed quapt z vessel, 41: and an-infrare t 42. | e ugrtz
vessel 41?éi e&%ﬁﬁsﬁkﬁ%ﬁt%?“%%%f?%Q%%Pﬁgﬁg§ ﬁ?%u§%gigpégéhﬁgﬁﬁﬁﬁfﬂbﬁise
41 through the liquid inlet 4la, is_ heated by_beigg ontacted with the
ci r cunf er epriaivitetpelqampg ingt whapdhe soncopiyatine ot gnliaferydigalsdeaskes ne
liquid outlet 41b.

1ts peak, it 1s necessary to appropriately set optimum timing.

15 If cleaning fluid is slowly heated over a long time (for example, for
several minutes), the autolysis of peroxosulfuric acid and the associated
decomposition of sulfate radicals proceed during the elevation of
temperature. Therefore, at the time of the completion of the elevation of
temperature, the concentration of peroxosulfuric acid is already low.

20  Results shown in FIG. 7 are obtained by theoretically calculating based on
reaction kinetics and Arrhenius equation, and the results show that Lifetime
of peroxosulfuric acid i1s extremely short under high temperature.

[0003] As seen from the above, it is necessary to perform the elevation of
temperature of cleaning fluid in a very short time (in several secopds)

25  immediately before cleaning.



In addition, a fluid heating apparatus 50 as shown in FIG 9 is known. The
fluid heating apparatus 50 includes a doubl e-tube structure. Liquid to 20
be heated flows via an inlet 5la for the liquid to be heated and an outl et
51b for the liquid to be heated both provided for an inner tube 51. On the
ot her hand, heat transfer oil flows through between the inner tube 51 and

an outer tube 52nitke athénhend>2mderichie heateratansftie officiang ahtleut | et
52b for the heat transfer oil both provided for the outer tube 52. The

fluid to B, &d ogléu%i?lrﬁeﬁiﬁ%ogﬁﬁoﬁ ?%ielt%iel}eﬁ{d B Ravaasy t@x%té(‘@c%ﬁsfig@ge

fluids through a wa the inner tu Moreover, a flu

heat i ng appar at us. has al, so. been 0 ed i I.chyheating. effkciegnecy is
or ovad BerGRs IRt FF I ehannat res priGHEd AL Bl ShEMER 1
outer and_inner circunferences of a tuz%Lar ceram c 5 heater (see _Patent

Docurent Dp. elretralyzed srTlavodemmer abaree abadcilitnto 60°C). [ ¥0een usadent

Docunent 1: Japanese Unexam ned Patent Application 10 Publication No.
HO5( 1993) clkamdhge FlvARYa @E sTRHE tEIENT |sObp , PRGBLIENBs Tt TtoT HEBthWENTUS | S TO
SCLVE [0005] If high-tenperature fluid such as heat transfer oil is used
as a elevate sulfuric acid solution, which is electrolyzed at low temperature, to
high temperature from low temperature immediately before cleaning.
Various apparatus for heating fluid have been proposed.
For example, such a fluid heating apparatus 40 as shown in FIG. 8
10  has been conventionally used in a step of heating pure water or the like in
semiconductor fabrication. The fluid heating apparatus 40 includes: a
closed quartz vessel 41 in the shape of a tube; a liquid inlet 41a and a liquid
outlet 41b provided obliquely with each other on a side wall of the closed
quartz vessel 41; and an infrared heater 42 in the closed quartz vessel 41.
15  Pure water or the like flows into the closed quartz vessel 41 through the
liquid inlet 41a, is heated by being contacted with the circumference of the
infrared heater 42, and then discharged out of the liguid outlet 41b.
In addition, a fluid heating apparatus 50 as shown in FIG. 9 i8 known.
The fluid heating apparatus 50 includes a double-tube structure. Liquid to
- 20  be heated flows via an inlet 51a for the liguid to be heated and an outlet 51b
for the Liqgid to be heated both provided for an inner tube 51. On the other
hand, heat transfer oil flows through between the inner tube 51 and an outer
tube 52 via an inlet 52a for the heat transfer oil and an outlet 52b for the
heat transfer oil both provided for the outer tube 52. The fluid to be heated

25  is heated due to the heat exchange between these fluids through a wall of the
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15 heating source |like the foregoing fluid heating apparatus 50, for
exanpl e, heat is transferred by conductive heat transfer and
forced-convective heat transfer in the order of oil, quartz wall and
solution. In order to transfer a | arge anount of heat in a short tine by
t he above heat transfer nethod, it is preferable to increase the

t enper at upgnaftpRag1 transfer oil to the highest 20 possible tenperature
(for exanple, 1000C or higher). The highest usable tenperature of heat

transfer oil ﬂ/ibﬁrﬁe{)] vl bk e %“ﬁiﬂﬁ&ra’c‘uﬁ 1 éﬁs@'BQ{;‘ﬁ tp%&?&é Bﬁn“&%ﬁﬁh Since

t he heat volune eating source in case 0 od using

heat tran oil_.or the IJke S dlff .cult sta ne tart
e st oo Bastigereigionsy SsRDtady R BroVHig i loN PABRGL HeObg Yerla | i ng
near-infrared rays, 4 such as a halogen |anp heater, is used, heat energy
i s di rect hyatadandgng heth t euterr upad t innsugeirewnferencereaf 4 rgwulanspramic

Near-i nfrared rays having wavel ength of 0.8 mcroneters to severa

m cr onkt ehsapassed PatsighDouantat 1and 99% or nore thereof is absorbed by a
wat er | ayer having thickness of 5 several mllineters to several tens of
mllimeters. In case of a | anp heater, heating can be instantaneously
started and stopped by turning on and off, and heating tenperature can

al so be adgj4s I i | anp output. Therefore, near-infrared

| anp heatg%g”%§@£ﬁ§§§€§§¥ﬁgﬁ§$$3gused for heating high-concentration

sul furic acid solu é [0006] In case of the foregoing fluid heating
(e

appar at us 4@ NED however, ultrapure water and chem cal solution
are heated at the rate of several liters per minute. In this case, the

vol ume of (G0l aPatente Rwunhenionks Jpweest LUnesamided Poterde Applmationd
di nrensions of lanp, and liquid residence tine thus beconmes as long as 1 to

2 m n esPublichfien o Hox1983)-I7ogpsd cont ai ns peroxosul furic acid init,

the autol ysis of peroxosulfuric acid proceeds, and peroxosul furic acid is
t hus wasted. Therefore, when using the fluid heating apparatus 40, it is
necessary to set the tenperature of a heat transfer surface to extrenely

oot st anc BBV R IR Y VERERIS, " “Wen st tng the femperature of a
heat tr an%’fReOBLEMS THAT THE INVENTION IS TO SOLVE
[0005] If high-temperature fluid such as heat transfer oil is used as a
15  heating source like the foregoing fluid heating apparatus 50, for example,
heat is transferred by conductive heat transfer and forced-convective heat
transfer in the order of oil, quartz wall and solution. In order to transfer a
large amount of heat in a short time by the above heat transfer method, it 18
preferable to increase the temperature of heat transfer oil to the highest
20  possible temperature (for example, 1000°C or higher). The highest usable
temperature of heat transfer oil industrially used, however, is only about
350°C to 400°C. Since the heat volume of heating source is large in case of
the method using heat transfer oil or the lLke, 1t is difficult to
instantaneously start and stop rapid heating.

25 In contrast, if a near-infrared heater emitting near-infrared rays,
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surface to extrenely high tenperature, the autolysis rate of

peroxosul furic acid extrenely increases |locally at the heat transfer
surface, and peroxosul furic acid is consequently wasted. Therefore, the
concentration of peroxosulfuric acid becones |ower after the tenperature
el evation. Hence, 25 it is necessary to increase the tenperature of

sul furic agtd asdl tho@@n‘&ﬁiﬂpﬁhezﬁ:‘é@ﬁ@Qﬁs@dnﬁeéﬁ'@n@%gg% VereetRf trRfsfexasitd uri c
acid within a heating apparatus as nmuch as possible by not setting the

tenper at U, §f t?o‘?{ﬁ# . ﬁfc%eat”fﬁf%‘h? §2n! ghNe%?Hﬁ?xﬁatrEﬂl z ?dh%% % ur e

activate € au peroxosu uric-acid usin enper

of sulfurlcald ol ver, even if. heatln rformed with the
f or egoi ng N M%&PM (b o VB PRICROZIGF gt PO EHod bRl f ur i
acid solution to hi gh tenperature in a short tinme while naintaining the
concent r aendn9%h eremexedberentiis ahsogbedbat aiveatenrdarer hawingthiickness phat
heat transfer nmediumis used or even under the condition that a lanp is
used a5 asbeatal myililthecappainaicweral fena dfimgillicheibow dhanrelof hdanipbchirge

fl ow channel thickness, radiant heat fromlight is not transferred to

di stant |igyiigg M}Pbgﬁﬁéﬁmhheb&s}g%Qﬁ%‘dbéﬁd Loy thPEhRASE atd?f»‘oﬂ’
tenperature of "entire liquid 71 In consideration of above, an

obj ect of _t rese | Dve ntion t OVI eat.i S
canabl e ofHAHEREE irabftb Bl b HaEyRa s bR RYa RS 9%%5%
tenperature in_a short tinme thot settln t he tenperatur f aheat
transf er ?SPI‘*F%@E‘?{ RRH igpirare e %{ﬁ&% 9 ?qiwe&tﬁ)éla@ eﬁe%a ating

t her ef ore. _ _ _
high-concentration sulfuric acid solution.

10 [0006] In case of the foregoing fluid heating apparatus 40, for example,
however, ultrapure water and chemical solution are heated at the rate of
several liters per minute. In this case, the volume of a guartz vessel
becomes several liters due to the output and dimensions of lamp, and liquid
residence time thus becomes as long as 1 to 2 minutes. If the chemical

™ 15 liquid contains peroxosulfuric acid in it, the autolysis of peroxosulfuric acid
proceeds, and peroxosulfuric acid is thus wasted.

Therefore, when using the fluid heating apparatus 40, it is necessary
to set the temperature of a heat transfer surface to extremely high
temperature (about 300°C to 500°C varying also based on the heat resistance

20  of components). However, when setting the temperature of a heat transfer
surface to extremely high temperature, the autolysis rate of peroxosulfuric
acild extremely increases locally at the heat transfer surface, and
peroxosulfuric acid is consequently wasted. Therefore, the concentration of
peroxosulfuric acid becomes lower after the temperature elevation. Hence,

25 1t is necessary to increase the temperature of sulfuric acid solution while
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MEANS FOR SOLVI NG THE PROBLEMS 20 [0008] The liquid heating apparatus of a
first aspect of the present invention includes: a flow channel nenber
formng a flow channel allowing liquid to flow and having fl ow channel

t hi ckness of 10 mmor snmaller, the flow channel nenber conposed of

material transmtting near-infrared rays; and a near-infrared heater

pl aced oveupphessout shéleuedlyals d xondfefic RRDSitlEN(d beadbgalipuratus
surfaces of the flow channel and heating the liquid in the flow channel.

[0009] Thelj qui j |
[ nvent i on o 22 p s RS IOLFRRE TSy Ple R pe DR HeuB e TN | aced

over the out,side of b i i )
the 5 pr eg‘érhlg n(ﬁéﬁp?%ipqré,hgnélt%wagtqggt%e%:hg uard‘tg y%fs I0 I}erllgxc];slurhs&rlca %{%ﬁf t of

using the high temperature of sulfuric acid solution.

5 However, even if heating is performed with the foregoing well-known
heating apparatuses, it is difficult to heat sulfuric acid solution to high
temperature in a short time while maintaining the concentration of
peroxosulfuric acid. That is, under the condition that heat transfer medium
is used or even under the condition that a lamp is used as a heating

10  apparatus, if a liquid flow channel has too large flow channel thickness,
radiant heat from light is not transferred to distant liquid. Therefore, it is
impossible to evenly increase the temperature of entire liguid.

[0007] In consideration of above, it is an object of the present invention to
provide a liquid heating apparatus capable of heating liquid to be heated of

15  low temperature to high temperature in a short time without setting the
temperature of a heat transfer surface to high temperature and a hqud

heating method therefore.

MEANS FOR SOLVING THE PROBLEMS
20 [0008] The liquid heating apparatus of a first aspect of the present invention
includes: a flow channel member forming a flow channel allowing liquid to
flow and having flow channel thickness of 10 mm or smaller, the flow
channel member composed of material transmitting near-infrared rays; and
a near-infrared heater placed over the outside of at least one of opposite flow
25 channel surfaces of the flow channel and heating the liquid in the flow
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[0010] The liquid heating apparatus of a third aspect of the present
invention is characterized in that the flow channel may be an annul ar fl ow
channel in the first or second aspect of the present invention. [0011] The
liquid heating apparatus of a fourth aspect of the present 10 invention is
characterized in that at |east a portion of the flow channel nenber, the
portion fehahhel. the flow channel surface of the side where the
near-infrared heater is placed, may be conposed of quartz in any one of

the Tirst GdiNrhd AIRRL R0 fg@&m%@gnbfiwvs%e&whsgeepl&l £HdG ek d

heati ng apparatus o t he present 15 invention may
further include a.spacer pl.aced ncapsul ated w,t.hin the flpw ghannel to
reduce volufEY™ th Bﬁﬂaﬁ&&ﬂ%ﬁ h‘é&{llaﬁ tgﬁ)}le(?ﬁ' elnglfar? fleatpis May ﬁ% &)ﬁ? o
aspects of the present invention, [0013] The |iquid heating apparatus
of a sixt hverspeeputide 9é horhdbatilow shannsh spelagemin dhe drsk @aspect ¢lathe he
spacers may be plural in the fifth 20 aspect of the present invention.

[ 0014]5 Therédequuiidvéretadbn.ng apparatus of a seventh aspect of the present
invention is characterized in that the spacers may be granul ar-shaped and

filled in[ddw]fraw thandehediing Mpmivsths asPecthild thpedy @serte ipresaid on.
[ 0015] The liquid heating apparatus of a eighth aspect of the present 25

| (The 17qu ing aj _ |
| vent i on & AL ACLEARS I HPha UG, BRACELSEMN 1ot shianad flano

liquid Wi n I'Téction and arranged In rows w t he
t he sixth aspect. of the present_ inventi.opn. 0Q16] The liquid heating
appar at us® ?n%g]ﬂi“rﬂhﬁ g’ésﬁ&?tseﬁ?mi H@W@§gﬁ? Pll‘ﬁéﬁé&tlp %88 ¢characteri zed in
that the spacer may be conposed of quartz in 5 any one of the fifth to
ei ght h aspekld Thet hauist dweting mpparaer of oo 1fppritheadpeguicd Heatmragent
apparatus of a tenth aspect of the present invention is characterized in
that BRn ofnfdrmttomid/characieeaddrimmajiabetl kased apbridoth idfutic: flowetchpantl on
and/or a liquid outlet portion of the flow channel in such a manner as to
have enl apa6dnl QWe FJorABA! foftn$fe tRe RINBAENSYE urface of the side where the

near-infrared heater is placed, may be composed of quartz in any one of the

first to third aspects of the present invention.

[0012] The liquid heating apparatus of a fifth aspect of the present

15 invention may further include a spacer placed or encapsulated within the

flow channel to reduce volume of the flow channel in any one of the first to

fourth aspects of the present invention.

[0013] The liquid heating apparatus of a sixth aspect of the present

invention is characterized in that the spacers may be plural in the fifth

20  aspect of the present invention.

[0014] The liquid heating apparatus of a seventh aspect of the present

invention is characterized in that the spacers may be granular-shaped and

filled in the flow channel in the sixth aspect of the present invention.

[0015] The liquid heating apparatus of a eighth aspect of the present

25  invention is characterized in that the spacers may be rod-shaped along liguid
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10 distribution of the liquid in any one of the first to ninth aspects of
the present invention. [0018] The liquid heating apparatus of an el eventh
aspect of the present invention is characterized in that the liquid may be
sul furic acid solution with concentration of 65%to 96% by wei ght in any
one of the first to tenth 15 aspects of the present invention. [0019] A

l'iquid heghiRfs MBI N0in@ ab ¥Rl dddiR3RRE twithin AR AHRSEHNHIVATheiIxth

i ncludes: using the liquid heating apparatus according to any one of the

first to el eventh, aspects .of present invention to heat a liquid in the
l'iquid he§??%§(gﬁggpggﬁgﬁﬁéfﬁﬁggﬁing residence tinme of the liquid in the

liquid 20, heat i apparatus within a range, of 0.5 to 5 segonds. [0020] A
i qui d he&?ql&é Roenbauel Beatkns (umitRtas k- @Fn‘ahé‘s@@%‘"s CTRGaherEh i s
characterized in that liquid tenperature may differ by 50C or nore between
t he |i qui thvemtemn pochimwtemzed be thagbhe spatdremayobe compiosed hé aulaoly thannel
of the liquid heating apparatus in the twelfth aspect of the present

25i nvent i afly onfeQ¥2hE ffth it6 vightheaipents abiHaoskeeénaifveutiogent h aspect of the
present invention is characterized in that liquid tenperature nay be 60C

o 5 ot b a8t Aoy ity s b hoigoc 1
thirteent Pm%siﬁl?o(::r} isoéhaSra%pe%’iEerde i Qltlati Q}/leor%t .1(%nan 01|,E %qlrezga:er-rrll_llgyl bl\(levﬁ)we
at a liquid inlet portion and/or a liquid outlet portion of the flow channel in
such a manner as to have enlarged flow channel area to promote even
10  distribution of the liquid in any one of the first to ninth aspects of the present
invention.
[0018] The liquid heating apparatus of an eleventh aspect of the present
invention is characterized in that the liquid may be sulfuric acid solution
with concentration of 65% to 96% by weight in any one of the first to tenth
15  aspects of the present invention.
[0019] A liquid heating method of a twelfth aspect of the present invention
includes: using the liquid heating apparatus according to any one of the first
to eleventh aspects of the present invention to heat a hquid in the liquid
heating apparatus maintaining residence time of the ligmid in the hiquid
20  heating apparatus within a range of 0.5 to 5 seconds.
[0020] A liquid heating method of a thirteenth aspect of the present
invention 1s characterized in that liguid temperature may differ by 50°C or
more between the liquid inlet portion and the liquid outlet portion in the flow

channel of the liquid heating apparatus in the twelfth aspect of the present

25  invention.



[0022] Since a liquid heating apparatus according to the present invention
i ncludes: a flow channel nenber formng a flow channel allowing liquid to
10 fl ow and having fl ow channel thickness of 10 mmor smaller, the flow
channel nenber conposed of material transmtting near-infrared rays; and a
near-infrared heater placed over the outside of at |east one of opposite

flow cham[@(bzﬁum HeR3d Ohedi8sf hidthehasnel fGndebea | ipebhafl tiai ghekbnt he

fl ow channel , is possible to instantaneously and evenly heat the
liquid. 1 I.n V. f V, f
i qui d, ?ﬂ.esn%% Fofpllestied tH iR OW‘p%E%ﬁ#% A PHELCERI Tl

snaller Fur |n order to cure sufficient

channel "t AR LABAL It t pPEtep o] Heuihiecroey wm%‘e 5%9"2%@9 %‘5“’3?%{1%

bi gger. Moreover, in order to allow fluid to evenly flow through the flow
channel , liguid optlet poriive irGhe Higuid Awatingwmenbhed & thethictesnthirspect of
substantially constant. [0023] Since near-infrared rays pass through

quartzs athé preseh@nneéntienber and spacers conposed of quartz do not

prevent heat transfer, and it is possible to efficiently transfer heat.
[0024] Since it is difficult to delicately process quartz, it has been
difficult to 25 forma flow channel having a narrow fl ow channel area,

that is, 0 anot her present invention using
spacers, mgi%gr@mﬁwlﬁaw ng an appr opri ately narrow fl ow
channel :%ﬁan be formed _by sinple work, i i 3§;t|ng t he spacers
into a fI anHee dirgaud hiatng a%a%#ﬁé\cemahngta el pussant syt
According to the present invention, the shape of spacers is not

parti cul amglutlesiia Eow awnne}smwybdlefomnﬁngrﬁaﬂew chagnelmilavinghbped, td or
exanple. In case of rod-shaped or granul ar-shaped spacers, snall clearance

is fororedfigat \&%Gnhﬁvfﬂ%\ﬂcﬁh&ﬂfiﬁine@nﬂli@l&@ébssﬁﬂQW oy, GBkimgliéheckd @wet er of
spacers sone snaller than flow channel thickness, and liquid thus rapidly

10 71 ows. f,0026] .66 i, (ss%ggs%gfémgﬁﬂ%fsmﬁ&lgg%eamﬁﬁia&ea DGR AN

since pressure 1oss 1S pr ormng a r at a ['1qui

portion and a snal | suc an |f| at .b n t he. header .and a
PP ow chanfdicasari Al s b lasga ovr he pHESHRE o WHET dnerdd eppRa e Mo
distribution of flow volune within a 15 flom1channel even_in case of a
narrow f | ehpemeinparfacemaf the flow chennel eadehomans heubgmid gacers flave
inserted therein, for exanple. Note that the residence tine of

hi gh- t enpehathnkle it isquisdibdano bestanoahanedy bydreaduty hgat tle ighuhe of a
header at a liquid outlet portion. |
15 From the point of view of instantaneous and even heating of liquid, it
is more preferable that the flow channel thickness is 5 mm or smaller.
Further, in order to secure sufficient liguid flow, the flow channel thickness
is preferably 1 mm or bigger, more preferably 2 mm or bigger. Moreover, in
order to allow fluid to evenly flow through the flow channel, it is preferable
20  that the flow channel thickness be substantially constant.
[0023] Since near-infrared rays pass through quartz, a flow channel
member and spacers composed of quartz do not prevent heat transfer, and it
is possible to efficiently transfer heat.
[0024] Since it is difficult to delicately process quartz, it has been difficult to

25  form a flow channel having a narrow flow channel area, that is, small volume.
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[ 0027] According to a liquid heating nethod of the present invention,
since 20 the liquid heating apparatus according to the present invention
is used to heat  a liquid in the liquid heating apparatus naintaining the
residence time of the liquid in the liquid heating apparatus within the
range of 0.5 to 5 seconds, it is possible to instantaneously heat the

liquid w tAhesidifaUus) RehoBRdr GIaB&aet lifvémeor ondas! tharref Hokevetadi doand so
on. 25 [0028] Residence tinme of the liquid in the liquid heating apparatus

(i S B P S SR ot TRIE SR 2

seconds or ntaneous hea hand, in
case of the residence tine shorter than 0.5 seconds, it. 1S necessary to
st fow SHARIFETOTR en BECTHREHIS SHECTS S HEOT FhBRelstiat AATE Cibtheat
flux of a heater 5 within the range of 30 to 50 WcnR or higher. Since

st r uct ur acopnadyciat availalleses, 0.5 second or |longer is preferable. For
the sanme reason, 1 second or longer is nore preferable. BRI EF DESCRI PTI ON

OF THE> DREWNESAL&1dD29 o the prelséf ihentids, ahscélenmt iof grapess Sechéonal
view of a liquid heating apparatus according to an enbodi nent of the

present i pygntiigriy2ligfiged.neghongltmdimed dif@abb@Nod Q%@@ﬁar-s«mge&l G@r 1(b)
is a cross-sectional view taken froniline b-b in FIG 1(a); 15FIG 2(a) is

21 ong-t e TERBE uattr =t rels il h AafaRt il hpffd QT eRARR S
i agr am SHOMRRS DGR, Bamebamas] SndsRehaprae: By o ke bRlieRetteof | qui d
heati ng apparatus according to the enbodiment is used; 20 FIG 4 is a
gr aph showpmeers enre bagitlensthiap Bevwdwamndl dhidmsess atand diofidpdusxspmdivur i ¢
acid solution (60C to 110C) and the half-life of peroxosul furic acid;
10 flows.
[0026] According to another aspect of the present invention, since pressure
loss 18 proyided by forming a header at a liquid inlet portion and a small hole
such as an orifice at between the header and a flow channel performing
heating, it is possible to equalize the distribution of flow volume within a
15 fiow channel even in case of a narrow flow channel, that is, 1n such a case
where plural spacers are inserted therein, for example. Note that the
residence time of high-temperature liquid can be shortened by reducing the
volume of a header at a liquid outlet portion.
[0027] According to a liquid heating method of the present invention, since
20 the liquid heating apparatus according to the present invention is used to
heat a liquid in the liquid heating apparatus maintaining the residence time
of the liquid in the liquid heating apparatus within the range of 0.5 to 5
seconds, it is possible to instantaneously heat the liquid without causing any
change in the composition of the liquid and so on.

25 [0028] Residence time of the liquid in the liguid heating apparatus (liquid

10



FIG 5(a) is a schematic cross-sectional view of a liquid heating

appar atus accordi ng to anot her enbodi nent of the present invention along
25 longitudinal direction thereof, and FIG 5(b) is a cross-sectional view
taken fromline b-b in FIG 5(a); FIG 6(a) is a schematic
cross-sectional view of a liquid heating apparatus according to further

anot her efiQd Rt isObrefétably &S sddondavaniharte e bestardhlgi Dabedidsest i on
thereof, and FIG 6(b) is a cross-sectional view5 taken fromline b-b in

FIG 6(a); £ i N I ' hi t he
temper at UPRoHFT e st et ARl ARR TR IS5 EhE! pIRR RS e
lifetime of .peroxosul furic I d; ... FIG 8is a hemat i ¢

di agr am sABHFRECH n%?ﬁﬁﬁtﬁrgﬁago%@eﬁﬁcf’]aﬂ%llt 18 NS ﬁ8a%eit§govﬁg§3%?hses;
FIG 9 is a schematic di agram show ng anot her_exanpl e of conventi onal

li qui d he#hickgeap Feithin ths rapysob Venrsoreratierrn RAredTilvrl avERieoN 15
[ 00301 (FI RST EMBCDI MENT) A liquid heating apparatus according to
an enb®di rEthinofhet fasgprod $€no W& nizom highér. b&idesstrubad aberdwem thus

arises, 0.5 second or longer is preferable. For the same reason, 1 second or

longer is more preferable.

BRIEF DESCRIPTION OF THE DRAWINGS

10 [0029]

FIG. 1(a) is a schematic cross-sectional view of a liguid heating
apparatus according to an embodiment of the present invention along the
longitudinal direction thereof, and FIG. 1(b) is a cross-sectional view taken
from line b-b in FIG. 1(a); |

15 FIG. 2(a) is a detailed cross-sectional view of the above liquid heating
apparatus along the longitudinal direction thereof, and FIG. 2(b) is a
cross-sectional view taken from line b-b in FIG. 2(a);

FIG. 3 is a diagram showing a single-wafer resist stripping system in
which the liquid heating apparatus according to the embodiment is used;

20 FIG. 4 is a graph showing the relationship between the temperature
of peroxosulfuric acid solution (60°C to 110°C) and the halflife of
peroxosulfuric acid;

FIG. 5(a) is a schematic cross-sectional view of a liquid heating
apparatus according to another embodiment of the present invention along

25  longitudinal direction thereof, and FIG. 5(b) is a cross-sectional view taken

11



FIG 1 is a schematic diagramof the liquid heating apparatus 1. An

annul ar flow channel 4 is forned with a doubl e-tube structure 20 where the
di aneters of two tubes are approxi mate as shown in the figure; that is,

t he annul ar flow channel 4 is provided between an inner tube and an outer
tube, and its flow channel thickness is set at 10 nmor smaller. It is

pref er abl gdrainth® iariat a3(af;l ow channel 4 is vertically installed. In the
installed condition, a tubular |arge-volunme header 3 communi cates with the

25 | ower side (lErguig, intl I . Of l:£d.0 h :
header 3 is pr ?\Ingde‘g%q% h£§cﬁg%k%%tlc?ﬁ¥§%%eg§? %ihg.w{‘!vq%&bi% tE gﬁgde %@gﬁ%
flows into through the,|ower. inflow port 2 nd u rd flow al ong.t he

di r oot | on ABPAFHERACAdPE R duEen AR tRrE ambRdHRERt o e RireP BRI e
in the annular flow channel 4 through the heade( 3. The upper. side of the
annul ar f hévag msveidigal direcgpondbarest, paduEHa 6lbjiia feeross sReFieRRCERTT at ed
to the center so that the annular flow channel 4 comrunicates with an
upwar d5 opeskerp fiin Himkefi-bvin @, G&a);The 1iquid to be heated flows through
the annul ar flow channel 4 and then flows out through the upper outflow

port 5. The annwigr 7filsca\i\%&&ﬂm%wﬂlgaﬂ;b +d18tiBRAIR helwales (HRORNOferdbard 2
() 4

exhi bi ti ng nonel uti on, dation-resisting, and heat-resisting

properties ar as . a_heat Ct{ o f 0, : o] has
good heat OFrfz)%lnré)Fiééu%lrldﬁe? ﬁgssoﬁﬁgglfi%oystﬁaggg g&%%‘?sag@wﬁ{éﬁ{ngé dlggrret er
smal l er than the_ fl ow ¢channel thickness are arranged parallel to one

anot her aBFEEYSPHETEMRGe circunference of the annular flow channel 4, but
the spacers 6 are not fixed 15 to the inside of the flow channel. By

meki ng the fl owFtHafnisl 2 shhematicsdiagramesherigist amexamme dfronsgenpensal of
the annul ar flow channel 4 smaller than the dianmeter of the rod-shaped

spacer® 6liguikheatdnghapedaspaeers 6 can be held within the annular flow
channel 4 without falling. Above the height near the inflow port, snall

clearance is foppgd gnpng, t BendiRdrishaRESSRASREwAL: CadiileRN ckARiple biner

circunference surface and an outside 1 nner circunference surface of the
annul ar flow ¢ annell .4..dr%l§e%r ance may be fornmed anong the rod-shaped
spacers 6 COBYe Wr]rﬁqw 3—%%@%%%%5 6 as being contacted with each
ot her may be arranged within the annular flow channel 4. 25Although

rod- shaped spacers 6 are adopted as spacers in this enbodinent, the
"~ present invention is not limted to such a shape. That is, the shape of

spacers i EMBOIPEMENTS FO0K CARRYSN AT JSHELINYENE BYacer s have the
effect of achieving predeterm ned residence tine within a heating
appar g4 us [naolerEssT MMBOTSTMENES sectional area of an annular flow
A liquid heating apparatus according to an embodiment of the
present invention will be described below.
FIG. 1 1s a schematic diagram of the liquid heating apparatus 1.
An annular flow channel 4 is formed with a double-tube structure
20 where the diameters of two tubes are approximate as shown in the figure;
that is, the annular flow channel 4 is provided between an inner tube and an
outer tube, and its flow channel thickness is set at 10 mm or smaller. It is
preferable that the annular flow channel 4 is vertically installed. In the
installed condition, a tubular large-volume header 3 communicates with the

25  lower side (liquid inflow side) of the annular flow channel 4. The header 3

12



5 channel . For exanple, spherical or arc-shaped spacers may be adopted. As
a material for the spacers, quartz exhibiting nonelution,

oxi dation-resisting, and heat-resisting properties is used as in the case
of the flow channel menber. The rod-shaped spacers 6, however, are nuch
preferred because they also have the effect of guiding liquid to be heated

in 10 theidipreeidednwefh Gheowedt Snfibwt pertarnulidgufd ew shaizaedd 4idvs ahiow t he
liquid to be heated to flow snoothly. [0032] An external heater 7 is

provi-ded op. %gﬁ G ep t f ﬁﬁ@g@@{ 4,
and an inter ﬁjibta 3&81% S p?)ow%e%ﬁ vﬁe%ﬁﬁg?ﬂeﬂ ?It}ﬁfdé?égr%ce si de of
the annul ar. fl chann eab ture 15 constitutes.the liquid
hoat | ng. agBiah te AnaREs fin S hastehd 5 ibeEhY FRvaRtEORt the Hnitaat fiom e
that the heaters evenly heat the outer circunference surface and/or the

i nner ci r chaneelehthronghbfthechagder e dhrurpper $idoof fagarnupr flpwschanpgt e

specifically shows the liquid heating apparatus 1 in detail. 20ln FIG 2,
two st ai ght grubeahabkodecedediemnstasandeonadraraid toedicarenBenretiprtated in a
center portion of the annular flow channel 4 on the inner circunference

si de. Hal gagpINeAbR’ ShASdINE conehnRhte B ah %B@ai@d 3668 Whernsutduter

circunference side of the annu!ar fl ow channel 4. Note that heat sources
con 2 PLEPE) “HFEPARE A T RB R L RS PR D

and then flows out through the upper outflow port 5. The annular flow
channel 4 and the header 3 are made of quartz exhibiting nonelution,

10  oxidation-resisting, and heat-resisting properties. Quartz has a heat
conduetivity of 1.0 W/m/k and therefore has good heat transfer properties.
[0031] Rod-shaped spacers 6 with a diameter smaller than the flow channel
thickness are arranged parallel to one another across the entire
circumference of the annular flow channel 4, but the spacers 6 are not fixed

15  to the inside of the flow channel. By making the flow channel thickness at
the height near the inflow port of the annular flow channel 4 smaller than
the diameter of the rod-shaped spacers 6, the rod-shaped spacers 6 can be
held within the annular flow channel 4 without falling. Above the height
near the inflow port, small clearance is formed among the rod-shaped spacer

20 6 and an inside inner circumference surface and an outside inner
circumference surface of the annular flow channel 4. Clearance may be
formed among the rod-shaped spacers 6, or such many rod-shaped spacers 6
as being contacted with each other may be arranged within the annular flow
channel 4.

25 Although rod-shaped spacers 6 are adopted as spacers 1n this

13



menber. The internal heaters 8 and the external heaters 7 correspond to
near-infrared heaters according to the present invention, and each

i ncl udes a hal ogen heater to emt near-infrared rays (wth wavel ength of
0.8 to 2.5 pn). [0033] A nethod for fixing the conponents constituting the
liquid heating 5 apparatus 1 is not particularly limted on condition that

the conpopgHodiMkat PHACEEhsa%t SHOMtiom iFh6t likitdd tb Rackianglast MHdod, it

can be considered that, for exanple, the |lower part of the quartz tube

bod ft I : ! t
o, o, 05, 903, L NCETRNIR ARy HPRGE BRFALE TR cupper

I t el i.ded. L.n the 10 f th t |, heat 7 in th
o U e et B P SR BT b,

with a clanp or the like. Since outer surfaces of the hal ogen heaters are
coat ed wi epppeftiuechbyvdesrgneiigainnertorpssmysetipeal ared uifi gnparpslaredlow
order that the material is prevented from being rubbed and falling off.

Li kewi 3e, chheneéint éforabxiepler spladrecad uppart-etdafpéd afpattied mdyower agartiedons.
When setting up the liquid heating apparatus 1, it is inportant to instal

the liquidsheati ng.@RRPRAr kS Yh¥er khe@lrky Sfuasz t Ocdliband i atbibitgioh! ow
upward. It is consequently possible to avoid troubles such as the

reduct i on oLy ek L n%gar%fhf?i%gr?esﬁ%ngﬁ@&ﬁe@%ﬁ nl%aa%%Qﬁ%ngcan BPLs

generatedOF} na flow channel, 'and 1t can be
expected that |liquid flows eveply. [0Q341 Wth the |iquid heatin

appar at us 1% chgpaeh gnegihege ?fh%t“@ﬁ%ﬁ%ﬂ%ﬁpaﬁ‘?rst Fe RowewH 4rﬁvg?ﬁ“f}bn,
liquid flows while the residence tine of the liquid is maintained within

t he rangepoéfefresl becaBiss shepddso dadettie dffagtiod gusdimg kewidatsl he heatesiin For
exanple, the liquid residence tine required for heating 2 liter/mn of

sol uti®n ahe AdectionldQBel Sxid.oF thecattdar Thivs chsnhdcas aliohethd ligald ty of
rod- shaped spacers 6 is placed within the annular flow channel 4 to reduce

the fl ow wliquid to flow while being contacted with
SoaRatha ps genrioBblg

heati ng surfaces eaters. In the case where 5 sulfuric acid

sol ution i ed as liqud t .heat e it 1S possible to avaid.boiling
of the sul MilcAurseroBtl Bebfrof it Reo Paph s PYETs Cof bl BREs Hipt
acid (peroxodisulfuric acid)_since the te rature of a.l i&]ui d- cont acti ng
heating stik¢ aseuizr Bopchgnnebdepnd an internal heater 8 is provided on the mner

circumference side of the annular flow channel 4. The above structure

15  constitutes the liguid heating apparatus 1 according to the present invention.
It is desirable that the heaters evenly heat the outer circumference surface
and/or the inner circumference surface of the annular flow channel 4.

FIG. 2 more specifically shows the liquid heating apparatus 1 in
detail.

20 In FIG. 2, two straight-tube halogen heaters as the internal heater 8
are placed in a center portion of the annular flow channel 4 on the inner
circumference side. Halogen heaters as the external heater 7 are placed on
the outer circumference side of the annular flow channel 4. Note that heat
sources can be appropriately selected in accordance with the purpose. As

25  an external heater, spiral heaters may be placed to encircle the flow channel

14



[0035] A liquid heating apparatus according to the present invention can
be 10 used in a resist stripping application by, for exanple,
incorporating it in such a single-wafer resist stripping systemas shown
in FIG 3. The systemis provided with a reservoir 10 in which sulfuric
acid solution containing peroxosulfuric acid, i.e., peroxodisulfuric acid,

her ei naf t @fiethber. s W ihieras] Heffirdts aRdothet itisrhyPRed iRk erT &strépas 1P
peroxosul furic acid solution, is stored, an electrolytic device 13 that

Gevi ce 15009 SRR R ATRRE ) hEPrSh) T G xR

rrc acl Ion in the réservolr I's held at
Sui [ abi ¢ PaIoRSRORTAEE Y Pt RGLT EETBHY T 1o barH1a T BAAAIND £° anPoia, and
then supplied 20 to the electrolytic device 13. In the electrolytic device
13, persul§G83d Aomsthod fope fieing dhe fcoomodgntacenstanging the diqwid| Beating The
peroxosul furic acid solution is circul ated between the electrolytic device
13 ands t happesainol s A6t pdrtihidaflydwnitetierotonditbnedanphe comploaehts are
liter/mn. And further, the
placed as shown in FIG. 2. As the simplest method, it can be considered
that, for example, the lower part of the quartz tube body of the annular flow
channel 4 and an upper npzzle having the upper outflow port 5 are held with
(;Iamps or the like attached to a support column separately provided. In the
10  case of the external heater 7 in the spiral shape, it is composed of several
heaters, and each heater is held with a clamp or the like. Since outer
surfaces of the halogen heaters are coated with reflective material, setup
must be carefully performed in order that the material is prevented from
being rubbed and falling off. Likewise, the internal heaters are supported
15  at their lower portions.

When setting up the liguid heating apparatus 1, it is important to
install the liquid heating apparatus 1 vertically so as to allow liquid to flow
upward. It is consequently possible to avoid troubles such as the reduction
in heat transfer efficiency due to the residence of bubbles generated from

20  boiling or the like within a flow channel, and it can be expected that liguid
flows evenly.
[0034] With the liquid heating apparatus 1 according to the first
embodiment of the present invention, liquid flows while the residence time of
the iquid is maintained within the range of 0.5 to 5 seconds, and the liquid 1s

25  reliably heated. For example, the liquid residence time required for heating
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peroxosul furic acid solution in the reservoir 10 is drawn therefromwth a
25 punp 14 at the flowrate of, for exanple, 1 to 2 |liter/mn, heated to
high tenperature (for exanple, 120C to 190C, preferably 140C to 160C) in
a short tine with the above liquid heating apparatus 1, and then all owed
to flow down to an object to be cleaned (for exanple, a sem conductor

waf er) aceompAairdf dlutis & 6090 BY 18evCae 115 sbentlseamtibes dbpaede the be
cl eaned. 5 Since the peroxosulfuric acid solution is rapidly heated to the

high t eﬁpgiﬂaﬁtg%&@gpggea LBHick PRS00 ARRALAHS ahuldlal Bt STl 4 Ne

per oxosul furic Ion- does not autol yze excessively.

peroxosul furic acid sql utiqn keepi ng hi gh eani ng,p I s_thus,supplied
to the cl E%rﬁ'eﬁ@w‘ae&}ec 0§ ¢ eio@f?% &‘ﬁl%uég]l@waglqlﬂg g(\?l\gfjﬂWn i@gvp‘égPQS i's
drawn 10 therefromwi th a punp 16, cooled with a heat exchanger 17, and
then fed berfactes twishrbeating surfaces ey theehcatargg An| thpuicashaubergy
apparatus according to the present invention and perform ng such single
waf er %l egnlfagicusdidgopetiox ds ulsbdrac ligaid te deuheatedast is pvéabby i empshown
in FIG 3, sulfuric acid /solution 15 containing peroxosul furic acid nust

be i nst a“béﬂﬁ@?f Yhd@alfadict fiabenttidR Me tMd PagifCaliotittisl ohgatofgudRpas at us

1. Therefore, 1t is necessary to nmaintain appropriate tenperature of the

igl IUtSI gg S%%}iidg %:%\éi%)l %%Lt?“%{%?[?g}qﬂ?aﬁl:cé h?e ttgffﬁ)e%tqirgr QP lae Iquf’i‘&'cBHch'i:ﬁl%e rvoir
heating surface 1s 200°C or lower.
[0035] A liguid heating apparatus according to the present invention can be
10  used in a resist stripping application by, for example, incorporating it in such
a single-wafer resist stripping system as shown in FIG. 3.

The system is provided with a reserjroir 10 in which sulfuric acid
solution containing peroxosulfuric acid, ie., peroxodisulfuric acid,
hereinafter the sulfuric acid solution of this type referred to as

15  peroxosulfuric acid sclution, is stored, an electrolytic device 13 that
electrolyzes sulfate ions to generate persulfate ions, and a cleaning device 15.
The peroxosulfuric acid solution in the reservoir 10 is held at temperature of
60°C to 80°C, cooled with a heat exchanger 12 to temperature suitable for
electrolysis (40°C to 60°C) while being fed with a pump 11, and then supplied
20  to the electrolytic device 13. In the electrolytic device 13, persulfate ions
are generated from sulfate ions by electrolysis. The peroxosulfuric acid
solution is circulated between the elecirolytic device 13 and the reservoir 10
at the flow rate of for example, 5 to 10 liter/min. And further, the
peroxosulfuric acid solution in the reservoir 10 is drawn therefrom with a

25 pump 14 at the flow rate of, for example, 1 to 2 liter/min, heated to high

16



heating apparatus 1 in the system and the tenperature in the reservoir is
20 maintain at 60C to 80C, as in the systemshown in FIG 3. The reason is
that if the tenperature in the reservoir is |lower than 60C, the |oad on
the liquid heating apparatus 1 according to the present invention is too
heavy, or if the tenperature is higher than 80C, the rate of the autolysis

of the perempstdtine i(forasinpk, 190°Cast 19600 ProferabRC ea0T@EH AB0OC) ther
peroxosul furic 25 acid in the reservoir 10 cannot be nmintai ned at high

evel {Semnbiicuflafiuothe WBSLOMRRHINIG AR HaARLY'T, Uhd EADELAWR Uo

peroxosul furic acid autolysis n the system shown in
FIG 3, suylfuric acid sql.ution, drawn f the reservoir. 10,i s cool and
el ect 1 ol y oW AA¥D: Hein raietiata e sTemed B0t rampieon Smicondudondtalfron of
the fact that the tenperature suitable for electrolysis is in the range
from 40C recumodatetl ihdhe eplpeniaey fevicn die b sleamy thih ebiech de heockeppedange
from60C to 80C after electrolysis, it is not necessary to separately

adj ust5 t h8ienpheatperexaul&urid wdid aciuisoliat rapdiy héstedeser voe r high i f
sulfuric acid solution is cooled to the range from40C to 60C before 10

el ectrol Y§élﬁgeﬂ-ﬂ%{ré‘bﬁ?{ﬁ1 StHH Ol ki@ Teatiies AARRAA 1 in this StNdddl | gheaci d
solution to be electrolyzed especially at this system pereferably has

coneen b ARl BT Sl At AP B o0 NS ©
(penetrat ipgpox%osﬁfru%'icaa{]c?d tsgﬁlt?gﬁ,\iée{)&rg }?f(g%déltzeér?i%gt S(?Wérefsi a'}us supplied to
the cleaning device 15. The solution used at the cleaning device 15 is drawn
10  therefrom with a pump 16, cooled with a heat exchanger 17, and then fed
back to the reservoir 10.
[0036] When using a liquid heating apparatus according to the present
invention and performing such single wafer cleaning using peroxosulfuric
acid solution as in the system shown in FIG. 3, sulfuric acid/solution
15  containing peroxosulfuric acid must be instantaneously heated to about
150°C with the liquid heating apparatus 1. Therefore, it i1s necessary to
maintain appropriate temperature of the solution at a previous apparatus.
It is thus preferable that the reservoir 10 i1s positioned prior to the hquid
heating apparatus 1 in the system, and the temperature in the reservoir is
20 maintain at 60°C to 80°C, as in the system shown in FIG. 3. The reason is
that if the temperature in the reservoir is lower than 60°C, the load on the
liquid heating apparatus 1 according to the present invention is too heavy, or
if the temperature is higher than 80°C, the rate of the autolysis of the
peroxosulfuric acid is too fast, and the concentration of the peroxosulfuric

25 acid in the reservoir 10 cannot be maintained at high level (see the graph of
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15 (oxidation power). The |ower concentration of sulfuric acid causes to
be the higher the efficiency of the formati on of peroxosul furic acid
havi ng oxi dati on power. The hi gher concentration of sulfuric acid causes
to be the greater penetration power. Therefore, an optinmmsulfuric acid
concentration is selected fromthe above range based on the kind of

resist, thgefhopglfafic Aidadlucion tkeip@droR & héroR0sSIFRSE haldaulgkis0ion.
[0037] In the liquid heating apparatus 1, sulfuric acid solution at 60C to
80C is hegﬁep4preferably to 120C to 190C, and nore preferably to 140C to
160C, as déscribed above. The sulfuric acid solution containing

peroxosul furic acid at such, tenper re exhibits. excel.le cl eani n ower
DS ue Lo tne. ok d8e FEATOABI™ BRRpLl st RS BUSC Tt flgwn Bom the

hi gh-tenperature 18 peroxosul furic acid autolyzes rapidly as described
above, theesagpueHtss ¢doled padidhectrolyaed amdathiengied foufdie) respioat dPned
for 5 seconds or shorter (preferably 2 seconds or shorter). It is thus
possi b e o cussidehetime vbriosidct uhactlactedn pamtatesumitallelfof oleettdhesipinr ess
of the autolysis of the 5 peroxosulfuric acid. [0038] (SECOND EMBODI MENT)

In the |igph gaﬂ%egfﬂoﬂﬂ 460025 8bes, én@ﬁﬁ@f«%hﬁgrattaré ecrbhésd beahO&H 2670 o t he

upper side of t annul ar fl ow channel I's gradually reduced a di aneter
and concepirated to the ter qnbps f nt 0 QQE .4 10
reduced a?ﬁ%nmélrﬁ? ?%Or%oﬁ‘?i(gtt%s §I0u¢i %ﬁt,%ga%f:%%%f:s%n#eﬁé rrlféét \eﬁﬂ% en Qﬁm e
keepi ng annul ar shape. Anot her enbodi aof the Liguid heating apparatus
accor di ngs?}bawg%’p?fgélémhq W%H?Iia&Hr‘?/\PE;‘ﬁ%‘émﬂég $98 OBéPéﬁP mq%wﬁfﬁi ence
to FIG 5. [0039] A liquid heating apparatus 20 according to this

enbodi nentf haKume a&dasmlutian i9 ceple@ationthe xangaciromi #§°Q WobBTE-hwfpre
quartz tube, and the flow channel thickness of the annular flow channel 21

i's setpat elRt¥olvEE. SThklabove Fuhidtare heddey sdopiednd 23 forned by partially
maki ng a fl ow channel thickness w der are provided, respectively,

conti nuously wi Smﬁgfch abiyd §01‘2ﬁf(l):io{ﬂq €o¢ _\ékcl%rtrd(l&% chpangly 2y tifeshaeder 22

at one end is provided at a Iquid inlet portion, and an i1 nflow tube 24

along longitudinal direction of th ul ap.fl pw _channel 21 | s, connected
Lo the hedgksiesbly diag Fancmtution B T ctonaaie by S Rhe, | Bogish StTRRIFY
provided at a liquid qutlet portjon, and an guthOM/tube 25 al ong .radi al
di rect i onreRuiree bakhnfaher PoKeE Han peretpting bghfieed ¢dreast ARdn: saleorp3.

Pl ural rod-shaped spacers 26 alon? :
substrate (penetration power) and the power for oxidizing the resist

15 (oxidation power). The lower conceniration of sulfuric acid causes to be the
higher the efficiency of the formation of peroxosulfuric acid having oxidation
power. The higher concentration of sulfuric acid causes to be the greater
penetration power. Therefore, an optimum sulfuric acid concentration is
selected from the above range based on the kind of resist, the shape of

20  pattern formed on silicon substrate, and so on.

[0037] In the liguid heating apparatus 1, sulfuric acid solution at 60°C to
80°C is heated preferably to 120°C to 190°C, and more preferably to 140°C to
160°C, as described above. The sulfuric acid solution containing
peroxosulfuric acid at such temperature exhibits excellent cleaning power
256  due to the oxidation power of peroxosulfuric acid. Since high-temperature

18



25 longitudinal direction of the annular flow channel 21 are arranged in
rows across the entire circunference of the annular flow channel 21. The
rod- shaped spacers 26 are nade of quartz and each has a dianeter securing
a small cl earance between each rod-shaped spacer 26 and each of inner
circunference surfaces of the annular flow channel 21 (dianeter smaller 5

than the phawoshBRRR! adiftiatkpBess rapidiP Aadiesapibed iMtRe, HF@lidaear tihidf r ar ed
heaters are placed in such a manner as to penetrate inside the annul ar

fl ow channel ;21;. i | E i i r-|

heater i sugltg%egalhﬁps u‘%‘rﬂ% @%g&éﬁg;ﬂfoﬂ%@g@eﬁﬂ(@%% glace of O% hrgel{oggﬁﬂl ar

fl ow channel ., [0040]. In the Iiqui,d heating apparatus 20,.liguid introduced
fromthe ﬁ?ﬁef%ﬁ%%@ %uﬁ@c § §rdi§1qu?f§t ed%bv nI U PSSERL JHh S #lfeow
channel 21 through the header 22, and the liquid is allowed to flowin

| ongi t udi patoxgisnBuricorcidffor mdeamingl before she arastrss of1thesprbdysigeoff thay
channel is restricted wwth the rod-shaped spacers 26 in the annular flow

channei 2perd:ddeulfudidiztidnoothly flows while facing the heaters and is
consequently heated evenly and 15 instantaneously with the near-infrared

heat ers. E@@,g}e@;@ggll\hgtgm]g‘@pmm) of the liquid heating apparatus 20
t hrough the header 23 by neans of the outflow tube 25. The |iquid heating

apparatus 20 acgordi t 0.t hi.s emhodi ne can i . e
systemsim |l arl &5&8 ﬁ%ém?ih&fjr#lalghaé)al%&}r%uggp%cr%glfcﬁgg%gpcg‘ﬁqﬁg’})%ﬁ%%%%
EVMBODI MENT, .In the secqnd enbadi nent,. near,-infrared heaters are
pl aced ont%%ilﬁp?ﬁéld@lﬁféhe(ﬁq ﬁ;@pgn@gl@egé @rﬁaﬂﬁéﬂyﬁﬁ@mg?a}ﬂ@é’?%ce
side of the annular flow channel. In one enbodi nent of the present

i nvent i onantogencentratedrta the aradeheatsteadmf e phavéar dvst chhsnelitki de
of only one of opposite 25 flow channel surfaces of a flow channel.

Aliqud hedideddadpaffeaiduso 3RS Wl & fiéwhesaaielamay axtebldowldhannel
31 nade of quartz, and having fl ow channel thickness of 10 mm or smaller.

Tubul ar h&@g‘@@g 3tn:Afgy 33hd .”\?ﬁ?ﬁé’%ﬂ@kie didi%%@n‘ﬁh%fmﬁ{e tid G assaeat er

are, respec y, continuous oth en the annular 5 flow channel
31. The header 32 at ope end. s provided at. a liguid,inlet portion,..,and an
i nflow t uBBPAIALUS FEERAHLDECE e PE%S%aWF n%’?.n Wﬁg%eﬁ%ﬁgrﬁ@gp}%&lmﬁ%‘éﬂ% her
end is provided at a |iquid outlet portion, and an outflow tube 35 is
connect edreferenee teeider5.33. Plural rod-shaped spacers 36 al ong

| ongi tudinal direction of the annular flow channel 31 are arranged in rows

10 acr oss [0089] eAtligwidchexiing eppacatief 20 Recamnog ap thisoembodmeht Bas dkhe
rod- shaped spacers 36 are nmade of quartz and each has a diameter securing

as mﬁ, g?ﬁﬁhﬁlcﬂoﬁeéwﬁﬁibleﬁp bndladihaneshiipaesdl qdarantuid)amhihd dow | ow
channel thickness of the annular flow channel 21 is set at 10 mm or smaller.
Tubular headers 22 and 23 formed by partially making a flow channel
thickness wider are provided, respectively, continuously with both ends of
the annular flow channel 21. The header 22 at one end is provided at a
20  lquid inlet portion, and an inflow tube 24 along longitudinal direction of the
annular flow channel 21 is connected to the header 22. On the other hand,
the header 23 at the other end 1s provided at a liquid outlet portion, and an
outflow tube 25 along radial direction of the annular flow channel 21 1s
connected to the header 23. Plural rod-shaped spacers 26 along

25 longitudinal direction of the annular flow channel 21 are arranged in rows

19



[ 0042] Four rod-shaped near-infrared heaters 37 are placed over the
outside 15 of the annular flow channel 31 on the inner circunference side
and al ong the | ongitudinal direction of the annular flow channel 31. On
the other hand, near-infrared heaters are not placed over the outside of
the annul ar flow channel 31 on the outer circunference side, but

reflecti Vgcf&'(seﬂ'h@'erﬁ&_eskwﬂ&u@ﬁfeg@idé of teUuninmuiini flewatlethel an. oUFles
surface on the outer circunference 20 side. As a result, even if a

near - i nf r f? gh?ﬁ éesrs% afd nfcﬁffg &V@Ealﬁg%ng%a%hdﬁaé)s (flgﬁne@&néﬁc%hﬁé ow

channel er circunterence”si near-infrared rays emtted

f th -i nf d h 37 f d fl
3r8°mande| 33%‘#1& Sfﬁ%%‘gn?%t?fg NS REat s SN R S

circunferences with the reflected heat. According to one 25 enbodi nyent of
the presesircimferanicensurfacas phitharannwastidee draamgl a%%gdwter smaller

5  than the flow channel thickness). Although not shown, plural near-infrared
heaters are placed in such a manner as to penetrate inside the annular flow
channel 21 along solution flowing direction, and a near-infrared heater is
placed in such a manner as to cover the outside of the annular flow channel.
[0040] In the liquid heating apparatus 20, liguid introduced from the inflow

10 tube 24 is distributed evenly into the annular flow channel 21 through the
header 22, and the liquid is allowed to flow in longitudinal direction of the
annular flow channel 21. Since the flow channel is restricted with the
rod-shaped spacers 26 in the annular flow channel 21, the liguid smoothly
flows while facing the heaters and is consequently heated evenly and

15 instantaneously with the near-infrared heaters. The heated liguid flows
out of the liquid heating apparatus 20 through the header 23 by means of the
outflow tube 25. The liquid heating apparatus 20 according to this
embodiment can be applied to the above system similarly as the liquid
heating apparatus 1.

20 [0041] (THIRD EMBODIMENT)

In the second embodiment, near-infrared heaters are placed on both
the outer circumference side and the inner circumference side of the annular
flow channel. In one embodiment of the present invention, however,
near-infrared heaters may be placed over the outside of only one of opposite

25  flow channel surfaces of a flow channel.
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t he outside of the annular flow channel 31 on the outer circunference side
and reflective material is coated on a outer surface of the annular flow
channel 31 on the inner circunference side. Near-infrared heaters pl aced
over the outside on the inner circunference side, however, can nore 5
effectively heat liquid to be heated. [00431 Doubl e-tube annul ar fl ow

channel is cited BgukKBERRS dphalrBuAB0 BoRFORIFIENGEShAOa R aBilAr Floey

| i qui d heating apparatus according to the present invention since it can

be easily Lnvent.i L1 +1 b t he
cont ont oFCPALUEES syl pPRRREE, SRR O PBKELT chibkidie o O IEROE
have flat or curv syrfaces.to rm nd- shaped fl ow channel , for
ool o ExeWte Tounn TEmRes T 1AhE s { e Dy A n DARoesbondat ed
using a liquid heating apparatus wi th an annul ar_flow channel shown in
FIG 2. thicknesgperdater ar¢.grespestivdlp dongwpussathiythpdsad the anaudar
follows: (Dinensions) D aneter of Liquid Contacting Inner Surface of

Annul a5 Fiflow Channel 3140T2@ hvadbirafBtar ondicdeieprofidedqui d Kpuidanilehg
Quter Surface of Annular Fl ow Channel: 45 mmdi aneter Dianeter of Spacer:

2 ram di apgighn, Ae09hnfibwhalde o iRl@WethaneiheRes{RFMNg Heahbddsy $L0 MM

at the other end is provided at a iquid outlet portion, and an outflow tube 35
is connected to the header 33. Plural rod-shaped spacers 36 along
longitudinal direction of the annular flow channel 31 are arranged in rows
10 across the entire circumference of the annular flow channel 31. The
rod-shaped spacers 36 are made of quartz and each has a diameter securing
a small clearance between each rod-shaped spacer 36 and the annular flow
channel 31.
[0042] Four rod-shaped near-infrared heaters 37 are placed over the outside
15  of the annular flow channel 31 on the inner circumference side and along the
longitudinal direction of the annular flow channel 31. On the other hand,
near-infrared heaters are not placed over the outside of the annular flow
channel 31 on the outer circumférence side, but reflective material 38 such
as gold or aluminum is coated on an outer surface on the outer circumference
20 side. As a result, even if a near-infrared heater is not placed over the
outside of the annular flow channel 31 on the outer circumference side,
near-infrared rays emitted from the near-infrared heaters 37 are reflected on
the reflective material 38, and liquid can be thus evenly heated from the
outer and inner circumferences with the reflected heat. According to one
25 embodiment of the present invention, near-infrared heaters are placed over
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25 Total Length: 400 mm (Heater Capacity) External Heaters: 2 kWx 5 =
10 KW Internal Heater: 3.2 kWx 1 = 3.2 KW Total: 13.2 kW5 [0045]

Sul furic acid solution having a solution tenperature of 65C, a sulfuric
acid concentration of 85% by weight, and a peroxosulfuric acid
concentration of 20 g/liter was heated while flow ng through the Iiquid

heating appabatside bfdhe! AenHREFIAT cBahhbBBIMD thd batdeaelea&achéidd the
heating part and in an outl et-side tube (an outl et-side connecti ng tube 10

cor respondi,nd, i, 4 AL qtgmggaéo%cae@. 'Bufé oppfihod 3 e gRRER Topl T o

t he terrpera ure o was raised per oxosu

acid concetratl nat t he outl et 162 Tl VE EXAMP El]
155ul f ur | Ehgrnel ShIo T HRE HESTBITEERAGIde 2l Seantyica PRIGEP PLAEH i ng
apparatus 40 shown in FIG 8. That is, the tenperature of

2l i ter/m aver thiee outsidei on hbeimgea sxycumf@remenp@lue t hewewtr, 650 gndra
peroxosul furic acid concentration of 20 g/liter was increased to 150C
usi ng % heeffeepivélyllaattilitgiidppdediasmsed0. The 20 peroxosul furic acid

concentration at an outlet was 0.5 gaiter.
[0043] Double-tube annular flow channel is cited as examples in the above
embodiments to explain the liquid heating apparatus according to the
present invention since it can be easily produced. The present invention,
however, is not limited to the content of the above embodiments. Opposite

10 flow channel surfaces may have flat or curved surfaces to form a

band-shaped flow channel, for example.

EXAMPLE
[0044] [EXAMPLE 1]
15 Sulfuric acid solution was heated using a liquid heating apparatus
with an annular flow channel shown in FIG. 2.
Specifications of the liquid heating apparatus are as follows:
(Dimensions)
= Diameter of Liquid Contacting Inner Surface of Annular Flow Channel: 40
20 mm diameter
= Diameter of Liquid Contacting Outer Surface of Annular Flow Channel: 45
mm diameter
= Diameter of Spacer: 2 mm diameter
= Length of Part of Flow Channel Performing Heating: 320 mm
25 = Total Length: 400 mm
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DESCRI PTI ON CF'REFERENCE NUMERALS [0046] 1:1iquid heating apparatus 25
4:annul ar fl ow channel 6: rod-shaped spacer 7: external heater

3: header
8: internal
22:

heater 5 20:1iquid heating apparatus 21: annul ar fl ow channel

header 23: header 26:rod-shaped spacer

10

15

20

25

(Heater Capacity)

» External Heaters: 2 kW x5 =10 KW

= Internal Heater: 3.2 kW x 1 =3.2 KW

= Total: 13.2 kW

[0045] Sulfuric acid solution having a solution temperature of 65°C, a

sulfuric acid concentration of 85% by weight, and a peroxosulfuric aad

concentration of 20 g/liter was heated while flowing through the ligmd

heating apparatus 1 at the rate of 2 liter/min. The residence time in the

heating part and in an outlet-side tube (an outlet-side connecting tube

corresponding to a part designated as 5 in FIG. 2) was 3.5 seconds. Here,

the temperature of the liquid was raised to 150°C, and the peroxosulfuric

acid concentration at the outlet was 16.2 g/liter.

[COMPARATIVE EXAMPLE 1]

Sulfuric acid solution was heated using a closed-vessel liquid heating

apparatus 40 shown in FIG. 8.

That is, the temperature of 2liter/min of the solution having a

solution temperature of 65°C and a peroxosulfuric acid concentration of 20

gfliter was increased to 150°C using the liquid heating apparatus 40. The

peroxosulfuric acid concentration at an outlet was 0.5 g/liter.

DESCRIPTION OF REFERENCE NUMERALS

[0046]
1: liguid heating apparatus
3 header
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10 30:1iquid heating apparatus 31: ann War flow channel 32: header 33:

- header 36:rod-shaped spacer 15 37:near-infrared heater 38:reflective

material CLAIMS 1. A liquid heating apparatus, conprising; a flow
channel nenber formng a flow channel allowng liquid to flow and havi ng
fl ow channel thickness of 10 nmor smaller, the flow channel 5 nmenber
conposed qtf mat ghhalartfid@ekabhheng near-infrared rays; and a
near-infrared heater placed over the outside of at |east one of opposite
fl ow chan%el su;&pgﬁ&p&{ sf)&%rf | ow channel and heating the liquid in the

fl ow channel .

7: external heater
8: internal heater

5 20 liquid heating apparatus

21: annular flow channel
29: header
23: header

26: rod-shaped spacer

10 30: liquid heating apparatus

31: annular flow channel
32: header
33: header

36: rod-shaped spacer
15 3T near-infrared heater

a8: reflective material
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10 2. The liquid heating apparatus according to claim1l, wherein the
near-infrared heaters are placed over the outside of both the flow channel
surf aces. 3. The liquid heating apparatus according to claim1l or 2,
wherein the flow 15 channel is an annular flow channel. 4. The liquid
heati ng apparatus according to any one of clains 1 to 3, wherein at |east
a portion of the flow channel nenbeiGLARdSportion form ng the flow channel
surface of the side where the near-infrared heater is placed, 20 is

conposed gf 3] R Eﬁ?al] itgyic%[ﬂ}%éih g apparatus according to any one
of clai rrsin?gﬁ{i, 4]{‘eta}rt ea} cor?pri’si ng a s%acer pl aced or encapsul at ed

within the flow ¢ghannel tq reduce.volune af the fl . - The
liquid heating & %&?W%&SP&QHSO%H@ %ﬁ&w , a%ngg‘g}lﬁgﬁﬁgﬂ%lé%g? gog"re
pl ural . 7. The_liquid heating apparatus accordi%% to ﬁé)ai 6, erein
the spacepadahavingdiem hannshdbednasa ofi 14 s or eREliEToiPe figmhehanngl The
| i qui d heating apparatus according to claim®6, wherein the spacers are
r od- shapedhahbagedmposed ¢fl matergadiraesmitmandaminizaacgidrays; aods wit hin t he
fl ow channel. 10 9. The liquid heating apparatus according to any one of
claims 5 to 8, whesfhmftfiedShagtr phcednpasethofovgsidet af at IRasiTheel oQui d
heati ng apparatus according to any one of clains 1 to 9,

opposite flow channel surfaces of the flow channel and heating the liguid in

the flow channel.

10 2. The liquid heating apparatus according to claim 1, wherein the
near-infrared heaters are placed over the outside of both the flow channel

surfaces.

3. The liquid heating apparatus according to claim 1 or 2, wherein the flow

15 channel is an annular flow channel.

4. The liquid heating apparatus according to any one of claims 1 to 3,
wherein at least a portion of the flow channel member, the portion forming
the flow channel surface of the side where the near-infrared heater is placed,

20  is composed of quartz.

5. The liquid heating apparatus according to any one of claims 1 to 4, further
comprising a spacer placed or encapsulated within the flow channel to
reduce volume of the flow channel.

25
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15 wherein an orifice and/or a header are/is formed at a liquid inlet
portion and/or a liquid outlet portion of the flow channel in such a
manner as to have enlarged fl ow channel area to pronote even distribution
of the Iiquid. 11. The liquid heating apparatus according to any one
of claims 1 to 10, 20 wherein the liquid is sulfuric acid solution with

concent r alg, QheQ{qid Rea@inZOIpphita bRl Q&Ford__ixggzto Aalh Wivchdieat tspREBOdre

conpri si ng: using the liquid heating apparatus according to
any one ofpl&]%aﬁims 1to 25 11 to heat a liquid in the liquid heating
apparatus™Wth maintaining 26 residence tine of the liquid in the liquid
heating apparatus within a range of 0.5 to 5 seconds. 13. The liquid
heati ng method according to claim12, wherein liquid 5 tenperature differs
by 50C or nore between the liquid inlet portion and the |iquid outlet
portion ifA.The liquwd hehtimgeiprefrathe atioyding treclaimd@, appaent the spacetdardhe

| i quid heating nethod according to claim 13, wherein liquid tenperature is
60C t 05 80@rathulaiesHapgdiahd filled ipaht ifdv claendll qui d 10 tenperature is 120C

to 190C at the liquid outlet portion.

8. The liquid heating apparatus according to claim 6, wherein tile spacers are
rod-shaped along iquid flowing direction and arranged in rows within the
flow channel.

10
9. The liquid heating apparatus according to any one of claims 5 to 8,
wherein the spacer is composed of quartz.
10. The liquid heating apparatus according to any one of claims 1 to 9,

15 wherein an orifice and/or a header arefis formed at a liquid inlet portion
and/or a liquid outlet portion of the flow channel in such a manner as to have

enlarged flow channel area to promote even distribution of the liquad.

11. The liquid heating apparatus according to any one of claams 1 to 10,
20  wherein the liguid is sulfuric acid solution with concentration of 65% to 96%

by weight.

12. A iguid heating method, comprising:
using the liquid heating apparatus according to any one of claims 1 to
25 11 to heat a hguwd in the liquid heating apparatus with maintaining
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10

residence time of the liguid in the liquid heating apparatus within a range of

0.5 to 5 seconds.

13. The liquid heating method according to claim 12, wherein lhiquid
temperature differs by 50°C or more between the liquid inlet portion and the

liguid outlet portion in the flow channel of the liquid heating apparatus.
14. The liquid heating method according to claim 13, wherein liguid

temperature is 60°C to 80°C at the liquid inlet portion, and liquid

temperature is 120°C to 190°C at the liquid outlet portion.
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