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dissolved nitrogen concentration of a cleaning liquid into

which a substrate, such as a wafer, is dipped.
15 Background Art

In general, in a production process of a substrate, such
as a wafer, a substrate cleaning process using dipping, single-
wafer, or like method is performed to remove factors

20 responsible for defect of semiconductor devices. Such factors
include organic substances, metal impurities, particles (fine

particles), and chemical oxide films.

A substrate cleaning process employs various types of

25 cleaning methods depending on the purpose. In particular, when
the dipping method is employed to remove particles, a substrate
is dipped into a cleaning liquid contained in a cleaning bath,
and ultrasonic waves are irradiated onto the cleaning liquid
where the substrate is dipped. Such ultrasonic waves are

30 called megasonic waves, whose frequency range is around 1 MHz.
It is generally recognized that use of ultrasonic waves in a
frequency range of around 1 MHz reduces damage to the substrate
and increases the effectiveness of cleaning micro particles of
submicron sizes on the substrate.

35



2 When negasoni ¢ waves are irradiated onto ultrapure water to renove
particles fromthe substrate, the particle renoval efficiency is known to
be af f ectwo 2b12/asi@odi ssol ved nitrogen concentrati on of &CElEPaciLiogReB? qui d.
Specifically, in a 5 specific range of the dissolved nitrogen concentration
of a cleaning liquid, the particle rengval efficiency for substrate
increases. |If the dissolved nitrogen concentration of a cleaning liquid is
nonitored and controlled to be in a certain range during the cleaning

process, effegiere eemvali OfvatR Partd Glresidis tdeored caldrhapessilier
In a hitherto known nethod,zgas conponents contained in a fluid nediumare
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conmpounds, (Mxses N afe ProduGeds ) v Rased, an ki s Jrechani sm has

been 25 proposed for calculating the dissolved nitrogen concentration of a
sanpl e (PaentDdciivent 12) nam tdviesl mechowntafaldred ddi dal 1y eatareriadns
per f or ed [ A1 SATHI Rl en o TRARS. Dfe i { TA8ONIG eRgrAdit f on, the i on
anount erl\(e I'Q nltrogen at 1S measure y aresistivity neter, and
t he i sseined it riggem 30 edoredntyr atdserilofe .t he sanple is cal cul ated based
on the ion anount. Prior Art Docunent 35 Patent Docunent WO
2012/ 084610PCT/ EP2011/ 072639 3 Pat ent Docunent 1: Japanese Lai d-open
Pat ent Publ i cdti en hiiKdkaitp MoowH03e1IP8640 gas conpatentt sDocmterinez: iyapanese
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membrane, and the concentration of the gas components are
15 calculated based on changes in the thermal conductivity in the
container (Patent Document 1). This method has been employed
to monitor the dissolved nitrogen concentration of a cleaning

liquid.

20 Alternatively, Irradiation of ultrasonic waves onto
sample water containing nitrogen gas generates hydrogen
radicals derived from water molecules. The hydrogen radicals
react with the nitrogen gas, and nitrogen compounds (NOyx~,
NH4%) are produced. A method based on this mechanism has been

25 proposed for calculating the dissolved nitrogen concentration
of a sample (Patent Document 2). In this method, after radical
treatment is performed for sample water by means of ultrasonic
wave irradiation, the ion amount derived from nitrogen atoms is
measured by a resistivity meter, and the dissolved nitrogen

30 concentration of the sample is calculated based on the ion

amount.
Prior Art Document

35 Patent Document



Probl enms to be Sol ved by the Invention 10 In the nmethod according to
Pat ent Docunent 1, however, when a gas whose thermal conductivity is close
to that ovonntwisgan, e.g., oxygen, is contained in gas ©OFEPENNIL632 he
thermal conductivity of nitrogen cannot be accurately neasured due to
effects of the thermal conductivity of 3oxygen. This raises the problemthat
t he di ssolved nitrogen concentration of a cleaning |liquid cannot be
accurately measured. To address this problem a different nethod for 20

cal cul ating the dissolved nitrogen concentration has been proposed. In this
met hod, the dissol ved oxygen concentration of gas conponents are neasured
usi ng theEBHF%de?%&H%FrﬁégﬁodkﬂﬁaQQﬁ?IHQ&Q‘QQ%T—ﬁ§§§ﬁﬁéﬁ%¥&%$Qﬁt%9¥e

di ssol vedkqpargemcongentiraidan are used to correct the value of the

di ssol ved 25 nitrogen concentration for cal cul ati on thereof. However, in

thi s net hédtardadinemant of theadiessolhred - @argert aderidetidtli ot ideds to be

per f gr mediduy ;addid i omde mpasy enent of the dissol ved nitrogen
concentration, which requires conplicated operations. There is also a cost

problemarising fromvery 30 expensive dissolved nitrogen concentration
et ers thRLNRYSMPeeR GGtiQnal Iy used. In addition, this nethod
requi res norethan 10 seconds for each neasurenent of the thermal
conductivity of gas conmponents. As the dissolved nitrogen concentration

cannot i tor e -g} / J“ﬁHJ P is 35 not accurate. WO
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thermal conductivity of nitrogen cannot be accurately measured
15 due to effects of the thermal conductivity of oxygen. This
raises the problem that the dissolved nitrogen concentration of

a cleaning liquid cannot be accurately measured.

To address this problem, a different method for

200 calculating the dissolved nitrogen concentration has been
proposed. In this method, the dissolved oxygen concentration
of gas components are measured using the polarography method or
the like, and measurements of the dissolved oxygen
concentration are used to correct the value of the dissolved

25 nitrogen concentration for calculation thereof. However, in
this method, measurement of the dissolved oxygen concentration
needs to be performed in addition to measurement of the
dissolved nitrogen concentration, which requires complicated
operations. There is also a cost problem arising from very

30 expensive dissolved nitrogen concentration meters that have
been conventionally used. In addition, this method requires
more than 10 seconds for each measurement of the thermal
conductivity of gas components. As the dissolved nitrogen
concentration cannot be monitored real-time, the monitoring is

35 not accurate.



It is an object of the present invention to provide a dissolved nitrogen
concentration nonitoring nethod, substrate cleaning nethod, and substrate
cl eani ng wpparzaBuaowhi ch nake it possible to accurat el y PeomP2@n/orisa9

di ssol ved nitrogen concentration of a cleaning liquid in real-tinme wthout
conplicated operations and reduce the cdost. Means for Sol ving the Probl ens
20To sol ve the above problens, according to the present invention, there is
provi ded a di ssol ved nitrogen concentration nonitoring nethod directed to
nmoni toring a dissolved nitrogen concentration of a cleaning liquid when an
ultrasonic wave is irradiated onto the Qleanin%)liquid in which a substrate
i s 25 di pped. fHEE /dilds dFe R0 G&T CETHEEN At i o MAOFISRG et REE i s
char act aerdrz egh i 1€ v NG AdRE rSitteRsyof 2 tRas Wdmg ahd nefease anpunt  of

di ssol ved oxygen concentration of the cleaning liquid, which is due to an
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reacti on,gaysed 30 e WiltdRIQL Wave ddd adirld s ang, ¢ qulatdng g

di ssol ved nitrogen concentration of the cleaning liquid fromthe neasured
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amount of dissolved oxygen 35 concentration. WO .
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concentr tsi v%fdt eagy'&% tir%l{i -q)r{.s cal culated from an i ncrease anount
of dissolve oxygg%%cggéﬁlcentratﬂl on measur ed by a di ssolved oxygen 5

condéntration neter based on dissolved gas information indicating a

rel ationship betueen,{ he dissolveq nitrogen qoneentialion ofLihe ¢l eani ng
liquid and t he increase dnount of di $S61 ve oxygen concentration thereof .
10l n addiitsson,vechen idirssiny ecbrgaes: timdftoromaticon tics icanpid téebd,n sadhednee o or
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t
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concent raatpdn dateydeages.ations and reduce the cost.
Means for Solving the Problems

20 To solve the above problems, according to the present
invention, there is provided a dissolved nitrogen concentration
monitoring method directed to monitoring a dissolved nitrogen
concentration of a cleaning liquid when an ultrasonic wave is
irradiated onto the cleaning liguid in which a substrate is

25 dipped. The dissolved nitrogen concentration monitoring method
is characterized by comprising the steps of: measuring an
increase amount of dissolved oxygen concentration of the
cleaning liquid, which is due to an oxygen molecule generated
from a water molecule as a result of a radical reaction caused

30 by ultrasonic wave irradiation; and calculating a dissolved
nitrogen concentration of the cleaning liquid from the measured
increase amount of dissolved oxygen concentration based on a
predetermined relationship between a dissolved nitrogen
concentration and an increase amount of dissolved oxygen

35 concentration.



As well, the cleaning conditions of the substrate include an overflow rate
of a cleaning liquid. The dissolved gas information indicates that as the
25 overf lwo2oetm84elecr eases, a rate of change in the incPeagEP2@mOmEB9 of

di ssol ved oxygen concentration increases with respect to the dissol ved
nitrogen concentration. Mreover, it i preferable that the cleaning liquid
is 30 water. The substrate cleaning nethod of the present invention
is a nethod for cleaning a substrate by irradiating an ultrasonic wave onto
a cleaning liquid into which the substrate is dipped 35 In this nethod,

t he i ncrease anmount of the dissol ved oxygen

2012/ 084610PCTEP20 £HF0 72639 16 SComddiodat chr?nttﬁé‘télo@aﬁi nd 8 qui d, whi ch

is due tOamigy e ecule generted fonomm watela S0l eeHle ax a result of
a radical reaction caused by ultrasonic wave irradiation, is neasured. In

turn, tKESHORGE PUdE GToTE I teaiiing: MRt af (Y 5 dlisso ved wixidsgen gas,
Whi CB | $-R-hf AT RIUEAS i M0 ¢PaNiNG RAtD o dsS afidistad $p that the

increase amount of the dissolved oxygen concentration is in a specific

range wHéYd addnd eardivig Perfdrimamedesthitdle AGH Wshstirtdiaed! eani ng
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by irradiating an ultrasonic wave to a eaning liquid into which the

subst r atd 59 ldigshek Y OB saapsaytatafsi aredwie ft-he i ncrease anount of the

di ssol ved oxygen concentration in the cleaning liquid, which is 15 due to
an oxygen nol ecul e generated froma water nolecule as a result of a radical
readfi on causéd kyldilticasortihe wasedlvieadigatsi am.fonmattuiom, itshicomappggacativs

adj usts ¢t ture r f i i i i i trogen gas,
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20 of the dissolved oxygen concentration is in a specific range where the

cl eani ng perf%ﬁﬁ%%%%ﬁb%e,l%he %E%%%H%goko%%%th%%%n%ko%he substrate
include an ultrasonic output power level.
15
The dissolved gas information indicates that as the
ultrasonic output power level increases, the increase amount of
dissolved oxygen concentration corresponding to a specific
dissolved nitrogen concentration increases.
20
As well, the cleaning conditions of the substrate include

an overflow rate of a cleaning liquid.

The dissolved gas information indicates that as the
25 overflow rate decreases, a rate of change in the increase
amount of dissolved oxygen concentration increases with respect

to the dissolved nitrogen concentration.

Moreover, 1t is preferable that the cleaning liquid is

30 water.

The substrate cleaning method of the present invention is
a method for cleaning a substrate by irradiating an ultrasonic
wave onto a cleaning liquid into which the substrate is dipped.

35 In this method, the increase amount of the dissolved oxygen



25According to the present invention, an increase anount of dissolved
oxygen concentration, which is due to oxygen nol ecul es generated from water
nol ecul eswa=orm/o8¢ésal t of a radical reaction caused by ulPCTEPONI1LO7263Y €
irradiation, is neasured. Then the dissol ved nitrogen concentration of a 30
cleaning liquid is calculated fromthe éneasured i ncrease anount of

di ssol ved oxygen concentration based on a predetermned rel ationship

bet ween the di ssolved nitrogen concentration and the increase anmount of

di ssol vedroargan oncean rald eN.eAs rdde idjisisgl ved di tiroger cencenty:aideoan can
be cal cul at ed by neasurk;g 35 the dissol ved oxygen concentration of a
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oper ati andisdiequded.orSideeddh e el1atdanship JRetaveen dhe wicssolived
nitrogen concentration and the increase amount of di ssol ved oxygen
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of the pol arography type 10 or the like. In addition to cost reduction,

real -t rfe eggdurcatce Thtitegydeng softitde di ssol ved nitrogen concentration of a

cleaning liquid can be made w t hout conplicated operations. The

rel ati onship between the dissolved nitrogen 15 concentration of a cleaning

| i quibd and t Hé&ed sekedse tanoustanshadiesselnsgd soxyigemec prcssirtatiingenttheneof i s

| ndi cat ed, by, digaglned gas infarmtd on. Based on Lhiss infarmtd an, the
di ssol ved ni ré)ené%oncentratf%ﬁﬂ%¥;%h§ c eanlngkp?&ulf'fs cag%u ated from
t he i ncrddse sampuntweofe dics soladedhroxygern R4 ccomdentwiaitdront ireasursed-dfye a
di ssol ved, oxygen, congent rarl.on net el A An dnexpensive. dissolved qxyoen
concentration neter can be-use of neasurenent of 'the dissolved ni rogen
concent rdats san, vefdurcbhererc asin aegducttiiom iisy pgossidilesn i25Si Inep: itche wihiissolived
gas jnformtion | s produced in advance for, sach, of substtate gleaning
cond]tions, evén wher? A g}eanlnf COndition i's ghange S RE diSsdl ved
ni t r ogenrecancaentf at irend iafala radaeaniong dawgid oam lhe aceliratwedwe cal cul at ed.
30 irradiation. In turn, this apparatus adjusts the mixture ratio

of a cleaning liguid with dissolved nitrogen gas, which is to

be introduced into a cleaning bath, so that the increase amount

200 of the dissolved oxygen concentration is in a specific range

where the cleaning performance is high.
Effects of the Invention

25 According to the present invention, an increase amount of
dissolved oxygen concentration, which is due to oxygen
molecules generated from water molecules as a result of a
radical reaction caused by ultrasonic wave irradiation, is
measured. Then the dissolved nitrogen concentration of a

30 cleaning liquid is calculated from the measured increase amount
of dissolved oxygen concentration based on a predetermined
relationship between the dissolved nitrogen concentration and
the increase amount of dissolved oxygen concentration. As the
dissolved nitrogen concentration can be calculated by measuring

35 the dissolved oxygen concentration of a cleaning ligquid, no



The aforenentioned substrate cl eaning conditions include the ultrasonic
out put power |evel. Even when the output power |evel of ultrasonic waves
i rradi at esioant2o8as10l eani ng | i quid is changed, the di ssolP¢aEPai1tlNOFEN
concentration can be accurately WD 2012/ 084610PCT/ EP2011/072639 8

cal cul ated based on the dissolved gas imformation that corresponds to the
changed out put power level. The aforenentioned di ssolved gas information
indicates 5 that as the ultrasonic output power |evel increases, the

i ncr _easezcﬁ{@tirﬁat@“d Qi:!p%i’QJt\fLQﬁil Xy gl cenReent ratden eQf rr%ﬂ@@ﬂd:irﬂﬂl_itpp a
specific dissolved nitrogen concentration increases. By increasing the

ul t r asom BRI oHersa Do %Al GRNSEABITE MUt e ‘dicesaisfed

ni t rogen ARG atin NG e3sRfen alhdkh e iaGL WA Lfe HBASWHRTE Hhe
t hereof increases. Al so, the aforenentioned substrate cleanin
condi t i 6HSSHAH 1t THE WrerdATGRItated 161 £361 efhiatgUhahdild, Bvlen t he

over k| owdiale 19fi 2 & 1.ANIIGHiIAU dd Ghapged.od he dissolyad iln Nidd ogen
concentration can be accurately cal cul ated based on the éjl ssol ved gas

i nf or matiseh tha=REGITieEpoHds o ahe Idianged e ow are nefiprs 1s not
af or ementd oned,,d) ssgly ed gas: iy HJRL AR HdiGatRs AQ thal; as the overflow

rate decreases, the rate of change in the increase anount of dissolved
oxygen cBricentest oty daie riease iiath atesigec toa dadsaindics s ived ani t r ogen

concent rati.on. i veerf | t e . di jt en
Concent 1t o Sah B seourataly s el ared 5e e ARt e
predént dmvérg ilorke + hdmmiaddirte qrattico agfs ta rddearti gy /| ipd 1d- tvinteh adicsseibeed
ni trogen, gas.o MIE, d 510 De Jodyeed Jate acleaning atdy Js adj ust ed
so t hat e 1 ncrease anount of the dissolVved oxygen concentration is in a
30 specidliearriange iwherde dare el esrviengy ipdrdudr remge lics tdy e eSudsitarst .e
cleaning with a high particle renoval efficiency can be achi eved w t hout
usi ng a dissolved nitrogen concentration neter.

The relationship between the dissolved nitrogen

15 concentration of a cleaning liquid and the increase amount of
dissolved oxygen concentration thereof is indicated by
dissolved gas information. Based on this information, the
dissolved nitrogen concentration of the cleaning liquid is
calculated from the increase amount of dissolved oxygen

20 concentration measured by a dissolved oxygen concentration
meter. As an inexpensive dissolved oxygen concentration meter
can be used for measurement of the dissolved nitrogen

concentration, further cost reduction is possible.

25 Since the dissolved gas information is produced in
advance for each of substrate cleaning conditions, even when a
cleaning condition is changed, the dissolved nitrogen
concentration of a cleaning liquid can be accurately
calculated.

30

The aforementioned substrate cleaning conditions include
the ultrasonic output power level. Even when the output power
level of ultrasonic waves irradiated onto a cleaning liquid is

changed, the dissolved nitrogen concentration can be accurately



WO 2012/ 084610PCT/ EP2011/ 072639 9 Brief Description of the Draw ngs

FIG 1 is a diagram schenmatically showing a configuration of an ultrasonic
cl eani ng wpparzaBuaot o which a nonitoring 5 net hod accor @ChEP2@1aMm639

enbodi nent of the present invention is applied. FIG 2 is a block
di agram showi ng a configuration of a n®itoring unit that perforns a

noni toring nmethod according a present enbodinent. 10FIG 3 is a diagram
showi ng changes in the dissol ved oxygen concentration of ultrapure water

with a disiselivedNiddRge it aeertiradd 10 ONA Ofi dEZpmothemadd trasoni ¢
waves are irradiated onto the ultrapure water. FIG 4 is a di agram show ng
changes GH 497 Fiss AY ed'CL 5 HPAEFEh ComEntictGon 0 lul trapure water with a
di ssol ved nitrogen concentration DN2 of 13.5 ppm when ultrasonic waves are
irradiated onto the ultrapure water. FIGs. 5 (a) and (b) are diagrans that
i ndi cate a rel’as gishippérwees Hesdilassl wed Antrsgernt ieondenticaticsn DN2 20

of uktrapure watigfe and Lhe JinCrRASE @RI Ofe li1SSelMed 98 e
concentration thereof ADO2 for each ultrasonic output power level; FIG 5
(a) is ardiragreEmpIottt iy EHct OV ahe AT asERICETOUPULO T GWETT 8IS, n%nd
FIG 5 (h) d s diagr amdenield g {aRRfOXI RO 2quald ong. fofsLach gy

ul trasonic output power level. 25FIGs. 6 (a) and (b) are diagrans that

i ndi cat e e saionidls prldataseen @ maltdiugs glaresd nieviedgerrheorreditrlattiadn DN2 - of

ul t rapur. t t j tq_rg%}gf}t 559\ g_%% centyation
t her eof II%\O%";e %fr aeg%c rﬁlg%)vég%q{eggv%relat e of u tnrcgelpur e tv\lgtqle?l?yFl Sceg}( %holf S a
di agPamtpleotadavy egac v fofnaareimpwefl dwed3Gafatiessreasdskl G 6 (b) is a diagram

depi cting approxi mati on equati ons of overflow rates.

Also, the aforementioned substrate cleaning conditions
include the overflow rate of a cleaning liquid. Even when the
overflow rate of a cleaning liquid is changed, the dissolved

15 nitrogen concentration can be accurately calculated based on
the dissolved gas information that corresponds to the changed

overflow rate.

The aforementioned dissolved gas information indicates
20 that as the overflow rate decreases, the rate of change in the
increase amount of dissolved oxygen concentration increases
with respect to the dissolved nitrogen concentration. By
decreasing the overflow rate, the dissolved nitrogen
concentration can be accurately calculated.
25
According to the present invention, the mixture ratio of
a cleaning liquid with dissolved nitrogen gas, which is to be
introduced into a cleaning bath, is adjusted so that the
increase amount of the dissolved oxygen concentration is in a
30 specific range where the cleaning performance is high.
Substrate cleaning with a high particle removal efficiency can
be achieved without using a dissolved nitrogen concentration

meter.

35



FIG 7 is a flowhart showi ng a dissolved nitrogen concentration

cal cul ati on process executed during performance of a nonitoring nethod
accor di ngveroeisedonent of the present 35 invention. \WBCT/EP2011/072639

2012/ 084610PCT/ EP2011/ 072639 10 FIG 8 is a diagram show ng the

rel ati onship between the increase anmout of the dissol ved oxygen
concentration ADO2 and the particle renoval efficiency. 5 Mdde for Carrying

out the Invention The present invention will now be described in
detai | beliqw WddbHiQftalNGE tthd Ma-4riagd1gs showi ng preferred enbodi nents
t hereof. 10 FIG 1 is a diagramschematically showi ng a

configuration of an ultrasonic cleaning apparatus to which a nonitoring

nmet hod accordimng . ta an enbadigremt hdhe ipasentsHoment i:0rdng iapRlatadn FI G
2 is a block diagram showi ng a configuration of 15 a nonitoring unit that
per f or &t k& ARG IFEtIved Nel CRRALTY Ushe présént e fsddi it As

showg i idkieq hicc@tdHidd asonit LhRANING, ARRaraldls ke dch tCanRfdried,of; a
supply unit 10, a coupling bath 21, an 20 irradiation unit 30, and a
moni t or iaRP WirFid- 40. The supply unit 10 supplies a cleaning liquid, such as

ultrapure wat g 1o g Lcleaning bath 28 stheiceupl ing Aath 21 houses the

cleaning bath 20. The irradiation unit 30 is disposed at the bottom of the
coupl i N@AFaEtte 2N cava ity rtddi ta sy fifl ivsa So Al Weva S o Ated- 1251 jaesiadest itrlie a

cleanin N 2Q . The itoring unit 40 nonitors the dissolved nitrogen
concent %a%a%n of r[%bhe cleaning liquid supplied to inside the cleaning bath

20. 1The suppl y'Igni 3 16¢ kasliadfriamstshoupploy ohainge sl in Hate 30 ssugpleides
and o serpEel Rt eI Sl BT o To che
bel ow desidrridgech moretkriiatat.i othéyl tafapur‘e ppat evham th tdisssol vedvanidsr eggen gas
and theirradiated onto the ultrapure water.
FIG. 4 is a diagram showing changes in the dissolved
15 oxygen concentration of ultrapure water with a dissolved
nitrogen concentration Dyp of 13.5 ppm when ultrasonic waves
are irradiated onto the ultrapure water.
FIGs. 5 (a) and (b) are diagrams that indicate a
relationship between the dissolved nitrogen concentration Dy»
200 of ultrapure water and the increase amount of dissolved oxygen
concentration thereof ADpy for each ultrasonic output power
level; FIG. 5 (a) 1s a diagram plotting each of the ultrasonic
output power levels, and FIG. 5 (b) is a diagram depicting
approximation equations for each ultrasonic output power level.
25 FIGs. 6 (a) and (b) are diagrams that indicate a
relationship between the dissolved nitrogen concentration Dy»
of ultrapure water and the increase amount of dissolved oxygen
concentration thereof ADpy, for each overflow rate of ultrapure
water; FIG. 6 (a) 1s a diagram plotting each of the overflow
30 rates, and FIG. 6 (b) is a diagram depicting approximation
equations of overflow rates.
FIG. 7 i1s a flowchart showing a dissolved nitrogen
concentration calculation process executed during performance

of a monitoring method according an embodiment of the present

35 invention.



degassed ultrapure water are m xed at a | ocation downstream 35 fromthe
first supply valve 11 and the second supply valve 12. WO

2012/ 0846X0RCI/MBRA01L1/ 072639 11 The m xed pure water i sPSUEPRI1@a71669 a
liquid introduction pipe, which will be described below, via a pipe
installed inside the cleaning bath 20. 1By adjusting the anmount of the valve
opening of the first supply valve 11 and the second supply valve 12, 5 the
di ssol ved nitrogen concentration of the ultrapure water to be supplied to

inside the cl eani.ng hat b 20 andut R&Fliow rake r@fl dthe nsupp edwakerrar e
controlled. The cleaning bath 20 has a wafer holder 22 that holds 10 inside
a waf er WCIEAFS AR CIndid ¢ SRsrered Sy o rced GRE Gf ted: LﬂI%wap?\ﬂde

wat er whifee dhe wafer-holdar 22 iis helding a substrate W The substrate W
is thereby dipped into the mxed cleaning liquid in the cleaning bath 20.

Liquid introduction pipes 23 are arranged at a | ower portion of the

cl eai ngiRat Fokd cHbrSihd Rale tie |idpddiidH roduct i on pipes 23 supply the
m xed ultrapure water to the cleaning bath at a predeterm ned overfl ow
rate. The coupling bath 21 is connected with a supply Iine (not shown)

other than thepsupplag i tBinJv%nac_rl%ni %z_ﬂ‘ipl?l:oimﬁ%ewd_te@c‘%@tb%rd al, ypredet erm ned

overflow rate. 20 y oscillating ultrasonic waves at frequencies of
20 kHz e l2WWHZ End sdtenmatae dengiltd e aofl re05 oo 120 PWecz rache i rradiation

unit 30 JrJadiates the ut4asonic waves onto the mxed ultrapure water in
t he cl earIltl{ ng attqh 20 \eﬁaot%e water 25 stored in the coupling bath 21. The

waf df Wdi pped in the mxed ultrapure water is thereby cleaned. It is
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monitdoring uni pErrorms %%e monitoring method according

the present embodiment.

As shown in FIG. 1, an ultrasonic cleaning apparatus 1 is

comprised of a supply unit 10, a coupling bath 21, an

20 irradiation unit 30, and a monitoring unit 40. The supply unit
10 supplies a cleaning liquid, such as ultrapure water, to a
cleaning bath 20. The coupling bath 21 houses the cleaning
bath 20. The irradiation unit 30 is disposed at the bottom of
the coupling bath 21 and irradiates ultrasonic waves onto

25 inside the cleaning bath 20. The monitoring unit 40 monitors
the dissolved nitrogen concentration of the cleaning liquid

supplied to inside the cleaning bath 20.

The supply unit 10 has a first supply valve 11 that
30 supplies ultrapure water with dissolved nitrogen gas to a
below-described mixed bath and a second supply valve 12 that
supplies degassed ultrapure water to the below-described mixed
bath. The ultrapure water with dissolved nitrogen gas and the
degassed ultrapure water are mixed at a location downstream

35 from the first supply valve 11 and the second supply valve 12.



12 oxygen concentration neter. The dissol ved oxygen concentration neter 43,
whi ch is connected to the punp 42 at a | ocation downstreamt hereof,
measur es wbheotissabved oxygen concentration of the m xe@CulEPe@EpOrm3Inat er
and sends electric signals 5 corresponding to the nmeasured dissol ved oxygen
concentration to the bel ow described détterm nation unit. The determ nation
unit 44 determ nes the dissolved nitrogen concentration in the cleaning
bath 20 based on the electric signals sent fromthe dissolved oxygen

concent rafd ol xRt Jurd3.wakhe dissSRIpad Qxyaen 10 gorcenttaldent et eJigd3 IS,
for exanple, a dissolved oxygen concentration nmeter using the pol arography
nmet hod. thlqkhé“d& %@‘%ﬁ%} %,OWIW%%/&?%@ netSst e 1dﬂsp1§5§d 55% an

el ectrolyteeyrselgitdan and aceidaidt vl tiage dnsaRpldedhetmaen the tiwy
netals to cause an oxidation reduction reaction. Then 15 the current
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sol uki Ot HeS BASHRRY nitrogercHIOME ddt ifhGo 2.t HNG IASLRRIANGIQ Wy t 44
has a receiving section 45,  a storage section 46, a control section 20 47,

and a di%splsaypag.edrie riawdidd g s ectgaen M5 Daddeidfesingl déte ity givdlss Ifr om
the di ssqlyved, Qxyaen Lancentratdion Mphgly 43. The storage section 46 stores

di ssol ved gas information, which indicates a predetermned rel ationship
bet ween the dissolved nitrogen concentration and the increase anmount of 25

di ssol ved oxygen cARCeNtAY-M othe.conl ol Seehen 45 calel afand he
i ncrease anount of di ssolved oxygen concentration based on the electric
si grél s irsdaleved Wafem thhe a.acei i mpisiectidiT 45 whedreul tarab griicr asaviés ar e

irradi a cont Gt i 4 |.cyl at t dj | M itrogen
30 concgnﬁ%rea i%ﬁcroaéphug:ec%aﬁleﬁlngv&ieﬁlqeu%glef }Jg(r;%aetﬁgl Q?ir?%ﬁregs?g lgén%lgﬁl&/lgjf% I ssol ved
oxygen corcemtatat ion riges g e te di sisoltred adoyy gerpreah cerita dtheom imetder

peced on L% ALES0Ma0, 992 401 L, Vet ool sl anEn D,
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gg n \é\gn t2 (r)zz]iotz’ll 85234 gé%gﬂgﬁ%g 0%%1}1/]’?% gl GHE% r?tlcﬁl&dtl i:d[e)nl: ? I i net 52 (732 3d I'Isiu}%l:l\éfﬁ ?Erh(r% tm;i%%ecf on 47
per f or mailaveralde oertaoltoftlgacieaning bath at a predetermined
overflow rate. The coupling bath 21 is connected with a supply
line (not shown) other than the supply unit 10 and is supplied
with water at a predetermined overflow rate.
20
By oscillating ultrasonic waves at frequencies of 20 kHz
to 2 MHz and at watt densities of 0.05 to 7.0 W/cm?, the
irradiation unit 30 irradiates the ultrasonic waves onto the
mixed ultrapure water in the cleaning bath 20 via the water
25 stored in the coupling bath 21. The wafer W dipped in the
mixed ultrapure water is thereby cleaned. It is preferable to

use ultrasonic waves whose frequency ranges from 400 kHz to 1

MHz.

30 The monitoring unit 40 includes a sampling pipe 41, a
pump 42, a dissolved oxygen concentration meter 43, and a
determination unit 44. The sampling pipe 41 extracts the mixed
ultrapure water in a predetermined amount. The pump 42 is
connected to the sampling pipe 41 and supplies a predetermined

35 amount of mixed ultrapure water to a below-described dissolved



5 section of the nonitoring unit 40 and reads out a programstored in the
storage section 46 to execute the bel ow descri bed di ssol ved nitrogen
concent r avpan120mh@al ati ng process (FIG 7). The particl ecCraremalo’sBd i ci ency
of a cleaning nethod 10 using ultrasonic waves is affected by the dissol ved
nitrogen concentration of ultrapure watlér. Specifically, it is known that
the particle renoval efficiency for a wafer increases when the dissol ved
nitrogen concentration of a cleaning liquid is in a specific range. In view

of this &hepny .cdhemesann ke daventors fioausied O :digsolamt oxgan on
concentration, which can be effortlessly neasured at | ow costs, and found

out a nBHGF o MHiTorishGIRe dicss AV ed S irFBy et BncetFRGIGR of a

cl eani ngyduirfitirdt anl tHNM S fTetheduthe thessoled wid ragrCoRGRMT @Bt Ok S
cal cul ated based on the dissol ved oxygen 20 concentration during

i rradi atdforrisf MiPSCasPriifE R fe s’ e S EFIASs DfeaHils mofinedrS ng net hod
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moni toring nethod is 25 explained in reference to FIGs. 3 and 4. FIG 3 is

a di agr &Mss Rsuiong dararigesd WatireTdingsolare droxy-gerf Reo sdrmgttiagn: of unit
ul trapurg waler When YHJ agoi o wayes &L dd radiahed ante, uldrapure water.

In an exanple shown in FIG 3, ultrapure water with a dissolved nitrogen
concent reatgagr MNP agth G2 hesiad £180-hs ed ad réxplsdignadisarsges- ifrathéhdi ssol ved

oxygen [ [ bat i I 3 j

oot angu A warar B e e G e it oo 6T A TS ol 22T % he

i nt P nalcadiqrerisiadnrofmetrs 4ratis wercer Z2Gmmhan de K 69 Imaddersqyger270 nm
hi gh, a i it . The v t t supplied
rothe QLI AN S5t Jnd ARl R oo Fa

2012/ 0848 1GRCHER201 072689 thd dutgas powertdlevelreofditdreedusied anl t r asoni c

waves wer.e 950 -kHz an lEZOO W tt de si%% V5 6E WcerS) ,aprpelsipecf:ti veleye.n The

. . electrolvite SO 1i0nh, an certa olta ertw
irradi ate areayotf a vibrati‘on plrate was rTTT'IngﬂJ1 m- ~an ulkirasonlc

waves wertes itwaadiedtedds dnt @atdse wholcexibGittiom swuduade dn ofeadie aol .earibeg bat h
20. As sho in FIG. 3, jirradiatiaon of ultrasonic waves ant.a

ul t rapurd Snat & %@W%’%%%ﬁ%l di% g%]levé%sosfylgeen Soncsht rat iR B o™
appr oxi ret elhe @125 thpmydaused dtherdiiss alesadirexy.gen 10 concentration to
increase to approximately 0.8 ppm In this case, the value of the dissolved
oxygen concentration D02, which is measured by the nonitoring unit 40,

m nus the i ni Wsalshdiwgsdlved axygenheoneerirhdtiadi oo ureas et spr izor to
ultrasonic wave irradiation -i.e., the increase unt of dissol ved oxygen
15 concentTdt'i'o¥ Aﬁﬁi%l(a-%d*%m S5 4955 SmOTsibee quémti iy, C lupgir tHen

t er phnatagn 0fd W tgiasanic mave THd adicdivdmg e tdicss ol v etk @xygen
concentration of the ultrapure water decreases to the level of the initial

di ssol véd SOagen SToicert ridtatbriReTiE SAovE T reEErs KW AR At Wi ved
oxygen conceMd afdong@f section 46 stores dissolved gas information,

which indicates a predetermined relationship between the
dissolved nitrogen concentration and the increase amount of

25 dissolved oxygen concentration. The control section 47
calculates the increase amount of dissolved oxygen
concentration based on the electric signals received from the
receiving section 45 when ultrasonic waves are irradiated.
Also, the control section 47 calculates the dissolved nitrogen

30 concentration of a cleaning liquid from the increase amount of
dissolved oxygen concentration measured by a dissolved oxygen
concentration meter based on the dissolved gas information,
which indicates the relationship between the disscolved nitrogen
concentration of the cleaning liquid and the increase amount of

35 dissolved oxygen concentration thereof. The display 48



20 ultrapure water is increased by ultrasonic wave irradiation. FI G
4 is a diagram showi ng changes in the dissol ved oxygen concentration of

ul t rapur evoeabevoswdien ul trasoni c waves are irradi ated onPOTHPRO1AOI6E9 Wat er .
In this case, the 25 dissolved nitrogen concentration DN2 is 13.5 ppm

As shown in FIG 4, when the dissol ved 1di trogen concentration DN2 of the
ultrapure water is 13.5 ppm irradiation of ultrasonic waves onto the
ultrapure water does 30 not cause the dissolved oxygen concentration to

change siingA 8/ d ead ik 40 RPAUce ergenTieed s remwataie Il eaHes is
hi ndered by the presence of dissolved nitrogen. The dissol ved oxygen
concent FA P stSRFE 1 thie | evel of the initial dissolved oxygen
concentration where ultrasonic waves are not WO

2012/ 084610PCT/ EP2011/ 072639 15 irradiated. In this case, the increase
anount of di sg6IovE@TdEPder SEdHCENtr/atiest CADT2 GVE I Pp Mt dls gossidhl e to

conckude; dromFldes .t 13 apdh 4 dhaly duiing d did nasenl ouave drdadiation, as
t he di ssol ved nitrogen concentration of ultrapure water deéecreases, the

anount Sftapafgem privdFderade 4R Ul dfurte watestutiendiheades ovaniie gdre bed
di-ssol ved Qxyigeny GONCRMI AN JNGIRAES cMEN A hafdihalcdLactien by the

ul trasonic wave Irradidation advances in the 10 ultrapure water and water
nol ecul es are deconposed into hydrogen radi cals and hydroxyl radicals, the

hydr oxyl radi cal_s r&q%% oxy.gen it hate.i s & i_bl e for farenenti oned
. e 1 ilS S0l 8 0f NG AR £
i ncreases. 15l ar?%eqqatl on representing tnhg rel atIlOI’lSahI ptg}t])etlween t he
di sd6l verkima rodger sconcentavats ors off fidatreahrye et etl ssred wefte niifgroesse anount
of dissqlyed gxygen concentration thereof | NG Wl hrasonic
( : . ) 1hasonid
irradiation is pr e?fent erm ned:?atﬁt%l s equeatl o(r::é.b(r:eang‘[ble “Used to cl\é%a\éﬁoéqtne t he
di ssol vedhaii thhegerar20 cencemavetli erf N2 enthe fdirssolwegtk miitragerses when
concent r ti on DN2 corresponds to the .ingcr.ease nmount of. dj ssol ved .oxy.gen
e dis ed ni rqgﬂ? %q$c%¥tra iom, of a Cleanin Tquid 19D
concentratl on nmeasur e Yy e | Ssol'ved oxygen conc tration nmeter 43.
The di ssolspedtiniita ogewyeconcentwiat @t dfhitsheehddmapurte wateererdan be _
rmnlltsor el%vbe%ht%q_’rsf %rorguns%c} f(l)% 2oll‘:’lsasfo rV(:"er&E rcl)txl yogne%d ccoanlccel'rllltarta{ tolrcljn,FC&lrh iec arg?alne’ Hf
changes in e
be effortlessly measured at low costs, and found out a method
for monitoring the dissolved nitrogen concentration of a
cleaning liquid. In this method, the dissolved nitrogen
concentration is calculated based on the dissolved oxygen
20 concentration during irradiation of ultrasonic waves. The
specifics of this monitoring method are explained in the text

to follow.

First of all, the principle of this monitoring method is
25 explained in reference to FIGs. 3 and 4. FIG. 3 is a diagram
showing changes in the dissolved oxygen concentration of
ultrapure water when ultrasonic waves are irradiated onto
ultrapure water. In an example shown in FIG. 3, ultrapure
water with a dissolved nitrogen concentration Dyp of 0.2 ppm is
30 used to explain changes in the dissolved oxygen concentration.
The cleaning bath 20 in FIGs. 3 and 4 is a rectangular water
bath made of 3.0 mm-thick plates of quartz glass. The internal
dimensions of this bath were 270 mm wide x 69 mm deep x 270 mm
high, and its capacity was 5 L. The volume of ultrapure water

35 supplied to the cleaning bath 20 is 5 L/min. The frequency and



i ncrease anmount of dissolved oxygen concentration ADO2 are nonitored, the
i ncrease and decrease in the dissolved nitrogen concentrati on DN2 can be
noni t or eawo0rgssdie above equation. |If the increase anoeot/ErRo1diosse? ved
oxygen concentration ADO2 30 corresponding to an arbitrary dissol ved

ni trogen concentration DN2 is cal cul ated and the increase anount of

di ssol ved oxygen concentration of a cleaning liquid ADO2 is nonitored, it
is possible to determ ne whether the dissolved nitrogen concentration of

the cl eanitighd ighied ew@reatfershes MdErl 1fasthiequalvd0 wdie ardy tuar y
di ssol ved nitrogen concentration DN2. 2012/ 084610PCT/ EP2011/ 072639 16

The preséitt Jdirerdt oi& tdortiistidd é-&WéVWQ[)G iSRS FY Wedet-or SHf | uenci ng

the rel atd.Qnshigedetrwren # he Wirssa! ived NidH0ge% GoNeeNts ati kN2 f _
ultrapure water and the increase 5 anount of dissolved oxygen concentration

t her eof YADORSOTRE $iRVAsy Wedentlifhesd altest AHics e atidiis -G8t i fwéifced by

the fol lpwing fadoyis;g Gt e out put power |evel of ultrasonic waves
irradiated onto the ultrapure water; and (2) the overflow rate of ultrapure

water supplied to the cleaning bath 20. The 10 text to follow explains the
rel ationshi p between D2, gnd AR02 jat. diiifrarent il finaseiinG OYLRS ROWeY

| evel s and at different overflow  rates of ultrapure water. FIGs. 5 (a) and
(b) are Witagprans tadtet nditdated anis- e gismesihigsl retteen adie el tsd! wvad
nitrogen c ecg)ﬁiar £ of 8 JJdger. Aanmount  of

di ssol ved gli};g Igl)onlg[{e}jnetgr\%ti on twﬁgﬁa%ﬁsx\%tzegfhoe?q%a% ule?l?a?s I ¢ out put
povef | evvelcerfir@ B )0 i181Cx edi serg riamaprotat inige tredas W -eimemts. of It Hévis

ul tr asonic. outpul AuR! deysls g iGad Bl jd R A AGADAG depl of, i ng

appr oxi mat1on equations for each ultrasoni out put power 1level $

FI G 5(a)hiddpiict snetadweimegs it Shef el idetringy 900 WA Ohatnti rdendittey i . t2 aW cnR) ,
1000 W 1s:s:olgieer}isiot :g%li %q\%cce r’at]i]b%o DV(\)/ %ﬂSe(a\AsB‘L}J}ecfjepq:Siiotry:t05'u]1tV¥aCs%Q i'c and
1200 W (Wa ensity:” 5. C

wave lirradiation -i.e., the increase amount of dissolved oxygen

15 concentration ADgpy (=Dpp-Dp) —-is 0.55 ppm. Subsequently, upon
termination of ultrasonic wave irradiation, the dissolved
oxygen concentration of the ultrapure water decreases to the
level of the initial dissolved oxygen concentration. The above
trends show that the dissolved oxygen concentration of

20 ultrapure water i1s increased by ultrasonic wave irradiation.

FIG. 4 is a diagram showing changes in the dissolved
oxygen concentration of ultrapure water when ultrasonic waves
are irradiated onto ultrapure water. 1In this case, the

25 dissolved nitrogen concentration Dy is 13.5 ppm.

As shown in FIG. 4, when the dissolved nitrogen
concentration Dy of the ultrapure water is 13.5 ppm,
irradiation of ultrasonic waves onto the ultrapure water does

30 not cause the dissolved oxygen concentration to change since a
reaction to produce oxygen molecules from water molecules is
hindered by the presence of dissolved nitrogen. The dissolved
oxygen concentration stays at the level of the initial

dissolved oxygen concentration where ultrasonic waves are not



as ultrasoni c output power levels and plotting values indicating the

rel ati onship between DN2 and ADO2 at the above output power |evels.

Appr oxi mewpan12seabi ons (cal i bration curves) determ nedpCr@rrethp7Bot t ed
val ues have the slopes and 30 y-intercepts presented in the drawing (FI G
5(b)). The plotted values of FIG 5(a) Mere obtained from neasurenent
conducted using the cleaning bath 20, which is a rectangular water bath
made of 3.0 mMmthick plates of quartz glass. The internal dinmensions of
this batihrerie t2¢0 A WHies X £& marieap ot 2 MR thidgh.giand lides capacity
is 5 L. The volune of ultrapure water WO 2012/ 084610PCT/ EP2011/ 072639 17
suppl i e Thé BIELTG Ueat HDZ@ wes 5 A9 i n. The frequency of the used
ultrasonic waves was 950 kHz. The irradi ated area of a transducer was 80 mm
x 270 mm and ultrasonic waves were irradiated onto the whol e bottom

surface of thétclamosg bdth B20onoMeR tTHeTodims powerd eVt surioy w
S ¥ 0,106396+0. 5667, When dihe out Puls ROWeTy ilevalydcs L0 W, .
y=-0.0631x+0. 4268 Wen the output power |evel is 1000 W.."

y=- 0. 060BX+BI780- 110" Wern litHeroutoputa fsswete drepeles s 1960 aeunt of

y=-0. 06Q2x+0.,1 763 {(whef & 1y 1denoties Ihe d nerease amunt. of disselyed oxygen
concentration ADO2, and x denotes the dissolved nitrogen concentration DN2)
The abovE ssediiads dxvdicdatce e qvepdritdronalc reasss -onstiqn 5 dssiiw@dn t he

di ssol v itir Qg aencentr.at d .t increpse-Amuy ;of djssol ved
oxygen %%nag!ettnltor at%lﬁfon Amqul.gr%hégq%%s@gf trlr%gjlaag%rooxi%ﬁrjatl on eqlglatt?{oe?ls are

al nd8t equalaprared weleery -ane eredept Noicredses atig eapnpwgeshsatin t he

ul trasonj ut r : tE% ty. j C t r -

i ncr easgléf,\d r%gte?her [ n\(/:éi‘rs\aelagsg‘i\ﬁ;é{rrgﬂﬁSI G d:ysaso{)ﬁ%\slag ’oxtglg%eﬁ%dorﬁjc n rrlaat%%/l(;eér‘f1 Ls

corr espadichyd oxyspedidatc id ssapced il lter dgen tWden ecentrreatdron dmect eases. By

i ncreasiin A %eseusl trasoni ¢ out put power |evel, the cal cul atabl e value of the
di ssol ve nietroge'n concentration increases, and the accuracy of neasurenent
t hereof increases. 25

15 If an equation representing the relationship between the
dissolved nitrogen concentration of ultrapure water and the
increase amount of dissolved oxygen concentration thereof
during ultrasonic wave irradiation is predetermined, this
equation can be used to calculate the dissolved nitrogen

20 concentration Dyoy. The dissolved nitrogen concentration Dy»
corresponds to the increase amount of dissolved oxygen
concentration ADpy measured by the dissolved oxygen
concentration meter 43. The dissolved nitrogen concentration
of the ultrapure water can be monitored by performing the

25 aforementioned calculation. For example, 1f changes in the
increase amount of dissolved oxygen concentration ADpp are
monitored, the increase and decrease in the dissolved nitrogen
concentration Dy» can be monitored using the above equation.
If the increase amount of dissolved oxygen concentration ADpo

30 corresponding to an arbitrary dissolved nitrogen concentration
Dy2 1s calculated and the increase amount of dissolved oxygen
concentration of a cleaning liquid ADpp is monitored, it is
possible to determine whether the dissolved nitrogen
concentration of the cleaning liquid is greater, smaller, or

35 equal to the arbitrary dissolved nitrogen concentration Dy»p.



FIG. 6 (a) and (b) are diagrans that indicate the relationship between the
di ssol ved nitrogen concentration DN2 of ultrapure water and the increase
anount ofwoi2epaisy@d oxygen concentration thereof AD02 f@®@cTERet10vmBS | oW
rate of ultrapure 30 water. FIG 6 (a) is a diagramplotting each
measurenent of the overflow rates. FI G166 (b) is a diagram depicting
approxi mati on equations of overflow rates. FIG 6(a) depicts
the results of selecting 5 L/mn, 2.5 35 L/mn, and 1 L/mn as overfl ow
rates of ultrapure water and WO 2012/ 084610PCT/ EP2011/ 072639 18 plotting

val ues indicati ng the relationship between DN2 and ADO2 at the above
over f | ow r at ed L eAPFESETRiNTFIEQTat ICORSIVFEESr B e eorhat HELSEIHdtitYed val ues

have thersltepes ﬁfﬂdéfricrltr%( cept Sreqraazsi@ﬂs@ﬁéﬂ hdhe dr aM G i([dHdSvh( b)) . The

plotted 5 values of FIG 6(a) were obtained from neasurenent conducted
usi ng t He fcsEi me Rt T80, 1 Ghhilate o & té’@t%@l“%frt%taé%d Batch irgdesste 3. 0

mm t Bi cky ) aftes, Ofq iUtz oI enTQ%dd&trﬁcrﬂéaélo%l RS LI¥S AQT £ hi SThQat h were
270 mm wi de x 69 nmm deep x 270 mm high, and its capaC|ty|325

frequen@PERY dweiitl Pewerthed: Itévie ot athensed Ul rlésfdmeé’lqﬁa:\/éy Wéxee 950
kHz and A200, W patt-densi ty S8 W), Jeapectd el v.r The ifdadiated area

of a transducer was 80 mm x 270 mm and uItrasonl c waves were irradi ated
ont o t heaissl & ysrdicrhssurdrdce tofe ttHe raress g tsat/h 200 (18 the aneerf ltdve

Overf|OWkﬁ§§%ﬁ!%ltrapure water supplied to the cleaning bath 20. The
10 text to follow explains the relationship between Dyy and ADpo
at different ultrasonic output power levels and at different

overflow rates of ultrapure water.

FIGs. 5 (a) and (b) are diagrams that indicate a
15 relationship between the dissolved nitrogen concentration Dy»
of ultrapure water and the increase amount of dissolved oxygen
concentration thereof ADpy for each ultrasonic output power
level. FIG. 5 (a) 1s a diagram plotting measurements of the
ultrasonic output power levels. FIG. 5 (b) is a diagram
20 depicting approximation equations for each ultrasonic output

power levels.

FIG. 5(a) depicts the results of selecting 900 W (watt
density: 4.2 W/cm?), 1000 W (watt density: 4.6 W/cmZ?), 1100 W
25 (watt density: 5.1 W/cm2), and 1200 W (watt density: 5.6 W/cm?)
as ultrasonic output power levels and plotting values
indicating the relationship between Dyp and ADpp at the above
output power levels. Approximation equations (calibration
curves) determined from the plotted values have the slopes and
30 y-intercepts presented in the drawing (FIG. 5(b)). The plotted
values of FIG. 5(a) were obtained from measurement conducted
using the cleaning bath 20, which is a rectangular water bath
made of 3.0 mm-thick plates of quartz glass. The internal
dimensions of this bath were 270 mm wide x 69 mm deep x 270 mm

35 high, and its capacity i1s 5 L. The volume of ultrapure water



1L/ mn... y=-0.2222x+1.956 Wen the overflowrate is 2.5 L/mn

...y=-0.0971x+0. 868 Wen the overflowrate is 5L/mn ... y=-0.069x+0. 5667
(wher e y wonot2as4dibe i ncrease anount of di ssol ved oxygeRrCZEPCANOREBY at i on
ADO2, and x denotes the dissolved nitrogen concentrati on DN2) The

above approxi mati on equations denonstradtfe that their slopes and
y-intercepts increase wwth a decrease in the overflow rate of ultrapure
water. As the overflow rate of the 25 ultrapure water decreases, the rate

of changeidi itdhe Hnanrase amunf wftdisselaed axygen corceMmdldry of
I ncreases with respect to the dissolved nitrogen concentration. By

decr easii§ tW?@dOQJéftfrlaoﬁﬁqleFt &aSFe VB b YR s dridimehitd ted t%adl%cs(ﬂ ved
ni trogen GoNGeMdatiaN dNGHEases.0 mm, and ultrasonic waves were

irradiated onto the whole bottom surface of the cleaning bath

5 20.

When the output power level is 1200 W .. y=-0.0639x+0.5667
When the output power level is 1100 W .. y=-0.0631x+0.4268
When the output power level is 1000 W .. y=-0.0606x+0.2789
10 + When the output power level is 900 W .. y=-0.0607x+0.1763
(where y denotes the increase amount of dissolved oxygen
concentration ADpp, and X denotes the dissolved nitrogen
concentration Dy»)
The above results indicate a proportional relationship
15 between the dissolved nitrogen concentration Dyp and the
increase amount of dissolved oxygen concentration ADpp. The
slopes of the approximation equations are almost equal, and the
y—intercept increases with an increase in the ultrasonic output
power level. As the ultrasonic output power level increases,
20 the increase amount of dissolved oxygen concentration
corresponding to a specific dissolved nitrogen concentration
increases. By increasing the ultrasonic output power level,
the calculatable value of the dissolved nitrogen concentration
increases, and the accuracy of measurement thereof increases.
25
FIGs. 6 (a) and (b) are diagrams that indicate the
relationship between the dissolved nitrogen concentration Dy»
of ultrapure water and the increase amount of dissolved oxygen
concentration thereof ADpy, for each overflow rate of ultrapure
30 water. FIG. 6 (a) is a diagram plotting each measurement of the
overflow rates. FIG. 6 (b) is a diagram depicting

approximation equations of overflow rates.

FIG. 6(a) depicts the results of selecting 5 L/min, 2.5

35 L/min, and 1 L/min as overflow rates of ultrapure water and



30 It is preferable to conpile in advance di ssol ved gas information,
as shown in FIGs. 3 and 4, on cleaning conditions, such as ultrasonic

out put poweroi2sedioand overflow rate, and to store the ®omP2@d/o7zsBor mat i on
in the storage section 46. An 35 approxi mation equation that corresponds to
the ultrasonic WD 2012/ 084610PCT/ EP20118/ 072639 19 out put power | evel or
overflow rate actually used in a wafer cleaning process can be sel ected
fromthe dissolved gas information stored in the storage section 46. By

substi t Widig itrhe vieasy ecthditatease aount] Ofi Hss) vedwargen ceneentration
5 ADO2 into the approxi mati on equation, the dissolved nitrogen

concent rPdtd2ort DND oA e &pifte Wit &2 i b@%&ﬁ%@éﬁ%%ﬁ%ﬁ%@tﬁ FIG 7

is a flouehanti Rfq & s SNy @A HitdpgRN 1Y GRREEMHALY 1pLAlL1H 8t on process
execut ed durl ng per for mance of the nonitoring nmethod accor ding to the
enbodi mERtBICHHS preseEitt Ghvienttifon dTaY iSKow i A&) )7, dérord athesti ati ng

ul trasonigwaves B @nto d)heLleanping Rat k20, n%a%ﬁﬁ%&e%{tmc’?ﬁﬁjtﬁsrwt of
m xed ul trapure water is extracted fromthe cleaning bath 20 (step S71).

Then t hélsditss dihfed loapgery coridemtt atilgirhmdtserd 42 qtan@ddn ¢arsds dredt he
initial figsolyved oow%l%qﬁ%ﬁ@tre%t ign Do Ard o 40 ul tasonjG Mave

irradiation (step S72). while 20 ultrasonic waves at a predeterm ned
out put @dﬂ@nal@m Oérethlrsrr émﬁtett et rent2o & e ¢lisknivng hatth dEEe a 270 mm

pr edet er, ult rapure agt e,

cl eani ng th 0 rsjctse%fa %ie& the di sso vefqglxe%;t n cgﬁg)gntrggltﬂgjn o2

durilfig Jlavredsorfi chwaves 69 rddirstsconi d svavsas aveetk P G el zdiagsbl hvedld dtkygen 25

concentr ter t i ngre t

di ssol ve g%éiegﬁl gi(;:rt/cent féa?f/ocﬁyzi deréé)e(lgﬁlcuﬁlgﬁedq%ly gﬁ%trac%l%rgg e
initial ai ssdneeddagenwacoridenty at 20V Do, f ragm Uﬂetrrmurcedvajtﬁotal:@d
oo Goneentrald O%t%o% (et 57%)01; Syubsequent! y,c an, appy %‘ﬁ%‘ 'q%t
qguation correspon Ing to eterm ned overf ow rate or ultrasonic
out put power |evel is read out fromthe storage section 46 (step S76), and
t he 1gpprom mati on equation read out fromthe storage section 46 is used to
cal cul ate the dissolved nitrogen concentration DN2 of the m xed ultrapure
wat er fr-omtdre thcreease lamurtt ofi dilssoimded .. y=-0.2222x+1.956

When the overflow rate is 2.5 L/min .. y=-0.0971x+0.868
When the overflow rate is 5 L/min .. y==-0.069x+0.5667
(where y denotes the increase amount of dissolved oxygen
20 concentration ADpp, and X denotes the dissolved nitrogen
concentration Dy»)

The above approximation equations demonstrate that their
slopes and y-intercepts increase with a decrease in the
overflow rate of ultrapure water. As the overflow rate of the

25 ultrapure water decreases, the rate of change in the increase
amount of dissolved oxygen concentration increases with respect
to the dissolved nitrogen concentration. By decreasing the
overflow rate, the accuracy of measurement of the dissolved
nitrogen concentration increases.

30

It is preferable to compile in advance dissolved gas
information, as shown in FIGs. 3 and 4, on cleaning conditions,
such as ultrasonic output power level and overflow rate, and to
store the compiled information in the storage section 46. An

35 approximation equation that corresponds to the ultrasonic



35 oxygen concentration ADO2 neasured in step S75 (step S77). WO

2012/ 084610PCT/ EP2011/ 072639 20 Upon conpl etion thereof, the dissolved

ni t rogen woroeviBe@bi on cal cul ati on process i s term nat ed@CTAP2dedCI6BHed
above, according to the enbodi nent of the 5 present invention, the increase
anount of dissolved oxygen concentrati dd ADO2, which is due to a radical
reaction in a cleaning liquid irradiated wth ultrasonic waves, is
measured. In turn, the dissolved nitrogen concentrati on DN2 of the cl eaning

liquid ishtgaltcWatad foem the Jrasured 11 easeamuntseld of divssalwved
oxygen concentration ADO2 based on a predeterm ned relationship between the
di ssol ve&d SHITEhY & EGHce Ataticors S e G50t ddise HfimitV st Fisssol ved

oxygen cencaMdatdrontNaelh @ the digsaaad dH tragem e ongrtirait i
can be calculatedeﬁz nmeasuring the dissolved oeﬁgen concentrati on DO of

the 15 dAbeamaiguisguildicreomsl idwed cPertitssony st @ "t cAE@tisitmce
the el atd onship, Q@f&@%ﬂ&ﬁ@ﬁ%@i ved Hitdrogen Loncaniinald on andidhe

i ncrease affount of di ssol ved oxygen concentration is predetermned, this
rel ati orfsHiIqeTda® Beruden tof adduraalsy wedledul e che qfivssdiaded nitrogen
concent ration 4L PN2- I'n addition, cost reduction is possible as an
expensi ve di ssolved nitrogen concentration neter does not need to be used.
As wel|l as cost reduction, accurate nonitoring of the di ssol ved ni trogen

concentratlonqug qf %h%_%H%%Q%%Qt"%“'ddﬁ%%oq%- Q%Q%&@fthout

conpl i cated operations. t Ke “above e t he di ssol ved
oxydén comsenmttration r@@tlerulﬂ-tucm qud@esqocﬁmg?@pwrtlym PedwaveEmCce he

type of | v qﬁxg n i tat
polarogrg%ﬁégiyggl %%9%%§%§Ht qgiv iC 5§F1Q%§%dyd§¥{ ot H%%Mso in
t he abowe esrdyddiimersnt itdre cleanlng I|qU|d is ultrapure water, but the type
of the cleaning liquid is not limted to ultrapure water. It nay be

generally used water. Any cleaning |liquid whose dissolved oxygen can be
accurately As shown in FIG. 7, before irradiating ultrasonic waves

15 onto the cleaning bath 20, a predetermined amount of mixed
ultrapure water 1is extracted from the cleaning bath 20 (step
S71). Then the dissolved oxygen concentration meter 43 is used
to measure the initial dissolved oxygen concentration Dg prior
to ultrasonic wave irradiation (step $S72). Next, while

200 ultrasonic waves at a predetermined output power level are
irradiated onto the cleaning bath 20, a predetermined amount of
mixed ultrapure water is extracted from the cleaning bath 20
(step S73), and the dissolved oxygen concentration Dpo during
ultrasonic wave irradiation i1s measured by the dissolved oxygen

25 concentration meter 43 (step S74). In turn, the increase
amount of dissolved oxygen concentration ADpy is calculated by
subtracting the initial dissolved oxygen concentration Dg from
the measured dissolved oxygen concentration Doy (step S75).
Subsequently, an approximation equation corresponding to the

30 predetermined overflow rate or ultrasonic output power level is
read out from the storage section 46 (step S76), and the
approximation equation read out from the storage section 46 is
used to calculate the dissolved nitrogen concentration Dyp of
the mixed ultrapure water from the increase amount of dissolved

35 oxygen concentration ADpy measured in step S75 (step S77).



35 neasured by a dissolved oxygen concentration neter of the WO

2012/ 084610PCT/ EP2011/ 072639 21 pol arography type or the |Iike may be used.
A m xed swbDuvi2ns4@h hydrogen peroxi de and anmoni a ( SC- 1pCARWRomioris3a hi gh
ability to renove particles and organi c contam nant may be used as well. 5
Furthernore, in the above enbodi nent, &20wafer Wis cleaned as the target
substrate of the cleaning process, but it is not [imted to the wafer W
Anot her substrate, such as a glass substrate for liquid crystal display or

hard di %cﬁf id&ﬁ)l@@dﬁ%k@@ﬁar&fé as ) 1lveqa nitrd\'}%rrﬁ%éﬁfaeﬂﬂ}atﬂl%rﬁbOVe

enbodi nent, the m xture ratio of ultrapure water with dissolved nitrogen
gas (th&EFiTe SushRFQrsiSfe 1F1) e dedassed ul trapure water (the second
supply valve 15 12) is adjusted to produce a cleaning liquid with dissolved
ni trogen gas. However, the above enbodinent is not limted thereto. The

di ssol ved ni t Peg&lRSEEHEER ~ROVEn SCcardiasurte warte e IBerdi odcihe

adj ust ech Ry Ad) ustidi ithe RIRSSWHE Lfs NidnRGAN o&a%i@sﬁﬁl%e\éﬁ%éeﬂgérhe
ul trapure water using a regulator 20(not shown) or the |ike. For the above

enbodi nEMNCEEA Was Plarvedorrhan § mitedse d i adiepartgas e arenpy &

effiCieQ@kéﬂié%$§¥¥ﬁgﬁq%¥éaiQ@ngﬁﬂﬁ?Qﬂhﬁ%§$ﬁ¥%ﬂﬁg¥%§ﬂLﬂ@%ﬁ%sured.

concentration rapure water is 25 in a specific range. Accordingly,
t he di sdal vedmi thihsyeh scond@st mathimoyamas sl aniizatdd mwn tdfe thecr ease

anmount t I 5sql.ved nit Ct%’bﬁ t. ri%!%%% it t ter.
I n addi ?{loeﬁa{ill eltngj ?ﬁlr uelgld tlhrge Cia%%aons ieﬂgto[)ngtﬂv\k}e%gn t he ﬂlér%jcrlglgcsr;gaagg%g{oql&%t he
di sd6l vedt okysgen veohcemaeat icomeaDiZ atnan thlapuie 30 wat er rarediateernparad cl e

ot S I SR AL e e A SR S
the increase amount of dissolved oxygen concentration. Namely,
as the dissolved nitrogen concentration Dy» can be calculated
by measuring the dissolved oxygen concentration Dpp of the

15 cleaning liquid, complicated operations are exempted. Also,
since the relationship between the dissolved nitrogen
concentration and the increase amount of dissolved oxygen
concentration is predetermined, this relationship can be used
to accurately calculate the dissolved nitrogen concentration

20 Dyp. In addition, cost reduction is possible as an expensive
dissolved nitrogen concentration meter does not need to be
used. As well as cost reduction, accurate monitoring of the
dissolved nitrogen concentration Dyp of the cleaning liquid can

be achieved without complicated operations.

25
In the above embodiment, the dissolved oxygen
concentration meter 43 is of the polarography type. However,
the type of dissolved oxygen concentration meter is not limited
to the polarography type. It may be of the galvanic cell type.
30

Also, in the above embodiment, the cleaning liquid is
ultrapure water, but the type of the cleaning ligquid is not
limited to ultrapure water. It may be generally used water.
Any cleaning liquid whose dissolved oxygen can be accurately

35 measured by a dissolved oxygen concentration meter of the



A p-type silicon wafer with a dianmeter of 200 mm was di pped in hydrofluoric
acid with a concentration of 0.5%for five mnutes to renove a native oxide
filmfromva2surdsaae t hereof so that it is hydrophobic. BCT/EP2011/0m6a9 si |l i con
nitride powder of Ube Industries, Ltd. (SNE1O, average particle dianeter:
0.5 pm) was dispersed in 20 L of an agquwéous hydrochloric acid solution (pH
= 2) at 50C so that the concentration is 0.05 ppm Into the solution, the
10 aforementioned silicon wafer was di pped for one mnute.

Ther eaf ty,a dd iSighy, W Peyf ameed ik Wy apurg aat ern ik de s diuiiutes o and
drying was_ perfornmed by a spin drier for two mnutes. 15 (2) Measurenent of

parti cl @YBmRAR R @pid ammomNgyt (SGHe didbe 0 Faftid) &P ddHered to

a silican waiffves Wiace was JRASIH LG (USiG tinPaf 4 € nfy c Mt gfed % 6500 by
H tachi DECO). On the surface of the aforenentioned silicon 20 wafer

i ntenti 6ffdli-y contaminated for particle renpval efficiency neasurenent
prodyced in (1) above, approximately 8000 particles with a dianeter of 0.1
pmor greater were adhered. 25The nunber of particles was neasured before

and after the Fintiheamonest erl rc|tégnioiy vex sEiovemerdes er iMedeTi W (13) bel ow.
Based on.ithe Jipasunenents pef ang and af ter dhe Sxperifei.opardi ¢l g rignoval

efficiency was cal cul ated using the follow ng equation: "30(Particle renoval
ef fi ci edgy)net {(iMufisst tof Hher tadiegs Mhef g tdlsgamiuRp)t ca (aNurieh ¢fs parti cl es

after cl j ANyber,. ofy rii ef or i - %
Silicon g%yeép%%lgm ng ex&e%l nt& &'y%scati Qqs%h%ygi%lryl (?%)}lr%dfjl%% ((:Cf(alg(rﬁ?é)rl’g
expdfi manty wess darrdust eds isilig 35 the ul trasoni c cl eani ng apparatus shown

in Fig. 1. WO 2012/ 084610PCT/ EP2011/ 072639

Moreover, in the above embodiment, the mixture ratio of
ultrapure water with dissolved nitrogen gas (the first supply
valve 11) to degassed ultrapure water (the second supply valve

15 12) is adjusted to produce a cleaning liquid with dissolved
nitrogen gas. However, the above embodiment is not limited
thereto. The dissolved nitrogen concentration of ultrapure
water may be directly adjusted by adjusting the pressure of
nitrogen gas dissolved in the ultrapure water using a regulator

20 (not shown) or the like.

For the above embodiment, focus was placed on an increase
in the particle removal efficiency of a semiconductor wafer
when the dissolved nitrogen concentration of ultrapure water is

25 in a specific range. Accordingly, the dissolved nitrogen
concentration was calculated from the increase amount of the
dissolved nitrogen concentration ADpp in the ultrapure water.
In addition, to survey the relationship between the increase
amount of the dissolved oxygen concentration ADpp in ultrapure

30 water and the particle removal efficiency of a semiconductor
wafer, the present inventors conducted the following

experiment:

(1) Production of silicon wafer intentionally contaminated for

35 particle removal efficiency measurement



23 The cleaning bath 20 is a rectangular water bath nmade of 3.0
mmthick plates of quartz glass. The internal dinensions of this bath are
270 mm wiwe 28128846t deep x 270 mm high, and 5 its capaciPCY¥/EP3013/01263The
supply flow rate of ultrapure water supplied to the cleaning bath 20 was 5
L/ mn. The frequency of the used ultras8nic waves was 950 kHz, and the

out put was 1200 W (watt density: 5.6 WcnR). The irradiated area of a
transducer was 80 mm x 270 nm and ultrasonic waves were 10 irradiated onto

the whol e botit gmtsuyef aGe i@bor! he relreanihg batikmler of 200Tha anpunt of the
val ve opening of the first supply valve 11 that supplies ul trs%ure wat er
Sl

with di SSERAY Al tHoFaT g 115 and thdt 6f AR V@12 t hat
suppl i essidegasised i tHARWR MatLm ware adiiust ed.1nThe @ ssalwmedidd trogen
concentration and flow rate of the ultrapure water to be supplied to inside
the cl eddiSigPatI® Zdaterd tifelrelyr E5rsl1 ed. The flow rate was control | ed
to bg 5 L/mn. 20 Utrasonic waves were irradi ated onto the ultrapure water
in the cleaning bath 20. The val ue of ADO2 was measured by the nonitoring

unit 40. A dil$sal ved iowygen teoncemoraictiron Intloer Lofusie igsl arldgr-agiy t ype
Was Uuseg;1as tﬁ%ﬂ%%\@&&@%@&%@”tcfﬁé Iﬁ‘nt NBlLrq143e e anpunt of the

val ve opening of t 25 first supply valve 11 that supplies ultrapure water
wi t h di solaredaviaqusgdry s hdmd itchatc it acHel isedonds appl)y akalafe CL2a hat
supplie e t; | ust t ADOZ val ues are
0 pom 005 pam 0 L pam 0 pam 05 oy 0.5 pp 6.4 mpm and 0.5 ppm
The 18] eafiargrexpadinshts Was @0 wedredudteed cateratese reiqghet mADOX eval ues.

After the ADO2 value is stabilized, the silicon wafer intentionally
contam nated for particle renoval efficiency nmeasurenent produced in (1)
above was di gped cfadrt etren minmutes W35 ard foubsequentilly rdmived by tarsgior dri er
for two m nutes.. WO 2%1%{ 084610PCT/ EP2f011/ 07%639 24 .(4) Resulft S
ten mitiites,  an rying wasg pertormed by a spin /drier for two
minutes.
15
(2) Measurement of particle removal efficiency
Next, the number of particles adhered to a silicon wafer
surface was measured using a particle counter (LS-6500 by
Hitachi DECO). On the surface of the aforementioned silicon
200 wafer intentionally contaminated for particle removal
efficiency measurement produced in (1) above, approximately
8000 particles with a diameter of 0.1 um or greater were

adhered.

25 The number of particles was measured before and after the
silicon wafer cleaning experiment described in (3) below. Based
on the measurements before and after the experiment, particle

removal efficiency was calculated using the following equation:

30 (Particle removal efficiency) = { (Number of particles
before cleaning) - (Number of particles after cleaning)}/
(Number of particles before cleaning) x 100 (%)

(3) Silicon wafer cleaning experiment
The silicon wafer cleaning experiment was conducted using

35 the ultrasonic cleaning apparatus shown in Fig. 1.



Fig. 8 shows the relationship between ADO2 and the particle renoval
efficiency obtained fromthe results of the 5 cleaning experinent. The
particl e wormwals4@hfi ci ency is found to be high in the RDIEPI@EhlORBANgE
between 0.1 and 0.3 ppm When the ultrasoni c cl eani ng apparat us of
the present invention is used under the&3conditions of the cleaning 10
experinment, the mxture ratio of ultrapure water with dissol ved nitrogen
gas (the first supply valve 11) to degassed ultrapure water (the second
supply valve 12) was adjusted so that the ADO2 val ue ranges between 0.1 and
0.3 ppm It is found that by making such an adjustnent, cleaning with a

hi gh particl &PE5 FERVaY SRfCiZdhay s TFCSSIIVE afi RO &sithg "eSd $ol ved
ni trogers coRgeMHdid N Jtelor Bxplranatdienof Referience Munefiadlehsions
201ul trasoni c cl eani ng apparatus 10 suQPIy unit 20 cleanln%{bath 21

coupl i nghdths Path FFq rr/ddim i"erieuni t©2540 AT tord 1ty Whitl % S8l i ng

pi pes42 pum- 43 dissalyved 10Xy gen GORgant ratdiPn .S & ultragtftdel8idp nation
unit 3045 receiving section .

supplied to the cleaning bath 20 was 5 L/min. The frequency of

the used ultrasonic waves was 950 kHz, and the output was 1200

W (watt density: 5.6 W/cm?). The irradiated area of a

transducer was 80 mm x 270 mm, and ultrasonic waves were

10 irradiated onto the whole bottom surface of the cleaning bath

20.

The amount of the valve opening of the first supply valve
11 that supplies ultrapure water with dissolved nitrogen gas

15 and that of the second supply valve 12 that supplies degassed
ultrapure water were adjusted. The dissolved nitrogen
concentration and flow rate of the ultrapure water to be
supplied to inside the cleaning bath 20 were thereby
controlled. The flow rate was controlled to be 5 L/min.

200 Ultrasonic waves were irradiated onto the ultrapure water in
the cleaning bath 20. The value of ADpy was measured by the
monitoring unit 40. A dissolved oxygen concentration meter of
the polarography type was used as the dissolved oxygen
concentration meter 43. The amount of the valve opening of the

25  first supply valve 11 that supplies ultrapure water with
dissolved nitrogen gas and that of the second supply valve 12
that supplies degassed ultrapure water were adjusted so that
the ADpo values are 0 ppm, 0.05 ppm, 0.1 ppm, 0.2 ppm, 0.3 ppnm,
0.35 ppm, 0.4 ppm, and 0.5 ppm. The cleaning experiment was

30 conducted at these eight ADpy values.

After the ADpy value is stabilized, the silicon wafer
intentionally contaminated for particle removal efficiency
measurement produced in (1) above was dipped for ten minutes

35 and subsequently dried by a spin drier for two minutes.



46 storage section 47 control section 48 display WO

2012/ 084610PCT/ EP2011/ 072639 25 Cainms 1. A dissolved nitrogen
concent r avpanizmsmiibor i ng net hod of nonitoring a di ssol vedTmPRe104e2639
concentration of a cleaning 5 Iiquid when an ultrasonic wave is irradiated
onto the cleaning liquid in which a sulddtrate is di pped, the nethod
characterized by conprising the steps of: nmeasuring an increase
anount of dissolved oxygen concentration of the cleaning liquid, which is
due to an oxygen 10 nol ecul e generated froma water nolecule as a result of
a radical reaction caused by ultrasonic wave irradiation; and
calculatVHgRﬁ%ﬂ%%%lved nitrogen concentration of the cleaning liquid from

sai d neasur edriigncreeaseamert rofi diigseihmed rexygen eencentiatien based on a
predeterm ned rel ati onship between a di ssol ved nitrogén concentrati on and

an i ncr @add EsumeTsvadi S VST gt Adéice o iT8e reBute afi S861 ved
Ni trQgen. 1CORGENY raidan B t aiHNG 1eihad aCeRRAING 413 Gld|d) Ls WheRR N:
20sai d di ssolved nitrogen concentration of the cleaning liquid is
cal cul atted Fa drmdn imdrhesadd candimitu o fr adicss ket BX ygen aé’@h%erﬁ # -on
measured by a dissol ved oxygen concentration nmeter based on dissol ved gas
information indicating a relationship between said dissolved nitrogen 25
concentr at i offheh tthe ¢lldagisng il qlicdrand s@icd Lartcice ade tavo e sehtdi ssol ved

oxygen QQRﬁﬁ%Hﬂfﬁifg‘Jéga“%H&er the conditions of the cleaning

10 experiment, the mixture ratio of ultrapure water with dissolved
nitrogen gas (the first supply valve 11) to degassed ultrapure
water (the second supply valve 12) was adjusted so that the
ADp» value ranges between 0.1 and 0.3 ppm. It is found that by
making such an adjustment, cleaning with a high particle

15 removal efficiency is possible without using a dissolved

nitrogen concentration meter.
Explanation of Reference Numerals

20 1 ultrasonic cleaning apparatus
10 supply unit
20 cleaning bath
21 coupling bath
30 irradiation unit
25 40 monitoring unit
41 sampling pipe
42  pump
43 dissolved oxygen concentration meter
44 determination unit
30 45 receiving section
46 storage section
47 control section

48 display



3. The di ssol ved nitrogen concentration nonitoring nmethod according to
claim1 or 2, wherein: 30said dissolved gas information has been conpil ed
i n advanceof2orz/ach of cl eaning conditions of said subsPCcatEr201147263he

di ssol ved nitrogen concentration nonitoring method according to any one of
clainms 1 to 3, wherein: WD 2012/ 08461C0PCT/ EP2011/ 072639 26 sai d

cl eaning conditions of said substrate include an ultrasonic output power

| evel . 5. The di ssol ved nitrogen concentration nonitoring nmethod 5
accor di g dighecl @i m 4, wherei n: sai d di ssol ved gas information
indicates that as said ultrasonic output power |evel increases, said

i ncrease anount of dissolved oxygen concentration corresponding to a

speci fi ¢ di sgolmed Niid0gen eRReE NI At ases t okl nb meti® dicgsol ved
nitrogen concentration nonitoring nmethod according to any one of clains 1
to 3, WHSHEIGPTINg a digsod Ydedni WY I AR Tt 1941 @ Isibstieare el udes

an oyer il oI ateaf & H18anNGild G 115 i rhadiie & $5elyed NidILGemy
concentration nonitoring nethod according to claim®6, wherein: said
di ssol ved yas! i1af et on Suiditdattes ith&tli e Saitd ovatiticsly dhate dediiesses, a
rate of change i 88 d HNWRARE o
measuring an increase amount of dissolved oxygen
concentration of the cleaning ligquid, which is due to an oxygen
10 molecule generated from a water molecule as a result of a
radical reaction caused by ultrasonic wave irradiation; and
calculating a dissolved nitrogen concentration of the
cleaning liquid from said measured increase amount of dissolved
oxygen concentration based on a predetermined relationship

15 Dbetween a dissolved nitrogen concentration and an increase

amount of dissolved oxygen concentration.

2. The dissolved nitrogen concentration monitoring method
according to claim 1, wherein:

20 sald dissolved nitrogen concentration of the cleaning
liquid is calculated from an increase amount of dissolved
oxygen concentration measured by a dissolved oxygen
concentration meter based on dissolved gas information
indicating a relationship between said dissolved nitrogen

25 concentration of the cleaning ligquid and said increase amount

of dissolved oxygen concentration thereof.

3. The dissolved nitrogen concentration monitoring method
according to claim 1 or 2, wherein:
30 sald dissolved gas information has been compiled in

advance for each of cleaning conditions of said substrate.

4, The dissolved nitrogen concentration monitoring method

according to any one of claims 1 to 3, wherein:



20 amount of di ssol ved oxygen concentration increases with respect to said
di ssol ved nitrogen concentration. 8. The dissolved nitrogen concentration
noni t or i rgoretdisdslaccordi ng to any one of clains 1 to 7PCREPR@i1072635Sai d
cleaning liquid is water. 9. A nethod for cleaning a substrate by
irradiating an ultrasonic wave onto a ceaning liquid in which said
substrate is di pped, said nethod characterized by conprising the steps
300f : measuring an increase anount of a dissolved oxygen

concentrati on Qfi Sail¢ glieanidihdiitdwing, oiseh d e i@ can nexygen ol ecul e
generated froma water nolecule as a result of a radical reaction caused by
ul t r asomId AARRE G CAiPAY G1PWeand ©WAB -2012/ 084610PCT/ EP2011/ 072639 27
adjusting a mxture ratio of a cleaning liquid with dissolved nitrogen gas,
which is to be introduced into a cleaning bath, so that said increase
anount of- saildediCS$EVEE CoXy FE1R IESN CORCERGIEH Liod MeTd LoFediF e asge where

cl eaRi ng, & pefifily mance dis, i gkt i-An apparatus for cleaning a substrate
by irradiating an ultrasonic wave to a cleaning liquid into which said

substrate is diggpedissaildcsbparatios cgFardereinze ¢ aye spéhidr misngatlve st eps
100f : ultra§§@§ywdﬁid¥]ﬁ&ﬁ£5Q§%é¥n¥ngé$%§nm§§¥H\“%Eﬂgﬁﬁg%mount

concentration of said cleaning liquid, which is due to an oxygen nol ecul e
gener at e fHIGTAE et er< Vitisine cliine eds- T i@yl qo rafe sipargdincal L eactdesi idaused by

uItrasorHi(:sl1S \g%dlﬂfﬁf 40N ANd 15adj Ysting A Jdxture ratio of a cleaning
t

liquid w i ssolve I trogen gas, ich'is to be introduced into a
cl edfiing bath, so that said increase anount of said dissolved oxygen

concentrati onyls 4 & 1$RECITHIHG S AN her g cliaanl ag e arpRce % hi gh.
according to any one of claims 1 to 3, wherein:
said cleaning conditions of said substrate includes an
overflow rate of a cleaning liquid.
15
7. The dissolved nitrogen concentration monitoring method
according to claim 6, wherein:
said dissolved gas information indicates that as said
overflow rate decreases, a rate of change in said increase
20 amount of dissolved oxygen concentration increases with respect

to said dissolved nitrogen concentration.

8. The dissolved nitrogen concentration monitoring method
according to any one of claims 1 to 7, wherein:

25 said cleaning liquid is water.

9. A method for cleaning a substrate by irradiating an
ultrasonic wave onto a cleaning liquid in which said substrate
is dipped, said method characterized by comprising the steps
30 of:
measuring an increase amount of a dissolved oxygen
concentration of said cleaning ligquid, which is due to an
oxygen molecule generated from a water molecule as a result of

a radical reaction caused by ultrasonic wave irradiation; and
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adjusting a mixture ratio of a cleaning ligquid with
dissolved nitrogen gas, which is to be introduced into a
cleaning bath, so that said increase amount of said dissolved
oxygen concentration is in a specific range where cleaning

performance i1s high.

10. An apparatus for cleaning a substrate by irradiating an
ultrasonic wave to a cleaning liquid into which said substrate
is dipped, said apparatus characterized by performing the steps
of:

measuring an increase amount of a dissolved oxygen
concentration of said cleaning ligquid, which is due to an
oxygen molecule generated from a water molecule as a result of
a radical reaction caused by ultrasonic wave irradiation; and

adjusting a mixture ratio of a cleaning ligquid with
dissolved nitrogen gas, which is to be introduced into a
cleaning bath, so that said increase amount of said dissolved
oxygen concentration is in a specific range where cleaning

performance i1s high.



