WO 2012/084610PCT/EP2011/072639 Dissolved Nitrogen Concentration Monitoring Method,
Substrate Cleaning Method, and Substrate Cleaning Apparatus Field of the Invention The present
invention relaté® %gl%(aaf%%lved nitrogen concentration monitoring methgg?%ﬁ(é]t}/gfééé?eaning method,
and substrate cleaning apparatus for a wafer cleaning process. More specifically, the present invention
relates to a dissolved W nitrogen concentration monitoring method, substrate cleaning method, and
substrate cleaning apparatus for monitoring the dissolved nitrogen concentration of a cleaning liquid
into which a shibstraiereslictli asayuafenrisshpeacdidd BackigronidgAMe thdd gehdratrata production

process of a substratg; sUgh a5 Kuafes, 2 S\pSHale clearingIcess wsing.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 substigtecclelntig pfocEess-emiploys various types of 25 cleaning methods depending on the
purposes In particular, when the dipping method is employed to remove particles, a substrate is dipped

into a cleaning liquid congined in 3 leaning bath andulipsonis wayRs.are adigled onto the

cleaning liquid where the substrate Is dipped. Such ultrasonic waves are 30 called megasonic waves,
whose frequef§FahGetis Aottt M2 1658 geitbrafiy 18EOGhfzeT it Use BEGRESonicaves in a
frequency rangesofatound 4daMHEreduces damdge te thie Sabstrateahttinereases the effectiveness of
cleaning migrg-particles; of submicron.sizgs anthe sybstrate, WQ201208460RCIERP2041/072639 2

10 nitrogen concentration monitoring method, zubstrate cleaning
method, and substrate cleaning apparatus for monitering the
dissolved nitregen concentration of a cleaning liguid into

which a substrate, such as a wafer, 1s dipped.
15 Background Art

In general, in a production process of az 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 crganic substances, metal impuritiles, 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 liguid contained in a cleaning bath,
and ultrasonic waves are irradiated onto the cleaning liquid
where the substrate is dipped. 3uch ultrascnic waves are

30 called megasonic waves, whose frequency range i1s around I MHz.
It is generally recognized that use of ultrasonic waves in a
frequency range of around 1 MHz reduces damage to the substrate
and lncreases the effectiveness of cleaning micro particles of

submicron sizes on the substrate.



When megasonic waves are irradiated onto ultrapure water to remove particles from the substrate, the
particle removal efficienc?f/] is known to be affected by the dissolved nitrolgcen concentration of a

cleaning quuidy%ﬁné%ﬂ?é‘g , in a 5 specific range of the dissolved nitrogenggﬁ%}elm}rg?%n of a cleaning

liquid, the particle removal efficiency for substrate increases. If the dissolved nitrogen concentration of
a cleaning liquid is monitored and controlled to he in a certain range during the cleaning process,
effective removal of particles is theoretically possible. In a hitherto known method, gas
components contaiftédin adiiadanedivmare introdiceadntd accontainerthrebgha pelyater membrane,

and the coneentration of the gas cempenents areixsealculategrhased enchanges inthe thermal
conductivity I 16 coniainet (.aleh ROCHTIeR ). J1s MPtbRE has beep.crplyed. I monttor the
) i id. 20Alternative ion ¢ :

dissolved nitrogen concentration of aﬁeamng Ilqwd rnatively, Irradiation of ultrasonic waves
onto sampleSwafSFCoTitairifg hitrdgBhegas fenetateshydrogeniradicdisterived from water molecules.

The hydsogeireadicals react svitht thgraittogen Yas; andtnitroge nccompoungdsiNvOxi, MH4+) are

produced. Admmethod, hased onsthis:mechanism has-heen 25.proposad-forcalculatingthe.dissolved
nitrogen concentration of a s rr%%Ig ,atenﬁl D@o&;unm%rllt Zénln this methogiage(r) Pgical treatment is

increases, , [ 1580LWV [} (o] an o} .
performed for sampFe Water by means of Ultrasonic wave wra?i?actlon,]iﬁe ion amount derived from

nitrogen atomssidhedsuictiby d fe&iStvity Afetet RenGThE Hiddcidedhifidgeh 30 €BREBATration of the
sample is calculatedibased amthe ienamourt: RriarArtddaeument removal of

WOZOl%OS%%Q]é@nglg{l%%%%%g 3 ﬁgt tRogyment 1: Japanese Laid-open Patent Publication
(Kokai) No. H03-176640 Patent Document 2: Japanese Laid-open Patent Publication 5(Kokai) No.

2000-131308 Summary of the Invention Problems to be Solved by the Invention
In a hitherto known method, gas components contained in a

fluid medium are introduced into a container through a polymer
membrane, and the concentration of the gas components are

15 calculated based cn changes in the thermal conductivity in the
container {(Patent Document 1). Thils method has been employed
to monitor the dissolved nitrogen concentration of a cleaning

liguid.

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 (NOy™,
NHz") 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 1is
measured by a resistivity meter, and the dissolved nitrogen

30 concentraticn of the sample 1s calculated based on the ion

amount.
Prior Art Document

35 Patent Document



10 In the method according to Patent Document 1, however, when a gas whose thermal
conductivity is close to that of nitrogen, e.g., oxygen, is contained in gas components, the thermal
conductivity oy"rﬂﬁ?}ﬁ’gﬁ"‘@ﬁnnot be accurately measured 15 due to effectsd 231%%%63& conductivity of
oxygen. This raises the problem that the dissolvednitrogen concentration of a cleaning liquid cannot
be accurately measured. To address this problem, a different method for 20 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 oxygep.concenfration are used:to,courect the value et the. dissplved 26:Rjtrogen

concentration}g‘o& c Ic%atio%?g&ezo %owever, in this method, measurement of the dissolved oxygen
concentration e&ds to be performed n addition to measurement of the dissolved nitrogen
concentration, ##ieh feguitescomplicateerspérations! THere i8lss a EstprobléRTarising from very
30 expensive whissalyednitrogen-canceriration 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™ 201 2848 T0PE T1EP2011/072639 4  Also, in the method according to Patent
Document 2, the ion amount derived from nitrogen atoms cannot be accurately measured with

presence of apgthencompaneridonizedip saape-banaieysand the dissolved nitrogen concentration of
the sample water cannot be accurately calculated. As this method is focused only on changes in the

amount of nitrogen compounds due to ultrasonic wave iiradlation, but not on changes in the dissolved
oxygen concentratior. Thet RearGhj@EEEE tHe PréSeAtintBAtiBR T8 Tovide ath¥&dked nitrogen
concentrationtraonitotinag methed, tSubstrateccleaniig methods antbsebstratereleaning apparatus which

make it possiple tg.accurately monifgrthe dissolved NitQYeR gas components, the
thermal conductivity of nitrogen cannot be accurately measured

15 due to effects of the thermal conductivity of oxygen. This
ralses the problem that the dissolved nitrogen congentration of

a cleaning liguid cannot be accurately measured.

To address this problem, a different method for

20 calculating the dissolved nitrogen concentration has hesan
proposed. In this method, the dissolved oxygen concentration
of gas components are mezsured using the polarography method or
the like, and measurements of tThe dissoclved oxygen
concentration are used to correct the value of the dissolved

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

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

33 not accurate.



15 concentration of a cleaning liquid in real-time without complicated operations and reduce the cost.
Means for Solving the Problems 20To solve the above problems, according to the present invention,
there is provid&8 #H&45Ned nitrogen concentration monitoring method Hirett&t 8 Hidhitoring a
dissolved nitrogen concentration of a cleaning liquig when an ultrasonic wave is irradiated onto the
cleaning liquid 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 %%%qt of aadical reagtion caused 30 byultraspnic waye, irradiation; and

calculating a dissolved nitrogen concentration of the cleaning liquid from the measured increase
amount of diSSBIVERPERYgER Corteniratibmbased Bh & PridefdinEdT2IaHerib between a dissolved
nitrogen conoentration andarpnesease apfoantohdissofraebogygen 5 .cencéntration.. VO

2012/08461QRECI/EP2011/0226395 1 v AlsQ,thedissehecknitragen.gopeentrationgf the cleaning
lquid is caleulated fiom,an increase.ampunt of dissolved oxyaen gancentiaion measured by a
dissolved oxygéan concentration meter based on dissolved %as information indicating a relationship

between the HS¥6FEdHitrHgeh CoicERFation bt theteatingdiduid i the a8 arfidaint of
dissolved oxygeniconcenttation thereofadia thaddition, thetdissolvedhgas inforiiation is compiled in

advance for gach ofclganing.canditions. of. the;substrate. Furthermore, the cleaning conditions of
the substrate include an ultrasonic output power level. The dissolved gas information indicates

that as te ultrasonic output power level increases, the increase amount of dissolved oxygen
concentration corredporidingtoc$petificfdisselved ARrdgem eontenirationtineiddse s As well, the
cleaning congitinns ot the. substiate includeanoverflowrateef acleaningliquidostrate

cleaning method, and substrate cleaning apparatus which make it
possible to accurately monitor the dissolved nitrogen
15 cencentration of a cleaning ligquld in real-time without

complicated operations and reduce Che cost.
Means for Solving the Problems

20 To soive the above problems, according to the present
invention, there ig provided a dissclved nitrogen concentration
monitoring method directed to monitoring a dissolved nitrogen
concentration of a cleaning liguid when an ulirasonic wave 1is
irradiated ontc the cleaning liguild in which a substrate is

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

3¢ by ultrasconic wave irradiation; and calculating a dissclved
nitrogen concentration of the cleaning ligquid from the measured
increase amount of digsolved cxvgen concentration based on a
predetermined relationship between a dissolved nitrogen
concentration and an increase amount of dissolved oxygen

35 concentration.



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 “ASPENFAH Gt is preferable that the cleaning liquid is 3owal&t e bstrate 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 WO 2012/084610PCT/EP2011/072639 6 concentration in the cleaning liquid, which
is due to an oxygen molecule generated from a water molecule as a result of a radical reaction caused

by ultrasonic wave iradiation.isymeasured. 0 turn, the mixturerratiosofa gteanipg liquid with 5
dissolved nitr?%en gas, which is to be :antr dL{CG ipto a cleaningcpath, is ag#'usted so that the increase
amount of the Gisabited 6% gen concantration 1s ina spedific range where the cléaning performance is
high.  Theésubsteae cleanriy appacitisoithe Present itvention Bian apritaftiyfoicleaning a
substrate bydragiating arcultiasenic waveitaa ceasinp/kguiddata whichthe substrate is dipped. This

abparatus megghies (g IncteaseamanLotihe dissobied RN GORCRTIAIORIN the cioaning liquid,

which is due to an oxygen molecule generated from a water molecule as a result of a radical reaction
caused by ufPRGHIE WA Trradiatioh. Tt (6 HislafparattE hditiss themidtré Pat8 of & cleaning
liquid with disseletvritrogeregascwhich: s to-berintroeueed -into a cleaning bath, so that the increase
amount of the dissolved oxygen concentration is in a specific range where the cleaning performance is
high. Ef{oects of the Invention 25According to the present invention, &an increase amount of dissolved

L ln Thne as 3 O 15 CO 1 z
oxygen concentration, w ICJh IS éllje fo oxygen mo?eCLﬁes generate %rom water rﬁo ecules as a result

of a radical re@gtibfAcdiised by UIftAsBhRARAVE ifdTAtor 18 MeaStfed Fién #é dissolved nitrogen
concentration of a 30 cleaning liquid is calculated from the measured increase amount of dissolved

oxygen concentration, based: o2 predetermined relatignship between the dissalyed.nitrogen

concentration and the increase amount of dissolved oxygen (,_:Loncentration. As the dissolved nitrogen

concentrationtan'Bé cHiciibiéd by heaurags Pover ~=ve

15
The dissolved gas information indicates that as the
ultrasonic output power level increases, the increase amcunt of
dissolved cxygen concentration corresponding to a specific
dissclved nitrogen concentration increases.
20
2s well, the cleaning conditions of the substrate include

an overflow rate of a cleaning ligquid.

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

tc the dissolved nitrogen concentration.

Moreover, it is preferable that the cleaning liguid is

30 water.

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

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



35 the dissolved oxygen concentration of a cleaning liquid, no WO 2012/084610PCT/EP2011/072639
7 complicated operation is required. Since the relationship between the dissolved nitrogen
concentration ¥Ad¥44tdPease amount of dissolved oxygen concentratibh$Bad®Erinined, the
dissolved nitrogen concentration can be accuratelyscalculated 5 using this relationship. Cost reduction
is also possible as use of expensive dissolved nitrogen concentration meters is not necessary, and
real-time measurement is possible since the dissolved oxygen concentration can be measured using a
dissolved oxygen=concearnitatiam meter of ¢he potatagrapdy typectO or thiedikeo lzadditiareto cost

reduction, regl-{ime accyrate monitoring ot the, dissajved nitregen congentrationsot.a cleaning liquid
can be made without complicated operations. The relationshi? between th% dissolyed nitrogen 15

concentratioh & etedrifg tiglitd ahd e ér8ass Hmsunt § j

[ssolvéd o%y§eh coticentration thereof
is indicated by dissotded ghs information. Basédon tasiaforination, 2he digselvedinitrogeh
concentration of dheeleaning: liguid iscalcuiated framthedpciease-amauntiofidissolved oxygen 20
concentration /measHied b2 dissolusd oxyger cancentiglion melel £ 4 exnansiyg dissolved
oxygen concentration'meter can be used for measurement of the dissolved nitrogen concentration,
further cost rRHEREIBAGE PESEIBR. 255iRes tHé HigsoNed yds fEmation & HoditetSn Bdvance for
each of substratercleanmg-¢omditions, évehiwhen a cleaning condition is changed, the dissolved
nitrogen concentration of a cleaning liquid can be accurately calculated. 30 The aforementioned
substratle cleaning &onditign%énQUde thenulltrasgnic gg%pqst RQ Qg!gvel.elg\éen Wrxl%n r’ghgoonutput power
level of Ultrasonic waves irfadiated onto a cpeganlﬁaallqw IS C ahgedl,afhe dissolved nLitrogen
concentratioh TafbaEtelr ately TWO ZRE168461 0PETEPI61 P 72630 ating an

ultrasonic wave to a cleaning liquid into which the substrate
iz dipped. This apparatus measures the increase amount of the
dissolved oxygen concentration in the c¢leaning liguid, which is
15 due to an oxygen nmolecule generated from a water molecule as &
result of a radical reaction caused by ultrasonic wave
irradiation. In turn, this apparatus adjusts the mixture ratio
of a c¢leaning liguid with dissclved nitrogen gas, which is to
be introduced inte a cleaning bath, so that the incresase amount
20 of the dissolved oxygen concentration is in a specific range

where the cleaning performance 1s high.
Effects of the Invention

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

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

33 the dissolved oxygen concentration of a cleaning liquid, noc



8 calculated based on the dissolved gas information that corresponds to the changed output power
level. The aforementioned dissolved gas information indicates 5 that as the ultrasonic output power
level increase® AA¥HIE#EYse amount of dissolved oxygen concentration"COFEEPSAHT to a specific
dissolved nitrogen concentration increases. By increasing the ultrasonic output power level, the
calculatable value of the dissolved nitrogen concentration increases, and 10 the accuracy of
measurement thereof increases. Also, the aforementioned substrate cleaning conditions include
the overflowdaie bf azcleantig: kquich:Evien when treeioverdflow satenof ascleanmgsliqeid is changed, the

dissolved 15 pitrogen concentiation can,be.acarately caleulated haged anthe dissolved gas
information that corresponds to, the changed overflow rate. The aforementioned dissolved gas
information iAGCAtEs 20 that 3t %%%Fff%%/{} r5f8 decreases, théTate of change in the increase amount
of dissolved @kygehvcohceritratiom irmyeasesngith vaspest feethecdissohicdy nitFoger eéeheentration. By
decreasing theeverfiavsrate; the dissolyed nitregenconcentration easde-aeeutstely=calculated. 25

According to the present invention,.the mixtre ratio of.a cleaning liguid with.dissolved gittogen gas,

which is to be introduced into a cleaning bath, is adjusted so that the increase amount of the dissolved

oxygen concepfiiii & in®2 30-§hecific FanfBATHERE BN cleaming Perdmiancé idhfgh. Substrate
cleaning withkiashghvpaiticleyremovah efficienty candbe: achieved withbut Hisigg @ dissolved nitrogen

concentratiop saeter, JWQ:2012/084610PC H/ER20L 11072639 9:Rrigf.Descrption of the Drawings
10 or the like. In addition to cost reduction, reazl-time accurate
monitoring of the dissolved nitrogen concentration of a

cleaning liguid can be made without complicated operations.

The relationship betwsen the dissolved nitrogen

135 concentration of a cleaning liguid and the increase amount of
dissolved oxygen concentration therecf is indicated by
dissolved gas information. Based on this information, the
dissolved nitrogen concentration of the cleaning liguid is
calculated from the increase amcount of dissolved oxydgen

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 dissoived 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 liguid can be accurately
calculated.

30

The aforementioned substrate cleaning conditions include
the ultrascnic output power level. Even when The cutput power
level of ultrasconic waves irradiated onto a cleaning liguid is

changed, the dissolved nitrogen concentration can be accurately



FIG. 1 is a diagram schematically showing a configuration of an ultrasonic cleaning apparatus to which
a monitoring 5 method according to an embodiment of the present invention is applied. FIG.2is a
block diagram™&héWAi§eleonfiguration of a monitoring unit that perform&@FHAISHAG Mmethod
according a present embodiment. 10FIG. 3 is a diagram showing changes in the dissolved oxygen
concentration of ultrapure water with a dissolved nitrogen concentration DN2 of 0.2 ppm when
ultrasonic waves are irradiated onto the ultrapure water. FIG. 4 is a diagram showing changes in the
dissolved 15-gxygen cencentradionmof ulirapuresvater with ai disselved nitragertconcentration DN2 of

13.5 ppm when ultrasonic waves are.juadiated,anio he yirapure yyater. FIGs. 5 (a) and (b) are

diagrams that indicate a relationship between the dissolved nitrogen concentration DN2 20 of ultrapure
water and the increase amount of dissolved oxygen concentration thereof ADO2 for each ultrasonic
output power level; Fi6. si@)dsendiagrarm plotting eathoefsthendhtrasohicouipdtipewes levels, and FIG.

5 (b) is a;diagram depicting approximation equations.for each ultraseaicRutput pewer level. 25FIGs. 6
(a) and (b) are diagrams that indicate.a relationship between the dissolved nitro ncentration DN2
of ultrapure vlvréferr%r?g tﬁg?ﬁgFeé)s%: gﬁnsdsl?r%oefddigg&%%% gffgceeﬁl Eg%ééﬁﬂaﬁgﬁﬁﬁg%gl]% 4%%{)12 for each
overflow rate-8f altfRireiwatsl FI6G 6 fayis d arjraft piotiingéadi of e 89&ffow 307rates, and FIG.
6 (b) is a diagram«gepictingrapproximation-equations ofeverflevsateshe calGiI2 R lowchart

showing a dissolyed,nitragen; concepration.calculation process.executed.during performance of a

monitoring method according an embodiment of the present 35 invention.
107 the accuracy of measurement thereol 1ncreases.

Blso, the aforementicned substrate cleaning conditions
inciude the coverflow rate of a cleaning liguid. Even when the
overflow rate of a cleaning ligquid is changed, the dissclved

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
26 that as the overflow rate decreases, the rate of change in the
increase amcount of dissolved oxvgen concentration increases
with respect to the disgsolved nitrogen concentration. By
decreasing the overflow rate, the dissclved 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 intc 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



WO 2012/084610PCT/EP2011/072639 10 FIG. 8 is a diagram showing the relationship between
the increase amount of the dissolved oxygen concentration .AD02 and the particle removal efficiency.
5 Mode for Cé”ﬁ?/ﬁ%zé?ﬁf‘ﬂ‘fe Invention The present invention will now ‘Bﬁ%&‘c’ﬂfﬁé@%n detail below
with reference to the drawings showing preferred egnbodiments thereof. FIG. 1 is a diagram
schematically showing a configuration of an ultrasonic cleaning apparatus to which a monitoring
method according to an embodiment of the present invention is applied. FIG. 2 is a block diagram
showing a cenfiguratiescef b isomarfitaring Dnithatperforms the 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 muinplies a cleangTouid: Suh o GRS WA 6 & e BA Rt 20 T r Ediighbath 31
houses the cléaringBair20nThedtraidtion ¥pRE0 IS disposéiatite BoRtekPELiHe coupling bath 21
and irradiatesdiitrasonic-weyesonto 25b insidedhecleaning:hath-20sdhe monitotingrunit 40 monitors
the dissolved pitrggen 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-describedi ixet bt anucs SeCord PPy VANE 12 that Supphias teyassed ultrapure water
to the belowmdescried mixed batha Theadfrapuse svater With: dissohvdd pitreger yasiand the degassed
ultrapure watar-are.mixae &t adocation downstream 35 from the first supply valve 11 and the second

supply Y@lve 12. W%é(_)l%/O@é@l%%&%ﬁ% 1&1{79%%6%%anges in the dissclved

oxygen concentration of ultrapure water with a dissolved
nitrogen concentration Dyy of 0.2 ppm when ultrasonic waves are
irradiated ontco the ultrapure water.
FIG. 4 is a2 diagram showing changes in the dissolved
15 oxvygen concentration of ultrapure water with a dissolved
nitrogen concentration Dys of 132.5 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
20 of ultrapure water and the increase amount of dissolved oxygen
concentration thereof 4Dpy for each ultrasonic output power
level; FIG. 5 {a) is a diagram plotting each of the ultrasonic
output power levels, and FIG. 5 (b} is a diagram deplcting
approximation equations for each ultrasonic outpul power level.
25 FIGs. & (a} and (b} are diagrams that indicate a
relationship between the dissclved nitrogen concentration Dyp
of ultrapure water and the Increase amount of dissolved oxygen
concentration thereof ADns for each overflow rate of ultrapure
water; FIG. é (a} ils & diagram plotting each of the overflow
30 rates, and FIG. 6 (b) is a diagram depicting approximation
egquations of overflow rates.
FIG. 7 i1s a flowchart showing & dissclved nitrogen
concentration calculation process executed during performance
of a monitoring method according an embodiment of the present

35 invention.



11 The mixed pure water is supplied to a liquid introduction pipe, which will be described below, via a
pipe installed inside the cleaning bath 20. By adjusting the amount of the valve o eninSg of the first
supply valve PO AL cond supply valve 12, 5 the dissolved nitrogé’ﬁygﬁ%@rﬁt% i&h of the
ultrapure water to be supplied to inside the cleaninggbath 20 and the flow rate of the supplied water are
controlled. The cleaning bath 20 has a wafer holder 22 that holds W inside a wafer W, e.g., a
semiconductor wafer, and stores the mixed ultrapure water while the wafer holder 22 is holding a
substrate W. The sulistrate Wsisstherebyadippedvintosthé:mixed clteanmingliguid im¢ke ctéaning bath 20.
Liquid introductiop pipes.23.ate aerangediat ajowes portigaof dhe cleaning bathb3.20::50 that the
liquid introducc}]t_i?on Q@Cels 23 sygt{ﬁ%trp égi%gg%ulga ure water to the cleaning bath at a predetermined
overflow rate. thé& coup m“é bath 21 is Gonnected 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 fregueaces-ot:20kHAt0 2uHrandratamatt gtensities of 0.05 to 7.0 W/cm2, 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 mixe ultra&)ureﬂ. ater is thereby
cleaned. It is preferaBfe & GSE Utra83ft Waled WHodE freltieh’y Tangss ffom 406 kHz to 1 MHz.
30The moniterirgrunit 40 irefisdes acssdinpling plpedan &8 paip'd29 ardis$6ivetcoxygen concentration
meter 43, anda deterninationupi 44. The sampling pipe 41 extracts the mixed ultrapure water in a
predeteymined 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 WO
2012/084610PCT/EPZ011/072639°12 $56 eSSt ratidr migtel. e HiSSAvd B g
concentrationfmetend3 rwhichi is corpedted tocthrerptmp 42 atle ldtationedownstiream thereof,

measures the digsqlved-oxygen copceptrationatihe-mixed ylitrapwe-wateraad sendsiglectric signals

corresponding to the measured dissolved oxygen concentration to the below-described determination
unit. The detag%“lﬁgﬁidn u%ﬁ![ézm %e’férn%"ir%g‘soﬁ}}ée §|lsasl%fvaez%j ﬁlk%roo%lenr? concentration in the ccfeaning bath 20

based 0f the: efsttiie SigRdls gert fFomttHeedisebhed BRy§eh comceht atipriétérg3r theDissolved
oxygen concemndratiornsmeteed3ds i ferraxample, a dissolved oxygen concentration meter using the
polarography method. In the polarography method, two types of metals are dipped in an electrolyte
solution, and a certain voltage is applied between the two metaﬁs to cause an oxiglatiog reduction

reaction. Then the clifréftPBroporidnal to the* HisSoVET SRy ger contentratidn s the electrolyte solution
is measuredcemprised 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 hcouses 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 liguid

supplied to inside the cleaning bath 20.

The supply unit 10 has a first supply valve 1l that
3¢ supplies ultrapure water with dissclved nitrogen gas to a
haelow-~described mixed bath and a second supply valve 1Z that
supplies degassed ultrapure water to the below-described mixed
path. The ultrapure water with dissolved nitrogen gas and the
degassed ultrapure water are mixed at & location downstream

35 from the first supply valve 11 and the second supply valve 1Z2.



As shown in FIG. 2, the determination unit 44 has a receiving section 45, a storage section 46, a
control section 20 47, and a display 48. The receiving section 45 receives electric signals from the
dissolved oxy§EP 38 tration meter 43. The storage section 46 store&JTEEBRIEEG% information,
which indicates a predetermined relationship betwaggn 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 witen ultrasbnic wavesare ireadiated.iAlso;¢he comrol sectionagiicalculatescthe dissolved

hitrogen 30 gancentration,of ascleaning loyid from the increase amount of dissplved oxygen
concentration measureg b%/ a (BSSO|¥8C| Oﬁ(, ‘gen. con ﬁ:ﬂtntratlorgl meter based on the dissalved gas
information, %tieR iRdicated the relatibns %) Batwden the dissolved nifrogeh concentration of the
cleaning liquid arieethel intkeas@RhiolRt 535 disssivedcorieiCoRt@Rtr dtiGa tHerest: The display 48
WO 2012/08461 0RcTER2811{6 2639 1-displays the dissolved: nittagencoaceatrationccalculated by

the control sectiop 47..The conirol section A7 performs averall.control afeach 5,section of-the

monitoring unit 40 and reads out a program stored in the storage section 46 to execute the
below-describéd G8RNES nitfdgen 2bhceRtration'élculating process (FIG. 7). The particle removal
efficiency of a cleaning method M using ultrasonic waves is affected by the dissolved nitrogen

concentration of ultrapure water»Spesifically, #tds knovwt that-theqarticte removiad efficiency for a wafer
increases when the dgs%gllﬁed Q&tro%en conacentration of at%eaginge@guig [ irs1 ta}ﬁggci&g Jange. In view

. 1nslde . Mo SEeMiCo 5] I £
of this theory, the present 15 inven ors focused on dissolved oxygen concentration, which can be

effortlessly Miéagared af i EdstE Tiid 6@ outa iretRed 16r Hidhitoring tHE disSeivéd nitrogen
concentratiosudfsa cleaning liquie:. Inthis method, tse dissolred ditrogen iconceritratiornkisicalculated

based on the. dissolyed OXY9ER :in the cleaning bath 20. Liquid introduction
pipes 23 are arranged at a lower portion of the cleaning bath
15 20, 3o that the liquid inftroduction pipes 23 supply the mixed
ultrapure water to the c¢leaning 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 1s supplied
with water at a predetermined overflow rate.
26
By oscillating ultrasonic waves at frequencies of 20 kiHz
to 2 MHz and at watt densities of 0.0%5 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 fregquency ranges from 400 kxHz to 1

MHz.

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

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



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 PRESY /4. FIG. 3 is a diagram showing changes in the §id88RRE 9% en

concentration of ultrapure water when ultrasonic wayes are irradiated onto ultrapure water. In an
example shown in FIG. 3, ultrapure water with a dissolved nitrogen concentration DN2 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 rectangularavater taih Inadeof3:0 mithickplates=of quartzglass.cEhé maternal dimensions
of this bath were 270:mmy:yide % 89 i, deepx 24040 high, and jts capacity:was 5 L. The volume of
ultrapure water 35 supplied to the cleanin?%path %9 ist L/min. 'I;ihe freqﬁunenc nanglt\éV(%_. N
2012/08461 BWE?%M 7583914 dUtPUt povier IEVEIoT the Usad Girasonic waves ware 950 kHz
and 1200 WoivdthdensityS.8 WHSHRY), respeciivels e ftfadiafet atea dF @ dibfation plate was 80 mm
x 270 mp, ansk-ultrasonia waves weee itadiated antedhewholedattom-surface Sof the eleaning bath

20.  As shown.inE|G. 3. luadiation of uirasonic waygs onto ulttapure, water withan dnitial dissolved

oxygen concentration Do of ap roxmateli/ 0.25 ppm causes the dissolved oxygen concentration to
A
cas

. R
increase to dFproXimEtely T 8 Pm iP % & thE il STIHENSS0IvER 0¥ygetconcentration DO2,
which is measured: by the thodAitoking emit40 thrngs thé iditiabdissohed oxygénworidentration Do

measured prgkt urasonicyvave iradiation-i.ex the-inergase ameunt; of-disselvaskoxygen
Concentlrbatiogo%%)gg g:gltio mager 35-9%-[)?2)?5(99@5& EBm-aSU 1Sses%l§[%netg/’ol‘gpip&%ermination of
ultrasonic wave |rra5|ation,rtlhe dissolved oxygen concentration of the U trapure water decreases to the

level of the ifftiaf BiSSGIFeaBXYGERTCOITEEIratich PPRE EHOVEPRENHE Shofv thdfthe'dissolved oxygen
concentratiopafz20 gitsgpyrenwateris inereased byafltrasonicswave ifradiation.., an FIG. 4 is a diagram

showing chapges.in.the.dissgived; oxygen gonceptralion Qfultrapure water when witrasanic waves are
irradiated onto ultra ureﬂ\évmter. In this case, the 2% d_issolvedé]itrggen concentration PnN% is 13.5 ppm.
As shown inﬁﬁ%.tﬂ whénthé d%gs&?/z‘elaeniﬁ%g%}ﬁicgﬁégﬁltré:ﬁorf D f%ﬁﬁél?ﬁtlrglﬁme water is 13.5 ppm,
irradiatih oftdfrasehicWavescontettherdltrapuréifateridses ed oxygen concentration

of the electroliyte sclution is measured.

As shown in FIG. 2, the determination unit 44 has a

receiving section 45, a storage section 46, a ¢ontrol section

20 47, and a display 48. The receiving section 45 receives
electric signals from the dissolved oxygen concentration meter
43. The storage section 4¢ stores dissclved gas information,
which indicates a predstermined relationship between the
dissolved nitrogen concentration and the increase amount of

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

30 concentration of a c¢leaning liguid from the increase amount of
dissolved oxvgen concentration measured by a dissolved oxygen
concentration meter based on the dissclved gas information,
which indicates the relationship between the dissolved nitrogen
concentration of the cleaning liguid and the increase amount of

35 dissolved oxygen concentration therecof. The display 48



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 concve?&ﬂBt‘?%ﬁ}s at the level of the initial dissolved oxygen cdhctitoR*iRere ultrasonic
waves are not WO 2012/084610PCT/EP2011/072639 15 irradiated. In this case, the increase amount
of dissolved oxygen concentration LD02 is O ppm. It is possible to conclude from FIGs. 3 and 4 that
during 5 ultrasonic wave irradiation, as the dissolved nitrogen concentration of ultrapure water
decreases, thesamopnt G oxygencprodi cettmcthenultrapiae waterancrealses), anetitheydisselved oxygen
concentratiop jpereases, When afadical reaction by the ultrasonic wave irradiation advances in the W
ultrapure water and water molecules are decomposed into hydrogen radicals and hydroxyl radicals,
the hydroxyl radicals produce oxygen that is responsible for the aforementioned increases. If an
equation representififtherelationstip between therdizssbiv ety fiffokjerrebhéantratioftfultrapure water
and the increase amount afdissehvedoxygen.concehtratibnteieobduringrudtrasenic wave irradiation

is predetermined, this equation.can be used fo calcylate the.dissolvad niftogen 20-congentration DN2.

The dissolved nitrogen_concentration DN2 corresponds to the increase amount of diss/olved oxygen
concentratioft 11982 fhgalared B the BISEBIVEd dyg &R colcahtrafioR et 43 THe didsolved

nitrogen concentration of the ultrapure water can be monitored by performing the 25 aforementioned
calculation. For examplep if:ahanges-ithesinceease ameoynt.ef dissohwed axygenconcentration AD02

are monjlored e Ingiease,and deciegsen e dissaived niljpasnconcantrafian D can be

monitored uéllngl;ntﬂe above %Iélh%ti‘g%\.??fs the increase amount of dissolved oxygen cohcentration LD02
30 corresporidieiotan arbitrary HeSSRBATFitréyeF concCaiRratidr DNY is talculatét’4hd the increase
amount of disselvedhexygen toheentrationiofd Clearmingdiquid ADO2 fs monitaret; 4tisypessible to

determine whether;the dissalved nittagen.coneentrationof dhecleaning iguidsis.areater, smaller, or

a specific range. In view of this ftheory, the present

13 inventors focused on dissolved oxygen concentration, which can
be effortlessly measured at low costs, and found out a method
for monitoring the disscolved nitrcgen concentration of a
cleaning ligquid. 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 meonitoring method are explained in the text

to follow.

First of all, the principle of this monitcoring method is
25 explained in reference to FIGs. 3 and 4. FIG. 3 is a diagram
showing changes in the dissolved oxygen ccncentration cf
ultrapure water when ultrasonic waves are lrradiated onto
ultrapure water. In an example shown in FIG. 3, ultrapure
water with a dissolved nitrogen concentration Dyy of 0.2 ppm is
30 used teo explain changes in the dissolved oxygen concentration.
The cleaning bath 20 in FIGs. 3 and 4 1s a rectangular water
bath made of 3.0 mm—-thick plates of quartz glass. The internal
dimensicns cof this bath were 270 mn wide » 69 mm deep x 270 mm
high, and its capsacity was 5 L. The volume of ultrapure water

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



35 equal to the arbitrary dissolved nitrogen concentration DN2. WO
2012/084610PCT/EP2011/072639 16 The present inventors conducted a survey to identify factors
influencing the" %fﬁ%‘?’%ﬁ% between the dissolved nitrogen concentration DR8N %{’Bure water and
the increase 5 amount of dissolved oxygen concentiation thereof AD0O2. The survey identified that this
relationship is influenced by the following factors: (1) the output power level of ultrasonic waves
irradiated onto the ultrapure water; and (2) the overflow rate of ultrapure water supplied to the cleaning
bath 20. Thes\W text tofedlowlexplains thé eetationship-betweén DN2candit DO2La0diierent ultrasonic

output powey Jevels @ndyat different overflow rates of.bltrapwe water, £1Gs. 51t and (b) are diagrams
that indicate a 15 Jlela%ti%%hi abeot%/eaenvtl}})ergijglsglllveqnjétrogﬂgn cggcentrxati;?ODIlélzg ofaulérapure water
and the incréasé amount 6f dissolved oxygen concentration thereof ADOZ for each tiltrasonic output
power level. \FIG: & pa)iie & &vagrars plottiganeastiferierts b the Ritt&s6nit GRpEt poWE levels. FIG.
5 (b) is & diagranh20 depieting appraxihtation equations for each ultrasonic output power levels.

FIG. 5(a) depicts the results of selecting 900 W (watt density: 4.2 W/cm2), 1000 W (watt density: 4.6
W/cm2), 1100 W 25(watt density: 5.1 W/cng, and 1200 W (watt density:.5.6 W/cm2) as ultrasonic
output power Ievelspasncfﬁ?ﬁ‘fﬁné%/aﬁag’s indicafihgthé refAtionship betiveeh DR &Rd ADB2 at the
above output pbwaardevets: pproXimatibnieguEtionst (calibraten curves) derrpiinsdiom the plotted
values have the stopes aaei 3@ y=inercepts preseateskin the-dewingl (6. &{bYeThe plotted values of

FIG. 5(3) were obtained from measyrement condugted 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 27G-Tffm witle X609 dées x BT ffies *ygen Soncentration Doz,

which is measured by the monitoring unit 40, minus the initial
dissolved oxygen concentration Dp measured prior to ultrasonic
wave irradiation -i.e., the incresse amount of dissolved oxygen

15 concentration ADgpy (=Dpp-Dg) -is 0.53 ppm. Subsequently, upon
termination of ultrasonic wave lrradiation, the dissolved
oxygen concentration of the ultrapure water decreases to the
level of the initial dissolved oxygen concentration. The above
trends show that the dissclved oxygen concentration of

20 ultrapure water is 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. In this case, the

25 dissolved nitrogen concentration Dy is 13.5 ppm,

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

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

dissolved oxygen concentration where ultrasonlc waves are not



35 high, and its capacity is 5 L. The volume of ultrapure water WO 2012/084610PCT/EP2011/072639
17 supplied to the cleaning bath 20 was 5 L/min. The frequency of the used ultrasonic waves was 950
kHz. The irradi S 4PEX ¥ a transducer was 80 mm x 270 mm, and ultraSHEWHVEE ere irradiated
onto the whole bottom surface of the cleaning bath;320. y=-0.0639x+0.5667 _ y=-0.0631x+0.4268 _
y=-0.0606x+0.2789 _ y=-0.0607x+0.1763 (where y denotes the increase amount of dissolved oxygen
concentration AD0O2, and x denotes the dissolved nitrogen concentration DN2) The above results
indicate a proposticralaelationshipsl = betweehdhérdisselyedanitrogencdoncentratieni DN2 and the

increase amgupt, of dissolved oxygen %%Eeqtgat@orﬁﬁlgoz 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 correspondingPosaspeciic dissolet: nittsger E6Rcentralioninefedsesi By hcreasing
the ultrasonic aipubpowerdevel, thacadeulaiablevalue of thedissalvedmnitrogen concentration

increases, ang,he, accUracy of measurement metrgpfaggi?@lggés 25 ElG5.6 (@) and (b) are

diagrams that indicate the relathnshig between the dissolved nitrogen concentration DN2 of ultrapure

water and the*iRErSase aMEGst o dissBIVed oRVGEr cohcehtratiohttherdef ABD2 5t each overflow rate

oanUapure dissolved oxyvgen concentration increases. When a radical
reaction by the ultrascnic wave irradiation advances in the
10 ultrapure water and water molecules are decomposed into
hydrogen radicals and hydroxyl radicals, the hydroxyl radicals
produce oxygen that lg responsible for the aforementioned

increases.

I3 If an ecquation representing the relationship between the
dissclved nitrogen concentration of ultrapure water and the
increase amount of dissolved oxygen concentration thereof
during ultrasonic wave irradiation i1s predetermined, this
equation can be used to calculate the dissclved nitrogen

20  concentration Dys. The dissoclved nitrogen concentration Dyg
corresponds to the increase amount of dissclved oxygen
concentration ADgpy measured by the dissolved oxygen
concentration meter 43. The dissolved nitrogen concentration
of the ultrapure water can be monitored by perfcorming the

25 aforementioned calculation. For example, 1f changes in the
increase amcunt of dissolved oxygen concentraticn ADps are
monitored, the increase and decrease in the digsolved nitrogen
concentration Dyp can be monitored using the above equation.
If the increase amcunt of dissolved oxygen concentration ADgsp

30  corresponding to an arbitrary dissolved nitrogen concentration
Dyo is calculated and the increase amount of dissolved oxyden
concentration of a cleaning ligquid ADpz 1s monitored, it is
possible to determine whether the dissclved nitrogen
concentration of the ¢leaning licquid is greater, smallier, or

35  egqual to the arbitrary dissolved nitrogen concentration Dyo.



30 water. FIG. 6 (a) is a diagram plotting each measurement of the overflow rates. FIG. 6 (b) is a
diagram depict_in% approximation equations of overflow rates. FIG. 6(a) depicts the results of
selecting 5 L/MA %.%gg@ﬂlmin, and 1 L/min as overflow rates of uItraqug Fﬁ%ﬁé%o
2012/084610PCT/EP2011/072639 18 plotting valugg indicating the relationship between ON2 and
ADO2 at the above overflow rates. Approximation equations determined from the plotted values have
the slopes and y-intercepts presented in the drawing (FIG. 6(b)). The plotted 5 values of FIG. 6(a)
were obtained from measurement conducted using the cleaning bath 20, which is a rectangular water

bath made of 3.0 mm:thick plates ot.quanz.glassnthe ilgrnaldimensiens ofdhisikath were 270 mm

wide x 69 man deep x 270, mm high, and its capacity is.5 L. The frequency.and output power W level
of the used (TSN AvELHEIE S s ol 1300 WAt SRrai B £ R haspectively. The
irradiated arga 'oferaansancerivas 80 mank 270 MmI aRdRtrid6hc WaveSWere irtadiafed onto the

whole bettoransiirface of the: eleaning hath20. I AWhersthecavetflove tetens b L/mirhm
y=0.2222x+1,956 Whephe overliowale 1823 LN L0 09710868 When tne.overflow rate

is 5 L/min m y=-0.069x+0,5667 (where y denotes the increase amount of dissolved oxygen 20
concentratioh?ADBS - BAd % deRbies the diskolvad Ritto§&H Tontentration DNZ)* " The above
approximatiore egeationsdermefstrate tharethelrtslapesarnt antereepts icréhse wWith Aldétrease in
the overflow rate: of wltrapurgwater. As:thes eyerfiow rate ehthe-264iltrapure wateo decreases, the rate

of chang in e nciease ampuntof.dissolved Q:igen cpaeeptialiondogreases.wiin gspect to the
dissolved nitrogen concentration. By decreasing the overflow rate, the accuracy of measurement of the
dissolved nittégén CorthtratiohrmeréadeSitrut power levels and at different

overflow rates of ultrapure water.

FIGs. 5 {a) and (b) are diagrams that indicate =z
15 relatlonship between the dissclved nitrogen concentration Dyp
of ultrapure water and the increase amcunt of dissolved oxygen
concentration thereof ADps for each ultrasonic output power
level. FIG. 5 {(a) is a diagram piotfing measurements of the
ultrasonic output power levels. FIG. 5 (b} is a diagram
26 depicting approximation equations for each ultrascnic cutput

power levels,

FIG. 5(a) depicts the results of selecting %00 W (watt
density: 4.2 W/cm?), 1000 W (watt density: 4.6 W/cm2), 1100 W
25 {watt density: 5.1 W/cmZ), and 1200 W (watt density: 5.6 W/ cm?)
as ultrasconic output power levels and plotting values
indicating the relationship between Dy and 4Dpy at the above
ocutput power levels. Approximation equations {calibration
curves) determined from the plotted wvalues 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 guartz glass. The internal
dimensions of this bath were 270 mm wide x 69 mm deep x 270 mm

35 high, and its capacity is 5 L. The vclume of ultrapure water



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 ra%*?ﬁ:}%ﬁ%/to% %%ore the compiled
information inwr?ezgwpﬁ‘bééﬂsection 46. An 35 approximation equation thalf%orresponéé {0 the ultrasonic

WO 2012/084610PCT/EP2011/072639 19 output pawer level or overflow rate actually used in a wafer
cleaning process can be selected from the dissolved gas information stored in the storage section 46.
By substituting the measured increase amount of dissolved oxygen concentration 5 BDO02 into the
approximatiemeguationt the dissolved hittogehteohtemratiori-DN2: of Dlteafurecwarervcart be accurately

calculated. RIG. 7:is-a flowchayt of @ disselvegknitipgenykconeentration caleulationprecess executed

during performangﬁ of the monj 8”1@19 rpe&h]%d I%gcog%igg tg the embodiryge% ova,é%% present invention.
- 4 H t

0
. C wasg trasonlic w .
As shown in FIG. ,ubeel%re irradiating ultrasonic waves 15 onto the cleaning bath 20, a predetermined

amount of mivéd GitdsireWateristetrad FREATPTheSEReaMty Datit 20 GtEF 57T, ThER the dissolved
oxygen eoncentration meter 43 is used to measure the initial dissolved oxygen concentration Do prior
to ultrasonic wave irradiation (step 572). Next, while 20 ultrasonic waves at a predetermined output
power level are jrradiated onto the cleaning bath 20, determine nt of mixed ultrapure water
is extracted froff thie Efé@arﬁﬁﬁ%%ﬁh%fgte%e'g ), la?n? %ée%d%s‘dI%‘dﬂgkaégggﬁ%gnbgéﬁﬁation D02 during
ultrasonic wavé&ireadistionds Taeasored by thiedisselvetdxygen 25 condenttation aféter 43 (step S74).
In turn, the increase amount of gisselved axygen cencentration. ARO2 is eatetlated’by subtracting the

initial digsolved,oxygen concentration Ro fram.the; megsyred dissolyed.oxygen egreentration D02

(step 575). Subsequently, an approximation equation corresponding to the 30 predetermined overflow
rate or ultrasBiie ButpUCFBRER Tevelss rBad G TraM N stotage $aelivh 6 {8ép’s76), and the
approximatiorregentiontread ddt-fronethe stotageisectiorre46is ssedad cdltufatethe dissolved
nitrogen conggptrationDN2-otthe; mixed udtrapure water from the increase amount of dissolved

The above results indicate a proporticnal relationship

15  between the dissolved nitrogen concentration Dyp and the
increase amount of dissolved oxygen concentratlon ADpz. The
slopes of the approximation eguations are almost equal, and the
y-intercept increases with an increass in the ultrasonic output
power level. As the ultrasonlc ocutput power level increases,

20 the increase amount of dissclved oxygen concentration
corresponding to a specific dissolved nitrogen concentration
increases. By increasing the ultrasonic output power level,
the calculatable value of the dissclved nitrogen concentration

lnecreases, and the accuracy of measursment thereof increases.

FIGs., 6 {(a) and (b)) are diagrams that indicate the
relationship between the dissolved nitrogen concentration Dyp
of ultrapure water and the increase amount of dissclved oxygen
concentration thereof ADps for each overflow rate of ultrapure

30 water. ¥FIG. € (a) is a diagram plotting each measurement of the
overflow rates. FIG. 6 (b) is a diagram depicting

approximation equations of overfliow rates.

FIG. &{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



35 oxygen concentration AD02 measured in step 575 (step 577). WO
2012/084610PCT/EP2011/072639 20 Upon completion thereof, the dissolved nitrogen concentration
calculation pr&%gg%@ tihinated. As described above, according 1S HEEIBE RNt of the
present invention, the increase amount of dissolvedgoxygen concentration AD02, which is due to a
radical reaction in a cleaning liquid irradiated with ultrasonic waves, Is measured. In turn, the dissolved
nitrogen concentration 3N2 of the cleaning liquid is calculated from the measured increase amount 10
of dissolvedmiygeimconednteation LG basetdhen aepredetamnined ralationshipbetween the dissolved

nitrogen conggniration-aad fheactease-ameunt:ofdissalved oxygean eaneentationsNamely, as the
dissolved nit(gggen conc&n;rationEQNZ cap.be calculate Q){, én%%%ur%'qg Q% d;%%olygd oxygen

concentration DO2 of the I’g%ﬁpéanlﬁg%ﬁﬁéfe 80%%11%3% operations are exempted. Also, since the

relationship betwéerthe dsssRRtSitrogen onceritrationt am-the'tleasé 2mbdRt-6fdissolved
oxygen sonceditratiorn is pletetérmined rthisirelationshir canrimused:teraccuratily calculate the

dissolved nittaggn cancenitation,20,DN2. 4n addition, costreduction 4s possibleas an:expensive
dissolved nitr(%%en concentration meter does notneed to be ysed. As well as cost reduction, accurate

monitoring SFthE didsolved Ritrogen cdndentration D2 of tife %féjeiningxt%%ujia can be achieved without

complicated bperafionss 26T this the Bboverémbodifient 1 dte HissOPBd $B3&Reh edircélitration meter
43 is of the palarography: typec dtewever, thedype ofidissalvedexygencancentrationdneter is not

limited tg the polarography, type.Jtmay. be.of the galvanic. cell iype 3Q anoAlse, dnghe above

embodiment, the cleaning liquid is ultrapure water, but the type of the cleaning Ii%tljid is not limited to

ultrapure wat&f it iy 6é genetally Usel Watde FRr Eieshing liquitfwHos dissoi et 6%ygen can be
accurately 36imeasured dy<a digsoivéd oxygenidénaentratioh midtep vfithe waves were

irradiated onto the whole bottom surface of the cleaning bath
20.
15
- When the overflow rate is 1 L/min .. y=-0.2222x+1,956
+ When the overflow rate is 2.5 L/min .. y=-0.0871x+0.868
+ When the overflow rate 1s 5 L/min .. y=-0.06%x+0,5867
{where vy denotes the increase amount of dissolved oxygen
20 concentration ADgp, and x denotes the dissolved nitrogen
congentration Dyz)

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

25 ultrapure water decreases, the rate of change in the 1lncrease
amcunt of dissolved coxygen concentration increases with respect
te the dissolved nitrcgen concentration. By decreasing the
overflow rabte, the accuracy of measurement of the dissglved
nitrogen concentration increases.

30

t iz preferable to compile in advance dissolved gas
information, as shown in FIGs. 3 and 4, on cleaning conditicns,
such as ultrasonic output power level and overflow rate, and to
store the compiled information in the storage secticn 46. An

35  approximation eguation that corresponds to the ultrasonic



WO 2012/084610PCT/EP2011/072639 21 polarography type or the like may be used. A mixed
solution of hydrogen peroxide and ammonia (SC-1, APM) with a high ability to remove particles and
organic conta?ﬁﬂséﬁf’ﬁ%?[be used as well. 5 Furthermore, in the abbY&&HBE8IAENt, a wafer W is
cleaned as the target substrate of the cleaning progess, but it is not limited to the wafer W. Another
substrate, such as a glass substrate for liquid crystal display or hard disk drives, W may be cleaned as

well. Moreover, in the above embodiment, the mixture ratio of uitrapure water with dissolved
nitrogen gascthedirstsupplylvated ki) towdegdssed aitrapurenwaler (tve Second sugdply valve 15 12) is
adjusted to produicerg clganingdiquid with dissalved nitregen gas, However, the-above embodiment is
not limited thereto, he dissqlved nitragep concentation of Uitrapure water.may be direclly adjusted by
adjusting the pressure ofnnlf'rogen gas dissolved in e u?trapure water using a regu}la or %O(not shown)

or the like. For¢hBSbBVEEEMbEHiRRETR, fottidwasiplacedory 8f indistEe FriHeparide $8moval
efficiency of sesgmiconducior wafes whert the: dissolved mjtragen coneentration: af-ulikapure water is 25

in a specific range Accordingly, the glissalved nitrogen concentration was,caleylated from the increase

amount of the dissolved nitrogen concentration LDO02 in the ultrapure water. In addition, to survey the
relationship G&twi8ef ths increase amount of the dissolved oxygen concentration .LDO2 in ultrapure 30
water and the particle removal efficiency of a semiconductor wafer, the present inventors conducted
the following experiment: 7 is a flowchart of a dissolved nitrogen

10 concentration calculation process executed during performance
of the monitoring method acceording to the embodiment of the

present invention.

As shown in FIG. 7, before irradiating ultrasonic waves

15 onto the cleaning bath 20, a predetermined amount of mixed
ultrapure water 1s extracted from the cieaning bath 20 {step
3731}, Then the dissoclved oxygen concentration meter 43 is used
to measure the initial dissolved oxygen concenhtration Dg prior
to ultrasonic wave irradiation {(step 572). Next, while

26 ultrasonic waves at a predefermined outpuf power level are
irradiated onto the cleaning bath 20, a predetermined amount of
mixed ultrapure water isg extracted from the cleaning bath 20
(step 573}, and the dissclved oxygen concentration Dgy during
ultrasonic wave irradiation is measured by the dissolved oxygen

25  concentration meter 43 (step S74). In turn, the increase
amount of dissolved oxygen concentration ADgy is calculated by
subtracting the initial dissolved oxygen concentration Dg from
the measured dissolved oxygen concentration Dps (step 575} .
Subsegquently, an approximation eguation corresponding to the

30 predetermined overflow rate or ultrasonic outpult power level is
read out from the storage section 46 (step 5761, 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 dissclved

35 oxygen concentration ADpy measured in step 875 (step S77).



WO 2012/084610PCT/EP2011/072639 22 A p-type silicon wafer with a diameter of 200 mm was

dipped in hydrofluoric acid with a concentration of 0.5% for five minute r tive oxide film
from a surface thereor 88 that it is hydrophobic. 5 In a silicon nitrideﬁ;%@%gggggg%élndustries, Ltd.
(SNE10, average particle diameter: 0.5 Tim) was dispersed in 20 L of an aqueous hydrochloric acid
solution (pH = 2) at 50C so that the concentration is 0.05 ppm. Into the solution, the W aforementioned
silicon wafer was dipped for one minute. Thereatfter, rinsing was performed in ultrapure water for
ten minutes Uand dryire wasopertoened by alspin oFier f8eavd HhifREes. @) Measurdment of particle
removal efficieney1 o+ INext the suumber ot particles@dhered to a silicon wafer surface was measured
using a particle counter (LS-6500 by Hitachi DECO). On the surface of the aforementioned silicon 20
wafer intentionally contaminated for particle removal efficiencyémeasurement produced in (1) above,

approximately 8000 faftii&s Wittt atharteter 6FOTE BT or Yreaferihere alifigred 225The number of
particlesswas meeastred:befdrecand gfter the silicon wafertleahing experimventdeseribed in (3) below.

Based on theneasurernents before and afterdheexperiment,particle iemevatefficiency was

calculated using the followin uation: 30(Particle removal efficiency) = (Number of particles before
cleaning) - (ﬁlffr%j‘r?”é“ﬁ‘ﬁ”E of paric i%?t%?%@%ﬁ%gﬁ% %Nﬁr%earsgfn 6acrtivéfésggéfo?g é?ganinrg) X 100 (%) (3)
Silicon wafeﬁ%léﬁ?ﬁﬁg é;)g‘ﬁér%éﬁplved nitrogen concentration Dyp of the

cleaning liquid is calculated from the measurad increase amount

10  of dissclved oxygen congentration 4Dps based on a predetermined
relationship between the dissolved nitrogen concentration and
the increase amount of dissclved oxygen concentration. Namely,
as the dissclved nitrogen concentration Dy, can be calculated
by measuring the dissclved oxygen concentration Dgp of the

15 cleaning licuid, complicated operaticns are exempted. Also,
since the relationship betwesen 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 Dyo. In addition, cost reduction is possible as an expensive
dissolved nitrogen concentration meter deoes not need to be
used. 2As well as cost reduction, accurale monitoring cf the
dissolved nitrogen concentration Dy ¢f the cleaning liguid can
be achieved without complicated operations.

25

In the above embodiment,. the dissolved oxygen

concentration meter 43 lg 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 c¢leaning liquid is

ultrapure water, but the type of the cleaning liguid is not
limited to ultrapure water. It may be generally used water,
Eny cleaning liquid whose dissolved oxygen can be accurately

35 measured by a dissclved oxygen concentration meter of the



The silicon wafer cleaning experiment was conducted us 35 the ultrasonic cleaning apparatus shown

in Fig. 1. WO 2012/084610PCT/EP2011/072639 23 The cleaning b[qéqlzo e'ﬁz {é—:-cgangular water
bath made of 3 O A%k plates of quartz glass. The internal dimensions orthie’batR are 270 mm

wide x 69 mm deep x 270 mm high, and its capacityis 5 L. The supply flow rate of ultrapure water
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/cmz2). The irradiated area of a transducer was 80
mm x 270 npelandatrasonicywaves wére Mitradiated onto tite whole bottbmslitfacerobthe cleaning

bath 20.  nThemauURL of the valve:opening of the first supplyvaire 1 1ithat supplies pitrapure water
with dissolved “Eéﬁ%g)%_%hgg‘as IS and that of the second sunply valve 12 that S%#}Bgﬁeégegassed ultrapure

water were agjuste issolved nitrogen concentration and flow rate of the ultrapure water to be
supplied to iK&itte-the cleaning bath 20 were thereby controlled. The flow rate was controlled to be 5
L/min. 20 Ultrasonic waves were irradiated onto the ultrapure water in the cleaning bath 20. The value

of (IMog was measuted- by the monitoring Uit 40.ALlissalued-exygen,gcepceptration meter of the

polarography type was usgd ag the d'sso{ll esdC oxygen pqr}lcgnéﬁaéionnirrpeter ggé;rge mouy t of the valve
opening of the 75 fifst Ahpphy VAR’ T that Supplies Ultrapure water with'dissolved nitrogen gas and

that of the sécore suppiy vaiiet£2 that sappied degissedanrapbfe hrter wite adjisfed so that the
ADO2 valuessare 9 ppms ©:Q5ppm 01 ppiy G2 yppm] 03 ppne,,0.35 ppmy 0:4 gpmrand:0.5 ppm. The

cleaningﬂexg%['gng@t was. 30 condugted at these eight Anog values. After the ADog value is
stabilized, the Silicon wafer intentionally contaminated for particle removal efficiency measurement

produced in (I) above was dipped for ten minutes 35 and subsequently dried by a spin drier for two
minutes. W02012/08461GRPCT/EP204 1#072639bodinent, the mixture ratio of

pltrapure water with dissolved nitrogen gas {the first supply
valve 11} to degassed ultrapure water (the second supply valve
15 12) 1s adjusted to produce a cleaning liquid with dissolved
nitrogen gas. However, the above embodiment 1s 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 dissclved nitrogen
concentration was calculated from the increase amount ¢f the
dissolved nitrogen concenltration ADpz in the ultrapure water.
In addition, to survey the relationship between the increase
amount of the dissclved oxygen concentration ADgs 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



24 (4) Results Fig. 8 shows the relationship between LDO2 and the particle removal efficiency
obtained from the results of the 5 cleaning experiment. The particle removal efficiencg is found to be
high in the LDYS %/Oziﬁﬁ(g“'f(&ﬂge between 0.1 and 0.3 ppm. When the ulfﬁgggﬁ?élﬁggn%ng apparatus of
the present invention is used under the conditions ef 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 4D02 value ranges between 0.1 and 0.3 ppm. Itis
found that by makigestuctpansadjustment icleaningwithca digh partidle<I® removaf efficiency is
possible withgutdsing.a dissalved nitregen consentration-meter: ExplanatienoffReference Numerals
20Lultrasonie cleaing,apparalus 1 suPRI,URt 20 geaning bafh couRlind Rpte ) radiation unit 2540
J thereof so that it is hydrophobic.

W

In a silicon nitride powder of Ube Industries, Ltd. {SN-
E10, average particle diameter: 0.5 um) was dispersed in 20 L
of an agqueous hydrochloric acid solution (pH = 2) at 50°C so
that the concentration is 0.05 ppm. Into the solution, the

10  aforementioned silicon wafer was dipped for one minute.

Thereafter, rinsing was performed in uwltrapure water for
ten minutes, and drying was performed 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 DECG}. On the surface of the aforementioned silicon

20 wafer intentionally contaminated for particle removal
efficiency measurement produced in (1) above, approximately
BOOO particles with a diameter of 0.1 pm 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 followlng eguation:

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

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

35 the ultrasonic clesning apparatus shown in Fig. 1.



41 sampling pipe 42 pump 43 dissolved oxygen concentration meter 44 determination unit 3045
receiving section 46 storage section 47 control section 48 display WO
2012/084610PCFEBYIMU/072639 25 Claims 1. A dissolved nitrogen cBﬁE@?ﬁlHﬁ’aﬁ?ﬁgonitoring
method of monitoring a dissolved nitrogen concentrgtion of a cleaning 5 liquid when an ultrasonic
wave is irradiated onto the cleaning liquid in which a substrate is dipped, the method characterized by
comprising the steps of: measuring an increase amount of dissolved oxygen concentration of the
cleaning liquid, which is due to an oxygen M molecule generated from a water molecule as a result of

a radical reaction caused by ttrgsgnig.wayesigadiationanthi ar water vath made of
3.0 mm-thick pilates of guartz glass. The internal dimensicns
of this bath are 270 mm wide x 69 mm deep x 270 mm high, and

5 its capacity is 5 L. The supply flow rate of ultrapure watsr
supplied tc the cleaning bath 20 was 5 L/min. The frequency of
the used ultrasonic waves was 250 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 ultrasconic waves were

10 irradiated ontoc the whole bottom surface of the cleaning bath
20.

The amount ¢f the valve c¢pening c¢f 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 ware adjusted. The dissclved nitrogsn
concentration and flow rate of the ultrapure water tc be
supplied to inside the cleaning bath 20 were thereby
controlled. The flow rate was controlled to be 5 L/min.

20 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 dissclved coxygen congentration meter of
the polarcgraphy type was used as the dissolved oxygen
concentration meter 43. The amount of the valve opening of the

25 first supply valve 11 that supplles 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 O ppm, 0.05 ppm, 0.1 ppm, 0.2 ppm, 0.3 ppm,
0.35 ppm, 0.4 ppm, and 0.5 ppm. The cleaning experiment was

30 conducted at these eight ADps values.

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

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



calculating a dissolved nitrogen concentration of the cleaning liquid from said measured increase
amount of dissolved oxg/g%in concentration based on a predetermined relationshlg) 156 between a
dissolved nitrc)’f;%fzi"&fﬁg ration and an increase amount of dissolved og&/’fjgﬁz% Ae&Rtration. 2. The
dissolved nitrogen concentration monitoring methogsaccording to claim 1, wherein: 20said 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
liquid and sajd jnerease-amount of dissolved oxygen concentration thereof. 3. The dissolved nitrogen
concentration monjtoring me;[lhod atccording Lg,clair}],l or 2,‘,Wherei£|' 30said dicssolved gas information
. ig. 0B sShows thne r% ﬁ igns ﬁg %;wee% 0 1$d I} .
has been compiled in"advance for each of cleaning conditions said<ubstrate. 4. The dissolved
nitrogen congéfitration MohitbrihghetRédetording fcany bk S ¢laifS {6 3°vHetgin: 26 said
cleaningscondlittang of sakbsubstrate irMclede it ulttasomcoutputcowet ievel. 1s5iFhedissolved
nitrogen conggniration gonitoring method 5 according ta clajm.4, whergin; o . 3sgid:dissolved gas
information indicates that as said ultrasonic output power level increases, said increase amount of
dissolved oxygen concentration corresponding to a specific dissolved nitrogen concentration
increases. 10 When the ultrasonic cleaning apparatus of the present

inventicn is used under the conditicons cof 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 1s 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

ot

20 ultrasonic cleaning apparatus

supply unit

[N S
o O

cleaning bath

o
oo

coupling bath
30 dirradiation unit
25 40 monitoring unit
41 sampling pipe
47  pump
43 dissolved oxvgen concentraticn meter
44 determination unit
30 45 recelving section
46 storage section
47 control section

48 display



6. The dissolved nitrogen concentration monitoring method according to any one of claims 1 to 3,
wherein: said cleaning conditions of said substrate includes an overflow rate of a cleaning liquid.
13 7. The dissBR&FHESen concentration monitoring method accordin§46 YA E *herein: said
dissolved gas information indicates that as said ovekflow 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 claimsataré, Wherein: 25said cleaning liquid is water.

1. A dissolved nitrogen concentration monitoring method of
monitoring a disscolved nitregen concentration of a cleaning
5 ligquid when an ultrasonic wave 1s irradiatfted onto the cleaning
liquid in which a substrate 1s dipped, the method characterized
by comprising the steps of:
mezgsuring an increase amount of dissclved oxygen
concentration of the cleaning liguid, which is dus fto an oxygen
10 moclecule generated from a water molecule as a result of a
radical reaction caused by ultrasonic wave irradiaticn; and
calculating a dissolved nitrogen concentration of the
cleaning liguild from said measured increase amount of dissolved
oxygen conceniration based on a predetermined relationship
15 between a dissolved nitrogen concentration and an increase

amount of dissclved oxygen concentration.

2. The dissoclved nitregen concentration monitering method
according to claim 1, wherein:

20 zaid dissoclved nitrogen concentration of the cleaning
liguid is calculated from an increase amount of dissclved
oxygen concentration measured by a dissolved oxygen
concentration meter basad on dissolved gas information
indicating & relationship between said dissclved nitrogen

23  concentration of the c¢leaning liquid and said increase amount

of disscolved oxygen concentration thereof,

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

advance for each of cleaning conditions of said substrate.

4, The dissclved nitrogen concentration monitoring method

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



10

20

26

said cleaning conditions of said substrate include an

ultrascenic ocutput power level.

5. The disszsolved nitrogen concentraticn monitoring method
according to clalm 4, wherein:

szid dissolved gas information indicates that as said
ultrasonic output power level increases, szid increass amount
of dissolved oxygen concentration corresponding to a specific
dizsolved nitrogen concentration increases.
g. The dissolved nitrogen concentration monitoring method
according te any one of claims 1 to 3, whereim:

sazid c¢leaning conditions of said substrate includes an

overflow rate of a cleaning liguid.

7. The dissclved nitrogen concentration menitoring method
according to claim €, wherein:
said dissolved gas information indicates that as said

overflow rate decreases, a rate of change in saild increase

amount of dissclved oxygen concentration increases with respect

to sald dissclved nitrogen concentration.

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

said cleaning liguid is water.



