1 Cleaning Apparatus, Measurement Method and Calibration Method Technical Field 5 This invention
relates to a cleaning apparatus, a measurement method, and a calibration method, and more
specifically to an apparatus for cleaning a substrate, a method for measuring a concentration of a
dissolved gas, such as dissolved nitrogen, in a cleaning liquid used in the cleaning apparatus, and a M
method for calibrating a measurement device used in the measurement method. Background Art In a
process for manufacturing substrates such as silicon wafers, a process for cleaning substrates such as
a dip type onasiigierwaiealyaehas hesassoryeationatymestoraed, caeder & ieinowrinsythe
substrates organic substances, metal impurities, particles (fine particles), native oxide film, and 20 the
like that may cause defects in semiconductor devices. In such processes for cleaning substrates,
various tijpeswfictednifigedcthods are used to suit their purposes. In particular, when foreign
substances such as particles are 25 removed by a dip type cleaning method, a method is used in
which a substrate is dipped in a cleaning liquid contained in a cleaning tank, and the cleaning liquid in
which the diSstrdts 3 Gippedi& rfadidtedWith GHEEBRRIVAIEAVING a freqliehy afdtid 1 MHz,
referred te-as aegasanics” cH is 8@ generallybelieved frad the use of whirasoniciwgves-having a
frequenc¥ aroqﬁnadwl? MHz can jgcggg;e thae %Iggnipg E@jféact on seucbrmi rqrg;iz%ergig&opargticlgs on the
surface of & <ubstrate, while Teducing damage to the substrate. It has been known that the
concentratiorcef d gas dissotvedrindicleaningdiquictaffects the: reradval efficiencyfor foreign
substances sgich as.particles s For;example, it has been known that whep particles are removed from

substrates by usin% ‘ . . {
10 method Tor calibrating a measurement device used 1n the

meazsurement method.
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a process for manufacturing substrates such as siliicon
wafers, a process for cleaning substrates such as a dip type or
a single-wafer type has been conventionally performed, in crder
to remove from the substrates organic substances, meta |
impurities, particles {fine particles), native oxide f£ilm, and

20 the like that may cause defects in semiconductor devices.

In such processes for cleaning substrates, various types of
cleaning methods are used to sult tTheir purposes. In
particular, when foreign substances such as particles are

25  removed by a dip type cleaning method, a method is used in
which a substrate is dipped in 2 cleaning liguid contained in a
cleaning tank, and the cleaning liguid in which the substrate
is dipped is irradiated with ultrasonic waves having a
freguency around 1 MHz, referred to as "megasonics". It is

36 generally believed that the use of ultrasonic waves having a
frequency around I MHz can increase the cleaning effect on
submicron-size micropariticles on the surface of a substrate,

while reducing camage to tThe substrate.



5 ultrapure water as a cleaning liquid, and irradiating the ultrapure water with megasonics, the particle
removal efficiency from the substrates is affected by the concentration of nitrogen dissolved in the
cleaning liquid. More specifically, when the concentration of nitrogen dissolved in the cleaning liquid is
within a prescribed range, the particle removal efficiency from the substrates is relatively high. Thus,
theoretically, it is possible to effectively remove particles if the concentration of a dissolved gas such
as the concentration of nitrogen dissolved in the cleaning liquid is 15 monitored in the cleaning

process, andthe concentration,of. the.gasdissolved in-theicleaning liguidds centsalled:tobe within a
certain range. Conventionally, a method has been known %n nggh a %?és 20 component contained in a
fluid mediurfi 1§ Mtrodticed o Feceptorthrotgh e Pofrer fembrane: And e cohceritation of the
gas compenent is;ealeulatechbased anaichiange inthermalrcohductivityrwithitytenreceptor (Japanese
Patent Laying-Open No. 1991:176640), Thus, & method in whish the concentration of 25 nitrogen
dissolvedin afcleanlng‘qlqwd|s*mon|tored using tehIS measurement method is being conducted.
Problems:fo-Be Sotvedisy: tHe Mventicn 30 THeSdeica fof méasuring the tonéentratich of dissolved

nitrogen based.en the pethqd of Japanase-Patentl,aying-OpanNe1 991486640 has problems with

the stability of measurement precision, and therefore, is recommended toﬁrecgg/ecaenr%nqgal C():15;1Iibration

test condBieted by e mahtfactirr. FGwEvet - i35 View of the Tvéhtors” xparience of Usig the

device for Aneasuringtheconcentration of dissolvéd mitiogen;, enqroisiin Measured values increase from

o . - o
2010 40 §Hgé¥¥ﬁ%§¥1§?r%w%n the concentration of nitrogen dissoclved in
10 the cleaning liguid is within a prescribed range, the particie

removal efficiency from the substrates is relatively high.
Thus, theoretically, it is possible to effectively remove
particles 1if the concentration of a dissolved gas such as tne
concentration of nitrogen dissolved in the cleaning ligquid is

15 monitorsd in the cleaning process, and the concentration of the

gas dissolved in the cleaning liguid is controlled to be within

Conventionally, a method has been known in which a gas
20 component contained in & fluid medium is introduced into a
receptor through a polymer membrane, and the concentratlion of
the gas component is calculated based on a change in thermal
conductivity within the receptor ({Japanese Patent Layving-Open
No. 1991-176640). Thus, a method in which the concentration of
25 nitrogen dissolved in a cleaning liguid is monitored using this

measurement method i1s being conducted.
Problems t¢ Be Solved by the Invention

30 The device for measuring the concentration of dissolved
nitrogen based on the method of Japanese Patent Laying-Open No.
1991-176640 has problems with the stability of measurement
precision, and therefore, is recommended to receive an annual
calibration test conducted by the manufacturer. However, in

35 view of the inventors’ experience of using the device for



reason, in order to accurately measure the concentration of dissolved nitrogen, it is necessary to
calibrate the device 5 with a frequency higher than that recommended by the manufacturer. On the
other hand, the method for calibrating the device for measuring the concentration of dissolved nitrogen
performed by 10 the manufacturer is a method in which a thermal conductivity sensor constituting the
measurement device is calibrated by using pure nitrogen gas, and therefore, the calibration test is not
conducted using the actual water containing dissolved nitrogen. Hence, it is difficult to calibrate the
measurement 15 deice using the ahque-described method during: running of 4 ¢legning;apparatus
mcorpora{%ng the de |cehfor measuring the concentration of dissolved nitrogen, or during intervals
between Bfeaniisteps [ That isIiE has esnvertibnally beert difficulftopérfoif €alibratiorr of the device
for measuring 20 the gonecentration af dissolved ritregen easily ard frequently: skherefose, in order to
realize accurate measurement of the concentration of diSsolved qi'gro[%er_l,c it is essential to find a
method adflofitiyd tiseFof & TéAsuremeht deViGE to asily 25 Salibrate’the device during running of a
cleaning apparatustordurng intérvalsshetween cteaming stepsfor &edutate hieasurement of the
concentr%%%%fadé%sq\é%q nitrogen Further, finding such a calibration method is important since it will
also lead to |mproveé stability of measurement 30 precision for a measurement device for measuring
the concentration of a dissolved gas other than dissolved nitrogen. Furthermore, in order to
accuratelyandrstably measiedhe conceptration of ardissalved gas:sgchias dissolved pitrogen as 35
described above, a new method for measuring g§ogcentraltion of

measuring the concentratlon issclved nitrogen performed by
10 the manufacturer is a method in which a therma: conductivity
sensor constituting the measurement device is calibrated by
using pure nitrogen gas, and therefore, the calibration test is
not conducted using the actual water containing dissolved
nitrogen. Hence, it is difficult to calibrate the measurement
15  device using the above-described method during running of a
cleaning apparatus incorporating the device for measuring the
concentration of dissclived nitrogen, cr during intervais

between cleaning steps. That is, it has conventioconally been

0]

difficult to perform calibration of the device for measuring

b

20 the concentration of dissolved nitrogen easily and freguently.

u

Therefore, 1in order te realize accurate measurement cof the
concentration of dissclved nitrogen, it is essential to find a
method allowing a user of a measurement device tTo easily

25  calibrate the device during running of a cleaning apparatus or
during intervals between cleaning steps, for accurate
measurement of the concentration of dissclved nitrogen.
Further, finding such & calibration method is important since
it will also lead to improved stablility of measurement

30 precision for a measurement device for measuring the

concentration of a dissolved gas other than dissclved nitrogen.

Furthermore, in order to accurately and stably measure the
concentration of a dissolved gas such as dissolved nitrogen as

35 described above, a new method for measuring a concentration of



4 a dissolved gas having excellent stability of measurement ecision is desired. By utilizing such a
measurement method in which calibration of 5 a device for measuring a concentration of a dissolved
gas is frequently performed, or which has excellent stability of measurement precision, it will be
possible to reliably clean substrates while keeping gonditions for cleaning the substrates satisfactory.
10 This invention was made to solve the problems as described above, and an object of this invention
is to provide a cleaning apparatus capable of cleaning substrates effectively and stably, a method for

calibrating adeviee Jurdneasuingd.dg aancentaion otadispolipd gasisedindiecieaning
apparatus, and a method for measuring a concentration of a dissolved gas. Means for Solving the
Problem$ 26 Theliventdrsiéonidiftted detailed studies of the relation between a concentration of a gas
dissolved in a liquid and a luminescence intensity of a luminescence phenomenon produced when the
liquid is irradi with ultrasonic wav [ . :
e o gt I Mranolie weves ZRbanaimnesenre) Mk searesprily empieted the
5 a device for measuring a concentration of a dissclved gas is

frequently performed, or which has excellent stability of

measurement precision, it will be possible to reliably clean

substrates while keeping conditions for cleaning the substrates

satisfactory.

This invention was made to sclve the preoblems as described
above, and an object of this inventicn is to provide a cleaning
apparatus capable of cleaning substrates effectively and
stably, a method for calibrating a device for measuring a

15 concentration of a dissolved gas used in the cleaning
apparatus, and a method for measuring a concentration of &

dissolved gas.

Means for Solving the Problems

20
The inventors conducted detailled studies of the relation
petween a concentration of a gas dissolved in & liquid and a
luminescence intensity of a luminescence phenomenon produced

when the liguid is irradiated with ultrasonic waves

b2
L3

(sonoluminescence), and conseguently completed the present

invention. That is, the inventors found that when the liguid 1is

—

irradiated with ultrasonic waves while gradually increasing the
concentration of a gas dissclved in the liguid Ifrom zerc, the
luminescence phenomencn abruptly occurs when a specific

30  concentration of a dissoclved gas has been reached. The
inventors alsc found that subseguent further increase in the
concentraticn of a digssolved gas causes the luminescence

intensity to gradually decrease.



invention. That is, the inventors found that when the liquid is irradiated with ultrasonic waves while
gradually increasing the concentration of a gas dissolved in the liquid from zero, the luminescence
phenomenon abruptly occurs when a specific 30 concentration of a dissolved gas has been reached.
The inventors also found that subsequent further increase in the concentration of a dissolved gas
causes the luminescence intensity to gradually decrease. 5 Moreover, as a result of the inventors'
studies, it was found that the concentration of a dissolved gas at which the luminescence phenomenon

occurs sugdenly.and abrupgly asslescribed aheve always-shows:a ggitain valye yhen other conditions

(for exarr;gilee, the frequency of ultrasonic waves with which the liquid is irradiated, the intensity of the

ultrasonichVaes GRRtE dERSityY R BF biffasBhicr&hstBieer the SR URE oViiduidt supplied, the
liquid tempeeatu(g, 1he sizerpfshane{dasignh obtheesselbelding,thgdiguigs thesinterngkstructure of

the vessel (for example, the placement of jigs installed within the vessel), etc.) are constant. By

utilizing tHS PREASRRNBROT s FoLEHIE 528 M5iafe BFhEssTer@htBeVicEForthBSEuring the
concentrationdf i @issolved gasxusipdas aneferercrvalug, @ congenitalionef amise@ived gas at
which intense luminescence occurs suddenly and abruptly. Based on this finding, a calibration method
according’tbhisAvERtionS a-cabtSidr® methed it Gitbrating A EEEGE et devite for measuring
a concentration: eba gas wisselvediaw liqddswhigh ineludes thesfolewingrstepsirigradually increasing
the concentration of said gas dissolved in said liquid, detecting the luminescence, produced when said
liquid is 'irFé”cﬁSt%%%ﬁif mt%%Sn%“\lﬁé%ts, ?feih‘?i ﬁ‘ihé‘éBﬁ?é%ﬁgatio%@& si%@&&gdissm\/ed in said
liquid withtameasurement device capable aflacouratemeapufementard peagdsesarmining, as a
reference cancentration, a concentration of said gas at which an intensity of luminescence suddenly
and abrU CEheb0" Sh A AAtally Torhaiig b CTSHEAton 8F s GaLah St Hquic, detecting
the lumindstencex@agleed Wwhensaatkguwd is mfadiated with<ultrddenic wiavesrandmeasuring the
concentra‘}iggsofﬁaid gas irr:)szgg: equuig vg%g sgid @ea%%rfﬂeﬂ rgev' e,tg beh%arllig&%tgd when the
intensity of <daid luminescerice suddpen]ily anélabruﬁly mcreases,% atérnfine a measuréd value of the
concentrationicf saicgadatwhizhcal interdity ¢f lomimscenmessuddenigandabruptly increases; and -

calibratin%gdsigu@% U@Q@er‘é gg{\:/git@ég% .on %%idam%%?ﬁrgq ,\yﬁ%@ %%d S%Ig I f rence goncentration.

In an embodiment of the invention, the calibration method tor cali ra%ng ‘a measdrement device for
measuring afcoreentration oea gasaissuivad it fiquidtomplisesabe ¢ollawdng steps. That is, a step

of varying fhe gonceptration of the gas dissalved in;the liquigh and predsterminipg, as a reference

concentration, a concentration of the gas at which an intensity of luminescence produced when the
liquid is irradiated with ultrasonic waves shows a peak, is conducted. Next, a step of measuring the

concentration of the, gag i the; ligyid with the measurement devige fo be calirated when the intensity

of the luminescence shows a peak by Irradiating the liquid with ultrasonic waves while varying the
concentra#iehf 1§88 HPhelliyuid 48 ddedhinea Mreabaediriu€ sl tHerddntestration of the gas, is

Sb measurement device for measuring a concentration of a gas
dissclved in a liquid, which includes the following steps;
- gradually increasing the concentration of said gas
dissolved in said ligquid, detecting the luminescence
produced when said liguid is irradiated with ultrasonic
wavesg, measuring the concentration of gaid gas dissolved in
sald liquid with a measurement device capable of accurate
measurement and predetermining, as a reference
concentration, a concentration of said gas at which an

intensity of luminescence suddenly and abruptly increases;



conducted. A step of calibrating the measurement device to be calibrated based on the measured
value and the reference concentration is conducted. In the predetermining step described above, any
method capable of accurately measuring the concentration can be used as a method for measuring
the 6 concentration of the gas dissolved in the liqujd. For example, in the predetermining step
described above, a measurement device of the same type as the measurement device to be
measured, having the setting at the time of shipment from the 5 factory (namely, a measurement

device capableseh acciatepeasitement that &@ﬁ&%ﬁ%&%&m%ﬁe@é‘léd%égn%ﬁt by the
manufacturer) may be used. In this way, the measurement device can be calibrated easily and

accuratel§ By Utili2RY LdnoRFtiRESEaHE et AemE MR dRARSG R HTethBY GLE6 RN g RehiSMyEntion is a
measuremegtmethod forpeasuriag acanceniration of agasAissolveding iguid; which includes the
following steps. That 15 is, a step of measuring an intensity of luminescence produced by irradiating

the liquid t&'Be FRESSEIET With Tr8SomE W@ Dy Way df & Idmfeste e htéisiy measuring device

to obtain asaeastsad valugefihe intensity ebtheduainescenes iscepnduectech A stepaaf deriving the
concentration of the gas from 20 the measured value, of the intensity of the luminescence based on a
previouslﬁ‘?d'[ﬁwdlé’éWéTgﬁ”&?Hgﬁve%‘hdtﬁgrgo%céﬂf}aﬁa%ﬂﬁéygajsnd%%?(ﬁﬁ?& in tH2 liquid and the
intensity efdhe fuminesseneamprodededcanhen e ligud isdradiated withlisEsand wayes is

conducted. 25 .in this way, with res@ect tg range of concentratggs gﬂ‘ the gas having a correlation
intensi o] axx negcence gudden $ 3o 1; .
igui concentration

between fhe ivr\{fle:'h%l y%’flthe luifiéscence due to SonotumineSCence in‘the
of the gasidisselyeddn thenliguid, the 30 concentration of the gas dissolved in the | iquid can be easily
found from the intgnsigy. of the luminescence. , :

- calibravting sald measurément device based on said

measured value and said reference concentration.

In an embodiment of the invention, the calibration method
for calibrating a measurement device for measuring a
concentration of a gas dissolved in a liguid comprises the
following steps. That is, a step of varying the
concentration of the gas dissolved in the liguid, and
predetermining, as a reference concentration, a
concentration of the gas at which an intensgity of
luminescence produced when the liguid is irradiated with
ultrasonic waves shows a peak, is conducted. Next, a step
of measuring the concentration of the gas in the liquid
with the measurement device to be calibrated when the
intensity of the luminescence shows a peak by irradiating
the liguid with ultrasonic waves while varying the
concentration of the gas in the liguid, to determine a

measured value of the concentration of the gas, is



A cleaning apparatus according to this invention is an apparatus for cleaning a substrate using the
above-described 35 measurement method, which includes a cleaning tank, an 7 ultrasonic generating
unit, a luminescence intensity measuring device, and a processing unit. The cleaning tank holds a
cleaning liquid for cleaning the substrate. The uItrsagonic generating unit is for irradiating the cleaning
liquid with 5 ultrasonic waves and generates ultrasonic waves. The ultrasonic generating unit is
connected to the cleaning tank via a medium capable of transmitting ultrasonic waves to the cleaning
iquid in the,dlggpinadank. The bnipescaneentansly measiogdeuipepegsyiasdhe yntensity of
luminescence produced when the 10 cleaning liquid’is irradiated with ultrasonic waves. The

processingeurfeddieaste domeifation df aegasaissswdd intescleaming iguicefiemeiAreasured
value of the intensibLofiihs luminesgance measured By the minescence igtepsity, measuring device
and a previously found correlation between the 15 concentration of the gas dissolved in the cleaning
liquid and¥RBAtERSHy BPTETuNTREsCBREECH thRPRRY he toREehFaiohlot theapstdissbived in the
cleaning linid sanberacearately measwed fram the infepsiviZyofibe Inminescenge dye to
sonoluminescence, thus enabling a characteristic (cleaning capability) of the cleaning liquid affected
by the gas concentration in the cleaning liquid to be accurately grasped. Moreover, the characteristic
of the cleaning liquid can be kept satisfactory by adjusting the 25 cleaning liquid such that the gas
concentration is within an appropriate range. Effects of the Invention



30 According to the present invention, it is possible to accurately and easily calibrate a measurement
device for measuring a concentration of a gas dissolved in a liquid, by utilizing sonoluminescence in
the liquid. It is also possible to accurately measure the concentration of the gas dissolved in 35 the
liquid by utilizing sonoluminescence in the liquid. Bgief Description of the Drawings Fig. 1is a
flowchart showing a method for calibrating a dissolved nitrogen concentration meter according to the
present Sinvention. Fig. 2 is a schematic cross-sectional view showing a cleaning apparatus. Fig. 3 is
a schematic; diagram showing-ap apparatus; canfiguration whepdhe calibration-metbeds.canducted.
Fig. 4 is a graph showing measured results. . 5 is a graph showing measured results. Fig. 6 is a
flowchartfor EXflaliiing' & Tethba B mea&Hrt & tisstive FritroGen ToREEtHBR a¢cording to the
present iavention. 20 Fig.c7 issaschematic diagramnof ascleaniag apparatus that utilizes the
measurement method shown in Fig, 6 Descriptian ot the Reference Chawaetsrs 25, o che

5 factory (namely, a measurement device capable of accurat

measurement that has Jjust been subjected teo adjustment by

T
-
®

manufacturer) may be used.

In this way, the measurement device can be calibrated easily

10 and accurately by utilizing soncluminescence.

L mezssurement method according to this invention is a

measurement method for measuring a concentration of

jA3]

gas
dissolved in a liguid, which includes the following steps. That

i5  ls, & step of measuring an intensity of luminescence produced
by irradiating the liguid to be measured with ultrasonic waves
by way of a luminescence intensity measuring device to obtain a
measurad valuz of the intensity of the luminescence is
conducted. A step of deriving the concentration of the gas Ifrom

20  the measured value of the intensity of the luminescence based
on a previously found correlation between the concentration of
the gag disscolved in the liguid and the Intensity of the
luminescence produced when the liguid is irradiated with

ultrasonic waveg is conducted.

3

®

In this way, with respect to a ra of concentrations cf the

[

g

gas having a correlation between the intensity o

Fi

the
luminescence due to soncluminescence in the liguld and the
concentration of the gas dissolved in the liguid, the

30  concentration of the gas dissclved in the liguid can bes easily

uminescence.

—t

found from the intensity of the

2 cleaning apparatus acceording to this invention 1s an
apparatus for cleaning a substrate using the above-described

35 measurement method, which includes & cleaning tank, an



1: ultrasonic cleaning apparatus 10: supply means 11: first supply valve 12: second supply valve 3020:
cleaning tank 21: coupling tank 22: holding portion 23: liquid introducing pipe  30: irradiation means
3540: monitoring means 9 41: extraction pipe 42: pump

5

ultrasonic generating unit, a luminescence intensity measuring
device, and a processing unit. The cleaning tank holds a
cleaning liguid for cleaning the substrate. The ultrasonic
generating unit is for irradiating the cleaning liguid with

5 ultrasonic waves and generates ultrasonic waves. The ultrasonic
generating unit is connected to the cleaning tank via a medium
capable of transmitting ultrasonic waves to the cleaning liguid
in the cleaning tank. The luminescence intensity measuring
device measures the intensity of luminescence produced when the

10 cleaning licguid 1s irradiated with ultrasconic waveaes. The
processing unit derives a concentration of a gas dissolved in
the cleaning liguid from a measured value of the intensity of
the luminescence measured by the luminescence intensity

measuring device and a previously found correlation between the

f

15 concentration of the gas disscolved in the cleaning ligquid and
the intensity of the luminescence.

In this way, the concentraticn of the gas dissélved in the
cleaning liguid can be accurately measursed from the intensity

20 of the luminescence due to sonoluminescence, thus enabling a
characteristic {cleaning capability) of the cleaning liguid
affected by the gas concentration in the cleaning liguid to be
accurately grasped. Morecover, the characteristic of the
cieaning liguid can be kept satisfactory by adiusting the

25  cleaning liquid such that the gas concentration 1s within an

appropriate range.
Bffects of the Invention

30 According to the present invention, it is possible to
accurately and easily calibrate a measuremsnt device for
measuring a concentration of a gas dissolved in a liguid, by
utilizing sonoluminescence in the liguid. It is alsc possible
to accurately measure the concentration of the gas disscolved in

35 the liguid by utilizing scnoluminescence in the Iiguid.



43: dissolved nitrogen concentration meter SO: dark room 5 60: luminescence detecting device 61:
image processing device 70: control device 71, 72: wire W: wafer 10 Modes for Carrying Out the
Invention Embodiments of the present invention will be described hereinafter, with reference to the
drawings. In the drawings 15 provided below, identigal or corresponding parts are denoted by identical
reference numbers, and description thereof will not be repeated. First Emhddiment Referring to Figs. 1
to 5, a calibration method for calibrating a dissolved nitrogen concentration meter according to the

Brief Description of the Drawings
Fig. 1 is a flowchart showing a method for calibrating a
dissolved nitrogen concentration meter according to the present

3 invention.

Fig. 2 is a schematic cross-sectional view showlng a cleaning

apparatus.

10 Fig. 3 1s a schematic diagram showing an apparatus

configuration when the calibration method 1s conducted.

Fig. 4 1s a2 graph showing measured results.
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15 Fig. 5 is a graph showing measursed

Fig. 6 is a flowchart for explaining a method for measuring a
dissolved nitrogen concentration according te the present

invention.

20
Fig. 7 is a schematic diagram of a cleaning apparatus that
utilizes the measurement method shown in Fig. ©.
Description of the Reference Characters
25
1: ultrasonic cleaning apparatus
10: supply means
1: first supply valve
12: second supply valve
30 20: cleaning tank
21: coupling tank
22: holding portion
23: liguid introducing pipe
3G: drradiation means
35 40: monitoring means



present invention will be described. The calibration method according to the present invention is
specifically a method for 25 calibrating a dissolved nitrogen concentration meter, which is monitoring
means 40, in connection with ultrasonic cleaning apparatus 1 shown in Fig. 2. Here, as shown in2, the
ultrasonic cleaning apparatus 130 to which the calipration method according to the present invention
is applied, includes a cleaning tank 20 for holding a cleaning liquid inside, such as ultrapure water,
supply means 10 for supplying the cleaning liquid to cleaning tank 20, a coupling tank 21 for housing
cleaning Tgaln:k %%é@%@@ﬂ% 3§irEgans 30 for directing ultrasonic waves, installed at a bottom 10
portion of coupling tank 21, and monitoring means 40 for monitoring a concentration of nitrogen
dissolved#-the'&®aning liquid supplied into cleaning tank 20. Supply means 10 has a first supply
valve 11 for.supplying vltrapure wateid eentaking aitrogenrgas-gdissolved therein to cleaning tank 20,
and a second supply valve 12 for supplying degassed ultrapure water to cleaning tank 20. First supply
valve 11 ?soéoﬁ%fgft%oé“first tank, not 10 illustrated. Ultrapure water containing nitrogen gas
dissalvedstherginss. stored: ncthedrsetanknSedend supply valve 12 is connected to a device for

producingg(ag%gdecgewgtle&%%lgli%ljrqﬁgc\iriy%e ultrapure water is supplied to the device for producing

degassed water, and the gas dissolved in the ultrapure water can be removed through a degassing

membrang’ Thedltrauredfatef Bontaining nitrogen gas dissolved therein and degassed ultrapure
water areymixegiwhen adipe connected to

W: wafer
10

Modes for Carrying Out the Invention

Embodiments of the present invention will be described
hereinafter, with reference to the drawings. In the drawings

15 provided below, identical or corresponding parts are denoted by
identical reference numbers, and description thereof will not

be repeated.

First Embodiment
Referring to Figs. 1 to &, a calibration method for calibrating
a dissolved nitrogen concentration meter according to the

present inventlon will be described. The calibration method

o )
o]
]

according to the present invention i1s specifically a method

25 calibrating a dissclved nitrogen concentration meter, which

for
0]

monitoring means 40, in connection with ultrasonic cleaning

apparatus 1 shown in Fig. Z.

=

Here, as shown in Fig. 2, the ultrasonic cleaning apparatus
36 to which the calibration method according to the present

invention 1s applied, includes z cleaning tank 20 for holding a

@

cleaning liquid inside, such as ultrapure water, supply means
10 for supplying the cleaning liguid to cleaning tank 20, a

coupling tank 21 for housing cleaning tank 20, irradiaztion

(¥
wh

means 30 for directing ultrasconic waves, installed at a bottom



first supply valve 11 and a pipe connected to second supply valve 12 are combined into a single pipe
on a downstream side 20 of first supply valve 11 and second supply valve 12, It is noted that a mixer
tank (not illustrated) may be installed downstream of first supply valve 11 and second supply valve 12.
In this case, ultrapure water containing nitrogen gas, glissolved therein and degassed ultrapure water
can be thoroughly mixed in 25 the mixer tank. The mixed ultrapure water then passes through the pipe
connected to the downstream side of first supply valve 11 and second supply valve 12 described
above and disposed within, 30,cleaning tank 20, andsis supplied 10 a liquid intreduging pipe 23. Liquid
introducing pipe 23 is disposed near an outer peripheral end of a bottom surface of cleaning tank 20.
By adjustititf the3/alvelpésifich oF each ot fifst Stpply VARZSTL and Secdid stipply ¥alve 12, the
ultrapure watertorhe 35 infrerucgskinto-cleaning tank 20 tan bezeontrotled with-respeet: e theo
concentration of nitrogen dissolved therein and the amount of supply. A plurality of nozzles, not
illustrated, is disposed on ﬁiq&d‘g introafucin"’"g“pipe“ZS. fﬁt?éﬁfuréwéjtéfse ng as the c"ﬁeaning

5 containing nitrogen gas dissolved therein to cleaning tank 20,
and a second supply valve 12 for supplying degassed ultrapure

-

water to cleaning tank 20.

First supply valve 11 is connected to a first tank, not

10 i1llustrated. Ultrapure water contalining nitrogsen gas dissclved
therein is stored in the first tank. Second supply valve 1Z is
connected to a device for producing degassed water, not
illustrated. The ultrapure water is supplied to the device for
producing degassed water, and the gas dissolved in the

15 ultrapure water can be removed through a degassing membrane.
The ultrapure water containing nitrogen gas dissolved therein
and degassed ultrapure water are mixed when a pipe connescted to
first supply valve 11 and a pipe connected to second supply
valve 12 are combined into & single pipe on a downstream sids

20 of first supply valve 11 and second supply valve 12, It is

lustrated) may be instailed

=

noted that a mixer tank {(not i
downstream of Ifirst supply valve 11 and second supply valve 12.
In this case, ultrapure water contalning nitrogen gas dissolved
therein'and degassed ultrapure water can be thoroughly mixed in

25 the mixer tank.

The mixed ultrapure water then passes through the pipe
connected to the downstream side of first supply valve 11 and
second supply valve 12 described above and disposed within

30 cleaning tank 20, and is supplied te a liguid introducing pipe
23, Liguid introducing pipe 23 is disposed near an outer
peripheral end of a bottom surfzce of cleaning tank 20. By
adijusting the valve position of each of first supply valve 11
and second supply valve 12, the ultrapure water to be

35 introduced inte cleaning tank 20 can be controlled with respect



liquid is supplied from liquid introducing pipe 23 via the nozzles into cleaning tank 20. The nozzles are
disposed at intervals from one another along a direction in which liquid introducing pipe 23 extends.
The nozzles are also installed so 10 as to spray the cleaning liquid toward substantially the center (a
region where a wafer W to be cleaned is held) of clganing tank 20. A holding portion 22 for holding
wafer W inside is disposed in IS cleaning tank 20. A semiconductor wafer, for example, can be used
as wafer W. With wafer W being held inside cleaning tank 20 by holding portion 22, the cleaning liquid

composed.ofthe abgye-described mixed yltrapure waterds supplied-inta-gleaningtank 20 from liquid
introducing pipe 23. As described above, liquid introducing pipe 23 is disposed on a lower portion of

cleaning T8K26 (& fegibR%ttiated near a bottom wall or situated on an outer peripheral portion of the
bottom wall connecting the bottom wall and side walls). A 25 prescribed amount of the cleaning liquid

(mixed ultra yrgw?aggrg)(is pplied from liguid imgﬂrqd}ucrin ipe 23 int g:lse ing;tank 20, Cleaning tank
© 20 is fillet v§th“fh¢é*dé niﬁ%uliapaizd,z]éﬁa’thggmoﬁnTBFm%%c éé?ﬁing?iq(éﬁj ﬁ%ﬁ‘éd%aaﬁé*ed such that
a preéscribed antount of the cleafing liglic- 30 everflowssrora he iooféleahihg tame 20 9n this way,

wafer W is;bejng dipped ip the cleaning liquid.inside gleaningtank 20; as shown:ia Fig.2. 12 Coupling
tank 21 is connected to a supply line (not iIIEustratedﬁ]or a medium different from that of supply means

10 descr%%é%b%%e?‘?\?ﬂe?f@r%‘fgr% L h&diam:is Suppiéd-frofrthe SupphyPifieinto 86upling tank 21.
At least the bettert wall of eleaning:tank 28rdestribed abdve is-inicontact with thie \katgr Stored in

coupling tank 2 f prescfibed amount of water isconfiauonsii supalieshalgo to, coualing fagk 21 from
the supplyrilne, eref}y causing a certain amount of water to be overflowing from coupling tank 21.
10  as to spray the cleaning liguid toward substantially the center
(a region where a wafer W to be cleaned is held) of cleaning

tank 20.

A holding portion 22 for holding wafer W inside is disposed in
15 cleaning tank 20. A semiconductor wafer, for example, can be
used as wafer W. With wafer W being held inside cleaning tank
20 by holding portion 22, the cleaning liguid composed of the
above-described mixed ultrapure water is supplied into cleaning

tank 20 from liguid introducing pipe Z3.

As described above, liguid introducing pipe 23 1s disposed on a
lower portion of cleaning tank 20 (a region situated near &
bottom wall or situated on an outer peripheral portion of the
bottom wall connecting the bottom wall and side wallis). A

25 prescribed amount of the cleaning liguid (mized uitrapure
water) is supplied from liguid introducing pipe Z3 into
cleaning tank 20. Cleaning tank 20 is filled with the cleaning
liguid, and the amount of the cleaning liguid supplied is
adijusted such that & prescribed amount of the cleaning liguid

30 overflows from the top of cleaning tank 20.

In this way, wafer W is being dipped in the cleaning liguid

i)

inside c¢leaning tank 20, as shown 1n Fig. Z.



10 Irradiation. means 30 is installed to be connected to a bottom wall of coupling tank 21. Irradiation
means 30 directs ultrasonic waves to the water inside coupling tank 21. The cleaning liquid and wafer
W inside cleaning tank 20 are 15 irradiated with the directed ultrasonic waves via the water inside
coupling tank 21 and a portion of cleaning tank 20 i contact with the water (for example, the bottom
portion). Irradiation means 30 can generate ultrasonic waves having a 20 frequency not less than 20
kHz and not more than 2 MHz and a watt density not less than 0,05 W/cm2 and not more than 7.0
Wwicmz, @5-&5?@9&9 -By,thus-rradiating the liquid.and.wafer, W with-y{rasepic waves, wafer W dipped
in the cleaning liquid can be efficiently cleaned. Preferably, ultrasonic waves 35 having a frequency

1

range notléstSthan 400 kHLand nBEMor8 t4han 1Rz aré WRed A3the ulFaSdnie afféédirected from
ation meaps 39 Monitering imeans 4Q includesran extraction pipel 4dr-for. 30 extradtingla prescribed

amount of the cleaning liquid from inside of cleaning tank 20, a pump.42 connected to extraction pipe
41 for intré§ucing fﬁe’%lg%ﬁi%gﬁ%md i%?oug"adi“sns%l\};e%lr%tr%gén" %n‘égﬁtsrétid'nf"neter 43, and dissolved

nitrogjen eéncdrtrationomertst 4 3Zdorireetad. tocthe doviristream side ot pufip witn the
water stored in coupling tank 21. A prescribed amount oI water
is continuously supplied also to coupling tank Z1 from the
supply line, thereby causing a certain amount of water to be

overflowing from coupling tank 21.

16
Irradiation means 30 is installed to be connected to a pottom
wall of coupling tank 21. Irradiation means 30 directs
ultrasonic waves to the water inside coupling tank 21. The
cleaning liguid and wafer W inside cleaning tank 20 are

15 s

irradiated with the direscted ultrasonic waves via The water
[ 2

inside coupling tank 21 and a portion of cleaning tank 20 in

contact with the water (for example, the bottom portion;.

Irradiation means 30 can generate ultrasonic waves having a

et

20 freguency not less than 20 kHz and not more than 2 MHz and a
watt density not less than 0.05 W/cm® and not more than 7.0
W/ cn®, for example. By thus irradiatin

wafer W with ultrasonic waves, wafer W dipped in the cleaning
liquid can be efficiently cleaned. Preferably, ultrasonic waves

L

aving a fregquency range not less than 400 kiz and not more

2
Ln
jmm

tharn 1 MHz are used zs the ultrascnic waves directed from

irradiation means 30.

!
',J

lonitoring means 40 includes an extraction pipe 41 for

.

30 extracting a prescribed amount of the c¢leaning liguid from

ide of cleaning tank 20, a pump 42 connected to extraction

=
w3
wn
[

i

D

pipe 41 for introducing the cleaning liquid into & dissolved
nitrogen concentration meter 43, and dissolved nitrogen
concentration meter 43 connected to the doewnstream side of pump

35 42. Measured data of the concentration of nitrogen dissclved in



35 42. Measured data of the concentration of nitrogen dissolved in 13 the cleaning liquid is output
from dissolved nitrogen concentration meter 43 to a control device for the ultrasonic cleaning
apparatus, an external display device, and the like. Any calibration device can be used as dissolved
nitrogen concentration meter 43, for example, a measurement device can be used that introduces a
dissolved gas component contained in a cleaning liquid into a receptor through a polymer membrane,
and calculates the concentration of the gas component based on a change in thermal conductivity

within this {F(]-:-ce or. 10 Cleanignog tank 20 is compoged of, for example, quartzgass with a thickness of
! S QuTou rom gilssolved X

@ AT 1 14 L T Yom Inicrogen . .
3.0 mm. While ciéaning fank 20 can have any shape, a square tank whose internal dimensions are

270 mm inowidtyy BSmbein leagth; ahd 270 mnrirheight, forexample ris Wsusedtas elednihg tank 20.
in this C%%&%@@!EQ dank 20 bas a volume.of 5 liters, The thickness ota plate material;made of quartz

glass constituting the bottom wall of cleaning tank 20 is preferably 20 adjusted, as appropriate, in
accordantB Wi the fréguetity & The BiltaoniSwaveSe mitted o irfadiation MEEHs 30. For
example,yvherertbe frequengy ot ultrasonitavaves:emitted fromdrradiation means3Qis 950:kHz, the
thicknessbof the glat%m te;iaL%%rgﬁi%tingﬁthgibsoé%)r;n \évgll is Ereégrabg/ %.Otm@AWh%@ tgej.f,r,lequency
of ultrasonic Waves emitted from Irradiation means 30 is 750 Hz, the thickness of the ﬁate*Fnaterial
constituting theebotiom walbisisteferalsly 4.0 afraPfor exaiplel B0 Fhéamdimt offieccléaning liquid
Unmedl“HﬁB“%%Wé&ﬁgtes the concentration of the gas component based on

a change in thermal conductivity within this receptor.

Cleaning tank 20 is composed of, for example, guartz glass with
a thickness of 3.0 mm. While cleaning tank 20 can have any
shape, a sguare tank whose internal dimensions are 270 mm in
width, €9 mm in length, and 270 mm in height, for example, is
15  used as cleaning tank 20. In this case, cleaning tank 20 has a

volume of 5 liters.

The thickness ¢f a plate materiél made of guartz glass
constituting the bottom wall of cleaning tank 20 is preferably
20  adjusted, as appropriate, 1in accordance with the freguency of
the ultrasonic waves emitted from irradiation means 30. For
example, where the freguency of ultrasonic waves emitted from
irradiation means 30 1s 950 kHz, the thickness of the plate

material constituting the bottom wall is preferably 3.0 mm.

irradiation means 30 1s 750 kHz, the thickness of the plate

¢

material constituting the bottom wall is preferably 4.0 mm, for

example.

30 The amount of the cleaning liguid (mixed ultrapure water)
supplied to cleaning tank 20 from supply means 10 may be O
liters/minute. The freguencies of ulirasonic waves directed
from irradiation means 30 may be 950 kHz and 750 kHz as
mentioned above, and the cutput thereof may be 1200 W (watt

density: 5.6 W/cm?). A vibrating plate of irradiation means 30

LS8
Lh



supplied to cleaning tank 20 from supply means 10 may be 5 liters/minute. The frequencies of
ultrasonic waves directed from irradiation means 30 may be 950 kHz and 750 kHz as mentioned
above, and the output thereof may be 1200 W (watt 35 density: 5.6 W/cm?2). A vibrating plate of
irradiation means 30 14 may have a radiation surfage with a size of 80 mm x 270 mm. Ultrasonic
waves emitted from irradiation means 30 are directed to the entire bottom surface of cleaning tank 20.
5 The calibration method according to the present invention is applied to such ultrasonic cleaning

apparatus 1. That is, tefering,to;kig. 1,ip he caljbration methad aecarding,to, thespresent invention, a
step (S10) of determining a reference value of the concentration of dissolved nitrogen at the 10
beginning F KffiAESCerts (@) F8 conduttdd fifst-Af this' StepI3 105, A Sorifledtioh With Giftfe&onic
cleaning apparatus: 4 as:shawn indrig s2,rars ireager intensifiemdnitservingcas a luminescence detecting
device 60 and ultrasonic cleaning apparatus 1 are disposed inside a dark room SO, as shown in Fig.
3. Luminescence detecting device 60 is connected to an image processing device 61. Dissolved
nitrogen ¢oricentration meten 48ehaving highomeasdreerit precisiopdmmediataiy: after adjustment by
the manufactyrer sis.installed 20+in advance-inultrasonig cleaning apparatusrk, Lising such a structure,
in ultrasonic cleaning apparatus 1 installed inside dark room SO, the cleaning liquid was irradiated with
ultrasonié wa¥&s While Varying the' cordentraftiohof ritfégerPdisS6ivad th fHe-d8aning ligaids Ehd the
luminescenes; 25 phenomenonr(sorolyminescence) that occurred abruptly at @fpereseried nitrogen

concentr%tgcip was pbserved. Sggcmgally, as shown,in Fig. 3 Itrasmonolc cleanj_ngc%%paratus lis

. e o "The rarl Ol disso¥VEd NITIOJSn al
disposed ifiside dark room SO and Tdminescence 8etecﬁng %ﬁjdrewce 60'is (?lsposed to face ultrasonic
cleanting apparatus:y ot luminescence {(Cy) is conducted first.

At this step (810), in connection with ultrasonic clesaning
apparatus 1 as shown in Fig. 2, an image intensifier unit
serving as a luminescence detecting device 60 and ultrasonic

15 cleaning apparatus 1 are disposed inside a dark room 50, as
shown in Fig. 3. Luminescence detecting device 60 i1s connected
to an image processing device 61, Dissclved nitrogen
ccncentrationlmeter 43, having high measurement pracision
immediately after adjustment by the manufacturer, 1s installed

20  in advance in ultrasconic cleaning apparatus 1. Using such a
structure, in uvultrasonic cliesaning apparatus 1 installed inside
dark room 50, the cleaning liguid was irradiated with
ultrasonic waves while varying the concentration of nitrogen
dissolved in the cleaning liguid, and the luminescence

25  phenomenon (soncluminescence) that occurred abruptly at a

prescribed nitrecgen concentration was observed,

Specifically, as shown in Filg. 3, ultrasonic cleaning apparatus
1 is dispesed inside dark room 50 and luminescence detecting
30 device 60 is disposed to face ultrasonic cleaning apparatus 1
in dark room 50. A dissolved nitrogen concentration meter
immediately after adiustment by the manufacturer 1s used as
disscolved nitrogen ceoncentration meter 43 of ultrasonic
cleaning apparatus 1. Then, in connection with ultrasonic

35 cleaning apparatus 1, the concentration of nitrogen dissolved



in dark room SO. A dissolved nitrogen concentration meter immediately after adjustment by the
manufacturer is used as dissolved nitrogen concentration meter 43 of ultrasonic cleaning apparatus 1.
Then, in connection. with ultrasonic 35 cleaning apparatus 1, the concentration of nitrogen dissolved
in the cleaning liquid is varied while the cleaning liquid is being irradiated with ultrasonic waves from
irradiation means 30, thereby determining a concentration of dissolved nitrogen at which abrupt
luminescence occurs (hereinafter referred to as 5 a dissolved nitrogen concentration reference value

at the beginning.ofdymingscence) by means.efmeasyement ysing-disselved;nitrogencongentration
meter 43. The image intensifier unit (an ultraweak light sensing and 10 multiplying unit) used as
lUminescERCE Betet g tevich B0 TS a Hevits THarSentas Shahaiphas GRrmleak iGhE S Sbtain an
image witlna contrast, Spesifically,-al unit employirg andmage inténsifies (\V4435U:03 )y maemifactured

by Hamanatay Ehptapics,gan bepised asonch a.dnit, thisybitises L Te as/paterial of thelS

photoelegtrlc Surface material, has ‘sensifivity wavelengths ranging from 160 to 320 nm, and has a
maximun seasitviyrwavele hgteer 2500 mac Tths beheved that IFRIREsCencesprolucdd when water is

iradiated,with HHE%%DH&W@M%%%@%&QW nexy radigals {@H:raglicale)ganeratedrhy the
decomposition 20 of water, and the luminescence has a wavelength near 309 nm in the ultraviolet
region. THerefGre7fife finage itensifet Uit hiaving the piidtbefedtric surface material (Cs-Te), which

has the above-mentioned wavelength in the sensitivity wavelength range, was herein used. A
photomultiplier ttibe may also.he-used 23 as lyminescenge detecting device, 00. The. frequency of
ultrasonic Wavés difected at thiswas set to 950 kHz. The output of the ultrasonic waves was 1200 W
(wattdersity: 5.6 Widhi2) as deséfibed aBovel FHERMfiRESceteeecting device &0 1s a
device that senses and multiplies ultraweak light to obtain an
image with a contrast. Specifically, a unit employing an image
intensifier (V44350-03) manufactured by Hamamatsu Photonics can
be used as such a unit. This unit uses Cs-Te as material of the
15 photoelectric surface material, has sensitivity wavelengths
ranging from 160 to 320 nm, and has a maximum sensitivity
wavelength of 250 nm. It is believed that luminescence produced
when water is irradiated with ultrasonic waves is due to
hydroxy radicals (OH radicals) generated by the decomposition
20 of water, and the luminescence has a wavelength near 308 nm in
the ultraviolet region. Therefore, the image intensifier unit
having the photoelectric surface material (Cs-Te), which has
the above-mentioned wavelength in the sensitivity wavelength

range, was herein used. A photomultiplier tube may also be used

e
Ln

as luminescence detecting device 60.

¢t

The frequency of ultrasonic waves directed at this time was set
to 950 kHz. The output of the ultrasonic waves was 1200 W (watt
density: 5.6 W/cm?), as described above. The luminescence

30 phenomencon was then observed for the cleaning liguid while
gradually increasing the concentration of dissolved nitrogen.

The amount of the cleaning liguid supplied was 5 L/minute.

Specifically, the concentration of dissolved nitrogen was

35 gradually increased from 2.5 ppm to 16.4 ppm. Consequently, the



30 phenomenon was then observed for the cleaning liquid while gradually increasing the concentration
of dissolved nitrogen. The amount of the cleaning liquid supplied was 5 A/minute. 16 luminescence
phenomenon abruptly occurred in the cleaning liquid when the concentration of dissolved nitrogen was
near 6.3 ppm. The inventors' experiment confirmed;that with apparatus conditions being kept
substantially constant, the 5 luminescence phenomenon was observed with good reproducibility when
the concentration of dissolved nitrogen was near 6.3 ppm. Fig. 4 shows observation results plotted on

a graph. {n,Fig. 4, the horizontal-axds represents the, cancentration of nitregem disselved in the cleaning
liquid. The horizontal axis shows 10 concentrations of dissolved nitrogen in the unit ppm. The vertical

' n bl

axis repredéits the' REifber of AEHsTred RininBs&ent poits, THe nlimber SFIUMIAEscERt boints is
calculated by progessing inage cata-ef thedpmineseence phénameron measured by luminescence

detecting_device 60 at image processing.device 15 61. 0 from Fig, 4, where the frequency of the
ultrason%ﬁr%%g?él%giﬁ%f%O%S E&q{% Kee% g‘u@gég&lg nﬂg kS winere the ff

e concentration of dissolved nitrogen at which the number of
lumifiescenEPsintCsharplyHhercases 526 BaFpritas 886¢ribet aboved Thé Fiveiters dlsd edHfirmed
that such g lumipgacence-phenomenon was observedwith geod 20,repraducibility at theoom.

above-described concentration of dissolved nitrogen near 6.3 ‘ppm. Therefore, where the freguency of
the ultrasohft: waveS G50 RS Fihe diSébivéd Hitrogeh tonténtratibr mététiay Be calibrated as
described belaw; hy=setting the:cancentratiorn of dissblved mitregen-atwhicha@abropt:25:lueninescence

occurs to -2 pprm, 23 the copcential H"%Ié"ti% N dissglved jn.the,cleaning liguid is,gradually
increased. AlSG Tor the casé where the frequency of the ultrasonic waves used was set to 750 kHz, the
smﬂ@obggvgmmﬁpwékpﬁ@d@%yﬁssoived nitrogen in the unit ppm. The
vertical axis represents the number of measured luminescent
points. The number of luminescent points is calculated by
processing image data of the luminescence phenomenon measured
by luminescence detecting device 60 at image processing device
1s 1. As seen from Fig. 4, where the frequency of the ultrasonic
waves 1s 950 kHz, the concentration of dissolved nitrogen at
which the number of luminescent points sharply increases is 6.3
ppm, as described above. The inventors also confirmed that such
a luminescence phencmenon was observed with good
20 reproducibility at the above-described concentration of
dissolved nitrogen near 6.3 ppm. Therefore, where the frequency
of the ultrasonic waves 1is 950 kHz, the dissclved nitrogen
concentration meter may be calibrated as described below, by
setting the concentration of dissclved nitrogen at which abrupt
25  luminescence occurs to 6.3 ppm as the concentration of nitrogen

dissolved in the cleaning liguid i1s gradually increased.

Also for the case where the freguency of the ultrasonlc waves
used was set to 750 kHz, the same cbservations were made by
30 graduslly increasing the concentration of dissolved nitrogen

from 1.9 ppm to 14.9 ppm. As a result, where the freguency of
“he ultrasonic waves was 750 kHz, the concentration of
dissclved nitrogen at which the luminescence phenomenon
abruptly occurs was found to be 8.8 ppm. Fig. 5 shows

35 cobservation results plotted on a graph. In Fig. 5, the



30 gradually increasing the concentration of dissolved nitrogen from 1.9 ppm to 14.9 ppm. As a result,
where the frequency of the ultrasonic waves was 750 kHz, the concentration of dissolved nitrogen at
which the luminescence phenomenon abruptly occurs was found to be 8.8 ppm. Fig. 5 shows 35
observation results plotted on a graph. In Fig. 5, the;17 horizontal axis represents the concentration of
nitrogen dissolved in the cleaning liquid, as in Fici. 4. The horizontal axis shows concentrations of
dissolved nitrogen in the unit PPm. The vertical axis represents the number of measured 5

luminescent points. As seenfrom-g.<3whereihe frequency-aftherulsasonie wayes is 750 kHz, the
concentration of dissolyeddmnitrogewn at which the number of Iluwmiggescenﬁt pomﬁs sparﬁl)éinc;%qses is 8.8
ppm, as desarbedabove. THe invéitors RirtheReontimicd that arsd for the chse Whera ltFasonic
waves with a:sWdrequencyof 750:kHz were usedlas descriedhabiove; ¢he fuminescencetphenomenon

was obseryed with good teproqualaiily. Thetelus, where [he lisguency;ofibe Liffasenic waves is 750

kHz, the &isSolvedn ﬁogen concentration meter may be calibrated as descri dd below, by setting the
concentration ok s csohied pitrogen dwHieR AbAUFPTuRingscence'66cts 16' 8.8 pisiA s the °F
concentration of nitrggen disspivediin:the cheaning:ljquid is gradually increaseds in this wayythe
concentration of dissolved nitrogen at which 70 thg luminescence ghenomgnon &sorng{uminescence)
abruptly Beging Sitientthe Concentrafion 8F ritrbgen disdBivedSin the citaning liquid i< gradually
increased is-determinetlassa tigsolvedznitrdgen caneehtrdtionsrefétbrce valar ab the beginning of
luminescence gggrf%ghghcggcggggti%%gf disgolved nitragen. at 23 the beginning of luminescence is

defined hérein‘as the concentration of dissolved nitrogen at which the luminescence
(sondluminescente)ypienohiéndriabRpI 0EeaR Whel B EomEht@tieH ®f nitfsgen dissolved in the
solution that is-heing irradiated-with-ultrasqaic wavesis gradually inereased 30 Ehe dissolved. nitrogen

concentration reference value at the beginning of Iumjn% cence.is also defined as the cancentration of
dissolved hifrb§&n B the"BEdifning of IamMEseaRce (namély “the concentration of di“’égolvég nitrogen
at which thezluminescenee {Saraluminescence ypheranierort abrupty ®ccursyvien
calibrated azs described below, by setting the concentration of
15 dissolved nitrogen at which abrupt luminescence occurs to 8.8
ppm as the concentration of nitrogen dissolved in the cleaning
ligquid is gradually increased.
In this way, the concentration of dissolved nitrogen at which
20 +he luminescence phenomenon (sonoluminescence) abruptly begins
when the concentraticn of nitrogen dissolved in the cleaning
liguid is gradually increased is determined as a dissclved
nitrogen concentration reference value at the beginning of
luminescence (Cy). The concentration of dissolved nitrogen at
25  the beginning of luminescence is defined herein as the
concentration of dissolved nitrogen at which the luminescence
(sonoluminescence} phenomenon abruptly occurs when the
concentration of nitrogen dissolved in the sclution that is
being irradiated with ultrasonic waves is gradually increased.
36 The dissclved nitrogen concentration reference value at the
peginning of luminescence is also defined as the concentration
of dissolved nitrogen at the beginning of luminescence (namely,
the concentratiocn of dissolved nitrogen at which the
luminescence {(soncluminescence) phenomenon abruptly occurs when

35 the concentration of nitrogen disscived in the solution that 1s



35 the concentration of nitrogen dissolved in the solution that is 18 being irradiated with ultrasonic
waves is gradually increased), and as being measured, with the structure of the apparatus to be
measured being fixed under certain conditions, by using a dissolved nitrogen concentration meter
having accurate 5 measurement precision, such asi@ne immediately after adjustment by the
manufacturer. Examples of conditions for the apparatus include the ultrasonic frequency, the ultrasonic
intensity, the design of the water tank holding the solution, the amount of solution supplied, etc. 10
Next, as shewn in Fig: 4; a-step»f determining ardissalved pitroges concentatiomatrthe heginning of
luminescence (CA) with the dissplvge nitro en ggncenctratiog meter %o Qﬁecagbraég% %sucorldgucted.
Specificall§ Culfrisotic tedling apparatlis I is prépared having the same structlre as thaf of the
ultrasonie eleaningrapparatisusetiingtie above-described stepr(S10},dn svhighy thesdissolved nitrogen
concentratjon, @f&%f&%%%@%!féﬁte&@%%@%ﬁo% dissolved;nitragen congentration meter after about

5 months from adjustment by he 20 manufacturer) is installed. Ultrasonic cIeaningAappaLatusLl
inclublingrstie i e Gi8661ved PRtFegeP Soncentratitn niétér f6'BE Calidrated i@ incorperated mtea"
measurement systeaas shewndn Fig:abedeminescenee phenemenen was thepobsensed whilh
varying the gopcentration g_f dissol\lagd nitro en, as i\p th%{sée% %1,,0 ;QTEP{% trg% é:gggse@tratiq of
dissolved-Ritrogef is easured Gsihg the tisdoNed- Hitrogen concentration meter to be talibrated. in
this way, dhe: concenfration ofadissolvedritrogen at the: timeswhert: therlunifiescenee phehdmenon
begins to s%b”d Qyogc%{grgg@%!yede@gqgen concentration at the 30 beginning of luminescence (CA))
is measured. The frequency of the ultrasonic waves used herein is the same as that of the ultrasonic
wavis used in the above-described step (510). Specifically, the frequency of the ultrasonic waves is
950 kHz. )l this case,the.dissalved pifrogenLogeentratiorsat-therdhbieginaing of iuminescence (CA)
(namely, a measured value of the_19 L A e .
nitrogen concentratlcon at the keginning of luminescence (Ci)

with the dissoclved nitrogen concentratlon metser to De

calibrated is conducted. Specifically, ultrasonic cleaning
15 apparatus 1 1ls prepared having the same structure as that ol

asonic cleaning apparatus used in the above-described

step (S10), in which the dissolved nitrogen concentratlon meter

to be calibrated (for example, a dissolved nitrogen

concentration meter after about 5 months from adjustment by the
20 manufacturer) i1s installed. Ultrasonic cleaning apparatus 1

including such a dissolved nitrogen concentration meter to be

(8

alibrated

Q

].J

s incorporated into a measurement system as shown
&

in Fig. 3. The luminescence phenomencn was then observed while
varying the concentration of dissolved nitrogen, as in the step

25 {310} . Here, the concentration of dissclved nitrcgen 1is
measured using the dissolved nitrogen concentration meter to be
calibrated. In this way, the concentration of dissoclved
nitrogen at the time when the luminescence phenomenon bagins to
abruptly occur (dissclved nitrogen concentration at the

30 beginning of luminescence (Cg)) 1s measured. The frequency of
the ultrasonic waves used herein is the same as that of the
ultrasonic waves used in the above-described step (S10}.
Specifically, the frequency of the ultrasonic waves 1s 950 kiHz.

In this case, the dissolved nitrogen concentration at the

a3
Ln

beginning of luminescence {(Ci) (namely, a measured value of the



concentration of dissolved nitrogen at the beginning of luminescence) was 5.0 porn. Next, a step (530)
of calibrating the dissolved nitrogen 5 concentration meter shown in Fig. 1 is conducted. Specifically, a
calibration coefficient for calibrating a measured value obtained from the dissolved nitrogen
concentration meter to be calibrated is found from th¢ dissolved nitrogen concentration reference
value at the beginning of luminescence (C0) and the TO dissolved nitrogen concentration at the
beginning of luminescence (Cu) described above. That is, a concentration of dissolved nitrogen after
calibrating the measured value using the,calibrationcasfficient-taccueate after, galibration) (C,d) can be
found from a measured value of concentration of 15 dissolved nitrogen before calibration (Cmeas) and
a ratio of CH{I'EASEHIEA) Wicasuréd irfhe above-described step (510) and step (S20), in
accordance with the following equation: Cmeas >1 Co/CA 20 Since CO is 6.3 ppm and CA is 5.0 ppm

as descriggg @bogesl@e eq%igp s(glgwgq_a,q%vle,‘ig fxrgrea%gd @EJ%H%%C?E%'& g%r;gaenas X 6.3/5.0 25

. b £ e ke - T . i Pi
Accordinglv, ah accuraté concentration of dissolve itrogen can be found by converting a measured

valué obtaineeEfiemathe disseiiednifogen coficénttatioh métet i decordanceé Withisuehzan @quation

including the calibration ceefficient..For-example, 3Q with.aeqntrol device-that has received data of the
measured value from the dissolved nitrogen congentration meter, processing may be performed in
. oo £ e AT 1 aa [ 5 h e e e = 0N - . .
which anHechiratey daictiatedSatue® 6f dorcentration of dissoived nitf6ger’is Eaictiated by fultiplying
the measused walteday the catibratiof:ceeffidientdi ssolved nitrogen concentration
reference value at the beginning of luminescence (Cy) and The
10 dissolved nitrogen concentration at the beginning of
luminescence () described above. That is, a concentration of
dissolved nitrogen after calibrating the measured value using
the calibration coefficient (accurate after calibration) {(Cei)
can be found from a measured value of concentration of
15 dissolved nitrogsen before calibration {Creas) and a ratio of Cp
to Cp (Ce/Ch) measured in the above-described step (5107 and

step (5Z0), in accordance with the following eguation:

Cear = Creas ¥ Cp/Ca
20
Since Cypis .2 ppm and Cy 1s 5.0 ppm as described above, the
equation shown above 1s expressed as follows:
Ceal = Cheas * ©.3/3.0
25

Accordingly, an accurate concentraticn of dissolved nitrogen
can be found by converting a measured value cbtained from the
disscolved nitrogen concentration meter in accordance with such
an eguation including the calibration coefficient. For example,

36 with a contrel device that has receilved cata of the measursd
value from the dissolved nitrogen concentration meter,

processing may be performed in which an accurately calculated
3

valuse of concentration of dissolved nitrogen is calculated by

multiplying the measured value by the calibration ccefificient



20 as described above, and the calculated value is output to an external display device or the like.
Second Embodiment D Referring to Figs. 6 and 7, a method for measuring the concentration of
dissolved nitrogen according to the present invention and a cleaning apparatus according to the
present invention will be described. 10 As shown inskig. 6, in the Method for measuring the
concentration of dissolved nitrogen according to the present invention, a mgasutement step (5110) is
conducted first. Specifically, in the cleaning apparatus having an apparatus IS structure as shown in

Fig. 7, the luminescencepheparaencn is ehserved foria cleaning liquid in cleaning tank 20 of
ultrasonic cleaning apparatus 1. As shown in Fig. 7, the cleaning apparatus according to the present
invention%c‘:l%é@ﬁltfgjs%ﬁi’caéfeé?ﬁiﬁ@ HppaFatusa, daf€room 50, luminescence 20 detecting device
60, image processing device 61, and control device 70. As shown in Fig. 7, ultrasonic cleaning
apparatug féLCig Igésppos,edérllside dark room 50. Luminescence detecting device 60 is also disposed to

nt . . . . . .
face cleaning tank”ZIBDo?, Gftrasonic cleaning apparatus I. Luminescence detecting device 60 is
5

Referring to Figs. 6 and 7, a method for measuring the
concentration of dissclved nitrogen according to the present
invention and a cleaning apparatus according to the present
invention will be described.
10
As shown in Fig. €, in the method for measuring the
concentration of dissclved nitrogen according to the present
inventicn, a measuremeni step (5110} is conducted first.
Specifically, in the cleaning apparatus having an apparatus
15 structure as shown in Fig. 7, the luminescence phenomenon is
observed for a cleaning liguid in cleaning tank 20 of
ultrasonic cleaning apparatus 1. As shown in Filg. 7, the

cleaning apparatus according to the present invention inc

|-
o

des
ultrasonic cleaning apparatus 1, dark room 50, luminescence

20 destecting device 60, imags processing device 61, and control
device 7C. As shown in Fig. 7, ultrasonic cleaning apparatus 1
is disposed inside dark room 50. Luminescence detecting device
&0 is also disposeaed to face cleaning tank 20 of ultrasonic
cleaning apparatus 1. Luminescence detecting device 60 is

25 connected to image processing device 61. Image processing
device 61 is in turn connected to control device 70. Control
device 70 is connected to first supply valve 11 and second
supply valve 1Z constituting supply means 10 of ultrasonic
cleaning apparatus 1, via wires 71, 72, respsctively.

30
In such an apparatus structure, ulfrasonic waves having a
prescribed freguency (for example, 250 kHz) are applied to the
cleaning liguid from irradiation means 30 while supplying the
cleaning liguid to ultrasonic cleaning apparatus 1. In this

35 state, luminescence in the cleaning liguid 1s observed with



75 connected to image processing device 61. Image processing device 61 is in turn connected to
control device 70. Control device 70 is connected to first supply valve 11 and second supply valve 12
constituting supply means 10 of ultrasonic cleaning apparatus 1, via wires 71, 72, respectively. 30 In
such an apparatus structure, ultrasonic waves having a prescribed frequency (for example, 950 kHz)
are applied to the cleaning liquid from irradiation means 30 while supplying the cleaning liquid to
ultrasonic cleaning apparatus I. In this 35 state, luminescence in the cleaning liquid is observed with
21 luminesgenge detectingdevice 60, Measured data (image data) ebserved wdthluminescence
detecting device 60 is processed at image processing device 61, whereby the number of Juminescent
points is G&fved, Next & Complitation-stes ?ngfé)e%go%ﬂ?in ig-6s §§n&§ct&fo§§esc?f?c%lI@f‘from the
number of tummescentspaintsdfodrd imthetsStep 54 1@); thes cencentiationof nitrogeredissolved in the
cleaning liqui g%foygdé%%gqe%p. a correlation between the 10 concentration of dissolved nitrogen and
the number of luminescent points as shown in Fig. 4 or 5, which is associated with the ultrasonic
waves of the frequency used in the step (S110). For example, where the frequency at the ultrasonic
waves used:in the abeye-deseribed stepd 1Qkis 50 kiz:the 15 coreelation; between the ggncentration
of dissolved nitrogen and the number of luminescent points as shown. in Fir%iA' is o}bta&nqgﬁ in advance.
Where theHfequents of e affrdBonie wavB ised in +Hescent points foun

the step (8110}, the concentration of nitrogen dissolved in the

A bi

cleaning liguid is found based on a correlation betwsen the
10 concentration of dissclved nitrogen and the number of

luminescent points as shown in Fig. 4 or 5, which is assoclated

0]

with the ultrasonic waves of the frequency used in the step

{§110}. For example, where the freguency at the ultrasonic
wavag used in the above-described step (8110} 1s %50 kHz, ths
15 correlation between the concentration of dissclved nitrogen and
the number of luminescent points as shown in Fig. 4 1s obtained
in advance. Where the freguency of the ultrasonic waves used in

the above-described step (3110) is 750 kH

g

, the correlation
between the concentration of dissclved nitrogen and the number
20 of luminescent points as shown in Fig. D is obktained in

advance.

It is noted that the range of‘concentraticns in which the
concentration of dissclved nitrogen can be found by the above-

25 described method is a range of concentrations of dissolved
nitrogen in which the relatlon between the number of
juminescent points and the concentration of dissolved nitrogen
is & one~to-one correspondence. For example, in the case ¢f the
correlation shown in Fig. 4 (where the frequency of ultrasonl

30 waves is 930 kHz), the concentration of nitrogen dissclved in
the cleaning liquid can be determined with respect to a rangs
of concentrations of disscived nitrogen noet less than 6.3 pom
and not more than 9 ppm, by using the above-described

measurement method according to the present invention. In the

93]
wh

case of the correlation shown in Fig. 5 {where the freguency of



the above-described step (5110) is 750 kHz, the correlation between the concentration of dissolved
nitrogen and the number 20 of luminescent points as shown in Fig. 5 is obtained in advance. It is noted
that the range of concentrations in which the concentration of dissolved nitrogen can be found by the
above- 25 described method is a range of concentrations of dissolved nitrogen in which the relation
between the number of luminescent points and the concentration of dissolved nitrogen is a one-to-one
correspondence. For example, in the case of the correlation shown in Fig. 4 (where the frequency of

ultrasonic 30 waves,is 920, kHz); the;egncentration gf nittggen, dissolvedinthe cleaning.liquid can be

determined with respect to a rangeof concentrations of dissolved nitrogen not less than 6.3 ppm and
not moreth&R P, BY usitg the abBYEdeschilled nddsuRémeRthethbdSatbcording 16 & present
invention N ther3ngase of theearrelation shewr in Bigs S(whete the-frequencycaf 72 sifrasonic
waves is ,7hSO kI—éz)Bthe concer,_ltratign I% giéroggg diaso_lged in the}glp%nsiqglliquig cagbl%%ggtermined

with respjécfEL toa fang‘oc-*l-3 Of Edncentrations of dissolved nltrgé:érﬁ’notiless than 8. eppm and not more

thans15.0ippmy by esimethelatiover 5 destribed nigasurérmerntmettod: In s wayt with réspect to a

range where the relatjon between the number.of duminescent peiats and the.cancentration of dissolved
nitrogen is on a one-to-one basis (for example, has a proportional relation), the concentration of

nitrogen 8is8ived iR the Brrafmiydifuid: TaniW B foihdFroni 2 mBasdredFBsalf of the'niihber of

luminescentpEIBtSsasis (for example, has a proportional relation), the
concentration of nitrogen dissolved in the cleaning liquid can
10 be found from a measured result of the number of luminescent

points.

With respect to the relation between the number of luminescent
points and the concentration of dissolved nitrogen in the graph

15 shown in Fig. 4 or 5, precision can be improved by increasing
the number of levels of concentrations of dissclved nitrogen at
which measurements are conducted to lncrease the numbsr of
items of data. Alternatively, relational expressicon between
the number of luminescent points and the concentration of

20 dissclved nitrogen may be found approximately from a prescribed
number of items of experimental data, and the concentration of
dissclved nitrogen may be found from the number of luminescent

points based on the relaticnal expression.

[
th

Where the concentration of dissclved nitrogen is found by
computation in the computation step (8120), the concentration

ot

f nitrogen dissolved in the cleaning ligquid in ultrasonic

O

cleaning apparatus 1 can also be controlied to give a
prescribed value (set value). For example, the above-described
tep (5120) may be conducted at control device 70 shown in Fig.

s
7 to find a current value of concentration of dissolved

b
E
bt -

trogen, which is subseguently compared with the set valus,

1

and first supply valve 11 and second supply valive 1Z may be

il

controlled by control device 70 so as to reduce the differe

)

ce.

35 In this way, feedback contrcl can be performed so as to make



With respect to the relation between the number of luminescent points and the concentration of
dissolved nitrogen in the graph shown in Fig. 4 or 5, precision can be improved by increasing the
number of levels of concentrations of dissolved nitrogen at which measurements are conducted to
increase the number of Items of data. Alternativelya relational expression between the number of
luminescent points and the concentration of 20 dissolved nitrogen may be found approximately from a
prescribed number Of items of experimental data, and the concentration of dissolved nitrogen may be
found from, the-number of kiminescent points; based ondhe selational iexpression. 76 Whete the
concentration of dissolved nitrogen is found px computation in the,coér_ny{)utation step (§120), the
concentrafio? of AtrSYeh HiSsoived hthe diéaring fiquid R Litratonic¢l&aring apparatus 1 can also be
controlled to give a prescribed value (set value). For example, the above-described 30 step (8120)
may be conducted at control devige 70 shaywn.in;Fg. 7 fa find gqustent value.of cancentration of
dissolved nitrogen, whic 'is subsequently compared with the set value, and first supply valve 11 and
second supplyalve 12 raay be Confrolled by eohtferdévice 70 30%stdTedEce tiedifférence. 35 In
this way, feedhack-control ¢an-be performediso asteimake 23 the concentratipnofniteegen:dissolved
in the cleaning IL ui@iqultrasogic cleaning a paratus 1“a§pproach the ng value. In grin?]iple the
phenoméifon i Wiieh abriptlaminestence Blocturd it a présdibed Conéentfation of 4 disSolved gas
as describedaboyeliy simitarty, produced-also id the:tdse where argasctherthanuiitrogen, for
example, 3 malgculgr gas such as oxygen, fydrogen..or caghop digxide, ot.a Agble gas such as helium
or argon, Is dissolved in the liquid. Therefore, the ,

10 dissolved gas to be measured by the present inventlon is not

limited to nitrogen, and the present invention is also
applicable to cases where other gases are dissolved in the

liguid.

et
wh

Characteristic features of the present invention will now be
listed although they may partly overlap with the embodiments

described above.

A cazlibration method according to this invention is a
20 calibration method for calibrating dissolved nitrogen
concentration meter 43 serving &s a measurement device for

measuring a concentration of a gas dissclved in & liguid, which

o

ncludes the followlng steps. That is, the step (510) of

Evl

C

varying the concentration of the gas (nitrogen) dissclved in
25  the liguid {(cleaning liguid), and predetermining, as a
reference concentration (dissolved nitrogen concentraticn
reference value at the beginning of luminescence (Cp)), a
concentration of the gas at which an intensity of luminescence
produced when the licguild is irradiated with ultrasonic waves
30  shows a peak, 1s conducted. Next, the step (520) of measuring
the concentration of nitrogen in the cleaning liguid with the
measurement device tc be calibrated (dissoclved nitrogen
concentration meter 43} when the intensity of the luminescence

shows a peak by irradiating the liguid with ultrasonic waves

L)
n

while varying the concentration of the gas in the liguid, o



10 dissolved gas to be measured by the present invention is not limited to nitrogen, and the present
invention is also applicable to cases where other gases are dissolved in the liquid. Characteristic
features of the present invention will now be listed although they may partly overlap with the
embodiments described above. A. calibration methag according to this invention is a 20 calibration
method for calibrating dissolved nitrogen concentration meter 43 serving as a measurement device for
measuring a concentration of a gas dissolved in a liquid, which includes the following steps. That is,

the step (H10) of varying thescencentration of the gas (nittegen):dissolved =25 theliguid (cleaning
liquid), and predetermining, as a reference concentration (dissolved Qitrogen concentration reference
value at the"Beginnifig of lUnfin8&Cercd (€0 BdoneBnithtion 6f thegad at\¥hich an intensity of
luminescenee producedavhen the liquiddsirradiated wittheltrasenic Waies 30Eshaws apeaknis
conducte Nex(, 116, s(gp (520) 01, measuring Ine cqngentratian pf nitagen. the cleaoing liquid with
the measurement device to be cali rateJ?dissoIve nitrogen concentration meter 43) when the
intensity 6PthedtifniifdseencEshows B pedle by ifradiatiigFtHasRETF Rith Uittasonicwages 35%while
varying the eencentration of the gas in the-liquid, te<24 determing a measwred yalue ofdhe,
concentration of nitrogen (dissolved nitrogen concentration at the peginning of luminescence (CA)), is
conducted Fh& Step’ (830) 0t Calibrating thé eadireientdevics 1o be Eg%r%ted (dissolved nitrogen

concentration reference value at the beginning of luminescences
(Co)) is conducted. In the predetermining step (510) described

10 above, any method capable of accurately measuring the
concentration can be used as a method for measuring the
concentration of the gas dissclved in the liguid. For example,
in the predetermining step (510) described above, a dissclved
nitrogen concentration meter of the same type as dissclved

15 nitrogen concentration meter 43 to be measured, having the
setting at the time of shipment from the factory (namely, a
disscolved nitrogen concentration meter capable of accurate
mezsurement that has just peen subjected to adjustment by the

manufacturer), may bs used

In this way, dissclved nitrogen concentration meter 43 can be

calibrated easily and accurately by utilizing sonoluminescence.

In the above-descrined calibration method, in th

25 step (S30), & correction coefficient (ratic of Cp to Cu (Co/Ca))
for correcting data cutput from dissolved nitrogen
concentration meter 43 may be determined based on the measured
value (concentration of dissolved nitrogen at the beginning oi
luminescence {(Cn)) and the reference concentration (disscived

30 nitrogen concentration reference value at the beginning of
luminescence (Cq)). In this case, an accurate value of tThe
concentration of a gas dissolved in the liguid can be obtained
by multiplying the data output from the measurement device by

the correction coefflicient.



5 concentration meter 43) based on the measured value (dissolved nitrogen concentration at the
beginning of luminescence (CA)) and the reference concentration (dissolved nitrogen concentration
reference value at the beginning of luminescence (Co)) is conducted. In the predetermining step (310)
described W above, any method capable of accuratgly measuring the concentration can be used as a
method for measuring the concentration of the gas dissolved in the liquid. For example, in the
predetermining step (510) described above, a dissolved nitrogen concentration meter of the same type
as dissolyed 15 nitgegen-concentration meter 4346 bermeaswed, haviag the setting at thetime of
shipment from the factory (namely, a dissolved nitrogen concentration meter capable of accurate
measurerment tat hag jost BEEnSubjééed to éaju%{%éﬁtzﬁfthaesngndﬁ&hﬁéﬁ}),]rﬁay\/f bé uded. 20 In this
way, dissolyeenitrégen eancenttaticmrnieter A3 canrbe Calibratetheasilyandzaccurateysne utilizing
sonolumiggscence: I e ahovedescied calibration mefhod. iy the galibratian 25sfen (330). a
correction coefficient (ratio of Co to"CA (CO/CA)) for correcting data output from dissolved nitrogen
concentratisrEmeter aEmay beidetermiffed-bastd-on e rheasuredialue: fdontentration 6f dissolved
nitrogen atthe beginnirg of umineseence (CA)) and $he eference-concentration (dissolved 30
nitrogen concentration reference value at the beginning of luminescence (CO0)). In this case, an
accurate value of the concentration of a gas dissolved in the liquid can be obtained by multiplying the
data outpLit fronethermeasurement device=lyi thezgorrection coefficierite intensity of

luminescence 1s measured using either one of an image
10 intensifier and a photomultipiier tube. In this case, even when
the intensity of luminescence produced when the cleaning ligquid

s irradiated with ultrasonic waves 1s weak, the intensity of

;,MJ‘

The luminescence can be measured relatively accurately.

15 In the above-mentioned calibration method, the gas may be
nitrogen. In case of nitrogen, the concentration as dissclved
in the liguid (cleaning Iiguid) is difficult to measure stably
wiﬁh good precision, as compared with other gases such as
oxygen. According to the present invention, the measurement

20 precision of the dissolved concentration can be malntained

high, thus resulting in a particularly remarkable effect of the

present invention 1f the dissolved gas 1s nitrogen.

In the above-described calibration method, the licuid may be a

25 measurement device may be incliuded in the cleaning apparatus
(Uitrasonic cleaning apparatus 1) for cleaning the
semiconductor substrate (wafer W), as shown in Fig. 2. In this
case, the measurement precision of the measurement device can
pe maintained high, by applying the calibration method

30 according to the present invention to calibration of the
measurement device (dissolved nitrogen concentration meter 43
for measuring the concentration of a prescribed gas dissolved

in the cleaning liguid in ultrasonic cleaning apparatus 1.



25 In the above-described calibration method, the above-described liquid may be water. Water is
utilized as a medium in various types of treatment, and a calibration method for a measurement device
for measuring the concentration of a gas dissolved in water finds a wide range of applications, and
therefore, the present invention can be effectively uijlized. In the above-described calibration method,
the intensity of luminescence is measured using either one of an image rn intensifier and a
photomultiplier tube. In this case, even when the intensity of luminescence produced when the
cleaning ligyid.is Irradiatad with wirasonic waves is:weak, itbe infensity: ef-theduminescence can be
measured relativﬂ%/aactcuratg%#n Lhevabove‘;mg_pti%n c;l\galéborralltior]ll Qw%@q%,rthe gas may be nitrogen.
In case JFHitToGe. the cORcettration ad diagoivad ih the liquid (ceaning Tiquid) is difficult to measure
stably withfgaod: peenision, as tompared witls othererases stch aswixygén lAesording to the present
invention, the measurement 20 precision of the-dissolyed congentrationcan bemaintained high, thus

resulting in a particularly remarkable effect of the present _inventign if the dissolved gas is nitrogen. In
the dbové teseHBEAEaforatiBR méthod, thediguitbiay be d crantiyiguid for deaning a
semicondugternsubsirate. The 2bmaeasurement deviee maytbe inclugeckin the eleaning apparatus
(ultrasonic cleaning apparatus 1% for cleanig the §%r£1:isccglpdgctoar §ugs%ate w(yvaf%rfwg, as shown in Fig.

2. In this Ta8s fhe meastirelent precision W

precision o the measurenient device can be maintained high, by
applying thencalibratiorr method 86 rcording torthecprésentinvention oscalibrationBrtRe t 1ng
meas‘%reg‘ee@wg_vié% (dissolved nitrogen, concentration meter, 43). for measuringthe ceneentration of a
prescribed gas dissolved in the cleaning liquid in ultrasonic cleaning apparatus .

10 luminescence (the number of luminescent points) 1s conducted.
Next, a step (computation step (5120)) of deriving the
concentration of the gas dissolved 1n the cleaning ligquid from
the measured value of the intensity of the luminescence (the
measured data of the number of luminescent points) based on a

15 previously found correlation between the concentration of the
gas (nitrogen) dissclved in the liguid (cleaning liquid) as
shown in Fig. 4 or 5 and the intensity of the luminescence (for
example, the number of luminescent points) produced when the
liguid (cleaning liguid) is irradiated with ultrasonic waves is

20 conducted.

In this way, with respect to the range of concentrations o©f the
gas having the correlation shown.in Fig. 4, Fig. 5, or the like
petween the intensity of the luminescence {(data of the number
25 of luminescent points) due to soncluminescence in the liquid
(cleaning liquid) and the concentration of the gas (nitrogen)
dissclved in the licquid (cleaning liguid), the concentration of
the gas dissolved (concentration of dissolved nitrogen) in the
ligquid {cleaning liguid) can be readily found from the
T

30  intensity of the luminescence (data of the number of

Juminescent points).

In the above-described measurement method, the derived range of
concentrations of the gas (nitrogen) is preferably in a range

35 in which the correlaticn shown in Fig. 4 or > shows & one-to-



26 A measurement method according to this invention is a measurement method for measuring the
concentration of a gas (for example, nitrogen) dissolved in a liquid (cleaning liquid), which includes the
following steps. That is, a step (measurement step (S110)) of measuring an intensity of luminescence
produced by irradiating the liquid (cleaning liquid) to,be measured with ultrasonic waves by way of a
luminescence intensity measuring device (luminescence detecti, device 60) to obtain a measured
value of the intensity of the 10 luminescence (the number of luminescent points) is conducted. Next, a

step (computation. step (5120))-0f dehg the, cancentration of the gas dissolyed inthe cleaning liquid

from the measured value of the intensity of the luminescence (the measured data of the number of
luminesceREPGIRTS} based ond previvtisly feund dofre¥stivh Betiveen the thbReentraticn“ofth& gas
(nitrogen) dissakveddn the liquid (cleaning liguid) asishowreindigA ot biandrthedntensity. ek the
luminesce ce‘gor example the nurpbgggf Iumlnggcsesnt points) produced Whﬁ—‘{‘ thelcl)qud (cleaning

liquid) is irfadli 88%%%@%%&% Waves s 20 conducted’ I tﬁig%é’y?%vlfhar“es%%ct to the range of
concentrationscafahe s dravingrthe cortelation: shiovwh icRigz4 1Fig. 5; arnthe)likesvetween the

intensity of.the luminescence daig of the number 25.0f luminescentpoints). due fo sgnolumirescence

in the liquid (cleaning liquid) and the concentration of the gas (nitrogen) dissolved in the liquid
(cleaningligtid) “tHecoritentrafion 6F fie'ga$ais86ved (concentration of dissolved nitrogen) in the
liquid (cleaning liquid) can be readily found from the 30intensity of the luminescence (data of the
number o .Iurwf@ergg%nt %Oint§)jatlﬂ th%ggo%%descr{beedcmfas%ﬁ?m% t.method, the derived range of
concentrations of the %as?ﬁﬁ‘rogen)sls pre?era[%l?/(%n arange 35N WT]I%h the corrélation shown in Fig. 4
or 5$howsc@oneitos for cleaning wafer W shown in Fig. 7 using the above-
described measurement method, which includes cleaning tank 20,
the ultrasonic generating unit (irradiation means 30), the
luminescence intensity measuring device {luminescence detecting
device 60), and the processing unit (contrcl device 70). The
15 cleaning tank 20 holds the cleaning liquid for cleaning the
substrate {(wafer W). The ultrasonic generating unit
(irradiation means 30) is for irradisting the clesaning liguid
with ultrasonic waves and generates ultrasonic waves.
Irradiation means 30 is connected to cleaning tank 20 via mediz
20 capable of transmitting ultrasonic waves to the cleaning liguid
in cleaning tank Z0 {(water held in coupling tank 21 and the
bottom wall of cleaning tank 20). The luminescence intensity
measuring device (luminescence detecting device 60) mesasures
the intensity of luminescence produced when the c¢leaning liguid
25 iz irradiated with ultrasonic waves. The processing unit
{control device 70) derives the concentration of a dissolved
gas (concentration of dissolved nitrogen ) in the cleaning
liguid from a measured value of the intensity of the
luminescence measured by luminescence detecting device 60 (the
30 number of luminescent points computed by image processing
device 613 and from the previously found correlation as shown
in Fig. 4 or 5 between the concentration of the dissclved gas
(concentration of disscived nitrogen) in the cleaning liguid
and the intensity of the luminescence (the number of

15 luminescent points).



one correspondence between the concentration of the gas (concentration of dissolved nitrogen) and
the intensity of the luminescence (the number of luminescent points). In this case, the concentration of
the gas dissolved (concentration of nitrogen dissolved) in the liquid (cleaning liquid) can be reliably
found from the intensity of the luminescence (data ¢f the number of luminescepoints). A cleaning
apparatus according to this invention is an 10 apparatus for cleaning wafer W shown in Fig. 7 using
the above-described measurement method, which includes cleaning tank 20, the ultrasonic generating
unit (irradiation means 30), the luminescence intensity measuring device (luminescence detecting
device 60), and the processing unit (control device 70). The 15 cleaning tank 20 holds the cleaning
liquid for ledring tHE*8ubstiate Brafe? WY ahetiradorit GeRérating unit® Bfradiation Tealis’30) is for
irradiatingthe leaning:liguid withcnltrasenie waves anek-generatesadtsasonic Waves.trradiation means
30 is connected to cleaning }t%nééoryiaargegia 20 ?%B%blg of fransmitting ultrasonic waves to the
cleaning ﬁadde%rs\tTé/ancfng tank ?Wfﬁ‘ér heldin cotipling Fan}ﬁ 71 and :tLhe bottom wall of cleaning tank
20). The turhinestenceintensitymeéasuringedevice (luiinescened detetting deviceBl) fheasures the
intensity of lumipescence produced when the cleaning,liquid 25)is irgadiatedhwith ultrasonic waves. The
processing unit (control device 70) derives the concentration of a dissolved gas (concentration of
dissolvedRitrogen ) 4f e SIRENIY liglifd FEATATTEASUTES value Of THE rtérsity?of the luminescence
measured hyluminescence detecting devices6Q (the 30 numlierofdumirescent paints:cemputed by
image prog—;ssir%% d_e\éice ji%% arqcli jrlpc% tr}\_e ggeﬁvri\o%s*l%faoz_quﬁcoCr;re?Lat%og as, ds;ﬁ?;vé’@é“; Fig. 4 or5
between the Goncentration of the dissolved gas (concentration of dissolve nitrogeﬁ)yin the cleaning
liquid and treesiptehsityof thedumireseenes (thelnurmbertofa5abfmndstent paints). 28 Inhis way, the
concentration of.the gas.(nitragen) disselved-in.the cleaningliquid gan he accusately measured from

the intensity of the luminescence (the number of luminescent Lo
ThHe concentration ©of dissclved nitrogen 1s wlthin an

appropriate range.

15 The above-describsd cleaning apparatus may further include a
supply unit {supply means 10) for supplying the cleaning liguid
to cleaning tank 20. The processing unit (control device 70)
may control the concentration of the abova—mehtioned gas
(concentration of nitrogen dissolved) in the cleaning liguid

20  supplied from supply means 10, in accordance with the derived
concentration of the gas {(concentratlon of dissolved nitrogen).
In this case, the concentration of nitrogen in the cleaning
liguid can be adjusted so as to improve the characteristic

-y

iguld affected by the

}....I

{cleaning capability) of the cleaning
25 nitrogen concentration. Conseguently, a cleaning apparatus

exhibiting improved cleaning capability can be realized.

It should be understood that the embodiments disclosed herein
are illustrative and non-restrictive in every respect. The

3¢ scope of the present invention is defined by the terms of the
claims, rather than by the foregoing description, and 1s
intended to include any modifications within the scope and

meaning eqguivalent to the terms of the claims.

35 Industrial Availability



5 points) due to sonoluminescence, thus enabling the nitrogen concentration in the cleaning liquid to
be accurately controlled based on the measured result. Therefore, a characteristic (cleaning capability)
of the cleaning liquid affected by the nitrogen concentration can be accurately W grasped, and the
characteristic of the cleaning liquid can be kept satisfactory by adjusting the cleaningquid such that the
concentration of dissolved nitrogen is within an appropriate range. 15 The above-described cleaning
apparatus may further include a supply unit (supply means 10) for supplying the cleaning liquid to
cleaning tank 20. The processing unit (control device 70) may control the concentration of the
above-mentioned gas (concentration of nitrogen dissolved) in the cleaning liquid 20 supplied from
supply mean§ 180 FFaccdttance with the Gervéd Borcentration of fie gas (E6Hcentration of dissolved
nitrogen)a In-this:ease; the sepeenteationcofaitcogerkin the cleaning liquid<anibe adjustedtseas to
mprove (he.charadienists (clsaning capaniliy) ot e dleaning lguid Aedted DY the, 25 trogen
concentratlon.ec?onsequently, a Cleaning apparatus exhi iting improved cleaning capability can be
realized. Mestould:Be understood that the embodiments disclosed herein are illustrative and
non-restrictive in every respect. The 30 scope of the present invention is defined by the terms of the
claims, rather than by the foregoing description, and is



intended to include any modifications within the scope and meaning equivalent to the terms of the
claims. Industrial Availability 29 This invention can be advantageously applied, in particular, to a
cleaning apparatus and the like using a liquid, in which the concentration of a gas dissolved in the
liquid needs to be 5 measured. 30 Claims 1.Ac I[g)ration method for calibrating a measurement
device for measuring a concentration of a gas dissolved in a liquid, 5 comprising the steps of:
gradually increasing the concentration of said gas dissolved in said liquid, detecting the luminescence
producedrwhemnsaid liquid is irradiated with ultrasonic waves, measuring the concentration of said gas
dissolved in said liquid with a 10 measurement device capable of accurate measurement and
predetermining, as a reference concentration, a concentration of said gas at which an intensity of
luminescenceé:seadeily andabruptymtréasess sgradualty. increasing: thereancentration of siid-gas in
said measuring a concentration of a gas dissolved in a liguid,
5 comprising the steps of:
~ gradually increasing the concentration of said gas dissoclved
in said Iiguid, detecting the Iuminescence produced when said
ligquid ig dirradiated with ultrasonic waves, measuring the
cencentration of said gas dissclved in said liguid with a
10 measurement device capable of accurate measurement and
predetermining, as a reference concentration, a concentration of
said gas at which an intensity of luminescence suddenly and
abruptly increzages;
- gradually increasing the concentration of said gas in said
15 liguid, detecting the luminescence produced when said liguid is
irradiated with ultrasonic waves and measuring the concentration
of said gas in said liguid with said measurement device to be
calibrated when the intensity of said luminescence suddenly and
abruptly increases, to determine a neasured wvalue of the
20 concentraticn of said gas at which an intensity of luminescence
suddenly and abruptly increases; and
- calibrating said measurement device based on said measured

value and sald reference concentration.

25. 2. The calibration method according toe claim 1, wherein saild

licuid is water.

3. The calibration method according to claim 1 or 2, wherein the
intensity of said luminescence is measured using either one of

3¢ an image intensifier and a photomultiplier tube.



15 liquid, detecting the luminescence produced when said liquid is irradiated with ultrasonic waves and
measuring the concentration of said gas in said liquid with said measurement device to be calibrated
when the intensity of said luminescence suddenly and abruptly increases, to determine a measured
value of the 20 concentration of said gas at which %q intensity of luminescence suddenly and abruptly
increases; and calibrating said measurement devi¢e based on said measured value and said
reference concentration. 25 2. The calibration method according to claim 1, wherein said liquid is
water. 3.Thealibratiopanethodaecneding (e slaimnl ok 2, wherein the-intensity of said- 3
luminescence is, measured using either one of 30 an image intensifier and a photomultiplier tube. 31
4. The calibration method %%cszord?ngn%otgﬁg%ﬂe of claims 1 to 3, wherein said gas is nitrogen. 5. The
calibration method according to any one of claims 1 to 4, 5 wherein said liquid is a cleaning liquid for
cleaning g_sephd ogggqgrﬁgbstrateéqu aid mea urem%rcl)t device is included in, a cleaning gPparatus

for cleaning said semiconductor substrate. 37 ABstract sHy one ot Bt

5 wherein said liquid is a cleaning liquid for cleaning =&
semiconducter substrate, and said measurement device is included
in a «cleaning apparatus Zfor <cleaning said semiconductor

substrate.



Cleaning Apparatus, Measurement Method and Calibration Method 5 Subject: To provide a cleaning
apparatus capable of cleaning substrates effectively and stably, a method for calibrating a device for
measuring the concentration of a dissolved gas used in the cleaning apparatus, and a measurement
method for measuring the concentration of a dissolved gas. 10 Solving Means: A calibration method
according to this invention is a calibration method for calibrating a measurement device for measuring
a concentration of a gas dissolved in a liquid. In the calibration method, a step (510) of varying the 15
concentration of the gas dissolved in the liquid zgnd-predetermining, as a reference concentration, a
concentration of the gas at which an intensity of luminescence produced when the liquid is irradiated
with ultrasonic waves shows a peak, is conducted. Next, a step (S20) of measuring a concentration of
20 the gasdn ganligitid Avitbethe tmeasiMe smnt dewice thideloadibeaied Qakikthe tritensitiedhting
luminescence shows a peak by irradiating the liquid with ultrasonic waves while varying the
concentration of the gas in the liquid, to determine a measured value of the concentration of the gas, is
conducteduA 125 step {830y 6Fédlbratirty the meas erTeht Hevice 16 becalibfatéd Haged an the

measured value-and.thesreference concentrationis conductedc higs 1ror calibrating a
device for measuring the concentration of a dissolved gas used
in the cleaning apparatus, and a measurement method for

measuring the concentration of a disscolved gas.

Solving Means: A calibration method according to this invention
is a calibration method for calibrating a measuremeni device
for measuring a concentration of a gas dissclved in a iiqdid‘
In the calibration method, a step (3810} of varying the

15 concentration of the gas dissolved in the liguid, and
predetermining, as a reference concentration, a concentration
of the gas at which an intensity of luminescence produced when
the liguid is irradiated with ultrasonic waves shows a peak, 1s
conducted. Next, a step (520} of measuring a concentration of

20 the gas in the liguid with the measursment device to be
calibrated when the intensity of the luminescence shows a peak
by ilrradiaeting the liguid with ultrasonic waves while varying
the concentration of the gas in the liguid, to determine a

measured value of the concentration of the gas, 1s conducted. A

o]
Ly

step (530) of calibrating the measursment device to be
calibrated based on the measured valus and the referencs

concentration is conducted.

Fig. 1



