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 clehning liquid used in the cleaning apparatus, and a
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 typeOremsinpe-MaRa 1953 Ras Hea A toaveRto AT R o d CRtdREr o MBI RS the

substrates organic substances, metal impurities, particles (fine particles), native oxide film, and 20 the
like that ma)écauszldef,ec%s] in semiconductor devices. In such processes for cleaning substrates,

various BpERY earinG it

ethods 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 sybstrate is dipped in 2 cleaning liquid-centained in a-cleaning tank angkthesleaning liquid in
which the substrate is dipped is irradiated with ultrasonic waves having a tr,eqUﬂC around 1 MHz,
ic

referred 6 B2 FhegdsdnitsCat s B gerérally bafdved that et Gsé BEtitrashic Waves Faving a
frequencgy-grouneh s MiHz-can inerease thescleaning effectomsubmicron-sizesmicropargicies on the
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concentration of arga“s disso in"a'cleaning liquid affects the removal efficiency for foreign

substances such. as particlds. For @xaffple, ithadbeén kRoWAThatWRER pafticlés'are®removed from

subgtrates by Using,5 ulttapure water.as acleaning liguid, ane irradiatingthenultrabure water with
‘megasonics, the particle rer+noval efficiency from the substrates is affected by the concentration of
nitrogen"dissohrd it theeaify liquid. More

Background Art

15 In a process for manufacturing substrates such as silicon
wafers, a process for cleaning substrates such as a dip type or
a single-wafer type has been conventlonally performed, in order
+o remove from the substrates organic substances, metal
impurities, particles (fine particles), native oxide film, and

20 the like that may cause defects in semiconductor devices.

Tn such processes for cleaning substrates, varilous types of
cleaning methods are used to sult thelr 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 ligquid contalned in a
cleaning tank, and the cleaning liquid in which the substrate
is dipped is irradiated with ultrasonic waves having a
frequency around 1 Miz, referred to as "megascnics". It is

30 generally believed that the use of ultrasonic waves having &
frequency around 1 MHz can increase the cleaning effect on
submicron~size microparticles on the surface of a substrate,

while reducing damage to the substrate.



specifically, when the concentration of nitrogen dissolved in 10 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 cfeaning liquid is 15 monitored in the cleaning
process, and the concentration of the gas dissolved in the cleaning liquid is controlled to be within a

certain range. Conventionally, a method has been known in which agas %O gpm&g)fgggcqg}ained ina
fluid mediurh ISintRRucEa TS a-fsteplorThfotigh™d polymer tnémbrane. and the concentration of the
gas componest is eajculated basetf en aschangerinrthermal €bAdadtivity within tHe rsceptor (Japanese
Patent Laying-Open No. 1991:176640), Thus, 2 methad in.which the concenfeation efcaRnitrogen
dissolved'in a gle‘anlngﬁlqwd IS monitored using this measurement method is being conducted.
Problents tetBer Solveekby: el verticn 30 TheedeiceTor tHEaSUrmbthe tonténtidtion of dissolved

nitrggenﬁwm@%@@@m@gf Japanese Ratent kayiag-Open Nerk39117664@ has problems with
the stability of measurement precision, and thereioretj'lserecom&%qdeedrtgﬂgggiwye an annual calibration
test conH&d@@Wﬁle“fﬁﬁﬁﬁfa‘ﬁfuﬁ’Er.Wcﬁﬁesvoe?,l iA°35 View & the Triventors experience of using the

device fers 8imeasuring thercancentration of dissolvedaifregarerors i ineaBufed valaes ficrease

from 20 to.40 % In one year. Far fhis reason,dn ordet to accyraely.measue the concentration of
dissolved nlfrogen,C%t IS necessary to calibrate the device 5 with a frequenc;clj1 higher tg%p ghnat

reconwn@@@@@quﬁé}ﬂamﬁg@@”é@e concentration of nitrogen UissciV

10 the cleaning liguid 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 cf a dissolved gas such as the
concentration of nitrogen dissolved in the cleaning ligquid is

15 monitored in the cleaning process, and the concentration of the
gas dissclved in the cleaning liquid is controlled to be within

a certaln range.

Copventionalily, a method has been known in which a gas
20 component contained in a fluid medium is introduced into a
receptor through a polymer membrane, and the concentration of
the gas component is calculated based on a change in thermal
conductivity within the receptor (Japanese FPatent Laying-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 is being conducted.
Problems to Be Solved by the Invention

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

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



On the other hand, the method for calibrating the device for measuring the concentration of dissolved
nitrogen performed by M 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 device using the above-described method during running of a
cleaning apparatus incorporating the devijce for megsuring th congentration of dissolved nitrogen, or
during iMtEARIE befvediFcleahing stéps: That & it%asssgo%@% tionally 5edn difficulttd perform
calibratipn 9 the-devige ferameasuring:20 thescoricentratién of dissotved nittegen Basilyand frequently.
Therefore, n. order t9 realize accurate measuremant of the.cancentration. of dissolyeddtrogen, it i

essential 1 find & metho aﬁrowmg a user of a measurement device to easily 25 calibrate the device
during reriring bf acledningapparatiis bF difNG fitéals betidenTéaring dfefdS foriccurate
measurgment of the concentration;atdissolved pitrogen: Further dindingysuchea calibration method is
important since it will also lead to improved stability of measurement 30 precision for a measurement
device ffﬂaﬁﬁﬁééw fife concentration of a dissolved gas other than dissolved nitrogen.
Furthermore, in order to accurately and stably measure the concentration of a dissolved gas such as

dissolved pitrgen.as, 75 deseribed aboye.4 gaw Bethoghfopmeasking acogeniation of 4 a

dissolved gas having exc fent stabi ity of measurement precision is desired. By gtilizin%such a
measuremestmétiod-inavisien Canbrafion oF adeVibe it hsasuring H66Hcentratioh Bf a digsolved gas
is frgquently performed: gr-whichshas excellent stability: ebmeasuremertt precisiont: it wilt be possible to

reliably clean substrates while keeping conditions for cleaping the substrates satisfactpy.
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 neasuring the
concentration of dissolved nitrogen, or during intervals
pbatween cleaning Steps.‘That is, it has conventicnally been
difficult to perform calibration of the device for measuring

50 +the concentration of disscolved nitrogen easily and freguently.

Therefore, in order to realize accurate measurement of the
concentration of dissolved nitrogen, it is essential to find a
method allowing a user of a measurement device to easily

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

30 precision for a measurement device Ior measuring the

concentration of a dissolved gas other than dissolved 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



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 a device for measuring a Is concentration of a dissolved gas used in the cleaning
apparatus, and a method for measuring a concentration of a dissolved gas. Means for Solving the
Problems 20 The inventors conducted detailed studies of the relation between a concentration of a gas
dissolved in a liquid and a luminescence intensity of a Iuminescenceyhenomenon produced when the
liquid is irratiated Witrultragohie Wave s25(8onsilmindscenté | antlcorsegtéftiFédmpleted the
present &\/gggqu.o'lfhaﬂ; ds,4be jnventors 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 iriventerscalse fourmkthat sabsequent futther indrease irethBosoricentratién of a
dissplved gas epuges e lminesaenee;nissieity to oradually dectease SMaseovaras @ result of the
e

inventors' studies, it was found that the concentration of a dissolved gas at which luminescence
phenomé&rGriBEEUrs SUBBEAR EtFabruptly 2 destABed ab6ve ahays-shows & Certhin value when
other 5 conditions-{forexample sthe-frequeney of ullkaseniczwaves with wich: tie/liquie isirradiated,
the intensity of the ultrasonic waves (Xvatt densci:ity),, tgg &Eypﬁo?:f %I rgs%riig tra{lgigu%%rbghcevgmé)émt of
liquid suppfied; the fquititémperature. tHe Size or shape ((“:iesign§ of the vessel holding the liquid, the
internal Wastiuctaretafithe vessel (for example, the placement of jigs installed within the vessel), etc.)
are gonstant. By utilizing this phenomenon, it is possible to calibrate a measurement device for

measuring the concentration of a dissolved gas, using, as a reference value, a concentration of a
stoNeE@é§ invention was made to solve The problems as describe

above, and an object of this invention 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 dissclved gas used in the cleaning
apparatus, and a method for measuring a concentration of a

dissolved gas.

Means for Sclving the Problems

20
The inventors conducted detailed studies of the relation
between a concentration of a gas dissolved in a ligquid and a
iuminescence intensity of a luminescence phenomenon produced
when the liguid is irradiated with ultrasonic waves

25 (soncluminescence), and conseqguently completed the present

invention. That is, the inventors found that when the liguid 1is
irradiated with ultrascnic waves while gradually increasing the
concentration of a gas dissolved in the liguid from zero, the
luninescence phenomenon abruptly occurs when a specific

30 concentration of a dissolved gas has been reached. The
inventors alsc found that subsegquent further increase in the
concentraticon of a dissolved gas causes the luminsscence

intensity to gradually decrease.



15 at which intense luminescence occurs suddenly and abruptly. Based on this finding, 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 20 liquid, which includes the following steps. That is,
a step of varying the concentration of the gas dissélved in the liquid, and 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 25 shows a peak, is conducted. Next, a step of
measuriFg the concertrationtefthe gasin the: lig@d svitrrthe 'measuréfrfent devité Io beCdlibrated

when the;intensity. of the luminescence shows.& peak by iragliating: therliquid with. ultrasonic waves
while varying the concentration of the gas in the liquid, to 30 determine a measured value of the

concentraiibr G IRE §as, IRCOHIlRSH? A°Sep ot calibiating thé hieastreinent dévice to be calibrated
based opdhe measured valueAndthe refereace carcentrationds cenducted cinthe predetermining

step described above, gr% method capable,of ageurately @f@fjﬂ@gg@g -6 goncentration of.the gas

.5 ONGlTlon T HKaIlp 1 :
dissolved ‘i the I]iqwa. or exampfg, in the predetermining step described above, a measurement
device ofthecsarnedypd a5 the hieastfa@nent-svice tebe Miedstiéd, aving the"setling at tre time of
shipmen, from the, 5 factory(namely, a measyrement deviceseapable ot aceurate-meastirement that
has just been subjected to ad'ustmeqtlb the manufacturer) tn;%be used.e In tbgewgg,ztgeor
measureéfightdevide cartBé Cafibrited Basilydid acdirately By Utilizing soholuminescence. A
measurenRentamethodiagcording to thisdmeentionds d measurementiwiethod for measuririgla

congentration of a,as dissolved n @ liguick which ingludes the following sieps. That 15, a step of

measuring an intensity of luminescence produced by w\?adiating the liquid to be measured with
ultrasonicrveaves syiway of Brluniife SERREE inten&ity"meadtfing dBvice 16 obtain A’ meadardd value of

the intensity of the-luminescenceds conductedAstep ot-deriving the eorcentration«ofthe gas from 20
the measured value of the intensity of the Irgminescepcgibgseg_pnaa ggessvsi%q% goundscorrelation
betweentRis toRceftfatiiotthe Jas dissGIvEd i the liguid and tiie inténsity of the Turinescence
produced when, the diquidris firadiated withwitrasonicwaves iscorducted. 257 1ssolved gas

15 at which intense luminescence occurs suddenly and abruptly.

Based on this finding, a calibration method according to this
invention is a Calibration method for calibrating a measurement
device for measuring a concentration of a gas dissclved 1n a

20  liguid, which incliudes the fcollowing 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 intensity of luminescence
produced when the liquid is irradiated with ultrasonlc waves

25 shows a peak, 1s conducted. Next, a step of measuring the
concentration of the gas in the liguid with the measurement
device tfo be calibrated when the intensity cf the luminescence
shows a peak by irradiating the liguid with ultrasonic waves
while varying the concentration of the gas in the liguid, to

30 determine a measured value of the concentration of the gas, is
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

35  concentration can be used as a method for measuring the



In this way, with respect to a range of concentrations of the gas having a correlation between the
intensity of the luminescence due to sonoluminescence in the liquid and the concentration of the gas
dissolved in the liquid, the 30 concentration of the gas dissolved in the liquid can be easily found from
the intensity of the luminescence. A cleaning appgratus 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 generatin% unit, a luminescence in.tensit%/ measurir(lg d%yice, and afrocessing

unit. Thé elaPitig-ank Holds a tlsaniigliquid 6t diéahing the Substate“Thé Ultrasome gererating unit
is for irradjating: thercleanringiguid-witk Sayltrasenie Waves Andgeneratesadtrasomic waves. The
ultrasonic generating unit is connected to the cleanin ia 8 medium capable of transmitting
ultrason?%eg\f/é\?ées %”thgﬁcefeei‘gnéllnmé2 Iieééf id'in The Eﬁ%n%\%gté%%%eafumin‘e"s"cence intéansity%measuring
device measuresthe intensity of lemirresténce produeed wiien the T0 eleafity Iftfthistifadiated with
ultrasonie.wayes, The-progessing upit derivgs a-concentration pka gasdissolvedriatthe cleaning liquid
from a measured value of the intensity of the luminescence measured b}i the Iumin%scecr}ge intensity
e%ci S ) e

measurifi§ HeVicESH a préviolsly fouhith cotréRtion betwee & of the gas

e 8 ) L,I'ELe L
he“15' cancentration
dissolveddn tre: eleaping)liquid;and thes infensity of the luminescence. In this way, the concentration of
the gas dissolved in the cleaning liquid can be accurately measured from the intensity 20 of the
luminescence due to sonoluminescence, thus enabling a characteristi?c‘ cleaning capa_b1ility) of the
cleaningliguid:affected bythe gasconcaritaton hithesleaiing fighftobe*aclurately grasped.
Morgover, the.characteristic of theicleaning diquis-can e keptsatistactory by adjusting the 25 cleaning
liquid such that the gas concentration is within an appropriate range.

A measurement method according to this invention is a
measurement method for measuring a concentration of a gas
dissolved in a ligquid, which includes the following steps. That
15 is, a 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
measured value of the intensity of the luminescence is
conducted. A step of derlving the concentration of the gas from
20 the measured value of the intensity of the luminescence based
on a previously found correlation between the concentration of
the gas dissolved in the liguid and the intensity of the
luminescence produced when the liguid is irradiated with

ultrasonic waves 1s concucted.

Irn this way, with respect to a range of concentrations cf the
gas having a correlation between the intensity of the
Tuminescence due to soncoluminescence in the liguid and the
concentration of the gas dissolved in the liguid, the

36 concentration of the gas dissclved in the liguid can be easily

found from the intensity of the luminescence.

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



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 the liquid by utilizing sonolumihescence in the liquid. 8 Brief Description of the
Drawings Fig. 1 is 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: Figl F1is Béchematic diagfam 'SholWitg-ah apparattis tonfigatatio wheh the
calibratigr-method is,eondysted:e s Fig.4 isna grapmshewisgmeasured kesultsitS Fig. 5 is a graph
showing measured results. Fig. 6 is a flowchart for explaining.a met for.measuring. a dissolved
nitrogen“coricetitration %éégr:di”n%rtocthgapr%éggntﬁcr%\‘\?ensﬁlé%l.s Eg Fig. 7 I?'fs,%% s%@ﬁ%%tg&%%ram ofa
cleaningzapparatus thatntilizes thé meastrement iethddi showks: i Figy 61 DEseRption-6f the
Referenge Characters 23 1. ultrasgnic.cleaning apparatis onic waves. The ultrasonic
generating unit is connected to the cleaning tank via a medium
capable of transmitting ultrasonic waves to the cleaning liguid

ank. The luminescence intensity measuring

ct

in the cleaning
device measures the intensity of luminescence produced when the
10 cleaning liguid is irradiated with ultrasonic waves. 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
15 concentration of the gas dissolved in the cleaning liguid and

the intensity of the luminescence.

In this way, the concentration of the gas dissélved in the
cleaning liquid can be accurately measured from the intensity

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

25  cleaning ligquid 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 dissclved in a liguid, Dby
utilizing sonoluminescence in the liguid. It is also possible

to accurately measure the concentration of the gas dissolved in

s
n

the liguid by utilizing sonoluminescence 1n the liguid.



10: supply means 11: fi(st _supply valve 12: second supply valve 30 20: cleaning tank 21: coupling tank
22: holding portion 23: liquid introducing pipe  30: irradiation means 3540: monitoring means 9 41:

extraction pipe 42: pump 43: dissolved nitrogen concentration meter 50: dark room 5 60: luminescence
detecting device 8

Brief Description of the Drawings

Fig. 1 is a flowchart showing a method for calibrating a

dissolved nitrogen concentration meter according to the present
5 invention.

Fig., 2 is a schematic cross-sectional view showing a cleaning

apparatus.

10 Fig. 3 is a schematic diagram showilng an apparatus

o

configuration when the calibration method is conducted.
Fig. 4 is a graph showing measured results.
15 Fig. 5 is a graph showing measured results.

Fig. 6 is a flowchart for explalining a method for measuring a

dissolved nitrogen concentration according to the present

invention.

20
Fig. 7 is a schematic diagram of a cleaning apparatus that
utilizes the measurement method shown in Fig. 6.
Description of the Reference Characters

25

1: ultrasonic cleaning apparatus
16: supply means
1: first supply valve
12: second supply valve
30 20: cleaning tank
21: coupling tank
22: heolding portion
23: liguid introducing pipe
301 irradiation means

35 40: monitoring means



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, identical or corresponding parts are denoted by identical
reference numbers, and description thereof will not be repeated. Embodiment 20 Referring to Figs. 1
to 5, a calibration method for calibrating a dissolved nitrogen concentration meter according to the
present invention will be described. The calibration method according to the present invention is
specificdlly:a metied far:25 edlibrating a dissolved nitrogen concentration meter, which is monitoring
means 40, in ggfﬁ?ection with ultrasonic cleaning apparatus 1 shown in Fig. 2. Here, as shown in Fig.
2, the ultrasonic cleaning apparatus 30 to which the calibration method according to the present

inventiod s appiiets ifGddés & eRAMhg Rk B0-for hbiding'a tidaning liquid inside, such as ultrapure
water, sapply daeans-com

5 60: luminescence detecting device
61: image processing device
70: control device
71, 72: wire
W: wafer
16

Modes for Carrying Out the Invention

Embodiments of the present invention will be described
nereinafter, 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.

irst Embodiment

20
rReferring to Figs. 1 to 5, a callbration method for calibrating
a dissolved nitrogen concentration meter accerding to the
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 cleanin

apparatus 1 shown in Fig. Z.

A

Here, as shown in Fig. 2, the ultrasonic cleaning apparatus 1
30 to which the calibration method according to the present
invention is applied, includes a cleaning tank 20 for holding a
cleaning liguid inside, such as ultrapure water, supply means
10 for supplving the cleaning liquid to cleaning tank 20, a
coupling tank 21 for housing cleaning tank 20, irradiation

35  means 30 for directing ultrasonic waves, installed at a botteom



10 for supplying the cleaning liquid to cleaning tank 20, a coupling tank 21 for housing cleaning tank
20, irradiation 35 means 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 in the cleaning
liquid supplied into cleaning tank 20. Supply mean$?10 has a first supply valve 11 for supplying
ultrapure water 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- adirstaankcnat 110 usteated 2 Ultraipure Watertcontaini fegaditrogén gasdissolved therein is

stored in the first tank. Second supply valve 12-is.connected tg;a device foriprodueing degassed water,
not illustrated. The ultrapure water is supplied to the device for producing degassed water, QBd the gas

dissolved 4 tHE-ifraptife Watsr B b& tem V&t thrbagh 2 HegaRsing memibrane, The titrapure water
containing: nitrogengas disselved therein and degasseshultrapureaitates are-mixed-when a pipe

connected to_first supply. valve 11 and a pipe connected to second supply valye 12 are combined into
a sirslgle bl%ré"gﬁg%gvﬁs%r%h%g%e%ofgﬁrgfgﬁgﬁly valve 11 and Seconc supply vaive 12. It is noted

that a mixeritanks(@otillisFatee) mayebe installetrdowhstieain o fifst $appiyvaie- I #RandSsecond
supply valye 12. in,this case nultrapure water containing 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 describeg=above-and disposed withir: 36 eteaning:tank-20; ahd:is supplied towatiquid introducing

mpﬁ33-kk&&%E%g%%g?mb@9%§§§§éﬂﬂ§%§9rg%g@gygﬁﬁg nitrogen gas dissolved
therein is stored in the first tank. Second supply valve 12 1s
connected to a device for producing degassed water, not
illustrated. The ultrapure water 1s supplied to the device for
roducing degassed water, and the gas disscolved 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 connected to
first supply valve 11 and a pipe connected to second supply
valve 12 are ccmbined into a single pipe on & 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 seccond supply valve 1Z.
In this case, ultrapure water containing nitrogen gas dissolved
therein and degassed ultrapure water can be thoroughly mixed in

23 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 to a liguid introducing pipe
23, Liguid introducing pipe 23 1s disposed near an outer
peripheral end of a bottom surface of cleaning tank 20. By
adjusting the valve position of each of first supply valve 11

and second supply valve 12, the ultrapure water to be

(V8]
L

introduced into cleaning tank 20 can be controlled with respect



peripheral end of a bottom surface of cleaning tank 20. By adjusting the valve position of each of first
supply valve 11 and second supply valve 12, the ultrapuee water to be 35 introduced into cleaning
tank 20 can be controlled with respect to the concentration of nitrogen dissolved therein and the
amount of supply. A plurality of nozzles, not illustrdted, is disposed on liquid 5 introducing pipe 23.
Ultrapure water serving as the cleaning 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 whichtliguid:introducinigtpips 2erexténds tThedfsrzfesSare dIS6 installsefsb a8 o Spray the cleaning
liquid toward, sybstantially.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 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 postion 22, the; cleaningzliquic composed of therabeve-deéscribedomixed ultrapdiewater is
supplied.into cleaning tank 20 f liguid. i ci I 2 cribed liquid
intrd?duchnTEj%p")“l8§1 lé(éllg %ispp"b%%d%?a oWéggo%%%n %%gée%:n%]%gltga%nﬁ%gg(i re%%)nés@i%i%ed}gﬁear a. bottom
wall or sitbateticbnian @'are’rlﬁeﬁrrbhéraq%o%ﬂ@%fﬂthéfﬁotfwm%oﬁ%h@&ir%é thE"Bottdii wall and side
walls). A25 preseribed amauntof the eleanpingdiguid: émixed ultsapureavater)is supplied from liquid
introducing pipe 23 into cleaning tank 20. glear;ir(;g tank 20 is f“JEe:LdO‘ILVithl}h%ﬂe(%‘iqg‘l"%uii% and the
amount oF the'cigariing Tiglid"Stippiied i€ aajusted Such fhat a prescribed amount of the cleaning liquid
30 overflows-fromdhe dop bb eleaningtank @0. inlthis wag2wafer Wds beibg dippéd in'the déaning

”qWWi”%%e%@a95§gﬁn%ﬁghSﬁéﬁQﬁﬁgnﬁﬁ%ﬁ%d toward subpstantially 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 dispesed in

15  cleaning tank 20. A semiconductcr 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 inte cleaning
tank 20 from liguid introducing pipe 23.

20
As described above, liguid introducing pipe 23 is disposed on a
lower portion of cleaning tank 20 (a reglon situated near a
hottom 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 (mixed ulzrapurs
water) is supplied from ligquid introducing pipe 23 into
cleaning tank 20. Cleaning tank 20 is filled with the cleaning
liquid, and the amount of the cleaning liguid supplied is
adjusted such that a prescribed amount of the cleaning liguid

36 overflows from the top of cleaning tank 20,

In this way, wafer W i1s being dipped in the cleaning liguid

inside cleaning tank 20, as shown in Fig. Z.



Coupling tank 21 is connected to a supply line (not illustrated) for a medium different from that of
supply means 10 described above. Water serving as a medium is supplied from the supply line into
coupling tank 21. At least the bottom wall 5 of cleaning tank 20 described above is in contact with the
water stored in coupling tank 21. A prescribed amétint of water is continuously supplied also to
coupling tank 21 from the supply line, thereby causing a certain amount of water to be overflowing
from coupling tank 21. 10 Irradiation means 30 is installed to be connected to a bottom wall of coupling
tank 21 Oraliation hasns 30 direcROMIASEAE wWaves t6'1RE WaterhSidé tdupling tank 21. The

cleaning liquid andwafer Wsinsidereleaningtank 20are 1fritradiated with thedireetedutrasonic

waves via the water inside coupling tank 21 and a portion of cleaning tank 20.in ¢ ctwith the water
or exarmPIE € boliBi Goan, 1 AdSfon MEAa0 San Ghearats U fasNi ades hah

iation nieans 30 can generate ultrasonic waves having a 20
frequency.notless thanl 20 kHzrand notmorethahz:MHZ and:a wate densdifienotdesSthanie.o05 Wicm2

and,not more than 7,0 Wemp, for example, By, thusjiradiating the glaaning liquid andavafer w with
ultrasonic waves, wafér W dipped in the cleaning liquid can be efficiently cleaned. Preferably,

ultrasonitwaves 25 Rading a frediendranye not tess thah 400 RES and Fot Hors thdiF 1 MHz are
used as the yltrasonicovaves direeted feom irsadiation-means:39. Moriitating fmeans 4@ includes an

extraction pipe 41 for 30 extracting a prescribed amg fthe cleaning liquid.from.inside of cleaning
tank ZO,SauBLErhE 42+ (?oerfneéc(ﬂ-f?dr {o extraction pipe 412%1? %l%r%dubing the cleaning liquid into a dissolved
nitrogend®encehtration nieter48pand dissohadnitfégen concentration meter 43 connected to the

downstream side of pump 35 42. Measured data of the concentration of nitrogen dissolved in 13

Trradiation means 30 is installed to be connected to a bottom
wall of coupling tank 21. Irradiation means 30 directs
Litrasconic waves to the water inside coupling tank 21. The
cleaning iigquid and wafer W inside cleaning tank 20 are

15 irradiated with the directed ultrasonic waves via Lhe water
inside coupling tank 21 and a porztion of cleaning rank 20 1in

contact with the water (for example, the bottom po;tion}.

Trradiation means 30 can generate ultrasonic waves having a

20 freguency not less than 20 kHz and not more tnan 2 MHz and &
watt density not less than 0.05 W/ e and not more than 7.0
W/cm®, for example. By thus irradiating the cleaning liquid and
wafer W with ultrasonic waves, wafer W dipped in the cleaning
liquid can be efficiently cleaned. Preferably, ultrasonlic waves

25  having a freguency range not less than 400 kHz and not more
than 1 MHz are used as the ultrasonic waves directed from

irradiation means 30.

Monitoring means 40 incliudes an extractlon pipe 41 for

30 extracting a prescribed amount of the cleaning ligquid from
inside of cleaning tank 20, a pump 42 connected to extraction
pipe 41 for introducing the cleaning liquid into a dissolved
nitrogen concentration meter 43, and dissolved nitrogen
concentration meter 43 connected to the downstream side of pump

479, Measured data of the concentration of nitrogen dissolved 1in

L)
h



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 5 concentration meter 43, for example, a measurement device can be used
that introduces a dissolved gas component contaiféd 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 receptor. 10 Cleaning tank 20 is composed of, for example, quartz
glass wittha thitkaessiof 3.0qmrs Whileosleaning taAk 20 caf HalRcaniy SHapesa square tank whose

internal dimensipns, aie.270ayB in widtho 69 i inlengta-and:270 samin beight for example, s 15
used as cjeamr;g tan 20. In t lis case, cleaning tﬁn%ZO as a %% ugnceeof_ %_I]t r%él'h_eltlhi%k.ness of a
plate matéfial made dPgaas YfassCorstitutingihe HotormWall 6f cléaning tank 20 is preferably 20
adjustedy.as appropriate; inmaccordanrcemwithithe frequenrcy ofithewltrasonic wavesemitted from
irradiation means 30. For example, where the frequency of ultrasanic waves emitted from irradiation
means 30718950 k‘ﬁzt,]tﬁg tﬁll%ﬁf%ssé/gs"the ﬁla_te matSeria}f cgnstituting the bottom wall is preferably 3.0
mm. 25 Whereahe freguensy: 6PAIRESHNIE WavEdmtdIfom FTEHiIaticn meais™30-R°750 kKHz, the

thickness of the plate materialconstituting,the bettem walt is preferaply)4:Qmyéatexample. 30 The

amount of the cleaning liquid (mixed ultrapure water supplied to cleaning tank 20 from_supply means
10 may B&S IfErsTmitfuté rh e&ﬁ@ﬁcﬁ?é% of titrasSonic ng%sg(ﬂﬁec?gg%g%eﬁé m%%% means 30 may

be 950 kiHz-and 750 kilz:as:mentioned @ébove varid/ thelddtpat thereof mhayEBE A200 W (watt
10
Cleaning tank 20 is composed of, for example, quartz 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, 69 mm in length, and 270 mm in height, for example, 1s
15  used as cleaning tank 20. In this case, cleaning tank 20 has a

volume of 5 liters.

The thickness of a plate materiél made of guartz glass
constituting the bottom wall of cleaning tank 20 Is preferably

26 adjusted, as appropriate, in accordance with the freguency of
the ultrasonic waves emitted from irradiation means 30. For
example, where the frequency of ultrasonic waves emitted from
irradiation means 30 is 950 kHz, the thickness of the nlate
material constituting the bottom wall is preferably 3.0 mm.

25  Where the freguency of ultrasonic waves emltted from
irradiation means 30 is 750 kHz, the thickness of the plate
material ceonstituting 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 5
liters/minute. The freguencies of ultrasconic waves directed

from irradietion means 30 may be 250 kHz and 750 kHz as

mentioned above, and the output thereof may be 1200 W (watt

35 density: 5.6 W/cm®) . B vibrating plate of irradiation means 30



14 may have a radiation surface 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,
referring to Fig. |, in the calibration method accordifig to the present invention, a step (810) of
determining a reference value of the concentration of dissolved nitrogen at the W beginning of
luminescence (0) is conducted first. At this step (810), in connectpn with ultrasonic cleaning apparatus
1 as show ifFige 23 aRamage Iftensifier aAft seiving as 2lgmirescenctletecting d&lice 60 and
ultrasonig 15 gleaning apparatus.iare«disposed insided darkroomea0,sasishewr iniEige 8t ed
Luminescence detecting device 60 is connected to an érggg% %%%%sjgi%cjevice 61. Dissolved nitrogen
concentf&tion metdt 43 having High Teasurement precision mmediatély after adjustment by the
manufacturer, is installed 20 in advance in ultrasonic cleaning apparatus 1. Using such a structure, in

utrasonic, dleaging: apparalys 1 inglalied inside dark iom B, thesdleaning iuick was, nadiated with

ultrasonic waves while varying the concentration of nitrogen dissolved in the clganing liquid, and the
luminese&nde. 25 phengimehoR {SardlamiresceRee)hat GEEFéd Abruptly at A preséribed nitrogen
concentration, was, gbserved Spegcifically; as shewnin&ig.c3; ulttasonic sleaningiapparatusikis

disposed inside dark room 50 and luminescence detecting.30 device 60 is disposed ta face ultrasonic
cleanind afsaratus ' i dark Toom 50, A %isigrv%e%j n%%rcoggégn“%gncehtra%on meter immediately after

adjustmentlhby:thefmanefactureeistusedias disSolVed HitrdGeh edricetiation metef 43 of ultrasonic
Cle?ﬂ]ingb%%g,aﬁﬁ'i%gl'o@%zi&%@gL‘f‘&‘iiQQ with ultrasopis,35 eleaning apparatus 1, the concentration
of nitrogen dissolved 15
At this step (810), in connection with ultrasonic cleaning
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 is connected
to an image processing device 61. Dissolved nitrogen
concentratioﬁ meter 43, having high measurement preclsion
immediately after adiustment by the manufacturer, is installed
50  in advance in ultrasonic cleaning apparatus 1. Using such a
structure, in ultrasonic cleaning apparatus 1 instalied inside
dark room 50, the cleaning liguid was irradiated with
ultrasonic waves while varying the concentration of nitrogen
dissolved in the cleaning ligquid, and the luminescence
25 phenomenon {scnoluminescence) that cccurred abruptly at a

prescribed nitrogen concentration was observed.

Specifically, as shown in Fig. 3, yltrasonic cleaning apparatus
1 is disposed 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 adjustment by the manufacturer is used as
dissolved nitrogen concentration meter 43 of nltrasonic
cleaning apparatus 1. Then, in connection with uitrascnic

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 of luminescence) by means of méasurement using dissolved nitrogen concentration
meter 43. The image intensifier unit (an ultraweak light sensing and io multiplying unit) used as
luminescence detecting device 60 is a device that senses and multiplies ultraweak light to obtain an
image with & bentrasta8pacifidally; AduniteMployiy af image itersifier (Va4350903) Marfufactured by
Hamamatsu,Phatonics candbe ysed,as skeh adnit. This,unit uses:Cerlenas materiahof dhe 15
photoelectric surface material, has sensitivity Waveleer%%bs ran%ig]g I£|§r.om 1?0 tg 3{1291wnrm, agd has a
maximurisensith/ity Wavetrigii-of 280 rim St 1S Béiieved that liminescenice prodiced When water is
irradiatedwithukrasepicuravesis tuestoshydroxycradicals (@Haadicals) genefated by the 25

decompasition 20-of water, . and IQS,'HM%ﬁBQg% has a wayelength near, 309.nm,ip the ultraviolet

region. 'ﬁwecf%]ﬁosrg, the Image intensifier Unit aving the photoelectric surface material (Cs-Te), which
has the abevermertionéd Wavelsriyth it the Sehditivify wavelERGtA raRge Wwas Reféin used. A
photomultiplier fubeymay-also be used25.as luminesgence-detecting device 60. 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/cm2), as described above. The luminescence 30 phenomenon was then
observed far theteaning fiquitl whkile gradually incrédsing trecdncentration ®f dissalved nitrogen. The

amppnt Oﬁffﬁi%ﬁ 1ing "ﬁHif't%UHPQgQ was 5 2/minute.. 16 luminescence, phenomeneiy abeuptly

occurred in the’cleaning liquid when the concentration of dissolved nitrogen was near 6.3 ppm. The
inventors! Expefinient EoRfATEE thisk With dpd attdcondftiohd Beg %@%’t@%%té’rﬁ%%%oﬁ&ant, the
luminescepggphenomencruwas gbservedawitt gead reproducibility wihen diye cogneentiationeof

dissolved nitrogen,was near 6.3 ppm..Fig. 4 shows observation results plotted on a graph. In Fig. 4,
the horizoftai Axis represen s? i?ef:?r? e%?%%‘én%ocf hﬁ?gg@‘{en%&s%igﬁgg in the éleaninlg iquid. The
horizontalaxissshiows 19woncentrations dtdissolved nitfogenda the upl ppatsihiez L ©f the

15 photoelectric surface material, has sensitivity wavelengths
ranging from 160 to 3220 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 Lo
hydroxy radicals (OH radicals) generated by the decomposition

20 of water, and the luminescence has a wavelength near 309 nm in
the ultraviolet resgion. 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 usead

25 as luminescence detecting device 60.

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

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

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

Specifically, the concentration of dissolved nitrogen was

35 gradually increased from 2.5 ppm to 16.4 ppm. Conseqguently, 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 detecg device 60 at image processing device 1561. As seen from Fig. 4, where the
frequency of the ultrasonic waves is 950 kHz, the ébncentration 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 phenomenon was observed with good 20 reproducibility at the
above-destrbed concentration T isso Vet HiftbgEn Plear 6 3P Thefefores Wheré the frequency of

the ultrasopicwavesis 950:-kHz, the disselvesnitregen cencensrationJnetesimay: be:calibrated as
described below, by setting the concentration of dissolved nitrogen datt\gggigh a:p{%pt 25 luminescence
occurs t8 6°3 Ppfir as e coNEEhtration of Pittogeh dissSivéd in the cleaning Tiguid is gradually
increasedspdsa: fardhe case where thefrequérgy-ofitheatteagonic waves used Was $étdo 750 kHz, the
same observations were r [y ing the prgj@@@ray gdissplvedinitrogen from
1.9 ‘ppm“’tc“)ml“lf.lé3 Sp%%wn As ?ﬁegsgu%%vh%%reﬁ%?ﬂégge%g% gf tﬂfﬁﬁtrasonic ngécg was 750 ng, the
concentrdtion ofitissoWet Altrbgen @t whick thesliminesdents phshotfehohEbrupty oBelis was
found toge,8.84ppiR.Fig. Sishows:35 ebservation resultsiplattechan a grapbhin Fig. 5ithe 17
horizontal axis represents.the concentration of. nitrogen dissolved in the, glegginrgi&%%m%s in Fig. 4.
The horizBfital 8xisSHows cohicentrations 6f disSolved nittogen in the Tnit ppm. The vertical axis
represents the humbet of Measuted:5 luminesgentipoifits: Aswsebhdrom Fig25,whdrethe frequency of

the yltrasanic Waves Js /20 K1z, dhe concentration ol dissolvec nilfogen at which thesnumber of
luminescent points sharply increases is 8.8 ppm, as described above. The inventors further confirmed

that alsofeF tHeéase ihare BRrARERIE Waveswithi A FHrétuehes Of 786 kY Were (58t as described
above, the lumineseenrce,pheromenon wasrobsenred with goed reprogucibility.sFhérefore, where the

frequency of the ultrasonic waves is 750.kHz, the dissolyed nitrogen concentration meter.may be
calibrated Z&-Gescribad Betow, by setting the %of?gglﬁt?aﬁlso%e&é” gt ) c

by luminescence detecting device 60 at image processing device

15 61. As seen from Fig. 4, where the freguency of the ultrasonic
waves is 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 phenomsnon was observed with good

20 reproducibility at the above-described concentration of
dissolved nitrogen near 6.3 ppm. Therefore, where the freguency
of the ultrasonic waves is 950 kHz, the dissolved nitrogen
concentration meter may be calibrated as described below, by
setting the concentration of dissolved nitrogen at which abrupt

25 luminescence occurs to 6.3 ppm ag the concentration of nitrogen

dissolved in the cleaning ligquid is gradually increased.

Alse for the case where the freguency of the ultrasonic waves
used was set to 750 kHz, the same obssrvatlons were made by
30 gradually increasing the concentration of dissolved nitrogen
from 1.9 ppm to 14.9 ppm. As a result, where the freguency of
the ultrasonic waves was 750 kHz, the concentration of
dissolved nitrogen at which the luminescence phenomenon

T

abruptly occurs was found to be 8.8 ppm. Fig. 5> shows

—

35 ohservation results plotted on 2 graph. In Fig. 5, the



15 dissolved nitrogen at which abrupt luminescence occurs to 8.8 ppm as the concentration of nitrogen
dissolved in the cleaning liquid is gradually increased. In this way, the concentration of dissolved
nitrogen at which 20 the luminescence phenomenon (sonoluminescence) abruptly begins when the
concentration of nitrogen dissolved in the cleaningliliquid is gradually increased is determined as a
dissolved nitrogen concentration reference value at the beginning of luminescence (Co). The
concentration of dissolved nitrogen at 25 the beginning of luminescence is defined herein as the
concentratiohzaf-tissoleed nitrogensat vhich theslumineseente (somolaminescenge)* phenomenon

abruptly aceurs, ‘(;VQSV‘ %Qe ggdgc%qtgaﬁg&qj nitr %ragis§glvgg iR _{@e. solutien, that is-being-radiated
with ultrasonic waves is gradually increased. 30 The dissolved nitrogen concentration reference value
at the begiARing oFIIMHESEEREE iCalS8 Befifled as TRe EBRcEntationDr dissolved hitrbgen at the
beginning.of luminescence {aamely: the-eencentrationwofissotrednitroger at which the luminescence
(sonoluminescence) phenomenon abruptly occurs when 35 the congentration of ni dissolved in
the Solutioh'tHat ?sc%rgtbé}ﬁél?&gdia?ésd v%ﬁ%ﬁltr“a%%%i?%g\?esa s gﬁh%%%y%%re%gﬁ ang asé %eing
measuredh avithl thestructuresofthe apparaiis tdibe nidasured beingfkednder céttafiréoriditions, by
using a dissqlved nitragen concentration meter having-accutate Smeasuyremert precision, such as

one immediately after adjustment by the manufacturer. Examplesﬁﬁ;c conditions fgr thg apparatus
include thedrasstic fréqlieficy e umsORRChtersity 2 e Gesign & the Water tahk hididing the
solution,the amaunt of selutionssupplied,iete. 13 Nextras-shawirt ineEign 1 ca stepeef determining a

dissolved nitrogen concentration.at the beginning of luminescence (CA) with the dissolved nitrogen
corllentratioh ietey to” bechﬁbf%}tiezd XQi:ecroend“lh%tee%. aS’SpecﬂlL’f%:al]y,‘ ultrasonic cleaning 15 apparatus 1 is
prepared having the samepstauctire @ that of tHeSalEragenic clearfify apparatas Used inthe? -

above-desgribed step (51Q), in which:the dissolued nitrogen-coneentration metesdo be calibrated (for
example, a dissolved nitrogen concentration meter after about 5 months from agJ%Jstment by the 20

manufactiirer) is ifstaied UFasSonic chedhiy Gpparatus T icitidifg stith adissolved nitrogen

concentration wieteetp be calibrated-isdneerporatett intect meagurementsystem as showncih Fig. 3.

:i‘gﬁ)sg“eﬂ'S&eséj%?ggﬂhcxgege%%@%@%%wgé then ohservedwhile yarying the congentration of dissolved
bpm as the concentration of nitrogen dissolved in the cleaning

liquid is gradually increased.

in this way, the concentration of dissolved nitrogen at which
20 the luminescence phenomenon (sonoluminescence) abruptly begins
when the concentration of nitrogen dissclved in the cleaning
liguid is gradually increased is determined as a dissolved
nitrogen concentration reference value at the beginning of
iuminescence (Cg). The concentration of dissclved 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 solution that is
being irradiated with ultrasonic waves is gradually increased.
36 The dissolved nitrogen concentration reference value at the
beginning of luminescence 1s also defined as the concentration
of dissolved nitrocgen at the beginning of luminescence (namely,
the concentration of dissolved nitrogen at which the
iuminescence (sonoluminescence) phenomenon abruptly occurs when

35 the concentration of nitrogen dissolved in the solution that is



25(310). Here, the concentration of dissolved nitrogen is measured using the dissolved nitrogen
concentration meter to be calibrated. In this way, the concentration of dissolved nitrogen at the time
when the luminescence phenomenon begins to abruptly occur (dissolved nitrogen concentration at the
30 beginning of luminescence (CA)) is measured. Fhe frequency of the ultrasonic waves used herein
is the same as that of the ultrasonic waves used in the above-described step (310). Specifically, the
frequency of the ultrasonic waves is 950 kHz. In this case, the dissolved nitrogen concentration at the
35 begifming of lunindsedrree (Cp.)) (AafielE Ameatarettvatie of ta419-concBftr&fior of dissolved
nitrogen-afthe beginning at kiminescenece) wast:0 ppm.dNext-a stepc(330).of- calitirating the dissolved

nitrogen 5 concentration meter shown jn Fig, 1 is conducted. Specifically, a ¢alibration, coefficient for
calibrating a'thigastired Vaiud Bbtatricd from the (Jl’zlsesr(r)!?al sopecloa %? o

ved' m%roger) concentration meter to be calibrated
is founddrons therdissolvedaitogen corcertrtibn reference valuerat thebedginhihg of luminescence

(Co) and the WV, dissolved pitrqgen concentration at the begipning-of lyminescence: (GA} deseribed

& : . h : .
above. That is, a concentration of dissolved nitrogen after calibrating the measured value using the

calibrati&n co&ficient fcttiratecdfter caRBRALBA) (C5$0 ¢an b fount Hrom A maasired Value of
concentration, of 15-disselved nirogen befereealibratiom(Cmeaskand.aratiook€o10CA {CO/CA)

measured in,the above;described step (510) and.step (320), n.agogidange with e, follgwing
equation ol & "as’ s COYER 20 i
solution supplied, etc.
10

Next, as shown in Fig. 1, a step of determining a dissolved
nitrogen concentration at the beginning of luminescence {(Cu)
with the dissolved nitrogen concentration meter to be
calibrated is conducted. Specifically, ultrasonic cleaning

15  apparatus 1 is prepared having the same structure as that of
the ultrasonic cleaning apparatus used in the above-described
step (510), in which the disscolved nitrogen concentration meter
to he calibrated (for example, a diséolved nitrogen
concentration meter after about 5 months from adjustment by the

20 manufacturer) is installed. Ultrasonic cleaning apparatus 1
including such a dissolved nitrogen concentration meter to be
calibrated is incorporated into a measurement system as shown
in Fig. 3. The luminescence phenomencon was then observed while
varying the concentration of dissolved nitrogen, as in the step

25 {810} . Here, the concentration of dissclved nitrogen is
measured using the dissolved nitrogen concentration meter Lo be
calibrated. In this way, the concentration of dissolved
nitrogen at the time when the luminescence phenomenon begins to
abruptly cccur (dissolved nitrogen concentration at the

30 beginning of luminescence (Cp)) is measured. The frequency of
the ultrasonic waves used herein is the same as that of the
wltrasonic waves used in the above-described step (310).
Specifically, the freguency of the ultrasonic waves 1s 950 kHz.
*r thig case, the dissolved nitrogen concentration at the

peginning of luminescence (Ci) (namely, a measured value of the

(3]
th



Since Co is 6.3 ppm and CA is 5.0 ppm as described above, the equation shown above is expressed
as follows: Ccal = Cmeas X 6.3/5.0 25 Accordingly, an accurate concentration of dissolved nitrogen
can be found by converting a measured value obtained from the dissolved nitrogen concentration
meter in accordance with such an equation including the calibration coefficient. For example, 30 with a
control device that has received data of the measured value from the dissolved nitrogen concentration
meter, processing may be performed in which an accurately calculated value of concentration of
dissolvedmitregern istcatculated-biys muiltiplying therneasured valae bytheicatibration coefficient 20 as
describ.eldu%kghgy@e$ ggg 5@:—; cggcglastt_a@ vi Jis output to an extemal display device or the Iike. Second
Embodiment 5 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 deseribed; 400As showa in g 61 inythenmethiodstor measufing:the concentration of
dissolved nitrogen according to the present invention a measurement step (§1%9) ls;%og ted first.

e T : . e o} . AT N,
Spe%lflcélﬂ}:‘?ﬁ%h%r@lgéﬁ%g%ep%%Fatgg%%@lnlgpan%gparatulssstcr:l?&u}lecaée shown in Fig. 7, th
lumineseencelpienomenonissobsenied for &colearsing ligaitin cleaning eaHke20 BRulrAasonic cleaning
apparatys 1..As shown in, Fig, 7, the clepping apparatus.aceording - the: presest inveatiopincludes

calibrated is found from the dissolved nitrogen concentration
reference value at the beginning of luminescence (Cgp) and the
10 dissolved nitrogen concentration at the beginning of

juminescence (Cn) described above. That 1s, a concentration of

dissolved nitrogen after calibrating the measured value using

the calibration coefficient (accurate after calibration) (Ccal

can be found from a measured value of concentration of
15 dissolved nitrogen before calibration (Cpeas) and a ratio of Cg

to Cn (Cp/Ca) measured in the above-described step (510) and

step (820), in accordance with the following egquation:

Cear = Cpeas ¥ Co/Ca
20
Since Cgis 6.3 ppm and Cap 1s 5.0 ppm as described above, the
equation shown above is expressed as follows:
Ceal = Chpeas X 5.3/5.0
25

Accordingly, an accurate concentration of dissolved nitrogen
can be found by converting a measured value obtained from the
dissclved nitrogen concentration meter in accordance with such
an equation including the calibration coefficient. For example,
30 with a control device that has recelved data of the measured
value from the dissclved nitrogen concentratlion meter,
processing may be performed in which an accurately calculated
value of concentration of dissolved nitrogen is calculated by

multiplying the measured value by the calibration coefficient



ultrasonic cleaning apparatus 1, dark room 50, luminescence 20 detecting device 60, image
processing device 61, and control device 70. As shown in Fig. 7, ultrasonic cleaning apparatus 1 is
disposed inside dark room 50. Luminescence detecting device 60 is also disposed to face cleaning
tank 20 of ultrasonic cleaning apparatus 1. Lumine$cence 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 12 constituting supply
means k@ otigltrasohie ¢learing apparatis't, vialiiress7E Y 2 Fedectivey*30Vin Stich®dh apparatus

structure, yltrasgnic ngdgsL Q§vmgges§fib@gére§gyg@gy (for example, 950 kHz) are applied to the
cleaning liquid from irradiation means 30 while supplying the cleaning liquid to ultrasonic cleaning

apparatus 1. In th.is 35 state, luminescence in the cleaning liquid is observed with 21 luminescence
detecting dlevice GaiMeasused data (image data) observed with luminescence detecting device 60 is
pro%essed at image processing device 61, whereby the number of luminescent points is derived. Next,
a computation step (9120) shown in Fig. 6 is conducted. Specifically, from the number of luminescent
points foumBin the Step(5110F thé cendertratiori' 6t dgdr didedivedin e Eféaning liquid is found

based on & carralation betweenthedWicancentration; ehdisselved hittogen ame the-aumber of
luminescent points as shown in Fig. 4 or 5, which is associated with the ultrasonic waves of the
frequenéfﬁfé&hc’[ﬁeﬁs%% (S1T10)TFof gxéér%BFé“,’ Where the fréquericy at the Ultrasonic waves used in
the abovesdescribed step (51%0)ds 950 kttz] the correlation between the concentration of dissolved
nitrggen and the number of luminescent points as shown in Fig. 4 is obtained in advance. Where the

frequency of the ultrasonic waves used in _ ’ .
As shown in Fig. 6, in the method for measuring the

concentration of dissolved nitrogen according to the present
invention, a measurement step ($110) is conducted first.
Specifically, in the cleaning apparatus having an apparatus

15 structure as shown in Fig. 7, the luminescence phenomenon is
ocbserved for a cleaning ligquid in cleaning tank 20 of
ultrasonic cleaning apparatus 1. As shown in Fig. 7, the
cleaning apparatus according to the present invention includes
ultrasonic cleaning apparatus 1, dark room 50, luminescence

20 detecting device 60, image processing device 61, and control
device 70. As shown in Fig. 7, ultrasonic cleaning apparatus 1
is disposed inside dark room 50. Luminescence detecting device
60 is also disposed to face cleaning tank 20 of ultrascnic
cleaning apparatus 1. Luminescence detecting device 60 is

25 connected tc 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 freqguency (for example, 250 kHz) are applied to the
cleaning liquid from irradiation means 30 while supplying the
cileaning liguid te ultrasonic cleaning apparatus 1. In this

35 state, luminescence in the cleaning liquid is observed with



the above-described step (S110) 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 concenttations 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
ultrasonicamthe:cleaning ligritkcan be determined Withtespectas arahge offtontefiations of

disso'vegb@té%%%%”og legs than 6.3.ppm and notmere-than 9.0pm, by usingthe above-deseribed

measurement me acc_ording to the present invention. In the 35 case of the correlation shown in
Fig. 5 (Wherg the TregaeRdyer 22 Uitrasdnic waves 70750 REIZ): HHE Thnedntratior 6 itrBgen
dissolvedn the;cleaning-iquidican be determined with respect to a range of concentrations of
dissglved nitrogen not less than 8.8 ppm and not more than 15.0 ppm, by using the above- 5
described measurement method. In this way, with respect to a range where the relation between the
number BEkminescemgpoints and thé eoncéntratiorsicdissolved hifrogen’is oA 8lé-tB%ne basis (for

exampleg has afropertionak ielation) < the coencentrationof pitrogendissolvedsindhe cleaning liquid can

the step (8110), the concentration of nitrogen dissolved in the
cleaning liguid is found based on a correlation between the

10 concentration of dissolved nitrogen and the number of
luminescent points as shown in Fig. 4 or 25, which 1s associated
with the ultrasonic waves of the frequency used in the step
($110). For example, where the Ifregquency at the ultrasonic
waves used in the above-described step (S110) is 930 kHz, the

15 correlation between the concentration of dissclved nitrogen and
the number of luminescent points as shown in Fig. 4 1s cobtailned
in advance. Where the frequency of the ultrasonic waves used in
the above-described step (S110) is 750 kHz, the correlation
hetween the concentration of dissolved nitrogen and the number

20 of luminescent points as shown in Fig. 5 is cbtained in

advance.

I+ 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 dissclved
nitrogen in which the relation between the number of
luminescent points and the concentration of dissolved nitrogen
is & one-to-one correspondence. For example, in the case of the
correlation shown in Fig. 4 (where the frequency of ultrasonic
36 waves is 950 kHz), the concentration of nitrogen dissolved in
the cleaning liguid can be determined with respect To a range
of concentrations of dissolved nitrogen not less than ©.3 ppm
and not more than 9 ppm, by using the above-described
measurement method according to the present invention. In the

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

(73]
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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
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 contlucted to increase the number of items of data.
Alternatively, a 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
experimentat gdata, ‘andthecontentratiorkefdissolved mitrogentmay berfoaid froht tEERumber of
luminescent points based.on.the relatipnal expieseion, 25 Yheredbe goneentation ofdissolved

nitrogen1s found By computation in the computation step (S120), the concentration_of nitrogen
dissolvetdn ahe elezminy liquid i iltraaome tlearing apparatas 1cantad6 be ontrofiéd to give a
prescribed yalue (seg value).Forexample, the-above-dessthed 30 step{8120)may beconducted at
control device 70 shown in Fig. 7 toz_findga currenéyalgtlgﬂlosf cogcent&qtphn gfedsi %oé%edtgitr%)gen, which
iS subsétitiehtly SoThpEred With the sef Vallid” and first supply vlve 11 and second supply valve 12
may be eanitellecHby-eontral devicerZ(so as toseduce: therdifference £35 Wi thi§ a2 feedback control

can be performed.s0,as fo. make .23 the, congentration.of nitregen-disselyed in the,gleaningdiquid in
ultrasonic cJIeaning apparatus | approach the set value. In principle, the phenomenon in which abrupt
luminescenceredus af a préscrivedrdoheenttafior oPAdrsbived gas 4§ dabdribed abole is similarly
produced alsa.in-thecase wirere a-gas;ether than itragenrfor lexaniple,rd mplécularigas such as

OXYy en,jhydrpge}p,ﬁ or carbon dioxide, or a noble gas such as hgli%rglpr argon, is dissolved in the liquid.
Thé%efo@,etﬁé)ﬁfﬁ%is%?ﬁ%aaggéet% j& measured by he p"rgseeﬁ?ﬁi/entio%“ls ot limited to nitrogen, and

the presentiinuention is also applicable to cases where other gases are dissolved in the liquid. 15

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

the embodiments described above. ) i , . . .
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 dissolved nitrogen at
which measurements are conducted to increase the number of |
items of data. Alternatively, a relational expression between
the numper of luminescent points and the concentration of

26  dissolved 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.

Where the concentration of dissolved nitrogen 1s found by

-2
L)

computation in the computation step (3120}, the concentration

of nitrogen dissolved in the cleaning liguid in ultrasonic

cleaning 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 device 70 shown in Fig.
7 to find a current value of concentration of dissolved
nitrogen, which 1& subsequently compared with the sst value,
and first supply valve 11 and second supply valve 12 may ke
controlled by control device 70 so as to reduce the difference.

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



A calibration method 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 (510) of varying the
concentration of the gas (nitrogen) dissolved in 252he liquid (cleaning liquid), and predetermining, as a
reference concentration (dissolved nitrogen concentration reference value at the beginning of
luminescence (C0)), a concentration of the gas at which an intensity of luminescence produced when
the liquid lis: ircatiated with tltrasoficrwaves:30: sHows @l peak, isicordicted: Nextithe step {520) of
measuring the copcentratiom of-pitragen, in.the.gleaning liguiduith, the,measurepaentdevice to be

calibrated (dissolved nitrogen concentration meter 43) when the intensity of the luminescence shows a
peak by irradiating the liquid with ultrasonic waves 35 while varying the concentration of the gas in the
liquid, tor detarmine aimeaswedpadue-aktherconcentration ebmitrogen (disselvedmiteogen
concentration at the beginning of l%Jm'nescence#(QA‘))l, is conducted..The step (S30) of calibrating the
measurément device fo bé calibrated (dissolved nitrogen SOéonceneraﬁon meter 43) based on the
measuretkvalué{dissolvedmnitiegen torcentration et the Beginfing of |GMinesteficd {EAT) and the

referencg congentration (disslved, pittogen conceniratian reference valus-atthe haginning of
luminescence (CO0)) is conducted. In the Eredetermining step (310) described 10 above, any method

capable of 388tirately ThEASting the ‘CORRERr AttoH ¢4t be Used ds & metfed foSrurﬁélasduéring the
concentration.of the gas glissolved in:the diguicd Fon example;, i the. priedeteriming sté (310)
described above, a dissolved nitrogen concentration meter, of the same type as dissolved 15 nitrogen
cor%&m%ﬁ%ﬁ%f&%?&%ﬁ% b‘“eom%%%nr%%lfﬁaving the ééttin*gfat the time of‘shiérjnent from the factory
(namely la disseivetnitrogen ¢oncertration heler tapablelsf dtetrate méasuréMent that has just
been subjected to.adiustmeny by the manufaetueer) gnay beisedd2@sclived in the

liguid.

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

described above.

A calibration method according to this invention 1s &

20 calibration method for calibrating dissclved nitrogen
concentration meter 43 serving as a measurement device for
measuring a concentration of a gas dissolved in a liguid, which
includes the following steps. That 1s, the step (810) of
varying the concentration of the gas (nitrogen) dissolved in

25  the liquid {(cleaning liquid), and predetermining, as a
reference concentration (dissolved nitrogen concentration
reference value at the beginning of luminescence (C¢)), a
concentration of the gas at which an intensity of luminescence
produced when the liquid is irradiated with ultrascnic waves

30 shows a peak, is conducted. Next, the step (320 of measuring
the concentration of nitregen in the cleaning liguid with the
measurement device to be calibrated (dissolved nitrogen
concentration meter 43) when the intensity of the luminescence
shows & peak by irradiating the liguid with ultrasonic waves

35 while varying the concentration of the gas in the liguid, to



In this way, dissolved nitrogen concentration meter 43 can be calibrated easily and accurately by
utilizing sonolumi.escence. In the above-described calibration method, in the calibration 25step (S30),
a correction coefficient (ratio of Co to CA (Co/CA)) for correcting data output from dissolved nitrogen
concentration meter 43 may be determined basedZn the measured value (concentration of dissolved
nitrogen at the beginning of luminescence (CA)) and the reference concentration (dissolved 30
nitrogen concentration reference value at the beginning of luminescence (C0)). In this case, an
accuratelvaluerof the goneentratioh ofzl gas dissolveddnrielidquid eafilbedbtainet By multiplying the

data outpyt from the measyrement deyice, by the correstion coefficient, 264ndhe above-described

calibration method, the above-described liquid ma be water, Water. ig tiIizr%d as (gedi?u%r’g1 in various
types of tHEAtRRAEHHIEA Ealibratioh“mEMOd Y6 & Meadstitement device for easaring the '~
concentrationof ssgas dissolvedsin ¢ water firdsca Wide range ofEpplicatiens, mhditherefore, the

present invention can be effectively utlized In fhe,above-described galibratien method, theintensity of
luminescence’is measured using either one of an image W intensifier and a photomultipl\ier tube. In
this case,ievenowhers the iténsityioflurminestenée idduced viHen tHe cléaning figuittis' ifradiated with

ultrasonic waves.is weak, the intensity-0fithe lursinesgenee.car bemeasiyed relatively accurately. In
the above-mentioned calibration method, the gas may be nitrogen. In case o{ nitrogen, the

. i Z g s . slence

concentfationRas digsdivad i e F hidF(clEahifiy fquid)'is diffieitto-éalire stanly Wwith good

precision,;as comparechwith-ather gasestsuchrasiexygemn. Accarding:to thelpresaatinvention, the

megsurement 20 precision ol the dissolved cencentiation.can be matained igh, thus resulting in a

particularly remar able effect of t e present invention if the dissolved gas is nitrogen.
concentration can be used as a method for measuring the
concentration of the gas dissolved in the liguid. For example,
in the predetermining step (510} described above, a dissolved
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, &
dissolved nitrogen concentration meter capable of accurate

measurement that has just been subjected to adjustment by the

manufacturer), may be used.

In this way, dissclved nitrogen concentration meter 43 can be

calibrated easily and accurately by utilizing sonoluminescence.

In the above-described calibration method, in the calibration
25 step (330), a correction coefficient (ratio of Cp tco Ci (Co/Ca))
for correcting data output from dissolved nitrogen
concentration meter 43 may be determined based on the measured
value (concentration of dissolved nitrogen at the beginning of
luminescence (Ca)) and the reference concentration {(dissolvec
30 nitrogen concentration reference value at the beginning of
luminescence (Cg)). In this case, an accurate value of the
concentration of a gas dissolved in the liguid can be obtained
by multiplyving the data output from the measurement device by

the correction coefficient.

.
L



In the above-described calibration method, the liquid may be a cleaning liquid for cleaning a
semiconductor substrate. The 25 measurement device may be included in the cleaning apparatus
(ultrasonic 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 be 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 gasdisselved-inthe cléaning Hiuidia ultrasomid Eledningrappalatus 1926 Almedsurement
method according lo nisnygntion is,a measytementmelhiod:Jor megsyng the,cancentiagion of a
gas (for exgmp e, nlt?/ogen) issolved ina liquid (cleaning liquid), which includes the following steps.
That is, & Sters5(Miedsire et SiepA(S110) 6 mBasiring af frteRsity criumifsstencE préduced by
irradiating.the Jiguid-(cleaning liquid) t0.be meassred withaultrasonic waves bysvayefia luminescence
intensity measuring device (luminescence detecting .dcgayic;leO%%) toaobéaig,qaerpggg?ured \@jlge of the
intensity"Gt the W fitinescancs (thé REimber of iminescent points) is conducted. Next, a step
(computatiers step (61201)-obderivimg the edifcentration of thel gas dissolved in the cleaning liquid from
the measured value of the intensity of the luminescence (the measured data of the number of
luminescent points) based on a previously found correlation between the concentration of the gas

(nitroger) dissolvethinthe e (Ersshing figtidyad SRolh Th Biy. 48F5 AhEThE ténSity of the
luminescenge{for example sthgdusnberpfleminessentpeints) praduced wherythe liquid (cleaning

liquid) is jrradiated with ultrasonic wayes is, 20 conducted. In this way, with respect.to_the range of
corléentrationd 8f the“gasHavifig the éS%r‘aZﬁ%ﬁ%ﬁ%%n%.%bﬁg 4",1”':%%?]{\,%0?% egﬁke_%e?ween the
intensity df ¢he. luminesdencef{datanof thearimiser25 olemsinedcent Poits) duis i SonolGmirescence

in the liquid (cleaning.liquid),and. the concentration of the gas (nitragen)disselves in the liquid
(cleaning liquid), the concentration of the gas dissolved (concentration of (iijSSO|YLed nitrogen) in the
liquid (clé&ing fgails eaR bereadily FSuntEFsmtReg retatively accurately.

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

206 precision of the dissolved concentration can be maintained
high, thus resulting in a particularly remarkable effect of the
present invention if the dissolved gas 1s nitrogen.

In the above-described calibration method, the liguid may Dbe a

cleaning liguid for cleaning a semiconductor substrate. The

2
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measurement device may be included in the cleaning apparatus
(ultrasonic 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
be 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 disscived

in the cleaning liguid in ultrasonic cleaning apparatus 1.



30 intensity of the luminescence (data of the number of luminescent 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 correlation shown in Fig. 4 or 5 shows a one-to- 27 one correspondence
between the concentration of the gas (concentrati@n 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 5 nitrogen dissolved) in the liquid (cleaning liquid) can be reliably found from the
intensityzof-the durninesaenee (datd of the ndmber obluptinescernt pointsy: Alcleaning apparatus
accordi(;}getg this invention is,an,W.-apparatus for cleaping wafer Wishowndn Fig. 7 using the
above-déscribed measurement method, which includes cleaning tank 20, the ultrasonic generating unit
(iradiatioAamesr80)L the lurTiReSEencelhtershy Freasurifg deVice (uminestente detecting device
60), andsthe processing unit (control deviea70) cThe: 15 eleaning tanki20:holds the cteaning liquid for
cleaning the substrate (wafer W). The ultrasopic generating unit (irradiation means 30) is for
irrac?iatin%@%ﬁh@ﬁ&%qﬁidﬁﬁitﬁEﬁtﬁao:\bLicovga\r/negsag’ﬁld bré%er%?eé Iﬁlfr%rslgﬁ%:%vg?/f]es. Irradiation means
30 is connectea ta-eleaningrtadk @0vik media 20 capable oftanishitting ulfasenic Waves to the
cleaning liqyid n, cleanipd tank 20 wateriheld in caupling tank 24 and.he hottagr wall of cleaning tank
20). The luminescence intensity measuring device (luminescence detecting device 60) measures the
intensity o UMineseante prodiieed whélr the-dening figuic2s isifranisd With Wifrasonic Waves. The
processing-pnit{controkdevige: Z0) . derives:the concentration-af a dissolvedrgasi(concerttration of
dissolved nitrogen ) in the cleaning liquid from a measured value o Jintepsity of the.luminescence
meéosuréd*ﬁ&?‘fb?rﬁﬁ@gcce%cg“dne%@%ﬁng% dévice 60 (e 30 Rumber %T%@n%hegger%% p%fi}n{?c%%puted by
image pioeessing device 61)ameifromithe praviously foind corfeldfiérn a5 showntn Fig. 4 or 5
between the concentration of:the dissplvedigas, (concentration, of dissalved nitiagen) dn the-gleaning

liquid angt e Intensity of the luminescence (the numberof =~ e
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) dissolved in the liquid (cleaning liquid) as

de }

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.

Tn this way, with respsct to the range of concentrations of the
gas having the correlation shown in Flg. 4, Fig. 5, or the like
between the intensity of the luminescence {data of the number
35  of luminescent points) due to soncluminescsnce in the ligquid
(cleaning liguid) and the concentration of the gas (nitrogen)
dissclved in the liguid {cleaning liguid), the concentration of
the gas dissoclved {concentration of dissolved nitrogen;, 1in the
liguid (cleaning liguid) can be readily founa from the
36 intensity of the luminescence (data of the numpber of

luminescent points).

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

33 in which the correlation shown in Fig. 4 oxr 5 shows a one~to-



35luminescent points). 28 In this way, the concentration of the gas (nitrogen) dissolved in the cleaning
liquid can be accurately measured from the intensity of the luminescence (the number of luminescent
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 cleaning liquid such that
the concentration of disselvednitrpgen:isswithincaan-apprepraterangecThe labove-wlescribed cleaning

apparatys may futheruds sunply LI (supply means, A0) fot supRiving the gleaning liguid g cleaning
tank 20. ('Ichoenprocessmg unit?%?)n rol device 76‘) may ongrol the cpncentfatlon of the above-mentioned
gas (concentrationof. nitrogenissoired) in the eleanimgiigiid R0 supplied front-Sdpply #fdans 10, in

accordange with.the derived cancentration.of:the gas{cercentration.of dissolved aitrogen). In this

case, the concentration of nitrogen in the cleaning liquid can be adjusted so as to imBrove the
charactetistic {@BENMGTEPaBHity) ofthe Lleanii liquid GFECEEUHY theDB fitrogah cdncentration.
Consequerttly: aicleaning: apparatus exhibitingrimprovedclearing capabiliecar: bédealized! It should

E:S:(r;gte th%eogl,l H;n% 6grll_,e &mbg&@relgtgcdégctlo%%% Q%rse)lrl are illustrative and non-restrictive in every

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 cleaning the
substrate (wafer W). The ultrasonic generating unit
(irradiation means 30) is for irradiating the cleaning liquid
with ultrasonic waves and generates ultrasonic waves.
Trracdiation means 30 is connected to cleaning tank 20 via media

20 capable of transmitting ultrasonic waves to the cleaning liquid
in cleaning tank 20 {(water held in coupling tank 21 and the
bottom wall of cleaning tank 20). The luminescence intensity
measuring device (luminescence detecting device 60) measures
the intensity of luminescence produced when the cleaning liquid

is irradiated with ultrasconic waves. The processing unlt

2
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(control device 70) derives the concentration of a dissolved
gas {concentration of dissolved nitrogen ) in the cleaning
liquid 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 61) and from the previocusly found correlation as shown
in Fig. 4 or 5 between the concentration of the dissolved gas
(concentration of dissclved nitrogen) in the cleaning liguid
and the intensity of the luminescence {(the number of

35 luminescent points).



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. 29 This invention can be advantageously applied, in particular, to a cleaning
apparatus and the like using a liquid, in which the ggncentration of a gas dissolved in the liquid needs
to be 5 measured. 30 Claims 1. A calibration method for calibrating a measurement device for
measuring a concentration of a gas dissolved in a liquid, 5 comprising the steps of: - varying the
concentration of said gas dissolved in said liquid, and predetermining, as a reference concentration, a
concentration of said gas at which an mtensg of Iumln scence prod ced Wh(?n sald Iquld IS irradiated

with ultrasoriié Waved 10shofs A peak: < meastiting the congentratlon of shid gas in said liquid with
said measurement tewicertg beicalibratedwien thecinterisity of saiddurminestentce shews a peak by

irradiating said liquid with ultrasopie; waves while vanying, the cancentratign of said-gas in

s points) due to soncluminescence, thus enabling the nitrogen
concentration in the cleaning liguid to be accurately
controllied based on the measured result. Therefore, a
characteristic {(cleaning capability) of the cleaning ligquid
affected by the nitrogen concentration can be accurately

10 grasped, and the characteristic of the cleaning liguid can be
kept satisfactory by adjusting the cleaning ligquid 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 liguid
to cleaning tank 20. The processing unit (centrol device 70)
may control the concentration of the above—meﬁtioned gas
{concentration of nitrogen dissclved) in the cleaning liguild

26 supplied from supply means 10, in accordance with the derived
concentration of the gas (concentration of dissolved nitrogen).
In this case, the concentration of nitrogen in the cleaning
liguid can be adjusted so as to ilmprove the characteristic
(cleaning capability) of the cleaning liguid affected by the

25 nitrogen concentraticn. Conseguently, a cleaning apparatus

5

exhibiting improved cleaning capability can be realized.

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

30 scope of the present invention is defined by tThe 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

35  Industrial Availability



15 said liquid, to determine a measured value of the concentration of said gas; and - calibrating said
measurement device based on said measured value and said reference concentration. 20 2. The
calibration method according to claim I, wherein said liquid is water. 3. The calibration method
according to claim 1 or 2, wherein the intensity of sgid luminescence is measured using either one 25
of an image intensifier and a photomultiplier tube. 4. The calibration method according to any one of
claims 1 to 3, wherein said gas is nitrogen. 30 5. The calibration method according to any one of
claims | to 4, wherein said liquid is a cleaning liquid for cleaning a semiconductor substrate, and said
measurement device is included in a cleaning apparatus for cleaning said semiconductor substrate.
31 6. A fiehSuSER ThethodTor R2astrAg aoreeRtratic Brd §as didsdived ih & ligdid, comprising
the steps ofi) measwring@nHintensity of luminescence prodticed by iradidting saieliquid tdbe

measured with ultrasonic wayes by way of a luminescence, intensi easuri ige.to obtain a
measured VAIGR of e ﬁ‘ﬂeﬁsﬁtyaofi%?dyuﬁﬁgﬁe@n%ef%ncﬁeh e%?ﬁr% tnale %(%Cge%t?g%/oqn?%f said gas from
the measiresivalde of the intensity of said luminescence based on a previously found correlation
between the concentration of said Jo gas dissolved in said liquid and the intensity of said
luminescence produced when said liquid is irradiated with ultrasonic waves. 7. An apparatus for

cleaning a substrate using the measurement 15 method according to claim 6, comprising:



a cleaning tank for holding a cleaning liquid for cleaning said substrate; an ultrasonic generating unit
for irradiating said cleaning liquid with ultrasonic waves, said ultrasonic generating unit 20 being
connected to said cleaning tank via a medium capable of transmitting ultrasonic waves to said
cleaning liquid in said cleaning tank; a luminescefice intensity measuring device for measuring an
intensity of luminescence produced when said cleaning liquid is 25 irradiated with said ultrasonic
waves; and a processing unit for deriving a concentration of said gas dissolved in said cleaning liquid
from a M¥dasured value of the intensity of said luminescence measured by said luminescence intensity
measuring device and a previously found correlation 30 between the concentration of said gas

dissolved in said cleaning liquid and the intensity of said luminescence. .
A calipbrafion method for cialibrating a measurement Qevice

for measuring a concentration of a gas disgolved in a liquid,
5 comprising the steps of:
- varying the concentration of said gas dissolved in said
liquid, and predetermining, as a reference concentration, a
concentration of said gas at which an intensity of luminescence
produced when said liquid is irradiated with ultrasonic waves
10 shows a peak;
- measuring the concentration of said gas in said liguid with
said measurement device to be calibrated when the intensity of
said luminescence shows a peak by irradiating said liguid with
ultrasonic waves while varying the concentration of said gas 1in
15 said liquid, to determine a measured value of the concentraticn
of sald gas; and
- calibrating said measurement device based on sald measured

value and said reference concentration.

20 2. The calibration method according to claim 1, wherein said

liguid is waterx.

3. The calibration method according to claim 1 or Z, wherein

the intensity of said luminescence is measured using either one

25 of an image intensifier and a photomultiplier tube.
4. The calibration method according to any cne of claims 1 to
3, wherein sald gas is nitrogen.

30 The calibration method according to any cone of claims 1 tTo

IS N

, wherein said liguid is a cleaning ligquid for cleaning a
semiconductor substrate, and sald meazsurement device is
included in a cleaning apparatus for cleaning said

semlconductor substrate.
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6. A measurement method for measuring a concentration of a gas
dissolved in a ligquid, comprising the steps of:

- measuring an intensity of luminescence produced by
irradiating said liquid to be measured with ultrasonic waves by
way of a luminescence intensity measuring device to obtain a
measured value of the intensity of sailid luminescence; and

-~ deriving the concentraticn of said gas from the measured
value of the intensity of said luminescence based on a
previocusly found correlation between the concentration of said
gas dissolved in said liguid and the intensity of said
luminescence produced when said liguid is irradiated with

ultrasonic wavsesg.

7. An apparatus for cleaning a substrate using the measurement
method according te claim 6, comprising:

- a cleaning tank for holding a cleaning ligquid for cleaning
said substrate;

- an ultrasonic generating unit for irradiating said cleaning
liguid with ultrazsonic waves, said ultrasonic generating unit
being connected to said cleaning tank via a medium capable of
transmitting ultrasonic waves to said cleaning liguid in gsald
cleaning tank;

- a luminescence intensity measuring device for measuring an
intensity of luminescence produced when said cleaning liguid is
irradiated with said ultrasonic waves; and

- a processing unit for deriving a concentration of said gas
dissolved in said cleaning liguid from a measured value of the
intensity of said luminescence measured by said luminescence
intensity measuring device and a previously found correlation
between the concentration of said gas dissclved in said

cleaning liguid and the intensity of said luminescence.



