1 Ultrasonic Cleaning Method Technical Field 5 The present invention relates to an ultrasonic cleaning
method, and particularly to an ultrasonic cleaning method for irradiating ultrasonic waves to a solution
having gas dissolved therein for cleaning an object to be cleaned in the solution. 10 Background Art
Conventionally, in the process of manufacturing a substrate such as a silicon wafer, the process of
cleaning a substrate in the manner of dip processing, single wafer processing and the 15 like has been
carried out for the purpose of removing, from this substrate, organic substances, metal
contaminations, particles, native oxite fis aaildhe likamiltieh ¥estiida defects in a semiconductor
device. 20 in the process of cleaning a substrate, various types of cleaning methods are used
depending on the purpose. Particularly, in the case where foreign substances such as particles are
removed by3he gty geleldédning method, such a method is used that a substrate is dipped in the
cleaning 25 solution contained in the cleaning bath which is then irradiated with ultrasonic waves
having a frequency about 1 MHz that is referred to as megasonic. It is generally considered that the

ultradonic Waves having a frégliendlabsut fHz-IGT improveidnt in the"déamifgetfece for
microparticigs of at30-submicrort sizeonthe susface of the: substrate wthilecaltbydng reduction in

damage tp Iheubsiiale-, JLiskpowndn Inig casednat the coneentration ol the dissplved gas n the
cleaning solution exerts an influence upon 35 the removal efficiency of f%r&gﬁ SUbStances such as

particles.= 26t Exahiple Gt B5Knowh that, AWhéen ndgasbhicds frradidteditolgagereawater used as a
cleaning solution to thereby remove particles from the substrate, the particle removal efficiency from

the substrate_ is influegced by the dissolved nitrogen
10 Background Art

Conventionally, in the process of manufacturing a substrate
such as a silicon wafer, the process of cleaning a substrate in
the manner of dip processing, single wafer processing and the
15 like has been carried out for the purpose of removing, from
this substrate, organic substances, metal contaminations,
particles, native oxide film and the like which result in

defects in a semiconductor device.

20 In the process of cleaning a substrate, various types of
cleaning methods are used depending on the purpose.
Particularly, in the case where foreign substances such as
particles are removed by the dip-type cleaning method, such a
method is used that a substrate is dipped in the cleaning

25  solution contained in the cleaning bath which is then
irradlated with ultrasonic waves having a frequency about 1 MHz
that i1s referred to as megasonic. It is generally considered
that the ultrasonic waves having a frequency about 1 MHz allow
improvement in the cleaning effect for microparticles of a

30 submicron size on the surface of the substrate while allowing

reduction in damage to the substrate.

It is known in this case that the concentration of the
dissolved gas in the cleaning solution exerts an influence upon

35 the removal efficiency of foreign substances such as particles.



5 concentration in the cleaning solution. More specifically, when the dissolved gas concentration in the
cleaning solution falls within a prescribed range, the particle removal efficiency from the substrate is
relatively high (Japanese Patent Laying-Open Nos. JP10-109072 and JP2007-250726). Therefore, the
dissolved 10 gas concentration such as a dissolved nitrogen concentration in the cleaning solution is
monitored in the cleaning process to control the dissolved gas concentration in the cleaning solution to
fall within a fixed range, which theoretically allows the particles to be effectively removed. 15 On the
other hand} it IKas: BEert reportedsthar fiiete TS'a eertalitiel fohshfgbétweeniths vdakiaminescence

behaviorgceuring-when tlirasonicivaves, are kradiated 4o the-cleaning solution (songluminescence)
and the particle removal behavior of the 20 substrate ("Behaviour of a Well Designed,Megasonic

CleaningFSystem* “Solid- SFats BheRdianzs Vols. 163 02104 2605) Pi° 185 15 158 “fBgasonics: a
cavitatiort drivert process’ tSalidsState PhénomenasVols. 103 ta 184 (2083),rpp. 4590 162.). 25

Problems,fg,be Soluad by the. Inveatian In thelpyentars stugly of,sonvenionafyltrgsoic cleaning for a

substrate, there were cases where both of high"and low particle removal efficiency w < achiéved even
in the sameBCdiZ86IVEE GaSconeeRE&NOT afd Rder the'Sarfié Tanditions far-ikradiatibhlofultrasonic

waves. Fyrthermote, even di-high particle .emeval efficieney eouldheachieved; it was. difficultto
continuog?%l\% maintain such a state. 3 The present invention has been made in the light of the
above-destribsd probiems, ARd an ébjectof thé prasent tRehtion is fo provide'dn Utraddic cleaning
method thatalloWsl & -high? paiticlere miciial efficiericy 4o be athiewsdbwith statalityis Meansifor Solving

thefaobﬁggsconcentration such as a dissolved nitrogen concentration in

the cleaning sclution is monitored in the cleaning process to
control the dissclved gas concentraticn in the cleaning
solution to fall within a fixed range, which theoretically
allows the particles to be effectively removed.

15
On the other hand, it has been reported that there is a certailn
relationship between the weak luminescence bkehavior occurring
when ultrasonic waves are lrradiated To the cleaning solution
(sonoluminescence) and the particle removal behavior of the

260 substrate ("Behaviour of a Well Designed Megasonic Cleaning
System", Sclid State Phenomena, Vols. 103 to 104, (2005) pp.
155 to 158:; "Megasonics: a cavitation driven process", Solid

State Phenomena, Vols., 103 to 104, (2005), pp. 159 to le2.).
25 Problems to be Sclved by the Invention

In the inventor's study of conventional ultrasonic cleaning for
a substrate, there were cases where both of high and low
particle removal efficiency was achieved even in the same

30 dissocolved gas concentration and under the same conditions for
irradliation of ultrascnic waves. Furthermore, even if high
particle removal efficiency could be achieved, it was difficult

to continucusly maintain such a state.



As a result of earnest study about the relationship begtween the dissolved gas concentration and
sonoluminescence, the inventors W have found that there are cases where sonoluminescence occurs
and where sonoluminescence does not occur even in the same dissolved gas concentration and under
the same condition for irradiation of ultrasonic waves. The inventors also found that there is a
relationship between the particle removal efficiency and occurrence of sonoluminescence, and the
particle removal efficiency is high when sonoluminescence occurs while the particle removal efficiency
is low whéhsopblupsineséente doesindtzecdue sFuntieimote, thednventors also have found:that

Imadiation obulirasanicyuayasisstaredhing highdissolyed 20.0as-conceptration at fish, and then, the
S

dissolved gas concentration is lowered in the state where irradiation of ultrasonic waves is continued,
which ledd? 85 Farticle®renioval Bfftiericy highar-than B4t 1R the ease whefe'dlrasbhiétcleaning is
carried outinwaifixes dissolved gas25-cencentration from the-keginpingnhevenwhen-the final dissolved
gas ¢oncentrations are the same. Then, an explanation will be hereinafter made with regard to the
mechanism, in which the particle removal efficiency is 30 increased in the case where irradiation of
ultrasoni#@aves Erstafted Vi 2ehigheliddofiebiages concentration at first, and then, the dissolved gas
concentration is lowered in the state where irradiation of ultrasonic waves is continued. 4 First, when
ultrasonic waves are irradiated to ultrapure water, dissolved gas is precipitated by cavitation and fine

bubbles §éhetate Which Cause Gitrasbnic Vibratioh Blirsid Snd thilikecto Dk, R B reshift that the
particles on e Wafer 5 sarface atetemoverh lathe state Where the-disselyed gasinventors

10 have found that there are cases where sonoluminescence oCoUrs
and where soncluminescence does not occcur even in the same
dissolved gas concentration and under the same condition for
lrradiation of ultrasonic waves. The inventors alsc found that
there is a relationship between the particle removal efficiency

15 and occurrence oif sonoluminescence, and the particle removal
efficiency is high when soncluminescence occurs while the
particle removal efficiency is low when sonoluminescence does
not occur. Furthermore, the inventors alsc have found that
lrradiation of ultrasonic waves is started in a high dissolved

20 gas concentration at first, and then, the dissoclved gas
cencentration is lowered in the state where irradiation of
ultrasonic waves is continued, which leads to a particle
removal efficiency higher than that in the case where
ultrasonic cleaning 1s carried out in a fixed dissolved gas

25 concentration from the beginning, even when the final dissolved

gas concentrations are the same.

-

hen, an explanation will be hereinafter made with regard to
the mechanlsm in which the particle removal efficiency is

30 increased in the case where irradiation of ultrasonic waves is
started in a high dissclved gas concentration at first, and
then, the disscolved gas concentration is lowered in the state

where ilrradiation of ultrasoconic waves is continusd,



concentration is extremely low (the state close to degassed water), generated fine bubbles are few
due to a decrease in dissolved gas, and therefore, the particle removal capability is decreased. When
the dissolved gas concentration is too high, W bubbles are readily generated, which leads to
generation not only of fine bubbles but also of a great amount of large bubbles. Large bubbles hardly
cause vibrations and bursts effective in cleaning. In addition, large bubbles themselves prevent
propagation of ultrasonic waves. Consequently, the 15 particle removal capability is deteriorated. For
the reasonszastdeschibed aboves itis: consideredihat theparticlé émovabdapadility & imapreved on the

conditiong uungder whicha great %%wt;%igeet&lbgfsg%f&%%ig‘é in cleaning-are.generated. and also

that its optimum dissolved concentration lies in the 20 intermediate concentration ran%e. However, it
has beerffolifidFt frie Preseht SRIATThat: Ve fif'the Samé dissBved s éoncentration in the
intermediate cancentratibnrange, thers exist wo-types of states where 25senolminescence occurs

and where sonolyminescence does not oceur. WLheJe obsherved %%eci@jgall , ii has been found that fine
SUT ce ale femchvea. L The SLBI =, wWwnere = LS%O ved qhas
bubbles are not generated in the State whére sonolliminescence does not occur. Ithas also been

found that @ trigHerfof eherdtingthesefing bubblestis teguirettincorderto-causec3® sed

sonolumipgseence toqccurdndhe stateyyhere the dissolved gas.cancentration.is high; hubbles are
readily generated by irradiation of ultrasonic waves, Occurrence of sonoluminescence is induced by

starting 35'ifradiation of Uitrasomic WAGES i the: stateiwherethe 1§ disdbiiet gasEdtcentration is high.
Then, whien the dissobved]. gasieonceniration ds lowefeddn theostatewhete the disselved gagh,
the Sate wiio the e BUbbIGS A (oot Jehoratiil Thus T vondared Hatn Hecomes posoibe
to contindéusly §énérate firabubbleskiith stabilitpih theFangé of e takgetidissotesd gas
concentrationwith a high cleaning capability qwith dheresultithata high.partigleyemaval efficiency is
aChmvedé%gective in cleaning. In addition, large bubbles themselves
prevent propagation of ultrasonic waves. Consequently, the
15 particle removal capability is deteriorated. For the reasons as
described above, it 1s considered that the particle removal
capability is improved on the conditions under which a gresat
amount of fine bubbles effective in cleaning are generated, and
also that its optimum dissolved concentration lies in the

20 intermediate concentration range.

However, it has been found in the present study that, even in
the same dissclved gas concentration in the intermediate
cancentration range, there exist two types of states where

25 sonoluminescence coccurs and where sonoluminescence does not
occur. When observed specifically, it has been found that fine
bubbles are not generated in the state where sconoluminescence
does not cccur. It has also been found that a trigger for
generating these fine bubbles is reguired in order to cause

30 sonoluminescence ©o OCCUr.

In the state where the dissclved gas concentration is high,
bubbles are readily generated by irradiation of ultrasonic
waves. Occurrence of soncluminescence 1s induced by starting

33 irradiation cof ultrasonic waves in the state where +the



The ultrasonic cleaning method according to the present invention is to irradiate ultrasonic waves to a
solution having gas dissolved therein for cleaning an object to be cleaned in the solution. The method
includes the following steps. 15 Ultrasonic waves are irradiated to the solution having a first dissolved
gas concentration. In a state where ultrasonic waves are being applied to the solution, a dissolved gas
concentration in the solution is changed from the first dissolved gas concentration to a second
dissolved gas 20 concentration lower than the first dissolved gas concentration. Sonoluminescence
continuoukly scéurshyccontinuoustytirradiating Uitrasonic. waves:to thiessoltution whie thesdissolved gas

concentrafion in the splution is changed frop the. first digsalved gag,concentration o the second

dissolved gas 25 concentration. According to the ultrasonic cleaning method in accordance with the
present ifFehtion aftértstafireriratiationof ulifdsonid waves e a higlt disseved gaswoheentration at

first, the 30 dissalvgd-gasiconcentration is decreased in-the-state wheresirradiation of ultragonic waves
IS continuted. This %I}!Dolws achievemegt of agarticle removal efficiency that is higher than that in the
5 jels] a5 .

case wherg Ultrasonic cleaning is Carried butin a constart dissoived gas toncamtration fidm-the
beginning.c35Rarhemiorebaecdrdingetothe witrasgnic eleanimgeméthosd inubiateardance with the

present igvertion; sipce Il is possibie;lo cause g sogolyminescence.slafedg goour in a reiatively wide

dissolved gas concentration range, a high particle removal efficiency can’be achieved with stability. In
the abové—%%@ﬁﬁé@ﬁ&&%oﬂ%ﬁeéniﬂ@ ethbd rradiatiohiot Uilttddonic Wales widy Be started at a
point of timexwhenithe digselved-gas ecenceniration reachesdhe fisstdisselvedigas concentration. In
the above-described ultrasonic cleaning method, ultrasonic waves may be started to be irradiated to
the solution having a third dissolved gas concentration lower than the first dissolved gas concentration.
1.5 The dbovelddseeibed uitrasonic cleaningtmethodfartherimgludesthe present

invention is to irradiate ultrasconic waves to a sclution having
gas dissolved therein for cleaning an object to be cleaned in
the solution. The method includes the following steps.

15 Ultrasonic waves are irradiated to the solution having a first
dissolved gas concentration. In a state where ultrasonic waves
are being applied to the solution, a dissolved gas
concentration in the solution is changed from the first
dissolved gas concentration to a second dissolved gas

20 concentration lower than the first dissclved gas concentration.
Sonoluminescence continuously occurs by continuously
irradiating ultrasonic waves to the solution while the
dissolved gas concentration in the solution is changed from the
first dissolved gas concentration to the second dissolved cas

25 concentration.

According to the ultrasonic cleaning method in accordance with
the present invention, after starting irradiation of ultrasonic
waves in & high dissolved gas concentration at first, the

30 - dissolved gas concentration is decreased in the state where
irradiation of ultrasonic waves i1s continued. This allows
achievement of a particle removal efficiency that is higher
than that in the case where ultrascnic cleaning is carried out
in a constant dissolved gas concentration from the beginning.

35 Furthermore, according to the ultrasonic cleaning method in



the step of changing the dissolved gas concentratiop in the solution from the third dissolved gas
concentration to the first dissolved gas concentration in a state where ultrasonic 20 waves are being
irradiated to the solution. In the above-described ultrasonic cleaning method, preferably, the step of
changing the dissolved gas concentration from the third dissolved gas concentration to the first
dissolved gas 25 concentration is performed by adding a solution having the dissolved gas
concentration higher than the third dissolved gas concentration to a cleaning bath housing the object
to be cleareth 3ancthe wbove described sittasonicecledning neethod, preferably; the gas isnitrogen

and the segond dissolyedgas concentration. s not less than,4 ppm and not mare than, 19 ppm. Effects

of the Invention 7 The present invention can provide an ultrasonic cleaning method allowing a high
particle rémdvatetfiCieRay t&°H8 aehieval \ith sRbflity. SBHdfDedttiption ot theDeawihgs Fig. 1 is a
schematie tliagraghshowing arcultrasoniccleaning apparaius according to the present first
embgdiment. Fig. 2 is a schematic diagram showing an ultrasonic cleaning apparatus according to the
present second embodiment. Fig. 3 is an example diagram of an apparatus configuration for observing
sonolumihéscericez 15 Eigds isa florcdingian showing-ar altrasonicediéaning method actording to the
present figst emMbOdiMENt: waves may be started at a point of time when the
dissolved gas concentration reaches the first dissolved gas

concentration.

In the above-described ultrasonic cleaning method, ultrasonic
waves may be started to be irradiated to the sclution having a
third dissolved gas concentration lower than the first

dissclved gas concentration,

The above-described ultrasonic clileaning method further includes
the step of changing the dissclved gas concentration in the
sclution from the third dissclved gas concentration to the
first dissolved gas concentration in a state where ultrasonic

20 waves are being irradiated to the scluticn.

In the above-described ultrasonic cleaning method, preferably,
the step of changing the dissolved gas concentration from the
third dissolved gas concentration te the first disscolved gas

25 concentration is performed by adding a solution having the
dissclved gas concentration higher than the third dissolved gas
concentration to a cleaning bath housing the object to be

cleaned.
30 In the above-described ultrasonic cleaning method, preferably,
the gas is nitrogen and the second dissolved gas concentration

1s not less than 4 ppm and not more than 10 ppm.

Effects of the Invention

(%)
()



Fig. 5 is a diagram showing the relationship between the 20 dissolved gas concentration and the time
in accordance with the ultrasonic cleaning method according to the present firs embodiment.  Fig. 6
is a flow diagram showing an ultrasonic cleaning method 25 according to the present second
embodiment. Fib. 7 is a diagram showing he relationship between the dissolved gas concentration and
the time in accordance with the ultrasonic cleaning method according to the present second 30
embodiment. Fig. 8 is a flow diagram showing an ultrasonic cleaning method according to Example 1
of the pregent invention. 8:Figrd is-a diagramrshowdng the relationship between-the dissolvedigas

concentrafion.and the.time J aggardance with he ulrasanie sleaning method secording to Example 1

of the present invention. D Fig. 10 is a flow diagram showing an Ultrasonic cleaning%ee héﬁ"&%@cording
to Examﬁé?%]tﬁébresent invention. Fig. 11 is a diagram showing the relationship between the W
dissolved gas concentration and the time in accordance with the ultrasonic cleaning method according
to Exﬁamp%etgeogt e resenéinventi n.  Fig. 12 is a flow diagram showing an ultrasonic cleaning
method I according 16 & compardtivé 3Ralipie 1§ =13 is a diagram showing the relationship
between the dissolved gas concentration and the time in accordance with the ultrasonic cleaning

method aecgrding to;the comparatiye diagram showing an ultrasonic cleaning

apparatus according to the present first embodiment.

10 Fig. 2 1s a schematic diagram showing an ultrasonic cleaning

apparatus according to the present second embodiment.

Fig., 3 1s an example diagram of an apparatus configuration for

chserving soncoluminescence.

15
Fig. 4 1s a flow diagram showing an ultrasonic cleaning method
according to the present first embodiment.
Fig. 5 is a diagram showing the relationship between the

20 issolved gas concentration and the time in accordance with the

ultrasonic cleaning method according to the present first

embodiment.

Fig. 6 iz a flow diagram showing an ultrasonic cleaning method

25  according to the present second embodiment.

Fig. 7 1s a diagram showing the relationship between the
dissolved gas concentration and the time in accordance with the
ultrasonic cleaning method according to the present second

30 embodiment .

Fig. 8§ is a flow diagram showing an ultrasonic cleaning method

according to Example 1 of the present invention.

-



m) example. Fig. 14 (a) is a diagram showing the rejationship between the dissolved nitrogen
concentration and the luminescent state according to the method in the comparative example. 25 Fig.
14 (b) is a diagram showing the relationship between the dissolved nitrogen concentration and the
luminescent state according to the method in an example of the present invention. 30 Description of
the Reference Characters 10: supply means 11: first supply valve 12: second supply valve 13: third
supply valve 9 20: cleaning bath 21: coupling bath 22: holding unit

Fig. 8 is a diagram showing the relationship between the

dissolved gas concentration and the time in accordance with the
ultrasonic cleaning methed according to Example 1 of the

present invention.

th

Flg. 10 is a flow diagram showing an ultrasonic cleaning method

according to Example 2 of the present invention.

Fig. 11 is a diagram showing the relationship between the
10  dissolved gas concentration and the time in accordance with the
ultrasonic cleaning method according to Example 2 of the

present invention.

Fig. 12 is a flow diagram showing an ultrasonic cleaning method

15 according to a comparative example.

Fig. 13 1s a diagram showing the relationship between the
dissolved gas concentration and the time in accordance with the
ultrasonic cleaning method according to the comparative

20 example,

Fig. 14 (a) is a diagram showing the relationship between the
dissolved nitrogen concentration and the luminescent state
according to the method in the comparative example.

25
Fig. 14 (b) is a diagram showing the relaticnship between the
dissolved nitrogen concentration and the luminescent state

according to the method in an example of the present invention.

30  Description of the Reference Characters

10: supply means

11: first supply valve

12: second supply valve
33 13: third supply valve



23: solution introduction pipe 530: irradiation means;
pump

designated by the same reference characters, and description thereof will not be repeated. First
Embodinteht 254§ 8R&\Nn 5 Fig. 1, an ultrasonic cleaning apparatus 100 to which the ultrasonic

cleaning methed agcargingto-the present first embodiment is applied includes a cleaning bath 20

conta|n|n§2a: Clﬁ%ﬁ"cﬁ‘?n%?'%tl!}%nzsucr] as ultrapure water, supply

h

H

25

30

23: scluticn introduction pipe

30: dirradiation means

40: monitoring means

41: extraction pipe

421 pump

43: dissclved nitrogen concentration meter
50: dark room

©0: luminescence detection device

bl: image processing device

1, 100, 200: ultrasonic cleaning apparatus

W: wafer
Best Modes for Carrying Out the Invention

The embodiments according to the present invention will be
hereinafter described with reference to the drawings, in which
the same or corresponding components are designated by the same
reference characters, and description thereof will not he

repeated.
First Embodiment

As shown in Fig. 1, an ultrasonic cleaning apparatus 100 to
which the ultrascnic cleaning method according to the pﬁesent
first embodiment i1s applied includes a cleaning bath 20
containing a cleaning solution such as ultrapure water, supply
means 10 for supplying the cleaning solution to this cleaning
bath 20, a coupling bath 21 housing cieaning bath 20,
irradiation means 30 disposed at the bottom of coupling bath 21
for irradiating ultrasonic waves, and monitoring means 40 for
monitoring the dissoived nitrogen concentration in the cleaning

solution supplied into cleaning bath 20. Supply means 10 has a

40: monitoring means 41: extraction pipe 42:
43: dissolved nitrogen concentration meter N 50: dark room 60: luminescence detection
device 61: image processing device 1, 100, 200: ultrasonic cleaning apparatus W: wafer Best Modes
for Carrying Out the Invention The embodiments according to the present invention will be hereinafter
described with reference to the drawings, in which 20 the same or corresponding components are



30 means 10 for supplying the cleaning solution to this cleaning bath 20, a coupling bath 21 housing
cleaning bath 20, irradiation means 30 disposed at the bottom of coupling bath 21 for irradiating
ultrasonic waves, and monitoring means 40 for monitoring the dissolved nitrogen concentration in the
cleaning 35 solution supplied into cleaning bath 20. Supply means 10 has a 10 first supply valve 11
for supplying ultrapure water having nitrogen gas dissolved therein to cleaning bath 20, and a second
supply valve 12 for supplying degassed ultrapure water to cleaning bath. 20. 5 First supply valve 11 is
connectéd 054 firstank which'is nbt shewnSTRE tlirdplire WatéPhaiing alitfogerfgas dissolved therein
is stored;in the, fiest tapks Second supglyvalve: 12 is eornecied to;ardegasifier whieh is not shown. The
degasifier is W%upp_lie with ualtra}_-pw? water and capable of removing th(itdissolveg g%sfigvthe
ultrapure®afe? throtgh & dégassing film. The UlFapare Water Having nitrogen gas dissolved therein
and the degassedrultrapuretiratet are mixed by a pipe formed by combining pipes connected to first
supply valve 11 and second 15 supply valve 12 in the downstream of first supply valve 11 and second
supply valve 12. In addition, a mixing bath (not shown) may be disposed in the downstream of first
supply VA& T1 &ntPsecontEipply valvé 120TH S 8sé, thé ulttdplire Waidtér Havifig nitfogéh-gas
dissolved therein and-the:degassed 20:wrapurewater can beeampletely. mixed irsthis mixing bath.
Then, the mixed ultrapure water is supplied.to a solution introduction pipe 23 through a pipe_that is
disposedt \i;lvﬁﬁi%lc?ea{‘nlngs ath 20 %%d%%%n%%t’é%ﬁo fe ﬁbvﬁ%ﬁggﬁ Slf?l %%%BOY/%OH% (?%a%crllGed first
supply valveddcmtisecond sigpphp valve 12y Solttiohintroductiopipipe D35s @isposed s the dicinity of

the guter peripheral end.of the bottom.of ¢leaning bath 20., In,addition . the valveposition of each of
first supply valve 11 and second supply valve 12 is ad!listed,, thereby allowing 30 control of the

dissolved hitfRyeROnEdAtrafiorr 4fd fhe SGpPIY & of Hie Gitdpure Katetiftdduded fito cleaning
bath 20. 7Sselution:iatsoductiontripe 23+ds provided-withra plarality ok nozzles wiicheare rotshown.
Ultrabure water Used as & ¢'eaning,33 sglutign is, supplied from solution ntredygtion pipe 23 through
combining pipes connected to first supply valve 11 and second
15 supply valve 12 in the downstream of first supply valve 11 and
second supply valve 12. In addition, a mixing bath (not shown)
may be disposed in the downstream of first supply valve 11 and
second supply valve 12. In this case, the ultrapure water
having nitrogen gas dissolved therein and the degassed

20 ultrapure water can be completely mixed in this mixing bath.

Then, the mixed ultrapure water 1s supplied to a solution
introeduction pipe 23 through a pipe that is disposed within
cleaning bath 20 and connected to the downstream of the above-

25  described first supply valve 11 and second supply valve 1Z.
Solution introduction pipe 23 is disposed in the vicinity of
the outer peripheral end of the pottom of cleaning bath 20. In
addition, the valve position of each of first supply valve 1l
and second supply valve 12 1s adijusted, thereby allowing

30 control of the dissolved nitrogen concentration and the supply

amount of the ultrapure water introduced intc cleaning bath 20.

Solution introduction pipe 232 is provided with a plurality of
nozzles which are not shown. Ultrapure water used as a cleaning

solution is supplied from sclution introduction pipe 23 through

(%)
o



these nozzles into cleaning bath 20. The plurality of nozzles is disposed spaced apart from each other
in the direction in which solution introduction pipe 23 extends. Furthermore, these nozzles are
disposed so as to eject the cleaning solution toward the region located nearly in the center of cleaning
bath 20 (the region in which a wafer W to be cleaned is held). Cleaning bath 20 is provided therein
with a holding unit 22 for holding wafer W. An example of wafer W may include a W semiconductor
wafer. In the state where wafer W is held by holding unit 22 within cleaning bath 20, the cleaning
solution tontaininmg the asoverdescribedrmixediuittapute wateeisssupplied Front Solitidi HitFoduction
pipe 23 into cleaning bath 20.-15 As fgscribed aboyerselution-introdugtion pipe-23 isrdisposed in the

lower portion of cleaning bath 20 (the region located in the vicinity of the bottom wall or located in the

outer cirélimfererice ofthe bottoht Ral that e an'ifferface HetWaER 20%tHE batoRTwaN and TRe
sidewall): Fromseluion intteduction pipe 23, agpreseribedtamountefrcleaning sotution (mixed
ultrapure, water) is supplied iinto cleani a eaning,bath 20.is filled-with the cleaning solution.
In adpditiotn?vtqﬁer)guf)hp 5 amotint of ﬁoe%rl]é%%ir%%o ution is a juste§ sucfg that 25 tﬁere is%n overflow of
a prescribéd aniountof éleaning s6latieh fromtheupper poftfor-ofdE&ning bafts 28, This causes wafer
W to be dipped in the cleaning solution within cleaning bath 20 as shown in Fig. I. 30 Coupling bath 21

has a supply line (not shown.@connected theretq for su Iyingtlz mediuq;that is diﬁ%re%frgm that

supplied by tH&-aBBvEHeScrbed Suppiy i f&efo?g&a‘fﬁp Water a8 theditm is supplied from

the supplydingiintp cauplingatih21eXhen, theavater Stored imeguplinglbatk 24 is 35 in contact with at
least the bojtom.wall o the alaave;desqringd. 12 cleaning bath 20 JLs 1@ bengied hathere is also an

SeiE !

overflow of a'certain'amount of water from coupling bath 21 . ( o
holding unit 22 within cleaning bath 20, the cleaning sclution
containing the above-described mixed ultrapure water 1is
supplied from soluticn introduction pipe 23 into cleaning bath

20.

As described above, solution introduction pipe Z3 1s disposed
in the lower portien of cleaning bath 20 (the region located in
the vicinity of the bottom wall or located in the outer
circumference of the bottom wall that is an interface between
20  the bottom wall and the sidewall). From sciution introduction
pipe 23, a prescribed amount of clieaning sclution (mixed
ulitrapure water) is supplied into cleaning bath 20. Cleaning
bath 20 is filled with the cleaning solution. In acditicon, the
supply amount of the cleaning solution i1s adjusted such that
25 there is an overflow of a prescribed amount of cleaning
scluticon from the upper portion of cleaning bath 20. This
causes wafer W to be dipped in the cleaning solution within

cleaning bath 20 as shown in Fig. 1.

30 Coupling bath 21 has a supply line (not shown) connected
thereto for supplyving a medium that 1s different from that
supplied by the above-described supply means 10. For example,
water as a medium is supplied from the supply line into
coupling bath 21, Then, the water stored in coupling bath 21 is

35 in contact with at least the bottom wall of the above-described



continuously supplying a prescribed amount of watey from the supply line also to coupling bath 21.
Irradiation means 30 is installed in such a manner that it is connected to the bottom wall of coupling
bath 21. Irradiation means 30 irradiates ultrasonic waves to the water within coupling bath 21. The
irradiated ultrasonic waves are also W irradiated through the water within coupling bath 21 and the
portion in contact with this water within cleaning bath 20 (for example, the bottom wall) to the cleaning
solution and wafer W within cleaning bath 20. 15 In this case, irradiation means 30 can oscillate the
ultrasonic Wsvest forexamplé, -having a fiequency of Aot less than20 kHzsarid ket radre than 2 MHz,

and havipg a,watt depsity, of-not,less, than,0.05 14icm2.and not moredhan 7.0, 14lem2. -hheyltrasonic

waves are irradiated to the cleaning solution and wafer W in 20 this way, which allows efficient

cleaning & Wafe @l dipped i fHeY dBEnihgrsahition: T AdafioH the Ultr48diic wave? irrddiated from
irradiatiopuneans 3Q may:preferably-show afeequeniey falling within a range between not less than 400
kHz Qnd not more than 1 MHz. Monitoring means 40 includes an extraction pipe 41 for extracting a
prescribed amount of cleaning solution from inside of cleaning bath 20, a pump 42 connected to
extraction Ipipé i fopintrohicing thelcleaning solfidnintosa disselved Hittdgen 30 coficdritration

meter 43, and this dissqlved pitrogen sangentration meter4d.connected to, the dawnstreasm of pump
42. Dissolved nitrogen concentration meter 43 outputs the measurement data of the dissolved nitrogen

concentrBfighiin the clé&rifig Sofltion to P ESMIdt d&vice® an @xtethal disFiay 35 devVice and the like of
the ultrasenig cleaning:apparatusTHis Altheugh: a elévicethavingham avitrary eordiguiation can be used

as qissolved hittogen cancentration meter, 43, a Measuring device fpay beyused, forexample, that

introduces the dllss’oﬁve gas cgn’iponent contained in the cleaning solution through a 5 polymer
membrafeifté arreéaptor - aleulaté the-écricentration 'of tHis Yas comporentbased Bn &-¢Hange in

the thermal gepductivityawithin this receptor.(Cleaning bath 204s; fapexample, made,eftsilicaiglass
having a 10 thickness of 3.0 mm. Although cleaning bath 20 can be formed in an arbitrary shape, for
example & FéctAnguiaRen&Sed Bath Having inside dimensions including a width of 270 rum x a depth
of 69 mm x a height of 270 mm is used. Cleaning bath 20 has a capacity of 5 liters.

13 Tn this case, lrradiation means 30 can oscillate the ultrasonic
waves, for example, having a freguency of not less than 20 kHz
and not mere than 2 MHz, and having a watt density of not less
thén 0.05 W/cm® and not more than 7.0 W/cm’. The ultrasonic
waves are irradiated to the cleaning scolution and wafer W in

20 this way, which allows efficient cleaning of wafer W dipped in
the cleaning sclution. In addition, the ultrasonic waves
irradiated from irradiation means 30 may preferably show a
fregquency falling within a range between not less than 400 kiHz

and not more than 1 MHz,

Monitoring means 40 includes an extraction pipe 41 for
extracting & prescribed amount of cleaning solution from inside
of cleaning bath 20, a pump 42 connected fo extraction pipe 41
for introducing the cleaning solution into a dissolved nitrogen
30 concentration meter 43, and this dissolved nitrogen
concentration meter 43 connected to the downstream of pump 4Z2.
Dissclved nitrogen concentration meter 43 outputs the
measurement data of the disseclved nitrogen concentration in the
cleaning solution to a control device, an external display

335 device and the like of the ultrascnic cleaning apparatus.



15 In addition, it is preferable that the thickness of {he plate member made of silica glass forming the
bottom wall of cleaning bath 20 is adjusted as appropriate in accordance with the frequency of the
ultrasonic waves emitted from irradiation 20 means 30. For example, it is preferable that the plate
member forming the bottom wall has a thickness of 3.0 mm in the case where the frequency of the
ultrasonic waves emitted from irradiation means 30 is 950 kHz. Furthermore, it is also preferable that
the plate member forming the bottom wall has a 25 thickness, for example, of 4.0 mm in the case
where thelfrduenty of d5’ ilnasbricWaves emittedtfrrrradiafion wigans 30 s 750 RHZ STHe

amount gfdhe cleaning solution fmixed-uirabure water) 3@ suppliedsfrom supply:mgans 10 to cleaning

bath 20 may be 5 liters per minute. Furthermore, the frequency of the ultrasonic waves emitted from

irradiation He&s 36 In&F bl 988 kHXAndE 780%H as d&deribed dbbvewhild the ot it theteof may
be 1200 ¥ fwatirglensity. of 56 \Widm2) Furthenmore, dhe tadiatior plaiven 14of sheydisgphragm in
inadlation megns 30 may ave a,size of 80.mm x 270 . Referingto fig. 3 e devise.copfiguration
foro sewlnbygsonoluﬁinesbencé (luminescerice phenomenon) will be hereinafter described. First, an
ultrasonie €leghirfg epparatisPand a Afitescence detéetth déviée 80 dré disposed within a dark

room 50 JHninescence detection device 6Q-isLsonpected to an image processing device 61. The
image intensifier unit M(extremely weak light sensing intensifier unit) used herein as
Cleaning bath 20 is, for example, made of silica glass having &
10 thickness of 3.0 mm. Although cleaning bath 20 can be formed in
an arbitrary shape, for example, a rectangular-shaped bath
having inside dimensions including a width of 270 mm x a depth
of 69 mm x a height of 270 mm is used. Cleaning bath 20 has a
capacity of 5 liters.
In addition, it is preferable that the thickness of the plate
memnber made of silica glass forming the bottom wall of cleaning
bath 20 is adjusted as appropriate in accordance with the
freguency of the ultrasonic waves emitted from irradiaticn
20 means 30. For example, it 1s preferable that the plate member
forming the bottom wall has a thickness of 3.0 mm 1n the case
where the frequency of the ultrasonic waves emitted from
irradiation means 30 is 950 kHz. Furthermore, it is also
preferable that the plate member forming the bottom wall has a
25 thickness, for example, of 4.0 mm in the case where the
frequency of the ultrasonic waves emitted from irradiation

means 30 is 750 kHz.

The amcunt of the cleaning solution (mixed ultrapure water)

30 supplied from supply means 10 to cleaning bath 20 may be &
liters per minute. Furthermore, the fregquency of the ultrasonic
waves emitted from irradiation means 30 may be 950 kHz and 750
kHz as described above while the output thereof may be 1200 W

(watt density of b.6 W/cm') . Furthermore, the radiation nlane



luminescence detection device 60 serves to sense gnd intensify the extremely weak light to obtain an
image having contrasts. Specifically, a unit employing an image intensifier (V44350-03) manufactured
by Hamamatsu Photonics can be used as the above- 5 described unit. This unit is configured such that
the photoelectric surface is made of Cs-Te, the sensitivity wavelength falls within a range of 160 to 320
nm, and the maximum sensitivity occurs at a wavelength of 250 nm. In addition, it is considered that
luminescence at the time when 20 ultrasonic waves are irradiated to water is caused by a hydroxy
radical (OH radical)igererated bynwater diecempositionzand e waveleagth ef thedamirfeseence is
assumed, to fall within an ultraviolet region in the vicinity of 309 nm. Therefore, the image intensifier
unit composed of a photoelectric surface (Cs- 25 Te) having a wavelength falling within the
above-described sensitivity wavelength range is used in this case. In addition, a photomultiplier tube
may be usegas-umjnescence detectionedevica 60. ks toi be natedthat examples:af the conditions for
the device may include uItrasonif:lfre(?Luenc uItrasoQiec 30 intensity,w lﬁtf .qoeésighne%léolvr\{igﬁ]thg solution

to bé helafjéjﬁ)pﬁ[i/ﬂ amount of the' soll |61r619,8anédnt(ﬁ% like" ?ﬁgﬁ,nt%ré )ultrasonlc Cleaning me toed according

to the present eniisotimEnt will be: hereirtafterdeseribéd 2 Refarringte Fygs: 4 and:54the ultrasonic
cleaning method accarding to thepresentembadigent will he described, ;The, Wltrasgnig,cleaning

method according to the present embodiment is to irradiate ultrasonic waves to the solution having gas
5 such a$ Aftfogen- disSEIvEE BRI tbteby bieamimtwalst W an Dbjett 16 bE earfed} ipped in the
solution. egnethodanainly.includesdhe fallowing stepss; First; the stepi(32 1):0f adjusting the
disgalved gas M.concentration o the first dissolved gas,concentration is carrigd qut, Eorexample, the
cleaning éppara?us sKownin F’l“g.q is uSed to mix the ultrapure water having nitrogen gas dissolved
therein andthe degassed ditrapatel wate¥ad prépdre £56IvEen havipgihe fikstdissohretbgay

concentration. cthe 15 dissolyedigas; cpncentration of the; solutign at this,peigt ebnt rasts.

Specifically, a unit employing an image intensifier (V4435U-03)
manufactured by Hamamatsu Photonics can be used as the above-

15 described unit. This unit is configured such that the
photoelectric surface is made of Cs~Te, the sensitivity
wavelength falls within a range of 160 to 320 nm, zand the
maximum sensitivity occurs at a wavelength of 250 nm. In
addition, it 1s considered that luminescence at the time when

20 ultrasonic waves are irradiated to walter is caused by a hydroxy
radical (OH radical) generated by water decomposition, and the
wavelength of the luminescence is assumed to fall within an
ultraviclet region in the vicinity of 309 nm. Therefcore, the
image intensifier unit composed cof a photoelectric surface (Cs~

25 Te} having a wavelength falling within the above-described
sensitivity wavelength range is used in this case. In addition,
a photomultiplier tube may be used as luminescence detection
device 60. It is to be noted that examples of the conditions
for the device may include ultrasonic freguency, ultrasonic

3¢ intensity, bath design allowing the solution to ke held, supply

amount of the solution, and the like,

Then, the ultrasonic cleaning method according to the present

embodiment will be hereinafter described.

Ly
i



time is the first dissolved gas concentration (01). At ghis point of time, ultrasonic waves are not
irradiated to the solution and sonoluminescence does not occur. 20 Then, the step (312) of starting to
irradiate ultrasonic waves is carried out. The dissolved gas concentration of the solution at the time
when irradiation of ultrasonic waves is started is the first dissolved gas concentration. Ultrasonic
waves are irradiated to the solution by irradiation means 30 for emitting 25 ultrasonic waves as shown
in Fig. 1. When ultrasonic waves are irradiated, sonoluminescence occurs. Sonoluminescence can be
detectedtyrairimage intemsitier.ard aphotomultiplieritube ssrshowniinaFigng. 3@&Then, the step (313)

of changing the dissol\éeod gas concer tgatiq&%o&‘a {(?\%HES'[V?J_?“@ %gesscé%cggggtiggéd) to the

second dissoved élgs éoncentration .(C2) is carried out. The dissolved gas concentration can be
changedyfor exaniple; y-adjusting Bt 8apply vaRetnof GitrasSbfRicitiedfing 35 appataRis™@00
shown in;Eig: 1 tg thergby, decreasedhe supply= 6 amount:of the ultrapyre water-haviags nitrogen gas
dissolved therein. The dissolved gas concentration can al_sg}be changid b W,ad(jlggsting secvt\,})nd supply
valvé 12 df tltra&dnit-cléafing aﬁp%?ﬁﬂ]gﬁ%o%?ﬁ&%%y iNCIease the ﬁ&;ﬁy Afolint of the 5 ultrapure
water haviag necnitrogen gasalissioizedc:thereinpBarthermaresthecdissalved gas coneghtration of the

solution gan also be adjusted by, adjusting bath of dirst supply valve 11 and second supply valve 12.
Ultrasonic waves are continuously irradiated to the solution while the dissolved gas M concentration in
the solution is changed from the first dissolved gas concentration (Cl) to the second dissolved gas

concentration; (02)+ Alsos sepoluminescence @¢cufrng-state-centinues whilejaasonic waves are
irradiated to the solution. After the dissolved gas concentration of the sol tLor]Eis changed to the
secbhd dis¥oivel gas concentration, wafei W IHALIS ah Obj&ctto be cieaned is disposed within the
solution. treadiatiah of:tiltraSonicanaveslis cohtirued forra while pntilcleaning o waféerWEisccompleted.

20 Then, the §t%@}4%8faﬁqpp&%ir@ﬂﬁtwylmwc wayesds carrigd-put. Then, cleaning of
e

wafer W is ended. Wafer W may be removed before irradiation of ultrasonic waves is stopped. When
irradiatiodl of BRrESBRICWATES is BPped: OCEaHBAEE Bf SondIBRIIEsCERES s ARoIGPPET 25

solution having the first dissclved gas concentraticon. The
15 dissolved gas concentration of the soluticon at this point of

time 1s the first dissolved gas concentration (Cl). At this

point of time, ultrasonic waves are not ilrradiated to the

solutlion and sonoluminescence dcoes not oocur.

20 Then, the step (512) of starting to ilrradiate ultrasconic waves
is carried cut. The dissclved gas concentration of the solution
at the time when irradiation of ultrasonic waves is started is
the first digsclved gas concentratlion. Ultrasonic waves are
irradiated to the solution by irradiation means 30 for emitting

25  ultrasonic waves as shown in Fig. 1. When ultrasconic waves are
irradiated, soncluminescence oocurs. Songiuminescencse can be
detected by an image intensifier and a photomultiplier tube as

shown in Fig. 3.

300 Then, the step (513) of changing the dissolved gas
concentration from the filrst dissclved gas concentration (C1)
to the second dissolved gas concentration (CZ) 1s carried out.
The disscolved gas concentration can be changed, for example, by
adjusting first supply valve 11 of ultrascnic cleaning

35  apparatus 100 shown in Fig. 1 to thereby decrease the supply



The method of determining the first dissolved gas cgncentration (Cl) and the second dissolved gas
concentration (02) will be hereinafter described. For example, the cleaning solutions having different
dissolved gas concentrations are prepared, in 30 which wafer W to be cleaned is dipped. Then,
ultrasonic waves are irradiated to the cleaning solution for cleaning wafer W under the same
conditions except for the dissolved gas concentration of the cleaning solution. In this instance, in the
case of the dissolved gas concentration at which 35 sonoluminescence does not occur only by simply
starting d#dmadiaticn ohaltrasomiconavesyittis nebessary to cause sonalaminestences totoccur by the

method agcording to the present invention. Consequently . assuming thatthe dissolved.gas

concentration oftlhe cleaning solution having the highest 5 cleaning efficiency is the optimum dissolved
gas concEntraficn thisSEsHcentration 1§ détermettas the’seconddissolved gas tBncentration. Since
wafer W is-¢leaned: gventually; in-thersolutiomhaving ¢he second-gissolyrd @as concenteation, it is
preferable tgat the secon disst%)_l%eid giaslr1 co%cetnérgtigﬂ is C|S0881.Vg tg ft\_\ree thtimgmedipssolved gas
conéentr%on?%é‘vggve"?,at e second dissolved gas &6ncentration does not need 1o be the optimum
dissolved'gas benoentmtiontas lohgasliv alfows: eccurrerce-ofsonoluminesoencer Thieifirst dissolved
gas concenjratign js %"eteé@ﬂl‘?&%%a189”8%@%@%@9%%@@38@%f@ggn% 9&59&)’9951115\7%35_1
concentration. Then, the operations and effects of the present embodimen be described. 20 In the
cleaning #&th6@ a6 diit o the isre€entembldifdent “after StArinRg ifAdiatioR bt GitRLdRIE waves in
the high disselved gas concentration at:first; the dissotved gaisseancentratien is lowered in the state
where irradiation of ulétrasoni.c wayes iS clonji_nued..This allows acPievem%nt o% a
10 concentration 1n thé Solutlch is clancged from Lhe fIrst

dissclved gas concentration (Cl) to the second dissolved gas

concentration (C2). ARlso, sonoluminsscence occurring state

continues while ultrasonic waves are irradiated to the

-

solution. After the dissolved gas concentraticn of the solution

15  is changed to the second dissclved gas concentration, wafer W
that 1s an object to be cleaned is disposed within the
solution., Irradiation of ultrasonic waves 1s continued for a

while until cleaning of wafer W 1s completed.

20  Then, the step (814) of stopping irradiation of ultrasonic
waves 1s carried out. Then, cieaning of wafer W is ended. Wafer
W may be removed before lrradiation of ultrasonic waves is
stopped. When lrradiation of ultrasonic waves 1s stopped,

occurrence of soncluminescence 1s also stopped.

The method of determining the first dissclved gas concentration
(C1ly and the second disgssclved gas concentration (C2) will be
nereinafter described. For example, the cleaning solutions
naving different dissclved gas concentrations are prepared, in

30 which wafer W to be cleaned 1s dipped. Then, ultrascnic waves
are irradiated fto the cleaning sclution for cleaning wafer W
under the same conditions except for the disscived gas
concentration of the cleaning sclution. In this instance, in
the case of the dissolved gas concentration at which

35  sonoluminescence does not occur oniy by simply starting



25 particle removal efficiency higher than that in the-case where cleaning is performed in a. constant
dissolved gas concentration. Furthermore, since the method according to the present embodiment
allows occurrence of the sonoluminescence state in a wide dissolved gas concentration range, a high
30 particle removal efficiency is achieved with stability. Second Embodiment 18 cleaning method
according to the present second embodiment is applied. Although ultrasonic cleaning apparatus 200 is
different from ultrasonic cleaning apparatus 100 in that it has a third supply valve 13 for supplying the
solution having a5 high dissolvéd gasToncentration, itls almostddentical to-altragorie cleaning

apparatus 100, except this difference, . Then, the ulragenic cleaning methed agcording to the present

second embodiment will be hereinafter described with reference W to Figs. 6 and 7. First, the step
(321) of AdJESHAG the di8S3IVed gas ReaHfFAtion o haIHITd BissbiVed gatfedhcenttatichis carried
out. For example; the-cleaningrapparatus shovarin-fig.s2 isiuseshtomixithe ultrapireaiater having

nitrogen gas disjsolved erein and the degassed ultrapure water to prepare thg soluti @abv'lng the
thirdgdiss% v%adqg“anschnf:?eﬁ?ré%ﬁ%ﬁé’ di%%%lv%%dt&anéd(@nd;ﬁtsrgﬁgﬁ (gf ﬁwaess’cﬁﬁfic():ne gtft Tgs 60%& of time
is the thitd dissclved gas cenhcentratiorifCI)r At tHis! 26 pointdf fifre UltrasonicWages @re not

irradiated.f the, sojution and seroluminescenge does ot geeur: Fhe-thid dissplyed-gas concentration
is lower than the above-described first dissolved gas_concentration. The third dissolved gas

concentrifion riss b approXimatey fHeSamé a8 The ABové"ss Ge8&HEd décond dissolved gas
concentratiast Ftithiesmore, thetihird dissotvedigas-conegntration: may:be: higheoor lowerthar the

second dissolved gas concentration, Then fhe step, (352) of starfing fp,irtadiate uliasanic waves
dissclved gas concentration does not need to be the optimum
dissolved gas concentration as long as it zllows occurrence of
sonoluminescence., The first disscolved gas concentration is
determined as a concentration higher than the second dissolved

15 gas concentration.

Then, the operations and effects of the present embodiment will

bhe described.

200 In the cleaning method according to the present embodiment,
after starting irradiation of ultrasonic waves in the high
dissclved gas concentration at first, the dissolved gas
concentration is lowered in the state where irradiation of
ultrasonic waves is continued. This allows achievemant of a

25 particle removal efficiency higher than that in the case where
cleaning is performed in a constant dissolved gas
concentration. Furthermore, since the method according to the
present embodiment allows occurrence of tThe sonocluminescence
state in a wide dissclved gas concentration range, a high

30 particle removal efficlency is achileved with stability.
Second Embodiment

Referring to Fig. 2, an explanation will be made with regard to

35 an ultrasonic cleaning apparatus 200 to which the ultrasocnic



30 is carried out. The dissolved gas concentration f the solution at the time when irradiation of
ultrasonic waves is started is the third dissolved gas concentration. For example, by irradiation means
30 for emitting ultrasonic waves shown in Fig. 2, ultrasonic waves are irradiated to the solution in 35
which wafer W is dipped. In contrast to the first embodiment, 19 sonoluminescence does not always
occur at this stage, even when ultrasonic waves are irradiated. In the present second embodiment,
sonoluminescence does not occur at the time when irradiation of ultrasonic waves is started. 5 Then,
the step (323)rof chamgingdthe alissolved gas coridentration $rom thecthird dissoldedigas coacentration

(03) to the st dissolyed gas goncentation, (01)Js carried.oul, Hhe dissolvegigas,concentration is
changed, for example, by M adjusting third su_gply valve 13 of the cleaning apparatus shown in Fig. 2

to thereby stipplyethie sofaibriHaving aHigh SisoletyaPeshcahtiation fo tleahtiibath 26Kousing
wafer W sUkrasenicsnaves,are-cortinugusly irradiated torthe selutiopwhite-thendisselved gas
concentrftion in.the salution is 15 chanﬂgeed from the thir dissolve%géats ciogcentratiqn (03) to the first

dissGlve @gél cgﬁgesr?t‘r]a"{%% @fﬁ APihe time When the dissolved gas coficentration of the solution is

the third dissohedrgas coneentration (08); soneluiiifestentes doek ot dcédrewhichds regarded as a
nonluminescent state. In the 20 middle of changing the dissolved gas concentration from the third

dissolved gas concentration (03) to the first dissolved gas concentration (C1), however,
sonolumin@8Eence!Bciuirs 16 Bfiftg abbuE & Tdmmeieehtstafeccording to the present

second embodiment will be hereinafter described with reference

10 to Figs. & and 7.

First, the step {521} of adjusting the dissolved gas
concentration to the third dissclved gas concentration is

™

For example, the cleaning apparatus shown in

=
I

carried out. Fig.

15 2 is used to mix the ultrapure water having nitrogen gas
dissclved therein and the degassed ultrapure water Lo prepars
the sclution having the third dissolved gas concentration. The
dissolved gas concentration cof the scolution at this point of
time is the third dissolved gas concentration (C3). At this

20 point of time, ultrasonic waves are not irradiated to the
solution and sonoluminescence does not occur. The third
dissolved gas concentration is lower than the above-described
first dissolved gas concentration. The third dissclvad gas
concentration may be approximately the same as the above-

25  described second dissolved gas concentration. Furthermore, the
third dissclved gas concentration may be higher or lower than

the second dissclved gas concentration.

Then, the step (822) of starting to irradiate ultrasonic waves

30 1s carried out. The dissclved gas concentration of the solution
at the time when irradiation of ultrasonic waves 1s started 1s
the third dissclved gas concentration. For example, by
irradiation means 30 for emitting ultrasonic waves shown in
Fig. 2, ultrasonic waves are irradiated to the solution in

35  which wafer W is dipped. In contrast to the first embodiment,



25 Then, the step (324) of changing the dissolved gas concentration from the first dissolved gas
concentration (CI) to the second dissolved gas concentration (02) is carried out. A preparation can be
made to change the dissolved gas concentration by adjusting first supply valve 11 and second 30
supply valve 12 of ultrasonic cleaning apparatus 200 shown in Fig. 2, as in the case described in the
first embodiment. Ultrasonic waves are continuously irradiated to the solution while the dissolved gas
concentration in the solution is changed from the first dissolved gas concentration (Cl) to the 35second
dissolved: gas tancentration (£ 2) cEurthermaerey thes 20csonoluminescence eceuring stateteentinues

while ultrasonlc Waves are wrgdlg ted to th 8sondutéon @%ergla% d{:\)l\ll_sglv&qtg%s concgntratlon of the

solution is changed t6 the second dissolved gas concentration, wafer W that is an object to be cleaned
is placedammﬁm@rs@»ut@ﬁwﬂamatm?ﬁéffemﬁas@m@ vaves i9eentihued fora whlktuitileleaning of the

object to be.¢leaned is-complegted- Jhen; the,step(S25) of stopping irradiation of ultrasonic W waves is
carried out. Consequently, cleaning of wafer W is ended. Wafer W may be removed before irradiation

of ulfrasonic waves is stopped. When irradiation of ultrasonic waves is stopped, occurrence of
sonoluminescencelis asestopped. 15 Thehoperations and @ffeetslof¢hie peesent embodiment is the

same as thase e fist embadimant Exampie.l 20.An objegtal the present.exnrmont s to verity

the difference of the particle removal efficiency adhering to wafer W by cleaning wafer usmg the
cleaning htethbé acedfling ic e praseAtiAventicitand iie- Sleaning méthoPaccording 6 the

comparative examie.ved gas concentration is changed, for example, by

10 adijusting third supply valve 13 of the cleaning apparatus shown
in Fig. 2 to thereby supply the solution having z high
dissclved gas concentration to cleaning bath 20 housing wafer
W. Ultrasonic waves are continuously irradiated to the sclution
while the dissolved gas concentration in the sclution is

15  changed from the third dissolved gas concentration {(C3) to the
first dissclved gas concentration [(Cl). At the time when the
disscolved gas concentration of tThe scolution is the third
dissolved gas concentration (C3), sonoluminescence does not
occur which is regarded as a nonluminescent state. In the

20 middle of changing the dissolved gas concentration from the
third dissclved gas concentration (C3) to the first dissolvad
gas concentration (Cl), however, scnclumlinescence occcurs to

bring about a luminescent state.

[
L=}

Then, the step (824) of changing the dissclved gas
concentraticn from the first dissolved gas concentration (Cl1}
to the second dissolved gas concentration (C2) is carried out.
A preparaticn <can be made T¢ change the dissclved gas
concentration by adjusting first supply valve 11 and second

30 supply valve 12 cof ultrasonic cleaning apparatus 200 shown in
Fig. 2, as in the case described in the first embodiment.
Ultrascnic waves are continucusly irradiated to the solution
while the dissolved gas concentration in the sclution is
changed from the first dissolved gas concentraticn (Cl) to the

35 second dissclved gas concentration (C2). Furthermore, the



25 First, the cleaning apparatus used in the presenfyexperiment will be hereinafter described with
eference to Fig. 1. A rectangular-shaped bath made of silica glass and having a 30 thickness of 3.0
mm was used as cleaning bath 20 used in this experiment. The bath was configured to have inside
dimensions including a width of 270 mm x a depth of 69 mm x a height of 270 mm. The plate member
forming the bottom wall is configured to have a thickness of 4.0 mm. Cleaning bath 20 has a capacity
350f 5 liters. The amount of the cleaning solution (mixed ultrapure water) supplied from supply means
10 to cleaning bath 20:was set acs-liters-per Alidite. Farthérmore, theldifasenic wWavesemitted 5 from

iradiatiop npeans, 3Q were set 1o bave a frequency of 750 kHzzand-an gutput of 1200W (watt density of

5.6 W/em?2). Furthermore, the radiation plane of the diaphragm in irrg_diation means 30 was set to have
a size of BOA X 270 M. The UiffasSshic weves eitted ond irfadiatich Means30 are irradiated to
the entire;betiemvsirfacesofcleaning bathi 20., The: Girapure water:kaving nitrogen dissaleed therein

was supplied to cleaning bath 20,81 5iers.per riniiie by operafing figtaupply yalve 11 adjusting the
supply armount of is the uTtrapure water Havmg nitrogen gas dissolved therein and second supply valve
12 adjusting thes supply anvcunt bf tieoaégassed water 2The'dissolved hitrégerédricentratiBhsvas

measuregd;py-sampling the-ultrapdre water wyithin theshath by monitoring means 40. 20 Then, the
object to be cleaned used for measuring the particle removal efficiency will be hereinafter described. A

P-type silicon wafer having a diameter of 200 mm was used as an object to be cleaned. Spin coating
was employed, to:causetsiicons2s dioxitesparticles 4o adherel tocthermirror suifage @fithie P ype silicon

walgy. In fhigcase, 2090 1q 3000 particles; olnotless than 110.0m diameterwere gAhered.
ended. Wafer W may be removed before irradiation of ultrasonic
waves 1s stopped. When irradiation of ultrasonic waves is

stopped, occurrence of sonoluminescence is also stopped.

15 The operations and effects of the present embodiment 1s the

same as those in the first embodiment.
Example 1

20 An obiect of the present experiment is to verify the difference
of the particle removal efficiency adhering to wafer W by
cleaning wafer W using the cleaning method according to the
present invention and the cleaning method according to thne

comparative example.

First, the cleaning apparatus used in the present experiment

will be hereinafter described with reference to Fig. 1.

L rectangular-shaped bath made of silica glass and having a

3¢ thickness of 3.0 mm was used as cleaning bath 20 used in this
experiment. The bath was configured to have inside dimensions
incliuding a width of 270 mm x a depth of 6% mm x a height of
270 mm. The plate member forming the bottom wall 1s configured
to have a thickness of 4.0 mm. Cleaning bath 20 has a capacity

35 f 5 liters.



Then, the method of measuring the particle removal,efficiency 30 will be hereinafter described. The
wafer having silicon dioxide particles adhered thereonto was dipped in the bath and cleaned for 10
minutes. Then, the wafer was dried for 2 minutes by a spin dryer. The particle 35 removal efficiency is
represented by a value in percentages 22 calculated by dividing the number of particles reduced after
cleaning by the number of particles adhering to the wafer before cleaning. It is to be noted that LS6500
manufactured by Hitachi High Technologies Corporation was used for measuring 5 the amount of
adhered particles. Example 1 according to the Present Invention Referring to Figs. 8 and 9, the

cleaning ppethod egording (9.WW Example.L ol the.present jnveation will e heteinafter, described

First, the solution having the issolve nitrogen concentration adjusted at 14 ppm was prepared (S41).
No sonoRinfiRéscehceivds $5bsENERFT the Stdge befdrd tifrasoficivaves wéresitradidted to the

solution (nbplumingseent:state). Therdradiation of uliiasenic:waves was stasted-inthe state where
the dissolved nitro concentration Wa?%qéy ppm (S42). When irradiatjon of ultrasonic waves was

starto, SonOTuMinBREaRGe SR S CtaRt State).

nescent sfga‘te). Octtirrente b?%gﬁglﬂﬁﬁné)scence was
confirmedty amimage imtensifierait. Thew, theadissolved hittogeh doncetittation of the solution was

adjusted,from 14,npm. fo 6.ppm (343). The dissolved nitrogen cencentration was adjusted by operating

first supply valve 11 adjusting the supply amount of the ultrapure water having nitrogen gas dissolved
therein ahdSeeonRd sappRaaive 22 ddfsting the Supplycarfodit’ct the défassed water Wiich are
included im uitrasopiccleaning apparatis 100 showsdin:Figakterherehyssupply:thesultrapure water
having a dissolved m%og(e)ngp conc.entratl%ré E%%{ﬁpm to.cleanin balth 20at5 llter%p%romlnute.

UltrAsonic Waveswer c“ontlnu%ugfflﬁt:?g&ia e e“solution while the dissolved hi rogen’

concentration was gradually changed from 14 ppm to 6 ppm. Sonoluminescence continuously
OCCU”edﬂwgb&?@fﬁ%@%@“%%@@?swgﬂ§ng nitrogen dissolved therein was
supplied to cleaning bath 20 at 9 liters per minute by
operating first supply valve 11 adjusting the supply amount of
15 the ultrapure water having nitrogen g¢gas dissolved therein and
second supply valve 12 adijusting the supply amount of ths
degassed water. The dissolved niltrogen concentratilon was
measured by sampling the ultrapure water within the bath by
monitcering means 40.
20
Then, the object to be cleaned used for measuring the particle
removal efficiency will be hereinafter described. A P-type
siticon wafer having a diameter cf 200 mm was usad as an object
to be cleaned. Spin coating was employved to cause silicon
25 dioxide particles to adhere to the mirror surface of the P-type
silicon wafer. In this case, 2000 to 3000 particles of not less

than 110 nm diameter were adhered.

Then, the method of measuring the particle removal efficiency

30 will be hereinafter described.

The wafer having silicon dioxide particles adhered thereonto
was dipped in the bath and cleaned for 10 minutes. Then, the
wafer was dried for 2 minutes by & spin dryer. The particle

35 removal efficiency is represented by a value 1n percentages



35 irradiated. In this state, wafer W to which silicon.dioxide 23 particles to be cleaned were adhered
was dipped in this solution and cleaned for 10 minutes. Then, wafer W was dried for 2 minutes by the
spin dryer. 5 Example 2 according to the Present invention Referring to Figs. 10 and 11, the cleaning
method according to Example 2 of the present invention will be hereinafter described. 10 First, the
solution having the dissolved nitrogen concentration adjusted at 6 ppm was prepared (S51). The
dissolved nitrogen concentration was adjusted by operating first supply valve 11 adjusting the supply
amount cfahe whedptife WaterNavhga 5tiifogemgas dissoreattherds and deesfd 3Gpply valve 12

adjustingthe supply amountotthedegassed waterwhichwere.inclyded in uliraggric,cleaning
apparatus 200 shown in Fig. 2, to thereby supply the ultrapure water having a dissolved nitrogen
concentrfio’ 6F6 Ppiitio-ti8aning bath 20 &t fter<™20 pef mintite” TheASiradktion of titfdsonic
waves wis started inthe stateiwheredhe dissolvedmitrogen eancentratiofiorasné gpnr ($52). No

sonalumipgscence was gpsg(?ﬂggr%t&h%éimei\g@gg irradiation of ultrasonic waves was started. Then,
the ultrapure water having a dissolved hitrogen concentration of 15 25 ppm was added to cleaning

bath 20 while irradiation of ultrasonic waves was continued (S53). The ultrapure water having a

dissolved:nitragen congentration of 15 ppArwas sypphed to,eleanipg bath 20 at a flow rate of 5 liters
per minute by opening third supply valve 13 connected from the 30 ultrapure water supply line of 15

ppm to the bath. When the ultrapure water within the bath was sampled by monitoring means 40 to
measureithe dissotvedmitr@gers cofcemtration, thuninéseeniceowas startédzorcertherdissalved nitrogen

Con?@mr%%%@ngfﬁ%eeﬁegfwcB@%M@@@%@@RHaeowaﬁlhfvm 32 pdissolved nitrogen
concentri:ljtét?sncr"_1“%)5e gpm was continuously

First, the solution having the dissclved nitrogen concentration
adjusted at 14 ppm was prepared (S41). No sonoluminescence was

15  observed in the stage before ultrasonlc waves were irradiated
to the sclution (nonluminescent state). Then, irradiation of
ultrasonic waves was started in the state where the dissolved
nitrogen concentration was 14 ppm (342). When irradiation of
ultrasonic waves was started, sonoluminescence occurs

20 (luminescent state). Cccurrence o0f soncoluminescence was
confirmed by an image intensifier unit. Then, the dissolved
nitrogen concentration of the scolution was adijusted from 14 ppm
to 6 ppm (542). The dissolved nitrogen concentration was
adjusted by operating first supply valve 11 adiusting the

25 supply amcunt of the ultrapure water having nitrogen gas
dissolved therein and second supply valve 12 adiusting the
supply amount of the degassed water which are included in
ultrasconic cleaning apparatus 100 shown in Fig. 1, to thereby
supply the ultrapure water having a dissolved nitrogen

30  concentration of & pom to cleaning bath 20 at 5 liters per
minute. Ultrasonic waves were continuousliy irradiated to the
solution while the dissolved nitrogen concentration was
gradually changed from 14 ppm tc 6 ppm. Soncluminescence
continuously occurred while the ultrasonic waves were

35 irradiated. In this state, wafer W to which gilicon dioxide



24 supplied, the dissolved nitrogen concentration of the solution within cleaning bath 20 reached 14
ppm. Then, the third supply valve was closed to stop supply of ultrapure water of 15 ppm. After a
while, the dissolved nitrogen concentration of the 5 solution within cleaning bath 20 reached 6 ppm.
The luminescent state continued even when the dissolved nitrogen concentration was returned to 6
ppm- In this state, wafer W to which silicon dioxide particles to be cleaned were adhered was dipped in
the solution and cleaned for 10 minutes. Then, wafer W was dried M for 2 minutes by the spin dryer.
ComparatiretExanplec o The cleanirgimethed actording tedbe compartative exaimple will 1.5 be

hereinafter q§%cribedawgh L%fgg%%%? to Oliig%l gg%gg Eir;%éf;el 59}5@%@ hﬁv'@g A giisﬁglged nitrogen

S L O !
concentration a%iljustecf1 at 6 ppm was prepared (S31). The issolVed nitrogen concentration was
adjustedyroperating first sUpplyValvi1D 207 adjusting the supply amount of ultrapure water having
nitrogen gas dissolved therein and second supply valve 12 adjusting the supply amount of the
degassed water, to thereby supply the ultrapure water h@vir‘%%a dissolved nitrogen concentration of 6

ppm’to cleaHiky Bath 20505 fiters pef mintte” THEN 25 itfaliatioh df ultrasonic waves was started

(S32). Irradiation of ultrasonic waves was carried out by emitting ultrasonic waves under the condition

in which the.dissolyed pitrogen.concentration was, §, ppr and, under the. same, canditions,as those in

Examples 1 and 2 of the present invention. When an image 30 intensifier unit was used to make
observatforEria Hee staté whete Bltfeidhic Waves werdiraktidted it Wascotfifhed that a
noniumingssent; state was brought about. In this state, wafer W to which silicon dioxide particles to be
cleaned were adhered was dipped in the solution and cleaned for 10 minutes. Then, 35 wafer 14 was
drie for 2 minutes by the spin dryer.

First, the sclution having the dissclved nitrogen concentration

adjusted at 6 ppm was prepared (851). The dissolved nitrogen
concentration was adjusted by operating first supply valve 1l
adjusting the supply amount of the ultrapure water having

15 nitrogen gas dissolved thereiln and second supply valve 12
adjusting the supply amount of the degassed water which were
included in ultrasonic cleaning apparatus 200 shown in Fig. Z,
to thereby supply therultrapure water having a dissolved
nitrogen concentration of & ppm to cleaning bath 20 at 5 liters

20 per minute. Then, irradiation of ultrasonic waves was started
in the state where the dissolved nitrogen concentration was 6
ppm (S52). No sonoluminescence was cbhserved at the time when
irradiation of ultrasonic waves was started. Then, the
ultrapure water having a dissolved nitrogen concentration of 10

25 ppm was added to cleaning bath 20 while irradiation of
ultrasonic waves was continued (333). The ultrapure water
having a dissolved nitrogen concentration of 15 ppm was
supplied to cleaning bath 20 at a flow rate of 5 liters per
minute by opening third supply valve 13 connected Ifrom the

30 ultrapure water supply line of 13 ppm to the bath. When the
ultrapure water within the bath was sampled by monitoring means
40 to measure the dissolved nitrogen concentration,
luminescence was started once the dissolved nitrogen
concentration exceedsd 10 ppm. When the ultrapure water having

35 a dissolved nitrogen concentration of 15 ppm was continuously



25 Then, the results of the particle removal efficiengy will be hereinafter described with reference to
Table 1. 5 Table 1 Particle Removal Efficiency Occurrence or Nonoccurrence of Luminescence
Example 1 of the Present Invention 30.5% Luminescence occurred Example 2 of e Present nvention
30.6% Luminescence occurred Comparative Example Luminescence 18.8%

supplied, the dissolved nitrogen concentration of the solution
within cleaning bath 20 reached 14 ppm. Then, the third supply
valve was closed to stop supply of ultrapure water of 15 ppm.
After a while, the dissolved nitrogen concentraticn of the

5 sclution within c¢leaning bath 20 reached ¢ ppm. The luminescent
state continued even when the disscolved nitrogen concentration
was returned To 6 ppm. In this state, wafer W tec which silicon
dicxide particles to be cleaned were adhered was dipped in the

soluticon and cleaned for 10 minutes. Then, wafer W was dried

10 for 2 minutes by the spin drver.
Comparative Example

The cleaning method according to the comparative example will

15 be hereinafter described with reference to Figs. 12 and 13.

Pirst, the scolution having a dissclved nitrogen concentration

acdjusted at & ppm was prepared (331). The dissclved nitrogen

concentration was adjusted by operating first supply valve 11
20 adjusting the supply amount of ultrapure water having nitrogen

gas dissolved therein and second supply valve 12 adjusting the

supply amount of the degassed water, to thereby supply the
nltrapure water having a dissolved nitrogen concentration of 6
ppm to cleaning bath 20 at 5 liters per minute. Then,

25 irradiation of ultrasconic waves was started ($32). Irradiatilion

of ultrasonic waves was carried out by emitting ultrasonic
waves under the condition in which the dissolved nitrogen
concentration was 6 ppm and under the same conditions as those
in Examples 1 and 2 of the present invention. When an image

30 intensifier unit was used to make observations in the state
where ultrasonic waves were irradiated, 1t was confirmed that a
nonluminescent state was brought about. In this state, wafer W
to which silicon dioxide particles to bes cleaned were adhered
was dipped in the solutiocn and cleaned for 10 minutes. Then,

35 wafer W was dried for 2 minutes by the spin dryer.



not occurred As shown in Table 1, the particle remgval efficiency achieved by the cleaning method
according to the comparative example was 18.8 %. On the other hand, the particle removal efficiency
achieved by the cleaning method according to Example 1 of the present invention was 30.5 %.
Furthermore, the particle removal efficiency achieved by the cleaning method according to Example 2
of the present invention was 30.6 %. The particle removal efficiency in each of Examples 1 and 2 of
the present invention was higher than the particle removal efficiency in the comparative example.
Furthermore, luminescence (sonoluminescence) was observed in Examples 1 and 2 of the present
|nv.ent|onr¥1vg}llerz Iq: inescence. sogflugpfgegg%cjg) y\éasr%?&oqufrveepf@cttjgr?g@Q\g{ﬂv%gxqmple. 20
This experiment s owed that the ¢ eaning method according to the present invention could improve
the particle removalefficiéney Twas disecorfifmbeathat lamireseeficé (sonoluminescence) was
observed when the particle removal 26 efficiency was high while luminescence (sonoluminescence)
was not observed when the particle removal efficiency was low. Example 2 5 An object of the present

experim; tionship between-the-luminescence(sencluminescence) state and

the finaj dissolved nitrogen concentration at the time when thedissoived:nitrogen concentration in the
solutionf was W adjusted using a%ﬁfo?%ﬁé%Ie%?fﬁ@r%tho%%%&;qm%%m% present invention and the

cleaning method according to thercomparative example.
of Lumilnescencs
Example 1 of
the Present 30.5 % Luminescence occurred
Invention
Example 2 of
the Present 30.6 % Luminescence occurred
Invention
Comparative Luminescence
18.8 %
Example not occurred

As shown in Table 1, the particle removal efficiency achileved
by the cleaning method according to the comparative example was
18.8 %. On the other hand, the particle removal efficiency

-

10 achieved by the cleaning method accerding to Example 1 of the
present invention was 30.5 %, Furthermore, the particle removal
efficiency achieved by the cleaning method according to Example
2 of the present invention was 30.6 %. The particle remcval
efficiency in each of Examples 1 and Z of the present invention

15 was higher than the particle removal efficiency in the
comparative example. Furthermore, luminescence
(sonoluminescence) was observed in Examples 1 and Z of the
present invention while luminescence (soncluminescence) was not
observed in the comparative example.

20
This experiment showed that the cleaning method according to
the present invention could improve the particle removal
efficiency. It was also confirmed that luminescence

{sonoluminescence) was observed when the particle removal



In the example of the present invention, the solutior,.having a dissolved nitrogen concentration of 15
ppm was first prepared. Irradiation of ultrasonic waves to this solution was started. The ultrasonic
waves have a frequency of 750 kHz and an output of 1200 W. In this state, an observation was made
by an image intensifier unit as to whether luminescence occurred or not. 20 Then, while lowering the
dissolved nitrogen concentration from 15 ppm for each 1 ppm, it was observed whether luminescence
occurred or not under each dissolved nitrogen concentration condition. 25 In the comparative example,
the solutiofnshaving: disselved nifrogenidencentrations of Ogpphs tor 25 ppimwere prepared sThe

dissolved nitrogencancenialion was adiysted for eagfh.tppmLiram.d pRm/ 1o, 13,ppi, o prepare a

total of 16 types of solutions. Then, irradiation of ultrasonic waves was started 30 for each solution.
The conditions of the ultrasonic waves are the same as those in the example of the present invention.
While irrggdighipd yltpasonic waves to each solution, it was observed by the image intensifier unit
whether luminescence occurred or not. 27 The results of the present experiment will be described
witheference to Fig. 14. Fig. 14 (a) shows the result of the comparative example and Fig. 14 (b)
shows therresilt of theoéxamplerofdhe presenténvention. As shownsdnaFEigiel 4 fa), when 5 the solution

directly adlusied fo, e fargetdissnivad, atagen.concentiaton was sed- e umingscent siate was

observed in the dissolved nitrogen concentration in the range between not less than 10 ppm and not

more thatth ppm. Orithe GtheERaNE As'SHowW fFigC 14 TB): WitehClsiAd thd SolutiBf thatskas first
adjusted:ata high dissehed-nitreger coneentrationswhish was thes lewered and adjusted to the target
dissolved nitro EnAconcentratiorL alu irtlesce state was observed in the dissolved nitrogen
condentratiditin fhe range between fot eSS tiar 4 b and not mote than 15 ppri. In other words, it
was 15 confismed thatthe fuminescentistatefahe sofutivhtibasichangedhy the-metticd of adjusting
the dissoé\@gpgiygg%é:oggg%q@_n even when the final dissolved nitrogen concentrations were the
same. Furthermore, as confirmed in Example 1, the particle removal efficiency at the time when 90
wafer W is cleaned in the luminescent state is higher than that at the time when wafer W is cleaned in
the nonlumineseerfxample of the present invention, the solution having a

15 dissolved nitrogen concentration of 15 ppm was first prepared.
Irradiation of ultrasonic waves to this solution was started.
The ultrasonic waves have a frequency of 750 kHz and an output
of 1200 W. In this state, an observation was made by an image
intensifier unit as to whether luminescence occurred or not.

200 Then, while lowering the dissolved nitrogen concentration from
15 ppm for each 1 ppm, 1t was cobserved whether luminescence
occurred or not under each dissolved nitrogen concentraticn

condition.

25  In the comparative example, the sclutions having dissolved
nitrogen concentrations of 0 ppm to 15 ppm were prepared. The
dissolved nitrogen concentration was adjusted for each 1 ppm
from 0 ppm to 15 ppm, te prepare a total of 16 types of
solutions. Then, irradiation of ultrasonic waves was started

30 for each solution. The conditions of the ultrasonic waves are
the same as those in the example of the present invention.
While irradiating ultrascnic waves to sach scluticn, 1t was
observed by the image intensifier unit whether luminescence

cocurred or not.



state. In other words, the cleaning method according to the example of the present invention can
achieve a higher particle removal efficiency in a wide dissolved nitrogen concentration range than that
in the case of the cleaning method according to the comparative example. It should be understood
that the embodiments and examples disclosed herein are illustrative and non-restrictive in every 30
respect. The scope of the present invention is defined by the terms of the claims, rather than the
embodiments and examples described above, and is intended to include any modifications within the
scope arrthmeaningleguivdlentito thedermns okthe=clamesitClaih$ bAndgtrasanie ¢leaniig method for

irradiating éj%téaseorgé%wgge% J’E%r? Aqtiopi[%qvirigl gig )dISSSr(Pg{,?? therein far, gleaning 5.an object to he
cleaned in said solution, said method comprising the steps of: irradiating ultrasonic waves to said
solution kavifg BirétidisSE1vas gasTofcEatration’ ahd’ changifig a'dissoived §as conééntration in

said solution-from W, said first.disselved gasconcentration to.asecord dissolved gas)congeatration
lower than said first dissolved gas e(fonc&ef?ﬂ,t_rgtignain a stgte where ultragonic waves are being irradiated
to said sollfiort Sonohiinestence Scéltfing by iradiating ultasonic waves to’ T5 said-$oitioh while
said dissolvedgas:concentration iresaid solutiohtis changed front said firstdissoived gas toncentration
to said second dissolyed gas copcentation, .. 2., The ulfrasnic,cleaning, methed according to claim I,

wherein 20 irradiation of ultrasonic waves is started at a point of time when said dissolved gas
concentrafidit régehes saidhest dissolved gus-CoricentrationPrm. ©n the other hand,

as shown in Fig. 14 (b), when using the scluticon that was first

10 adjusted at & high dissolved nitrogen concentration which was
then lowered and adjusted to¢ the target dissclved nitrogen
concentration, a luminescent state was observed in the
dizsolvaed nitrogen concentration 1n the range between not less
than 4 ppm and not more than 1% ppm. In other words, 1t was

15 confirmed that the luminescent state of the sclution was
changed by the method of adjusting the dissolved nitrogen
concentration even when the final dissclved nitrogen
concentrations were the same. Furthermore, as confirmed in
Example 1, the particle removal efficiency at the time when

20 wafer W is cleanad in the luminescent state is higher than that
at the time when wafer W is cleaned in the nonluminescent
state. In other words, the cleaning method according to the
example of the present invention can achieve a higher particle

removal efficiency in a wide dissclved nitrogen concentration

V]
h

range than that in the case cof the cleaning method according to

the comparatlve example.

It should be understood that the embodiments and exampies
disclosed herein are illustrative and non-restrictive in every
30 respect. The scope of the present invention is defined by the
terms of the claims, rather than the embodiments and examples
described above, and is intended to include any medifications
within the scope and meaning egulvalent to the terms of the

claims.



3. The ultrasonic cleaning method according to clai{EI 1, further 25 comprising the steps of: starting to
irradiate ultrasonic waves to said solution having a third dissolved gas concentration lower than said
first dissolved gas concentration; and changing said dissolved gas concentration in said solution 30
from said third dissolved gas concentration to said first dissolved gas concentration in a state where
ultrasonic waves are being irradiated to said solution. 4. The ultrasonic cleaning method according
to claim 3, wherein 35 the step of changing said dissolved gas concentration from said third dissolved
gas conceEndraten to said first dissolved gas concentration is performed by adding a solution having
said dissolved gas concentration higher than said third dissolved gas concentration to a cleaning bath
housing said object to be 5cleaned. 5. The ultrasonic cleaning method according to any one of claims
1 to 4, wherelm saidtgassisnittogerrand said sedond dissolvetr gals e6Acehtratibhds Adt fess than 4

ppm and,potiaore 10,than:10 PBM. having gas dissolved therein for cleaning

5 an object to be cleaned in said solution, said method
comprising the steps of:
- irradiating ultrasonic waves to said solution having a first
dissolved gas concentration; and
- changing a dissclved gas concentration in said sclution from
10 saild first dissolved gas concentration to a second dissolved
gas concentration lower than saild first dissolved gas
concentration, in a state where ultrasonic waves are being
irradiated to said sclution,
sonoluminescence occurring by irradiating ultrasonic waves To
15 said sclution while said dissclved gas concentration in saild
solution is changed from said first dissolved gas concentration

to said second dissolved gas concentration.

2. The ultrasonic cleaning method according to claim 1, wherein
20  irradiation of ultrasonic waves 1is started at a point of fime
when said dissclved gas concentraticn reaches said first

dissolved gas concentratlon.

3. The ultrasonic cleaning method according to claim 1, further

b
h
Q
QO
=
T
5
=
0
=

ing the steps oI:
g to irradiate ultrasonic waves to sald solution
third dissolved gas concentraticon lower than said
first dissolved gas concentration; and
- changing said dissolved gas concentration in said solution
30 from said third dissolved gas concentration to sald first
dissclved gas concentration in a state where ultrasonic waves

are being lrradiated tc said sclution.

4., The ultrasonic cleaning method according te claim 3, wiherein

Tnd
wh

the step of changing saild dissclved gas concentration from said



10

third dissclved gas concentration to sald first dissclved gas
concentration is performed by adding a solution having said
dissolved gas concentration higher than sald third dissolved
gas ccncentration to a cleaning bath housing sald object to be

cleaned.

5. The ultrasonic cleaning method according to any one of
claims 1 to 4, wherein said gas is nitrogen and said second
dissolved gas concentration is not less than 4 ppm and not more

than 10 ppm.



