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Ultrasonic Cleaning ¥ethod and Ultrasonic Cleaning Apparatus

Tachnical Fisld

The present invention relates to an ultrasonic clsaning method
and an ultrasonic cleaning apparatus, and particularly to an
ultragonic cleaning method and an ultrascnic cleaning apparatusg

for cleaning an object to be cleaned in a liguid in which a gag

ig dissolved, by irradisting the liguid with ultrascnic waves.
Background Art

In a process of manufacturing a substrate such as & silicon
wafer, a substrate cleaning process of an immersion type, =&
single wafer typs or the like has heen copventionally conducted
in order to remove, from the svbstrate, organic substances,
metallic impuritiss, particles, natural coxide films and the
like that cause a defect in a semiconductor device.

In the substrate cleaning process, various types of clesaning
methods have been ussd depending on its purpose. Particulsrly
when the immersion-type clzaning method iz used to remove

foreign substances such as particles, use is made of a method

~fy

for ilmmersing the substrate in a cleaning liguid containsd in a
cleaning tank and irradiating the cleaning liguid in which the
substrate ig immersed with ultrasconic waves having a frsquency
of around L MHz, which iz called wegasonic., It iz generslly
believed that when the ultrasonic waves having a freguency of
around 1 MHz arse used, damage to the substrate can be reduced
znd the cleaning effect on submicron-gize fine particles on the

substrate surfsce can be incrsaged.

It hag been known that a concentration of a dissolved gas in
the clesaning liguid affscis the efficiency of removal of the

foraign substances such as particles. It has besn found that



whernr ultrapure water lg used as the clesaning liguid and the
ultrapure water iz ilrradiated with megasonic to remove the

particles from Che substrate, for example, a rate of removal
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the particles from the substrate is affected by a dissolved

5  nitrogen concentration in the cleaning liguid. Mors
specifically, when the dissolved gas concentration. in the
cleaning liguid is within a prescribed range, thes rate of
removal of the particleg from the substrate ig relatively high
{(Japanese Patent Laying-Open Nosg. JPL0-1080728 and JP2007-

o 2507262) ., Therefore, by monitoring the dissolved gas
cencentration such as the dissclved nitrogen concentration in
the cleaning liguild and controlling the dissoclved. gas
concentration in the cleaning liguid teo fall within a certain
range in the cleaning process, 1t becomes theoretically
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pessible to remove the particles effectively.

On the othsr hand, there is a report that the behavior of
removal of the particles from the substrate is somehow related
to the behavior of weak light emission {(scnoluminescence) that
20 occurs when the cleaning liguid is irradiated with the
ultrasonic waves [("Behavicur of a Well Designed Megasonic
Cleaning System”, Solid State Phenomena Vols.103-104 {2008)
Cpp.i55-158; "Megasgonics: A cavitation driven process®, Solid

State Phenomena Vols.1l03-104 (2003 pp.189-162).
Problems to be Solved by the Invention

he 3 result of studies on ultrasonic cleaning of a substrate
that have been conducted in the past by the inpventors, it has
3 turned cut that a particlie removal rate may be high or low even

undsr the same diesclved gas concentration and
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ultrasonic irradiation conditions. Therefore, it has been
difficult to realize & state having a high particle removal

rate in & sgtable manner, simply by adiusting the dissolved gas
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concentration and the uvltrasonic irradistion conditions.
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The present invention has been made in light of the
aforementioned problem, and an object of the present invention
ie to provide an ultrasonic cleaning method and an ultrasonic
cleaning apparatus by which a high particle removal rate is

obtained in a stable manner.

Means for Solving the Problems

The inventors have earnestly studied a relationship between the
dissolved gas concentration and the particle removal rate, and
as a result, have obtained the fcllowing findings.
Specifically, the inventors have found that, by stirring a
liguid having a certain range of dissclved gas concentration
while irradiating the liquid with ultrasonic waves, the
particle removal rate of the liquid can be increaged, and the

inventors have arrived at the present invention.

An ultrasocnic cleaning method according to an aspect of the
present invention is an ultrasonic cleaning method for cleaning
an object to be cleaned in a liquid in which a gas is
dissolved, by irradiating the liguid with ultrasonic waves, and
the method has the following steps. The liquid in which the
gas is dissolved is prepared. The liguid is stirred by
rotating a stirring portion with a rotation speed of at least
1400 rpm to trigger a state where bubbles containing said gas
continue to be generated by driving said stirring portion in
said liquid while the liguid is irradiated with the ultrasonic
waves, and a state where bubbles containing the gas dissolved
in the ligquid continue to be generated is realized. After the
liquid is stirred, sonoluminescence occurs. The object to be
cleaned is cleaned in the state where the bubbleg containing

the gas continue to bé generated.
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In the ultrasonic cleaning method according to the present
invention, the liguid i1s stirred while the liguid is irradiated
with the ultrasonic waves. Therefore, it is possible to
realize the state where the bubbles containing the gas

dissolved in the liquid are more likely to be generated
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continuously. Since cleaning is done in this state, a high

particle removal rate can be obtained in a stable manner.

In the ultrasonic cleaning method, the step of realizing a
state where bubbles containing the gas continue to be generated
is triggered by driving a stirring portion in the liguid. With
this, generation of bubbles serving as nuclei is promoted on
the surface of the stirring portion, and the cleaning effect

can be enhanced.

In the ultrasonic cleaning methed, the step of cleaning the
object to be cleaned includes a step in which sonoluminescence
occurs. With this, a high particle removal rate 1s obtained in

a more stable manner.

Preferably, in the ultrasonic c¢leaning method, the gas is
nitrogen and a dissolved gas concentration in the liquid is 5

ppm or more and less than 11 ppm.

An ultrasgonic cleaning apparatus according to an embodiment of
the present invention is an ultrasonic cleaning apparatus for
cleaning an obkject to be cleaned in a liquid in which a gas is
disgolved, by irradiating the ligquid with ultrasonic waves, the
apparatus having: irradiation means for irradiating the liguid
with the ultrasonic waves; a container for containing the
liguid; and a mechanism for stirring the ligquid. With the
mechanism for stirring the liquid, the liguid can be stirred
and it is possible to realize the gtate where the bubbles
serving as nuclei are meore likely to be generated in the
ligquid. As a result, the cleaning effect can be enhanced and a

high particle removal rate can be obtained in a stable manner.

Bffects of the Invention
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According to the present invention, there can be provided an
ultrasonic cleaning method and an ultrasonic cleaning apparatus
by which a high particle removal rate is cbtained in a stable

MAIIer .

srief Description of the Drawings

o

ig. 1 is a schematic view showing an ultrasonic cleaning

:

sent invention.

o

gpparatus according to one embodimsnt of the pr

Fig. 2 shows one axample of an apparatus configuration when

sonoluminescence is obssrved.

Fig. 3{a} is a diagram for describing a state of a bubble in a

supergaturated stats, Fig. 3(b) is a diagram for describ

state of & bubble in a nucleus formation state, Fig. 2{g) isg a

disgram for describing a state of a bubble in a bubble ¢

state, Fig. 3{d) is a diagram for describing a state of =
= e

bubble in a bubble growth state. and Pig. 3{e) is a disgram for

describing a gtate of a bubble in a bubble burst state.
Fig. 4 is & schematic view showing a relationghip between the
ssolved nitrogen concentratlion and the presesnce or absence of

foggy bubblesg.

Fig. 5 is =z flowchart showing an ultrasonic cleaning method

according to one embodiment of the present invention.
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4 wvane porticm
10 supply means
11 first supply valve
12 second supply va}ve

20 clieaning tank .

2i  indirect water tank

22 heolding portion

23 liguid introducing pipe

30 irradiation mesnsg

40 wmonitoring neans

41  extraction pips

42 pump

43 digsolved nitrogen concentration metser
50 dark roown

60  light emission detecting apparatus
£l image processing apparatus

100 uitrasonic cleasning apparatus

W wafer

Best Modes for Carrying Out the Invention
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An embodiment of the pres

hersinsfter with reference to the drawings, in which the same
i
heraof will not bs repsated.

First, a configuration of an ulirasonic cleaning apparatus
according to one embodiment of the present invention will be
described.

As shown in Fig. 1, an ultrasonic c¢leaning apparatus 100
according to the present embodiment has: a cleaning tank 20
storing therein a cleaning liguilid such ag ultrapurs water:
supply means 10 for supplving the cleaning ligquid to this

cleaning tank 20; an indirect water tank 21 housing cleaning
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cank 29; ilrradiztion wmeans 30 arranged at the botbtom of

!...!

indirect water tank 2 for providing ultrasonic waves;
monitoring means 40 for monitering a dissolved nitrogen
concentration in the c7ean;ﬁg liguid supplied into cleaning
tank 20; and a stirring portion 4 serving as & mechanism for
stirxing the liguid. Supply means 10 has =z first supply valve
11l for supplyving ultrapure water in which a nitrogen gas is
disgolved to cleaning tank 20, and a second supply valve 12 for
supplying degassed ultrapure wabter to clesaning tank 20.

Firgt supply valve 11 is comnected to a not-shown filrst tank.
The ultrapure water in which the nitrogem,gas is dissolved is
stored in the first tank. Second supply valve 12 is connected
fo a not-shown degassed waber manufacturing apparatus.
Ultrapurs water is gupplied to the degassed water manufacturing
spparatus, where a dissclved gas in the ultrapure water can he
removed through z degassing membrane. The ultrapure water in
which the nitrogen gas iz dissolved and the degassed ultrapure

watar are mixed because 3;‘:3.

Iﬂ

connected to first supply valve
11 and second supply valve 12 mergs into one pipe on the
downstream side of Lirst supply valve 11 and second supply
valve 12. A wixing tank {(not shown! may be arrangsd on the
downstream side of first gupply valve 11 and second supply
valve 12. In this case, the ultrapure water in which the
nitrogen gas is dissolved and the degassed ultrapurs water can

be complately mixed in this mixing tank.

The mixed ultrapure water ils then supplied to a liguid
introducing pipe 23 through a pipe connscted to the downstream
gide ©of aforementioned fLirst supply valve 11 and second supply
valve 12 and disposed within cleaning tank 20. Liguid
introducing pipe 23 ls disposed near an outer circumferentizl
end of the bottowm surisce of cleaning tank 20. By adijusting
degree of opening of first supply valve 11 and second

supply valve 12, the dissclved niftrogen concentration in the
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ultrapure water introcduced into cleaning tank 20 as well as an
amount of gupply thereoi can be controlled.

Liguid introducing pipe 23 is provided with a plurality of not-
shown nozzles. Through these nozzlies, the ultrapure water,
which ig the cleaning liguid, is supplied from liguid
introducing pipe 23 inte cleaning tank 20. The plurality of
nozzles are spaced apart from one ancther along the directicon
in which ligquid introducing pipe Z3 extends. These nozzles are
arrang=d so ag to inject the cleaning liguld toward almeost the

~—

central portion of cleaning tank 20 {region where a wafer W,

which is an object to be cleansd, is held).

Hh

Cleaning vank 20 is a container for containing the cleaning

oy

liguid and a holding portion 22 for holding wafer W is disposed
within cleaning tank 20. & semiconductor wafer, for sexamples,
can be used ag wafer W. With wafer W being held by holding
portion 22 in cleaning tank 20, the cleaning liguid constituted
by the afcrementioned mixed ultrapure water 1z supplied from

‘

liguid introducing pipe 23 inte cleaning tank 20.

zs described above, liguid introcducing pipe 23 is disposed at
the lower part of cleaning tank 20 {(near the bottom wall or in
a region located at the cuter circumferentizl portion of the
botitom wall that comnnectz The botiom wall and the sidewall). &
pragcribed amount of the cleaning liguid {(mixed ultrapure
water) ils pupplied from liguid introducing pipe 23 into .
cleaning tank 20. The amount of supply of the cleaning liguid
iz adfusted such that cleaning tank 20 is £illed with ths
cleaning liguld and a prescribed azmount of the cleaning liguid
overflows Irom the upper part of cleaning tank 20. As a
raselt, waier W is immersed in the cleaning liguid in cleaning

rank 20 as shown in Fig. 1.
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A supply line (not shown} for a medium different from the
medium supplied by aforementioned supply means 10 is connected
to indirect water tank 21. Water serving as the medium is
supplied from this supply line into indirect water tank 21. At
lezst the bottom wall of aforementioned cleaning tank 20 is in
coptact with the water stored in indirect water tank 21. A
prescribed amount of the water continmues to be supplied from
the supply line to indirect water tank 21, and thereby a
certain amount of the water overflows from indirsct water tank
23

Irradiation msans 30 is arranged to be connected to the bottom
well of indirect water tank 21, Irradidgtion means 30
irradigtes the water in indirect water tank 21 with uliyvesonic
wavaes. The irradiated ultrasonic waves ara provided through
the water in indirect water tank 21 and a portion of clsaning
tank 20 that ig in contact with the water {(e.g., the bottom

wall) to the cleaning liguid in leaning tank 20 and wafer W.

irradiation means 30 can gesnerate ultrasonic waves having =3
fraquency of 20 kHz or more and 2 Mir or ledgs and a wat

density of 0.05 W/om® or more and 7.0 W/om® or less, for
example. Bince the cleaning liguld and wafer W are irradiated
wirh the ultrasonic waves in such a manner, wafer W immersed in
the cleaning liguid can be efficiently cleaned. Ultragonic
waves having & freguency range of 400 kHz or mors and 1 MHz or
less are preﬁexably used as the ultrasonic waveg ilrradiated by

o

adiatlion means 30.

?"S’

Monitoring wmeans 40 includes: an extraction pipe 41 extracting
& prescribed amount of the clsaning liguid frow ingide cleaning
tank 20; a pump 42 connected to extraction pipe 41, for
introducing the clsaning liguid to a disscliwved nitrogen
concentration meter 43; and dissolved nitrogen concentration

meter 43 connected to the downgtream side of pump 42, Data of
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the measured dissolved nitrogen concentration in the cleaning
liguid is output from dissolved nitrogen concentration meter 43
to a display unit included in disscolved nitrogen concentration
meter 43. An apparatus having an arbitrary configuration can
be used as dizsclved nitrogen.ﬁoncemtfaﬁion meter 43. For
example, a measuring apparatus can be ﬁsed, in which a
dissolved gas component contained in the cleaning liguid is
introduced into a receptor through z polymer f£ilm and a
concentracion of the gas component iz calculated based on 2

change in thermal conductivity in this recsptor.

Cleaning tank 20 is made of, for exampls, gquartz glass having a
thickness of 3.0 mm. Cleaning tank 20 can have an arbitrary
shape. . For example, a sguare waler tank having a width of 270
mm, & depth of €9 mm and a height of 270 wm in terms of inside
dimension is used as cleaning tank 20. A cleaning tank 20 with

chege dimensions has a capacity 0f § liters.

The thickness of the guartz glass plate material forming the

pottom wall of cleaning tank 20 is preferably adijustsd =z

i

ey

approprigte, depending on the Ireguency cof the ultrasonic waves
emitted from irradiation means 30. For example, when the
freqgquency of the ultrascnic waves smitted frowm irradisztion

h

3.
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means 30 is 258 kHz, the thickness of

]

piats material

1)

forming the bottom wall is preferabl

¥

mm. When ths

b
6

cted from irradiarvion

bae

freguancy of the ultrasonic waves en
means 30 ig 750 kHz, the thickness of the plate material

forming the bottom wall is prelsrably 4.0 mm, for example.

The amount of the cleaning liguid (mixed ultrapure watsl)
supplied from supply means 10 to cleaning tank 20 may be 5
liters/min. The Efreguency of the ultrascnic waves irradizated
by drradiation means 30 may be 550 kHz and 750 kHz as described

above, and an output therseof may be 1200 W (watt density of 5.6
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W/ em®) . & radistion surface of & vibrating plate in

irradiation means 30 may have a gize ©f 80 mm x 270 mm.

The mechanism for stirring the ligquid has, for example,
stirriﬁg portion 4. Stirring portion 4 has a béd§ porticn 4a
and a vane portion 4b. Vane partion 4b is immersed in the
liguid. One end of kody portion 4z is connected to, for
example, a driving unit such as 2 motoy (not shown) . tirring
portion 4 is configured to be rotatable around a central axis L
of body portion 4a serving as a rotation axig. In other words,
stirring portion 4 is configured to be capable of stirring the

liguid.

Vane portion 4b has a diameter of approximately 25 mm and a
height of approwimately 40 wmm. Vane portion 4 hag six vanes,
for sxample. Stirring portion 4 is made of, for example,
pelytetraflucroethylene (PTFE, alsc known under the brand name
Tefion’) .

=1
i

apparatus configuration when soncluminescence. {light
mission phenmmﬂnon) is observed will be described with
reference to Fig., 2. First, ultrasomic clsaning apparatus 100
and a light emission detecting apparatus 60 are disposed within
& dark room 50. Light amiggiom_detemting apparatus 60 is

connected Lo an lmage provessing auparatus €1, An iwmage

!Nl’

intensifier unit (extremsly weak

11

ight sensing and dntensifying
unit; used as light emission detacting apparatus 60 iz an

{

apparatus for sensing and int@nsif;inq extremely weak light to

—t

obtadin a contrasty image. Specifically, a unit using an imags

]

intensifiser (V4435U0-03) manufactured by Hamamatau Photonics
E.K. can be used as this unit. In this unit, a photoslectri
surface is made of (Cs-Te, a sensitivity wavelength range is
from 160 To 320 nm, and the highest sensitivity wavelength is
250 mm. It is believed that light emisgsion when water is

irradiated with ultrasonic waves is caused by hvdroxy radical
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(OH radical) that occurs as a result of descomposition o
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water, and the light emisgion has a wavelength in an

ultraviclet region of around 309 nm. Thersfore, the image

intensifier unit having the photoelectric surface material {(CTg-

Te) and muv1rg the aforementicned wavelength as the sensit civit

wavelength range is used. A photomultiplier may be used as
ght emisgsion detecting apparatus 0. Conditions of the

13
apparatus include, for example, an tltrasonic freguency, an

-
'l -t
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asonic intensity, 2 design of a water tank containing a

golution, an amcunt of supply ©f the solution, and the Llike,

Next, an ultrasonic clsaning wethod according to the pragent

embodiment will be described.

The ultrasonic cleaning method according to the present
embodiment will be described with reference to Fig. 5. The
ultrasonic cleaning wmethod according to the present sambodiment
is a method for cleaning wafer W (chisct to be cleaned)
immersed in & liguid in which a gas such as nitrogen is
diggelved, by irradiating the liguld with ultrazondc waves, and

the method mainly has the foellowing steps.

First, a liguid preparing step (S10) is performed. Fox
example, using the cleaning appsaratus shown in Fig., 1,
trapure water in which & nitrogen gas ig dissoclved and
dagassed ultrapure water are mixed, and a liguid (cleaning
liguid) having 2 desired dizsolved nitrogen concentration is
prepared. The dissolved nltrogen concentration in the liguid

ig preferablyv 5 ppm or more and less thap 11 ppm.

a 1li i {820} is performed. Specifically,
the liguilid prepared in the aforementlcned step (810) is
irradiated with ultrasonic waves. In this state,
sonoluninescence has not yet occurred. The liguid iz stirred

while the liguild is irradiated with the ultrasonic waves.
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Preferably, stirring portion 4 is driven in the liguid, and

i

thereby the gas digsclved in the liguid generates bubbles.
Specifically, stirring portion 4 shown in Fig., 1 is rotatsd by,
for exampls, the motor and the like, and thereby the liguid is
stirred. & rotation speed cof stirring portion 4 is, for
example, 1400 rpm {(revolutions per minute). The rotation speed

of stirring portion 4 ig preferably 1400 rpm or more.

Stirring the liguid includee agitating the liguid. The liguid
may also be stirred by moving stirring portion 4 vertically or
horizontally, for example.

Generation of foggy bubbles in the liquid is triggered by
stirring thse liquid. The foggy bubbles are bubbles contalning
the gas (nitrogen in the pressnt embodiment) dissolved in the
iicuid,  In osuch a manner, a stats where the bubbles containing
nitrogen continue to be generated is realized. The phsnomenon
in which the minute bubbles continug Lo be generated due to the
digsolved gas is called “cavitation phenomsnon®.

After the state wheye the bubbles containing nitrogen continue
to ba generated is reallzed, rotation of stirring portion 4 is
gtopped, Even after rotaticon of stirring portion 4 is stopped,

the state where ths bubbles containing nitrogen continue to be
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In the ultrasonic cleaning method according to the present
embodiment, after the liguid is stirved, sonoluminescencs

ovoursg.  Sconoluminescence can be zensed by the image

=

intensifier and the photomultiplier shown in Fig. 2.
Occurrence of gonoluninsscence continues even after gtirring of

the liguid iz stopped.

Next, a clsaning step (830 is performed. In the cleaning

&
step, wafer W, which is the obiect te be cleaned, i1z cleansd in
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the gtate where the bubbles containing nitrogen continue to be
generated., It i1z preferable that soncluminescence is occurring

in the cleaning step.

The case where rotation of stirving portion 4 is stopped before

‘the cleaning step is performed has been described in the

present embodiment. However, stirring portion 4 may be rotated
in the rcleaning step. Alternatively, rotation of stirring

portion 4 way be stopped during the cleaning step.

b

axt, a hvpothesis aboub a mechanism of a chain reasction of the
cavitation phenomencn that is caused by gensrating the bubbles
in the liguid and a resulting increase in the particle removal

rate will be described with reference to Figs. 3{a) to 3{e).

Referring to Fig. 3{(a), & liguid 1 in which nitrogen 2 is
dissolved ig irradiated with ultrasonic waves by irradiation
means 30. In this liguid, nitrogen 2 is supersaturated.
Referring to Pig. 2(b}, the stirring portion (not shown) is
rotated in the liguid, and thereby z bubble 3a i1s generated in
the Ziguid. Bubble 3a serves as a nucleus and the neighboring
disgolved gas gathers sround bubble 3a. Referring to Figs.
3{c)y and 3{d), & grown bubble 3b moves through the liguid while
collecting the nesighboring dissolved gas one after another, and

grows into a bubble 3¢ having a size

a1

hat resonates with the

ot

ultrasonic waves., Referring to Fig. , & bubble 34 that has

grown to the size that resonates with the ultrasonic waves

et

{e
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burets and produces = plurality of small bubbleg 3a. Tt is
congiderad that the burst of bubble 34 causes a shock wave in
the liguid, which allows removal of particles attached to an
object to be cleaned, The plurality of small bubbles 3z also
serve az nucleil and start to collect the neighboring disscolved
gas., In such & manner, the bubbles containing the dissolved

gas are generated continuously., Regarding & change in the
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bubbles shown in Figs. 3 (b} to 3{e; as cne Lloop, this loop is

repeated approximately 1000 times or more in one second.

nsidered that stirring the liguid means supply of the

|
e
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irs ubble that triggers the chain reaction of genaratloﬂ of
the bubbleg. In other words, 1t is conzidered that appiication
of external Fforce to the Liguid in some way allows creaticn of
the state where the bubbles are more likely to be generated in

the liguid.

WNext, the Ffunction and effect of the presgent smbodiment will be

describead.

the ultrasonic cleaning method according to ths preszent
ambodiment, the liguid is stirred while the liguid is
irradiated with the ultrasonic waves. Therefore, it ig
possible to rsalize the state where the bubbles containing the
gas digsolved in the liguid are more likely to be generated
continuously. Since cleaning is done in this state, a high

particle removal rate can be cbtained in a stable manner.

In addition, in the ultrasgonic cleaning method accerding to the
present embodimant,” the step of realizing the state where the
bubbles containipg the gas continue to be gesnerabed 1
triggered by driving stirxring portion 4 in the liguid and
generating hubbles from the disscived gas. With this,
generation of the bubbles serving &8 nuclel is promoted on the
urface of stirrving portion 4, and the cleaning effect can be
enhanced. .
Furthermore, in the ultrasonic cleaning method according to the
present embpodiment, the step of cleaning the object to ba

clesanes incolindses a step in which sonoluminescence ocours. With

this, & high particle removal rate is obtained in a more stabls
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In the ultrasonic cleaning apparatus according to the present
embodiment, the liguid can be stirred by stirring portion 4 and
it is poseible to realize the stats where the pubbles serving
aspgaclei are more likely to be generated in the liguid. &s =z
regsult, the cleaning effect can be snhanced and a high particle

ramoval rate i cbtained in a stable manner.
BExample

an obiject of this experiment 18 to verify a difference in the
rate of removal of particles attached to wafer W betweean the
cleaning method according to the present invention and a
cisaning method acccocrding to a comparative example that are

uead to clean wafer W.

Pirst, a2 cleaning apparatus used in this sxperiment will be

described with refersnce to Fig.

%_!

The sguare water tank made
of quartz glass having a thickness of 3.0 mm was used as
cleaning -tank 20 in the experiment. The water tank had a widbth
of 270 mm, a depth of 69 mm and & height of 270 mm in terms of

+

ide dimension. The plate material forming the bottom wall

S

s 1L
ad a thickness of 4.0 mm. Cleaning tank 20 had a capacity of
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The amount of the clesning liguid (mixed ultrapurs water)

supplied from supply means 10 to clzaning tank 20 was B
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Crasonic waves lrradiated

1200 W {wat:i density of 5.6 W/ ow'}. The radiation surface of
the vibrating plate in irradiation means 30 had a size of 80 mm
¥ 285 mm. The ultrasonic waves emitted from irradistion means
30 were provided onto the entire bottom surface of cleaning

tank 20.
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First supply valve 11 adjusting the amount of supply of the
ultrapure water in which the nitrogen gas was dissclived and
econd supply valve 12 adjusting the amount of supply of the
degassed water were con wtrolled, and thereby the ultrapure water
in which nitrogen was disscolved was supplied to cleaning tank
20 at 5 liters/min. The ultrapure water in the wabter tank was
gsampled and the dissolved nitrogen concentration was measured

by monitoring means 40.

Next, an coblect to be cleaned that i1z used to measure the

particle removal rate will be described.

A P-type silicon wafar having -a diameter of 200 wm waz used as
the objech To be clisaned. Silicon dioxide particles were
attached to s mirror surface of the P-type silicon wafer by
spin coating., An amount of attachment wasg 2000 tto 3000

particles in the case of the particlss of 110 mm or more.

Nexr, 2 method for messuring the particle removal rate will be

degcribad,

The walfer heving the silicon dioxide particlss attached thereto
wag immersed in the water tank and cleaned for 10 minputes.
Thereaiter, the wafer was dried for 2 minutes by a spin dryver.
The partlclie removal rate is obtained as a value acquired by
dividing the number of particles that decrease after clez
bry the numbesr of particles attached to the wafer befors
cleaning, and this valus ils expressed as a percentage. LES50D
menufactursd by Hitachi High-Technologies Corporation was used

to measure an amcount of particle atiachment.

Example according to the Present Invention

The cleaning method according to an example of the present

invention will be described. First, a cleaning liguid whoss
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dissolved nitrogen concentration was adjusted to 7.1 ppm was
prepared. This clesaning liguid was irradisted with ultrasonic
waves by irradiation means 30. The freguency ©f the irradiated
uwltragonic waves was 750 kHz and the output thereof wag 1200 W.
The cleaning liguid was continucﬁsly irradiated with ths
nltrasonic waves. Stirrving portion 4 was rotated in the
cleasning liguid at 1400 rpm while the cleaning liguid was
irradiated with the ultrasonic waves. Vane portion 4b of
stirring portion 4 had a diameter of approximately 25 mm and a
height of 40 mm. tirring portion 4 was rotatsed, and thereby
foggy bubbles were genersted in the cleaning liguid. &t thig
point, an observation by the image intensifier unit was
conducted. Then, occurrence of sonoluminescence was gasn.
Wafer W having the silicon dioxide particles sttached thereto,
which was the object to be cleaned, was ilmmerssd in the liguid
having the foogy bubbles, and wafer W was cieaned for 10
minutes, and thersafter, wafer W waes drisd for 2 minutes by the

spin drysr.
Comparative Bxample

Kext, the cleaning method according tfto the comparative sxample
will ke described. First, a cleaning liquid whose digsolved
nitrogern concentration was adjusted to 7.1 ppm was preparsad.
Thisg clesaning liquid was irrvadiated with uwltrasomic waves by
irradiation meansg 30. The fregusency of the irradiatsd
ultrasonic waves was 750 kHz and the outpub thereof was 1200 W,

The cgleaning liguid was continuously irradiated with the

ultrasonic waves. Unlike the cleaning method according to ths

example of the present invention, the cleaning liguid wag not

43

tirred by stirring portion 4 in the clesaning method according
to the comparative example. An chssrvation by the lmage
intengifier unit was conducted. Then, occurrence of
sonoclumninegcence was ncet sesn. Wafer W having the siiicon
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particles attached thereto, which was the obiect to be
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cleaned, was immersed in the liguid, and wafer W was clesaned
for 10 minutes, and theresafter, wafer W was dried for 2 minutes

by the gpin drysr.
Particle Removal Rate

NHext, a regult of the particle removal rate will be described,
The particle removal rate in the cleaning method according to
the comparative example was 18.8 %. On the other hand, the
particle removal rate in the cleaning wethod according to the
example of the present invention was 30.0 %. Based on this
experiment, it was sesn that by stirring the cleaning licguid
while irradiating the cl&aniﬁg Liguid with the ultrasonic

waves, the particle removal rate is Increased.
Example 2

An cbject of thig experiment is to examine a range of the
disgolved nitrogen concentration for generating the foggy
bublkles in the cleaning liguid.

First, sevsn types of cleaning liguids having dissolved
nitrogen concentrations ¢f 1.9 ppm, 4.9% ppm, 5.0 ppm, 7.8 ppm,
5.6 ppm, 11.0 ppm, and 15.7 ppw, respectively, were prepared.
Stirring pertion 4 was rotated to stir each of these seven
types of cleaning liguids, while each of the cleaning liguids
was ilrradiated with ultrasonic waves. The rotation speed of
stirring porticn 4 was 1400 rpm. The fregusncy of ths
irradiated ultrasonic waves was 750 kHz and the cutput thersof
was 1200 W. After the cleaning liguids were stirred, it was
chgerved whether or not the foggy bubbles wers generated in the

clesning liguids.

. = - .

be degoribed with refarence to

ot
51
8

Y

A rasul this experiment will

Fig. 4. In the specification, z state where the fogoy bubbles
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are generatad in the cleaning liguid will be referred to as
"Mode-AY, and a state where the foggy bubbles are not generated
in the cleaning iligquid will be referred to as “Mod@FB“.
Alternatively, Mode-A refers to a state where the particle

removal rate 1s high, i.&., approximately 30.0 %, and Mode-B

rafers to & state wheres the particle removal rate ig low, 1.

PR

o

approximately 18.8

When the dissclved nitrogen concentration was 4.9 ppm or less,
the fogoy bubbles were not cbssrved in the clesaning liguids
(Mode-B) . When the dissclved nitrogen concentration was 6.0
ppm or more and 3.6 ppwm or lesgs, the foggy bubbles were not
generated in the cleaning liguids (Mode-B) before the cleaning

liguids were stirred by stirring portion 4. However, the foggy

{

bubbles were generated in the cleaning liguids (Mods-A) aftex

tirred by stirring portion 4.

rhe cleaning liguids were

w

Furthermore, when the disseolved nitrogen concentration was 11.0
ppm or more and 15.7 ppm or less, the foggy bubbles were
genarated in the cleaning liguids (Mode-A) before and after the
cleaning liguids were stirved by stirring portion 4. Based on
the aforementioned expariment, it 1s considered that by
etirring the cleaning liguid when the dissolved nitrogsan
concentration in the clesaning liguid is 5 ppm o

than 11 ppm, the state of the cleaning liguid can be changsd
from Mode-B Lo Mode-?

T+ should be understocd that the embodiment and the examples
discloged herein ars illustrative and not limib
regpect. The scope of the present invention is dafined by the
terms of the claims, rather than the embodiment and the

examples above.
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Claims

1. An ultrasonic cleaning method for cleaning an object to be
cleaned in a liguid in which a gas is dissolved, by irradiating
said liguid with ultrasonic waves, the method comprising the
steps of:

- preparing said liguid in which said gas is disgsolved;

- gtirring egaid liguid by rotating a stirring portion with a
rotation speed of at least 1400 rpm to trigger a state where
bubbles containing said gas continue to be generated by driving
said stirring portion in gaid liguid while irradiating said
liguid with the ultrasonic waves, and realizing a state where
bubbles containing said gas dissclved in said liquid continue to
be generated;

and wherein after the liguid is stirred sonoluminescence ogcurs
and

- cleaning said object to be cleaned in the state where the

bubbles containing said gas continue to be generated.

2. The ultrasconic cleaning method according te claim 1, wherein

during the step of cleaning the rotaticn cf the stirring portion

-ig stopped.

3. The ultrasconic cleaning method according to any one cf claims
1 to 2, wherein said gas is nitrogen and a dissolved gas
concentration in said liguid is 5 ppm or more and less than 11

ppm.
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Abstract
Ultrasonic Cleaning Method and Ultrasonic Cleaning Apparatus

Subject: There is provided an ultrasonic cleaning method and
an ultrasonic cleaning apparatus by which a high particle

removal rate is cbtained in a stable manner.

Means for solving the problem: An ultrasonic cileaning method
for cleaning an object to be cleaned in a liguid in which a gas
is dissolved, by irradiating the liguid with ultrasonic waves,
the method having the following steps: The liguid in which the
gag 18 dissolved is prepared (810). The liguid is stirred
while the liquid is irradiated with the ultrasonic waves, and a
state where bubbleg containing the gas dissolved in the liguid
continue to be generated ig realized (820). The object to be
cleaned is cleaned in the state where the bubbles containing

the gas continue tc be generated (S30).

Selected Drawing: Fig. 5



