M CRO- BUBBLE GENERATI NG DEVI CE AND SI LI CON WAFER CLEANI NG APPARATUS
DESCRI PTI ON  TECHNI CAL FI ELD [0001] The present invention relates to a
m cro- bubbl e generating device and a silicon wafer cleaning apparatus

conpri si ngr¢he-isIe: RERBRAT gROEsREIdIY AfteV k¢ e1 cBAGKERAUNREARTNG[ 0002] In
recent years, in a manufacturing technology of a sem -conductor LSI using

a silicon wafer, usage of the wafgg, §%§ing a |larger dianeter and finer
processi ng technol ogy are nore needed. Furthernore, problens related to
mai nt ai ni ng and enhancing of a product quality acconpanying conplication
of a process and related to production cost reduction, etc. have al so
becone necessary to be sol ved. 0003! Particularly in many fields of the
manuf acturing technol ogy of th WP EGRduct or LS using the silicon
wafer, so-called a wet treatnment process including treatnents by neans of
various types of solutions has becone an essential process. A particularly
i nportant process anong such wet treatnment 1 processes is a cleaning
process @RAGHMICA GHIEA® process, etc. In these wet treatnent processes
conventional ly, inprovenents

[0001]

The ©present invention relates to a micro-bubble
generating device and a silicon wafer cleaning apparatus
comprising the micro-bubble generating device.

BACKGROUND ART
[0002]

In recent years, in a manufacturing technology of a
semi-conductor LSI using a silicon wafer, usage of the wafer
having a larger diameter and finer processing technology are
more needed. Furthermore, problems related tomaintaining and
enhancing of a product quality accompanying complication of a
process and related to production cost reduction, etc. have also
become necessary to be solved.

{00031

Particularly in many fields of +the manufacturing
technology of the semi-conductor LSI using the silicon wafer,
so-called a wet treatment process including treatments by means

of various types of solutions has become an essential process.

A particularly important process admong such wet treatment



are piling up mainly in selecting of a solution type, a density, a
treatnent tenperature, a tinme frame, etc. (For exanple, see Non-Patent
Docunent 1). However, these conventional technologies were not enough to

fill requests acconpanying .a necessit or further fine processing

{echnol 06t S35 % acontCLgrure, BRSEERDITELERoR oL arecesSa figh
cleanliness, and a cost reduction. Furthernore, in recent years, a

t r eat mentn hegp|Rte trepERE AP TOL8ARE AF AT ERBRT EHY - SBPEPVBRETESS cl eani ng,
etc. has been | ooked forward to due to the requests for tightening of

envi r onnere aiil protectd on netaselestand afhe sodst ieedyeei cndefisitymaste |i quid
treatnent. [0004] Research and devel opnent which apply a mcro-bubble to a
sem - conaucteat meheatdnng taavechear ipreofibbed, igta.eCBot epeanrde, (0 exanpl e,
see Patent Docunent 1) . However, in the conventional cleaning apparatus

usi ng t heor¥edemubloeumshbcel) a nozgdwewafr,a rdneise- bubblkengesespt i ng devi ce
whi ch generates mcro-bubble is provided in a bottom of a cl eaning bath,

and FhetéEHHdlb%HQQ|ﬁeﬂ?ﬂﬁﬁ@%h89g99¥$(¥iﬂhagééuésié”éB%o%B%ﬁ?ih? ihe
cl eaning bath, the m cro-bubble generating device becane 0Obstructive on

the occasjo . t.iQn_of ofhe i C dthe.in tion of the
devi ce ﬁ?)‘lbﬁ(enstsﬁr%é’ g%%a}e‘# ohret. f?rﬁe ]f%geersdsﬁ\égsg%\t/%n?% lelsnégn%%%%ce, there
is a cleaning appathus which a buffer tank,i rovi.ded a$art from

201 F. S
the cl eahiHy 'bALH™P éﬁﬁt’r%ogipcrro&eﬁ&bﬁ 1R EFAPThESHRVPRE § SOPr ovi ded in

this reduction. Furthermore, in recent years, a treatment of dilute
chemical cleaning and chemical-solution-less cleaning, etc.
has been looked forward to due to the requests for tightening
of environmental protection measures and the cost reduction of
a waste liquid treatment.
[0004]
Research and development which apply a micro-bubble to
a semi-conductor cleaning have been promoted in recent years
(for example, see Patent Document 1). However, in the
conventional cleaning apparatus using the micro-bubble, since
é nozzie.of é.micro;bubble generatiﬂg device whicﬁ éenérates
micro-bubble is provided in a bottom of a cleaning bath, and
the micro~-bubble generating device takes a large space in the
cleaning bath, the micro-bubble generating device became
obstructive on the occasion of installation of other devices,
and the installation of the device took time and effort. In

order to solve this inconvenience, there is a cleaning apparatus



buffer tank. Howeve-r, this cleaning apparatus needed a larger installing
space. Accordingly, an inline-disposition in which the m cro-bubble
generating device is disposed in a conduit for ~circulating a cleaning

fluid in the .cleaping bath is referr and conventionally, there was a
Gl bani ngt BHgACHBERERT AG e BFAY A dbepbaaatvits oL babore ghor at i ng

devi ce. [Non-Patent Docunent 1] Tsuyoshi Hattori "New Edition of C eaning
Technol o899 ofh&i N @sThpkde SePPERBINReIF Y2 S ey 1d&dEAGI RBEFI ng (2000)

[ Patent Docunent 1] Japanese Unexam ned Patent Application Publication

No. 2008- 1087€1 tBhECL OBURE<@r THHE CAWENTIONPPRroblemsededbe 18obeed by t he

I nvention] [0005] However, if a m cro-bubble generating device was

i nstal | etinsvaBlinay spacconducbrdihel yi endnbuhbléi eoad esicedimwhiahound t he
nozzl e of the m cro-bubble generating device, and the bubble size was nade

| arge. PanéinGrakbiiobid gbhere8seq ebvithe Micsgodubbhe gen@iat kpg device
generating a vortex flow, the bubble was brought together in the center of

the condesLI_»cupythlg@%ri@%n%eﬁtm@% tReldizvarbex ] ouo,and Lhe, bubbl e size

was made larger. Accordingly, in the conventlona cl eanlng appar at us,

there vasng BioRlemLAliel, 0S9eratl,on LLILELeNCL gl o3 Lhe VT ey ps0ubDl €

decr ease clean ornance on waf er wa e to be

ow. inline-disposed micro-bubble generating device.

[Non-Patent Document 1] Tsuyoshi Hattori "New Edition of
Cleaning Technology of Silicon Wafer Surface"” Realyze Science
& Engineering (2000)

[Patent Document 1] Japanese Unexamined Patent
Application Publication No.2008-103701
DISCLOSURE OF THE INVENTION
[Problems to be Solved by the Invention]

[0005]

However, 1f a micro-bubble generating device was
installed in a narrow conduit, the micro-bubble coalesced at
around the nozzlé of the micré—bubble-éeﬂerating aevice, and
the bubble size was made large. Particularly, in the case of
the micro-bubble generating device generating a vortex flow,
the bubble was brought together in the center of the conduit
by a Coanda effect due to the vortex flow, and the bubble size
was made larger. Accordingly, in the conventional cleaning

apparatus, there was a problem that generation efficiency of



[ 0006] An object of the present invention is to provide a mcro-bubble
generating device and a silicon wafer cleaning apparatus which can enhance
the generation efficiency of the mcro-bubble and can enhance the cleaning

per f of Mmpge 1105 .u31ld GARWLEE. o beansal ol SplidagaHhe Beophers] [ 0007

In order to achieve the above objects, a mcro e generating device
accor di ng{.} 0 ghe a%l'eq:s%g'ts ;inQ ent i qu; ‘i%QP” ses: a mcro-bubble generating
nmechani skt gehet atd ng a m cr%-%%bﬁe; dnd a | eading conduit connected to
the mcro- bugbl e generating nmechanismin order to | ead out the
mi cr o- bubBP &°! generated by the m cro-bubble generating nmechanism wherein
the m cro-bubble generating nmechanismis provided with a nozzle which
spouts the ni do- te Qut shelePrapent henyeridialy iz ok@uProvsdgravi ded with
a w dening section and a tube part conmmunicating nmutually, and the
Wi deni ngmsecdiorplle lgeangertihandetitee tamde aparilicon avdfeawci@ssage secti onal
area of the mcro-bubble, and the m cro-bubbl e generating nechanismis
connect edppardthes wihdeni agn setianer. the0H8]e vhtRef efabtyendhe fmeeo- bubbl e
generating mechanismand the tube part are connected to the w dening
section §octhaluble and can enhance the cleaning performance of the
silicon wafer.
[Means for Solving the Problems]
[0007]
In order to achieve the above objects, a micro-bubble
generating device according to the present invention comprises:
a micro-bubble generating mechanism generating a
micro-bubble; and
a leading conduit connected to the micro-bubble
generating mechanism in order to lead out the micro-bubble
generated by the micro-bubble generating mechanism, wherein
the micro-bubble generating mechanism is provided with
a nozzle which spouts the micro-bubble outside, and the leading
conduit is provided with a widening section and a tube part
communicating mutually, and the widening section is larger than
the tube part in a flow passage sectional area of the
micro-bubble, and the micro-bubble generating mechanism is

connected to the widening section.

[0008]



fl ow passage axis of the mcro-bubble in the widening section and the flow
passage axis of the mcro-bubble in the tube part are extended nutually in
the sane direction. [0009] More preferably, a flow ng direction of the

m cr o- bubbl e th de secti h I oW [ nyof the
m cr o- bubbl e |ér%:etfl(1e SFW}Se %gggmacrreo rbgl\%?segé Jirilg n%(fg‘ GF%%\I go preferably,

the m cro- but@le enerating nechanis and the tube art are connected to
the wi dehig BEcPRBh Te FRAPSCERS 19 GWepRLSHYRBRECEbF™ (1o TPEr O- bubbl e i n
the widening section and the flow passage axis of the mcro-bubble in the
t ube parfley¥ ¢sSspaeuatis off Bbﬁll]l%r'@uﬁpg?eﬁhl’ﬂh? i RN IR BEChLBBI e
generating nechanism and the tube part are connected to the w dening

secti on sodttiat floheasisegepassagd Blx¢ siicmot-hebid elem hie sedtsi parand the fl ow
passage axis in the tube part are nmutually orthogonal. [0012] Preferably,
t he m crerdbubiendgenenatiahyy nechard spmesdicentneat ed to the w dening section
so that the nozzle deviates froma fl ow passage-axis line of the

m cro- bubbbeojn the tube part. 5 [0013] Al so preferably, the w dening
section has a circular flow

More preferably, a flowing direction of the micro-bubble
in the widening section and the flowing direction of the
micro-bubble in the tube part are reverse mutually.

[0010]

Also preferably, the micro-bubble generating mechanism
and the tube part are connected to the widening section so that
the flow passage axis of the micro-bubble in the widening
section and the flow passage axis of the micro-bubble in the
tube part cross mutually.

[0011]

More preferably, the micro-bubble generating mechanism
and the tube part are connected to the widening section so that
the flownpassage axis in éhe‘wideniné section and the fiow-
passage axis in the tube part are mutually orthogonal.
[0012]

Preferably, the micro-bubble generating mechanism 1is
connected to the widening section so that the nozzle deviates
from a flow-passage-axis line of the micro-bubble in the tube

part.



passage cross section. [0014] Al so preferably, the tube part is provided
near the nozzle in the wdening section. [0015] A silicon wafer cleaning
apparatus according to the present invention is the silicon wafer cleaning
apparatus provided with the mcro-bubble generating device nentioned
above angqqtll ans a silicon wafer, and conprises: a cleaning bath

accommod Hg the silicon wafer as a object to be cleaned and storing a

cleaning fluid; and a punp device, havin and a, condui t_circul ating
the cleani ngAfltsﬁl%reifr‘?rtaﬁéycI%Vh@ewqgsempﬁs t‘i‘h%:“ﬁ’f‘g‘raor %h%“bl e

generating device is provided in the conduit of the punp device. [Effects
of the |m/9e?ﬂqeoﬁ:]r08[soe%}l% the m cro-bubbl e generating device accordi ng
to the present invention, since the m cro-bubble generating nechanism
gener ati hg0¥4le m cro- bubbl e is connected to the wideni ng section having
the |l arger flow passage sectional area of the mcro-bubble than that of
t he tube part rlBotdrefleaddilpg thendibd pafol sipradiingdirnea rgenenat ete
m cro- bubbl e, the m cro-bubble 6 spouted fromthe nozzle of the
m cro- bupbl ehdgenekathggsdevige. disperses in the w dening section wthout
interfering nutually.
[0015]
A silicon wafer cleaning apparatus according to the
present invention is the silicon wafer cleaning apparatus
provided with the micro-bubble generating device mentioned
above and cleans a silicon wafer, and comprises:
a cleaning bath accommodating the silicon wafer as a
object to be cleaned and storing a cleaning fluid; and
a pump device having a pump and a conduit circulating the
cleaning fluid in the cleaning bath, wherein
the micro-bubble generating device is provided in the
conduit of the pump device.
[Effects of the Invention]
[0016]
In the micro-bubble generating device according to the
present invention, since the micro-bubble generating mechanism
generating the micro-bubble is connected to the widening
section having the larger flow passage sectional area of the

micro-bubble than that of the tube part in the leading conduit

for leading the generated micro-bubble, the micro-bubble



Accordingly, it becones possible that the generated mcro-bubble is
prevented from coal escing nmutually to becone a bubble of |arge size of
which a cleaning effect is low as is conventional, and the generated

m cr o- bubbl e nmai ntains the bubble size and stabilizes in the w dening
secti on, saadtede rom ehe-naasdiceodi thre aispathuldilae gghieat ivg Kieghcen t he
cleaning effect can be supplied outside through the tube part. Thus, in

t he m cr dibpbbses jgenéreatiden idevs et iancartdiong i drhferpngseritualiigventi on, the
m cro-bubble with the small size which is high in the cleaning effect can

be suppl hedoottsine, tihe gesesmdd onposfifdlel encpytof dHre rjericaabubbl e can be
enhanced, and the cleaning performance can be enhanced. [0017] Further,

the m cr+Bubbl &, 0rnekat8gesevd Cfero%ce%ﬁwgiﬁc?ompwglp{,%@@fe_cbmgenti on is
simple in the structure thereof, can make a device mniaturized, and can

h h L . - o | . i cabl
Gov, cog, o SubLEl) (e Yizel BF Wl SROR drddhi b0t PRl ot Lot Da B 620 D1y
Furt her nor e

in. the sili waf er cl egning a ratus .according to the
pr esent Fﬁ?gﬁ?F%ﬁﬂéifhéHEfg: rﬁfﬁ%ﬁaFSgngﬁgéofgﬁkﬁﬁﬁ% ﬁ&@ﬁ.tgﬁrther, t he
apparatus can be mniaturized and the flexibility of the apparatus design
can be eHHQﬁ&%d?lzg'%ﬁ@s?tﬁEBESZ??I%QJH@QYWN@@GEﬂgT?EFF%@ﬂEN?PéNthF0019]

micro-bubble with a small size which is high in the cleaning
effect can be supplied outside through the tube part. Thus,
in the micro-bubble generating device according to the present
invention, the micro-bubble with the small size which is high
in the cleaning effect can be supplied.outside, the generation
efficiency of themicro-bubble can be enhanced, and the cleaning
performance can be enhanced.

[0017]

Further, the micro-bubble generating device according to
the present invention is simple in the structure thereof, can
make a device miniaturized, and can enhance the flexibility of
tﬁe disposition thereof in aﬁ applicable devices, for example,
a cleaning apparatus of the silicon wafer.

[0018]

Furthermore, in the silicon wafer cleaning apparatus
according to the present invention, the cleaning performance
can be enhanced. Further, the apparatus can be miniaturized

and the flexibility of the apparatus design can be enhanced.



Herei nafter, enbodi ments according to the present invention wll be

" described in detail with reference to figures. [0020] FIGs. 1A and 1B
illustrate outline configurations of a mcro-bubble generating device
according to a first enbodinent of the present invention, FIG |Ais a
per spect g@éTvM%WsarF@HZICéRRYiBGi QUR FodtNVENERON[ 0021] As illustrated in
FIGs. | A and 1B, the m cro-bubble generating device 1 according to the
first embbdipdent of the present invention is provided with a m cro-bubble
generating nechanism 10 which generates a m cro-bubble M and a | eading
conduit 20 forHdmddiafgethe emsrdramhlsl eadgenierpat ed byhé herasearo- bubbl e
generating nechani sm 10 outside. [0022] The m cro-bubbl e generating

nmechani sih8nt SoPhVi $etiadd bed iPdEt £ 11ki {0k sPBMLEOG ot ugeRer at ed
m cr o- bubbl e outside. The m cro-bubbl e generating nechanism 10, to which a

fluid and 0090?35 are supplied, spouts a fine bubble having a dianmeter in
pm order together with the fluid. As for the m cro-bubble generating

mechant sm 10, Gne. whhohyhsi 2aq0mRa0Led By i gweloulhe, flaig: uhen the

m cro- bubbl e i's genera era erabfe are those
such as a smnrlr ._an_ej ector

8.t t t
Tvon S Bidrorouiit bt e P ﬁ?ﬁerdm@ o sk SR a N e k1 £ ugal
punp and a

of the present invention, FIG. 1A is a perspective view and FIG.
1B is a front view.
[0021]

As i1llustrated in FIGs. 1A and 1B, the micro-bubble
generating device 1 according to the first embodiment of the
present invention is provided with a micro-bubble generating
mechanism 10 which generates a micro-bubble M, and a leading
conduit 20 for leading the micro-bubble M generated by the
micro-bubble generating mechanism 10 outside.

[0022]

The micro-bubble generating mechanism 10 is provided with
a nozzle 11 for epouting the generated miero;bubble outsider
The micro-bubble generating mechanism 10, to which a f£luid and
a gas are supplied, spouts a fine bubble having a diameter in
um order together with the fluid. As for the micro-bubble
generating mechanism 10, one which is accompanied by a flow of
the fluid when the micro-bubble is generated is preferable. For

example, preferable are those such as a swirling liquid flow



swirling flow type m cro-bubble generator, and one using a pressure

di ssol ving type m cro-bubble generating nmethod. This is because the fluid
containing the generated m cro-bubble needs to be carried to a cleaning
bath in an after-nentioned silicon wafer cleaning apparatus, and in the
case of t¥R&: fhetamErexBubIRe geRtAIAtOF F¥Pac CoRpaht &l By tyRe, f| ow of the
fluid, an additional transport device or the like for carrying the

m cr o- bubbventtux it hepel eahe ngoatietciam bé enténed fudmilevwemp thd a

m cr o- bubbl e generati ng nmechani sm 10 may be one which is not acconpanied
by the fswintifng M dw wythel migebebabbly ddreeratioaf, 0abubbhe, uvandgmay be one in
which the fluid is standing still. In this case, in the after-nentioned

silicon wadedurd §a8idg; i Ahlero A lANSHORd r e LR f105q Carhykng the
fluid containing the mcro-bubble to the cleaning bath will be needed. As

th cOI . . ; sl | ed By th
e mcf Q%'%’leee Qﬁﬁerﬂwl@g_é&%ﬁﬁghﬁg‘cﬁ%%ﬁ A2 dN9H AECRBANL € y the

fl ow of the urd in generating t e and I n ich the fluid is

standi ng, sii lo, LICLE, A& & J LN, POLES, WYREG: 18,1 Ol ALINGLYRS, 4"
ultrasonic type, a Steam condensation type and one using an

el ectrol ysjs-type _m cro-bubbl e generatin met hod. [0023] .The, | eadi ng
Condui ¢ BbLoDRe et S G SRERERT Uy S26t L oot o P8R S Pt part 29, The

wi deni ng section 21 and the tube 9 part 22 are connected to and

cormuni cBt @ RWRAILeYI T 1afe OPeleitlP AEPMRABHAEE kY 2be TIRE ofi B LhUbBI e

generating nmechani sm 10 which is
an additional transport device or the like for carrying the
micro-bubble to the cleaning bath can be omitted. However, the
micro-bubble generating mechanism 10 may be one which is not
accompanied by the flow of the fluid in generating the
micro-bubble, andmay be one in which the fluid is standing still.
In this case, in the after-mentioned silicon wafer cleaning
apparatus, a transport device for carrying the fluid containing
the micro-bubble to the cleaning bath will be needed. As the
micro-bubble generating mechanism 10 which is not accompanied
by the flow of the fluid in generating the micro-bubble and in
whiéh th; fluid is standing stiii, thére éfé a fine pgres type,
a rotating type, an ultrasonic type, a steam condensation type
and one using an electrolysis-type micro-bubble generating
method.
[0023]

The leading conduit 20 is providedwith a widening section

21 and a tube part 22. The widening section 21 and the tube



connected to the wi dening section 21 spouts the m cro-bubble

M expandi ng

fromthe nozzle 11 into the wdening section 21 in a conical shape with an
axis Z as a central axis. [0024] The wi dening section 21 which is a holl ow

cylinder form with the axis Z as the central

axi s has base surfaces 23 and

24 and apeyt RAdricapnpetiqrhee andsuarfavgd c25e rufdiaild ycdonthaileading with the

nozzle 11 of the m cro-bubbl e generating nmechani sm 10
23 of theomti@denicng SHod mdbr2ibwbid 6 geneoatimy eathagi sv 10 which abe part 22
via the other base surface 24. The nozzle 11 of the m cro-bubble

gener at i pgnABetEN it widertingykeBdibgsad1 apRM Bt M Ik e baxb3eZ as the

central

as

fl ow passage axi s of the mcro-bubble flowng in

gesh@f)ieswgcht%g %%?éscrzo-al%ulgb{iggﬂgfviagglg n the tube part 22

eTs nmade to flowin the

and a flgmegﬁﬁ§

are the rdentical axrs
i dentica
a flow p
. e.

21,

axis, and the tube part 22 is a cylindrical tube with the axis Z

vi a one base surface

the GeMJIAqidY Srod Me hSzz1d 1t1h§nt'€‘£:> ¢hig- @P@é}lﬁtﬁ‘é@@ﬁ%ﬁﬂﬂ. iflevice 1, a

a m cro-b

e w dening section 21

I jrection nutually. [0025] In the | eading conduit 20, an area of
RLECAA

cross section of the mcro-bubble of the w dening section

, the area of the cross section orthogonal to the axis Z which
is the flow padS$ayedarisg GFethe nt £riliisthbPe? NodPyrgekindt £ofhe area of

the fl ow passage cross section of the mcro-bubble

with the axis Z as the central axis has base surfaces 23 and
24andeacylindricalperipheralsurface25,andjjscommunicating
with the nozzle 11 of the micro-bubble generating mechanism 10
via one base surface 23 of the widening section 21 and is
communicating with the tube part 22 via the other base surface
24. The nozzle 11 of the micro-bubble generating mechanism 10
is a cylindrical opening with the axis Z as the central axis,
and the tube part 22 is a cylindrical tube with the axis Z as
the central axis. That is, in the micro-bubble generating
device 1, a flow passage axis of the micro-bubble flowing in
the widening section 21 and a flow passage axis of the
micfo—bugble fiowing:in'the fﬁbé §a££ 22‘are ﬁhe idéﬁ£icé& axis
Z, and the micro-bubble is made to flow in the identical
direction mutually.
[0025]

In the leading conduit 20, an area of a flow passage cross
section of the micro-bubble of the widening section 21, i.e.,

the area of the cross section orthogonal to the axis Z which

10

10



of the tube part 22, i.e., the area of the cross section orthogonal to the
axis Z which is the flow passage axis of the mcro-bubble. Further, the
area of the flow passage cross section of the w dening section 21 is

| arger than the area of the cross section (flow passage cross section)

ort hogonad tthe filthe px$sagk eixishef nuze Ime ckd-dohibbhe, m<rlexgelbbteagener at i ng
mechani sm 10. Furthernore, the area of the flow passage cross section of

the W detnd@grsacséf ane2il angakbegbengidy sbet 2o oifnthd e cdioreabbosa of the
fl ow passage axis Z is set up in such a magnitude as the m cro-bubble

spout ed §# opnd heupt CROrbubbl e;  genetpti pgefreshanheMci8ssancdi {épse and
stabilize while maintaining t he bubbl e si ze. [0026] The size of w dening

section %}rbkg%éoc{ NS+ AU LSRG Qz% £Q ;& t{l%oﬁév‘va;) s%fagfeh 2, §d Wedi guppl i ed to

the mcr e generati ng nec anl sm density or tenperature

of the f|UId su f|Oerat f t gas _tQ be supplied to the
ni cr o- bubbt e geng’lligtlng8 dnﬁ%ﬁ%f&e %équegﬁP|c§PFSﬁg%ch§§5

m cr o- bubbl e generatlng neqhanlsn110 or the Ii As the specifications
of the nmf&To-BURBI BR @éﬂﬁéjte&tlpﬁgs%tclﬁh?%nﬁolargteﬁe%a?st*}f fype of a

generating nmethod of the micro-bubble, a size, bubble generation
ef fi ci eneye GIrostFe SEFkeoD f GrlowxRApsRye qﬂy§§7Fe§§l¢Qw ctdrgrealt e di aneter

dl of the flow passage cross section of the widening section 21 is 50 to
500 mm ™% taxi30® of the nozzle 11 of the micro-bubble generating

mechanism 10. Furthermore, the area of the flow passage cross
section of the widening section 21 and the length thereof in
the direction of the flow passage axis Z is set up in such a
magnitude as the micro-bubble spouted from the micro-bubble
generating mechanism 10 can diffuse and stabilize while
maintaining the bubble size.
[0026]

The size of widening section 21 differs corresponding to
a flow rate of the fluid supplied to the micro-bubble generating
mechanism 10, a type, a density or temperature of the fluid to
be supplied, a flow rate of the gas to be supplied to the
micro-bubble generating mechanism 10, or a specification of the
micro-bubble generating mechanism 10, or the like. As the
specifications of the micro-bubble generating mechanism 10,
there is a type of a generating method of the micro-bubble, a
size, bubble generation efficiency or the like, for example.

[0027]

11



mnm preferably and 100 to 200 nm nore preferably. The length 11 of the

w dening section 21 in the axial Z directionis 50 to 500 mm 75 to 400 mm
preferably and 100 to 300 mm nore preferably. The capacity of the w dening
section 21 is 0.1 to 50 1 (liter), 0.2 to 10 1 preferably and 0.5 to 5 |

.nore preferablpsr cAamplép tHe tdemndicaped BroOftHeh& 16k oye passageoss0ss section
of the wi dening section 21 to the dianeter of the fl ow passage cross

section gf-ths, nezzhe vlﬂdérﬁnﬂgos@etw@ A1l MBS 50 15 5 088mt i 2% o BHEferably and
20 to 60 tines nore pref erably, in the nicro-bubble generating nechanism

of the t réfé&%btg- and 64 1410 z'ooqwngn%@ggspoabw whieh 1ERg. () ameter of

the nozz 'S corrpratlveysma uts’the m cro-bubble in a
spray st n| cal, shape r o-_ bubhl eneratin chani sm of
the Typell P ke ETErRLRD 235 A" 4P I R LfaPbr S 6 Bhe Tozale 18
corrparatlvel¥ | ar ge and whi ch spouts the m cr Q- hubbl e as the shape of the
nozzl e, tReP&tT® of°the 47 dfRtRreiGratde ArGwlfis$8ge8r BRsMSERt i on of the

w dening section 21 to the diameter of the flow passage cross section of
t he nozzpeelqrakslyl, 5The BRPaciyset ZheovidenintesepeederZdbiy 0-dnlo3 to 30
times nore preferably. As for the dianeter d2 of the flow passage cross
section bf lt he tteube (patto22,1 mrefdnedlysand Abb éof ol mbme tfrledwrrlie. of t he
fluid in the widening section 21 may just be selected. 12 [0028] It should
be notedathstid e shzedDimdtre wifdene nfl @€ ¢las@dge cross section of

the widening section 21 to the diameter of the flow passage cross

section of the nozzle 11 is 10 to 100 times, 15 to 80 times

preferably and 20 to 60 times more preferably, in the

micro-bubble generating mechanism of the type, like the

swirling liquid flow type, in which the diameter of the nozzle

is comparatively small and which spouts the micro-bubble in a

spray state (conical shape). In the micro-bubble generating

mechanism of the type, like the ejector type, in which the

diameter of the nozzle is comparatively large and which spouts

the micro-bubble as the shape of the nozzle, the ratio of the

diameter of the flow passage cross section of the widening

section 21 to the diameter of the flow passage cross section

of the nozzle 11 is 1.5 to 50 times, 2 to 40 times preferably

and 3 to 30 times more preferably. As for the diameter d2 of

the flow passage cross section of the tube part 22, a value

suitable for the flow rate of the fluid in the widening section

21 may just be selected.

12



21 is not limted to above-nentioned one, and is set up corresponding to
above-nentioned specific conditions. In the case of that the dianeter di

of the wi dening section 21 is too snall, the length 11 of w dening section
21 is too short, or the capacity of the wi dening section 21 is too small
the genep@ied bubble size has become large. In the case of that the

di aneter dl of the wi dening section 21 is too large, the Ilength 11 of the

wi deni ng sectignepluts 1OALOAGINI: the £ARAGI Y. Rl abhenti dening secti on 21

is too large, a wde space for 1nstallation of the mcr bl'e generating
device 1wl bhe,k needed, . and at the sane time,  the fluid usage wl|

i ncrease.ﬂvI e ins°tprejfnéfcaébci etcf h%%olg emesrl?!tzleon(%3 t%nee’vx,i%qeéni :hsg §8ct1Bn 21 is

set up while such matters are taken igto cQ sidegg;iqns. [002%% Thus, in
the m cr 69BN P YetfeFat IR TEFES PP T TIRG ST HHE i r st &RBodi nent  of
the present invention, the mcro-bubble generating mechanism 10 is

connect e@28® théhatibehe sdemedor bl icdgtbh e IsiPaENIfIRY {Pas Sages §6€ti onal area
via the w dening section 21 having the large fl ow passage sectional area
of the | emdihg Yondeingt20]1ap wildendingr scbubin & lgéneraveshdnt, vthe

m cr o- bubbl e generating nmechanism 10 is spouted first into the w dening
section 2hkei naphcthytbe thew pdssiage sedticondll drseaod snladrigethAccordi ngly,
t he spouted m cro-bubble can diffuse 13 without colliding with the conduit

wal |, angdedegst &@toldbIR isike hiHedududl eawyth an @hgecségedyniant erfering
nmut ual Iy, and can

the diameter dl of the widening section 21 is too large, the

length 11 of the widening section 21 is too long or the capacity

of the widening section 21 is too large, a wide space for

installation of the micro-bubble generating device 1 will be

needed, and at the same time, the fluid usage will increase.

It is preferable that the size of the widening section. 21 is

set up while such matters are taken into considerations.

[0029]

Thus, in the micro-bubble generating device 1 according
to the first e@bodiment of the present invention, the
micro-bubble generating mechanism 10 is connected to the tube
part 22 having the small flow passage sectional area via the
widening section 21 having the large flow passage sectional area
of the leading conduit 20, and the micro-bubble generated by
the micro-bubble generating mechanism 10 is spouted first into

the widening section 21 in which the flow passage sectional area

is large. Accordingly, the spouted micro-bubble can diffuse

13



di ffuse until the stabilization thereof wll be realized within the fluid
in the widening section 21 while maintaining the sanme small bubble size as
the size at the time of spouting. Accordingly, the m cro-bubble which

mai ntains the same snmall bubble size as the size at the tinme of spouting
and whi ch has cl effe can, be pplied m t he. w deni ng
section Jffoutg ?%lhl QH] ghtp? “ar d’ht ‘éqarlnPcr(r)llé C{ij)%%ﬁ Eiawrr?glrtﬂhe smal |

bubbl e si ze can be Ied out si delé g 1 The_m . cro- bubbl e generating device 1
i s conpd<dEdPEPPLA LT &r 02 BUDLIE YeKet At TG HEChERF SM 10 4G t#2 [ eadi ng
conduit 20 having the w dening section 21 and_the tube part 22, and is

si npl e |Chlftﬁr‘13éec‘éﬂﬁ1|JgElff*%tSfCéﬁl@hé?*éb@n theosaf wihide Fhel Mt vibibbl e

generating device 1 according to the first enbodi mrent of the present

i nvent i arhecdhupd owi tee wodesiide selve iipinc? bwbabblme ioftat héngridld sdubbl e si ze
having the high cleaning effect. Further, the m cro-bubble generating
devi ce Isnedlsilqibleld nsihe sabr udteur €izandtt ahieheriedyy ehabbeuaingevi ce to be
m niaturized. [0032] It should be noted that, in the m cro-bubble

gener at i o @AAVYIGE S, 1t B€ GAlcHordubs 1 Eheh e senhterhe di v ntameakhhoLgh t he
shape 14 of the wi dening section 21 is nade to be the holl ow cyli nder
type, thghapeiol ihenw deping: S8t k9Re s 1s$olfink! MAd &&1ibR has
a high cleaning effect can be supplied from the widening section
21 to the tube part 22, and the micro-bubble having the small
bubble size can be led outside.
[0030]
The micro-bubble generating device 1 is composed of the
micro-bubble generating mechanism 10 and the leading conduit
20 having the widening section 21 and the tube part 22, and is
simple in the configuration thereof.
[0031]
Thus, the micro-bubble generating device 1 according to
~the first embpdiment o§ Fhe p;esent-invention can prov;dg
outside the micro-bubble of the small bubble size having the
high cleaning effect. Further, the micro-bubble generating
device 1 is simple in the structure, and to thereby enable a
device to be miniaturized.
[0032]

It should be noted that, in the micro-bubble generating

device 1 according to the present embodiment, although the shape

14



this.

For exanple, the w dening section 21 may be a hollow rectangul ar

paral | el epi ped type. [0033] Subsequently, a silicon wafer cleaning

appar at us

provided with the m cro-bubble generating device 1 according to

the first enbodi ment of the present invention will be described. FIG 2

illustrat an outline conf.i
apparatdgs%he N Henln?rF%ﬁ%lo

provi ded ¥R ht5Scf

u
provided w € m Cro- generati ng devi

T R BAENVABIRTRY v T R

! tion will be described.
5801 0 0le thepcsLd san pf el eheaning

illustrated in FI 2, the silicon wafer cleanin apparatus 100 is
o $ 241 Barfidhg

fPaF89162 is stored,

a punp 103 and conduits 104,105 for circulating the cleaninglfluid 102 in

the cl edifiiifg bEPR A¥APLlerh&hsuithAen3ngueRst it T E8Ni R§ £I 0P

Q92 fromthe

cl eaning bath 101 via the conduit 104, and supplies the cleaning fluid 102
to the clesdmingylbat hat@lledepied dolduit 105. The silicon wafer

apparatus 100 is provided with the m cro-bubble
m cr o- buliisdlgenerating device 1 is

105.

cl eani ng

generating device 1. The
provided in a mdway of the conduit
[0035] In the followi ng, a cleaning treatnment of the silicon

wafer W

in the silicopuseéghettBANi RY appacahuswiBOrwidledangl5agpsesihed. [0036]

provided with the micro-bubble generating device 1 according
to the first embodiment of the present invention will be
described. FIG. 2 illustrates an outline configuration of the
silicon wafer cleaning apparatus providedwith the micro-bubble
generating device 1.

[0034]

As illustrated in FIG. 2, the silicon wafer cleaning
apparatus 100 is provided with a cleaning bath 101 in which a
cleaning fluid 102 is stored, a pump 103 and conduits 104,105
for circulating the cleaning fluid 102 in the cleaning bath 101.
The pump 103 sucks the cleaning fluid 102 from the cleaning bath
101 via the cqnduit 1Q4, and suppl%es Fhehc;eaning fluid 102
to the cleaning bath 101 via the conduit 105. The silicon wafer
cleaning apparatus 100 is provided with the micro-bubble
generating device 1. The micro-bubble generating device 1 is
provided in a midway of the conduit 105.

[0035]
In the following, a cleaning treatment of the silicon

wafer W in the silicon wafer cleaning apparatus 100 will be

15



For exanple, a plurality of silicon wafers Wcut froma single crystal
silicon ingot are disposed in a holder (not shown) in a manner that
surfaces of the wafers face mutually wth equal intervals, and are

di sposed in the cleaning bath 101 and then soaked in the cleaning fluid
102 stogfd in tg cl eaning bath 101. Subsequently, the punp 103 is
oper at ed* i Pre- cleaning fluid 102 is circul ated between the cl eaning
bath 101 and the conduits 104, 105. Further, the mcro-bubble generating
devi ce 114%@perated, the nicro-bubble is generated in the circul ated
cleaning fluid 102 by the m cro-bubble generating nmechanism 10, the

m cr o- bubbl e Feorspvrtelt i At BlEkel 1hy tdnphylcer adera1W ofutt Ksomeadi ng
conduit 20 via the nozzle 11 and the micro-bubble is stabilized. Then, the
cl eani ngsifdgiied cri@2ailnesliUdcony theostabe |dizgdseidcrio- bubbléehavnoty t he smal |
bubble size is led into the conduit 105 via the tube part 22, and the

m cr o- buddwer)i SnsHppdhred: ithb@ thefsetean Mghbakhrdod.fadenmtibeatlgani ng bath
101, the cleaning fluid 102 is filled with the mcro-bubble, and the

silicon yafieeqgWi singkeaned, bnd hee Gisphedkatiedtgt @arbRgnkgstd 102 i ncl udi ng
the mcro-bubble. [0037] In the silicon wafer cleaning apparatus 100

provi ded, Vi t e, the ey P hubhls ngenesatiNgos sdﬂina@?@tc%gﬂieﬁ@ the first

enbodi ment of the present Invention nentlone§¥ggove, since t 16

e OB e LOS.ALLCOUEDL S SRR D9 LDe RLODCEL ol o f oot 1
cleaning fluid 102 is circulated between the cleaning bath 101
and the conduits 104, 105. Further, the micro-bubble
generating device 1 is operated, the micro-bubble is generated
in the circulated cleaning fluid 102 by the micro-bubble
generating mechanism 10, the micro~bubble is spouted into the
widening section 21 of the leading conduit 20 via the nozzle
11 and the micro-bubble is stabilized. Then, the cleaning fluid
102 including the stabilized micro-bubble having the small
bubble size is led into the conduit 105 via the tube part 22,
‘and the micro-bubble is supplied‘into”the cleaning bathﬂlOl.
In the cleaning bath 101, the cleaning fluid 102 is filled with
the micro-bubble, and the silicon wafer W is cleaned by the
circulated cleaning fluid 102 including the micro-bubble.
[0037]

In the silicon wafer cleaning apparatus 100 provided with

the micro-bubble generating device 1 according to the first

embodiment of the present invention mentioned above, since the
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detergency thereof is high, whereby the silicon wafer Wcan be cl eaned
with a high cleaning degree, and the cleaning performance for the silicon
waf er i s enhanced. Since the m cro-bubble generating device 1 is snmall as
menti oned above, the flexibility of a disposing position is high in the
silicon wafer . c ni n par at.u and 1 he, desi . flexibility of the
silicon %Cfré)r_b(‘f:bgiﬁi% tggp%ﬂ)ag][]lwlgu%ggécsaf‘r?ebéavérh%ztlﬁge .g}‘Fﬁﬁ?ﬂ%f?gt he silicon
waf er cl eani ng apparatus 100 can be m niaturized, whereby usage and
novenenteiifsitedft €4RPHECAf 5 1hg sH&@P1aAdPREN g T¥eEréBFecahDe
facilitated. [0038] Subsequently, other enbodi ments of the mcro-bubble
gener at i fRf af@gncy deemrdi n§ holhehgrebenthd Akbhesoaler| W isen descri bed.
Hereinafter, only different parts fromthe mcro-bubble generating device
1 accor dilmpried t hethi rast highbodiererniingof dédeegr esedt tihmventesniment i oned
above will be described, the sane reference synbol is given to the sane

part anskif@rdeser fpki ohe Wi1ideg aifkteds ¢ARBHed I G 3 illustrates an
outline configuration of a mcro-bubble generating device according to a

second enbodi geAte Ofie the-Y-BS6RY el G¥EOEd1Ohg Ak 6EOr Buphkgigegerating
device 200 according to the second enbodi mrent of the present invention 17

differs only JRaadvictik €10%:2: 1 eadbrg onhy it 498 nsbntNen ; g cro- bubbl e
generating devi ce 1.
in the silicon wafer cleaning apparatus 100, and the design
flexibility of the silicon wafer cleaning apparatus 100 can be
enhanced. Further, the silicon wafer cleaning apparatus 100
can be miniaturized, whereby usage and movement thereof can be
facilitated, and handling thereof can be facilitated.
[0038]

Subsequently, other embodiments of the micro-bubble
generating device according to the present invention will be
described. Hereinafter, only different parts from the
micro-bubble generating device 1 according to the first

_embodiment of the present invention mentioned above will be
described, the same reference symbol is given to the same part
and the description will be omitted.

[0039]

FIG. 3 illustrates an outline configuration of a

micro-bubble generating device according to a second embodiment

of the present invention. A micro-bubble generating device 200

according to the second embodiment of the present invention
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[0040] As illustrated in FIG 3, in the mcro-bubble generating device

200, a leading conduit 210 differs in a connecting |ocation of the tube
part 22 on the w dening section 21. In the |eading conduit 210, the tube
part 22 is provided in a manner that the flow passage axis zl thereof is

not the as t f|OM/ a f; cr,0- bubbl n t he
mﬁdeninéﬁi%%ffoﬁn 1 "arid |Qaé§ ??é§ |nl§§gaP%e$0H% f% R he i cr o- bubbl e
generating device. 1 accordln%,to t.he 1flrst enbodi nment , S|nce the flow
passage "&Xi"§” Pa?P%ezﬁeQﬁr%9ﬁ§ O6XdGPt 122 i's identical to the flow passage

axis (axis Z) of the mcro-bubble in the widening section 21 and the inlet
openi ng [040He conduit 22 is located in the mcro-bubble spouting
direction of the nozzle 11 of the m cro-bubble generating nmechanism 10, in
the case of aRworilextirkéadbiel AgG . gbnénatied mipreoheulth benengraetd on 21, a
passage of air is formed in the center of the vortex flow, and the bubble
si ze of ddve ceb@olfl, e a N dakignhl wioddway Béboneflfargeibyat hbanatctindOn t he ot her
hand, in the m cro-bubble generating device 200 according to the second

enbodi nE¥cattibe bEowpassrgeaaxi $2zbn afhd hedeubagpaddtiod? 2ns ofd set in
parallel with the flow passage axis Z of the micro-bubble Min the

wi deni ng. 1ReeLd @hLdond el 8107 &hel Afoe ﬂa§r9@@e{§bk8{?1@$d the yortex flowin
t he wi dening section 21 can be prevented, and the m cro-bubbl e having
smal | b%ﬁ%x? %EZ?lSﬁ”bassage axis zl1 thereof is not the same as the

flow passage axis Z of themicro-bubble M in the widening section

21 and is shifted in parallel.

[0041]

In the micro~bubble generating device 1 according to the

first embodiment, since the flow passage axis (axis Z) of the

conduit 22 is identical to the flow passage axis (axis Z) of

the micro-bubble in the widening section 21 and the inlet

opening of the conduit 22 is located in the micro-bubble

spouting direction of the nozzle 11 of the micro-bubble

generating mechanism 10, in the case of a vortex flow being

generated in the widening section 21, a passage of air is formed

in the center of the vortex flow, and the bubble size of the

bubble in the fluid may become large by this air. On the other

hand, in the micro-bubble generating device 200 according to

the second embodiment, the flow passage axis z1 of the tube part

22 is offset in parallel with the flow passage axis Z of the

micro-bubble M in the widening section 21. Therefore, the
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be supplied nore into the tube part 22. Particularly, the present

enbodi nent is effective particularly in the mcro-bubble generating
mechani sm 10 using a m cro-bubble generating nethod in which the vortex
flowis generated. The m cro-bubble generating nethod in which the vortex
flowis generated includes the swirling liquid flow type, the static

m xer typenevrtidie afobenderoax dflahéncehervidgidingpaaptaed 2 heanswirling
flow type mcro-bubble generator. [0042] FIGs. 4 to 7 illustrate outline
conf i gur atimoreseott edpi ardbthabblogogbnbbat inayidgvircdd bcoorelsngetaena third to
si xth enbodi nent of the present invention, respectively. [0043] A

m cr o- bubbl eugghesdtmone devic e 30 decraditn@2t.o phetiddliad yrhod nent of
the present invention differs only in a structure of a | eading conduit

agai nst tHhes&her OchbdblRentgenes at bngedeM£e darAcdilkigtrateddyr FIG 4, in
the mcro-bubble generating device 300, a |eading conduit 310 differs in

a Connec}n-ﬁggoj— lié)n%%?e%{l\%r##%cﬁgﬁis%g L Lﬁﬁ%ﬁ V! drﬁﬂ'hlgg;[ y (Etlieon 21. In

the | eading conduit 3 ow passage axis cof 't e part 22 is
W deni ng SBRTonS SEtasa tA T ChC K par ot Bl S BRe P b TWart 221
connecped_ 19_0 the base surfac%ﬁ§3 to thCh?Fgﬁ nicro-bubblg_ggnerating
mechani sft£5°TY R I O 8w deni-RgEaEh | b 20T Rt H 4w &

generated includes the swirling liquid flow type, the static

mixer type, or the combination of the centrifugal pump and the

swirling flow type micro-bubble generator.

[0042]

FIGs. 4 to 7 illustrate outline configurations of
micro-bubble generating devices according to a third to sixth
embodiment of the present invention, respectively.

[0043]

A micro-bubble generating device 300 according to the
third embodiment of the present invention differs only in a
structure of a leading cor}dqit against the _micro—bqbblg )
generating device 1. As illustrated in FIG. 4, in the
micro-bubble generating device 300, a leading conduit 310
differs in a connecting location of the tube part 22 on the
widening section 21. In the leading conduit 310, the flow
passage axis z1 of the tube part 22 is not identical to the flow

passage axis Z of the micro-bubble M in the widening section

21 and is shifted in parallel, and the tube part 22 is connected
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configuration, the flowng direction of the mcro-bubble in the w dening
section 21 and the flowng direction of the mcro-bubble in the tube part
22 becone reverse nutually. [0044] A m cro-bubble generating device 400
according to a fourth embodinent of the present invention differs only in
a structure of a |eading conduit agalnst the m cro-bubbl e enerating

devi ce 300.the Bagqusrdeeq FA P AhiECh it fe crRT BB bubit e igéiedat i ng
device 400, a |leading conduit 410 differs in a shape of a wi dening section
411. |n mpehamsba hg 1scorrnaateflDn thepaistendnd saptiigoe? U12Wishvithiich t he

m cr o- bubbl e generati ng nmechani sm 10 and the tube part 22 are connected is
not orthogohiadutaridme thewlpassage m@ees o efnthZticnotthehliaénithg section
411. The widening section 411 is formed in a manner that the base surface
412 graduabéyith veyeges ohr om t endbasee sordabey 24if-act Dgnt her base surface
412 fromthe connecting |ocation of the m cro-bubble generating nmechani sm

10 towar g; the-pehyecti-onnaf thbe ﬁgﬁﬂeﬁlmolm@cegwfls@fmmfalwbe part 22.
[0045] A micro-bubbl e generating device 500 according to a fifth

enbodlneg j the present invention differs only in a structure of a

| eadi ng ondU|t agai nst the mcro-bubbl e generating device 1. As
illustrated |Q%FIG. 6, %l%heé@é¥é bub%g%lgenﬁbgt gor 9 de ice 500, a

| eadi ng condui BYOF HIFFES | conngctlng | 6cat 6 ?%e Pube part 22

on the w_dening section 21_ In
ourthgéé%odlment of the present invention differs only in a

structure of a leading conduit against the micro-bubble
generating device 300. As illustrated in FIG. 5, in the
micro-bubble generating device 400, a leading conduit 410
differs in a shape of a widening section 411. In the leading
conduit 410, a base end surface 412 to which the micro-bubble
generating mechanism 10 and the tube part 22 are connected is
not orthogonal to the flow passage axes Z and Z1 in the widening
section 411. The widening section 411 is formed in a manner
that the base surface 412 gradually diverges from the base
surface 24 facing the base surface 412 from the connecting
location of the micro-bubble generating mechanism 10 toward the
direction of the connecting location of the tube part 22.
[0045]

A micro-bubble generating device 500 according to a fifth
embodiment of the present invention differs only in a structure
of a leading conduit against the micro-bubble generating device

1. As illustrated in FIG. 6, in the micro-bubble generating
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the | eading conduit 510, the flow passage axis z1 of the tube part 22 is
not identical to the flow passage axis Z of the mcro-bubble Min the

wi deni ng section 21, and is orthogonal to each other. That is, the tube
part 22 is erected on the cylindrical peripheral surface 25 of the

wi deni ng sectio 1. he tube part, 22_]j rected on a edge part at the
base surfiﬁ}fécezgoéi dé lﬁaflh‘ég p?g%%?ﬁtt e%@d& IS THe 319 Wi"Pecti on of
the mcro-bubble in the wi dening section 21 and the flow n di rection of
the nicréobabbPe ¢h thite trRBePPEY t2%?rhltéeoW%%%@Hk%lsecttéoéagH otfer in this
configuration. It should be noted that, although the tube part 22 is nade
to be cohhectexliow rhadyitdedlbf thikefbaw eanseiacex 23 2lo ofhileh tubhe

m cro- bubbl e generating nmechanism 10 is connected in the w dening section

21, the bpube 2pais 22t nhyerel qulovicdedheof lbhepsssdegofatie hase tur f ace 24.
[ 0046] A m cro-bubble generating device 600 according to a sixth

embodi mept ceb-bisp ¥ esent thaveiddromdisktersn onl y andl assérirdgonal of a
| eadi ng conduit agai nst the m cro-bubble generating device 500. As

i11ustratgdehBnFbher, &aathgsrﬁgm@-mtéblfp%&ew@gi BYecHBYi&E 830, a
| eadi ng conduit 610 differs in a shape of a widening section 611. In the

| eadi T 610 difers in . ening "secti on 6L
per i pher S S HPFACR BES EaCHAT o e Pant part TR S RbEd  and i &

f d sq. that. the flow. 21 i onal t her eof decr f
the base 26! TG P95t 52 {mPERCLRA TN r COTR BRI Hoddinbr it HECHAE sm 10 1o

connect ed , _ , . .

23 side in the present embodiment. The flowing direction of
the micro-bubble in the widening section 21 and the flowing
direction of the micro-bubble in the tube part 22 are orthogonal
to each other in this configuration. It should be noted that,
although the tube part 22 is made to be connected on the side
of the base surface 23 to which the micro-bubble generating
mechanism 10 is connected in the widening section 21, the tube
part 22 may be provided on the side of the base surface 24.
[0046]

Amicro-bubble generating device 600 according to a sixth
embodiment of the present invention differs only in a structure
of a leading conduit against the micro-bubble generating device
500. As illustrated in FIG. 7, in the micro-bubble generating
device 600, a leading conduit 610 differs in a shape of a widening
section 611. In the leading conduit 610, the widening section
611 is not cylindrical in a peripheral surface 612 to which the

tube part 22 is connected, and is formed so that the flow passage

21



toward the base surface 24 opposed to the base surface 23. That is, as
illustrated in FIG 7, the peripheral surface 612 of the w dening section
611 forns a nearly circular truncated-cone peripheral surface, and the
wi deni ng section 611 is formed so that the cross section in alignnent with

t he fIOM/passage axi s Z becones a trapezoid%%|sha e. This iﬁ for the sake
of maki MFCURBAbuDBFR WP A0 REFFREES | 1T The i BRMF My 'EECEi 6n BA1. [0047]
The mi cro-bubbl e generating devices 300 to 600 according to the third to

t he sixtWhishbsHEnBAEEODPUPNE Hreasarft inavBAEham sTheltt iene@napeved can achi eve
an effect identical to the mcro-bubble generating device 200 according to
t he secdnmvarentioalbaeatswifacke’ prppentd itoverd base senthoaed .abblvet [ 0048]

FIG 8 illustrates an outline configuration of a mcro-bubble generating
devi ce aaG086iing us@ratsaventhc. enbede menti polerbhesyyrfesent 12 rretiie on. A

m cr o- bubbl e generating device 700 according to the seventh enbodi nent of

the presgiienin¥eBbLeNodi §1Erso @Rl ¥ hBa2)§t Ut e efrudcheadif8gne conduit
agai nst the m cro-bubble generating device 1. [0049] As illustrated in FIG

8, in theigrosbubbl e, genepating «deyiigs J00.idh keadingosaaduiy 710

differs’ at suppl ying conduits 711 supplying 1din the

wi deni g sect] on 21 J 5. FOONGE! 6, L9, 1N1° D258 RUE 365 2348 dhigh the

Z becomes a trapezoidal shape. This is for the sake of making
the bubble hard to collect in the widening section 611.
[0047]

The micro-bubble generating devices 300 to 600 according
to the third to the sixth embodiments of the present invention
mentioned above can achieve an effect identical to the
micro-bubble generating device 200 according to the second
embodiment of the present invention mentioned above.

{0048]

FIG. 8 illustrates an outline configuration of a
micro-bubble generating device according to a seventh
embodiment o©f the present invention. A micro-bubble
generating device 700 according to the seventh embodiment of
the present invention differs only in a structure of a leading
conduit against the micro-bubble generating device 1.

[0049]
As illustrated in FIG. 8, in the micro-bubble generating

device 700, a leading conduit 710 differs in that supplying

22



generating mechanism 10 i s connected agai nst the widening section 21. In

t he present enbodi nent, although two supplying conduits 711 are provided

- at an edge part of the base surface 23, the nunmber of the supplying
conduit 711 is not limted to this. [0050] In the m cro-bubble generating
device 700 according to the seventh enbodi nent of the present invention,
si nce t heondupps yilg scppdying 1l withphyihg wikerfing dechi¢he? wiideni ng
section 21 are provided at the edge part of the base surface 23 to which

t he m cr eohnbbt €d genetiad | begs areairaaicem2B0 tios whéennesé edicidr-Hubd 1w deni ng
section 21, therefore, the fluid in an area (area p) near the edge part of

the basegeHEf@€EnE3méBharthen W dens ngosgELt QN ZdairstTade: twiddmawg and the
fluid inthe area p can be prevented from staying. [0051] The nicro-bubble

generati Qgﬁgf}é{h 2‘1.acfﬁrt%ieﬁﬁré%r’éé‘%mb_@&%%&%,bEIWEB&&r?Qwio?sd‘p%l i@ngﬂét ed to the

shape or t configuration of the m cro-bubble generating devi accordi ng
to each enbqdi pe of _the present .inventio nt 1 Qned, above and may be a
conbinatf8ﬂg%*t%2t]'8ﬁ%o%¥ékﬁ1éd1 grgé£2%§1gégﬁﬁéé%éeaggsﬁﬁs%ﬁ{QQﬁ deni ng
section 21 of the mcro-bubble nerating, .device 1, as_il]Justrated in FIG
o, may b&’a HiF PORPESNP 6N SRABELY 330 ((IPMIFar L i 8 e RETRE ERape)
expanding in the flowng direction of the mcro-bubble with the flow
passage akig§-Z as

[0050]

In the micro-bubble generating device 700 according to
the seventh embodiment of the present invention, since the
supplying conduits 711 supplying the fluid in the widening
section 21 are provided at the edge part of the base surface
23 to which the micro-bubble generating mechanism 10 is
connected, in the widening section 21, therefore, the fluid in
an area (area p) near the edge part of the base surface 23 in
the widening section 21 is made to flow, and the fluid in the
area p can be prevented from staying.

[0051]

The micro-bubble generating device according to the
present invention 1is not limited to the shape or the
configuration of the micro-bubble generating device according
to each embodiment of the present invention mentioned above,
and may be a combination of each embodiment, for example. The
shape of the widening section 21 of the micro-bubble generating

device 1, as illustrated in FIG. 9, may be a hollow conical shape
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the central axis, and as illustrated in FIG 10, nmay be a shape expanding
inthe flowng direction of the mcro-bubble wwth the flow passage axis Z
as the central axis, and narrowi ng again from a predeterm ned position.
The tube part 22 nmay be disposed so that the fl ow passage axis zl is not

orthogonal to _the flow passage axis Z of the wi dening section and crosses
asl ant t e roulew gasuugeedkiOne. S RRRATENOS ohnog he n&€QFERTi on of the
m cro- bubbl e generating device according to the present invention is not
limited digadidodi péctiomiicrpobpatedith Fhesflaw pAds89eRXUGE 2 But it is
nore desirable for the tube part 22 to be in the upper side as nuch as
possi bl ethd neotdet sbhiat, dhe asubblestateat dntEXG.siQy niay bhe whéepeai ng secti on
21. For exanple, the direction of installation may be the direction in

whi ch t hexgareragbubbhe figaneiadi fgetiedd 6% hiel thiustd-alues 1ens iHHGEhe 4 and 5
have been rotated by 90 degrees to the right, and in which the

m cro- buphle ,.96R8EaL L NY Zj%\é' @ﬁ@ s&husiyr ated, 'Qm’f'x%rro@u%@dagaﬂwe been
rotated by 98 degrees to the left. (0053] There is no limt in parti cul ar

o b el ol e g et et R o ces
deVICesfgg%%aglgﬁktéiow passage axis z1l is not orthogonal to the flow
passage axis Z of the widening section and crosses aslant the
flow passage axis 2.
[0052]
A direction of installation of the micro-bubble
generating device according to the present invention is not
limited to the direction illustrated in FIGs. 1 and 3 to 10.
But it is more desirable for the tube part 22 to be in the upper
side as much as possible, in order that the bubble is hard to
stay in the widening section 21. For example, the direction
of installation may be the direction in which the micro-bubble
generating devices illustrated in FIGs. 4 and 5 have been
rotated by 90 degrees to the right, and in which the micro-bubble
generating devices illustrated in FIGs. 6 and 7 have been
rotated by 90 degrees to the left.
[0053]
There is no limit in particular also with regard to a
material of the micro-bubble generating devices according to

the present invention.
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present invention nmay be applied to cleaning apparatuses such as a parts
soapi ng machi ne, a washi ng machi ne, other than the silicon wafer cleaning
apparatus. The m cro-bubbl e generating devices according to the present
invention may be installed in a bathtub, a fish preserve, a cistern of an
aquarlunL % a cistern for appreciation fish. In this case, for exanple,
is p 8% e to be connected to a circul ation passage of a circulation
filtration filter. It may be provided in a nmidway of a hose or water pipe
of a home sho#ée. HPG@BSPUE%%%|$$%%H@SAHQtﬂ?Wﬁ9§§oa@&BBﬂé“%eﬁ%rB@?ng devi ces
according to the present invention are applicable in an alkaline cleaning
fluid haviegerdnisvent hon cgpyabt|dnpliqd0s6}lqaning kppawetuses awclet ching rate
in an al kaline cleaning fluid having an etching capability will be
i nprovedasvd baahs sfdpeiciy akchhee Mawashublreadisee, Pateat theautesat 1) Wth
the silicon wafer cleaning apparatus 100 conprising the mcro-bubble

gener at | i1 Oe3H wer&ce0e8higy hpphhet Ps esank nidheeBubble dhergtchgng rate can
be enhanced |i ke a conventional silicon wafer cleaning apparatus with a

CO”Ve”ti@é‘@iceszaE&Qf@Hb%ﬂt% ge0e-akng J8MIRE 080RkEGel hidie 1¢eani ng bath
t hereof. 25 [ Exanpl €] 0057]
a bathtub, a fishpreserve, a cistern of an aquarium, or a cistern
for appreciation fish. In this case, for example, it is
possible to be connected to a circulation passage of a
circulation filtration filter. It may be provided in a midway
of a hose or water pipe of a home shower.
[0055]

Specifically, the micro-bubble generating devices
according to the present invention are applicable inanalkaline
cleaning fluid having an etching capability.

[0056]
It is known that an etching rate in an alkaline cleaning
- fluid having an etching capability will be improved with an
effect of the micro-bubble (see Patent Document 1). With the
silicon wafer cleaning apparatus 100 comprising the
micro-bubble generating device according to the present
invention, the etching rate can be enhanced like a conventional
silicon wafer cleaning apparatus with a conventional

micro-bubble generating device soaked in the cleaning bath

thereof.
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First, a sanple for evaluation was nade by depositing a poly silicon |ayer
on a mrror surface of a silicon wafer of 200mmin dianeter by 1 pm

- approximately in thickness by CVD. Subsequently, the thickness of the poly
silicon |l ayer of the sanple before cleaning was neasured using NanoSpec
(Nanonetrics Incorporated-nade). [0058] Subsequently, as illustrated in
FIG 11, [ERempabbve-nenti oned sanple was cl eaned using the silicon wafer

cl eani ng apparatus 110 (Exanple 1) . The silicon wafer cleaning apparatus
110 is oneobmjwhi ch the m cro-bubble generating device 500 of the shape
illustrated in FIG 6 was used in the silicon wafer cleaning apparatus 100

of FIG 2 as therdd Choshubhd eorgeheradt ith devi 88de Ay b8posheidd &r 0- bubbl e
generating nechanism 10, the swirling liquid flow type (M-MS PTFE type

made by ggggp%ffféorﬁq%%&cen'Q%ﬂﬁfg@s@gﬁeé%f%ﬂ)si IgﬁHf\ﬁ%fedrl gﬁtwi deni ng

section romquartz glass having a shape In er is
100nm an he length is 200 was used. n.a cl eani treat t thereof,
specit calPPn & B aesn Ry L PROER R CH oA g LATRC A IR -al kal i ne
cleaning fluid having an etching capability, far. exaople, Techniclean
SO0RE | SPPREABST e bmidite b FarS AP D Hor tarice oARYSE 1 drifoni ¢
surfactant, a nonionic surfactant, water) diluted 20 tines with 26 the

ul t r apur S3RLBPMES © B EFNITHS AFTRP TH @A T G Nar S RS (NI gpggd@Sof f or

every cleaning treatnment, and the new cl eani ng
Incorporated-made) .

[0058]

Subsequently, as illustrated in FIG. 11, the
above-mentioned sample was cleaned using the silicon wafer
cleaning apparatus 110 (Example 1). The siliconwafer cleaning
apparatus 110 is one inwhich the micro-bubble generating device
500 of the shape illustrated in FIG. 6 was used in the silicon
wafer cleaning apparatus 100 of FIG. 2 as the micro-bubble
generating device. As for the micro-bubble generating
mechanism 10, the swirling liquid flow type (M2-MS/PTFE type

~made by Nanoplanet Research Institute Corporation) was used.
The widening section made from quartz glass having a shape in
which the diameter is 100mm and the length is 200mm was used.
In a cleaning treatment thereof, specifically, as a cleaning
fluid in the cleaning bath 101, an alkaline cleaning fluid
having an etching capability, for example, Techniclean 200EF
(principal components: an alkaline inorganic salt, an anionic

surfactant, a nonionic surfactant, water) diluted 20 times with
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~fluid was used. In the cleaning bath 101, the above-nentioned cleaning
fluid of 20 L (liter) was poured, the tenperature of the cleaning fluid
-was set as 50 C, and the sanple was soaked for 30 mnutes in this cleaning
fluid. After that, the cleaned sanple was taken out, and put into a 20 C
ultrapure water tank, and a rinse treatnment was perforned for 10 m nutes.
Then, thithe sdnpepurasvareedvaw thsed spilhedmpged. clleesdng Stibsedqueatt |y, with
respect to the sanple of Exanple 1 for which the cleaning treatnent was
per f or nediiaposedtodDifed axbomeclebheéng Hircknesatpfartchehpolew sitaciony | ayer of
the sanple was neasured |like the nmeasurenent before cleaning. [0060] As

i I'lustrat@didwis Gsel?, W ttheacdddiGRNoweh arniGl epdiang veappat adrsd 800 whi ch
does not have a m cro-bubble generating device, the above-nentioned sanple

was CleaQﬁ%anﬁgﬁnP?ﬁﬁﬁkMeZOﬁquHE%r})wg@%knh%d t g éﬁﬁ%kﬁguEéQﬂinent in

which the m cro-bubble was not used and the cl eanin did not
C|rculat%

0061 FI |
wai o1 i Gl ﬁéga% Baravis 860 51 G oh 5 stipEenaeais par et OO
bub t PTFE d Nanopl apet
Rescar ch F22730 AGPEE G 6 TCoP RoraerOny v ol spbLEtF SRS f dBepare

cl eani ng bath 901, the above-nenti oned sanpl e was cl eaned.
sample was taken out, and put into a 20 °C ultrapure water tank,

and a rinse treatment was performed for 10 minutes. Then, this
sample was dried with a spin dryer.
[0059]

Subsequently, with respect to the sample of Example 1 for
which the cleaning treatment was performed as mentioned above,
the thickness of the poly silicon layer of the sample was
measured like the measurement before cleaning.

[0060]

As illustrated in FIG. 12, with a silicon wafer cleaning

apparatus 800 which does not have a micro-bubble generating
~device, the above-mentioned sample was cleaned. (Comparative

Example 1) That is, the cleaning treatment in which the

micro-bubble was not used and the cleaning fluid did not

circulate was performed.

[0061]

As illustrated in FIG. 13, with a silicon wafer cleaning
apparatus 900 in which a single nozzle part of a micro-bubble

generating device (M2-MS/PTFE type made by Nanoplanet Research
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(Conparative Exanple 2) [0062] As illustrated in FIG 14, a Teflon
(registered trademark) (PFA) tube 1004 having a outer dianeter of 3/4 inch
and a inner dianmeter of 5/8 inch was connected directly to a m cro-bubble
nozzl e of a mcro-bubble generating nmechani sm 1003 of a m cro-bubble
generating device 1002 (see FIG 15) , and with a silicon wafer cleaning
appar at usn3DUD e GRS atRen TeF R ®ndt Bbesed 00U vd@Sntsigdacedofnto a

cl eaning bath 1001, the above-nentioned sanple was cl eaned. (Conparative
Exanpl e 8)eaf063jatthe Il ,edmiengbioveamephioned t anglonpe@satdleanedanples 1 to
3, i.e., a cleaning bath, a cleaning fluid conposition, an anount of

cl eani ng (Cbmpakata vel @xampget2yre frane, a rinse treatnent tinme franme, a
drying nmethod, or the like, are the sane as those of the above-nentioned
exanpl e lgodhe sanple after cleaning was neasured |ike Exanple 1. [0064]
The etching rate was cal cul ated fromthe thickness of the poly silicon

| ayer before and afigt: cheaning whieh ves, acuitedon by fmasuEiag the sanple
of Exanple 1 and the sanples of conparative exanples 1 to 3. The

t he
I h i | I i_quid Fl C he fl
Tate of PReesiR, (Bedptde Taod haAels patsatl duft e oS R sener at i ng

device. INErodyced 4iLnSHatid¥% s hhg JAOWSAe 2h L&Ay wo a

micro-bubble nozzle of amicro-bubble generatingmechanism 1003
of amicro-bubble generating device 1002 (see FIG. 15), andwith
a siliconwafer cleaning apparatus 1000 in which the Teflon tube
1004 was introduced into a <c¢leaning bath 1001, fhe
above-mentioned sample was cleaned. (Comparative Example 3)
[0063]

The cleaning treatment in the comparative examples 1 to
3, i.e., a cleaning bath, a cleaning fluid composition, an
amount of cleaning fluid, a cleaning time frame, a rinse
treatment time frame, a drying method, or the like, are the same
as those of the above-mentioned example 1. The sample after
cleaning was measured like Example 1.

[0064]

The etching rate was calculated from the thickness of the
poly silicon layer before and after cleaning which was acquired
by measuring the sample of Example 1 and the samples of the
comparative examples 1 to 3. The results are shown in Table

1. In Table 1, Liquid Flow Amount is the flow rate of the
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i ntroduced into the m cro-bubble generating device. [0065] [Table 1]

M CRO BUBBLE LI QUI D FLOW AMOUNT | NTRODUCED Al R QUANTI TY ETCHI NG RATE
(LITERF M NUTE) (LI TER' M NUTE) (NM M NUTE) Conparative NONE 0.84 exanple 1
Conparative SOAK I N BATH 8.0 0.3 1.63 exanple 2 rConparative INLINE 7.5
0.1 0.89 .exanple_.3 (3/4-1N TUBE DI CONNECT Exanpl.e 1 I NLI NE
75 01 TLS8 PP hR S G SHEETPRESENTI) RVENTTNP'S SSOGEEIES) | 006]
As illustrated in Table 1, in the silicon wafer cleaning apparatus

accor di n§eYd°% he Iptagerted MienQUaRtEEXandl Bre1)E 10wt Taterpls tWist 2tKat an
effect of enhancenent in the etching rate equivalent to the conventional
silicon hatepdetedhninty apparatie-bydvipareaciraeiexadpiiece2) in which the
conventional mcro-bubble generating device is soaked in the cleaning bath
i s acqui fedes5] That is, it turns out that the silicon wafer cleaning

appar at us

[Table 1]
MICRO-BUBBLE T LIQUID FLOW AMOUNT | INTRODUCED AIR QUANTITY | ETCHING RATE
(LITER/MINUTE) ~(LITER/MINUTE) (NM/MINUTE)
Comparative | NONE 0.84
example 1
Comparative | SORK IN BATH 8.0 0.3 1.63
example 2
Comparative | INLINE 7.5 0.1 0.89
example 3 {3/4-INCH TUBE
DIRECT
CONNECTION)
Example 1 INLINE : 7.5 0.1 1.36
(APPARATUS OF
THE PRESENT
INVENTION IS
L CONNECTED)
[0066]

As illustrated in Table 1, in the silicon wafer cleaning
apparatus according to the present invention (Example 1), it
turns -out that an effect of. enhancement in the etching rate -
equivalent to the conventional siliconwafer cleaning apparatus
(Comparative example 2) in which the conventional micro-bubble
generating device is soaked in the cleaning bath is acquired.
That is, it turns out that the silicon wafer cleaning apparatus
according to the present invention (Example 1) can generate the
micro-bubble effectively.

[0067]
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according to the present invention (Exanple 1) can generate the

m cr o- bubbl e effectively. [0067] 29 - ------ ---- --- Although the exanple
1 is slightly lower than the conparative exanple 2 in the etching rate, it
is considered that this is influenced by the fact that the exanple 1 is
smal ler than the exanple 2 in the liquid flow anbunt and air introduction
quantity, therétbpeghitthies eongilder &d itshatlididg lgxahpies 1thas the

m cr o- bubbl e generating capability al nost equivalent to the conparative
exanpl e omgfilvel ewdriie ecOpattat evehexqrplke, 34 hs wbhebdéhed Takkton tube is
connected directly to the m cro-bubble nozzle of the mcro-bubble

gener at i figi TBGhARIFSAEntHE PMRX rhkbew kaie Ulexampd 1 he |sakgeebubbl e was
generated since the Teflon tube was too fine. A significant enhancenent in

the et chijng, £AL e MAB1oN0L LAUN s ccomALRdN bhathe camaratie example 1

wi t hout m cr o- bubbl e. [0069] Thus, 1n the silicon wafer cleaning

appar at gy G BleLoHIE U G3000,LONENLY Yhar FEDULA LAPROLI LY of
various “contam’nants (a par3t| Cl'e, "an"1on, a netal,” an organi ¢ substance,
or the like) on abggéface of .the sil |_clion vvaier can bhe fnhancegheto t he

extent eQdPvAPERIPPLS HETAdrtForar 21 don Wat beauivalent to

comparative example 2.
[0068]

In the comparative example 3 in which the Teflon tube is
connected directly to the micro-bubble nozzle of the
micro-bubble generating mechanism, the vortex flow came out,
and the large bubble was generated since the Teflon tube was
too fine. A significént enhancement in the etching rate was
not found as compared with the comparative example 1 without
the micro-bubble.

[0069]

Thus, in the silicon wafer cleaning apparatus according
to the present invention, a removing capability of various
contaminants (a particle, an ion, ametal, an organic substance,
or the like) on a surface of the silicon wafer can be enhanced
to the extent equivalent to a conventional silicon wafer
cleaning apparatus in which a conventional micro-bubble
generating device is soaked in the cleaning bath.

BRIEF DESCRIPTION OF THE DRAWINGS

[0070]
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cl eani ng apparatus in which a conventional mcro-bubble generating device
is soaked in the cleaning bath. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0070]
30 FIG 9 is a figure illustrating a nodification of the mcro-bubble
generating device of FIG 1; FIG 10 is a figure illustrating other

nodi fication of the mcro-bubble generating device of FIG 1; FIG 11 is a
figure illustrfdSG-ng &SsPl LR SvaFetuédnPAge apphat Haistam Exdhple 1, FIG
12 is a figure illustrating a silicon wafer cleaning apparatus in

Conpar at hyer&kiiplle penpreting devicd iqfufdGi-l Lastrating a silicon wafer

cl eaning apparatus in Conparative Exanple 2; FIG 14 is a figure
illustrating &I8.] L6onswaffegusckeanil ngt rapipay atths ri moCbhpartatonvet Exanpl e 3;
and FIG 15 is a figure illustrating a m cro-bubble generating device of
the siliepa madwr-aickdri ggnappeaded Wewifce bifGr1d4. 1 DESCRI PTI ON OF NUMERALS
(0071] 1, 200, 300, 400, 500, 600, 700: Mcro-bubble Generating Device 10:

M cro- bubbl e Gemnerat iiR0a MBehaRi:9MusklatNAZZl 8i1icon wafer cleaning

apparatus in Example 1;

FIG. 12 is a figure illustrating a silicon wafer cleaning
apparatus in Comparative Example 1;

FIG. 13 is a figure illustrating a silicon wafer cleaning
apparatus in Comparative Example 2;

FIG. 14 is a figure illustrating a silicon wafer cleaning
apparatus in Comparative Example 3; and

FIG. 15 1is a figure 1illustrating a micro-bubble
generating device of the silicon wafer cleaning apparatus of
FIG. 14.
DESCRIPTION OF NUMERALS
[0071]
1, 200, 300, 400, 500, 600{”700: Micrq—bubble Generating_
Device
10: Micro-bubble Generating Mechanism
11: Nozzle
20, 210, 310, 410, 510, 610: Leading Conduit
21, 411, 611: Widening Section
22: Tube Part

23, 24, 412: Base Surface
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20, 210, 310, 410, 510, 610: Leading Conduit 21, 411, 611: Wdening
Section 22: Tube Part 23, 24, 412: Base Surface 31 25, 612: Peri pheral

* Surface 100: Silicon Wafer C eaning Apparatus 101: C eaning Bath 102:
Cleaning Fluid 103: Punp 104, 105: Conduit 711: Supplying Conduit Z, Z1:
AXis M Mcro-bubble W Silicon Wafer 32 CLAIMS 1. A micro-bubble

gener ati B§-dé¥Zce, E6HPPhSKAY: SErFAIH o- bubbl e generating mechani sm
generating a mcro-bubble; and a | eading conduit connected to the

m cr o- bubBbPe Heniercat WagemeChaansmy i Apparadenst o | ead out the m cro-bubbl e
generated by the m cro-bubble generating nmechani sm wherein the

m cr o- buhbhe generdthign@amchani smis provided with a nozzle which spouts
the m cro-bubble outside, and the leading conduit is provided with a

wi deni ng19ect i @neANGA riubg part
103: Pump
104, 105: Conduit

711: Supplying Conduit

Z, 21: Axis
M: Micro-bubble
W: Silicon Wafer
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comuni cating nutually, and the wi dening section is |larger than the tube
part in a flow passage sectional area of the mcro-bubble, and the

m cr o- bubbl e generating nechanismis connected to the wi dening section. 2.
The m cro-bubbl e generating device according to claim1l, wherein the

m cr o- bubbl e generati ng nechani sm and the tube part are connected to the
wi dening section so that a flow p&¥8afé axis of the nicro-bubble in the

w deni ng section and the flow passage axis of the mcro-bubble in the tube
part arelextedd&@dcraububly denatnt gWmdedifect ¢UMLiBiMMHe mi cro- bubbl e
generating device according to claim1, wherein a flowing direction of the
m cr o- bubbl e ien ttherwi-tdehbhg gmeimir@ndmehbamm\,i ngertd ragdinigonaof t he

m cro-bubble in the 33 tube part are reverse nutually. 4. The m cro-bubbl e
gener at i ngc e g 1agcandi ng to claim 1, wherein the mcro-bubble
generating mechani smand the tube part are connected to the w dening

section so that tl*é%dflhgw Passage @xinecekat heom €xo- hhble dubptiBe w deni ng
section and the flow passage axis of the mcro-bubble in the tube part

cross éx’x‘@%%]r)/lnr%'f‘cro %u ranBQBE‘E 98”% &Qtdﬁ%’égﬁat hghag to claim

4, |n t bbl e generating ani sm an tube part are

connect eg o §theed d%?liﬂeln%%sect%gbnbfo ter%%tra Qggflho%%)asssmalg aX| 8 in the
wi deni ng S8t on an Fow passage axi s the part *are or t hogonal

nmut ual |
y: the micro-bubble generating mechanism is provided with

a nozzle which spouts the micro-bubble outside, and the leading
conduit is provided with a widening section and a tube part
communicating mutually, and the widening section is larger than
the tube part in a flow passage sectional area of the
micro-bubble, and the micro-bubble generating mechanism is

connected to the widening section.

2. The micro-bubble generating device according to claim 1,
wherein the micro-bubble generating mechanism and the tube part
are connected to the widening section so that a flow passage
axis of the micro-bubble in the widening section and the flow
passage axis of the micro-bubble in the tube part are extended

rmutually in the same direction.

3. The micro-bubble generating device according to claim 1,
wherein a flowing direction of the micro-bubble in the widening

section and the flowing direction of the micro-bubble in the
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6. The m cro-bubbl e generating device according to any one of the
precedi ng clainms, wherein the mcro-bubble generating nechanismis
connected to the wi dening section so that the nozzle deviates froma

fl ow passage-axis line of the mcro-bubble in the tube part. 7. The

m cr o- bubbl e generating device according to any one of the preceding
cl ai ns, WHeeePart Peanwirg@sira§ seEEabhvhas a circul ar fl ow passage cross
section. 34 8. The m cro-bubbl e generating device according to any one of
the preceding clains, wherein the tube part is provided near the nozzle in
t he wi dening section. 9. A silicon wafer cleaning apparatus cleaning a

silicon 4waf erche hiecappaisd s gbre ngt MDYk dede widch ribhag e ba ubbl e
generating device according to any one of the preceding clains,

conpri si RgerdichaaniRg Latbracmmdat hghddhensshifsRMnatehe gard object to
be cl eaned and storing a cleaning fluid; and a punp device having a punp

and a co i ir i t I : jdoinet | th, wherein
g?%u%o&%ec%haﬁé G, ¢ Q?der?ir‘?@!%'eeglé}llgégah?% : eﬂg‘g?ﬁ’%a%@

the mcr e generating device is provi t "of the punp
devi ce. 3

éis of the micro-bubble in the widening section and the flow
passage axis of the micro-bubble in the tube part cross

mutually.

5. The micro-bubble generating device according to claim 4,
wherein the micro-bubble generating mechanism and the tube part
are connected to the widening section so that the flow passage
axis in the widening section and the flow passage axis in the

tube part are orthogonal mutually.

6. The micro-bubble generating device according to any one
of the preceding claims, wherein the micro-bubble generating
mechanism is connected to the widening section so that the
nozzle deviates from a flow-passage-axis line of the

micro-bubble in the tube part.

7. The micro-bubble generating device according to any one
of the preceding claims, wherein the widening section has a

circular flow passage cross section.
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8. The micro-bubble generating device according to any one
of the preceding claims, wherein the tube part is provided near

the nozzle in the widening section.

9. A silicon wafer cleaning apparatus cleaning a silicon
wafer, the apparatus being provided with the micro-bubble
generating device according to any one of the preceding claims,
comprising:

a cleaning bath accommodating the silicon wafer as a
object to be cleaned and storing a cleaning fluid; and

a pump device having a pump and a conduit circulating the
cleaning fluid in the cleaning bath, wherein

the micro-bubble generating device is provided in the

conduit of the pump device.
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