MICRO-BUBBLE GENERATING DEVICE AND SILICON WAFER CLEANING APPARATUS

DESCRIPTION TECHNICAL FIELD [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
iHen HhSER

processing técHrioiogYy EnBre RASTHENE Fi o8 robleie fortriitiing and enhancing

of a product quality accompanying complic{gggﬂﬂﬁ process and related to production cost reduction,
etc. have also become necessary to be solved.

DESCRIPTION

TECHNICAL FIELD
[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
(00021

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 to maintaining and
enhancing of a product quality accompanying complication of a
process and related to production cost reduction, etc. have also
becgme neceééary f;o be éolved.
fooc3:

Particularly in many fields of the manufacturing
technology of the semi-conductor LST using the silicon wafer,
so-called a wet treatment process including treatments by means
of various types of solutions has become an essential process.

& particularly important process among such wet treatment



[0003] 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 among such wet
treatment processes is a cleaning process and an etching process, etc. In these wet treatment
processes conventionally, improvements are piling up mainly in selecting of a solution type, a density,
a treatmentdeoperatyre, A fime deameg et dFos example, seeNonyRateat Pocwmnent 1). However,
these conventional technologies were not enough to fill requests accompanying a necessity for further
fine processing tecimelogiesdn reecentyearssa compligationofprogesspatighreleanliness, and a cost
reduction. Furthermore, in recent years, a treatment of dilute chemical cleaning and
chemical-sélifich-lessicieanirigiletd. rhas Ireeh fbkédeforiantd tor dueto thelreguests for tightening of
environmental protection measures and the cost reduction of a waste liquid treatment. [0004]
Research ahd d&%eltpthentMFER Bhsly & nvitFS-BusBie tea Senfes iRt Cleattifg have been
promoted irll\?req_%nttyears (for example, see Patent Document 1). However, in the conventional
cleaning apparatus tging tRe T bubble, since™ fb3le of & Titro-BedbRE herafating device which
generates micro-hyhble is %rg%/ided ina bottgmtgf %(ilfagin ba%h, and the micro-bubble generating

. 3 {
device takes a large Space in the cleaning bath; the'micro-Bubble generating daviceé became

obstructive,ag.te oeagion of ingtallation of aier devices. and e installaion of the device took time

and effort. In order to solve this inconvenience, there is'a cleaning apparatus In which a buffer tank is

provided apayt fromsthegleaning bathrand thesmicia-bybblegensrating deyice isprovided in this
buffer tank. However, this cleaning apparatus needed a larger installing space. Accordingly, an

inline-dispasitiorein whichithemmicrachubble generating device is dispaseddn aconduit for circulating a
cleaning fluid in the cleaning bath is preferred, and conventionally, there was a cleaning apparatus
having the iHligieidsposeeemicm-bubblengenerdting tevice: -1 e s {NonePatent, Deeument 1] Tsuyoshi
Hattori "New Edition of Cleaning Technology of Silicon Wafer Surface" Realyze Science & Engineering
(2000) has been looked forward to due to the requests for tightening

of envirenmental protection measures and the cost reduction of

a waste liguid treatment.

[0004]

Research and development which apply & micro-bubble to

a semi-conductor cleaning have been promoted in recent years

(for example, see Patent Document 1), However, in the

conventicnal cleaning apparatus using the micro-bubble, since

é noz?le'of é micro?bubble generatiﬁg &evice whicﬁ éeﬂerates

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 toock time and effort. In

order to solve this inconvenience, there is a cleaning apparatus



[Patent Document 1] Japanese Unexamined Patent Application Publication No.2008-103701
DISCLOSURE OF THE INVENTION [Problems to be Solved by the Invention] [0005] However, if
_a micro-bubble generating device was installed in a narrow conduit, the micro-bubble coalesced at
around the nozzle of the micro-bubble generating device, 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 insthereentemaef theycenduit by gLoandamefiect-dee fa the-vwenex flow, and the
bubble size was made larger. Accordingly, in the conventional cleaning apparatus, there was a
problem thatgénehation efficienchicf thenmierotbybblevdeereasedrand eleaning performance of silicon
wafer was made to be low. [0006] Embodiments of the present invention seek to provide a
micro-bubblevgerreratiid deviessis a siicormwafericlearngappearatesdsbich tarsemhance the

generation efficiency of the micro-bubble and can enhance the cleaning performance of the silicon
wafer. installing space. Accordingly, aninline-disposition inwhich

the micro-bubble generating device is disposed in a conduit for
circulating a cleaning fluid in the cleaning bath is preferred,
and conventionally, there was a cleaning apparatus having the
inline-disposed micro-bubble generating device.

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

[Patent Document 1] Japanese  Unexamined Patent
Application Publication No.2008-103701
DISCLCSURE CF THE INVENTION
[Problems to be Soclved by the Invention]

[00G5]

However, if & micro-bubble generating device was
installed in a narrow conduit, the micro-bubble coalesced at
around the nozzlé of the micréwbubﬁie-geﬂerating éevice, 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 2 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



[Means for Solving the Problems] [0007] According to an aspect of the present invention, there is
provided a micro-bubble generating device comprising: 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, whereinthe micro-bubble generating mechanism is provided with a nozzle which spouts

the micro-bubhlg.ouytside, andiheleading-canduit issprovdded with.a wideping-seetion and a tube part
communicating mutually, whereby the area of the flow passage cross section of the widening section

is larger than theiareanofthe=erossssection of thetuberpart and the micro-bubble generating
mechanism is connected to the widening section, whereby the size of the widening section is set up
such that the miie¥éibubble spouted from the nozzle can diffuse in the widening section while

maintaining the same bubble size at the time of spouting, [0008]
Fmbodiments of the present invention seek to

provide a micro-bubble generating device and a silicon
wafer cleaning apparatus which can enhance the generation
efficiency of the micro-bubble and can enhance the cleaning
performance of the silicon wafer.

[Means for Solving the Problems]

[0007]

Lecording to an aspect of the present invention,
there is ?rovided a micro-bubble generating device
comprising:

a micro-bubkble generating mechanism generating a
micro-bubble; and

a leading condult connected to the micro-bubble
generating mechanism Iin order to lead out the micreo-
bubble generated by the micro-bubble generating mechanism,
whereinthe micro-bubble generating mechanism 1is provided
with a nozzle which spouts the micro-bubble outside, and the
leading conduit is provided with a widening section and a
tube part comunicating mutually, whereby the area of the
flow passage cross section of the widening section is larger
than the area of the cross secgion of the tube part and

the micro-bubble generating mechanism is connected to the



Preferably, 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 mutually in the same direction. [0009] 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 i the-tubeparcrasssmyutually: {0811] + he Mete:preferablyh thewmigro:hubble generating
mechanism and the tube part are connected to the widening section so that the flow passage axis in
the widening seetion-and ilve fioWt passageaxistin the tilbe pattcare rhuterally orthrogonati [0012]
Preferably, the micro-bubble generating mechanism is connected to the widening section so that the
nozzle deviates ¥din & fisw passage-axis lire- Sfthamicro-bubble'in dhé tube paretion

while maintaining the same bubble size al the time of

spouting.

[coos]

da



[0013] Also preferably, the widening section has a circular flow passage cross section. [0014]
Also preferably, the tube part is provided near the nozzle Ln the widening section, [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; anfirefezapdmp dévice avingdplumpand mconduiteiicetdting theicleaning fluid in
the cleaning bath, wherein
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 mutually in the same direction.
[0009]
More preferably, a flowing direction of the micro—~bubble
in the widening section and the flowing direction of the
micro-bupbble 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 #he
tube part cross mutually.
(0011}
More preferably, the micro-bubble generating mechanism
and the tube part are connected to the widening section so that
tﬁe flowqpassage axis in éhe.wideniné section and the fiow'
passage axls in the tube part are mutually orthogonal.
[GC12]
Preferably, the micre-bubble generating mechanism is
connected Lo the widening section so that the nozzle deviates

from a flow-passage-axis line of the micro-bubble in the tube

part.



___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 spouted from the nozzle
of the micro-bubble generating device disperses in the widening section without interfering mutually.
Accordingl}l,% bétomes possible that the generated micro-bubble is prevented from coalescing
mutually to become_a bubble of large size of which a cleanin% effect is low gs isf%%ggventional, and the

generated micro-BUbBehaaiTR the BlbBis §Ze Mt StabiiL 88 Thtie WideRihg s&¢tion, and the

micro-bubble with a scnggll size which is high in the cleaning effect can be supplied outside through the

tube part. T%ausss,a?ﬁ?he m?c?o%gu%%lgngenerating device according to the present invention, the
micro-bubb[%yvligwj the small size which is high in the cleaning effect can be suppliethoutside, the
generation efficiency of the micro-bubble can be enhanced, and the cleaning performance can be

enhanced. [0017) n1 s Fpthes; the Migrabubble-generating dexice acgordirg o thespresent invention

is simple in the structure thereof, can make a device miniaturized, and can enhance the flexibility of
the dispositien thereofda-amapplcahlendevices, for example, a cleaning apparatus of the silicon wafer.
[0018]
[0015]
A silicon wafer cleaning apparatus accerding 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 accommedating the silicon wafer as a
obiject to be cleaned and storing a cleaning fluid; and
g pump device having a pump and a conduit circulating the
cieaning fluid in the cleaning bath, wherein
the micro-bubble generating device i1s provided in the
conduit of the pump device.
[Effects of the Invention]
-€0516]‘ |
In the micro-bubble generating device according to the
present invention, since the micro-bubble generating mechanism
generating the micro-bubble 1s connected to the widening
section having the larger flow passage sectional area of the

micro~bubkle than that of the tube part in the leading conduit

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



~ 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. BEST MODES FOR CARRYING OUT THE INVENTION [0019]
" Hereinafter, embodiments according to the present
inventionwillbedescribedindetailwithreferencetofigures. [0020] FIGs. IA and 18 illustrate outline

configurations of e=micte-bublle,generating devige accarding to adirst embediment of the present
invention, FIG, :LA is a perspective view and FIG. 18 is a front view. [0021] As illustrated in FIGs.

IA and 18, the spiere-hubblergenenating gevee ibacaanding torthe-fitst embediment of the present
invention is provided with a micro-bubble generating mechanism 10 which generates a micro-bubble
M, and a leddingwdindiiity20 forleadmgptimsmigrodsibble Mgeneratedeby thenmieta:-bubble generating
mechanism 10 outside. [0022]

micro-bubble is prevented from coalescing mutually to become

a bubble of large size of which a cleaning effect is low as is

conventional, and the generated micro-bubble maintains the

bubble size and stabilizes in the widening section, and the

micro-bubble with a small size which is high in the cleaning

effect can be supplied cutside through the tube part. Thus,

in the micro-bubble generating device according to the present

invention, the micro-pubble with the small size which is high

in the cleaning effect can be supplied.outside, the generation

efficiency of themicro-bubble canbe enhanced, and the cleaning

performance can be enhanced.

[0017)

Further, the micro-pbubble generating device according to

the present invention is simple in the structure thereof, can

make a device miniaturized, and can enhance the flexibility of

7tﬁe disposi£ion ther;;f in aﬁ applicablé deviées, for exampie,

a cleaning apparatus of the silicon wafer.

[0018]

Furthermore, in the silicon wafer cleaning apparatus
accerding 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.



. The micro-bubble generating mechanism 10 is provided with a nozzle 11 for spouting the generated
micro-bubble outside. Themicro-bubble generating mechanism 10, to which a fluid and a gas are
“supplied, spouts a fine bubble having a diameter in pm order together with the fluid. As for the
micro-bubble generating mechanism 10, one which is accompanied by a flow of the
fluidwhenthemicro-bubble is generated is preferabl e . For example, preferable are those such as a
swirling liquigkBowmdype, sostaticnnixerdyper an:gieciardypesa cavitation type, a venturi type, the
combination of a centrifugal pump and a swirling flow type micro-bubble generator, and one using a
pressure digsoiuiny type micro-bubble generating method. This is because the fluid containing the
generated micro-bubble needs to be carried to a cleaning bath in an after-mentioned silicon wafer
cleaning apparatustianeiimathieccase ofthat e bricre<bubble menerationtis agoompanied by the flow of
the fluid, an additional transport device or the like for carrying the micro-bubble to the cleaning bath
can be omittéd FI6wever: themiGochibsie Yefeiaing thethadisie 20 iay bessre which is not
accompanied by the flow of the fluid in generating the micro-bubble, and may be one in which the fluid
is standing ét@lﬂ%ﬂlthis case, in the after-mentioned silicon wafer cleaning apparatus, a transport device
for carrying the flui ntaining the.micro-bubble to the cleaning bath will be needed. As the
micro-bubble gene(r}a%ér)lsg' r%%clgggis%gl Whic x?stﬁo?gggé%epﬁ ot 5y eSS0 the*luid in generating
the micro-bufble.and i hiah (e Bl s etanding. sl fhele areadine pares ype, gotating type, an
ultrasonic type, a steam condensation type and one using an electroﬁy&s- ype micro-bubble generating
method. [0028} »e Jhesleading,canduit 2048 provided with g widening,secfion 23-and a tube part 22.
The widening section 21 and the tube part 22 are connected to and communicate mutually in the
leading condwit20. I e saiera-tubble generating mechanism 10 which is connected to the widening
section 21 spouts the micro-bubble M expanding from the nozzle 11 into the widening section 21 in a
conical shapé ¥t an axis Z as a central axis. [0024] The widening section 21 which is a hollow
cylinder form with the axis Z as the central axis has base surfaces 23 and 24 and a cylindrical
peripheral surface 28, aadus eoawefinicatifgasith fife noZzIé a1 ¢fthe micro-belbBie ¢enerating
mechanism 10 via one base surface 23 of the widening section 21 and is communicating with the tube
part 22 via the'Gther B & Stiragel 24 “TREHE 18 A bt thé Tifcr8ihmshbigyenetatifgemechanism 10 is

a cylindrical o %rgrqg with the axis Z as the central axis, and the tube part 22 is a cylindrical tube with

the axis Z a8 tRECENtraI'axis> That Ts i the friicib: bubbI& Jereranng Fe g8 4= 4 /8% passage axis of
the micro-bygbie.flowing jn the widening section 21 and 8 iy pagsage axis ol fhe micro-bubble

flowing in the tube part 22 are the identical axis Z, and the micro-blb [€is'made 16 flow in the identical

direction myyally:+ 20 for leading the micro-bubble M generated by the
micro-bubble generating mechanism 10 ocutside.
[0022]
The micro-bubble generatingmechanism 10 is provided with
a nozzle 11 for épouting the generated mi;ro;bubbl@ outside;
The micro-bubble generating mechanism 10, to which a fluid and
a gas are supplied, spouts a fine bubble having & diameter in
pm 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 liguid flow



. [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 is the flow

_passage axis of the micro-bubble, is larger than the area of the flow passage cross section of the
micro-bubble 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 micro-bubble. Further, the area of the flow passage cross section of the
widening segtipn, 23 isdarger thar the\area gf the £ress ion £flow.passage, CrOpe section)
orthogonal to the axis Z of the nozzle 11 of the micro-bubble generating mechanism 10. Furthermore,
the area of therflompassage crase sectibnof thewidening seetion 2laang the lengthythereof in the
direction of the flow passage axis Z is set up in such a magnitude as the micro-bubble spouted from
the micro-babblelgenerating meehanismdruhhldiffgse artstabilizeawhile maintajning the bubble size.
[00261 The size of widening section 21 differs corresponding to a flow rate of the fluid supplied to
the micro-bEBBRPYERSt ARG TieERAdBMIIG: 2 typetd darsinretk taraperature. of The. fluid to be
supplied, a flow rate of the gas to be supplied to the micro-bubble generatingmechanism10, or a
specificatior ‘of th& icFo-Hilbble geRef&ting medranish ForG e ika /&S thdspbérications of the
micro-bubblrgae%%geg%ti%% mechanig:rg 10, thfre is a tylge of a generating method of the micro-bubble, a
size, bubble generation efficiency or thé like *fSHSRpie: [0 2 L eEarexaniiiedthe diameter dl of

the flow passage.gross section %fg?e widening. sectign 21 is 50 to 500 mm, 75 to 300 ram preferably
and 100 to 200 mm more prefe{?a yr.lgl'ﬁg}fgﬁ:gt "t1 oft elvr\lli(?gﬁin%assgcﬁéniff% & axial Z direction is

50 to 500 mime 7510400 engu relarably;andc100 40, 200,mm mere prelsrahly. g gapacity of the
widening section 21 is 0.1 to 50 1 (liter), 0.2 to 10 1 preferably and 0.5 to 5 1 more preferably. A ratio

of the diameter-ektheifowipassags erassisection 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 preferaity cirbthigbiecro-hukbie geneating: meehanisenof thatypaolike the swisling liquid flow
type, in which the diameter of the nozzle is comparatively small and which spouts the micro-bubble in
a spray stafel @ohiedkbsiaperinthieimicrosbbbblesgenérating peeohanism 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 GfiHeEG2ZI8thEYatld*8f theWarRéteBEthE fIbW passagersross sectiomef the widening
section 21 to. the gljar%etler of the flow passage cross section of the nozzle 11 is 1.5 to 50 times, 2 to 40

times prefelablyand 3o 30 88 v Breter 4B AL o rithe dldrm &tet ol 58tAE How passage cross

o oy olh yhepaL 22, el diable IoLS fgraue ol THIGID g ideyno section 21 may

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
which the fluid is standing stiii, théxe éfé a fine pé&es type,
a rotating type, an ultrasonic type, a steam condensation type
and one using an electrolysis-type micro-bubble generating
method.
[0023]
TheleadingconduitZﬂ)isprovidedwithaawideningsection

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



[0028] It should be noted that the size of the widening section 21 is not limited to above-mentioned
~ one, and is set up corresponding to above-mentioned specific conditions. In the case of that the
diameter dl of the widening section 21 is too small, the length 11 of widening section 21 is too short, or
" the capacity of the widening section 21 is too small, the generated bubble size has become large. In
the case of that the diameter dI of the widening section 21 is too large, the length 11 of the widening

section 21 isdpp long.qr the sapasiyofdhe widenngsedianl is toodarge, awide gpace for
installation of the micro-bubble generating device 1 will be needed, and at the same time, the fluid

usage will inerense: ttis preferahile thabthe size of dhe wideniagrsection 24 issset-upavhile such matters
are taken into considerations. [0029] Thus, in the micro-bubble generating device 1 according to
the first embodimentdf the preseatifventicr; théamicto-brbllesgeherating mdstidrism 10 is connected
to the tube part 22 having the small flow passage sectional area via the widening section 21 having the
large flow pAssEeséstiohaParéa dfthedeadingicordiin 20! ialed the mrResbtbBle §enerated by the
micro-bubble generating mechanism 10 is spouted first into the widening section 21 in which the flow
passage settional Gfea & i §e¥ Actordingly,thé SpbitetRiciatb@BbR:can diffuse without colliding
with the corL%L{ki%%vall, and does not turn into the bubble with a large size by interfering mutually, and
can diffuse unti He stabilization thereof will be realized within the fluid in the widening section 21 while

maintaining the saje, RLRYRYIS size 33 e Sge. e Ume of spouting, Accqygingly, the

micro-bubble which maintains the same small bubble size as the size e time of spouting and

which has g;high cleaning effect.can be suppligd from the widening seelion21 to the tube part 22, and
the micro-bubble having the small bubble size can be led outside. [0030] The micro-bubble

generating devige 1 is,composeshofdhesnicrabubble generating meebanism 49:arg the leading
conduit 20 having the widening section 21 and the tube part 22, and is simple in the configuration
thereof. [008id}h 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, 2 flow passage axis of the micro-bubble flowing in

the widening section 21 and a flow passage axis of the

micz_;o—bugble él“owing' in the tube g)art 22 Aare 1“;}1@ idé'rlf‘;ica.i.i axis

Z, and the micro-~bubble is made to flow in the identical

direction mutually.

[0025]

In the leading conduilt 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



Thus, the micro-bubble generating device 1 according to the first embodiment of the present invention
can provide .. 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 of the widening section 21 is made to be

the hollow gylindgr &pg, tggsmf@ of the widening, section, 2l.is-not imited to,this JFor example, the

widening section 21 may be a hollow rectangular parallelepiped type. [0033] Subsequently, a
silicon waferceaningappatatusproddeduith.thesmista-bubble genrerating devies & according to the

first embodiment of the present invention will be described. FIG. 2 illustrates an outline configuration of
the silicon wafeticteaning appatatod pravidedwithithemicro-dtibble:generading=device 1.

orthogonal to the axis Z which is the flow passage axis of the
micro~bubble. Further, the area of the flow passage cross
section of the widening section 21 is larger than the area of
the cross section {flow passage cross section} orthogeonal to
the axis Z 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 ¢f 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.
[00626]

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 gensrating mechanism 10, or the like. BAs the
specificaticns 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)

ik



[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 conduit 104, and supplies the cleaning 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 }?Ih&% rpe-t’)uggjee generating device L.is Qrpg@p%jj é@ ggrg]ig\yggsof the conduit 105.

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

apparatus 1QQ will be, descriRediJ0038] s e o+ £OK exAMPle@ pluradity 9f silicon yvafgss W cut from a
single crystal silicon ingot are disposed in a holder (not shown) in a manner that surfaces of the wafers

face mutually, with equal intervals; andarezdispasatbircthe-eleaning bathril angsthen soaked in the
cleaning fluid 102 stored in the cleaning bath 101. Subsequently, the pump 103 is operated and the
cleaning fluid 162 isteirculated betweenihe cleaning bath:A041anddhesconduits. 404) 105. Further, the
micro-bubble generating device 1 is opéerated, the micro-bubble is generated in the circulated cleaning
fluid 102 by:theSwicrosbubifle genébétimgr macHznisin. 10 athe mitrotubble iswpoatesd into the widening
section 21 of the leading conduit 20 via the nozzle 11 and the micro-bubble is stabilized. Then, the
cleaning flurF 1624ABkItIng e SEFIFAEY rfcreRBubbie et Bivé sPRall bdble i€ is led into the
conduit 105 via the tube part 22, and the micro-bubble is supplied in o the cleaning bath 101. In the
cleaning batf 10%:th&ledhiAd Auid 165 S filflé WitA1RE midrd-baBiiE® &1§ the Shicon wafer W is

cleaned by the circulat leaning fluid 102 including the micro-bubble. [0037 In the silicon wafer
cleaning ap%arraa%:ulsolag%rgoevi ed'with the ﬁwi@rlg-b(%u %iepgesrfgr%%n%rgg\?icséef %%:%%rgéﬂ]g to the first

embodimentof the;present invention:mentioned ahovs, SIGE INE oy 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 ¢f the type, like the
swirling liguid flow type, in which the diameter ¢f 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 tType, 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, ﬁhe ratic of the
diameter of the f£low 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 d2Z 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.
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micro-bubble of the small bubble size having the high cleaning effect is supplied in the cleaning bath
101, therefore, the detergency thereof is high, whereby the silicon wafer W can be cleaned with a high
cleaning degree, and the cleaning performance for the silicon wafer is enhanced. Since the
“micro-bubble generating device 1 is small as mentioned above, the flexibility of a disposing position is
high in the silicon wafer cleaning apparatus 100, and the design flexibility of the silicon wafer cleaning
apparatus 1([')[39%? be enhanced. Further, the silicon wafer cleaning apparatus 100 can be
miniaturized, r}eby usage and movement thereof can be facilitated, and handling thereof can be

facilitated. [0038] . Slﬂbs%% le&; ggier mcb gliments of th microl-:pub.ble enerating device
according to the prége?]t ?ﬁ}vent%n Wiﬁ betfe%cr(lgbeed.slzlze?e?nga tere, on yeéllffgfgegﬁte 6éﬁ(§rﬁ‘rom the

micro-bubblg generating device J.according:fethe first. ampogliment gf the present invention

mentioned above will be described, the same reference symbol is given to the same part and the

description will-be 9iwitted, J003%bove i3 Blstalgs anroutling gonfigyration,pf.a micro-bubble
generating device according to a second embodiment of the present invention. A micro-bubble

generating deviees200raccandingtarthessecond embedimentiokthe-presentinveation, differs only in a

structure of a leading conduit against the micro-bubble generating device 1.
small, the length 11 of widening section 21 is too short, or
the capacity of the widening section 21 is too small, the
generated bubble size has become large. In the case of that
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 secticn 21 is toc 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 mztters 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 sectisnal area
of the leading conduit 20, and the micro-bubble generated by
the micro-bubble generating mechanism 10 is spouted Ffirst into

the widening section 21 inwhich the flow passage sectional area

is large. Accordingly, the spcouted micro-bubble can diffuse
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[0040] As illustrated in FIG. 3, in the micro-bubble generating device 200, a leading conduit 210
differs in a connecting location of the tube part 22 on the widening section 21. In the leading conduit
210, the tube part 22 is provided in a manner that the flow passage axis zl thereof is not the same as
the flow passage axis Z of the micro-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-bubbié i thé widerifgrsertich 2D artPiiéintet dpenift ofltfe dotdbit 22 i fotated in the
micro-bubble spouting direction of the nozzle 11 of the micro-bubble generating mechanism 10, in the
case of a VB HER Belhg §eheratetFirt e widehing S68HdAD I pakSHgedFair3d formed in the

center of the, vartex flow, and the bubble size of the bubble in the fluid may become large by this air.
O the othB? RNGEI TS R0 o R BeSitn F00 ACbariig (5 Saednd ermbodimen

the flow pasgage: axis £hollsuibg.pag 22 s efzetin paraligliin 10 flaw passage axis 2 of the

micro-bubb in the widening section 21. T e generation of the vortex How in the

widening segtian 24, qam Re Rrevented, and the micrgsbubhle having spall hybble, size can be supplied
more into the tube part 22. Particularly, the present embodiment is effective particularly in the

micro-bubble generating mechanisncle wskg-aWnicre-bubblesgenerating methagkimwhich the vortex
flow is generated. The micro-bubble generating method in which the vortex flow is generated includes
the swirlingligiiteflewAypes thesstaticamixerdype; ondheicembnation af¢thercentrifisgal pump and the
swirling flow type micro-bubble generator.
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 cutside.
[0030]
The micro-bubble generating device 1 is composed of the
micro-bubkle generating mechanism 10 and the leading conduit
20 having the widening section 21 and the tube part 22, and is
simpie in the configuration thereof.
(00313
Thus, the micro~bubble generating device 1 according o
'the first embpdiment o? phe p;esent"invention can provide
outside the micro-bubbie 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.
[G032]

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

device 1 according to the present embodiment, although the shape
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[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 conduit against the micro-bubble 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 Ieadingt conduit 310, the flow passage axis zl of the
tube part 225isthGt MERERArD 8 Hoipassage BBGEZ6T e miGréDirtile M - #7& videning section
21 and is shifted inllgara lel, andftq: tube part 22 is c:ognectezd1 an the ba}Ls,e surf%ce 23 to which the
micro-bubbiE Fenérating Hethanisir 15 Tonhectsd in-the WideRing sectidn Z1° With this

configuration,. the flowing direction thlt)he migr -.t%)ubbl in the widening,section 2.1. and the flowing
direction o? ﬁwiegr'nic%-ﬁu%% e ]ﬁﬁie%u e %3?%2921 cgrgnce!e %éj\/ge\;élg mt ulaDITy.%Oglgélll]low A micro-bubble
generating devige 100.according 10 a.fawth ephodiment 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 microdauble 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 anduhedyberpary 22 are eannecied isabdéorthogenabie thedflow passage axes Z and ZI
in the widening section 411. The widening section 411 is formed in a manner that the base surface
412 graduallsediveeges fldmtithe base surfddei24 facingaheryase sirfade 4d2fretthe connecting
location of the micro-bubble generating mechanism 10 toward the direction of the connecting location
of the tube'part22. [6645F XCRIiRREbuBble teheRratiffHEviEB BUG BHetording tob4 fifth embodiment

of the present invention differs on,Iiin a structure of a leading conduit against the micro-bubble

generating Heicd 1A illtidfated i BRE 78 R migrd-Btib b GeAB Rty ™ ©F the

siliconwafer cleaning apparatus provided with the micro-bubble
generating device 1.
[0034]

As illustrated in FIG. 2, the silicon wafer c¢leaning
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 £luid 102 in the cleaning bath 101,
The pump 103 sucks the cleaning fluid 102 from the cleaning bath
101 via the cqnduit 1Q4, gnd suppl%esrphg c;eaning fluid 102
to the cleaning bath 161 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.

{00351
in the following, a cleaning treatment of the silicon

wafer W in the silicon wafer cleaning apparatus 100 will be
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device 500, a leading conduit 510 differs in a connecting location of the tube part 22 on the widening
section 21. In the leading conduit 510, the flow passage axis zl 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 orthogonal to each
. other. That is, the tube part 22 is erected on the cylindrical peripheral surface 25 of the widening
section 21. The tube part 22 is erected on a edge part at the base surface 23 side in the present
embodiment. The flowing direction of the micro-bubble in the widening section 21 and the flowing
direction ofgCHi&®Abubble 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 t854Kith the micro-bubble generating mechanism 10 is connected in the widening section
21, the tube part 22 mag%té% Fgirovided on thlei%ide ftﬁhﬁtlgase S‘é@%%% %\74.0[994 A micro-bubble

generating device 600 ﬁg fo Eis?ftﬁ embodimer o?cfﬁewpresent invention differs only ina

structure ofa leading,condyit ggainss the migio-bubble generaling, devige 50 As jlustiated in FIG. 7,

e geherating device 600, a leading conduit 610 differs in a shape of a widening

section 6119 the leading conduit §10, the widening:segtion 814.is net-eylindrical iy a peripheral

surface 612 to which the tube part 22 is connected, and is formed so that the flow passage sectional
area thereqf;:deceeases from thebgse:sudace 23 1o which-themien-hubhiergenerating mechanism 10

is connected toward the base surface 24 opposed to the base surface 23. That is, as illustrated in FIG.
7, the periphetalistiifaee 642 of theewitleaingrgetlionb1lfarms adbarhy eircidantrupcated-cone
peripheral surface, and the widening section 611 is formed so that the cross section in alignment with
the flow passage aXis Z badomes entragezdidal shape. This issfornheazke @imhaking the bubble hard
to collect in the widening section 611. [0047] The micro-bubble generating devices 300 to 600
according toufthire fo-tHeé! stkth eénbodrhénisSot ii¢ Preésert miefion tieftibhed’ above can achieve
an effect identical to the micro-bubble generating device 200 according.to the second embodiment of
the presenfiiVertidh nitibhdd above: [0048]  FIE 8 Miustritss aft outing ¥dmfiguration of a
micro-bubble generating device according, fo.a,seygnth emRodiment afhe. present nvention.A
micro-bubbie

in the circulated c¢leaning 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 noczzle

11 and the micro-bubble is stabillized. ¥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 suppliedA into“ the cleaning bat’h‘”l()l.

In the cleaning bath 101, the cleaning fluid 102 is filled with

the micro-bubble, and the silicon wafer W is c¢leaned by the

circulated cleaning fluid 102 including the micro-bubble.

[GG37]

In the silicen 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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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
conduits 711 supplying a fluid in the widening section 21 is connected to the base surface 23 to which
the micro-bubble generating mechanism 10 is connected against the widening section 21. In the
present embodiment, although two supplying conduits 711 are provided at an edge part of the base
surface 23 theiRuRibetof the SUEPTHAAG coHMbt 7 BE reried fikdited 16 tMgH008EN1ng In the
micro-bubble generating device 700 according to the seventh embodiment of the present invention,
since the sﬁﬁgﬁfﬁ*?g tONUERE P 9sdppiiittg the filid h BRidehing SedifiP 24 -arehisrovided at the

edge part of the base surface 23 to which the micr%-bu ble %neratirﬁ%gmechanism 10 is connected, in

the widening SS&HSH 24, therstore  the Hifia it AfF Sraa (AFe& by Ticht Hid Bide Pt 3F the base surface
23 in the Widge%plg éegmﬂgs r%%%g tocﬂ%‘évnflﬂ thcge %Lrjigein tgaengre%. R ca{r:)lgg 1jirevented from
ubble ;

staying. [00%1 The micro-b generating’device according to the présen ‘invention is not

limited to the. shapg Artheconfigiration of fhe Mmicro-hubhlg;aenerating device according to each

embodiment of the present invention mentioned above, and may be a combination of each
embodiment, for exanyet fbershape plithe widening seetipn 2l okthe Mictq-bubble generating device

1, as illustrated in FIG. 9, may be a hollow conical shape

mentioned above, the flexibility of a disposing position is high
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 bhe
facllitated, and handling thereof can be facilitated.

[0038]

Subseguently, other embodiments of the micro-bubble
generating device according to the present invention will}l 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 ke omitted.

[0039]

FIG. 3 illustrates an outline configuration cof a

micro-bubble generating device according to a second embodiment

of the present invention. Amicro-bubble generating device 200

according to the second embodiment of the present invention
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(circular truncated cone shape) expanding in the flowing direction of the micro-bubble with the flow
passage axis Z as the central axis, and as illustrated in FIG. 10, may be a shape expanding in the
flowing direction of the micro-bubble with the flow passage axis Z as the central axis, and narrowing
again fromapredeterminedposition. The tube part 22 may be disposed so that the flow passage axis zl
is not orthogonal to the flow passage axis Z of the widening section and crosses aslant the flow
passage axis Z. [0052] A direction of installation of the micro-bubble generating device according
to the pres&at irfvehtiintis Aét Amitet o e drécionIRGsFatetrfirfcs 2 ¥&kFS t6E0. 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 sta@%ﬁ?ﬁé%ﬂ%ﬁﬁé@%ﬁ% Y9 ESrexdmple, the direction of installation may be the direction
in which thmtdiqc(g;-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;y 90 degrees ip helgft, [0053] ., Tharg s na,imit in.paticulag also with regard to

a material of the micro-bubble generating devices according to the present invention. [0054] The
micro-bublig generating devicesacrordinglg:the presentinvention may-beappligdto cleaning

apparatuses such as a parts soaping machine, a washing machine, other than the silicon wafer
cleaning apparatusnTbemiceo-bubble generating devdces asgordingderthenpresentimvention may be
installed in a bathtub, a fish preserve, a cistern of an aquarium, or a cistern for appreciation fish. In this
case, for exampkes dtisgpossitile toié comrectad: tosa cifculiatipn passag e okaremelation filtration filter.
It may be provided in a midway of a hose or water pipe of a home shower.
that the flow passage axis zl thereof is not the same as the
flow passage axis 2 of themicro~bubble M in the widening section
21 and is shifted in parallel.
[C041]
In the micro-bubble generating device 1 according to the
first embodiment, since the flow passage axis {axis Z) of the
coenduit 22 is identical to the flow passage axis (azxis Z) of
the micro-bubble in the widening section 21 and the inlet
cpening of the conduit 22 1is 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
ganarated in the widening section 21, a passage of atr is formed
in the center of the vortex flow, and the bubble size of the
bubble in the fluild may become large by this air. On the cther
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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[0055] _ _ Specifically, the micro-bubble generating devices according to the present invention are
applicable in an alkaline 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 devicesuakedin the: cleartieg athsthereah.c[Exarpie]l{0057 i on Eirstasample for
evaluation as made by depositing a poly silicon layer on a mirror surface of a silicoh wafer of 200mm
in diameter by bimeapmroxiptately arthicknessiiiy €YD iSybsequeritly;ithe thickness of the poly
silicon layer of the sample before cleaning was measured using NanoSpec (Nanometrics
Incorpomﬂe&ﬁné&@ﬁHé@@8?°re into the tube part 22. Particularly, the

present embodiment is effective particularly in the
micro-bubble generating mechanism 10 using z nmicro-bubble
generating method in which the vortex flow is generated. The
micro-bubble generating method in which the vortex flow is
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 i1llustrate outline configurations of
micro~bubble generating devices according to a third £o 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 conduit against the ‘micro~bubble
generating device 1. As illustrated in FIG. 4, in the
micro-bubble generating device 300, & 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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.Subsequently,asillustratedinF1G.11,the above-mentioned sample was cleaned using the silicon wafer
cleaningapparatus110 (Examplel). Thesiliconwafercleaning apparatus 110 is one in which 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 drasreterist208mid dind thellength és 200nwrbwiab iserk e sa€loaning treatment
thereof, specifically, as a cleaning fluid in the cleaning bath 101, an alkaline cleaning fluid having an
etching capébflity fofxample CTBERARTeaR PDOEE {priteibaresAioRents Mt alkklise inorganic salt,
an anionic surfactant, a nonionic surfactant, water) diluted 20 times with the ultrapure water was used.
The used clE3ANG AGRFWaY didfoSLa o TorEvery cléaMng e dthtert, BhEthe hewideaning fluid was

used. In the cl aninrgpebath 101 theﬁboveﬁge%q'%ned leaning fluid of 20 L (liter) was poured, the

temperaturé"’ of the ¢ arﬁﬁatffu(?a WAS set as 5 an ?ﬁé%%m%ﬁer\?v%%lsodhke%f for-36 minutes in this

cleaning fluid. Afterthat,the. cleaned.sam %W@Sﬁkggc%%% apedvg% intg)n &%%&ultrapure water tank,

and a rinse treatment was performed for 10 minutes. Then, this sample was ried with a spin dryer.
[0059] Subsgguently, 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 measurememtibeiorgsleaning.{0060]i ce Asdllustratedin &G 12, with a silicon

wafer cleaning apparatus 800 which does not have a micro-bubble generating device,, the
above-mentionedisamplewascleafedr: éCompanativerkkxamiple 1) Fhiat-is, ¢he ¢leaning treatment in
which the micro-bubble was not used and the cleaning fluid did not circulate was performed. [0061]

structure of a leading conduit against the mnicro-bubble

generating device 300. As illustrated in FIG. 5, in the

micre-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-hubble

generating mechanism 10 and the tube part 22 are connected is

not crthogonal to the flow passage axes 2 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

directicn of the connecting location of the tube part 22.

[GC45]

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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~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 Institute
Corporation) was disposed on a base surface of a cleaning bath 901, the above-mentioned sample
was cleaned. (Comparative Example 2) [0062] As illustrated in FIG. 14, a Teflon (registered
trademark) (PEA) tube 1004 having a outer diameter of 3/4 inch and a inner diameter of 5/8 inch was
connected directly to a micro-bubble nozzle of a micro-bubble generating mechanism 1003 of a

micro-bubbREYEREratitly dévice 18629(sBR & 155 8n G WitfR ASilidonAv &R CREARRE apparatus 1000

in which theejTeron tube O?é wa introduc%%into a cleaniggnk?iath 1001,.the %Eove-mentioned sample

was cleane 9?@8%%%% Ve xar%p?e%%o ]On %]F\% E“ﬁzrljéamngrl fredtment in the cétrrﬁparative

examples 1.10.3,1,6, a.¢leaning hath, g cleaning fid compasiion. apamoygof gleaning fluid. a
cleaning time frame, a rinse treatment time frame, a drying ' method, or the like, are the same as those

of the abovg-mentaned examplg.l,chhe sample aftef ; cleaping was measuged fike,Example 1. [0064]

The etching rate was calculated from the thickness of the poly silicon layer before

andafterclegningyhichwas acquiredy:mrasiiingthe sample okExample-k apgddhe: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 «cleanmgfuid irMtreduced intbd¢heunicrpsbublie generatingedeviee tindroduced Air

Quantity is the flow rate of the air introduced into the micro-bubble generating device.
cylindrical peripheral surface 25 of the widening section 21.
The tube part 22 is erected on a edge part at the base surface
23 side in the present embodiment. The flowing direction of
the micre-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 2Z 1s 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 inventicn 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 sc that the flow passage
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[0065] [Table 1] | MICRO-BUBBLE] LIQUID FLOW AMOUNT (LITER/MINUTE) INTRODUCED AIR
QUANTITY (LITER/MINUTE) ETCHING RATE (NM/MINUTE) Comparative example NONE

secticnal area thereof decreases from the base surface 23 to
which the micro-bubble generating mechanism 10 is connected
toward the base surface 24 opposed to the base surface 23. That
is, as illustrated in FIG. 7, the peripheral surface 612 of the
widening section 611 forms a nearly circular truncated-cone
peripheral surface, and the widening section 611 is formed so
that the cross section in alignment with the flow passage axis
Z becomes a trapezoidal shape. This is for the sake of making
the bubble hard teo collect in the widening section 611.
[c0471]

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 dillustrates 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.

[C049]
As illustrated in FIG. 8, in the micro-bubble generating

device 700, a leading conduit 710 differs in that supplying
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0.84 ComparativeSOAK IN BATH example 2 8.0 0.3 1.63 Comparative example 3 INLINE (3/4-INCH
TUBE DIRECT

conduits 711 supplying a fluid in the widening section 21 is
connected to the base surface 23 to which the micro-bubble
generating mechanism 10 is connected against the widening
section Z1. In the present embodiment, although two supplying
gondults 711 are provided at an edge part of the base surface
23, the number of the supplving conduit 711 is not limited to
this.

TG050)

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 pari of the base surface
23 to which the micro-bubble generating mechanism 10 is
connected, in the widening secticn 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
arez p can be prevented from staying.

(0051]

The micro-bubble generating device according teo the
present invention is 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 i1llustrated in FIG. 9, may be a hollow conical shape
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CONNECTION) 1.7.5 0,1 0.89 Example IINLINE (APPARATUSOF THEPRESENT INVENTIONIS i
CONNECTED)

(circular truncated cone shape} expanding in the flowing
direction of the micro-bubble with the flow passage axis I as
the central axis, and as illustrated in FIG. 10, may be a shape
expanding in the flowing direction of the micro~bubble with the
flow passage axis Z as the central axis, and narrowing again
froma predetermined position. The tube part 22 may be disposed
so that the flow passage axis z1 1s not orthogonal to the flow
passage axis 7 of the widening section and crosses aslant the
flow passage axis Z.

[C052]

A direction of installation o©f the micro-bubble
generating device according <o 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-bubbie
generating devices i1llustrated in FiGs. 6 and 7 have been
rotated by 90 degrees to the left.

[0053]

There i1s 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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.7.50.11.36 [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 silicon wafer 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]
[0054]
The micro-bubble generating devices according to the
present invention may be applied to cleaning apparatuses such
as a parts soaping machine, a washing machine, other than the
silicon wafer cleaning apparatus. The micro-bubble generating
devices according to the present invention may be installed in
a bathtub, a fish preserve, a cistern of an agquarium, or a cistern
for appreciation fish. In this case, for example, 1t is
possible to be connected to a circulation passage of a
clrculation 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 in analkaline
cleaning fluid having an etching capability.
10056}
It is known that an etching rate in an alkaline cleaning
fiuid 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
microfbubble 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 soszked in the cleaning bath

thereof.
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Although the example 1 is slightly lower than the comparative example 2 in the etching rate, it is
considered that this is influenced by the fact that the example 1 is smaller than the example 2 in the
liquid flow amount and air introduction quantity, therefore, it is considered that the example 1 has a
micro-bubble generating capability almost equivalent to the 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.tubewas too fine. A significant 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 cleanipgoapparatus according to the present invention, .a removing capability of various
contaminants (aparticle, anion, a metal, an organic substance, or the like) on a surface of the silicon
wafer can be enharfced to thesexteht eguivatent te @.conventiondt silicalewadert clearing apparatus in
which a conventional micro-bubble generating device is soaked in the cleaning bath. BRIEF
DESCRIPTISNYOFTHEDRAMINGS [070]ror et affigurelillistating 2 madification of the

micro-bubble generating device of FIG. 1;
00mm in diameter by 1 ym approximately in thickness by CVD.

Subseqguently, the thickness of the poly silicon layer of the
sample before cleaning was measured using NanoSpec (Nanometrics
Incorporated-made) .

[0058]

Subseguently, as 1llustrated 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 in which the micro-bubble generating device
500 of the shape illustrated in ¥IG. 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 liguid flow type (M2-MS/PTFE tvype

~made by Nanoplanet Research Institute Corporation) was used.
The widening section made from guartz glass having a shape in
which the diameter i1s 1(00mm 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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_FIG. 10 is a figure illustrating other modification of the micro-bubble generating device of FIG. 1;

“FIG. 11 is a figure illustrating a silicon wafer cleaning apparatus in Example 1;

illustrating a silicon wafer cleaning apparatus in Comparative Example 1;
illustrating a silicon wafer cleaning apparatus in Comparative Example 2;

“illustrating a silicon wafer cleaning apparatus in Comparative Example 3; and

FIG. 12 is a figure
FIG. 13 is a figure
FIG. 14 is a figure

FIG. 15 is a figure

illustrating a micro-bubble generating device of the silicon wafer cleaning apparatus of FIG. 14,
DESCRIPTION QENEMERALS: 3071 <l,2089¢ 309; 0, 500, 60:n706: Micro-dublbte Generating

disposed of for every cleaning treatment, and the new cleaning
£luid was used. 1In the c¢leaning bath 101, the above-mentioned
cleaning fluid of 20 L (liter) was poured, the temperature of
the cleaning fluid was set as 50 °C, and the sample was socaked
for 30 minutes in this cleaning fluid. After that, the cieaned
sample was taken out, and pult into a 20 °C ultrapure water tank,
and a rinse treatment was performed for 10 minutes. Thean, this
sample was dried with a spin dryer.

(6059}

Subsequently, with respect to the sample of Example 1 for
which the cleaning treatment was performed as mentioned above,
the thickness of the pely 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
Ezample 1) That 1s, the c¢leaning treatment in which the
micro-bubble was not used and the cleaning fluid did not
circulate was performed.

[C061]

As i1llustrated in FIG. 13, with a silicon wafer cleaning

apparatus 200 in which a single nozzle part of a micro-bubble

generating device {M2-M3/PTFE type made by Nanoplanet Research
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_ 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 25, 612:Peripheral
Surface

Institute Corporation) was disposed on a base surface of a
cleaning bath 901, the above-mentioned sample was cleaned.
{Comparative Example 2)

[0G6Z]

As illustrated in FIG. 14, a Teflon (registered
trademark) (PFA) tube 1004 having a outer diameter of 3/4 inch
and a inner diameter of 5/8 inch was connected directly te a
micro-bubble nozzle of amicro-bubble generating mechanism 1003
of a micro-bubble generating device 1002 (see FIG. 15}, and with
a siliconwafer cleaning apparatus 1000 in which the Teflon tube
1004 was introduced into a clearning 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 c¢leaning fluid cocmposition, an
amount of cleaning fluid, a cleaning time frame, a rinse
treztment 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.

(00064}

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 resulits are shown in Table

1. In Tables 1, Liquid Flow Amount is the flow rate of the
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100: Silicon Wafer Cleaning Apparatus 101: Cleaning Bath 102: Cleaning Fluid 103: Pump 104,

. 105:Conduit 711: Supplying Conduit Z, ZI:Axis M:Micro-bubble W:Silicon Wafer

cleaning fluid introduced into the micro-bubble generating
device. Introduced Air Quantity is the flow rate of the air

introduced into the micro~bubble generating device.

[0065]
iTable 1}
| MICRO-BUBBLE % LIQULD FLOW AMOUNT ilNTRODUCED AIR QUANTITY | ETCHING RATE
(LITER/MINUTE) {LITER/MINUTE} I (NM/MINUTE)
Comparative | NONE 0.84
example 1
Comparative | SOAK IN BATH 8.0 0.3 1.63
, example 2 5
IComparative INLINE 3 7.5 0.1 0.89
example 3 (3/4-INCH TUBE
DIRECT
CONNECTION]
Example 1 INLINE . 7.5 0.1 1.36
{APPRRATUS OF
THE PRESENT
TNVENTION s
CONNECTEDR)

[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 scaked in the cleaning bath is acquired.
That is, it turns out that the silicon wafer cleaning apparatus
according te the present invention {(Example 1) can generate the
micro-bubble effectively.

[0067]

29



CLAIMS A micro-bubble generating device, comprising: a micro-bubble generating mechanism
“generating a micro-bubble, Whérein the micro-bubblé generating mechanism is provided with a nozzle
which spouts the micro-bubble outside, characterized in that a leading conduit is connected to the
micro-bubble generating mechanism in order to lead out the micro-bubble generated by the
micro-bubble generating mechanism and the leading conduit is provided with a widening section and a
tube part communicating mutually, whereby the area of the flow passage cross section of the widening
section is larger thanthe.ayga of theLross section;af the %@ﬁ part angkthe micro-byubble generating
mechanism is connected to the widening section, whereby the Size of the widening section is set up
such that thesmiere-bubble:spgited fiom the fozzie gan diffuse insthepuidening segtion while
maintaining the same bubble size at the time of spouting. 2. The micro-bubble generating device
according toiclaimi 4, wiiérein the microtaulilegeneratingsmechanismiand tbedubepart are
connected to the widening section so that a flow passage axis of the micro-bubble in the widening
section and-heflove sassuge dxig ofithe. rioroibubbledr the: tabe part areexdendedrmutually in the
same direction. 3. The micro-bubble generating device according to claim 1, wherein a flowing
direction of tH& thicrd-biibisEShth widerifig &uttiteand thedlowing ditestds of thesmicro-bubble in
the tube part are reverse mutually. 4. The micro-bubble generating device according to claim 1,
wherein the MitFE-BUBHIE trfErathg rheHar e ard the HIBs i 5A Hréadsitieéd §6 the widening
section so tggrgtgeaﬂovyfgagsgge %xi§ of the micro-bubble in the widening section and the flow passage
axis of the mlc%-ﬁugtl)le in‘the lebe part cross mutually. 5. The micro-bubble generating device
according t%%%iér} 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 fube-pasigre-arthogonal Uy which the Teflon tube is

connected directly te the micro-bubble nozzle of the
micro-bubble generating mechanism, the vortex flow came out,
and the large gubble 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.

[C0BY)

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 1like) on a surface of the silicon wafer can be enhanced
to the extent equivalent to a conventional silicon wafer
cleaning apparatus in which a conwventiconzl micro-bubble
generating device i1s soaked in the cleaning bath.

BRIERF DESCRIPTION OF THE DRAWINGS

10070]
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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 the 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. 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 apparatusedleaningia silicorywader, the apparatiss beingsprovided with,the micro-bubble
generating device according to any one of the preceding claims, comprising: a cleaning bath
accommodatingr theéositiedn waferas: arabjeettiodse efeanead 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 genefating d@vice s picdedin the tonduitobthes pumpldévice: i MGRO-BUM:3TP
GENERATING DEVICE AND SILICON WAFER CLEANING APPARATUS ABSTRACT To
provide a micts-BalBR-GehErtirtrdsviebidirt d%Mcsn WafEE Bleaning apparatus which can supply a
micro-bubble with %f@aﬂ Pl:{bble ize which is high in a cleaning effect to the outside, and which can

miniaturize a device ahd can eAhANEE S texibifity 6E AP SsitinFritatrier 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 is a figure illustrating a micro-bubbie
generating device of the silicon wafer cleaning apparatus of
FIG. 14.
DESCRIPTION OF NUMERALS
(00717

1, 200, 3006, 400, 500, 600, 700: Micro-bubble Generating

Device
10: Micro-bubble Generating Mechanism
ii: Nozzle

20, 210, 310, 410, 510, 610: Leading Conduit
21, 411, 6li: Widening Section
22 Tube Part

23, 24, 412: Base Surface
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- A'micro-bubble generating device 1 is provided with a micro-bubble generating mechanism 10 and a
- leading conduit 20 which leads the micro-bubble outside. The leading conduit 20'is provided with a
widening section 21 and a tube part 22, and the widening section 21 and the tube part 22 are
_connected and communicated to each other in the leading conduit 20. The widening section 21 has a
hollow cylinder shape which makes an axis Z as a central axis, and has base surfaces 21, 24 and a
peripheral surface 25 of a cylindrical shape, and communicates to a nozzle 11 of the
micro-bubblegererating mechasisma10 vig-enedase surface 23 of the widening _section 2.1, and
communicates to the tube mart 22 via the other base surface 24. An area of a cross section which is
orthogonal té @fowspassage exisZ afithenmicrorpghblerafsthe widening section 21 is larger than the
area of the cross section which is orthogonal to the flow passage axis Z of the tube part 22. [Selected

Drawing) FIG?1: Cleaning Bath
102: Cleaning Fluid
103: Pump
104, 105: Conduit

711: Supplying Conduit

2, L1: Axis
M: Micro-bubble
W Silicon Wafer
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CLAIMS

A micro-bubble generating device, comprising:

a micro-bubble generating mechanism generating a micro-bubbie, wherein
the micro-bubble generating mechanism is provided with a nozzie which
spouts the micro-bubble outside, characterized in that a leading conduit is
connected to the micro-bubbie generating mechanism in order to lead out the
micro-bubble generated by the micro-bubble generating mechanism and the
leading conduit is provided with a widening section and a fube part
communicating mutually, whereby the area of the flow passage cross section
of the widening section is larger than the area of the cross section of the tube
part and the micro-bubble generating mechanism is connected to the
widening section, whereby the size of the widening section is set up such that
the micro-bubble spouted from the nozzle can diffuse in the widening section

while maintaining the same bubble size at the time of spouting.

The micro—bubb‘l.e generating device according to claim 1, wherein the micro-
bubbie generatié:qg 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 mutually in the same direction.

The micro-bubble generating device according to claim 1, wherein a flowing
directiocn of the micro-bubble in the widening section and the flowing direction

of the micro-bubble in the tube part are reverse mutually.

The micro—bubbie generating device according to claim 1, wherein 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 sectioh and the flow passage axis of the micro-bubble in the tube

part cross mutually.

The micro-bubble generating device according fo 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

ihe flow passage axis in the tube part are orthogonal mutually.
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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 the flow-passage-axis line

of the micro-bubble in the tube part.

The micro-bubble generating device according to any one of the preceding
claims, wherein the widening section has a circular flow passage cross

section.

The micro-bubble generating device according o any one of the preceding
claims, wherein the tube part is provided near the nozzle in the widening

section.

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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