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

M raTurACtig TEEHRoIogY o E Eeii-Coladdctr 81 JERGHh SHEBR Whfer,

usage of the wafer having adkaigg d}%@eter 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 become necessagy 4e:be.59lved.

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

pryrecess, ets. dAndhesawmet reatrvent pracesseseonventionadlys, etc.
improvements are piling up mainly in selecting of a solution type, a

In dénsity va tréatmenttemperatrec a timerframieett] (o examples See
Non-Patent Document 1). However, these conventional technologies were

arpetepdaghrtedilineguasts deesmpanfingsa hecessityior furthenfiney,
processing technologies in recent years, a complication of process, a high

& iganfitess AR Bost FeddelidMerbFHEIMGTES in BB yEPs ca See

N tr__e?at{__nent ofE(’:IiIute chemical cleaning and chemical-solution-less cleaning,

516 *hi58 beeR158REA Forward to diE5 YRE reqiBERSfor TgRTEHRGSE L
vironmental protection measures and.the cost reduction of a waste

e S DG S B ST R et wAe 4558 &

nedBiESg bl 18,2 Serni-condusiar sleaning have asen pramated ipJegent
years (for example, see Patent Document 1). However, in the

yedonventional cleaning appatatus ssing the microshublle, singe a pgzzle of
a micro-bubble generating device which generates micro-bubble is

redurovided in auhetiemnot a Clearing-bath-and thermicrorbubble genenating
device takes a large space in the cleaning bath, the micro-bubble

cheyerertingedevice Fechmeobstaictivelon the-decasior efinstallatiar of
other devices, and the installation of the device took time and effort. In

ha ks tolssiiadhie MoV dsienee, therd és traleanitg Bpparashs eniwbich
a buffer tank is provided apart from the cleaning bath, and the

°f - BUBBIE griurating ViR Proviiandn s Biter fatie Hewever,

2 ,M}Qistgle Pinq pgarajtcus n%eded a larger installing space. Accordingly, an
inline- |sg%lsi jori in-Which the micro-bubble generating device is disposed

rodh & conduit for circulating a cleaning fluid in the cleaning bath is preferred,
and conventionally, there was a cleaning apparatus having the inline-d
sposed gicke-ubblegeneratingdeyicer app [Non-Ratent Dosyment 1]
Tsuyoshi Hattori "New Edition of Cleaning Technology of Silicon Wafer

a sBuffaceniRealyze Seienca ERGINBEEAGLERAMDd in recent years

(for example, see Patent Document 1). However, in the
conventicnal cleaning apparatus using the micro-bubble, since
r;é; nozzrle 'of a. mé;cro?bubble generatiﬁg cievice whicﬁ ‘gen.erates
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



[Patent Document 1] Japanese Unexamined Patent Application
Publication N0.2008-103701 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
ingeneratingudedee; and thepbubble-sizewas madeciacge; Sartieylarynn
the case of the micro-bubble generating device generating a vortex flow,
anthet babblecwasdmigright degetirer inghelcetter akthereanduitby 2 €papda
effect due to the vortex flow, and the bubble size was made larger.
bupAtesraigly, iflthe corwentionallcleahing aparatus, therdenas aaprobtem
__that generation efficiency of the micro-bubble decreased and cleaning
LN B bAbt N ERGTSSilicOR SRaTEF Way maké 1o Heelow. peos] ion in which
Embodiments of the present invention seek to provide a micro-bubble
P éherating’daviee shara Siikorr Warer cleating aifrardt s SHeH tarf o=

0 & SitiC: g "
<: €nhance the %%g%@%t'on iciency &Eéh&@g&g%abé and can enhance

the c ear}ﬁ%g per ormance of the silicon wa
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-migre-bubbligeneratingmeghanism, whereipthe-micrenbubbles £
generating mechanism is provided with a nozzle which spouts the

micro=bubblefeutside, and4hedeading-eonduit is provided with a widening
section and a tube part communicating mutually, whereby the area of the
flawassage cross section of the widening section is larger than the area
of the cross section of the tube part and the micro-bubble generating
mechafidhr SidsiHettéd to-fife MileRing sectishlwherehiFthe Size of the
WJ:d‘%PJ%%SSC“?”~é%-?eﬁggﬁuc%hea%éﬁenmicr%%bi”cbeb'g spouted from the
Ro221& Candifftis& in'the Wi%e%lng Section while mainFaming the 'same
QQ?Q!? %J%Sa%tltgs %ﬁa%%%%“%ﬂ’cﬁ‘?opﬁl enhance the generation
efficiency of the micro-bubble and can enhance the cleaning
performance of the silicon wafer.

[Means for Solving the Problems]

[00C7]

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

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

a leading conduit 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 section 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; meehanism andthe-tiube par@resconnected torthe widgming o
section so that the flow passage axis of the micro-bubble in the widening
sectiohandithe flow passageraxis of-the: micracbubsivlelin the tube partt ed
cross mutually. [0011] More preferably, the micro-bubble generating
meeRarisiii aftd fife- tube partaré tofRectéd tbithe WidEhing'dectibh 'so
that the flow passage axis in the wideni ection and the flow passage _
e G DI arE el SO SO0t = i b e ©
%qgg:(pﬂ%)[e generating mechanism is connected to the widening section
so that the nozzle deviates from a flow-passage-axis line of the
rpéc()rgéb]ubble in the tube part.

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
devide afenioriad aboverdnd cleardassiicorewafern @and-comptisesand a
cleaning bath accommodating the silicon wafer as a object to be cleaned

thandShomig a dearttgieideahdc the putfpdeviceshaviry apumptand a
conduit circulating the cleaning fluid in the cleaning bath, wherein

low 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
the flow passage axis in the widening section and the flow
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
[00dohduit for leading the generated micro-bubble, the micro-bubble spouted
from the nozzle of the micro-bubble generating qeewce dlspegées Iﬁ%hwe

widdhiRG BEEGSH Hithout IHieH ey RrutTSily: Reebraihgly: fthédomés

N s%%sséblertcpsat tg% Cquinoergzlted micro-bubble is prevented from coalescing
P mu?ual?y fo be€ome a bubble of large size of which a cleaning effect is low
[O{ﬁsgi]s conventional, and the generated micro-bubble maintains the bubble
size and stabilizes in the widening section, and the micro-bubble with a

smaj| sizewhicdyishigh imthe.gleaning effectcanibe supplied ouside
through the tube part. Thus, in the micro-bubble generating device

in agcordingeta the peesantinvention, the micro-bubble with the small size
which is high in the cleaning effect can be suppliethoutside, the generation

[ C@ffitiency of the micro-bubble can be enhanced, and the cleaning
performance can be enhanced. [0017) Further, the micro-bubble
genérafingdaVice’agesrding & e pASETERVENtioIT - simple 1P tHée
structure thereof, can make a device miniaturized, and can enhance the

PRSI lith SR di8pdsitior thetedt iPn Hoplicabldavices i Baiiple, a
pré%ggggmkgggaq¥%§gﬁg¥%§gﬁggfga§%hg¥g¥¥ng 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

spprasantdnventionwillbedescribadindetalwithreferepestofigurgs. [QQ20L
FIGs. IA and 18 illustrate outline configurations of a micro-bubble

digenerfingriaviceiarcordingdod first embadiment.of dhepresentally.
invention, FIG, :LA is a perspective view and FIG. 18 is a front view.

AcO92L]nglyAs iHustratedanddGspbisandl 8, theamicro-bebblg=genetating
device 1 according to the first embodiment of the present invention is

nigpsvigativith & niicforbubble Gerreratingemethanisrnuk0. whith generates
a micro-bubble M, and a leading conduit 20 for leading the micro-bubble

& RrgRheratedahPhé hiitrobubBiegnekafing Heehanmiro utsidels
0022

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
praflowof sheduidwhentivemicro-bubbleviggenesated is preferabl e . For
example, preferable are those such as a swirling liquid flow type, a static
[Cfixer type, an ejector type, a cavitation type, a venturi type, the
combination of a centrifugal pump and a swirling flow type micro-bubble
generiatoriandiere usingedpressute dissoltigdype mictd-bdubblesent
generating method. This is because the fluid containing the generated
inffiglo-Babbleneeds 16 beeartied et aldlediing baer iman hitdrimertioned
silicon wafer cleaning apparatus, and in the case of that the micro-bubble
[Oaé%ration is accompanied by the flow of the fluid, an additional transport

device ar the like for carrying the micro-bubble to the cleaning bath can be
omittsh- HowevEP the it BLBBIE gRRelaliAg T RBENSRERT 10 e o8

=1 806 Whighy s pot accompapierd by the flow, of the fluid in gengrating the
micro-bubble; and may be one in which the fluid is standing St n this

0 G888 pifclhienaftelvmentioned silican wafercleaping apparalls . g frapsport
device for carrying the fluid containing the micro-bubble to the cleaning

1ebath wilf be-needed. As the micro-bubble generating mechanism 10 which
is not accompanied by the flow of the fluid in generating the micro-bubble

{camdlin which the fluid is standing still, there area fine pores type, a rotating
type, an ultrasonic type, a steam condensation type and one using an
electislysisliypermicrd-Bubbié genetdting thetfod. {D623]i cr oFhelédding
conduit 20 is provided with a widening section 21 and a tube part 22. The

geffidénitiPseeidn 21 aftPerttie part 22 afe EonpBkrstifeRAdCE the

commupnicate mutually in the leading conduit 20. The micro-bubble

P*§RRerating ThechAntshiPTo Witieh i€ tohfeled o theRiRrifig Setiibh%l
meSRHIS NG gicre-bubble M expanding from,the nozgle 11 into ﬁthe di
widening section 21 in a conical shape with an axié%Z as a ceritral axis,

cofQR24] 20 Tag widening;segtion 21 which isia hellgw. eylinder, form with

the axis Z as the central axis has base surfaces 23 and 24 and a

m1 eybnarical Redpheral surface 252 and-is cormmunigating with the nozzle 11
of the micro-bubble generating mechanism 10 via one base surface 23 of

[0¢i#& 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
mecRARISHCIO & bdyiindricakepéningsrith themiis Zsastheicmmiral akis,
and the tube part 22 is a cylindrical tube with the axis Z as the central” .

& BRE Fhatlist 9% tREiciB D GBBII§EeRErthTY BEvias Ao Pakshge-axis
of the micro-bubble flowing in the widening section 21 and a flow passage

G S ST G TR BUBEI oM T8 18 10Be Part 325 e dericatdAe 2.
= S04 e nigrgunble s made;ta.lgw i ing identical diregtion, mutyally.
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
typethegenaktn:the axis &/phjchrisdhedlow Rassage 4s Aftheqn type,
micro-bubble. Further, the area of the flow passage cross section oIf-)the
a wadening sgpkon 2isisdargarihancthes@rea etthe crosmsestion (flow »
passage cross section) orthogonal to the axis Z of the nozzle 11 of the
swificiapubbler geppratinigs mechanidm ternEurthermore,dtherareaaf:the flow
passage cross section of the widening section 21 and the length thereof.in
PT#76 dire SHGF of THE JIGWHsassage S, is senuprinisuche: hmagnitdde ais
~_the micro-bubble spouted from the micro-bubble generating mechanism
5 1 BT AU and Stabifsd il RfainainiAg tReBushle se TopReie
neT(Qse %igebof widenin(g %%ction 21 differs corresponding to a flow rate of the

lid SUpplied {0 the micré-bTbbie tehetafifig Methanff e sa fyisgies
: ity re of the fluid to be supplied, a flow rate of the gas to
Sl%ﬁ%&pgﬁggﬁgﬁgﬁcﬁ%-Bﬁggfeaglelﬁérgﬁ r%%neg%gn %%Sfo?(%er 5t the
i speisationahibednicin-bubble.genciating machaniam G, e ke, As
the specifications of the micro-bubble generating mechanism 10, there is
an aatypecobageneratipgonethed of the micre-bubhle 3 size, hulble 1.
generation efficiency or the like, for example. [00271 For example,
mid¢he-thabieterd! ofithelftow passage: eresHsestionefthe widering, segtion
21 is 50 to 500 mm, 75 to 300 ram preferably and 100 to 200 mm more
migrefaraphleThetengthl 14 ofethbanidening sectidre2dhn thieiaxiat £ not
direction is 50 to 500 mm, 75 to 400 mm preferably and 100 to 300 mm
ACqHGRE préferdbly. T chpaititPsf thesvidening settiove2eis Dilgo 50:¢
. (liter), .glto 10 1 preferably and 0.5 to 5 1 more preferably. A ratio of the
e Hiametar of the ol haSs8Ge trots Setlibh SttheWitshmydedishizs to
the diameter of the flow passage cross section of the nozzle 11 is 10 to
. 190%% mceass:%'5 %6% B%htlem%g%@fe%%%w an %6 to B0 im&a Rbré bréferasly,
=pyia:tbeyuicio-bubble.generating mechanism of the.tyne, like the switlin
liquid flow type, in which the diameter of the nozzle is comparatlvefi/ mall
theand swhichuspadstbe: micro-bubble, in - 3prAY: stale (conical shape). o the
micro-bubble generating mechanism of the type, like the ejector type, in
miavhichubiel diameteraofi the nezzlenisseomparatively darge and-which spguts
the micro-bubble as the shape of the nozzle, the ratio of the diameter of
by tHeeflbhw passdde cidss Setioreot the widehing section:2bt0. ¢therdiameter
of the flow passage cross section of the nozzle 11 is 1.5 to 50 times, 2 to
whigh thiiestpreférably airrd e 30 tikdes fere preferabinAsdorthé tiameter
d2 of the flow passage cross section of the tube part 22, a value suitable

2 TRrthe fow Pite Bfthe FERE il tife WilBniAgE SECHR T L RISt b YPe

andsec!ggegsing 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

pageperatedubhle sizebasbecome harge: dndhe.ease ehthatthe diameter
dl of the widening section 21 is too large, the length 11 of the widening

cos@eliore 21 istoe iong or the capagiteebthewidening seation 2hist00s
large, a wide space for installation of the micro-bubble generating device 1

conntl deedeedethandidethengame time; the flimdusage witlinoedseitis
preferable that the size of the widening section 21 is set up while such

M enatterd afeftaRentinto coTTsidetatibns o[0h@oy idemhgs sprthieon 21 in
micro-bubble generating device 1 according to the first embodiment of the

& [rBdERtirvEtion” é mitrébubbie YerferatifgThech’nism 10 is

‘0 son ected 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-bubhle generated by.the
cr Ul DG Iach o 2 e shortad Tra Mo widening

wiSection 2141 V?ﬁhi&Q t@l@eﬂ%‘éld%%ﬁaga‘%&g?ﬂ%ab%%a_é%@ Q@eécﬁﬁ’rgi&@'y,
the spouted micro-bubble can diffuse without colliding with the conduit

24 wiedl -apghdees nok tusa intenthe: buhble withea Jasge size hydntarferingg
mutually, and can diffuse until the stabilization thereof will be realized

withithirethe fluickin thefwidening sectiohiZlewhdlemeintajnirg e same ¢
small bubble size as the size at the time of spouting. Accordingly, the

vigniers-bbibbre Which AfiRthing tHe:samedsmalbubbis Size a4 thasizésat
the time of spouting and which has a high cleaning effect can be supplied

COPFB-thR Wit i s SR PR BIRE e part 28, ArththedditréWiie

24 having the small Eubble size can be led outside. %00,30] . The
micro=blibble Geheriting AdViEE A RESHP LB bF td IitrSRIbHIE °

s EAG TSI TS 20 gon o
an&og§é]tuba part 22 i1s a cylindrical tube with the axis 2 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

i N9fedethal inthe mictprbubble generating devige 1 acgordingde the.

present embodiment, although the shape of the widening section 21 is

thdnadeste pe the hollow cylinderdypesthe shape ot thg wideningisgstion 21

is not limited to this. For example, the widening section 21 may be a

of hollewireéctangutar parallelepipedgpeaf@833]f thBulbseguenthy; a siticon

wafer cleaning apparatus provided with the micro-bubble generating

oridevice dlatcordingto thé first embedirmnent oftheasresentdmventidrtwill be

described. FIG. 2 illustrates an outline configuration of the silicon wafer

mi@eaRitiPappardtus Providedifitithemicdo-bisblE gendratipg e iceas

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 A0 to the cleaning hathiAQL yiahe eanduit 105, Theslison wafer

cleaning apparatus 100 is provided with the micro-bubble generating
sedevice - The mickabuhble ganerating devige 1dssygviged in a migway of
the conduit 105. [0035] In the following, a cleaning treatment of the
. SHicor:waier, Wia the silicors wafenh ceaning-aaratls 100 wall bength
described. [0036] For example, a plurality of silicon wafers W cut from
11 avsingte orysiat siligoreingodare disposed imxa hdlderd(not shown). i &0
manner that surfaces of the wafers face mutually with equal intervals, and
to ap@ Hisposethintthe Ll€amimgryathel@d Andatheén sdaked id therateaning
fluid 102 stored in the cleaning bath 101. Subsequently, the pump 103 is
Prefperaild and ife efeRting Gt 102 idrcdated Hetweer the tleahifd
bath 101 and the conduits 104, 105. Further, the micro-bubble generating

50 delidé A7k opetatBd, tHermicrotBBEBIE 1€ fenerard Mithe Rirciidm’y

- cleaning_fluid 102 by the micro-bubble generating mechanism 10, the
B s S ReR i (B SiLang Segias 31 of mé Tasanly o

enEORAul 20 via the nozzle 11 and {hemicrosbybhle-is stabilized,. Thensthe

cleaning fluid 102 including the stabilized micro-bubble having the small
sedubble size isledinga the conduibh103 viadhe tulke part22.apd thenes
micro-bubble is supplied in o the cleaning bath 101. In the cleaning bath
ordfdy; dbecleaning fluidck024s filedhadth freaictedndrae and the stlicon
wafer W is cleaned by the circulated cleaning fluid 102 including the
migmicroible. §0087p tindn trekiicosrwafér cléanirnyapparbtys 100e
provided with the micro-bubble generating device 1 according to the first

sw eFABBAIrhERiE b thePEsET invRrtibr-héeRfof tameicve Cdirdethezz Le
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, the ratio 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.

12



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,
[OI(LE flexibility of a disposing position is high in the silicon wafer cleaning
ape%}aratus 100, and the design flexibility of the silicon wafer cleaning

appayatys, 103&%@ he enhanced -%ngthlezrét@% silicon wafer cleaning
apparatus % can be miniaturized, W]Sqereby usage and mo ement

21thegeaf can be facilitated, agdhandling;thergof can be facilitated, [0038]

Subsequently, other embodiments of themicro-bubble generating device
coaecarling tadhespsesenrt-inventionamlkbe described JHereinaftery gnly,
different parts from the micro-bubble generating device 1 according to the
cafisstegmbediment of the peesant inventonmentinged-abave will be oo
described, the same reference symbol is given to the same part and the
smgéseription willdie: ohlitted. {0089].ng G iBillusStratestam ositling, or
configuration of a micro-bubble generating device according to a second
thanfiatimeht of the presertanventicie A Hicrd-bubblegenarmating dévice
200 according to the second embodiment of the present invention differs

IeBRRAIES StHRGGRe BF B8eA/inG REMBBICAgaMst the miGobimsplet that

thgegfg%wgggng%g"the widening section 21 is toc 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
witgensratng Helvicevt aEcording st fitat emBotiffent, Biticé the fiowe

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

the, Ridass A St the imefo-btbbI& 1h thE SHitRhing SBetivh'24 arrfthé filet
. .opening of the conduit 22 is located in the_micro-bubble spouting direction
dlff?lt%e u%tlJF t osftt#l%lza i gqereof ‘fd'igrggcﬁe%}grﬁaf%‘f%ntm 1

or the nozzie € micro- Uobnb € generating al

tneCR8g Ol 3y %’E{%ﬂ%‘grﬁﬁegs%%%%%%ﬁ'}% ¥"i9§i”ﬁ%% EI?EH%”%h%e% ’bsﬁabrtb .

passage of air is formed in the center of the vortex flow, an

smadize gfithe bubhledn the fluid may hecome:large, by this, air. On the gther
hand, in the micro-bubble generating device 200 according to the second

accembogiment: the flovwrpassags axis:zkaf the fube part 82 isoffselrdn1:
parallel with the flow passage axis Z of the micro-bubble M in the widening

buktdetian 24. sehetefore zthex igenerationesobthe wottex-ftownin thieiwidening
section 21 can be prevented, and the micro-bubble having small bubble

a hipde crrbesupplied nore osthiecllyadpare22 hRarticelaklyg theqsresent
embodiment is effective particularly in the micro-bubble generating

21 frre HEhisi? A 0P88ing a micto-BEishie §EAePARRy étivtrin WhtcliRd 1
vartex flow is %enerated. The micro-bubble generating method in which

PURES/ GBS flow iS GenEFadinafifes the swirling liquid flow type, the static

[oo? er type, or the combination of the centrifugal pump and the swirling
ow type micro-bubble generator.

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.

[0031]

Thus, the micro~bubble generating device 1 according o
'the first embpdiment o? phe p;esent"invention can providg
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.

[G0321
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
of [diiNgEThidiit SE6'difters in AT dticting ftatih BP the tulse parte2 on
the widening section 21. In the leading conduit 310, the flow passage axis
Y55y of 16 AN Fart 2311 M T AT e o hekslle b o enb
.micrq-bubble M in the widenin ctiop 21 and is,shifted in parallel, and
e ot poEIE 18 b BT DT et cittac 3 ohien ha™or
icra-bubb j hanism 10 is connected in the widening
mcgggt%r? %?L %%ﬁ?ggtgﬁ%ﬁfaﬂon, the flowing direction of the
roomgro-bubble in the widening section 21 and the flowing direction of the
micro-bubble in the tube part 22 become reverse mutually. [0044] A
microrbubble=generating devicech00 ageordingddea fourh embadiaent of
the present invention differs only in a structure of a leading conduit against
prothiedericrotbhbble: geieratingdelice/800r Asiilastzited 4n1FKG: <5yt the
micro-bubble generating device 400, a leading conduit 410 differs in a
to dhxpeldf idehiRg Sedtion A1 1E1if theleadiiig éonanit 4ao, 4 baseldnd
surface 412 to which the micro-bubble generating mechanism 10 and the
deshePFan 22 Hie Cohhetted i ot FrrEIHARS the 18 paishgRakas z
+2320ZLinthe widening section 411 The,widening section 41Lis formed in
a4 Thanner that the base surtace 417 gra&uaﬁjy |vergesr?rom?he ‘base
ger2PiaGe 24 aging the base surface 412 from the connecting location of the
micro-bubble generating mechanism 10 toward the direction of the
rogennecting location of the tube part 22. [0045] A micro-bubble
generating device 500 according to a fifth embodiment of the present
invexdion differs-anbginia skncture of aHeadiny eenduit sgainsidheing
micro-bubble generating device 1 As illustrated in FIG. 6, in the
appeierosubble gereratinged 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 l(_}il, _{:md suppl%es }:hg c_ieaning f.;Luid 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.
[0035]

in the following, a cleaning treatment of the silicon

wafer W in the silicon wafer cleaning apparatus 100 will be

15



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

desgiddied on a edge part at the base surface 23 side in the present
embodiment. The flowing direction of the micro-bubble in the widening

[00g&dtion 21 and the flowing direction of the micro-bubble in the tube part 22
are grthogonal o each ;therlintthis gogfigug%tionéc}gesltlSOWdcb% r}ote% that,
alth61gh THETTbe' part22 1€ Made o be-conectsd on the Side of the base

. _surface 23.to-which.the micro-bu I 1echan [
S Gaiaa i inG aicning Secton 25 the LDk BaRc22 may be pravidec

shoQi the side of the base sudace24. 0046} Adpicro-bubble ggnerating
device 600 according to a sixth embodiment of the present invention

w1 ttifiersonlyninea strueiuse of-a teadinmgoseaduit agaiastthe: mjcsadubble
generating device 500. As illustrated in FIG. 7, in the micro-bubble
andgeneratingidevice 600 ca deading condait 620:diffierd ima-shkapesehang
widening section 611. In the leading conduit 610, the widening section 611
batds nbl eylindrisalsave petiphetdisurfate 613 toiwhiehethetttbeapart 224s
connected, and is formed so that the flow passage sectional area thereof
clegadreases fom tReifase StHade I3 RRh thentcFebtibbieddénéPating
mechanism 10 is connected toward the base surface 24 opposed to_the
andha LR SurfE 93 That 14 as filtstrated ™ FI&T 7, thBefipheralLtitace
612 of the Cyviglen{iang; §ection % Jé g_)rrjg}'s1 a nearl %i:%l%l% tgl%ncatedr-cpgg

eneratlin e C 3 exr P’ e micre-nu T aT
g perip eral sur%ace, and the wi ening section 611 is formed 45 that the

in CLOSs section in-alignment with the flow passage axis.Z hecpmes 1 e

trapezoidal shape. This is for the sake of making the bubble hard to collect
geriBihe Wideaning section 61 1: {047 Er o -Bhsunicrosbubble generadinthe
devices 300 to 600 according to the third to the sixth embodiments of the
widesent yuention Mertioned aboveican achieve anteffeet identicad 10 ¢he
micro-bubble generating device 200 according to the second embodiment
11 ghthehprasentiriventibn meritiohetidlscve. [0648] the FiG28iillgstratés an
outline configuration of a micro-bubble generating device according, to a

102 ci/AMY BHBodTTert GTEhe B SeAt FvETHBROA AT oUb g Sma11

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.
[0G37]

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
nighechabishs 0 i$ edrifecie P agairstthasviderning seetibhar cheard ng
resent embodiment, although two supplying conduits 711 are provided at
ef %?Edb% Fa ot HE bie G Tade 23 e %\%‘oéroéf’ tHe'§GppRARY comduit
4 711 is not Iil,rlnited t thi%]éOIQSO% Ikgl th%micr fbubbk{aﬁgenerating device
06 HAES NG o the Sevehth eMBbIMent ofthe PrR3&RTiRvERtBA Sce
. the supplying conduits, 711.supplying the fluid in the,widening .section 21
meé%%ﬁo&é/ghg at%h?é%e rgalﬁ 0 %ﬁg bz;ipseeq Surtace™ togﬁﬁich %ea nang

pe fRILIRLURDbIe generating mechanisr 10 is copnected, in the widening
section 21, therefore, the fluid in an area (area p) near the edge part of the

base shifacen?3 i e wideping seetien s madedto floyy and the flyid in
the area p can be prevented from staying. [0051] The micro-bubble

mergenerading devicelaccarding 10 the presentspyentionissnot bmited taythe
shape or the configuration of the micro-bubble generating device

in ddeording toveath embedimentef decpresent idvéntiemanehtioded apove,
and may be a combination of each embodiment, for example. The shape

f1lorthehidenihg 86chon ' ZrofiRé whicroeBabbe geperatng déicear, s

illustrated in FIG. 9, may be a hollow conical shape
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
diffsssage bXid Y 6f fherWidermifgedidit amthdraseed dslapt tHe fow: he
~ passage axis Z. [0052] A direction of installation of the micro-bubble
mcé@ﬁ@?%ﬁﬁd@@?&%%&@&%ﬁge%lﬁ?e present invention is not limited to the
i %iéﬁction illustrated in FIGs. 1 and 3 to 10. But it is more desirable for the
ube part 22 to be in the upper side as much as possible, in order that the

bubble is hard 1q stay j thewidening é@&%%&;ﬁ%fﬁfs‘@&%ﬁﬁg

direction of installation may be the direction in which the micro-bu
devdereraling devicasiillystratackiniklGs. o and S:-have hegn sotated Dy, 90
degrees to the right, and in which the micro-bubble generating devices
LodHustated in iHGsubant Fthave beermeotaiert By degrees to the left.
[0053] There is no limit in particular also with regard to a material of
thetie micno-bubblel gehetatirig:devieeszaccabdingdodhedqere Sent invention.
[0054] The micro-bubble generating devices according to the present
thahvehtiohiPiayHise apitiettbecleaniry apphratusestsiitly aaparts sbaping
machine, a washing machine, other than the silicon wafer cleaning
Eloypaiafis Fhemfcrd-bisole GENErating déiCe s Ectortiimy o 176 preBent

invention may be.installed 'rlf l:iathtub, a fish preserve, a cistern of an
anc is shifted in parallel. . . ) o
aguariam;, or'a CIstérn for appreciation fish. In this case, for example, it is

[Oo%qﬁsible to be connected to a circulation passage of a circulation filtration
filter. 1t may be provided in a midway of a hose or water pipe of a home

ShOWETehe 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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1[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
geaecarding tofthehpresent snvention itheretching«ate: gapdag eshancesg:like
a conventional silicon wafer cleaning apparatus with a conventional
bemiceodiisiile geAcrating devicesdakeddnthe cleaningbhathehereofcan
[Example] [0057] First, a sample for evaluation as made by depositing
beg WZ@I mayer oA miftér stifac®®fta Sificoh Yeafet of 200hym inhe

diameter by %hczim approximately in thickness by CVD. Subsequently, the
PriickiessbP e B silicon la§er 6F e’ Sampié beforkréleaningwad e

s MIEASUIG0 using NanoSpec (Nanomelrics, incorporated-made). [0098]
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,asillustratedinFIG.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

on: sidingeliguid flove type IMMBIPTIFE hpe hvade hyoNarsopkaretat ing
Research Institute Corporation) was used. The widening section made
me R oRfak? 9SS MARHIGE shapsin iffiehrthe efdrhetef Is 100Hm @nisthe
length is 200mm was used. In a cleaning treatment thereof, specifically,
ORI BleHniitg AIGHir H7¥ tieahing bt L0, ARcalicdie QeaRirg fuid®
. having an etching capability, for example, Techniclean 200EF (principal
Wl%%rrﬁﬁ%ner&f’t%?gﬁ a ka%]f‘lle i%}c{)?gar?%esalt? !laoﬁﬂ %1%?0ni‘§lsrue??§:€tgﬁt, a% F]on’f(gﬁic
n: SULfAGtANG waten) diluted 20 fimes with, e yitrapyre water was ysed. The
used cleaning fluid was disposed of for every cf]éanlng treatment, dnd the
oheyy cleaning fluid was used. In the cleaning bath 101, the
above-mentioned cleaning fluid of 20 L (liter) was poured, the temperature
of the cleaningfluig weasset-25.50:G, and the sample.was:spakedfer 30
minutes in this cleaning fluid. After that, the cleaned sample was taken
foouthardiped intona 20C Wikapures a@tel tark tand altinse teeatmentiwas
performed for 10 minutes. Then, this sample was dried with a spin dryer.
stimesgre  Subsedaenty owithaedpétt teahersamplecof Exampleubfore
which the cleaning treatment was performed as mentioned above, the
9eHRiERREES of i pBlyHificon I%?erl(;lﬁh%tﬁﬁﬁﬁe Wwas Measutred ike e

. measurement before cleanin .JOOGO] As illustrated in FIG. 12, with a
MR oR WatST c?&&ﬁiﬁ%%ﬁﬁar%g?us%% Whieh Boe§ 3ot HavER fHidro-BdBble

diggggga%gad%\gggg %ﬁ %%s-@ng%ggggg&ﬁ%mpﬁfYanAe%ﬂgdleﬁ?ﬁgg

omparative m atis, cleanlng treatment in ' whic

colige-buhblemasnotused.andithe eleaning,flyid,did,nof circulatg was.
performed. [0061]

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.
[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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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
dehating d butér digftete? of 4t itch and atinéfdrmeter of B8 fich-Rfas

connected djrectly to a micro-bubble nozzle of a micro-bubble generating

Lo R et 10038 HEsb- AUbETE Joro g devea 008 (ocd FIG18),
and with a silicon waf Egle%ning RRAratus 18000 in whi(fh tpet'lg fIQn tgbe

thigo%%}v:‘a%@’in%% u%le% ?nto’a c?éaa%g bg?% 10 f the Sabzoveoiment%ong

paéewey@%&@%é@g@p%@tiyﬁ&@w%& [1Q063]. « ; sThe gleaning

treatment in the comparative examples 1 to 3, i.e., a cleaning bath, a
mi Sleamingdiuidicompesiianamamowiefideaning fuid,:a cleanipgdime
frame, a rinse treatment time frame, a drying method, or the like, are the
toSamtasihese ofitherabeveimentioned exam@e 1.sThe sampleafterhe
cleaning was measured like Example 1. [0064] The etching rate was
cy talcldated. fropr théehickassiafthel pohf silfcon laleribeforection 21.
andaftercleaningwhichwas acquired by measuring the sample of Example
The ZHEthesdamples DRFRCESM P atiVe eRaRTIIESSE 1613 e Pesbis a8

shown in Table 1. In Table 1, Liquid Flow Amount is the flow rate of the

23 cRedtfing TG SnErbEtiRRY {HEG vk TiNto-bibiie Yetterafiny d&vitao” ©f
m'em”%?.(‘)i':_“%% @%%;g}%%tgﬁg:‘e‘%?ées%fct el troguced Ima e g
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;j 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

[0gkedning apparatus according to the present invention (Example 1) can
generate the micro-bubble effectively. [0067]

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 2 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
micro-bubbie generating device according to the present
invention, the etching rate can be enhanced like a conventicnal
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

retuhesissgonnected directly to the micro-bubble nozzle of the micro-bubble
generating mechanism, the vortex flow came out, and the large bubble

[ 0wasigenerated since the Teflon tube was too fine. A significant
enhancement in the etching rate was not found as compared with the
comparative exampiés Withewaheanicro-babbie:dO068]depcEhts,ip the
silicon wafer cleaning apparatus according to the present invention, .a

PofaMBVirigeapabiity ofvaricus EontaHirizs (apatticlel apion va iestat fan
organic substance, or the like) on a surface of the silicon wafer can be

208nRant et e hetextent ediivaRi I8 FebRvEntiBnal sfikbRsFafer El8Aning

arat s.in which enton cro-bybble generating device
Suggg i %Il\ﬂ}évéiéanlng Bavfh“séR F“I%‘ ﬁﬁ( NOE ’I]’FE?PEEE)VF%AV\VWGS

sa@gogegiéﬁfnar G208 s lustalog @g%@gg 180,01 {12 Bpigto-bubble
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 s 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; 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

thappatatesinomparatives Example 3riand:sed G A5 isca figutel was
illustrating a micro-bubble generating device of the silicon wafer cleaning
diappatatustof HG vk, yDESERIPT|ON ORNUIUMERALSH00F1 12091809,
400, 500, 600,_700:Micro-bubble Generating
£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 cleaned
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.

[(C059]

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.

[G061]

As illustrated 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]
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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 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 fhe ieading gaedtgtxi&rsfmgidﬁd with aywidening section and 4 tuhe
part communicating mutually, whereby the area of the flow passage cross
comestioniafkihe widening sectionis-largerthan the-area of 1he crassisegtion
of the tube part and the micro-bubble generating mechanism is connected
thie the widEhirg sedtion, wherebyithensizetofdhe:aislening section:isiset up
such that the micro-bubble spouted from the nozzle can diffuse in the
thayidesing seelior? vihilehmaintinihg the sama:bubble: sizeat thetime of
spouting. 2. The micro-bubble generating device according to claim 1,
FHrein thEFhRIBISUbIIE dénérimtfrieharisrh ahe theaubespartare
connected to the widening section so that a flow passage axis of the
2 a3 BUBBISi i Midehih g aRélion ahd e Asl BIEsEge Hkis &F tHee
co micrgﬁqueblgxig th%u?e part are extended mutually in the same direction.
5. 've micro-bubble génerating device according to claim 1, wherein a
(o dlewing direction of the micro-bubble in the widening section and the
flowing direction of the micro-bubble in the tube part are reverse mutually.
4. The micra-bubble.generatingdeyvieeaccerding g claim Lwhgtein the
micro-bubble generating mechanism and the tube part are connected to
cortheawigiening section sc:thatihe flov passpge:axs of she micre-buhble in
the widening section and the flow passage axis of the micro-bubble in the
miqubelpydrt cross mutualyg Snddeamicro-bubbler generating desdee aacording
to claim 4, wherein the micro-bubble generating mechanism and the tube
anthiharesdsithéttelo theswiterihg settiormse thaetiefloncpassege axis

in the widening section-and the flow passage axis in the tube part are
tanﬁﬁaéona¥nﬁ&@Em§;cant 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
sectigns8. Thedamicrashtibkle genesating deyice aceording{o.any, enerQf
the preceding claims, wherein the tube part is provided near the nozzle in

nithe widébihg sectiom Q.04 silieehcwatel deaning apparatus cleaning a
silicon wafer, the apparatus being provided with the micro-bubble
genefafing tevice accortifyy folany onerofithe precedingidlaimsion of

. comprising: a cleaning bath accommodating the silicon wafer as a object

Ehey BedBaREA T SftfTg Aictarift fEde AnB& pukip device having a
pum[%pé\d f\lcondui_,, circulating the cleaning fluid in the cleaning bath,
wherein the micre-buBBic genierating detice S providetiingthe ComtimDf

e pump device, WC§Q-BUM:3TP GENERATING DEVICE AND
“PSILICON WAFER CLEANING APPARATUS ABSTRACT  To provide

a misrecbubple.ggnerating device.and aslican waler leaning apparaius

which can supply a micro-bubble with a sma e size which'is h@% in

appatleaning effeekiathe outsideand which can miniaturize a device and
can enhance a flexibility of disposition thereof.

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 Wwhich 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
23nakes:an axis ¥ias &rcantrakedseand has base surfaces 21, 24 and a
peripheral surface 25 of a cylindrical shape, and communicates to a
10f0zzIeill ofth@afiero-Oldbbie-geresatingtmechanism 10 via one base
surface 23 of the widening _section 2.1, and communicates to the tube
1%hart 22edathe dthérbase surface 24. An area of a cross section which is
orthogonal to a flow passage axis Z of the micro-bubble of the widening
LOgsction 2ArsNIdrderth@n the area of the cross section which is orthogonal

10t??:thePﬁ%v passage axis Z of the tube part 22. [Selected Drawing) FIG. 1

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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MICRO-BUBBLE GENERATING DEVICE AND SILICON WAFER CLEANING
APPARATUS

ABSTRACT
To provide a micro-bubble generating device and a silicon

wafex; cleaning appaiatus jm:;.ch can supply a micro-bubble with
a small bubble size which iz high in a cleaning effect to the
outgide, and which can miniaturize 2 device ai.:a,cl can enhance a
flexibility of disposition thereci. |

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 oﬁtside., The ‘leading coﬁduit 20
is prcvided with a widening section 21 and 2 tube part 22, and
the widening section 21 and the tube part 22 are comnected and
communicated to each othex i;l the leadgi.ﬁé} conduit 20. The
widening section 21 has a 'hoilé:;w cylinder shape which makes an
.axi.s. Z as a central_ axis, and,has. base sur%“aces 23, 24 and a

peripheral surface 25 of a cylindrical shape, and communicates

te anczzle 11 of the micro-bubble~generating mechanism 10 via
one base surface 23 of the widening section 21, and communicates

to the tube part 22 via the other base surface 24. BAn area of

a cross section which is orthégonal to a flow passage axis 2

of the micro-bubble of the widening sect;i_.on 21 is larger than

the area of the cross section which is orthogonal to the flow

passage axis Z pof the tube part 22.
{Selected Drawing)

FIG. 1
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