
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
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 necessary to be solved. 



[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 treatment temperature, a time frame, etc. (For example, see Non-Patent Document 1). However,
these conventional technologies were not enough to fill requests accompanying a necessity for further
fine processing technologies in recent years, a complication of process, a high cleanliness, and a cost
reduction. Furthermore, in recent years, a treatment of dilute chemical cleaning and
chemical-solution-less cleaning, etc. has been looked forward to due to the requests for tightening of
environmental protection measures and the cost reduction of a waste liquid treatment. [0004]
Research and development which apply a micro-bubble to a semi-conductor cleaning have been
promoted in recent years (for example, see Patent Document 1). However, in the conventional
cleaning apparatus using the micro-bubble, since a nozzle of a micro-bubble generating device which
generates 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  in which a buffer tank is
provided apart from the cleaning bath, and the micro-bubble generating device is provided in this
buffer tank. However, this cleaning apparatus needed a larger installing space. Accordingly, an
inline-disposition in which 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-d sposed micro-bubble generating device.         [Non-Patent Document 1] Tsuyoshi
Hattori "New Edition of Cleaning Technology of Silicon Wafer Surface" Realyze Science & Engineering
(2000) 



[Patent Document 1] Japanese Unexamined Patent Application Publication No.2008-103701
DISCLOSURE OF THE INVENTION [Problems to be Solved by the Invention] [0005]        However, 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 in the center of the conduit by a Coanda effect due to the vortex flow, and the
bubble size was made larger. Accordingly, in the conventional cleaning apparatus, there was a
problem that generation efficiency of  the micro-bubble decreased and cleaning performance of silicon
wafer was made to be low. [0006]        Embodiments 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]       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-bubble outside, 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 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, [0008]  



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 in the tube part cross mutually. [0011]        More preferably, the micro-bubble generating
mechanism and the tube part are connected to the widening section so that the flow passage axis in
the widening section and the flow passage axis in the tube part are mutually orthogonal. [0012]
Preferably, the micro-bubble generating mechanism is connected to the widening section so that the
nozzle deviates from a flow-passage-axis line of the micro-bubble in the tube part. 



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



the micro-bubble generating device is provided in the conduit of the pump device. [Effects of the
Invention] [0016]        In the micro-bubble generating device according to the present invention, since
the micro-bubble generating mechanism generating the micro-bubble is connected to the widening
section having the larger flow passage sectional area of the micro-bubble than that of the tube part in
the leading conduit for leading the generated micro-bubble, the micro-bubble  spouted from the nozzle
of the micro-bubble generating device disperses in the widening section without interfering mutually.
Accordingly, it becomes possible that the generated 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 outside through the
tube part. Thus, in the micro-bubble generating device according to the present invention, the
micro-bubble with the small size which is high in the cleaning effect can be suppliethoutside, the
generation efficiency of the micro-bubble can be enhanced, and the cleaning performance can be
enhanced. [0017)        Further, the micro-bubble generating device according to the present invention
is simple in the structure thereof, can make a device miniaturized, and can enhance the flexibility of
the disposition thereof in an applicable devices, for example, a cleaning apparatus of the silicon wafer.
[0018] 



Furthermore, in the silicon wafer cleaning apparatus according to the present invention, the cleaning
performance can be enhanced. Further, the apparatus can be miniaturized and the flexibility of the
apparatus design can be enhanced.  BEST MODES FOR CARRYING OUT THE INVENTION [0019]
Hereinafter, embodiments according to the present
inventionwillbedescribedindetailwithreferencetofigures. [0020]        FIGs. lA and 18 illustrate outline
configurations of a micro-bubble generating device according to a first embodiment of the present
invention, FIG, :LA is a perspective view and FIG. 18 is a front view. [0021]        As illustrated in FIGs.
lA and 18, the micro-bubble generating device 1 according to the first embodiment of the present
invention is provided with a micro-bubble generating mechanism 10 which generates a micro-bubble
M, and a leading conduit 20 for leading the micro-bubble M generated by the micro-bubble generating
mechanism 10 outside. [0022] 



The micro-bubble generating mechanism 10 is provided with a nozzle 11 for 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 liquid flow   type, a static mixer type, an ejector type, a cavitation type, a venturi type, the
combination of a centrifugal pump and a swirling flow type micro-bubble generator, and one using a
pressure dissolving 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 apparatus, and in the case of that the micro-bubble generation is accompanied by the flow of
the fluid, an additional transport device or the like for carrying the micro-bubble to the cleaning bath
can be omitted. However, the micro-bubble generating mechanism 10 may be one which is not
accompanied by the flow of the fluid in generating the micro-bubble, and may be one in which the fluid
is standing still. In this case, in the after-mentioned silicon wafer cleaning apparatus, a transport device
for carrying the fluid containing the micro-bubble to the cleaning bath will be needed. As the
micro-bubble generating mechanism 10 which is not accompanied by the flow of the fluid in generating
the micro-bubble and in 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 electrolysis-type micro-bubble generating
method. [0023]       The leading conduit 20 is provided with a widening section 21 and a tube part 22.
The widening section 21 and the tube  part 22 are connected to and communicate mutually in the
leading conduit 20. The micro-bubble 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 shape with 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 25, and is communicating with the nozzle 11 of the micro-bubble generating
mechanism 10 via one base surface 23 of the widening section 21 and is communicating with the tube
part 22 via the other base surface 24. The nozzle 11 of the micro-bubble generating mechanism 10 is
a cylindrical opening with the axis Z as the central axis, and the tube part 22 is a cylindrical tube with
the axis Z as the central axis. That is, in the micro-bubble generating device 1, a flow passage axis of
the micro-bubble flowing in the widening section 21 and a flow passage axis of the micro-bubble
flowing in the tube part 22 are the identical axis Z, and the micro-bubble is made to flow in the identical
direction mutually. 



[0025]       In the leading conduit 20, an area of a flow passage cross section of the micro-bubble of the
widening section 21, i.e., the area of the cross section orthogonal to the axis Z which  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 section 21 is larger than the area of the cross section (flow passage cross section)
orthogonal 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 of the flow passage axis Z is set up in such a magnitude as the micro-bubble spouted from
the micro-bubble generating mechanism 10 can diffuse and stabilize while maintaining the bubble size.
[00261        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 generatingmechanism10, or a
specification of the micro-bubble generating mechanism 10, or the like. As the specifications of the
micro-bubble generating mechanism 10, there is a type of a generating method of the micro-bubble, a
size, bubble generation efficiency or the like, for example. [00271         For example, the diameter dl of
the flow passage cross section of the widening section 21 is 5O to 500 mm, 75 to 300 ram preferably
and 100 to 200 mm more preferably. The length 11 of the widening section 21 in the axial Z direction is
50 to 500 mm, 75 to 400 mm preferably and 100 to 300 mm more preferably. The capacity 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 of the flow passage cross section of the widening section 21 to the diameter of the flow
passage cross section of the nozzle 11 is 10 to 100 times, 15 to 80 times preferably and 20 to 60 times
more preferably, in the micro-bubble generating mechanism of the type, like the swirling liquid flow
type, in which the diameter of the nozzle is comparatively small and which spouts the micro-bubble in
a spray state (conical shape). In the micro-bubble generating mechanism of the type, like the ejector
type, in which the diameter of the nozzle is comparatively large and which spouts the micro-bubble as
the shape of the nozzle, the ratio of the diameter of the flow passage cross section of the widening
section 21 to the diameter of the flow passage cross section of the nozzle 11 is 1.5 to 50 times, 2 to 40
times preferably and 3 to 30 times more preferably. As for the diameter d2 of the flow passage cross
section of the tube part 22, a value suitable for the flow rate of the fluid in the widening section 21 may
just be selected.  



[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 dl of the widening section 21 is too large, the length 11 of the widening
section 21 is too long or the capacity of the widening section 21 is too large, a wide space for
installation of the micro-bubble generating device 1 will be needed, and at the same time, the fluid
usage will increase. It is preferable that the size of the widening section 21 is set up while such matters
are taken into considerations. [0029]        Thus, in the micro-bubble generating device 1 according to
the first embodiment of the present invention, the micro-bubble generating mechanism 10 is connected
to the tube part 22 having the small flow passage sectional area via the widening section 21 having the
large flow passage sectional area of the leading conduit 20, and the micro-bubble generated by the
micro-bubble generating mechanism 10 is spouted first into the widening section 21 in which the flow
passage sectional area is large. Accordingly, the spouted micro-bubble can diffuse  without colliding
with the conduit wall, and does not turn into the bubble with a large size by interfering mutually, and
can diffuse until the stabilization thereof will be realized within the fluid in the widening section 21 while
maintaining the same small bubble size as the size at the time of spouting. Accordingly, the
micro-bubble which maintains the same small bubble size as the size at the time of spouting and
which has a high cleaning effect can be supplied from the widening section 21 to the tube part 22, and
the micro-bubble having the small bubble size can be led outside. [0030]        The micro-bubble
generating device 1 is composed of the micro-bubble generating mechanism 10 and the leading
conduit 20 having the widening section 21 and the tube part 22, and is simple in the configuration
thereof. [0031] 



Thus, the micro-bubble generating device 1 according to the first 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 cylinder type, the shape of the widening section 21 is not limited to this. For example, the
widening section 21 may be a hollow rectangular parallelepiped type. [0033]        Subsequently, a
silicon wafer cleaning apparatus provided with the micro-bubble generating device 1 according to the
first embodiment of the present invention will be described. FIG. 2 illustrates an outline configuration of
the silicon wafer cleaning apparatus providedwiththemicro-bubble generating device 1. 



[0034]         As illustrated in FIG. 2, the silicon wafer cleaning apparatus 100 is provided with a
cleaning bath 101 in which a cleaning fluid 102 is stored, a pump 103 and conduits 104,105 for
circulating the cleaning fluid 102 in the cleaning bath 101. The pump 103 sucks the cleaning fluid 102
from the cleaning bath 101 via the 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 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  described. [0036]        For example, a plurality of silicon wafers 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, and are disposed in the cleaning bath 101 and then soaked in the
cleaning fluid 102 stored in the cleaning bath 101. Subsequently, the pump 103 is operated and the
cleaning fluid 102 is circulated between the cleaning bath 101 and the conduits 104, 105. Further, the
micro-bubble generating device 1 is operated, the micro-bubble is generated in the circulated cleaning
fluid 102 by the micro-bubble generating mechanism 10, the micro-bubble is spouted into the widening
section 21 of the leading conduit 20 via the nozzle 11 and the micro-bubble is stabilized. Then, the
cleaning fluid 102 including the stabilized micro-bubble having the small bubble size is led into the
conduit 105 via the tube part 22, and the micro-bubble is supplied in o the cleaning bath 101. In the
cleaning bath 101, the cleaning fluid 102 is filled with the micro-bubble, and the silicon wafer W is
cleaned by the circulated cleaning fluid 102 including the micro-bubble. [0037]        In the silicon wafer
cleaning apparatus 100 provided with the micro-bubble generating device 1 according to the first
embodiment of the present invention mentioned above, since the 



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 100 can be enhanced. Further, the silicon wafer cleaning apparatus 100 can be
miniaturized, whereby usage and movement thereof can be facilitated, and handling thereof can be
facilitated. [0038]       Subsequently, other embodiments of themicro-bubble generating device
according to the present invention will be described. Hereinafter, only different parts from the
micro-bubble generating device 1 according to the first embodiment of the present invention
mentioned above will be described, the same reference symbol is given to the same part and the
description will be omitted. [0039]        FIG. 3 illustrates an outline configuration of a micro-bubble
generating device according to a second embodiment of the present invention. A micro-bubble
generating device 200 according to the second embodiment of the present invention  differs only in a
structure of a leading conduit against the micro-bubble generating device 1. 



[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-bubble in the widening section 21 and the inlet opening of the conduit 22 is located in the
micro-bubble spouting direction of the nozzle 11 of the micro-bubble generating mechanism 10, in the
case of a vortex flow being generated in the widening section 21, a passage of air is formed in the
center of the vortex flow, and the bubble size of the bubble in the fluid may become large by this air.
On the other hand, in the micro-bubble generating device 200 according to the second embodiment,
the flow passage axis zl 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  generation of the vortex flow in the
widening section 21 can be prevented, and the micro-bubble having small bubble size can be supplied
more into the tube part 22. Particularly, the present embodiment is effective particularly in the
micro-bubble generating mechanism 10 using a micro-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 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 leading conduit 310, 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 shifted in parallel, and the tube part 22 is connected  on the base surface 23 to which the
micro-bubble generating mechanism 10 is connected in the widening section 21. With this
configuration, the flowing direction of the micro-bubble in the widening section 21 and the flowing
direction of the micro-bubble in the tube part 22 become reverse mutually. [0044]        A micro-bubble
generating device 100 according to a fourth embodiment of the present invention differs only in a
structure of a leading conduit against the micro-bubble generating device 300. As illustrated in FIG. 5,
in the micro-bubble generating device 400, a leading conduit 410 differs in a shape of a widening
section 411. In the leading conduit 410, a base end surface 412 to which the micro-bubble generating
mechanism 10 and the tube part 22 are connected is not orthogonal to the flow passage axes Z and Zl
in the widening section 411. The widening section 411 is formed in a manner that the base surface
412 gradually diverges from the base surface 24 facing the base surface 412 from the connecting
location of the micro-bubble generating mechanism 10 toward the direction of the connecting location
of the tube part 22. [0045]        A micro-bubble generating device 500 according to a fifth embodiment
of the present invention differs only in a structure of a leading conduit against the micro-bubble
generating device 1 As illustrated in FIG. 6, in the micro-bubble generating 



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 of the micro-bubble in the tube part 22 are orthogonal to each other in this configuration. It
should be noted that, although the tube part 22 is made to be connected on the side of the base
surface 23 to which the micro-bubble generating mechanism 10 is connected in the widening section
21, the tube part 22 may be provided on the side of the base surface 24. [0046]        A micro-bubble
generating device 600 according to a sixth embodiment of the present invention differs only in a
structure of a leading conduit against the micro-bubble generating device 500. As illustrated in FIG. 7,
in the micro-bubble generating device 600, a leading conduit 610 differs in a shape of a widening
section 611. In the leading conduit 610, the widening section 611 is not cylindrical in a peripheral
surface 612 to which the tube part 22 is connected, and is formed so that the flow passage  sectional
area thereof decreases from the base surface 23 to which themicro-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
to collect in the widening section 611. [0047]       The micro-bubble generating devices 300 to 600
according to the third to the sixth embodiments of the present invention mentioned above can achieve
an effect identical to the micro-bubble generating device 200 according to the second embodiment of
the present invention mentioned above. [0048]       FIG. 8 illustrates an outline configuration of a
micro-bubble generating device according, to a seventh embodiment of the present invention.A
micro-bubble 



generating device 700 according to the seventh embodiment of the present invention differs only in a
structure of a leading conduit against the micro-bubble generating device 1. [0049]       As illustrated in
FIG. 8, in the micro-bubble generating device 700, a leading conduit 710 differs in that supplying
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, the number of the supplying conduit 711 is not limited to this. [0050)        In the
micro-bubble generating device 700 according to the seventh embodiment of the present invention,
since the supplying conduits 711 supplying the fluid in the widening section 21 are provided at the
edge part of the base surface 23 to which the micro-bubble generating mechanism 10 is connected, in
the widening section 21, therefore, the fluid in an area (area p) near the edge part of the base surface
23 in the widening section 21 is made to flow, and the fluid in the area p can be prevented from
staying. [0051]        The micro-bubble generating device according to the present invention 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 illustrated in FIG. 9, may be a hollow conical shape 



(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 present invention is not limited to the direction illustrated in FIGs. 1 and 3 to 10. But it is more
desirable for the tube part 22 to be in the upper side as much as possible, in order that the bubble is
hard to stay in the widening section 21. For example, the direction of installation may be the direction
in which the micro-bubble generating devices illustrated in FIGs. 4 and 5 have been rotated by 90
degrees to the right, and in which the micro-bubble generating devices illustrated in FiGs. 6 and 7
have been rotated by 90 degrees to the left. [0053]       There is no limit in particular also with regard to
a material of the micro-bubble generating devices according to the present invention.  [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. Themicro-bubble generating devices according to the present invention may be
installed in a bathtub, a fish preserve, a cistern of an aquarium, or a cistern for appreciation fish. In this
case, for example, it is possible to be connected to a circulation passage of a circulation filtration filter.
It may be provided in a midway of a hose or water pipe of a home shower. 



[0055]        Specifically, the micro-bubble generating devices according to the present invention are
applicable 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 device soaked in the cleaning bath thereof.  [Example] [0057]        First, a sample for
evaluation as made by depositing a poly silicon layer on a mirror surface of a silicoh wafer of 200mm
in diameter by 1 pm approximately in thickness by CVD. Subsequently, the thickness of the poly
silicon layer of the sample before cleaning was measured using NanoSpec (Nanometrics
Incorporated-made). [0058] 



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 swirling liquid flow type (M2-MS/PTFE type made by Nanoplanet
Research Institute Corporation) was used. The widening section made from quartz glass having a
shape in which the diameter is 100mm and the length is 200mm was used. In a cleaning treatment
thereof, specifically, as a cleaning fluid in the cleaning bath 101, an alkaline cleaning fluid having an
etching capability, for example, Techniclean 200EF (principal components: an alkaline inorganic salt,
an anionic surfactant, a nonionic surfactant, water) diluted 20 times with  the ultrapure water was used.
The used cleaning fluid was disposed of for every cleaning treatment, and the new cleaning fluid was
used. In the cleaning 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 soaked for 30 minutes in this
cleaning fluid. After that, the cleaned sample was taken out, and put into a 20C ultrapure water tank,
and a rinse treatment was performed for 10 minutes. Then, this sample was dried with a spin dryer.
[0059]        Subsequently, with respect to the sample of Example 1 for which the cleaning treatment
was performed as mentioned above, the thickness of the poly silicon layer of the sample was
measured like the measurement before cleaning. [0060]        As illustrated in FIG. 12, with a silicon
wafer cleaning apparatus 800 which does not have a micro-bubble generating device,, the
above-mentioned sample was cleaned. (Comparative Example 1) That is, the cleaning treatment in
which the micro-bubble was not used and the cleaning fluid did not circulate was performed. [0061] 



As illustrated in FIG. 13, with a silicon wafer cleaning apparatus 900 in which a single nozzle part of a
micro-bubble generating device (M2-MS/PTFE type made by Nanoplanet Research  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-bubble generating device 1002 (see FIG. 15), and with a silicon wafer cleaning apparatus 1000
in which the Teflon tube 1004 was introduced into a cleaning bath 1001, the above-mentioned sample
was cleaned. (Comparative Example 3) [0063]       The cleaning treatment in the comparative
examples 1 to 3, i.e., a cleaning bath, a cleaning fluid composition, an amount of cleaning fluid, a
cleaning time frame, a rinse treatment time frame, a drying method, or the like, are the same as those
of the above-mentioned example 1. The sample after  cleaning was measured like Example 1. [0064]
The etching rate was calculated from the thickness of the poly silicon layer before
andaftercleaningwhichwas acquired by measuring the sample of Example 1 and the samples of the
comparative examples 1 to 3. The results are shown in Table 1. In Table 1, Liquid Flow Amount is the
flow rate of the  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] [Table 1] I MICRO-BUBBLEj LIQUID FLOW AMOUNT (LITER/MINUTE) INTRODUCED AIR
QUANTITY (LITER/MINUTE) ETCHING RATE (NM/MINUTE) Comparative example NONE  



0.84 ComparativeSOAK IN BATH example 2 8.0 0.3 1.63 Comparative example 3 INLINE (3/4-INCH
TUBE DIRECT 



CONNECTION) 1.7.5 0,1 0.89 Example IINLINE (APPARATUSOF THEPRESENT INVENTIONIS i
CONNECTED) 



. 7.5 0.1 1.36  [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]  



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 tube was 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 cleaning apparatus 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 enhanced to the extent equivalent to a conventional silicon wafer cleaning apparatus in
which a conventional micro-bubble generating device is soaked in the cleaning bath. BRIEF
DESCRIPTION OF THE DRAWINGS [0070]         FIG. 9 is a figure illustrating a modification of the
micro-bubble generating device of FIG. 1; 



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;        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-bubble generating device of the silicon wafer cleaning apparatus of FIG. 14,
DESCRIPTION OF NUMERALS [0071] 1, 209, 309, 400, 500, 600,_700:Micro-bubble Generating 



Device 10: Micro-bubble Generating Mechanism 11: Nozzle 20, 210, 310, 410, 510, 610: Leading
Conduit 21, 411, 611:Widening Section 22:Tube Part 23, 24, 412:Base Surface  25, 612:Peripheral
Surface 



100: Silicon Wafer Cleaning Apparatus 101: Cleaning Bath 102: Cleaning Fluid 103: Pump 104,
105:Conduit 711: Supplying Conduit Z, Zl:Axis M:Micro-bubble W:Silicon Wafer  



CLAIMS A micro-bubble generating device, comprising: a micro-bubble generating mechanism
generating a micro-bubble, 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 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 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. 2. The micro-bubble generating device
according to claim 1, wherein the micro-bubble generating mechanism and the tube part are
connected to the widening section so that a flow passage axis of the micro-bubble in the widening
section and the flow passage axis of the micro-bubble in the tube part are extended mutually in the
same direction. 3. The micro-bubble generating device according to claim 1, wherein a flowing
direction of the micro-bubble in the widening section and the flowing direction of the micro-bubble in
the tube part are reverse mutually. 4. The micro-bubble generating device according to claim 1,
wherein the micro-bubble generating mechanism and the tube part are connected to the widening
section so that the flow passage axis of the micro-bubble in the widening section and the flow passage
axis of the micro-bubble in the tube part cross mutually. 5. The micro-bubble generating device
according to claim 4, wherein the micro-bubble generating mechanism and the tube part are
connected to the widening section so that the flow passage axis in the widening section and the flow
passage axis in the tube part are orthogonal mutually.  



6. The micro-bubble generating device according to any one of the preceding claims, wherein the
micro-bubble generating mechanism is connected to the widening section so that the nozzle deviates
from 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 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.  MICRO-BUM:3TP
GENERATING DEVICE AND SILICON WAFER CLEANING APPARATUS ABSTRACT        To
provide a micro-bubble generating device and a silicon wafer cleaning apparatus which can supply a
micro-bubble with a small bubble size which is high in a cleaning effect to the outside, and which can
miniaturize a device and can enhance a flexibility of disposition thereof. 



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-bubble-generating mechanism 10 via one base 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 to a flow passage axis Z of the micro-bubble of the 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 






