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1 CLEANI NG METHOD AND APPARATUS BACKGROUND OF THE | NVENTI ON 1. H‘?Fk@ﬁ t#e
I nvention The present invention relates to a nethod and apparatus for

cl eaning an object such as a wafer using a brush. 2. Description of the

Rel ated Art Manufacturing steps of a semiconductor or a thin-film head

i nclude a wafer cleaning step for renoving contam nants on a wafer surface
as necessary. Such wafer cleaning nmethadds include scrub cl eaning. Scrub
cleaning is a method of renoving deposits on a srrface ﬁf an o?lectbsucﬂ ?s
a wafer by scrubbing tﬁﬁgf #@ H@¥ ﬁ&ﬂb Qﬁ%quJ e rotating brus o]
t he object surface w't % gﬁ? s gﬁgaéggr % FIG 12, an exanple
of a scrub cleaning process of related art will now be described. As shown,
a wafer 111 as an object to clean is

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method and apparatus for cleaning
an object such as a wafer using a brush.
2. Description of the Related Art

Manufacturing steps of a semiconductor or a thin-film head include a
wafer cleaning step for removing contaminants on a wafer surface as
necessary. Such wafer cleaning methods include scrub cleaning. Scrub
cleaning is a method of removing deposits on a surface of an object such as a
wafer by scrubbing the surface by a brush, applying the rotating brush to the
object surface with a cleaning liquid.

Referring to FIG. 12, an example of a scrub cleaning process of related
art will now be described. As shown, a wafer 111 as an object to clean is
taken out of a loader bath 101 and supplied to a scrub cleaning apparatus
102.

FIG. 13 is a schematic front view of the scrub cleaning apparatus 102.
FIG. 14 is a schematic side view of the scrub cleaniﬁg apparatus 102. As
shown, the scrub cleaning apparatus 102 comprisés: a rotating table (not
shown); a cylindrical rotating brush 112 placed on the rotating table; and a
cleaning liquid ejector 113 placed above the rotating brush 112 and having a
plurality of cleaning liquid outlets arranged along the axial direction of the

brush 112. For cleaning of the wafer 111 by the scrub cleaning apparatus



t aken out of a |oader bath 101 and supplied to a scrub cl eani ng apparat us
102. FIG 13 is a schematic front view of the scrub cleaning apparatus 102.
FIG 14 is a schematic side view of the scrub cleaning apparatus 102. As
shown, the scrub cl eaning apparatus 102 conprises: a rotating table (not
shown); a cylindrical rotating brush 112 placed on the rotating table; and
a cleaning liquid ejector 113 placed above the rotating brush 112 and
having a plurality of cleaning liquid outlets arranged al ong the axial

direction of the brush 112. For cleaning of the wafer 111 by scrub
cl eani ng Hphahetwafer 112 ig fixed omethgampsating table. £ iTMOGﬁtIPE@rPéﬁ‘gﬁ?ﬁ@ t abl e.

The rotating brush 112 is positioned so as to touch the surface of the
waf er 11lpositiohedsoag tbitquehlthd gurface of the wafer 111. A cleaning liquid 114

is ejected like a shower through the outlets of the cleaning liquid ejector 113
towards the rotating brush 112 and the wafer 111. In this state the wafer
111 is rotated by the rotating table and the rotating brush 112 is rotated.
The surface of the wafer 111 is thereby cleaned. The cleaning liquid 114 is
detergent or ultrapure water.

Next, as shown in FIG. 12, the wafer 111 is taken out of the scrub
cleaning apparatus 102 and transferred to a spin dryer 103 where a rinse
step is performed by megasonic rinse. The wafer 111 is then dried by the
spin dryer 103. The wafer 111 is taken out of the spin dyer 103 and placed
in a carrier 104 by an unloader.

Cleaning while applying a cleaning liquid in a spray to the rotating
brush 112 has been generally performed as a scrub cleaning method of
related art as described above. Another cleaning method is cleaning with
an application of ultrasonic vibrations to cleaning water in a spray.

As disclosed in Japanese Patent Application Laid-open Hei 7-86218
(1995), another scrub cleaning method of related art is performing brush
(scrub) cleaning and ultrasonic cleaning at the same time. That ié, a
cleaning apparatus having a cleaner with a desk-shaped brush and a
cleaning liquid ejector placed near the brush is used. An object to clean is
scrubbed with the brush while a cleaning liquid to which ultrasonic
vibrations are applied is ejected through the cleaning liguid ejector.

In the related-art cleaning method described with reference to FIG. 12



is ejected like a shower through the outlets of the cleaning liquid ejector
113 towards the rotating brush 112 and the wafer 111. In this state the
wafer 111 is rotated by the rotating table and the rotating brush 112 is
rotated. The surface of the wafer 111 is thereby cleaned. The cl eaning
liquid 114 is detergent or ultrapure water. Next, as shown in FIG 12, the
wafer 111 is taken out of the scrub cl@aning apparatus 102 and transferred
to a spin dryer 103 where a rinse step is performed by negasonic rinse. The
waf er 111 is t hen dried by the spin drger 103.. The wafer 111 is taken out
of the spiteFiGed4z08l inthewthesaelated-ashmathed discloseddn thei2Ra¥er . eani ng
whi | e appl yi ng a cleaning liquid in a spray to the rotating brush 112 has
been genemmdntyonest publiexticr wveventn verasoal] neationwfsleaninaliapidlayexs
descri bed above. Another cleaning nethod is cleaning with an application of
ul t rasoni §s yhiyr Rrivedsor thedlgach surfaed. erConsegusntlgyparticles scl osed in
Japanese Patent Application Laid-open Hei 7-86218
contaminants removed from the object and abrasion residues of the brush
are likely to be taken in the cleaning liquid on the object surface and to
redeposit on the surface.
In the related-art method, a very small portion of cleaning liquid layer
is only formed on the object surface as well when ultrasonic cleaning is
performed at the same time by applying ultrasonic vibrations to the cleaning
liquid. It is therefore difficult to achieve effects of ultrasonic cleaning as
expected.
SUMMARY OF THE INVENTION
It is a first object of the invention to provide a cleaning method and
apparatus for preventing removed contaminants and abrasion residues of a
brush from redepositing on an object to clean.
It is a second object of the invention to provide a cleaning method and
apparatus for efficiently and effectively performing scrub cleaning and
ultrasonic cleaning, in addition to the first object.
A cleaning method of the invention includes the steps of: having a
cleaning liquid contained in a container for containing the cleaning liquid;
retaining an object to clean in the cleaning liquid contained in the container;
and cleaning the retained object by scrubbing with a brush in the cleaning

liquid contained in the container.

In the method, the object is retained in the cleaning liquid contained in



{1995), another scrub cleaning nmethod of related art is perform ng brush
(scrub) cleaning and ultrasonic cleaning at the sane tine. That is, a .

cl eani ng apparatus having a cleaner with a desk-shaped brush and a cl eani ng
1iquid ejector placed near the brush is used. An object to clean is
scrubbed with the brush while a cleaning liquid to which ultrasonic
vibrations are applied is ejected throdgh the cleaning liquid ejector. In
the rel ated-art cl eaning nmethod described with reference to FIG 12 3to

FIG 14 a in the other,rel gted-art nethod di.scl,osed i.n the above-
ment i oned@gﬁﬁ?ri‘t@é??ro?\?&ﬁ]&%\?grt, r%“%?‘g'fmi’ gwﬁé‘} hi‘eoﬁr‘b?h'cl eaning |iquid
| ayer is only_formed on the obj.ect. surface, Consequently, particles of

cont ani nants B¢ &leampgmethodpitdspry roghthat wiirasonicivibsations pge br ush

applied to the cleaning liquid contained in the container. Scrub cleaning
with the brush and ultrasonic cleaning by ultrasonic vibrations are thereby
performed on the object in the cleaning liquid contained in the container. In
the method, it is preferred that a position of the object is shifted in the
cleaning liquid contained in the container.

In the method, it is preferred that an additional cleaning liquid is
supplied to the container while the cleaning liquid is discharged from the
container. The object cleaned in the method may be an intermediate
product on which mechanical flattening is performed in a manufacturing
process of a device having a plurality of layers.

A cleaning apparatus of the invention comprises: a container for
containing a cleaning liquid; a means for retaining an object to clean in the
cleaning liquid contained in the container; and a brush for cleaning the
object retained by the means for retaining by scrubbing the object in the
cleaning liquid contained in the container.

In the apparatus, the object is retained by the means for retaining in
the cleaning liquid contained in the container and cleaned through scfubbing
with the brush.

The cleaning apparatus preferably further comprises a means for
applying ultrasonic vibrations to the cleaning liquid contained in the
container. Scrub cleaning with the brush and ultrasonic cleaning by

ultrasonic vibrations applied to the cleaning liquid by the means for applying



are likely to be taken in the cleaning liquid on the object surface and to
redeposit on the surface. In the related-art nmethod, a very small portion
of cleaning liquid layer is only fornmed on the object surface as well when
ultrasonic cleaning is performed at the same time by applying ultrasonic
vibrations to the cleaning liquid. It is therefore difficult to achieve
effects of ultrasonic cleaning as expested. SUMVARY OF THE INVENTION It is
a first object of the invention to provide a cleaning method and appar at us
for preventing renpved contam nants and abrasion residues of a brush from
r edeposi t areggthmreby pebfoemedian thesehiect in the desningninel; wataprdindbenyent i on
to provide a cleaning method and apparatus for efficiently and effectively
per f or ni neprtmingr. cladhe ripaandg appaestusi theaheams foy, retainingprefenably t he first
object. A cleaning nethod of the invention includes the steps of: having a
includes a means for shifting a position of the object in the cleaning liquid
contained in the container.
The cleaning apparatus preferably further comprises a means for
supplying an additional cleaning liquid to the container while discharging
the cleaning liquid contained in the container. The object cleaned by the
apparatus may be an intermediate product on which mechanical flattening is
performed in a manufacturing process of a device having a plurality of
layers.
Other and further objects, features and advantages of the invention
will appear more fully from the following description.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a partially cutout front view of a cleaning apparatus of an
embodiment of the invention.
FIG. 2 is a partially cutout side view of the cleaning apparatus of the
embodiment of the invention.
FIG. 3 is a partially cutout top view of the cleaning apparatus of the
embodiment of the invention.
FIG. 4A to FIG. 4D are explanatory views for illustrating the operation
of the wafer oscillation and rotation mechanism of the cleaning apparatus of
the embodiment of the invention.

FIG. 5 is an explanatory view for illustrating a cleaning method and a

cleaning process using the cleaning apparatus of the embodiment of the



cleaning liquid contained in a container for containing the cleaning
liquid; retaining an object to clean in the cleaning liquid contained in
the container; and cleaning the retai ned object by scrubbing with a brush
in the cleaning liquid contained in the container. In the nethod, the
object is retained in the cleaning liquid contained in 4 the contai ner
and cl eaned through scrubbing with thegbrush. In the cleaning nethod, it is
preferred that ultrasonic vibrations are applied to the cleaning liquid
contained.in the container. Scrub cleaning with the brush and ultrasonic
cl eani ng BVaRt9soni ¢ vi brations are thereby performed on the object in
the cleaning |iquid contained in the container. In the nethod, it is
preferred thatfl&. posian explanhatory vady dot illusteating inbpeativhaegions defined
for examining the quality of the object after cleaning.
FIG. 7 is a cross section of an example of a related-art thin-film
magnetic head.
FIG. 8 schematically illustrates a recording region of one track when
recording is made on a hard disk by the thin-film magnetic head shown in
FIG. 7.
FIG. 9 is a cross section of a thin-film magnetic head wherein a light
gap film is flattened.
FIG. 10 schematically illustrates a recording region of one track when
recording is made on a hard disk by the thin-film magnetic head shown in
FIG. 9.
FIG. 11 is a cross section of an intermediate product of the thin-film
magnetic head shown in FIG. 9.
FIG. 12 is an explanatory view of an example of a scrub cleaning
process of related art.
FIG. 13 is a schematic front view of the scrub cleaning apparatus
shown in FIG. 12.
FIG. 14 is a schematic side view of the scrub cleaning apparatus shown
in FIG. 12. _
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment of the invention will now be described in detail

with reference to the accompanying drawings.



cleaning liquid contained in the container. In the nethod, it is preferred
that an additional cleaning liquid is supplied to the container while the
cleaning liquid is discharged fromthe container. The object cleaned in the
nmet hod may be an internedi ate product on whi ch nechanical flattening is
performed in a manufacturing process of a device having a plurality of

| ayers. A cleaning apparatus of the inVention conprises: a container for
containing a cleaning liquid; a neans for retaining an object to clean in

the cleanin i quid cont.alkned in the container; and a brush for,cleaning
t he obj ect ?e?gﬁ?ﬁg&%@) #ﬂé ﬁ’e%ﬁ@aflb‘?g %ﬁ?ﬁiiﬂﬁ&% e§8t}%8¥9ﬁ33"§ H@I%Tﬁct in
the cleaning liquid contajpned ip the container. In the apparatus, e

obj ect i sdPgPH}%EPWWﬁ@Lﬂié’a%gPékme?r&%ﬁthpnngﬂm@u_l,hmmbﬁglemr@hadd
contained in the container and cleaned through scrubbing wth the brush.
The cl eanfRExEFRICIV herein encabaettitofalearis a wafer wild bealeseribed f oln the

cleaning process a wafer 11 as an object to clean is placed in a carrier 12.
The carrier 12 is accommodated in a loader bath 13. The carrier 12 is held
in the loader bath 13 by an elevator 14 placed near the loader bath 13 so that
the carrier 12 is capable of moving up and down. A ultrapure water supply
port 15 is provided near the bottom of the loader bath 13. Ultrdpure water
is supplied to the loader bath 13 through the supply port 15. Excess
ultrapure water is discharged from the upper rim of the loader bath 13. The
amount of ultrapure water supplied to the loader bath 13 is 1.5 liters per
minute, for example.

In the cleaning process shown iﬁ FIG. 5, the wafer 11 is taken out of the
carrier 12 in the loader bath 13 and transferred to a cleaning apparatus 20
by a wafer transfer robot 16. The wafer transfer robot 16 has a nozzle 17 for
applying ultrapure water 18 in a spray to the wafer 11 in order to prevent
the wafer 11 from drying, and a duct for supplying ultrapure water to the
nozzle 17.

The cleaning apparatus 20 of the embodiment performs scrub cleaning
of the wafer 11 in a liquid. The configuration and operation of the cleaning
apparatus 20 will be described in detail below. The wafer 11 after cleaning
is taken out of the cleaning apparatus 20 and transferred to a spin dryer 21
by the robot 16.

The spin dryer 21 comprises a retainer 22 for retaining the wafer 11, a



applying ultrasonic vibrations to the cleaning liquid contained in the
container. Scrub cleaning with the brush and ultrasonic cl eaning by
ultrasonic vibrations applied to the cleaning liquid by the means for
appl yi ng 5 are thereby performed on the object in the cleaning |iquid
contained in the container. In the cleaning apparatus the neans for
retaining preferably includes a neans 8or shifting a position of the object
in the cleaning liquid contained in the container. The cl eani ng apparat us

preferably fur r comprises a neans _for supp|ying an additional cleaning
liquidt oxkoﬁ%f é%?ﬂraﬁ%ggnﬁﬁg? gethinen i grng anadvameing agd rrtrgpbingont ai ned i n
the container. The object cleaned by the apparatus nmay be an internedi ate
product owmeghaeisunddemnshifting the retaingr P8 and the motor 23 back and forth.

The motor 23 rotates the retainer 22 at 1800 rpm, for example. In front of
the spin dryer 21, a megasonic rinse apparatus 25 is provided for performing
megasonic rinse on the wafer 11 retained b)} the retainer 22 through pouring
ultrapure water to which an ultrasonic wave of about 1 MHz is applied.
Near the megasonic rinse apparatus 25, a nozzle 26 is provided for applying
a nitrogen (N3) gas for drying to the wafer 11 retained by the retainer 22.

In the cleaning process shown in FIG. 5, rinsing by the megasonic rinse
apparatus 25 and drying using the spin dryer 21 and the nozzle 26 are
performed on the wafer 11 retained by the retainer 22 of the spin dryer 21.

The wafer 11 after rinsing and drying is taken out of the retainer 22 of
the spin dryer 21 and placed in a carrier 28 of an unloader by a wafer
transfer robot 27.

Referring to FIG. 1 to FIG. 3, the configuration of the cleaning
apparatus 20 of the embodiment will now be described. FIG. 1is a front
view of the cleaning apparatus 20 part of which is cut away. FIG. 2 is a side
view of the cleaning apparatus 20 part of which is cut away. FIG. 3 is a top
view of the cleaning apparatus 20 part of which is cut away. |

The cleaning apparatus 20 comprises: a cleaning bath 31 as a container
for a cleaning liquid 30; four oscillation and rotation rollers 32a to 32d,
placed in the cleaning bath 31, as means for retaining an object to clean, for
retaining the wafer 11 as an object to clean in the cleaning liquid 30

contained in the cleaning bath 31; and two cylindrical brushes 33a and 33b,



perfornmed in a nanufacturing process of a device having a plurality of

| ayers. Ot her and further objects, features and advantages of the invention
will appear nore fully fromthe follow ng description. BRI EF DESCRI PTI ON OF
THE DRAWNGS FIG 1 is a partially cutout front view of a cleaning
apparatus of an enbodi nent of the invention. FIG 2 is a partially cutout
side view of the cleaning apparatus of 9%t he enbodi rent of the invention.

FIG 3 is a partially cutout top view of the cleaning apparatus of the

T e N G N NS R P
expl anat oFgLAIPER IR GRe rplIGEs $3 Pgoa Te tbarlaspine Lo dgoptamed in the” -
cleaning bath 31.

The brushes 33a and 33b are each made of, for example, a cylindrical
retainer around which a polyvinyl alcohol (PVA) sponge is wrapped or a
plurality of ciliary fibers made of nylon (trade name), for example, are
planted.

As shown in FIG. 1, a supply port 34 for supplying additional cleaning
water into the cleaning bath 31 is provided at the bottom of the cleaning
bath 31. As shown in FIG. 1 and FIG. 2, a gutter-like discharger 35 is
placed around the external wall of the cleaning bath 31 near the upper rim
for discharging cleaning water overflowing from the cleaning bath 31. The
supply port 34 and the discharger 35 correspond to means for supplying of
the invention.

As shown in FIG. 1 and FIG. 2, a ultrasonic generator 36 is placed at
the bottom of the cleaning bath 31. The ultrasonic generator 36 is provided
as a means for applying ultrasonic vibrations to the cleaning liquid 30
contained in the cleaning bath 31.

' The wafer oscillation and rotation mechanism using the rollers 32a to
32d will now be described in detail. A base 40 in the shape of a plate that is
long from side to side is mounted on the front-part of the external wall of the
cleaning bath 31. On the base 40 an axis support plate 41 is mounted via a
spacer 42 to face the base 40 with a given space. A bearing 43 is fixed to the

front-part of the internal wall of the cleaning bath 31. Four roller drive



cl eani ng process using the cleaning apparatus of the embodi ment of the 6
invention. FIG 6 is an explanatory view for illustrating inspection
regions defined for exam ning the quality of the object after cleaning.

FIG 7 is a cross section of an exanple of a related-art thin-film nmagnetic
head. FIG 8 schematically illustrates a recording region of one track when
recording is made on a hard disk by th thin-filmmagnetic head shown in
FIG 7. FIG 9 is a cross section of a thin-film mgnetic head wherein a

i ' is flattened.
i ght gapa;‘(és! 5’31:!1 %0 443 are provided to penetrate the bearing 43, the front-part of

the external wall of the cleaning bath 31, and the base 40 in the horizontal
direction. The roller drive axes 44a to 44d are ratatably supported by the
bearing 43. Arms 45a to 45d extend in the direction orthogonal to the roller
drive axes 44a to 44d. Ends of the arms 45a to 45d are coupled to ends of
the roller drive axes 44a to 44d placed in the cleaning bath 31. Roller axes
46a to 4éd are placed in parallel to the roller drive axes 44a to 44d. Ends of
the roller axes 46a to 46d are coupled to the other ends of the arms 45a to
45d. The oscillation and rotation rollers 32a to 32d are fixed to the other
ends of the roller axes 46a to 46d. The arms 45a to 45d are equal to one
another in length and extend in one direction from the roller drive axes 44a
to 44d. The rollers 32a to 32d are placed along the lower part of the
periphery of the wafer 11 so as to retain the wafer 11 placed along the
vertical direction at the lower side.

The other ends of the roller drive axes 44a to 44d are rotatably
supported by the axis support plate 41. Timing pulleys 47a to 47d are each
attached to the roller drive axes 44a to 44d, respectively, between the base 40
and the axis support plate 41. An axis 48 is rotatably installed between the
base 40 and the axis support plate 41. A timing pulley 49 is attached to tfle
axis 48.

A waterproof motor 51 for wafer oscillation and rotation is mounted on
the surface of the base 40 on the side of the cleaning bath 31. A drive axis
51a of the motor 51 penetrates the base 40 and projects from the axis support

plate 41. A timing pulley 52 is attached to the drive axis 51a. A timing



FIG 10 schematically illustrates a recording region of one track when
recording is made on a hard disk by the thin-filmmagnetic head shown in
FIG 9. FIG 11 is a cross section of an internedi ate product of the
thin-filmnmagnetic head showmn in FIG 9. FIG 12 is an explanatory view of
an exanpl e of a scrub cleaning process of related art. FIG 13 is a
schematic front view of the scrub cl eam ng apparatus shown in FIG 12. FIG
14 is a schematic side view of the scrub cl eaning apparatus shown in FIG
12. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT A preferred enbodi nent
of the inbeHtddis wrappatbaraymdihectiming pulleye 62 #7aite 4 7dems 4%ceNeart he

acconpanyi ng draw ngs.
the timing pulleys 47a to 47d, tension pulleys 54a to 54d attached to the base
40 are provided. The timing belt 53 goes through the tension pulleys 54a to
54d.

In the wafer oscillations and rotation mechanism of such a
configuration, the timing pulleys 47a to 47d are rotated in the same direction
through the timing pulley 52 and the timing belt 53 by rotating the motor 51.
The roller drive axes 44a to 44d are thereby rotated in the same direction
and the arms 45a to 45d are rotated in the same direction around the roller
drive axes 44a to 44d. As a result, the rollers 32a to 32d make circular
motion in the same direction around the roller drive axes 44a to 44d. The
wafer 11 retained by the rollers 32a to 32d is thereby oscillated and rotated.

The rotation and opening and closing mechanism of the brushes 33a
and 33b will now be described. A base 60 in the shape of a plate that is long
from side to side is mounted on the right side of the external wall of the
cleaning bath 31. On the base 60 an axis support plate 61 is mounted via a
spacer 62 to face the base 60 with a given space. Two cylindrical axis cases
63a and 63b are rotatably provided to penetrate the right side of the external
wall c&' the cleaning bath 31 and the base 60 in the horizontal direction.
Lower ends of hallow arm-shaped timing belt cases 64a and 64b are coupled
to ends of the axis cases 63a and 63b in the cleaning bath 31. The timing
belt cases 64a and 64b vertically extend in the cleaning bath 31.

Timing pulleys 65 and 66 are each rotatably placed near the upper end

and the lower end, respectively, in the timing belt cases 64a and 64b. The



.7 Referring to FIG 5, a cleaning nethod and a cl eaning process using a

cl eani ng apparatus of the enbodi nent of the invention wll now be

descri bed. An exanple wherein an object to clean is a wafer will be

:descri bed. In the cleaning process a wafer 11 as an object to clean is
placed in a carrier 12. The carrier 12 is accommodated in a | oader bath 13.
The carrier 12 is held in the |oader bd2h 13 by an el evator 14 pl aced near
the | oader bath 13 so that the carrier 12 is capable of noving up and down.

A ultrapure wa upg! rt | S pyovid near .t he hottom of the | oader
bath 15 e ob the brbies 4 auddobathpash EhraEt i GriRebart freg fine
supply port 15. Excess ultrapure water is discharged fromthe upper rim of

the | oader@nsh$4b and arpgoupiediio the reppectie Bmaag ulleyp §6i18thedimpag | oader

bath 13 is 1.5 liters per mnute, for exanple.
belt cases 64a and 64b. Timing belts 67 are each wrapped around the

timing pulleys 65 and 66 in the timing belt cases 64a and 64b, respectively.

Ends of the brush drive axes 68a and 68b are each coupled to the
respective timing pulleys 66 in the timing belt cases 64a and 64b,
respectively. The brush drive axes 68a and 68b go through the axis cases
63a and 63b. The other ends of the brush drive axes 68a and 68b are
rotatably supported by the axis support plate 61. Brush drive gears 69a
and 69b are attached to the brush drive axes 68a and 68b, respectively,
between the base 60 and the axis support plate 61. The brush drive gears
69a and 69b mesh with each other.

A brush drive gear 69c¢ that meshes with the gear 69a and a brush drive
gear 69d that meshes with the gear 69c are further provided between the
base 60 and the axis support plate 61. The brush drive gears 69c and 69d
are supported by the base 60 and the axis support plate 61. The four brush
drive gears 69a to 69d are equal to one another in diameter and the number
of teeth. A waterproof motor 71 for driving the brushes is mounted on the
surface of the base 60 on the side of the cleaning bath 31. A drive axis 71;21
of the motor 71 penetrates the base 60 and is coupled to the brush drive gear
69d.

Levers 72a and 72b for opening and closing the brushes are each fitted
to the axis cases 63a and 63b betwéen the base 60 and the axis support plate

61. Part of the base of the levers 72a and 72b form gears and the gears



-In the cleaning process shown in FIG 5, the wafer 11 is taken out of the
carrier 12 in the |loader bath 13 and transferred to a cl eaning apparatus 20
by a wafer transfer robot 16. The wafer transfer robot 16 has a nozzle 17
-for applying ultrapure water 18 in a spray to the wafer 11 in order to
prevent the wafer 11 fromdrying, and a duct for supplying ultrapure water
to the nozzle 17. The cl eaning apparatt8 20 of the enbodi ment performns
scrub cleaning of the wafer 11 in a liquid. The configuration and operation

of the cleani,ng. aratys 20w || be described in ai | ow, The wafer
11 after @%ﬁhg’ﬁg{)g@c}}% 'oa‘yeﬁf‘tﬁw%ﬁsé;§gﬁge%%ﬁg&tﬁt%d QgtgﬁBveansferred
to a spin dryer. 21 by the robot 16. The spin dryer 21 conprises a retainer
22 for retWa¥y the wafer 11, a

Two cylinders 73a and 73b for opening and closing the brushes are
mounted on the base 60. Plungers of the cylinders 73a and 73b are each
coupled to neav the extremities of the levers 72a and 72b.

In the mechanism of rotating, opening and closing the brushes 33a and
33b of such a configuration, the brush drive gears 69d, 69¢c, 69a and 69b are
rotated by rotating the motor 71. The brush drive axes 68a and 68b are
thereby rotated in the directions opposite to each other. The rotations of the
brush drive axes 68a and 68b are transferred to the brushes 33a and 33b
through the timing pulley 66, the timing belt 68 and the timing pulley 65.
The brushes 33a and 33b are thereby rotated in the directions opposite to
each other.

The levers 72a and 72b are turned by moving the plungers of the
cylinders 73a and 73b back and forth. The axis cases 63a and 63b coupled
to the levers 72a and 72b and the timing belt cases 64a and 64b are thereby
turned and the brushes 33a and 33b are opened and closed.

The operation of the cleaning apparatus 20 of the embodiment will now
be deécribed. The following description applies to a cleaning method of the
embodiment as well.

For cleaning the wafer 11 by the cleaning apparatus 20, the cleaning
liquid 30 is supplied into the cleaning bath 31 through the supply port 34.
The cleaning liquid 30 is ultrapure water or detergent.

Leaving the brushes 33a and 33b open, the wafer 11 is inserted to the



8 notor 23 for rotating the retainer 22, and an advancing and retreating
mechani sm 24 for shifting the retainer 22 and the notor 23 back and forth.
The notor 23 rotates the retainer 22 at 1800 rpm for exanple. In front of
the spin dryer 21, a negasonic rinse apparatus 25 is provided for
perform ng megasonic rinse on the wafer 11 retained by the retainer 22
through pouring ultrapure water to whi¢hp an ultrasonic wave of about 1 Mz
is applied. Near the megasonic rinse apparatus 25, a nozzle 26 is provided
for applying a nitrogen (N2) gas for drying to the wafer 11 retained by the
retai ner 2kardingtbatch@leamd pipcpdancde whiews 3Ra t613@d 1%, the wafergrbpsfene
megasoni ¢ rinse apparatus 25 and drying using the spin dryer 21 and the

nozzl e 26 1gb6t PEsb PhAEthOWaldiel Waf witaibbdrist theeslldyy 32aetor3ddai ke 22 of the
spin dryer 21. The wafer 11 after rinsing and drying is taken out of the

L;t Zi \r/]vg][ er%grtli?igiﬁg%‘gﬁé lraggo’?bg%e thbrddpbrRt AL £Ad ithe Brastidd $3a 48d @Bbadreun! oader
closed. The wafer 11 is held by the brushes 33a and 33b.

Next, the additional cleaning liquid 30 is supplied into the cleaning
bath 31 through the supply port 34. While discharging the excess cleaning
liquid 30, the brushes 33a and 33b are rotated by rotating the motor 71.

The wafer 1lis oscillated and rotated by rotating the motor 51.
Furthermore, the ultrasonic generator 36 is operated so that ultrasonic
vibrations are applied to the cleaning liquid 30 in the cleaning bath 31.
Although it is preferred to perform both oscillation and rotation of the wafer
11 and an application of ultrasonic vibrations during cleaning in the
embodiment, it is not always required to perform both. In some cases either
oscillation and rotation or an ultrasonic application may be omitted or both
may be omitted.

In such a manner the surface of the wafer 11 is scrubbed by the brushes
33a and 33b and scrub cleaning is performed on the wafer 11. At the same
time, ultrasonic vibrations are applied to the wafer 11 in the cleaning liquid
30 and ultrasonic cleaning is performed on the wafer 11.

The amount of cleaning liquid 30 supplied is preferably 1 liter or more
per minute. In the embodiment the amount is 2 liter per minute, for
example. The cleaning liquid 30 supplied is preferably heated. The
temperature of the liquid 30 is preferably 30 to 70 C. In the embodiment

the temperature is 50 C, for example.



Referring to FIG 1 to FIG 3, the configuration of the cleaning apparatus
20 of the enbodinent will now be described. FIG 1 is a front view of the
cl eaning apparatus 20 part of which is cut away. FIG 2 is a side view of
t he cl eaning apparatus 20 part of which is cut amay. FIG 3 is a top view
of the cleaning apparatus 20 part of which is cut away. The cleaning
apparatus 20 conprises: a cleaning batjs 31 as a container for a cleaning
liquid 30; four oscillation and rotation rollers 32a to 32d, placed in the
cleaning bath 31, as neans for retaining an object to clean, for retaining
the wafer 11 dheammbgrof ratatiohe afithebiushes| 38aramd) 3Bb daipeefdalslgrdtioned in
the cleaning bath 31; and two cylindrical brushes 33a and 33b, 9 pl aced
in the cl2d®irpo. bdnhthdlembatinsmtithbimgbesofiotatibngid be rpaf, €or 11
example.
The ultrasonic vibration generated by the ultrasonic generator 36 is
preferably 28 to 200 kHz. In the embodiment the ultrasonic vibration is 28
kHz, for example.
Referring to FIG. 4A to FIG. 4D, the operation of the wafer oscillation
and rotation mechanism will now be described in detail. FIG. 4A to FIG. 4D
illustrate the wafer 11 and the rollers 32a to 32d where the positions of the
roller drive axes 44a to 44d are shifted by 45 degrees. The roller drive axes
44a to 44d are all rotated in the direction shown with a numeral 75 in FIG.
4A. Consequently, as shown in FIG. 4A to FIG. 4D, the rollers 32a to 32d
each make circular motion around the roller drive axes 44a to 44d. The
wafer 11 retained by the rollers 32a to 82d is thereby vertically and
horizontally oscillated. Since the rollers 82a to 32d are fixed to the arms
45a to 45d coupled to the roller drive axes 44a to 44d through the roller axes
46a to 46d, the wafer 11 is rotated in the direction indicated with the
numeral 76 in FIG. 4A by means of circular motion of the rollers 32a to 32d.
The intensity of ultrasonic vibrations could be nonuniform in the
cleaning bath 31. By oscillating and rotating the wafer 11 in the cleaning
bath 31 as described above, ultrasonic vibrations whose average intensity is
nearly uniform are applied to the wafer 11.

The range of oscillation of the wafer 11 by the oscillation and rotation

mechanism preferably falls within the range between 10 and 30 mm from



retained by the rollers 32a to 32d in the cleaning liquid 30 contained in
the cleaning bath 31. The brushes 33a and 33b are each nmade of, for
exanple, a cylindrical retainer around which a polyvinyl alcohol (PVA)
sponge is wapped or a plurality of ciliary fibers nade of nylon (trade
nane), for exanple, are planted. As shown in FIG 1, a supply port 34 for
suppl ying additional cleaning water inge the cleaning bath 31 is provided
at the bottomof the cleaning bath 31. As shown in FIG 1 and FIG 2, a
gutter-like discharger 35 is placed around the external wall of the

cl eani ng Bhekestennfmscillagionpipethervertical anid bohaegtal glivdctmmisntpspactively,
overflow ng fromthe cleaning bath 31. The supply port 34 and the
di schar gerwBérein the dpmmdidrofithansafenil 4s phtee inghed, folexampdnt i antheAs shown
in FIG 1 and FIG 2, a ultrasonic generator 36 is placed at the bottom of
the cl eanigmgbdidentlithe Faggblis 1850H, fo0enanple) from the conteti dedcillation

in the vertical and horizontal directions, respectively. The number of

rotations of the wafer 11 by the oscillation and rotation mechanism

preferably falls within the range between 20 and 100 rpm. The number of

rotations is 40 rpm, for example, in the embodiment.

According to the cleaning apparatus 20 and the cleaning method of the
embodiment described so far, scrub cleaning is performed on an object to
clean (the wafer 11) through scrubbing the surface of the object by the
brushes 33a and 33b in the cleaning liquid 30 contained in the cleaning bath
31. As a result, contaminants removed from the object and abrasion
residues of the brushes 33a and 33b are easily dispersed throughout the
cleaning liquid 30 in the cleaning bath 31. In addition, cleaning liquid
layers containing few contaminants are likely to be formed between the
object and the brushes 33a and 33b. Redeposition of contaminants removed
from the object and abrasion residues of the brushes on the object is thereby
suppressed. Cleaning efficiency of the object is thus improved.

According to the cleaning apparatus 20 and the cleaning method of the
embodiment, the additional cleaning liquid 30 is supplied to the cleaning
bath 31 through the supply port 34 while discharging the cleaning liquid 30
in the cleaning bath 31 through the discharger 35 during scrub cleaning of

the object by the brushes 33a and 33b. As a result, the cleaning liquid 30 in

the cleaning bath 31 is kept clean and cleaning efficiency of the object is



as a nmeans for apblying ultrasonic vibrations to the cleaning |iquid 30
contained in the cleaning bath 31. The wafer oscillation and rotation
mechani smusing the rollers 32a to 32d will now be described in detail. A
base 40 in the shape of a plate that is long fromside to side is nounted
on the front-part of the external wall of the cleaning bath 31. On the base
40 an axi s support plate 41 is nountedivia a spacer 42 to face the base 40
with a given space. A bearing 43 is fixed to the front-part of the internal
wal | of the cleaning bath 31. Four roller drive 10 axes 44a to 44d are
provi ded tfbrﬁb@néﬂmpée@he bearing 43, the front-part of the external wall
of the cleaning bath 31, and the base 40 in the horizontal direction. The
rol ler drive dAeerdisg todhé4teaming appataihisy2Gengdche ekbammg method of the

embodiment, ultrasonic cleaning is performed on the object through applying

ultrasonic vibrations to the object in the cleaning liquid 30 together with the

scrub cleaning described above. As a result, ultrasonic vibrations are

applied to the whole object through the cleaning liquid 30 and scrub cleaning

and ultrasonic cleaning are efficiently and effectively performed. Cleaning

efficiency of the object is further improved, accordingly.

According to the cleaning apparatus 20 and the cleaning method of the

embodiment, the object is oscillated and rotated in the cleaning bath 31. As

a result, ultrasonic vibrations whose average intensity is nearly uniform are

applied to the whole region of the object. Cleaning efficiency of the object is

further improved, accordingly.

According to the cleaning apparatus 20 and the cleaning method of the

embodiment, the brushes 33a and 33b are cleaned as well during cleaning of

the object since the brushes 33a and 33b are placed in the cleaning liquid 30.

Operations accompanying the cleaning are thereby simplified. Since the

brushes 33a and 33b are always wet with the cleaning liquid 30, damage to

the object is prevented when the object is first brought to contact with the

brushes 33a and 33b. A mechanism of preventing the brushes from drying

is no more necessary that is required in a related-art apparatus for

preventing damage to the object.

In the related-art technique it is required to transfer the object to a

rinse apparatus and perform rinsing after scrub cleaning of the object by the



‘bearing 43. Arns 45a to 45d extend in the direction orthogonal to the
roller drive axes 44a to 44d. Ends of the arns 45a to 45d are coupled to
ends of the roller drive axes 44a to 44d placed in the cleaning bath 31.
‘Rol | er axes 46a to 46d are placed in parallel to the roller drive axes 44a
to 44d. Ends of the roller axes 46a to 46d are coupled to the other ends of
the arns 45a to 45d. The oscillation a8 rotation rollers 32a to 32d are
fixed to the other ends of the roller axes 46a to 46d. The arns 45a to 45d
are equal to one another in length and extengaln one direction 3ron1the

fol ler dr sarabpleaninganparans. Hreordnedpshe sleaning pgraraus tard dheng t he
| ower part of the periphery of the wafer 11 so as to retain the wafer 11
pl aced al dagningemethed ehthajembediraentain chatiasherltrgsgaic ihzatgenearends of
the roller drive axes 44a to 44d are rotatably supported by the axis
support phppkedifo the clenaningilifeids30 nathe ckeadimg batn8h byt thecilérhsonid he rol | er
drive axes 44a to 44d, respectively, between the base 40 and the axis
support piéhdraddr SGWithd it rdBatlifig thé drashes 3 Hal 133 dfedv&eabicheining

and ultrasonic cleaning of the object. As a result, ultrasonic rinsing is

immediately performed on the object without transferring the object. Scrub

cleaning and rinsing that follows are thus efficiently performed.

An example will now be described wherein the qualities of the objects

after cleaning are compared between scrub cleaning using the related-art

apparatus shown in FIG. 13 and FIG. 14 and cleaning by the apparatus 20 of

the embodiment of the invention. In the example, as shown in FIG. 6,

rectangular inspection regions of 140 £ m by 190 #m are each determined

in two portions of the wafer 11, that is, a central part 77 and a part 78 near

the perimeter, respectively. The inspection regions are each magnified by

200 times and observed, using a metallurgical microscope, and the number of

particles of 1 1 m or above are counted. The result is that the average

number of particles of 1 & m or above in the two inspection regions is 125

when scrub cleaning using the relatéd-art apparatus is performed. The

number of such particles is three when cleaning is performed by the

apparatus 20 of the embodiment of the invention. The quality of the object

after cleaning is thus dramatically improved by cleaning using the

apparatus 20 of the embodiment, compared to scrub cleaning using the

related-art apparatus.

An object to be cleaned by the cleaning apparatus 20 and the method of



‘base 40 and the axis support plate 41. Atimng pulley 49 is attached to
the axis 48. A waterproof notor 51 for wafer oscillation and rotation is
nount ed on the surface of the base 40 on the side of the cleaning bath 31.
‘A drive axis 5la of the notor 51 penetrates the base 40 and projects from
the axis support plate 41. Atimng pulley 52 is attached to the drive axis
5la. Atimng .belt 53 is wapped arl®und the timng pulleys 52, 47a to
47d and 49. Near the timng puI | eys 47a to 47d, tension pulleys 54a to 54d

attached to th ase 40 are I ded. Thetlmng b I 3 goes through the
tension pthq w@ guae%m%be R FubHaighine EeRAa OF 205 108t at i on

mechani sm of such a configuration, the timng pulley s 47a to 47d are
rot at ed i Aierpscepip@sgerities (apput 0.1 to 2 12 m) essential to the object on its

surface. Such an object may be an intermediate product on which
mechanical flattening is performed in a manufacturing process of a device
having a plurality of layers. The cleaning method and apparatus of the
embodiment may be applied to removing contaminants like shavings and
slurry used for polishing deposited on such an intermediate product.

As an example of such an intermediate product cleaned by the
apparatus 20 and the method of the embodiment, an intermediate product in
a manufacturing process of a thin-film magnetic head will now be described.

Referring to a cross section shown in FIG. 7, an example of the
configuration of a related-art thin-film magnetic head will now be described
for comparison with the intermediate product in a manufacturing process of
a thin-film maénetic head to which thé embodiment is applied. A thin-film
magnetic head 80 shown in FIG. 7 is a composite head wherein a
magnetoresistive (MR) head for reproduction only with an MR element and a
thin-film head for recording made of a combination of a magnetic thin film
and a flat coil are integrated. The thin-film magnetic head 80 comprises a
substrate proteét laj;'er 82, a bottom shield film 83, a bottom gap film 84, an
MR film 85 and a hard magnetic film 86, a terminal 87, a top gap film 88, a
top shield-cum-bottom pole 89, a light gap film 90, and a top pole 91, each
being stacked on a substrate (wafer) 81 in order. Although not shown in
FIG. 7, a coil is formed on the light gap film 90 with an insulating layer in

between.



through the timng pulley 52 and the timng belt 53 by rotating the notor
51. The roller drive axes 44a to 44d are thereby rotated in the sane
direction and the arns 45a to 45d are rotated in the sane direction around
the roller drive axes 44a to 44d. As a result, the rollers 32a to 32d nake
circular nmotion in the sane direction around the roller drive axes 44a to
44d. The wafer 11 retained by the rollggs 32a to 32d is thereby oscillated
and rotated. The rotation and openi ng and cl osi ng mechani sm of the brushes
33a and 33b wi |l now be described. A base 60 in the shape of a plate that
i's long from shhfesuRstzatedli mayhennede ehalumsinumgioxids aed sitanhemearkideal wal |
of the cleaning bath 31. On the base 60 an axis support plate 61 is nmounted
via a spaéél‘z%grl@- f Zbe subetrsde pro@ecilayer 82ithe hottpacgap Tilm 84 thedopcal
axis cases 63a and 63b are rotatably provided to penetrate the right side

of the exgeprin 88) andthe light gepfilng9Oaidy BA neadb 611085 THR Yobtdohe
hori zontal direction. Lower ends of hallow armshaped timng belt cases 64a

and 64b aghiet®filinc83 nthyEhél matle S ARSI SrAEFRS %R MKAAABY MaliKe ¢! eani ng
bath 31. The tining

made of NiFe that exhibits the magnetoresistive effect. The thin-film
magnetic head may comprise a giant magnetoresistive (GMR) film that
exhibits the GMR effect instead of the MR film 85. The hard magnetic film
86 may be made of CoPt. The terminal 87 may be made of Ta. The top
shield-cum-bottom pole 89 and the top pole 91 may be made of NiFe.

In the thin-film magnetic head 80 shown in FIG. 7, the surface of the
MR film 85 and the hard magnetic film 86 is flat. However, there is a step
(a difference in level) in the top gap film 88 since the terminal 87 is formed
on the surface of fhe hard magnetic film 86 other than the surface on which
the bottom gap film 84 is formed, and the top gap film 88 is formed to cover
the MR film 85 and the terminal 87. In the thin-film magnetic head 80, the
top shield-cum-bottom pole 89, the light gap film 90 and the top pole 91 are
formed in order on the surface of the top gap film 88 with the step other than
the surface on which the terminal 87 is formed. Accordingly, the light gap
film 90 is curved between the top shield-cum-bottom pole 89 and the top pole
91.

FIG. 8 schematically illustrates a recording region of one track when
recording is made on a hard disk by the thin-film magnetic head 80 shown in
FIG. 7. Anumeral 92 indicates the track. A numeral 93 indicates the

recording region of one bit. As shown, since the light gap film 90 is curved



‘belt cases 64a and 64b vertically extend in the cleaning bath 31. Timng
pul l eys 65 and 66 are each rotatably placed near the upper end and the

| ower end, respectively, in the timng belt cases 64a and 64b. The 12
‘axes of the brushes 33a and 33b each pass through the timng belt cases 64a
and 64b and are coupled to the respective timng pulleys 65 in the timng
belt cases 64a and 64b. Timng belts &1 are each wapped around the tining
pul l eys 65 and 66 in the timng belt cases 64a and 64b, respectively. Ends

of the brush driye axes 68a and 68b are each coupled o fhe respective
timng pubqtepengde; (AP RSl cuboboRR DelesEs and 4hi Rep B9 ,915,«&55@@9@3@@. The
brush drive axes 68a and 68b_go_through the axis cases 63a and_63b. The
ot her endeegion PRds suread e well. alEthemeordingorgion 83 is curved, the half

width of a reproducing signal from the recording region 93 is increased. It
is therefore impossible to increase the recording density.

A thin-film magnetic head 95 shown in FIG. 9 is provided in order to
solve such a problem. In the thin-film magnetic head 95, the surface of the
top shield-cum-bottom pole 89 opposite to the top gap film 88 is flattened.
Accordingly, the light gap film 90 and the top pole 91 are flattened as well.
The remainder of the configuration of the thin-film magnetic head 95 is
similar to that of the thin-film magnetic head 80 shown in FIG. 7.

FIG. 10 schematically illustrates a recording region. of one track when
recording is made on a hard disk by the thin-film magnetic head 95 shown in
FIG. 9. A numeral 96 indicates the track. A numeral 97 indicates the
recording region of one bit. As shown, since the light gap film 90 is flat
between the top shield-cum-bottom pole 89 and the top pole 91, the recording
region 97 is nearly a rectangle. If the recording region 97 is nearly a
rectangle, the half width of a reproducing signal from the recording region 97
is reduced. It is therefore possible to increase the recording density.

In the manufacturing process of the thin-film magnetic head 95 shown
in FIG. 9, it is required to flatten the surface of the top shield-cum-bottom
pole 89 opposite to the top gap film 88 after formation of the top shield-cum-
bottom pole 89. FIG. 11 shows an intermediate product 99 of the thin-film
magnetic head wherein the top shield-cum-bottom pole 89 is flattened. A

numeral 89a indicates the position of the surface of the top shield-cum-



Totatably supported by the axis support plate 61. Brush drive gears 69a and
69b are attached to the brush drive axes 68a and 68b, respectively, between
t he base 60 and the axis support plate 61. The brush drive gears 69a and
©69b nesh with each other. A brush drive gear 69c that nmeshes with the gear
69a and a brush drive gear 69d that neshes with the gear 69c are further
provi ded between the base 60 and the a2 s support plate 61. The brush drive
gears 69c and 69d are supported by the base 60 and the axis support plate
61. The four brush drive gears 69a to 69d are equal to one another in

di amet er RettonhpoleBhbefont flastemed. AArumeplctib insieates the poesigianefithet he
brushes is nmounted on the surface of the base 60 on the side of the

cl eani ng burfacg of the thp skiekdkcsmzbottof pdle 89oifoer fldttpnedt r at es t he base 60
and is coupled to the brush drive gear 69d. Levers 72a and 72b for opening
and cl osi ng t e drdes beflatten thaciopishisldcoum-boben poke 89 sdrenmidal and 63b

bet ween the base 60 and the axis support plate
mechanical flattening such as chemical mechanical polishing (CMP) is used.
An object to which the embodiment is applied may be the intermediate
product 99 wherein mechanical flattening is performed on the top shield-
cum-bottom pole 89, as shown in FIG. 11, in the manufacturing process of
the thin-film magnetic head 95 shown in FIG. 9. Contaminants such as
shavings resulting from mechanical flattening and slurry used for polishing
are deposited on the surface of the intermediate product 99 on which
mechanical flattening is performed, especially on the surface of the top
shield-cum-bottom pole 89. Such contaminants are removed by the
cleaning apparatus 20 and the cleaning method of the embodiment. A
plurality of intermediate products 99 are formed on the substrate (wafer) 81.
Cleaning of the intermediate products 99 is thus performed in a manner
similar to that of cleaning the wafer 11 of the embodiment. The object to
clean, that is, the substrate (wafer) 81 on which a plurality of intermediate
products 99 are formed has microscopic asperities essential to the object on
its surface to be cleaned.

If the cleaning apparatus 20 and the cleaning method of the
embodiment are applied to the intermediate product 99 on which mechanical
flattening is performed as shown in FIG. 11, contaminants such as shavings
resulting from such mechanical flattening and slurry used for polishing are

effectively removed. As a result, the thin-film magnetic head 95 of high



61. Part of the base of the levers 72a and 72b form gears and the gears
13 mesh with each other. The extremties of the levers 72a and 72b extend
upward. Two cylinders 73a and 73b for opening and closing the brushes are
mount ed on the base 60. Plungers of the cylinders 73a and 73b are each

coupled to near the extremties of the |levers 72a and 72b.
of rotating, opening and closing the b28shes 33a and 33b of

In the mechani sm
such a

configuration, the brush drive gears 69d, 69c, 69a and 69b are rotated by

rotating the notor 71. The hrush drive axes 68a and 68b are
in the di riM@lit3As nb%}b‘bféﬁlgeao 3

axes 68a and 68b are transferred to the brushes 33a and 33b

acHcwlanlys 1 theobiegtdoiclean t9 wivieh ph

t her eby rotated
&ish drive

apparatus 20 and the method of the embodiment are applied has microscopic

asperities on its surface, contaminants easily deposited in the asperities are

effectively removed.

The invention is not limited to the foregoing embodiment.

For

example, although the object to clean is placed along the vertical direction in

the cleaning bath 31 in the embodiment, the object may be placed in the

horizontal direction. In this case, the brushes 33a and 33b are placed to

hold the object in the vertical direction. The rollers 82a to 32d for retaining,

oscillating and rotating the object are arranged at regular intervals along

the periphery of the object placed along the horizontal direction and retain

the object at the underside. The rollers 32a to 32d each make circular

motion around the roller drive axes arranged in the vertical direction.

Although the intermediate product of the composite thin-film magnetic

head wherein the MR head and the thin-film head are integrated is

described as an example of the object to clean in the foregoing embodiment,

the invention may be applied to an intermediate product of a thin-film

magnetic head including no MR head. The order in which the layers of such

an intermediate product of the thin-film magnetic head are stacked is not

particularly defined. The invention may be applied to any other object such

as an intermediate product in a semiconductor manufacturing process.

According to the cleaning method and the cleaning apparatus of the

invention thus described, the object is cleaned by scrubbing with

the brushes

in the cleaning liquid contained in the container. As a result, redeposition



fhrough the timng pulley 66, the timng belt 68 and the timng pulley 65.
The brushes 33a and 33b are thereby rotated in the directions opposite to
each other. The levers 72a and 72b are turned by noving the plungers of the
cylinders 73a and 73b back and forth. The axis cases 63a and 63b coupled to
the levers 72a and 72b and the timng belt cases 64a and 64b are thereby
turned and the brushes 33a and 33b are2dpened and cl osed. The operation of
the cl eaning apparatus 20 of the enbodiment will now be described. The
foll ow ng description applies to a cleaning nmethod of the embodinent as
wel | . For dcentamgnants rgaroved fiom the ebjeat amd akrasjsyaresidisesoef thehe cl eani ng
liquid 30 is supplied into the cleaning bath 31 through the supply port 34.
The cl eanilhyshegandhg®bjest is suppreseedwat er or detergent. Leaving the brushes
33a and 33b open, the wafer 11 is inserted to the
According to the cleaning method and the cleaning apparatus of the
invention, ultrasonic vibrations are applied to the cleaning liquid contained
in the container. As a result, scrub cleaning and ultrasonic cleaning are
efficiently and effectively performed.
According to the cleaning method and the cleaning apparatus of the
invention, the position of the object is shifted in the cleaning liquid contained
in the container. As a result, ultrasonic vibrations whose average intensity
is nearly uniform are applied to the whole region of the object. Cleaning
efficiency of the object is further improved, accordingly.
According to the cleaning method and the cleaning apparatus of the
invention, an additional cleaning liquid is supplied to the container while
discharging the cleaning liquid from the container. As a result, cleaning
efficiency of the object is further improved.
According to the cleaning method and the cleaning apparatus of the
invention, the object is an intermediate product on which mechanical
flattening is performed in a manufacturing process of a device having a
plurality of layers. As a result, contaminants resulting from mechanical
flattening are effectively removed from the intermediate product and the
device of high quality is produced.
Obviously many modifications and variations of the present invention

are possible in the light of the above teachings. It is therefore to be

understood that within the scope of the appended claims the invention may



14 cleaning bath 31 and placed on the rollers 32a to 32d by the wafer
transfer robot 16 so that the wafer 11 is retained by the rollers 32a to
32d. The cylinders 73a and 73b are then operated and the brushes 33a and
33b are closed. The wafer 11 is held by the brushes 33a and 33b. Next, the
additional cleaning liquid 30 is supplied into the cleaning bath 31 through
the supply port 34. Wil e dischargi ng 2he excess cleaning liquid 30, the
brushes 33a and 33b are rotated by rotating the notor 71. The wafer 11 is
oscillated and rotated by rotating the notor 51. Furthernore, the

ul t r asoni bequastigedptlzgwise than as specibcallmdestribedsoni ¢ vi brations are
applied to the cleaning liquid 30 in the cleaning bath 31. Although it is
preferred to performboth oscillation and rotation of the wafer 11 and an
application of ultrasonic vibrations during cleaning in the



-enbodi nent, it is not always required to performboth. In_sone cases either
oscillation and rotation or an ultrasonic application nay 7pgs ¥ SogEEivJ

both nay be omtted. In such a manner the surface of thefwafer

‘'scrubbed by the brushes 33a and 33b and scrub cl eani ng i $peri gn thej
wafer 11. At the same tine, ultrasonic vibrations are appli-ed to the wafer
11 in the cleaning liquid 30 and ultr&goni c cl eani ng is erforrred on the

waf er 11. The anount of cleaning liquid 30 supplied is ‘ﬁ'{j& wweeﬁRbpldc&r

or nore per mnute. In the enbodi nent the anount is 2 |it for
exanpl e. Yhatdselaimeag 1si quid 30 supplied is preferably h m[]
tenperature of the liquid 30 is preferably 30 to 70 C. In the enb

t he tenper at uleAiciessing enethod ihchudémg tipé eteps of:

having a cleaning liquid contained in a container for containing the
cleaning liquid,;

retaining an object to clean in the cleaning liquid contained in the
container; and

cleaning the retained object by scrubbing with a brush in the cleaning

liquid contained in the container.

2. A cleaning method according to claim 1, further including the step of
applying ultrasonic vibrations to the cleaning liquid contained in the

container.

3. A cleaning method according to claim 1, further including the step of
shifting a position of the object in the cleaning liquid contained in the

container.

4. A cleaning method according to claim 1, further including the step of
supplying an additional cleaning liquid to the container while the cleaning

liquid is discharged from the container.

5. A cleaning method according to claim 1 wherein the object is an
intermediate product on which mechanical flattening is performed in a

manufacturing process of a device having a plurality of layers.

RN R A



‘15 The nunber of rotations of the brushes 33a and 33b is_preferably 306~
200 rpm In the enbodi ment the nunber of rotations is 50 FHISHEET RASBREN
The ultrasonic vibration generated by the ultrasoni c gerier at oREBGAGED
preferably 28 to 200 kHz. In the enbodi nent the ultrasonie—yi-btattomrTs=2Z
kHz, for exanple. Referring to FIG 4A to FIG 4D, the operation of the-
waf er oscillation and rotation nechanidmw Il now be des&risi egHi detaj | .

FIG 4A to FIG 4D illustrate the wafer 11 and the roIIer“I ﬁﬂ ﬂ’ ﬁ 8re

the positions of the roller drive axes 44a to 44d are shi
degrees. The roller drive axes 44a to 44d are all rotated I on
shown with a nuneral 75 in FIG 4A. Consequently, as shown in FIG 4A to
FIG 4D, the rblAdpanBEaRRArabys eeRIISHME circul ar notion around the roller
drive axes 44a to 44d. The wafer 11 retained by the rollers 32a to 32d is
t hereby verti catdntaired for containing a cleaning liquid;

a means for retaining an object to clean in the cleaning liquid contained

in the container; and
a brush for cleaning the object retained by the means for retaining by

scrubbing the object in the cleaning liquid contained in the container.

7. A cleaning apparatus according to claim 6, further comprising a
means for applying ultrasonic vibrations to the cleaning liquid contained in

the container.

8. A cleaning apparatus according to claim 6 wherein the means for
retaining includes a means for shifting a position of the object in the cleaning

liquid contained in the container.

9. A cleaning apparatus according to claim 6, further comprising a
means for supplying an additional cleaning liquid to the container while

discharging the cleaning liquid contained in the container.
10. A cleaning apparatus according to claim 6 wherein the object is an

intermediate product on which mechanical flattening is performed in a

manufacturing process of a device having a plurality of layers.

L



kori zontally oscillated. Since the rollers 32a to 32d are fixed to the arns
45a to 45d coupled to the roller drive axes 44a to 44d through the roller
axes 46a to 46d, the wafer 11 is rotated in the direction indicated with
the nuneral 76 in FIG 4A by neans of Cj'é’cu| ar notion the rollers 32a to
32d. The intensity of ultrasonic vibrations coul d be ngniHIBfSHEETIHAS BEEN
cleaning bath 31. By oscillating and rotating the wafer] 11 i REpIXEED eani ig
bath 31 as descri bed above, ultrasonic vibrations whos€ ' ;
i's nearly \ABSTRACEI@F arHE i BOSCWOSURE wafer 11. The range of oscillation of
the wafer 11 by the oscillation and rotation mechanismpreferably falls
within the range between 10 and 30 nm from 16 the center of oscillation

in the vert$ G YorHOR ANP ARRARATG S, respectively,

The invention achieves scrub cleaning and ultrasonic cleaning
efficiently and effectively. For cleaning a wafer by a cleaning apparatus, a
cleaning liquid is contained in a cleaning bath. Leaving two brushes open, .
the wafer is inserted to the cleaning bath, placed on oscillation and rotation
rollers and retained by the rollers. The brushes are closed and the wafer is
held by the brushes. Next, the two brushes are rotated while the wafer is
oscillated and rotated by the rollers and so on. Furthermore, ultrasonic
vibrations are applied to the cleaning liquid in the cleaning bath by an
ultrasonic generator. Scrub cleaning with the two brushes and ultrasonic

cleaning by ultrasonic vibrations are thereby performed on the wafer.

FIG. 1
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wherein the dianmeter of the wafer 11 is three inches, for exanple. In the
enbodi nent the range is 15 mm for exanple, fromthe center of oscillation
iin the vertical and horizontal directions, respectively. The nunber of
rotations of the wafer 11 by the oscillation and rotation nechani sm
preferably falls within the range between 20 and 100 rpm The nunber of
rotations is 40 rpm for exanple, iqﬁ;mﬁgenbodinent. According to the

cl eani ng apparatus 20 and the cl eani‘ng thod of the enbodi nent descri bed
so far, scrub cleaning is perforned on an object to clean (the wafer 11)

t hrough scrubbing the surface of the object by the brushes 33a and 33b in
the cleaning liquid 30 contained in the cleaning bath 31. As a result,
contam nants renoved fromthe object and abraﬁé8n resi dues of the brushes
33a and 33b are easily dispersed throughout t cleaning liquid 30 in the
cleaning bath 31. In addition, cleaning quuidslayers containing few
contam nants are likely to be forned bgtween the object and the brushes 33a
and 33b. Redeposition of contam nants Yenoved
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fromthe object and abrasion residues of the brushes on the object is

t hereby suppressed. Ceaning efficiency of the object is thus inproved.
According to the cleaning apparatus 20 and the cl eaning nethod of the
enbodi nent, the additional cleaning liquid 30 is supplied to the cl eaning
bath 31 through the supply port 34 while discharging the cleaning liquid 30
in the cleaning bath 31 through theggyﬁxgarger 35 during scrub cl eaning of
t he object by the brushes 33a and 331. aresult, the cleaning liquid 30
in the cleaning bath 31 is kept clean and cl eaning efficiency of the object

IS 17 further inproved. According to the cleaning apparatus 20 and the
cl eani ng net hod of the enbodi nent, ultrasonic cleaning is perforned on the
obj ect through applying 20
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ultrasonic vibrations to the object in the cleaning liquid 30 together with
the scrub cl eaning descri bed above. As a result, ultrasonic vibrations are
applied to the whol e object through the cleaning liquid 30 and scrub

cl eaning and ultrasonic cleaning are efficiently and effectively performned.
Cl eaning efficiency of the object is further inproved, accordingly.
According to the cleaning apparatuségonﬁfd the cl eaning nmet hod of the
enbodi ment, the object is oscillate é{ rotated in the cleaning bath 31.
As a result, ultrasonic vibrations whose average intensity is nearly
uniformare applied to the whole region of the object. C eaning efficiency
of the object is further inproved, accordingly. According to the cleaning
apparatus 20 and the cl eaning nethod of the enbodinment, the brushes 33a and
33b are cleaned as well during cleaning of the object since the brushes 33a
and 33b are placed in the cleaning |iquid 30. Operations acconpanying the
cleaning are thereby S|an|f c&lncemtgp brushes 33a and 33b are al ways
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the object is prevented when the object is first brought to contact with
the brushes 33a and 33b. A nechani sm of preventing the brushes fromdrying’
I's no nore necessary that is required in a related-art apparatus for
preventing damage to the object. In the related-art technique it is
required to transfer the object to a rinse apparatus and performrinsing
after scrub cleaning of the object Ry ige 18 scrub cl eani ng apparat us.
According to the cl eani ng apparat us 26 nd the cl eaning nmethod of the
enbodi nent, in contrast, ultrasonic vibrations are applied to the cleaning
liquid 30 in the cleaning bath 31 by the ultrasgnic generator 36 w thout
rotating the brushes 33a and 33b afjieT scr ning and ul trasonic

cl eaning of the object. As a resujf, ultrasomc rinsing is
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inmedi ately performed on the object without transferring the object. Scrub
cleaning and rinsing that follows are thus efficiently performed. An
exanple will now be described wherein the qualities of the objects after

cl eaning are conpared between scrub cleaning using the rel ated-art
apparatus shown in FIG 13 and FIG 14 and cl eaning by the apparatus 20 of
t he enbodi nent of the invention. Iqi%hf exanpl e, as shown in FIG 6,
rectangul ar inspection regions of I %rr] m by 190 [err] mare each
determned in two portions of the wafer 11, that is, a central part 77 and
a part 78 near the perineter, respectively. The inspection regions are each
magni fied by 200 tinmes and observed, using a netallurgical mcroscope, and
t he nunber of particles of 1 [err] mor above are counted. The result is
that the average nunber of partigles of 1 [err] mor above in the two

i nspection regions is 125 when s&fub cl eanin sing the rel ated-art
apparatus is performed. The nunbek of such paxticles is three when cl eaning

is performed by E@@,@f@ggg;gs_zo Qf P enbodhnent of the invention. The
quality of the object i
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after cleaning is thus dramatically inproved by cleaning using the
apparatus 20 of the enbodi nent, conpared to scrub cleaning using the

r.el at ed-art apparatus. An object to be cleaned by the cl eaning apparatus 20
and the nethod of 19 the enbodi nent may be a substrate in general or an
obj ect having m croscopic asperities (about 0.1 to 2 [err] m essential to
the object on its surface. Such an Q?Le may be an internedi ate product on
whi ch nechanical flattening is perfo in a manufacturing process of a
device having a plurality of layers. The cl eaning nmethod and apparat us of

t he enbodi nent may be applied to renoving contam nants |ike shavings and
slurry used for polishing deposited on such an intermnedi ate product.
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FIG.6



As an exanple of such an internedi ate product cleaned by the apparatus 20
and the nethod of the enbodi nent, an internediate product in a

manuf acturing process of a thin-filmmmagnetic head will now be descri bed.
Referring to a cross section shown in FIG 7, an exanple of the
configuration of a related-art thin-filmmagnetic head will now be

descri bed for conparison with the in}?ofﬁﬂi ate product in a manufacturing
process of a thin-filmmgnetic head ich the enbodinent is applied. A
thin-filmmgnetic head 80 showmn in FIG 7 is a conposite head wherein a
magnet oresi stive (MR) head for reproduction only with an MR el enent and a
thin-filmhead for recording nade of a conbinati ggQof a nmagnetic thin film
and a flat coil are integrated. The thin-film nggnetic head 80 conprises a
substrate protect layer 82, a bottomshield fi 83, a bottomgap film 84,
an MR film85 and a hard magnetic f£ilm 8 a termnal 87, a top gap film-
88, a top shield-cumbottompole 8§Q, a ig/,\g}391fi | m90, and a top pole
91, each being stacked on a substrlabhe (Wafef)~ 81 in order. Although not
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FIG 7, acoil is formed on the light gap film90 with an insulating |ayer

i n between. 20 The substrate 81 may be made of al um num oxi de and
titaniumcarbide (Al[err]Jerr]-TiC). The substrate protect |ayer 82, the
bottomgap film84, the top gap film88, and the light gap film90 may be
made of A1203. The bottom shield film 83 nmay be nmade of FeAl Si or Ni Fe. The
MR film85 may be nade of N Fe that g?hi?its t he magnetoresistive effect.
The thin-filmmagnetic head may conprise a gi ant magnetoresistive (GWR)
filmthat exhibits the GWR effect instead of the MR film 85. The hard
magnetic film 86 may be nade of CoPt. The term nal 87 may be nade of Ta.
The top shiel d-cumbottompole 89 and the top polgs91 may be nade of N Fe.
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kn the thin-filmmagnetic head 80 shown in FIG 7, the surface of the MR
film85 and the hard magnetic film86 is flat. However, there is a step (a
difference in level) in the top gap film 88 since the termnal 87 is forned
on the surface of the hard nmagnetic film 86 other than the surface on which
the bottomgap film84 is fornmed, and the top gap film88 is forned to
cover the MR film85 and the terningg/gf In the thin-fil mmagnetic head
80, the top shield-cumbottom pol e ! e light gap film90 and the top
pole 91 are fornmed in order on the surface of the top gap film88 with the
step other than the surface on which the termnal 87 is forned.

Accordingly, the light gap film90 is curved between the top

shi el d-cum bottom pole 89 and the top pole 91. FIG 8 schenmatically
illustrates a recording region of one track when recording is nade on a
hard di sk by the thin-filmmagnetic heg® 80 shown in FIG 7. A nuneral 92

i ndicates the track. A nuneral 93 indi tates the recording regi on of one
bit. As shown, since the light gap fi|%l90 is curved J.898
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21 between the top shield-cumbottom pole 89 and the top pole 91, the
recording region 93 is curved as well. If the recording region 93 is
curved, the half width of a reproducing signal fromthe recording region 93
i's increased. It is therefore inpossible to increase the recording density.
A thin-filmmgnetic head 95 shown in FIG 9 is provided in order to solve
such a problem In the thin-filn1nagge?yglhead 95, the surface of the top
shi el d-cum bottom pol e 89 opposite t he“top gap film88 is flattened.
Accordingly, the light gap film90 and the top pole 91 are flattened as

well. The remai nder of the configuration of the thin-filmmagnetic head 95
is simlar to that of the thin-fil nmmagnetic head 80 shown in FIG 7. FIG
10 schematically illustrates a recording region of one track when
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recording is made on a hard disk by the thin-filmmmagnetic head 95 shown in
FIG- 9. A nuneral 96 indicates the track. A nuneral 97 indicates the
recording region of one bit. As shown, since the light gap film90 is flat
bet ween the top shiel d-cumbottom pole 89 and the top pole 91, the
recording region 97 is nearly a rectangle. If the recording region 97 is
nearly a rectangle, the half width qg”?ﬂgfproducing signal fromthe
recording region 97 is reduced. It i ef ore possible to increase the
recording density. In the manufacturing process of the thin-filmnmagnetic
head 95 shown in FIG 9, it is required to flatten the surface of the top
shi el d-cum bottom pol e 89 opposite to the top gap film88 after formation
of the top shield-cum bottompole 89. FIG 11 shows an internediate
product 99 of the thin-filmnagnetic head Qderein the top shiel d-cum bottom
pole 89 is flattened. A nunei?% 89a indi gates the position of the surface
of the top shield-cum 'g
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Ppol e 89 before flattened. A.-numeral 89b indicates_the position of

-cum bottom pol e-89 after flaj I order
&e(ﬁgiq bott om pol e 89, chem caI and Ag gﬁonﬁ&l

as nhr\m nr\l maelkan: ~ Al naol i chi o~ ( AAD
1 ot Te-CrrarmTeat PO S+ g } S

Bixqh thermfbodmsmmubmﬁﬂumyon&mte‘nﬂthem‘mlslmt)ll ate product 99

pol e 89 as shovvn in FIG 11, in the nanufacturlng process of the th|n film
magheti c head 95 shown in FIG 9. Contam nants such as shavings resulting
from mechanical flattening and slurry used for polishing are deposited on
t hel surface of the internedi ate product 99 on which nechanical flattening
S mpkmpmeﬁ}ﬁ)é@i)mmgﬂswﬁ the surface of the top shield-cumbottom pol e

89.| Such contam nants are renoved by the cl eaning apparatus 20 and the
cl ejancontyineehpfdr cintaitieg @ehtroig hgwid (30X

a means (32a-32d) for retaining an object (such as a wafer 11) to clean in the cleaning liquid contained ip the container;

a brush (33a,33b) for cleaning the object (11) retained by the means for retaining by scrubbing the object in the cleaning
liquid contained in the container.

.-itere is also disclosed a means (36) for applying ultrasonic vibrations to the cleaning liquid contained in the container.

There is further disclosed a means (34) for supplying an additional cleaning liquid in the container while discharging the
cleaning liquid contained in the container.

REPLACEMENT SHEET |

22 NOV 1999

Form APO/SG/210 (continuation of first sheet(2)) (March 1996)




Q%L 348

plurality of interrmgdiate products 99 are forng (waf er)

81. O eaning of 14hepderiiABe@Gepiced products 99 i g REAIA T a yRer
simlar to that T?)l mgﬂm“mnlm waf er 11 of theﬂmgﬁw Er bject to
clean, that is, t wafer) 81 on whilch a plural ity o¢f

I nternmedi ate prod or ned ha2&i crosqopi c ﬁsgwﬁi éﬁtﬁfﬁs egsential to

the object on its surface to be cleaned. If thg dleaning apparatds 20 and
t he cl eani ng f jment are appliled to the internegiate
product 99 on%&oﬁlﬁe%%mqgt attening is pe in FIG 11,
contam nants such as shavings resulting, fromsuch nechanical flattening and
slurry used fdr pol §hﬁﬁ§1&%e@qde%}qh}a}f§€ﬂ&r§m.o% aresult, the
thin-filmnmagnetic head 95 of high 23

having a cleaning liquid contained in a container for

containing the cleaning liquid;

retaining an object to clean in the cleaning liquid
contained in the container;

cleaning the retained object by scrubbing with a brush in
the cleaning liquid contained in the container; and

shifting a position of the object during cleaning in the

cleaning liquid contained in the container.

2. A cleaning method according to claim 1, further including
the step of applying ultrasonic vibrations to the cleaning
liquid contained in the container.

3. A cleaning method according to claim 1, further including
the step of supplying an additional cleaning liquid to the
container while the cleaning liquid is discharged from the

container during cleaning of the object.

4. A cleaning method according to claim 1 wherein the object
is an intermediate product on which mechanical
flattening is performed in a manufacturing process of a
device having a plurality of layers.

S. A cleaning apparatus comprising:
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quality.i-s manuf ac ur ParRtella LLarIy, I f the object to grear-to—which the
appar atus 20 andhi ee {the enbodi nent are appl i eq MMﬁWﬁCQHEET
asperities on i ts m am nants easily deposited

are effectively r ventlon# not limted to t e_forggoi. gq
enbodi nent. For exanpl e, although the ect to clean is|pfaced 'ai"%r‘ljg h
vertical direction in the cleaning bath 31 I n the enbodi

may be placed in tl d’}ﬁd’e]lué&n eI O(%}tg%hgogcéa%\}{elg Iﬁ%ﬁ?s the brushes 33a

and 33b are placed t ect I'n t e gCtTomr—THhe
rollers 32a to 32d for retaini n 0SCi Ilag]fi dertaté;ng tlhe object are
arranged at regul a? PR ST ﬂ‘% RE B 8 HOr §'8P FhdNE1f Sﬁf“’lé aced

al ong the horizontal di rectlon and retain the object at the underside. The
rollers 32a to 32dliakid comkained kuthe cantaivgraandnd the rol ler drive axes
arranged in the vertical direction. Although the internediate product of

t he conposite thi naf brushdgneldanihgathenblojeet retdinetVoshehe means Her t hi n-fil m
head are integrated is

retaining by scrubbing the object in the cleaning liquid

L

contained in the container,

wherein the means for retaining an object to clean

includes a means for shifting a position of the object

during cleaning in the cleaning liquid contained in the

container.

6. A cleaning apparatus according to claim 6, further
comprising a means for applying ultrasonic vibrations to
the cleaning liquid contained in the container.

7. A cleaning apparatus according to claim 6, further
comprising a means for supplying an additional cleaning

e liquid to the container while discharging the cleaning

liquid contained in the container during the cleaning of

the object.

8. A cleaning apparatus according to claim 6 wherein the
object is an intermediate product on which mechanical
flattening is performed in a manufacturing process of a

device having a plurality of layers.
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descri bed as an exa—_—lﬂg—of the Obj ect to clean in the REP%WEWTWM,

the invention mayl
magnetic head i ncI
an internedi ate pr

particul arly defined. The I nvention ma e applied tg any otner obje
as an internediate product in a sem conductor manufacturing process.

< I ntermedi ate product} of a thin-filim
ad The order in which it he 8 gasr 8i00f
h|n f|| magnetic hegd fare stacked i 4

such
not

t fsuch

According §o0 ghe cI e dag%

i nventi o% 1 hu? descr@%hg%gﬁﬁé@% ec c%r??n gg%%{ %qgg%%%l ng WJ%EFt he
brushes in{the cleanin ontaln d.i.p.the contain a result,
redeposi ti ¢n 24%9%%%%\“%& £SteR Pt?f}%ﬁﬂt%?é“%*aéébe%e%fbr asi on

resi dues off the br
10.

11.

12.

ushes on the object is suppressed.

A cleaning method according to claim 1 wherein the object

is oscillated and rotated in the step of shifting a position
of the object.

A cleaning method according to claim 6 wherein the
means for shifting a position of the object oscillates the
object.

An cleaning method according to claim 6 wherein the
means for shifting a position of the object oscillates and
rotates the object.

A cleaning method including the steps of:

having a cleaning liquid contained in a container for
containing the cleaning liquid;

retaining an object to clean in the cleaning liquid
contained in the container;

cleaning the retained object by scrubbing with a brush in
the cleaning liquid contained in the container; and
supplying an additional cleaning liquid to the container
while the cleaning liquid is discharged from the container

during cleaning of the object.
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supplied to the container mhlle di scharging the cleaning liquid
bont ai ner cleasingrisgutitcondhinzad iy thhé icooitaimey. of the object is

| frproved. According to the cleaning nmethod and the cleaning

of 1Be i Aveldrtihg bhiethold eetotdingn tb n¢laimedisatehdreddugie on Whi ch
object is an intermediate product on which mechanical
flattening is performed in a manufacturing process of a
device having a plurality of layers.
16. A cleaning apparatus comprising:
a container for containing a cleaning liquid;
a means for retaining an object to clean in the cleaning
liquid contained in the container;
a brush for cleaning the object retained by the means for
retaining by scrubbing the object in the cleaning liquid
contained in the container; and
a means for supplying an additional cleaning liquid to the
container while discharging the cleaning liquid contained
in the container during cleaning of the object.
17. A cleaning apparatus according to claim 18, further
comprising a means for applying ultrasonic vibrations.to
the cleaning liquid contained in the container.

18. A cleaning apparatus according to claim 18 wherein the

object is an intermediate product on which mechanical
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26 WHAT IS CLAIMED I S: 1 A cl eam ng net hod i ncluding the steps of;

havi ng a cl eani nghi$ § ®€d in a conta
cl eaning |iquid; r ject to clean
contained in the retainin rreans for

Qhi fing reatid
bj ect by scruljbijng with a

the retaining nmeans |nclud|ng a positio

position of the object; cleaning the retained

REPLA

AT N b

retai ni ng tfhe obj ect,

2880 dhilfting a

having a cleaning liquid contained in a container for
containing the cleaning liquid;

retaining an object to clean in the cleaning liquid
contained in the container;

cleaning the retained object by scrubbing with a brush in
the cleaning liquid contained in the container; and
shifting a position of the object during cleaning in the
cleaning liquid contained in the container.

A cleaning method according to claim 1, further including
the step of applying ultrasonic vibrations to the cleaning
liquid contained in the container.

A cleaning method according to claim 1 or claim 2, further
including the step of supplying an additional cleaning
liquid to the container while the cleaning liquid is
discharged from the container during cleaning of the
object.

A cleaning method according to any one of claims 1 to 3,

brush in the Ckﬁﬁ@ gined in the container;, and shifting a
position of the 0Dh) ec? ‘%ﬂﬂ @ﬁ%gg tion shiftilng. means during clieaning in
the cleaning liquid co talned int cont ai ner .

g lq ﬂeanmg metho ?ncludring the steps of:

wherein the object is an intermediate product on which
mechanical flattening is performed in a manufacturing

process of a device having a plurality of layers.
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REPLAGEMENT SHEFET
[ ep of

her
o the cl eaning I|qU| ont ai dnbn t DE
“ d according to claim|jljor &Igﬁﬁ@&fﬂther
gL to the

A cl eani ng rmdsrsbebtﬁtscﬁwnﬁeniceﬂo claim1l1, furt

5
appl yi ng ul t rasoni
cont ai ner. 3.

i ncl udi ng the step of supplying an addlé| nal cl eani
S

container while the cleaning liquid is charged fr¢m the container dpring
cl eaning of the object. 27 4. A cl eani ng net hod - ' bne
of claims 1 toz3 e int P‘Eﬁ] Eoduet whi ch
mechani cal a?%en%gélgéﬂbeé]%@&nﬂggc&&& %l}p &5 e gg&%&lﬁg 1104,

wherein the object is oscillated in the step of shifting a
position of the object.

6. A cleaning method according to any one of claims 1 to 4,

wherein the object is oscillated and rotated in the step of
shifting a position of the object.

7. A cleaning apparatus comprising:
a container for containing a cleaning liquid;
a means for retaining an object to clean in the cleaning
liquid contained in the container; and
a brush for cleaning the object retained by the means for
retaining by scrubbing the object in the cleaning liquid
contained in the container,
wherein the means for retaining an object to clean
includes a means for shifting a position of the object
during cleaning in the cleaning liquid contained in the
container.

8. A cleaning apparatus according to claim_7, further
comprising a means for applying ultrasonic vibrations to
the cleaning liquid contained in the container.

9. A cleaning apparatus according to claim 7 or claim 8,

further comprising a means for supplying an additional

O
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process of a devicé having a plurality of |ayers. 5.
accordi ng to anyrRRGecPfiasPed KiPlackdt 0 4, wherein the objje

the position shif the step of shifting a
obj ect. 6. A C|H ﬁHm accor di to any one of
wherein the objec d and r ted by the PG

in the step of shifting a p05|t|on of the obj ect .

BERLA@EME#H M&Nt us

conprising: a cont id&li t Eﬁﬂ#
retaining an object to C ﬁ?(?t t eam ng Ti qui c#co

contai ner; and a brush for

| t h t
retai ning by scrubGr? ﬁeh&b}?@%g eg (ﬁle@?ﬁ L‘goﬁagﬁ?'a BHPE;

cont ai ner, ) .
cleaning of the object.

s—oscritated | by

pq5| ti,onuafs

ql ai msg&& ﬁfﬂg
sitdibon_shiftinaglmkans
. A cl eani ng appar At Us
SEhafEIEr T o
d t.he ggans f or

8 in the

10. A cleaning apparatus according to any one of claims 7 tg

9, wherein the object is an intermediate product on which

mechanical flattening is performed in a manufacturing

process of a device having a plurality of layers.

=

A cleaning apparatus according to any one of claims 7 to

10 wherein the means for shifting a position of the object

oscillates the object.

12. An cleaning apparatus according to any one of claims 7 to

10 wherein the means for shifting a position of the object

oscillates and rotates the object.
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wherein the" rreans for retaining an object to clean incl udes a rrean%gf'gsp#g /i
shifting a position of the object during cleani'p —youn
contained in the container. 28 8. A cl eani
claim 7, further conprising a nmeans for_applyi
the cleaning liquid contained in the con®®i ner .
according to claim7 or claim@8, further conpri

T eani ng 11 qui ?’??R#Z$ ShAERIS: 0T ST o

A cleaning method including the steps of:

having a cleaning liquid contained in a container for
containing the cleaning liquid;
retaining an object to clean in the cleaning liquid

contained in the container by a retaining means for

retaining the object, the retaining means including a

) position shifting means for shifting a position of the
cleaning the retained object by scrubbing with a brush in
the cleaning liquid contained in the container; and

shifting a position of the object by the position shifting

means during cleaning in the cleaning liquid contained in
the container.

2. A cleaning method according to claim 1, further including

j | the step of applying ultrasonic vibraﬁ(;ns to the cleaning
liquid contain¢d in the container.

3. A cleaning method éccording to claim 1 or claim 2, further
including the step of supplying an additional cleaning
liquid to the container while the cleaning liquid is
discharged from the container during cleaning of the

object.
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cl eani ng of* the object. 10. A cleaning apparatus accﬁ&E
claims 7 to 9, wherein the object is an internediate p
mechani cal flattening is performed in a manufacturing |
having a plurality of layers. 11. A cleaning appar at us
one of clains 7 to 10, wherein the nmeansZ¥or shlftlng/:f
obj ect oscillates the object. An cl eani ng appar at i

one of clains 7, to 0 vvherelnt neans ,for ,shiftin oSi ti t he
- 11 aft aaﬁs}b%wd Reonehd o glains' oY,

obj ect oscillates a

wherein the object is an intermediate product on which
mechanical flattening is performed in a manufacturing
process of a device having a plurality of layers.

5. A cleaning apparatus according to any one of claims 1 to

4, wherein the object is oscillated by the position shifting

means in the step of shifting a position of the object.
N 6. A cleaning method according to any one of claims 1 to 4,

wherein the object is oscillated and rotated by the position

shifting means in the step of shifting a position of the

object.

7. A cleaning apparatus comprising:
a container for containing a cleaning liquid;
a means for retainirig an object to clean in the cleaning
liquid contained in the container; and

) a brush for cleaning the object retained by the means for

| retaining by scrubbing the object in the cleaning liquid
contained in the container,
wherein the means for retaining an object to clean
includes a means for shifting a position of the object
during cleaning in the cleaning liquid contained in the

container.
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11.

12.
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A cleaning apparatus according to claim 7, further
comprising a means for applying ultrasonic vibrations to
the cleaning liquid contained in the container.

A cleaning apparatus according to claim 7 or claim 8§,
further comprising a means for supplying an additional
cleaning liquid to the container while discharging the
cleaning liquid contained in the container during the
cleaning of the object.

A cleaning apparatus according to any one of claims 7 to
9, wherein the object is an intermediate product on which
mechanical flattening is performed in a manufacturing
process of a device having a plurality of layers.

A cleaning apparatus according to any one of claims 7 to
10, wherein the means for shifting a position of the object
oscillates the object.

An cleaning apparatus according to any one of claims 7 to
10, wherein the means for shifting a position of the object

oscillates and rotates the object.
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