‘1 DESCRI PTION1111111111111111111111111111111 *159 59* FLOW THROUGH WASHI NG
METHOD AND FLOW THROUGH WASHI NG APPARATUS 5 TECHNI CAL FI ELD [ 0001]

The present invention relates to a flowthrough washing nethod and a

fl owthrough washi ng apparatus that are preferably used when, for exanple.

substrates 10 for magnetic recording media or magnetic recﬂﬂﬂWﬂHMMﬂmw@
conponents used in an apparatus fOESEEHETHNuUri ng a nmagnet i
medium a shield plate of a sputtering apparatus, and the |ike+an@*washed.

Priority is clainmed on Japanese Patent Application No. 2009-119003, filed
May 15, 2009, the content of which is incorporated herein by reference. 15

BACKGROUND ARHW.ARA2DUGH WASHING SAE SOPEAND! RID MUTHRENSE HAVASHENG
di sk-shaped gl ass substrate, or the |like. which has a center hole, has been

used as a substrate for a magnetic ﬁﬁﬁﬁf i medi um 20used in, for exanple,
a hard disk drive. Since this subsﬁra e for a magnetic recording nediumis
produged t hrough various surface treatnment processes such as a polishing
process perforned on the surface thereof, a process for renoving dust and
the |li ke adhering to the surface of the substrate is perforned after the
surface treatnent processes and HHeIN{GAL Fligbb3a]
1111111212121211212122112121121121211211211211

[0001]

The present invention relates to a flow-through washing method and a
flow-through washing apparatus that are preferably used when, for example, substrates
10 for magnetic recor&ing media or magnetic recording media cbmponents used in an
apparatus for manufacturing a magnetic recording medium, a shield plate of a sputtering
apparatus, and the like are washed.
Priority is claimed on Japanese Patent Application No. 2009-119003, filed May

15, 2009, the content of which is incorporated herein by reference.

BACKGROUND ART

[0002]

A disk-shaped aluminum substrate, a disk-shap_ed glass substrate, or the like.
which has a center hole, has been used as a substrate for a magnetic recording medium

20  used in, for example, a hard disk drive. Since this substrate for a magnetic recording

medium 1s produced through various surface treatment processes such as a polishing
process performed on the surface thereof, a process for removing dust and the like
adhering to the surface of the substrate is performed after the surface treatment processes
and the like.

[0003]
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* G00002* Furthernore, as a high recording density of a nmagnetic
recording, nediumis required, high flatness of the magnetic recording
medi um i s denanded. Meanwhil e, an advalced washi ng techni que has been
required for renoving not only dust and the |ike adhering to the surface of
a substrate for a magnetic recording nedium_ but also dust and 5 the |ike
adhering to conpothennereugeahigh regordippdensitypifaonagnghareserding mgdismniggnet i ¢
recording medium a shield plate of a sputtering apparatus, and the |ike.
Fur t her mpédguirelnhigke €lethessyefaths mapheicaetaimgheaiivnds ésnadied e Beasvhivashi ng
process perforned on the surface of a substrate is provided in a process

for formpgafed baBRifR (RhHAS hidlen tQuiRd TRIRRIN M o RE BRIY 8t AMRAGhe! ke 10[ 0004]
As a washing apparatus for a substrate for a nmagnetic recordi ng medi um or

the like, ithers S 0 o) At : lie, a
magneti c a&bes n°§t 83@% sruafage 8?5? ﬁbesaggk@n%gﬁgg &\A%rrlé%?rg@gﬁn%%ﬁb}ﬁ% ng El;ﬁ acé1
treatnent such as .polishing on the surface of.the rkpi ece, uses a

pl ur aPi t ﬁh%]flk‘?/\ﬁ@‘ﬁf‘ﬂ% tG CHTRRONCRTS #SGhL IO RBLPPRARIPRARLACYBRE? AFEACYS quid in
each of the washing tanks whilst sequentially conveying the workpiece to a
pl ur al i t yeesrding SHidHEntafred PlateotoiEyoRe ARPa&te Rnd é“"rl v EUFBSTEIO6h |
materials and the |ike adhering to the surface of the workpiece (for

exanpl e, iseecRayeary tdochaveriteed yase§ B00%]a Weweasbing riroceshperivasieil vg thppar at us

di sclosed in Patent Docunent 1, a plurality 20 of rotating brushes,

shower s, saffdcd éfer dJubkeataiseprplidd dedp@tedsfer vamtignofiinaok s sutaadtesfor b cl eani ng
is perfornmed using a rotating brush whilst washing liquid is supplied to

., each subg@&g&ﬁcg§bﬂﬁﬁgﬁ@§%&ptating brush cones into contact with the

surface a substrat®e, ere is a concern that scratches are forned on the
surf ge of the Edﬁﬁgirate. [0006]. 3 For this reason, as a washing
met h t hat doe use a rotating brush, there has been proposed, for
exanpl e, a nmethod of washing a %ubst%ate ? i mer sing a.holder, which holds
the substrate, P2 RSNRESRPHGIMS 1A YOSHALG RERsUE SreTding F‘fﬁluérhﬁrp‘ihﬁi ng
washing liquid fromthe bottom of a washing tank and maeki ng the washi ng

| i quid like, there has been proposed an apparatus that uses, for example, a magnetic disk

substrate or the like as a workpiece, performs surface treatment such as polishing on the
surface of the Wérkpiece, uses a plurality of washing tanks, and washes the workpiece
15 usinga liquid in each of the washing tanks whilst sequentially conveying the workpiece
to a plurality of washing tanks by a conveyor in order to remove foreign materials and
the like adhering to the surface of the workpiece (for example, see Patent Document 1).
[0005]
However, in the washing apparatus disclosed in Patent Document 1, a plurality
20  of’rotating brushes, showers, and the like are provided at the washing tanks. and scrub
cleaning is performed using a rotating brush whilst washing liquid is supplied to each
substrate.  Since the rotating brush comes into contact with the surface of a substrate,
there is a concern that scratches are formed on the surface of the substrate.

[0006]



‘5overflow fromthe upper portion of the washing tank. [0007]

However, in the washing nethod that nakes washing liquid flow upward from
the | ower portion of the washing tank, 3contam nants includi ng dust and the
| i ke, which are renoved fromthe surface of a substrate, are not discharged
fromthe upper portion of 10 the washing tank together with the washing
liquid and a paFor thfs tehrencon wadhneghsthoé et dogsmat hee svesdtinypruginkheréor t hi s
reason, stagnation of the washing liquid occurs in the washing tank. In

thi s caseasbb@rpropeseofod @karhflel d ine@dd fof aasling a WalssHattbt idfikersin@ntiadidenant s
remaining in the washing liquid stick to the surface of the substrate

agai n. [ngx}a %1&1% ktkfe. ih lﬂ?er\?asﬂg‘% I:EH%‘?J‘inDa{ QRI3EFa létxlhﬂ‘é\f'v\%]upgﬂﬂ%h washi ng

apparatus t washes a substrate mrer si ng a hol der, h hol ds the

substrate, in the.washi liquid in the washi.ng.tank, whilst. making the
wnshi ng. 1t e RERBERe b b ni R AR PO B ELeTR T

| am nar flow state (for exanple, see Patent Docunment 2 and the |ike).

20[ 00§9] overtlow froppthe wpRenpeERITRf thevagHNE FRK- nakes the washing liquid flows
inthe lateral direction in a lamnar flow state, it is possible to quickly
di scharge the wH¥Wi’hg |iquid containing contam nants to the outside of the
i mrersion tank. Accordingly, it is possible to prevent contam nants from
adhering to theHswlhacm the wableng ulediadath st mgiaks washidg [iQGiHd] o Rawvendtfrddocunment
1] JP- A-2001-96245 [ Patent Docunment 2] JP-A-9-206708 5D SCLOSURE OF _

| NVENTI ONpE @RdekIportion of the WaaiiNliahR, cohtintiRghtabRuRtinEdist segle fikewkibs ough

washi ng apparatus disclosed in Patent Docunent 2, a porous rectification

plate is i i f ! We e
Cepar at ot PR A fidh e e BRARREE, BE RUETLoHERR M) AR PPt B0, oy
washing liquid,. from adherin o the object to be hed again. \Wen the
Frow 07 (e Nasling FER pésne DL bES HpB <t and et L AR Ar e e e 11 ow
of the washing liquid is regulated so as to becone a_unjformflaow (|am nar
flow) w tiRdhe WashirgiapkncBonrtBistrpason) sagnation pthgasasing ligpgcqursipey]
15However, in this flowthrough washi ng apparatus, the washing liquid

f1 owi ng iwashire tamls hi Inghts@aie, bemthezhol dariinkafted frow thvhenshamg wbkect to be
washed is not inmersed in the washing tank. Meanwhile, when an object to be
washed i sconfaEihs@e rénflaihing inveRh 838ing liquid stick to the surface of the substrate again.

[0008]

15 Meanwhile, there has been proposed a flow-through washing apparatus that
washes a substrate by immersing a holder, which holds the substrate, in the washing
liquid in the washing tank, whilst making the washing liquid in the washing tank flow in
the lateral direction in a laminar flow state (for example, see Patent Document 2 and the
like).

20 [0009]

In this washing method that makes the washing liquid flows in the lateral
direction in a laminar flow state, it is possible to quickly discharge the washing liquid
containing contaminants to the outside of the immersion tank. Accordingly, it 1s

possible to prevent contaminants from adhering to the surface of the substrate again.

I
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‘tank, the washing liquid flowing in the washing tank is disturbed by the

object to be washed and forns a turbulent flow WAshing performance for the
obj ect to be washed 20deteriorated due4to the turbulent flow [0013]
Furthernore, there is a case where ultrasonic vibration is applied to the
i nside of the washing tank in order to inprove the washing performance of

the fl ow
washi ng t

t hr ougf0Od@shi ng apparatus. However, the lamnar flowin the

ank may be disturbed by 25this ultrasonic vibration. 5 [0014]

Furt hernore, thepdid@Wochmhendn Weshizngiappas at us di scl osed in Patent
Docunent 2 has a structure that stores used washing liquid in a reservoir

t ank and
case of t
at nospher
washi ng |
t hat wash
has béen

circul a‘?éqt‘i%%fﬂ%@s{z\l;rﬂ@-ﬂg?ﬁWO‘g’aShi ng |iquid. However, in the

lquid easily comes into contact with

his structure, t shing 5

e. For this reason, there is a case where bubbles are m xed to the

iquid and adsorbed to the surface of the object to be washed,

SO

i ng perfornmance deteriorates.{hpog%% Accaordi ngly, the invention

proposed in consi dé?RELS RE el

BéY & nent i oned ci rcunst ances,

and an object of the invention is to provide a flowthrough washi ng net hod
and a flowthrolHlhashi ng apparatus that efficiently renove dust and the
| i ke adhering to the surface of an object to be washed and prevent the dust
and the |ike fromaadhe,iintheabotbeentivhacowfthiohgh ehjlent aprardres disdbeed agai n
hi ng. 15[ 0016] The inventor has investigated ways to sol ve

after was

- the abovenmefdn: 9386mBEaD b §Boud Réthificationhia ié

flOwvint

‘t he washi
in 20t he

viRa h Bglokd shdbdgeits made to

he |ateral direction in a lamnar flow state in a washing tank and

bj ects t Wil st e 8 W tan
e o e P YRR hALLC W MR ARC Bl & roth WhIBRAL & BEWPIFEA AL fide 8P ©

ng

to

e objects to be washed are | mrersed

i br ot ortaTR i & bR Grom (B PR QObD] e FHRLAu | WiEke

washi ng tank and contam nants, such as dust or foreign material

separ at ed

I ANt ) S,
from t he atiosceitheashes bayie passey thseughabneestifissanPlats ot flow Arthy at the
upper flows in the washing tank, due to the turbulent flows. The remaining

cont am nawhshisd liqkd isorepiietesd wo batebasbmichamolofre dlos flaniver flawhwathewfai n, so

t hat 25washi ng perfornmance for the objects to be washed deteriorates.

20

19
wh

disturbance to the flow of the washing liquid.

[0012]

However, in this flow-through washing apparatus, the washing liquid flowing in
the washing tank forms a 1aminar flow when an object to be washed is not immersed in
the washing tank. Meanwhile, when an object to be washed 1s immei‘sed in the washing
tank, the washing liquid flowing in the washing tank is disturbed by the object to be
washed and forms a turbulent flow. Washing performance for the object to be washed
deteriorated due to the turbulent flow.

[0013]

Furthermore, there is a case where ultrasonic vibration is applied to the inside
of the washing tank in order to improve the washing performance of the flow-through
washing apparatus. However, the laminar flow in the washing tank may be disturbed by

this ultrasonic vibration.



"6 [0017] ' It was considered preferable that the washing liquid in
the washing tank be nade to stably flowin a lamnar flow state by
regulating the flow rate of the washing liquid flow ng through any feed
ports and/or discharge ports of a plurality of feed ports 5through which
the washing liquid is supplied to the washing tank and a plurality of

di scharge port s[00h4pugh which the washing liquid is discharged fromthe
washi ng tank; the contact between the washing |iquid and the atnosphere be

suppressed and phenhdiindtd)thedfow dbl@swhehid Neppaashy digclbded th Hateht Dogipicassed by
enpl oyi ng this washi ng net hod, turbul ent Tlows are generated by the

di spl acenepl, OsftmEttEl?e thf Jt?l%?u?éd \&?sﬁg{gthacﬁ\gﬁ gf ézllélsﬂ'g&%f 6&} Y; &Q&r@?a@?%& cation of

ul trasoni'c vibration to e was ut t ulent flows can be
changed to upiformflows (lam ngr flows),wthout .disturbance; .and a space
be for nedlsﬁ%?\ﬁé@ﬁéa‘ﬁ%s 1 ‘?“‘g?urggg'gv%f mﬁh%%‘kﬁé’ﬁ&"ﬁ%ﬂf% e’gtﬁ%lwiaﬁ%n%bj ect to
be washed in the washing tank in the past to stabilize a |amnar flow.
Howevér, liaved pasiie Ge®Es Wik Cqnseni avithammospheres  diogtlus B3 theas 1SA1528eVEeH o be
washed be cl osely disposed in the washing tank since 15turbulent flows are
easi |y gdnbbbs et wixed tothe whshingrlamokandadsorbed eésthstsariee dthd dedtigbaashi ng

| iquid that depends on the presence or absence of the objects to be washed
in the washiheg sbalds washide asoardiet @tedotais. i nventi on. [0018] That is, the
i nvention provides the foll ow ng device. 20(1) A flowthrough washing

met hod i ncl udi ngyegeps of makes washing liquid flowin the |ateral
direction in a washing tank, and washes objects to be washed whil st

appl ying ultras R@%ogrgi‘ﬂopvr ﬁ;[ei igoenttl at}ﬁgﬁb%?}é\g%ﬁ& iirﬁ&'c}n@ide&éi_%n%%ﬁ{ee where the

objects to be was &ré rmerse rng T'irqui e washing liquid
in the washing tank flows in a | am nar. fl state. by regulating the flow
rate 'O t VﬁggﬁpwgﬁﬁPﬁﬂFﬁupFﬁMP m?@@ﬁ?éﬁg#”&ﬁ?“F@éﬂ“’ Pvﬁﬁﬁd/or di schar ge
ports of a plurality of feed ports through which 7 the washing liquid is
suppl i ed flovithiouginwhshine matiedznd afloy-threngh yashingapparstusdbat gdigientthhr ough
whi ch the washing liquid is discharged fromthe washing tank. (2)
I'n the flewovhdosutghd Weslikierngthoethodhefurfdr of ah bbstanibe washedadridgmevemt appl i ed
fromthe bottomof the washing tank. 5(3) In the flowthrough washing
met hod of the BhstQhd (17 likeHRRA a8HQ T BtIRSsurdé 6hthe object to be washed again after
washing.
15 [0016]
The inventor has investigated ways to solve the above-mentioned problem.
That is, when the washing liquid is made to flow in the lateral direction in a laminar flow
state in a washing tank and objects to be washed are washed whilst ultrasonic vibration is
applied to the washing liquid in a state where the objects to be washed are immersed in
20  the washing liquid, turbulent flows are generated by the ultrasonic vibration applied to
the washing liquid or the objects immersed in the washing tank and contaminants, such
as dust or foreign materials, separated from the surfaces of the object to be washed
remain, particularly at the upper flows in the washing tank, due to the turbulent flows.

The remaining contaminants stick to the surface of the objects to be washed again, so that

washing performance for the objects to be washed deteriorates.

[N
h



‘are ‘held on a holder as the objects to be washed, are washed, the holder is
di sposed in-the imersion tank so that main surfaces of the substrates are
parallel to the flow direction of the Wwashing |iquid. ' (4) I'n the
fl owt hrough washing nethod of (3), a plurality of substrates, which 10are
held in line on the holder so as to be parallel to each other, are washed,
and the interval003&t ween the plurality of substrates held on the holder is
reduced to a range where resistance of the washing liquid fl ow ng between

t he substrates iiSvdsnonsiaged preferable that the Washiddliduie irf thewashihg tgik beashi ng

met hod of (3) or (4), the shortest distance between the substrate and an

| nner  surf a660Qfabi1§oWas 1 MinhOisw isé%?}r rlekglaﬁﬂgt}feiﬂmv Pl bERE whaltthg @

di aneter of the substrate. n the flowthrough washi ng met hod
of any ong 0 1) t 5), substrates for. netic recordin i r
magnet i c nlr‘%lé%ﬂé‘l’viﬂf tﬁﬁoé‘igé aay geeaéﬂs ﬁéﬁnda/gr glﬁ%%g% S rfsa?tfgé’ ?urgf“y%fqge% p?’fﬁg I n-t he
fl owt hrough washi ng nmet hod of any one of (1 o (6), the washi liquidis
cycl i Cal | Prqughgench t%@("‘ﬂ?f{‘]‘}&g#‘iq&lﬂﬂﬁ AYRAGH t%&?ﬁ%%@lﬂééﬁﬁ& Y PRI es a

washi ng tank where objects to be washed are washed, a plurality of feed
ports t hrdisgiarastriosts thvasgh whichithmivashing B s dachapzed Hoomehshy s inzdank: a
plurality of discharge ports through which the washing liquid is discharged
from t he thasbimtag bebmden thndashityy Aduid anddretabdsphgredesuppressed aag phemmngng
ultrasonic vibration to the washing liquid in the washing tank. The

f 1 ow t hr obcdibBRYES thie RehsRAR AgRldUis sﬁ%df@s@,ea B eM@EIAHRGh]si wishthgfh@tod;n t he
| ateral direction in the washing tank, and washes objects to be washed

wni 1St apRlithdd AR Ollcfurdd B REIGRBIAmEAG MASIIRG. b filefl paRicBlthabye wher e

t he objec 0 be wa are imers e washing [iquid.

fl owt hrough shin aratus includes flow rate regul.ati device for
- regulati né‘glaﬂg?cfa%@vgfgﬁrgs%?c VREURELR ﬂﬁgw?ski&if(ﬁ %1%? F‘&kﬁ%@“‘ﬁ‘ﬂ?‘%%@%‘ 53y %F eed
ports and/or the 5discharge ports, . &%& In the flowthrough washing
appar at uschepegdip unilgan Hopsdlamypardians Atitheyt disWirkaacs: endpspyrsds I8 the bot t om
of the washi ng tank. (10) The flowthrough washi ng apparatus of (8)
or (9) f ubdtiveen thadined esrfaceddhereashingttanh amlithgobict ledbeweashedhi the aisking
10[ 0019] As descri bed above, according to the invention, it is

possi bl e {a@k B Hipd& ta sfabititre b harpiaghlovas hHowev@! the dnvanthr dad fomwd thut extigh
washi ng apparatus wi th hi gh washing performance that efficiently renove

cont am naﬁte%r%’tﬁé’ e 85 4Y %S bOvalHl Bt glbsgﬁtcﬁé’dol@é@in RIS NGtahR skidg surface of

(&
an object to be washed and prevent thesé pollutant froml1l5adhering to the

surf ate Olc'urtglﬂgntqpoiwescz}re Ea%jll}?%e}{\@%rég gug‘g)ai H'lf@;én%g i t1]és[1"'§ance of flowing

washing liquid that depends on the presence or absence of the objects:to be washed in the
washing tank, and has completed the invention.

[0018]

That is, the invention provides the following device.

20 (1) A flow-through washing method including steps of makes washing liquid
flow in the lateral direction in a washing tank, and washes objects to be washed whilst
applying ultrasonic vibration to the washing liquid in a state where the objects to be
washed are immersed in the washing liquid. The washing liquid in the washing tank

flows in a laminar flow state by regulating the flow rate of the washing liquid flowing

[\
w

" through any feed port and/or discharge ports of a plurality of feed ports through which



'BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0020] FIG 1 is a plan view"
showi ng the configuration of a flowthrough washi ng 90apparatus to which
the invention is applied. FIG 72 is a cross-sectional view show ng
the configuration of the flowthrough washi ng apparatus to which the
invention is applied. FIG 3 is a cross-sectional viewillustrating
t ur bul entthé esisng hguidas suppbedtoathe ovasining tankvead hipheratityK discba@e Gortd i s a pl an
view illustrating turbulent flows that are generated in a washing tank.

DESCRI PTI tehNueh whE bt Malibe Bi(1d44d flischarged frorA thd wushiy @uigh washi ng net hod
and a fl owthrough washi ng apparatus to which the invention is applied wll

be descri bed 'n(ﬂqmt]é ﬂ&?'ﬂ%\%%‘l tastﬁlgéa%a'ae%fm tLingssHiawbRgn 1L\/§;§}m@ﬁ' le,
I C e

si nce dravm ngs are use | om ng descri ption,
schemati c estb ¥v act i;r“i portions for convenience to ease t he
10under st ?ﬂﬁl Sstics, the dinension ratio of each portion

may not equal the act uaI d| mensmn rati o thereof [0022] case
wher e da subst r at¥ Ik siirepgh vasipee Wﬁg"t‘?gd’? (Pgr (g) Néﬁﬂé?l?sgateéc\bﬁlﬁhn

medi umto be nounted on a hard disk drive is washed , for exa

f I ow t hr curgheldBweesilaey 2a frsartatastobestrshed. iare Waghsd, the aﬁtsleQIStdeﬁ rE:DIH ﬂtﬂhe
invention is applied will be described in this enbodi nent by way

exanpl e. inR&Sipn tank so thatMeaAmvdnifdces opihe subsataes arespdvalidl mtﬁeﬁmérdecamnwés hi ng
liquid L that is used to wash the substrate W However, a treated water or
the | i ke, thekiashinp#iguideen subj ected to 20chem cal treat rrent or the like, may
be used other than pure water. Specifically, exanples of the washing liquid

L may include agr?qﬁg%gﬁ]&“ SRMEN A ﬁ#ﬁbm%ﬁto'd%?ﬁjo) g}{)lura t?%l?gtllbsﬁg é:L'VQI’ﬁblq

chem cal deterg uding a surfactant wat er, cat wat er ,
s S P L P BRI e S R
wat er and ul trapure wate
interval between the plurahtv of substrates held on the holder is reduced to a range where
resistance of the washing liquid flowing between the substrates is increased.
(5) In t}te flow-through washing method of (3) or (4), the shortest distance
between the substrate and an inner surface of the washing tank is set to. one time or less
15  ofadiameter of the substrate.
(6) In the flow-through washing method of any one of (1) to (5), substrates for
magnetic recording media or magnetic recording media are washed as the substrates.
(7) In'the flow-through washing method of any one of (1) to (6), the washing
liquid is cyclically reused. |
20 (8) A flow-through washing apparatus includes a washing tank where objects to
be washed are washed, a plurality of feed ports through which washing liquid 1s supplied
to the washing tank, a plutality of discharge ports through which the washing liquid is
discharged from the washing tank, and vibration generating device for applying

ultrasonic vibration to the washing liquid in the washing tank. The flow-through

25  washing apparatus makes the washing liquid flow in the lateral direction in the washing



"10 Furthernore, these exanples of washing liquid L nmay be appropriately

sel ected and used according to a substrate Wto be washed (an object to be
washed). [0024] As shown in BIGS. 1 and 2, the flowthrough
washi ng apparatus 1 to which the 5invention is applied includes a washing
tank 2 where a hol der 50 hol ding substrates Wis inmersed in the washing

| i qui d L takd abdrerasheb sbeats és byWwastedwelsitse dpplyiDg 28t asaniglvikration tp th¢  di sk- shaped
substrates Weach of which includes a center hole are held on the hol der 50
S0 as to vagh@NRuldEh aeateatbreahbiebjectts bbensizdaeye pontisehm thé wableng Oout er
peri pheral portion of each of the substrates W which correspond to both

si des of nt B BRI S LRBUEQM AN 0t Guihink RBvisskst rat e,

are suppgrugg ngékﬁh?¥ of s%%ﬁ%?%ﬁﬁﬁgfég gla and 51b provided at the

hol der 50. anwhi l.e, a V-shaped.groeov it 1 ich the
out er peff%ﬁgtﬂl}uglvmﬁg?) Fitals < hee‘g'%%n% 8% 1§ ﬂ§ %‘g @%‘%@%?@%ﬁ&%@ \émf or ned
at each of the pair of support plates 5la and 51b. 15[ 0026] Each of
t he sdbstHshaeMeIts supported by the pair of support plates 5la and 51b, so
that the substrates are held on the holder 50 in a vertical state (a state
where the main €0if thedipvothrongh watsng enpasatyy ofr(8), dag wbTasion 2gnrpENS er t i cal
direction). Furthernore, the holder 50 is disposed on the bottom surface of
t he washidegideantisRossd oh et bdttoen ofthn wahisgtdnkce of each of the substrates W
is parallel to the flow direction of the washing liquid L. Meanwhile, in

thi s enbodi nent(] oplRUlove s uEisasHiBS aphaeacdofal) vhi% furttas ittlulicam@teice of 3.5
i nches are hel on the holder 50 in one line at an interval of about 5 nmm

S0 as totﬂ%c%%ﬁﬁkk?%g%%%@ﬁf@ﬂgﬁher' [0027] 11 The washing tank 2

i ncludes a rectang wal | 2a; four side walls 2b, 2c, 2d, and 2e

that are erected fromthe periphery of the bottomwall 2a; and an openi ng,
y arbf :

porti‘on 2f that 47 ormed at the upper surface facing the bottomwall 2a.

The washing tank 2 is_formed in a,subs%gntiaLly,recta, ul ar P al | el epi ped
shape, and f or mésalessihed fbgiie agaoydipe i RAGRNANOH AT JIPOETHIQRE #?Y?er si on

space S in which the holder 50 is inmrersed. [0028] o .
flow-through washing method and a flow-through washing apparatus with high washing

performance that efficiently remove contaminants, such as dust or foreign materials,
adhering to the surface of an object to be washed and prevent these poliutant from

15  adhering to the surface of the object to be washed again after washing.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] |

FIG. 1 is a plan view showing the configuration of a flow-through washing
20  apparatus to which the inv-ention is applied.
FIG. 2 is a cross-sectional view showing the configuration of the flow-through
washing apparatus to which the invention is applied.
FIG. 3 is a cross-sectional view illustrating turbulent flows that are generated in |

a washing tank.



‘Moreover, a plurality of feed ports 3 through which washing liquid L is
supplied are fornmed at the upstreamside wall 2b of the washing tank 2. The
plurality of 10feed ports 3 are dispos@&d in |ine at predeterm ned intervals
in awdth direction and a height direction of the side wall 2b.
Furthernore, since a flowrate regulating valve (flow rate regul ating
device) 4 is collfedtied ptap wew Mlwfratingtuisdentglomtsgh@, arg geniesatgrbiwsi Whshing
individually regulate the flowrate of the washing liquid L supplied from

t he respaatii.ve feed ports 3 by regulating the openings of the flowrate
regul ating valves 4. 15[0029] Furthernore, a plurality of discharges ports
5 through which washing liquid L is discharged are forned at the downstream
side wall 2d of the washing tank 2. The plurality of discharge ports 5 are
di sposed in line at predet ] ' S, A i-dth direction and a

hei ght direction of the si%%§§gﬁﬁjgﬁ$8&éﬁg%§ggyﬁg¥%§e aflowrate

20r egul ati ng, Vgiﬁi (flow rate regulating device) 6 is connected to each of
t he dﬁscharge p ]5, it is possible to individually regulate the flow
rate of the washing liquid L discharged fromthe respective discharge ports
5 by regul ati ngA fidvetispesti washing methed ané w float-troughuy ashinggpppatatisdo 6. [ 0030]
12 Meanwhi l e, in this enbodi nent, the feed ports 3 and the

di schar gewhioh tig: ibvedioh iofppitei atill bheesapibad imdetiiébelpwy with mf@efartogtt at t he
side walls 2b and 2d at the positions, which face each other, in seven
lines at @fwidker MehnWhild sfidk dfhviRes, Wihithhar6 LE&RIGhH itRNfoRBFinddestrptidnnes at an
interval of 5 cmin the height direction, respectively. wever, the

5di sposi tior U ) j - j 0, feed ports 3
and {ho dragrnSaBisAEby iR a K R el U o mont s

[ 0031) Furthermgre, an .ultrasonic oscillatar | trasonic ve
Generdt i rgpdepgine of meciedBar MG eS te oRbrheidah pES b Sl ng
liquid L in the jnmersion sgace S2, is 10 provided on the bottomwall 2a of
t he washithg 2ctpldimensionrafierthersof npr ove washi ng performance for the
substrate W The ultrasonic oscillator 7 applies the ultrasonic vibration,
whi ch correspontd2£b, for exanple, an output of about 500 Wand a frequency
of about 200 kHz, to the washing- liquid L of the washing tank 2 fromthe
bottom wal | 2a ofcabh@he@siubgrdt@mK(ah.objdet Q0B Yadhied} foe b MR etid Re€ording

fl owthrough washing apparatus 1 is provided with a punp 8

medium to be mounted on a hard disk drive is washed by, for example, a flow-through
15  washing apparatus 1 shown in Figs. 1 and 2 to which the invention is applied will be
described in this embodiment by way of example.
[0023]
Meanwhiie, pufe water 1S basicaliy used as washing liquid L that is used to
wash the substrate W. However, a treated water or the like, which has been subjected to
20  chemical treatment or the like, may be used other than pure water. Specifically,
examples of the W'ashing liquid L may include an organic solvent such as isopropyl
alcohol, a liquid chemical detergent including a surfactant, anode water, cathode water,

an acidic solution or an alkaline solution diluted with pure water to a low concentration,

ozone water or hydrogen water, and the like, other than pure water and ultrapure water.



‘'t hat” sucks the washing liquid L discharged fromthe di scharge ports 5 and
feeds the washing liquid L to the feed ports 3 again with pressure, and a
filter 9 that purifies the washing liquid L fed with pressure by the punp
8, as a device that is used to cyclically 20reuse the washing liquid L
flowing in the washing tank 2. [0033] A fl owthrough washi ng net hod
t 0 whi ch Rubtheinnretheserexamphp plf washingtheid It mey pt apmbptistelyfsekated andnest W
which are held on the holder 50, by the flowthrough washing, apparatus 1
havi ng t heca3aR\¥eo ARAbIAREW ©WRfv LHERhObjecbResd Waskad). y, in the

25f | owt hr ough washi ng, method using, the flowthrough washi ng apparatus 1,
washing 13 qultzdo%t is made to flowin a lamnar flow state in the |ateral
direction (horizontal direction) in the i mrersion space S of the washing

tank 2, and the hol der. | di he, pl ural it f substrates W.is.imersed
in the washing f'f §&0 WWH@“EM??%%%%%‘x@%% FRRRTalfS r Qagr the
vibration is applied to the washjng | iq)ui d L. 505/&034131 _ At this tinmne,
the méi n 1BYANfigB ésanpiied prelydes gavasiipg talps vhsiesholgs ol drolling sbskgrydy 550 are
parallel to the flow direction of the washing liquid L in the washing tank
2 and washinmgsddiig shawhshfingingnid tand dre subsisetes Bopeetashed. substrates Win a

| am nar flow state. Accordingly, the surfaces of the respective substrates
W are washed by[(0Ré] washing 10liquid L, so that contam nants, such as dust
and foreign materials, adhering to the surfaces of the respective
substrates War g JigamnMestdidk0ddpdd substrates WWERR\WRWhesh ihbiadéol ¢avdirmgienas found
by the inventor's analysis. That is, when ultrasonic vibration is applied
to the shi Liaui d < r f e ' - he
surf ace oFd LB b sb OMBRrAR HEER qhcn? Mg BOADS 8 0°
the washing liqujd L fl ow [n.the shi tank 2 for turbul ent .f1 ows
and t'fle M@ﬂimgpbgﬁkmmeﬂgﬁ Pt MBS W &fﬁ\xﬁ&gf%ﬁlaog? 18 E%tg Stf%é%j‘
Specifically, according to the inventor's analysis, mashing liquid L is-
nmade to 2@hicoling nasa*mgatgmah the esntes haleeofithe SURaraigse FPPOEAK DY 2 RAT 06t
ultrasonic vibration is not applied. Then, when ultrasonic vibration is

appl i ed, dubport blaves df ahthé 1 wasdvideg ak theuiodder S0ai deabwhils arV¥-sepedferdadve washi ng
liquid L in the washing tank 2 as shown in the directions of arrows shown
in FIG 3pdiok gﬁst gl Gt WRichfthdibiitéras@ipheray pirtiah bdeachrodhd fubsthatd wWisof t he
washing_ tank 2-and the raised washing liquid L is dispersed in all

directi Oné‘rcagegﬁgmd’at §£&C&th@ﬂaif'§f‘sufpb9%la€ﬂésejl%%ﬁh isgg to the flows of the
washing |1 quT , _
15 [0026]
Each of the substrates W is supported by the pair of support plates 51a and 51b,
so that the substrates are held on thé holder 50 in a vertical state (a state where the main
surfaces of the substrates W are parallel to the vertical direction). Furthermore, the
holder 50 is disposed on the bottom surface of the washing tank 2 so that the main
20  surface of each of thé substrates W is parallel to the flow direction of the washing liquid
L. Meanwhile, in this embodiment, about 50 substrates W each of which has a diameter
of 3.5 inches are held on the holder 50 in one line at an interval of about 5 mm so as to be

parallel to each other.

[0027]



"14 conplicated flows (turbulent flows) are generated in the washing tank 2.
Mor eover, when the substrates Ware imersed in the washing tank 2, the
washing liquid L flowing in the washingitank 2 is disturbed by the
substrates Wand forns turbulent flows as. shown in FIG 4. Washing
performance for the substrate Wdeteriorates due to the 5turbulent flows.

[ 0037] Via makhih g tank|2Gnclddéssa gctahewlashannoyall Re; fouowde afalls Pie, washi ng
liquid L in a case where ultrasonic vibration is applied to the inside of

t he washingotamd 72 thihiederlbfied WosthB Petiphiy &f 2 boaem WAIPM; the ah 8b&liAd si de.
On the other hand, FIG 4 is a view where 10 the upper flows of the washing

liquid L i i.n ' : ok li e, .t he
internedﬂ%%ggé?gggpg%gﬁﬁﬁqﬁgkﬂ&ﬁgﬁﬁﬁgﬁfg£§%§ﬂgﬁ§%§¥g§m§&ﬁa§%§ f@%??ed i ne,
and the lo .flows of the washing |liquid shown by a.two-dot chain
e wndf R TR e pilmenaaeretmniiier Bt e b A FG98] 181 n ¢ he
invention, as shown in FIGS. 1 and 2, whilst the above-nentioned flow rate
regul at i nybstanyadly wectapgnle naradlclepined dmmesasion prace Soiy Whaghethg holdseS4ss hi ng
liquid L flow ng through one of the feed ports 3 and/or the discharge ports
5 is reguimahededand the fl ow of the washing liquid Lin the washing tank 2 is
regul ated so that the flow of the washing |iquid L becones a uniformfl ow
(lam nar flow) yaXsput disturbance to the flow 20of the washing liquid L

[ 0039] Accordinaly, it is possible to make the washing liquid L in
the vashing tankicedl@W dilkafiny STLAPortd PHIrSIANGhitE QRind HEhUICRE 1 oW

state. In particular, since tthe flow rate of the washing I'i qu

di scharged fyr. t i r [ haddition.. fl ecof the
weshi g 1 TRe e pedSinE B BER B bt 2Rt WAhO b3, | TREGRRIRYELL
rate 15 reqgulating valves 4 and 6 in the invention, it .S possiple to form
| am i fIeBHEOT S BHeopoSH] ngqeéﬁpreéemwemtswekﬁﬁ% A ifdshner 197 aﬂfﬁaer efore,

it is possible to prevent tam nar flows from being disturbed by ultrasonic
vi br at i onhaghtidirgciersplabe side wabf2ban Feghemorgysinse bdlopamseegubiiopygye
Furthernore, in the invention, it is preferable that the washing liquid L

fl ow ng i (flovhaateweghiatige Havide) 2 ibeommecietl cabdoh afehestedd psrts B, it isepokdiblartd hr ough
washi ng apparatus 1. Accordingly, it is easy to nake the flow rate of the

washi ng | indiighalytrOodfe SHERIW Bfe bOtht ResHRE Hq0l 1 8iplidd BRhAIE Sespbdiiet he flow

rate of the washing liquid L to be discharged from 10t he washi ng tank 2, so
e S A D S s e 1
15 [0029] ' .
Furthermore, a plurality of discharges ports 5 through which washing liquid L is

discharged are formed at the downstream side wall 2d of the washing tank 2. The

plurality of discharge ports 5 are disposed in line at predetermined intervals in a width

direction and a height direction of the side wall 2d. Moreover, since a flow rate

20  regulating valve (flow rate regulating device) 6 is connected to each of the discharge
ports 5, it is possible to individually regulate the flow rate of the washing liquid L
. discharged from the respective discharge ports 5 by regulating thé openings of the flow

rate regulating valves 6.

[0030]



'[0041] Meanwhil e, in the case of the flowthrough washi ng apparat us
1, the anmount of the washing liquid L is slightly reduced due to
evaporation or the |like of the washingl2a5liquid L fromthe opening portion
2f of the washing tank 2. For this reason, it is preferable that washinu.
liquid L corresponding to the reduced anmount be appropriately replenished.
Mor eover, in thdldahehidd, hm dugembediieny thepieat portss3 dnd theldisshargy pots peavhi ded at
t he opening portion 2f of the washing tank 2 in order to prevent bubbles
from bei ng wiixiethettoral Menversdi D grel okt thdlsige wallé e akdPd ache pesingsn the
washi ng quuid L and air. [0042] Furthernore, in the invention,

Is pref er cﬁ fégg%%cﬂ &ﬁ%{]{chte %Wx?im el e Siel o1 Uk 3k tHMwidlh SHRABS ?ﬁdﬂﬁew he

on the ho ere to the range ere the resistance o

hi | d t.he sybstrat d th
plural it fl%ﬁhwkwa? SRR PR PR TR st 03%3%%@1%&“ oned
hol d 50 25to0 b I'1el t , hed. . 0043
For  exanghBPOshien 5 BB DGR Rk I<E b S TS GRS L IR e S8 Subst  at os

for di sk-shaped magnetic recording nedi a each having a dianmeter of 3.5

i nches anebres X My knepmopriatdly 2angedan empadinedtsas t he substrates W the

resi stance of flow ng washing 5liquid begins to significantly increase in
the vicinity of [@U3¢]i nterval range where the interval between the surfaces
of the substrates is equal to or smaller than 10 nm [0044]

Meanwhi l e, in tRerhdRerd, b QUERONRIBENSFBIRAGnI iR ch 88k £dedEd) 7,1 T Vas
general that objects to be washed, which are to be |sposed in the washi ng

tank 2, %ﬁm%gggose?l—ééoﬂﬂc%ﬁ’&ﬁ &ht%tthé(va Mé‘hﬁulﬂrldm%ﬂé‘ﬁﬁ%eé{ ? }ﬁée@? i@round

t he objects Inth I'ng ta for the purpose 0

stabi|izatio f the lamn of .t he hi n ui d in the
washi iy t 9K O‘rﬂbeekfoétﬁgbﬁalﬁ of O?%%SW aISEmF(SarEV\éta% ﬁ? toqwgrqvgrﬁ %%lrngf | ows of

t he washi ng I|qU|d L flowing in the washi ng tank reduci ng the.

di st ri but PBFPTEENGeST gxeéﬁé%raegﬁ W J\meN&r%aglﬁu%allﬁqoauuaaplﬂqﬁéhe BERES on the
presence or absence of the 15o0bjects to be washed in the washing tank.

[ 0045] vibration] which nomrespbndsi tn, fonexdrhples anhouwspgiof wastiShg Wenhedegienchie

i nvention, the substrates W (objects to be washed) are closely disposed in
t he washi gtaboant00kHA Go theatashing ligaed 5 bamheayBhinghenvasbinnge bbisth @valll Kal owi ng

in the washing tank 2 is increased and the state 20of the washing liquid is
made uni f ora wAGHARE BiRel Y. 1t is possible to stabilize the
15 [0032]

Furthermore, the flow-through washing apparatus 1 is provided with a pump &
that sucks the washing liquid L discharged from the discharge ports 5 and feeds the -
washing liquid L to the feed ports 3 again with pressure, and a filter 9 that purifies the
washing liquid L fed with pressure by the pump 8, as a device that is used to cyclically _

20  reuse the washing liquid L flowing in the washing tank 2.

{0033]

A flow-through washing method to which the invention is applied washes the
plurality of substrates W, which are held on the holder 50, by the flow-through washing

apparatus 1 having the above-mentioned configuration. Specifically, in the

25 flow-through washing method using the flow-through washing apparatus 1, washing



‘lami'nar flows of the washing liquid L flowing in the washing tank 2 and to
i ncrease the washing performance of the washing tank 2. [0046]

Furthernore, in the invention, it is pi3eferable that the shortest distance
bet ween 25t he substrate Wand the inner surface of the washing tank 2 be
set to one tine or less of 17 the dianeter of the substrate W In

parti cul diqpid Inistthade vkt inonlamakes dlomhssats aib therlatierss dipgqtion (Hosgongthaped

magneti c recording, nedia are to be washed as objects to be washed, it is
possi bl e dirctid) i dediiynaasion epdck Si enhid wasashtahke, sidrdt haldes5WMdldingiteposi ng
‘the substrates Win the washing tank 2 so that the main surfaces of the
subst r at 3, WG o7 sRRAtds &Y i{ fnh88ePhl AVGALRE 1L @R [0k tE@ﬁnM@r’%ﬂ)‘n\r}\?a&d quid L,
setting the shortest distance between each of the substrates and the

i nner surf.a f.the hin t ti r less of the dianmeter of
t he substwlgﬁguwsﬁ%ﬁﬁiﬁﬁmn 192115&{%5 tgthelqz‘r/f%? ﬁllgsﬂ(ﬁ%iyﬂ it is possible to perform
advan%ed substrﬁ)te washing that efficiently 10renoves dust and the |ike
adheri’ng to the 0otk ace of the substrate and prevents the dust and the like
fromadhering to the surface of the substrate again after washing. [0048]

Al t hough the i nfefis Gme)the mein spafaseselithe WSP?‘-‘rﬁVFéEIbSFGtGFNéhalﬁ‘d)@éh‘ﬁgﬁlldl‘v"bned
enbodi nent, various nodifications nay be nmade w thout departing fromthe
scope of 30hee parahiclenthefiow di6AB of the washing liquid L in the wishmgeirainPland t he

hol der 50 has been adapted to support the outer peripheral portion of each

subst r at eyabhatls gkl P Bloiis Dehyeeh ligesp ddsbe@fvesubiids Wit &snipdefl@ndiabelb, but is
not limted thereto. The positions and the nunber of points where each

substrate i i atiel i, g o
oot o Loldind BLARRILEH FRYeEaARILBNA Wlak fAANISH (hiwbline  ctrate w

may S orted at, three or four points,.[0050], . . Further,
menbgfos “&%isi%ﬁ%tﬁonﬁaﬁgn%ﬁ%éklc aésrcﬁlﬁﬂ%nrdaﬁ(’kﬁ%[? i%ﬁalc?f adglgf:lﬂc’ L¥Strate ware
also not limted to the above-nentioned support plates 5la and 51b. As |ong
as 25 t heSURBfAs GISFPSSEhEHASITRGS ok s % at e do not disturb the flow of
the washing liquid L 18 flowng in the washing tank 2, the shape and the
li ke of the menB¥B5hmy be appropriately changed in enbodi nents.

Meanwhile, the following was found by the inventor’s analysis. That is, when
ultrasonic vibration is applied to the washing liquid L from the bottom of the washing
15  tank 2, the surface of the washing liquid L in the washing tank 2 is raised, so that the
washing liquid L flowing in the washing tank 2 forms turbulent flows and the washing
performance for the substrate W deteriorates.
[0036]
Specifically, according to the inventor’s analysis, washing liquid L is made to
20  flow in a laminar flow state in the washing tank 2 whilst ultrasonic vibration 1s not
applied. Then, when ultrasonic vibration is applied, the flows of the washing liquid L
raise the surface of the washing liquid L in the washing tank 2 as shown in the directions
of arrows shown in FIG. 3 by the application of ultrasonic vibration from the bottom of
the washing ténk 2 and the raised washing liquid L is dispersed in all directions.

However. since laminar flows are applied to the flows of the washing liquid L.

XS]
wh



'[0051] Furthernore, the invention nmay be applied to the washing of a
magnetic 5 recording nedium for exanple, on which a magnetic filmor the

| i ke has been fornmed or a lubricant isl4ot yet applied, other than a
process for renoving dust, foreign materials, and the |ike adhering to the
surface of the above-nentioned substrate Wfor a nagnetic recordi ng nedi um
after a sompiceated flews furhulgnt fowssarganerpied [ip e wisbmg2ankid| nMasrdives on, t he
invention may be preferably used when a flat object to be washed is washed
. as wel | ashenhrasutkeat@biv ererimntered énl tisubashirat tenW/? ftbe wastipghetidd. flegmgdi ng
mediumis washed. However, as long as an object to be washed can be washed

by the flipwed ipughtaieshy MeurrRAdyahdiSubbirateh® R Rehs heblentyashied. i s not
particularly limted. 15[ Exanples] [0053] ' Herei nafter, the effect

of the i I i | %@éf% . | i nvention
IS not I;}'%ng?éérp F IC)(\leltd'he &%H%%ﬁ% é:r?]k)f%{%téﬁfé an %avy%géﬁ%%l&fe?ueédt B;?l%é

enbodi ment% le tﬁout departing fromthe scope of the invention. 20[0054]

[ Exanpl e ipulentows. | \"Evapple 1, a test was performed to change the flows
of washing liquid L in a washing tank 2 to |am nar flows by actually

regul ating the f408#l rate of the washing liquid L flowi ng through feed ports
3 and discharge ports 5 by flow rate regulating valves 4 and 256 when

conpl i cated f| oMeagwhidWIen isfal oews shaweing theflewaobde iwashing ligakhl e t ank 2 as
19 shown in FIG 3 by the application of ultrasonic vibration fromthe

bot t om of cabdr@hwRsiiraignicattcaiion {sQPpidd topkeinkidealf kthe wishingwasihd nghdrathk 2,

whi ch was made of SUS304 and had a length 5 of 40 cm a width of 40 cm and

a depth af Bk YaSseds &dm MBidishl fidaci non RS FIGheif Ledwhatdrs 3 and

Foy b

t he di scharge ports .5, each of which had a dianmeter of 15 mm were forned

ohi oHe o8t bEpd hoticbeRtt Sharkdio URE R A b8 e wt BRDERK L nolh BFS, ©2CN of

whi ch "we med of 't sposed I n I'ineat an 1 nterval”of 55 nm

in the height direction apd |jnes _each of which was forned, of t orts

i sposed TR s, e DA VK SOF CROM ARG S SHEVBHY Adlaresct i Sittner o
alternately disposed at an interval of 145 mmin a wdth direction so as to
f or m ni nelifte, prdthetdemer flayys ofheywpshing kgyid 2raashomin byt yo-des chaigilnsowben i n -

zi gzags and connected to the flow rate regul ating val ves 4 and 6,

respect i viak washiug tdnkronioseen faom tihd uppsomide. oscillator 7, which had a
frequency of 950 kHz and an output of 600 W was di sposed on the outside of
the bottom of thg3gashing tank 2. A 0.5

15 In the invention, as shown in FIGS. 1 and 2, whilst the above-mentioned flow
rate regulating valves 4 and 6 are controlied, the flow rate of the washing liquid L
flowing through one of the feed ports 3 and/or the discharge ports 5 is regulated and the
flow of the washing liquid L in the washing tank 2-is regulated so that the flow of the
washing liquid L becomes a uniform flow (laminar flow) without disturbance to the flow

20 of the washing liquid L.

[0039]
Accordingly, it 1s possible to make fhe washing liquid L in the washing tank 2
flow in a laminar flow state from a turbulent flow state. In particular, since the flow

rate of the washing liquid L discharged from the discharge ports 5 in addition to the flow

|3
()]

 rate of the washing liquid L supplied from the feed ports 3 are controlled by the flow rate



"15mi'cron filter was used as a filter 9 at the first stage and washing
liquid L flowng in the washing tank 2 was cyclically reused. Furthernore,
pure water was used as the washing ligdid L and the tenperature of the pure
wat er was set to 233C. [0056] Moreover, the washing liquid L was nade to
flowin the lateral direction in a 20lamnar flow state ip the shi ng tank
2. Furt heegmating wohves $tangd (6tip drcoinyentignpitag pessiblels fapp fanaigag ﬁo%@ %Es hi ng
liquid L, the respective flowrate regulating valves 4 and 6 were regul at ed
so that tWshingsimkntwithouite contfdlabgdy.f r Drarefach ito$ podsibl¢ wepteypont tagniBarand t he

di scharge ports 5 at a rate of 40 liters/m nute. [0057] 20 Here, the

washi ng I ork HARS dRRirb6d b Ultakesc K Raidnhe tHONESAsiteaNd findhjsveMW tolst of t he
washi ng tank 2 due to overflow and discarded at a rate of 5 liters minute.

Meanwhi | g, the speed of the washing liquid L flowing in the washing tank 2
at this tine was about 14 mm sec. |In accordance with this, the respective
flow rate regulﬁﬁgﬁﬁ 5 valves 4 and 6 - were regulated so that the flowrate
of the washi ng é d L discharged fromthe upper discharge ports 5 was set
to 20 liters/mnpute and washing liquid L was. newy supplied fromthe upper
feed ports 3 atFartheaparegin e ipEatian.if ﬁlPF"ef?raFﬁdgﬁtM%E@ o8 ﬁ%‘l‘lg L ﬁ'[pfw%ﬁs

possi ble to prevent the back flow that was caused by the 10rai sed surface
of the washiawashingagk 2 be gyelivellnbased f:ﬁairli\tth@ﬂe@r-tbt,révs’sllgf4 Aepshiaglepparatyhdt is, it
was confirmed that it was possi-ble to effectively ease turbulent flows,

whi ch wergc@ediaglafiet ety toheakegrpe flopanatd dfnhowathie hashilrg beanpplzd thyhe

regul ating the supply of washing liquid L fromthe feed ports 3 forned at

|t he Ppperw@smg'ttg& ohalkhe WS fie v aiko2thandishine lidhRiahar wedisdhatdee fwas hi ng
iquid L fromthe discharge ports 5. 15[ 0059] rExaane 2] In
Crame, JngSURSHERR RS HLASE 10 B B Db sl g g
wes made \%Shﬁl%stgr?l? 2,amn(ojrer;?a%1}9ﬂ(|)\s Y g Iilaminar flow state.
[0041]
Meanwhile, in the case of the flow-through washing apparatus 1, the amount of
the washing liquid L is slightly reduced due to evaporation or the like of the washing
15 liquid L from the opening portion 2f of the washing tank 2.  For this reason, it is
preferable that washing liquid L corresponding to the reduéed amount be appropriately
replenished. Moreover, in the flow-through washing apparatus 1, a lid may be provided
at the opéning portion 2f of the washing tank 2 in order to prevent bubbles from being
mixed to the washing liquid L due to the contact between the washing liquid L and air.
20 [0042]
Furthermore, in the invention, it is preferable that the interval between the
plurality of substrates W held on the holder 50 be reduced to the range where the
resistance of the washing liquid L flowing between the substrates is increased when the

plurality of substrates W, which are held in line on the above-mentioned holder 50 so as

to be parallel to each other, are washed.

b2
Un



'200f 40 cm a width of 40 cm and a depth of 35 cm was used. Wilst facing
each other, the feed ports 3 and the di scharge ports 5, each of which had a
dianeter of 15 mm were forned at the-Kde walls 2b and 2d of the washing
tank 2 in seven lines at an interval of 5 cmin the width direction and in
six lines at an interval of. 5 cmin the height direction, respectively,

that is, 42 porft0843=7x6) in total were disposed in the formof a lattice
and 25connected to the flow rate regulating valves 4 and 6, respectively.
Furthernore, anForZkamblel af6mMpareasatd ik atel asthe Wasiihe hasidd dnvdegberstes fof 950
kHz and an output of 600 W was disposed on the outside of the bottom of

the V\B-Sh'éin@c HAPKI Magfril 'ré:omhﬁrv Hedld dadcBhaViBg aUsBfetdSo® £ idch&ad At the first
stage and washing- Tiquid L ffowmng in the“washing tank 2 was cyclically

reused. her nor e st 4P ch
havi ng aELISET % g?g?re etef o as’%’ﬁgrar%[h%nggﬁéﬁ%qéktﬁgzgﬁg%%g%mwfé‘g%% powder
having a dianeter of 1 to 50 mcron S. stuck gnd whi ch merg used for the
eval uat i SHut begansHe signianidy Hgk@ee 8P ¥iHBRRftae IS VRlgARe: WhF S be washed.
These substrates were held on the holder 50 whil st 10be|n%_arranged at an

i nterval iofrvebbetwermtheisyefacss b shesyogratessie eppal deer spaltesthan)lOmma di recti on
perpendi cular to main surfaces so that 39 test pieces were arranged per

| i ne. Then, the[0dfder 50 was di sposed on the bottom of the washing tank 2
so that the main surfaces of the substrates Wwere parallel to the flow

direction of theewashild)eh fheqlvd throudhuwhdheidme®od WhitleStlateharyvasiisng |iquid L
was nmade to flowin the lateral direction in a 15Ianinar fl ow state and

ul t rasoni o%ngfép{hﬁmt 6@&@‘%%&9@%@% 1iSh E%IE{% \g@%t% b G \Q’a iddafl SLALE where

t he hol dét mersed 1 n the was L in e Tnashing tank 2,

t he bstrat 10 m nut p was used
ns R vesemiony AP itaalsche Pt pipet SPh PRI Re RS i hs o
233C. [0061] 20Furthernore. the flow.rate of the mashlng |IQUIﬂ L flow ng
through e H@ft%@rfwwet@ thy sigpalizaben g Sherlamipar Sove f thegashinggul at ed
whi | st the openings of the flowrate regulating valves 4 and 6 connected to
t he feed lppid §oingniul theheashingctank de Phe raas@ foethes isaggtabilizd theolampear t he
average speed of the flow of the washing liquid L (the speed of the flow of
t he washif@vd ofahi¢ dashing heuid lafl@vinken ehetvrgshily teit By tedubia g Weesdistibuesreof
imersed 22 and ultrasonic vibration was applied) flowing in the washing

tank 2 i negsihadd d}fﬁomeWa%ﬁ@ﬁ ¥f@Shat d%é'ﬂd@ on[t@&%len%@%@hﬂs‘eﬁ&l dfthe i N Exanpl e
2, the openings of the f om1rate regulating valves 4 and 56, which were

connqgteqﬂ%&xggﬁ) z%HuP%Hhé“%g%ng&ﬂ? di scharge ports 5, respectively, vere

[0045]
In contrast, in the ﬂow-tﬁrough Washing method of the invention, the substrates

W (objects to be washed) are closely disposed in the washing tank 2, so that the

resistance of the washing liquid L flowing in the washing tank 2 is increased and the state

20  of the washing liquid is made uniform. Accordingly, it is possible to stabilize the

laminar flows of the washing liquid L flowing in the washing tank 2 and to increase the

washing performance of the washing tank 2.
[0046]
Furthermore, in the invention, it is preferable that the shortest distance between

25  the substrate W and the inner surface of the washing tank 2 be set to one time or less of



‘regul ated as shown in Table 1. Meanwhile, Table 1 shows the openings (% of
t he val ves corresponding to 42 ports, that is, the feed ports 3 and the

di scharge ports 5 arranged in the widtl direction and the height direction
when the upstream and downstream side walls 2b and 2d are seen fromthe

i nside of the washing tank 2 (Table 2 10to be described below is the sane
as descr ithediamb®y of the[s0B8B}e Wralih particuldpemihrgnyéitionf whel the selmtratess Pondi ng t o
feed port 85 80 80 70 80 8085 80 70 65 60 65 70 80 70 60j 50 5050 60

for disk-shaped magnetic recording media are to be washed as objects to be washed, it is
possible to accurately and efficiently wash the substrates W by disposing the substrates

W in the washing tank 2 so that the main surfaces of the substrates W are parallel to the

wh

flow direction of the washing liquid L, setting the shortest distance between each of the
substrates W and the inner surface of the waéhing tank 2 to one time or less of the
diameter of the substrate W.

[0047]

In this way, it is possible to perform advanced substrate washing that efficiently
10 removes dust and the like adhering to the surface of the substrate and prevents the dust

and the like from adhering to the surface of the substrate again after washing.
[0048]

Although the invention is not necessarily limited to the above-mentioned

embodiment, various modifications may be made without departing from the sc.;ope of the
15 invention.
[0049]

For example, the holder 50 has been adapted fo support the outer peripheral
portion of each substrate W at two points by the pair of support plates 51a and 51b, butis
not limited thereto. The positions and the number of points where each substrate W is

20  supported may be appropriately changed in the embodiments. For example, the outer
peripheral portion of each substrate W may be supported at three or four points.

[0050]

Further, members which support the outer peripheral portion of each substrate
W are also not limited to the above-mentioned supﬁort plates 5la and 51b. Aslong as

25  the members for supporting each substrate do not disturb the flow of the washing liquid L



"70 60 5550 50150 55 60 6050 50 50 150 55 60 6055 55 55 55 55 60 - 150peni ng.
(9% of vaI ve correspondl ng to discharge port 90 85
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flowing in the washing tank 2, the shape and the like of the member may be appropriately
changed in erﬂbodiments.

[0051]

Furthermore, the.invention may be applied to tHe washing of a magnetic

5 recording medium, for example, on which a magnetic film or the like has been formed or

a lubricant is not yet applied, other than a process for removiﬁg dust, foreign materials,
and the like adhering to the surface of the above-mentioned substrate W for 2 magnetic
recording medium after a surface treatment process and the like.

[0052]

10 - In addition, the invention may be preferably used when a flat object to be
washed is washed as well as when the above-mentioned substrate W for a magnetic
recording medium is washed. However, as long as an object to be washed can be
washed by the flow-through washing apparatus 1, the object to be Washed is not
particularly limited.

15 [Examples]

[0053]

Hereinafter, the effect of the invention will be made clear by Examples.
Meanwhile, the invention is not limited to the following Examples, and may be modified
in embodiments without departing from the scope of the invention.

20 [0054]

[Example 1]
In Example 1, a test was performed to change the flows of washing liquid L in a
washing tank 2 to laminar flows by actually regulating .the flow rate of the washing liquid

" L flowing through feed ports 3 and discharge ports 5 by flow rate regulating valves 4 and

[Ne]
W

6 when complicated flows (turbulent flows) were generated in the washing tank 2 as
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shown in FIG. 3 by the application of ultrasonic vibration from the-bottom of the washing
tank 2. |

[0055]

Specifically, the washing tank 2, which was made of SUS304 and had a length
of 40 cm, a width of 40 cm, and a depth of 35 cm, was used. Whilst facing each other,
the feed ports 3 and the discharge ports 5, each of which had a diameter of 15 mm, were
formed at side walls 2b and 2d of the washing tank 2, fespectively. Lines each of which
were formed of three ports disposed in line at an interval of 55 mm in the height direction
and lines each of which was formed of two ports disposed in line at an interval of 60 mm
in the height direction were alternately disposed at an interval of 145 mm in a width
direction so as to form nine lines, that is, 23 ports (=3x5+2x4) in total were disposed in
zjgzags and connected to the flow rate regulating valves 4 and 6, respectively.
Furthermore, an ultrasonic oscillator 7, which had a frequency of 950 kHz and an output
of 600 W, was disposed on the outside of the bottom of the washing tank 2. A 0.5
micron filter was used as a filter 9 at the first stage and washing liquid L flowing in the
washing tank 2 was cyclically reused. Furthermore, pure water was used as the washing
liquid L and the temperature of the pure water was set t’o 2313°C.

- [0056]

Moreover, the washing liquid L was made to flow in the lateral direction in a
laminar_ flow state in the washing tank 2. Furthermore, whilst ultrasonic vibration was
applied to the washing liquid L, the respective flow rate regulating valves 4 and 6 were
regulated so that the washing liquid L flowed from each of the feed ports 3 and the

discharge ports 5 at a rate of 40 liters/minute.

[0057]
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Here, the washing liquid L was not circulated from the downstream side wall 2d
of the washing tank 2 due to overflow and discarded at a rate of 5 liters/minute.
Meanwhile, the speed of the washing liquid L flowing in the washing tank 2 at this time
was about 14 mm/sec. In accordance with this, the respective flow rate regulating

5  'valves 4 and 6 were regulated so that the flow rate of the washing liquid L discharged
from the upper discharge ports 5 was set to 20 liters/minute and washing liquid L was
newly supplied from the upper feed ports 3 at a rate of 5 liters/minute.

[0058]

Accordingly, it was possible to prevent the back flow that was caused by the

10  raised surface of the washing liquid L in the above-mentioned washing tank 2. That is,
it was confirmed that it was poésible to effectively ease turbulent flows, which were
generated at the upper portion of the washingl tank 2, by regulating the supply of washing
liquid L from the feed ports 3 formed at the upper portion of the washing tank 2 and the
Aischarge of the washing liquid L from the discharge ports 5.

15 [0059]

[Example 2]

In Example 2, substrates W were actually washed by the flow-through washing
apparatus 1 shown in FIGS. 1 and 2.

Specifically, the washing tank 2, which was made of SUS304 and had a length

20  of 40 cm, a width of 40 cm, and a depth of 35 cm, was used. Whilst facing each other,
the feed ports 3 and the discharge ports 5, each of which had a diameter of 15 mm, were
formed at the side walls 2b and 2d of the washing tank 2 in seven lines at an interval of 5
cm in the width direction and in six lines at an interval of 5 cm in the height direction,

respectively, that is, 42 ports (=7x6) in total were disposed in the form of a lattice and

N
h

connected to the flow rate regulating valves 4 and 6, respectively. Furthermore, an



‘50 [0064] (Conparative Exanple 1) 93 | n Conparative Exanple 1,
substrates Wwere actually washed by the flowthrough washi ng apparatus 1
shown in FIGS. 1 and 2 like in like Exahple 2. As shown in Table 2, test
pi eces Wwere washed in the same manner as Exanple 2 except that the
openi ngs of the valves corresponding to the feed ports 3 and the discharge
ports 5 Svietenivadscillagitl7atvdith Had QGbdquedehd e 5P kHAxedian @ufpidt 06600/ 4, wes
corresponding to feed port 50 5050505050 50 50 50 50 50 50 50 50

disposed on the outside of the bottom of the washing tank 2. A 0.5 micron filter was

used as a filter 9 at the first stage and washing liquid L flowing in the washing tank 2 was

;:yclically reused.

(O]

[0060]
Furthermore, test pieces (disk-shaped substrates éach having an outer diameter
of 50 mm and a thickness of 3 mm), to which powder having a diameter of 1 to 50
 micron was stuck and which were used for the evaluation of washing performance, were
prepared as objects W to be washed. These substrates were held on the holder 50 whilst
10  being arranged at an interval of 10 mm in five lines (395 test pieces in total) in a
direction perpendicular to main surfaces so that 39 test pieces were arranged per line.
Then, the holder 50 was disposed on the bottom of the washing tank 2 so that the main
surfaces of the substrates W were parallel to the flow direction of the washing liquid L.
Furthermore, whilst the washing liquid L was made to flow in the lateral direction in a
15 laminar flow state and ultrasonic vibration was applied to the washing liquid L in a state
where the holder 50 was immersed in the washing liquid L in the washing tank 2, the
substrates were washed for 10 minutes. Furthermore, pure water was used as the
washing liquid L and the temperature of the pure water was set to 23+3°C.
[0061]
20 Furthermore, the flow rate of the washing liquid L flowing through each of the
feed ports 3 and the discharge ports 5 was regulated whilst the openings of the flow rate
regulating valves 4 and 6 connected to the feed ports 3 and the discharge ports 5 were
regulated so that the average speed of the flow of the washing liquid L (the speed of the

flow of the washing liquid in the state where the objects to be washed were immersed
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and ultrasonic vibration was applied) flowing in the washing tank 2 in a laminar flow
state was 3 m/min.

[0062]

Specifically, in Example 2, the openings of the flow rate regulating valves 4 and

6, which were connected to the feed ports 3 and the discharge ports 5, respectively, were

wn

regulated as shown in Table 1. Meanwhile, Table 1 shows the openings (%) of the
valves corresponding to 42 ports, that is, the feed ports 3 and the discharge ports 5
arranged in the width direction and the height direction when the upstream and
downstream side walls 2b and 2d are seen from the inside of the washing tank 2 (Table 2

10 to be described below is the same as described above).

[0063]
[Table 1]

Opening (%) of valve corresponding to feed port

85 80 80 70 80 80 ! 85
80 70 65 60 ! 65 70 80 |
70 60 50 50 150 60 70
- 60 ! 55 50 50 50 55 60
60 50 50 50 50 55 60
60 55 55 55 55 55 60
15 Opening (%) of valve corresponding to discharge port
90 85 85 75 85 85 i 90
85 80 75 70 5 80 85
70 60 50 50 50 | 60 70
50 50 50 50 _ 50 50 50
50 50 50 50 50 50 50
50 50 50 50 50 50 50
[0064]

(Comparative Example 1)



'50 50 50 50 50 50 1OQOen| ng (% of valve corresponding to di scharge port

50 .50'" 50 50 5050 50 50 50 50 50 50 50 50 50
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In Comparative Example 1, substratés W were actually washed by the
ﬂO\.V—through washing apparatus 1 shown in FIGS. 1 and 2 like in like Example 2.  As
shown in Table 2, test pieces W were washed in the same manner as Example 2 except
that the openings of the valves corresponding to the feed ports 3 and the discharge ports 5

5  were not regulated. |

[0065]

[Table 2]

Opening (%) of valve correspohding to feed port

50 50 | 50 50 T 50 [ 50 [ 350 |
50 50 30 50 50 50 ! 50
50 50 50 50 50 50 50
50 50 50 50 50 50 50 -
50 50 ' 50 50 50 50 50
30 50 50 50 50 50 : 50
10 Opening (%) of valve corresponding to discharge port
50 50 50 50 50 ! 50 50
50 50 50 50 50 50 50
50 50 50 50 50 50 50
50 50 50 50 50 50 50
50 50 50 50 50 50 50
50 50 50 50 50 i 50 50
[0066]

Furthermore, the ratio of powder remaining on the test piece W after washing

was evaluated about Example 2 and Comparative Example 1.  As a result, the average

—
e

powder removal rate was about 96.5% in Comparative Example 1. Meanwhile, the
average powder removal rate was about 99.7% in Example 2, and it was found that the
washing performance in Example 2 was superior to the washing performance in

Comparative Example 1.
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Reference Signs List
[0067]
1: FLOW-THROUGH WASHING APPARATUS
2: WASHING TANK
5 3: FEED PORT
4: FLOW RATE REGULATING VALVE (FLOW RATE REGULATING
DEVICE)
5: DISCHARGE PORT
6: FLOW RATE REGULATING VALVE (FLOW RATE REGULATING
10 DEVICE)
7: ULTRASONIC OSCILLATOR (VIBRATION GENERATING DEVICE)
8. PUMP

9: FILTER



[ 0066] Furthernore, the ratio of powder renmaining on the test piece
W after washi ng was eval uat ed about Exanple 2 and Conparative Exanple 1. As
a result, the average powder renoval rafe was about 96.5% i n Conparative
Exanpl e 1. Meanwhil e, the average powder renoval rate was about 99.7%in
Exanple 2, and it was found that the washing performance in Exanple 2 was
superior to the washing performance ChAQdSparati ve Exanple 1. Reference
Signs List [0067] 1. FLOW THROUGH WASHI NG APPARATUS 7: WASHI NG TANK 53:
FEED PORT 4: FLOW RATE REGULATI NG VALVE (FLOW RATE REGULATI NG

DEVI CE) 5: DI SCHARGE PORT 6: FLOW RATE REGULATI NG

VALVE ( FLOW RATE %ﬁé&é@w&was%ylm@%i %mo?step"glb-gmsml C OSCI LLATOR

(VI BRATI ON GEN 9: FILTER 25 CLAIMS
Flowin alat &rﬁ%ﬁ??@'&wﬁ@ﬁ%ﬂ%ﬁo‘é@%& R il I aB oot o o be
mashed whi | st applying ultrasonic vibration to the
washing objects to be washed whilst applying ultrasonic vibration to the °
washing liquid in a state where the objects to be washed are immersed in the washing
liquid,
wherein the washing liquid in the washing tank flows in a laminar flow state by
regulating the flow rate of the washing liquid flowing through any feed ports and/or
10  discharge ports of a plurality of feed ports through which the washing liquid is supplied

to the washing tank and a plurality of discharge ports through which the washing liquid is

discharged from the washing tank.

2. The flow-through washing method according to Claim 1,

15 wherein ultrasonic vibration is applied from the bottom of the washing tank.

3. The flow-through washing method according to Claim 1, -
wherein when substrates, which are held on a holder as the objects to be washed,
are washed, the holder is disposed in the immersion tank so that main surfaces of the

20  substrates are parallel to the flow direction of the washing liquid.

4. The flow-through washing method according to Claim 3,
wherein a plurality of substrates, which are held in line on the holder so as to be

parallel to each other, are washed, and the interval between the plurality of substrates



‘washing liquid in a state where the objects to be washed are i mersed in
the washing liquid, wherein the washing liquid in the washing tank flows in
a lamnar flow state by regulating thex§low rate of the washing liquid
flow ng through any feed ports and/or 10di scharge ports of a plurality of
feed ports through which the washing liquid is supplied to the washing tank
and a pl uiedd b yhedfoldbr scleduge tp amrhiszet wiicve edsisednice bf theewashslilingid flepwsind i s

di scharged fromthe washi ng tank. 2. The flowthrough washing
met hod acekiN@e k@sHark M ihcreasgherein ultrasonic vibration is applied from
t he bottom of the washing tank. 3. The flowthrough washing
‘met hod according to aim1, wherein when substrates, which are held on a
hol der as the objects to be washed, are washed, the holder is disposed
in the i mersio k hat nal sur s of .the suhstrates are

parallel to et | B GPiebiish Tgr Pﬁé“?kg%cﬁ?‘}‘f@fql%i?@a‘mJ 4. The
f1 owt hrough washing method according, to Claim wherei n

plurality of subdiret the shoyigs Histanec helbgen hesuhgraghandya 1ﬁ6¢rcﬁélffa%0fé§e to be
paral l el to each other, are washed, and the interval between the plurality
of subst rabtgsng taek ¢ s@ntotdne tinod @kelessi o ardgluctedof tbe aubrisamge wher e resi stance of
the washing liquid fl om ng between the substrates is increased. 5. The

fl owt hrough washi ng nethod according to Claim3, 5wherein the shortest

di stance between the substrate and an inner surface of the washing tank is

set to one tinmeg OrT%@%ﬁ“oﬁu&%ﬂkﬂﬁﬁﬁﬁGnaﬁmiQﬁoﬁﬂﬁ?&f@%ﬁn16 The flowthrough

washi ng net hod accordlng to aiml wherei n substrates for

magnetic recor d'\{}%éeu% Fubstr - Or%aeotn'eg%{e%‘&%ﬁ’o ﬁ%%%ﬁ%&%r féﬁ%aﬁge(ﬁﬁ the

substrat es. r oug according

wherei n the washj ng uidis cycllcally reused. 158. A flowthrough

was hi Hy aﬁBdWﬁbﬂ%mﬁbﬁﬂﬁﬁg?ﬁﬁ a washi ng tank where objects to be washed are
washed, a plurality of feed ports through which washing liquid is
supplied to the washi ng tank,

7. The flow-through wéshing method according to Claim 1,

wherein the washing liquid is cyclically reused.

15 8. A flow-through washing apparatus comprising:
a washing tank where objects to be washed are washed,
a plurality of feed ports through which washing liquid is supplied to the
washing tank,
a plurality of discharge ports through. which the washing liquid is discharged
20  from the washing fank, and
a vibration generating device for applying uitrasonic vibration to the washing
liquid in the washing tank,
wherein the flow-through washing apparatus makes the washing liquid flow in

the lateral direction in the washing tank and washes objects to be washed whilst applying



‘a plurality of discharge ports through which the washing liquid is

di scharged 90 fromthe washing tank, and a vibration generating
device for applying ultrasonic vibratimh to the washing liquid in the
washi ng tank, wherein the fl owthrough washi ng apparatus nmakes the

washing liquid flowin the lateral direction in the washing tank and washes
obj ect s tuitrbenivastradomtd ths twaalpipk Yigng in2%tatt whaeahé objectbt@bé wasted atche
washing liquid.in a state where the objects to be washed are i Mmersed in

t he WaShiiﬂgnérgé}Mhd},,e@miﬁdﬂﬁ?]ﬁhgﬂdt hr ough washi ng apparatus further
conpri ses: a flowrate regulating device for regulating the -

flow rate of th%g%%ﬁ%ﬂ%ﬁe%@“wégﬁ%tg%%%ﬁmm feed ports and/ or

.di scharge ports. shing apparatus according to

G aim8, wherein_the vibration, generating device is disposed on.the bottom
of the washing £a9K rafgegulating dg’T(fl.’or Wg’flpgﬁetﬁ?%ﬂﬁﬁOaﬁlfmﬁgmaﬁlﬂﬁ}dat us

according to Claim@8, further conprising: a device that circul ates the
washi Ag. fowigedhrough any feed ports and/or discharge ports.

9. The flow-through washing apparatus according to Claim 8§,
wherein the vibration generating device is disbosed on the bottom of the
washing tank.
10
10. The flow-through ‘_washing apparatus according to Claim 8§, further
comprising:

a device that circulates the washing liquid.



