1 SUBSTRATE NEST W TH DRI P REMOVER BACKGROUND [0001] I n many manufacturing
processes for sem conductor and/or magnetic di sk manufacturing, it is
necessar ywoaotwmad4sia work piece in a liquid environnent pamasehan2iey t he
work piece. As is well known, particulates or contam nates that attach
during the drying process may eventbial |y cause defects in the work piece.
In addition, inefficient drying may not only add to the processing tine,

but may al so | eave defects on a surface of the work piece, as well as
pronote oxidation. Thus, it is extrenely inportant that when a substrate is

dried, there ar ear%yﬁgygm&-rgfm‘%?tr WT&%@M@W dition, during the

dryi ng process, I éece ng nec n“contact with the work

pi ece. One of the defects sonetines left during the drying process is a
drying mark at a point of cont acﬁ«ﬁ%&% Dyvork piece is held during drying.

I'n orggjorjo el i m pahentahhfcEahe plocedsberR TRARLABRRES HERE HlaBRLiRgliow provi de
a mechanismfor efficiently drying a sem conductor and/or nmagnetic disk
wor k  pilaggRctufip@OR]sItecessanwitd et atvdrk peasetie x figtildanvemvoditrmpd thenalry thee
invention arise.. SUYMARY OF THE | NVENTI ON. [ 0003] Br oad| y. speaki ng,
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substrates for the sem conductor and/or magnetic di sk manufacturi hg

pr oc essly 2d0 @@ dielproeneng titme dbutemnty, al enle appiefatus 4 anfaseppetwak pecaorsk pi ece

is provided. The apparatus includes outer support rails having. support
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apparatus.hﬁﬁnér guppért raﬁ%s SXtéﬁgqggtgben ?ﬂgﬁgﬁ%osing eﬁacﬁenbers of

t he applirgt mechadismi ik irecomsant frathehofvodagibceo fOtehaf thedefects sgppetithes laftldsrihas
vertically di sposed extensions extending therefrom The vertjcally disposed
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ext ensi’o The nopvea eviceis novea at as the work
pi ece nieshdnidrh éd edficietfy dylnigquiethichndudtar aidyormaagnetiedinbweabpecdevi ce fol | ows.

[0002] It is within this context that embodiments of the invention arise.

SUMMARY OF THE INVENTION

[0003] Broadly speaking, embodiments of the present invention fill these needs by
providing methods of and apparatus configured to efficiently clean work pieces, especially
substrates for the semiconductor and/or magnetic disk manufacturing process.

[0004] In one embodiment, an apparatus for supporting a work piece is provided. The
apparatus includes outer support rails having support slots for supporting the work piece, the
outer support rails disposed on opposing sides of the apparatus between opposing end members
of the apparatus. Inner support rails extend between the opposing end members of the
apparatus. An inner surface of each of the inner support rails has vertically disposed extensions
extending therefrom. The vertically disposed extensions are aligned in pairs along a length of
the inner support rails. A moveable device is disposed between the pairs of vertically disposed
extensions. The moveable device is buoyantly moveable so that as the work piece is lifted out

of a liquid during drying, the moveable device follows.



WD 2011/ 094641PCT/ US2011/ 023061 2 [0005] I n anot her enbodi nent, a support
nest for cleaning a work piece is provided. The support nest includes a

pl uralitywof20spmecd apart w cki ng devi ces noveably di spesgdshatines®ntl pairs
of vertically disposed extensions extending frominner surfaces of support
rails. The support rails are dispos%d along a length of the support nest.
The w cking devices are noveabl e al ong vertical guides defined along the

i nner surfaces of the support rails so that as the work piece is lifted
froma cleaning liquid, the w cking devices travel with correspondi ng work
pi ece$0008] mai nt & Mmetisiteatodimdn, axuppelg @esdfortdaninerkwpikagiece it proaddit i on,
when the support nest is subnmerged in the cleaning liquid, a top portion of
t he wlBRPHRPoFFFCiag! ué%@ewaéahab@tg\ﬁ@a@qﬁieapgﬁwl%ég deviearaneyeablyidiyorsdqui d when
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met h eani n es raising a

wor K ghe@@@ubaﬁg gedhspaseﬂ s@cb@%]eﬁghfbﬂﬁb Juppet desd. WhE Widlding dbvadek atent er f ace
and lifting the work piece froma submerged support with a transition arm
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after a top portion breaks the bath fluid/air interface while the subnerged
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t he acconpanyi ng dramnngs |IIustrat|ng by wa exanpl e the principles of
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above the fluid/air interface. The method further includes following a bottom edge of the work
piece with a wicking device moveably attached to the submerged support, wherein the wicking
device contacts the bottom edge of the work piece. Movement of the wicking device is halted
after a top portion breaks the bath fluid/air interface while the submerged support remains
submerged. The bottom edge of the work piece remains in contact with the wicking device as it
passes through the fluid/air interface.

[0007] Other aspects and advantages of the invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The invention, together with further advantages thereof, may best be understood
by reference to the following description taken in conjunction with the accompanying drawings.
[0009] Figure 1 is a simplified schematic diagram illustrating an overview of a substrate
cleaning system utilizing the support nest having individual wicking devices in accordance with

one embodiment of the invention.



by reference to the follow ng description taken in conjunction with the
acconpanyi ng drawi ngs. [0009] Figure 1 is a sinplified schematic diagram
i 11 ust ratwogoamesaer vi ew of a substrate cl eani ng syst empaTiuszailfogeoshe
support nest having individual w cking devices in accordance with one
embodi nent of the invention. WO 2011/094641PCT/ US2011/ 023061 3
[0010]Figure 2 is a sinplified schematic diagramillustrating a support
nest that includes individualized w cking devices for each work piece in
accordance with one enbodi nent of the invention. [0011l]Figure 3 is a

si mpl {6016 schemluire? tH Agmplified bahsinadt diagram tlptratirgvi Wibpart aeppigtt nest
havi ng a novabl e w cki ng device in accordance with one enbodi nent of the

i nventicdses frgpvidyatizgd acking devices iforlarh wesk Bigsfeiedcr@daicagyidhene | ustrating a

c_rossé&%g&iﬂ%g%f%wﬂe%&pg a length of the support nest and individual
wi cki ng devices 1 n accordance with one enbodi nent of the invention.

[ 0013]0619¥r e 5 iFsoude Sivendimpliied salerat tngtinaglusmiting A4sp vadw 8 dupport
cross -nfS:sE‘E\ %talvigg ?m(;/\flag{/f\:l wicking device in accordance with one embodiment of the invention.
[0012] Figure 4 is a simplified schematic diagram illustrating a cross-sectional view
along a length of the support nest and individual wicking devices in accordance with one
embodiment of the invention.
[0013] Figure 5 is a simplified schematic diagram illustrating a cross-sectional view
along a width of the support nest in accordance with one embodiment of the invention.
[0014] Figure 6 is a simplified schematic diagram of the wicking device in accordance
with one embodiment of the invention.
[0015] Figure 7 is a simplified schematic diagram illustrating a side view of the wicking
device in accordance with one embodiment of the invention.
[0016] Figure 8 is a simplified schematic diagram illustrating a cross-sectional view of
the wicking device in accordance with one embodiment of the invention.
[0017] Figure 9 is a simplified schematic diagram illustrating a cross-sectional view of
the support nest and wicking device in accordance with one embodiment of the invention.
[0018] Figure 10 is a simplified schematic diagram illustrating an alternative
embodiment for the wicking device in accordance with one embodiment of the invention.

[0019] Figure 11 is a flowchart illustrating the method operations for cleaning a work

piece in accordance with one embodiment of the invention.

DETAILED DESCRIPTION

[0020] The embodiments described below relate to apparatus for supporting a work
piece during cleaning and drying operations. In one embodiment, the apparatus may be used to
support magnetic disks that store data. It should be appreciated that the embodiments are not
limited to supporting magnetic disks, in that any semiconductor circuit device, flat panel
display, or other substrate may be supported for cleaning by the embodiments described herein.

The term work piece as used herein may refer to any substrate being processed. In addition, the



along a width of the support nest in accordance with one enbodi nent of the
I nvention. [0014]Figure 6 is a sinplified schematic diagram of the w cking
devi ce i wacoardasice wi t h one enbodi nent of the inventi @aT/Jse@1mrdogure 7
is a sinplified schematic diagramillustrating a side view of the w cking
device in accordance with one enbodtnent of the invention. [ 0016] Fi gure 8
Is a sinplified schematic diagramillustrating a cross-sectional view of

t he wi cking device in accordance with one enbodi nent of the invention.
[0017]Figure 9 is a sinplified schematic diagramillustrating a

Cr oss tegme disknall disceve aded tilterchappeally, meshayedish wfatice@nydevdhcabitrataccwodance
w th one enbodi nent of the invention. [0018] Figure 10 is a sinmplified
schemitece diFapPamale. (ResTUPRPTt Gan Ahudlized forst Floaninnersaitiasnyith s dualhandptiki ng

devi Cﬁlecﬂarﬁﬁﬁ QL g@s@ﬁﬁed"fntﬂfs 9thntegﬁ99:|aﬁ&{lger9al Ntoh?l/'S §Y§6§, a8 drying chamber
as described in US Patent Application Serial No. 12/122,571, both of which are incorporated
herein by reference for all purposes.
[0021] The embodiments described herein provide for a support nest that supports a
plurality of work pieces during a cleaning and drying operation. The support nest includes
individual wicking devices for each work piece in order to prevent any fluids stains or marks on
the surface of the disk. The individual wicking devices for each work piece mitigate or reduce
the occurrence of watermarks and stains by following or traveling with the work piece as the
work piece is raised from the support nest to a location above a fluid air interface. As will be
described in more detail below, the embodiments utilizes a movable device that can be buoyant
to stay in contact with each work piece at a lowermost location, e.g., a six o'clock location on
the work piece as the work piece is lifted, until the work pieces are completely out of the fluid
bath. The buoyancy of the movable device is such that the work piece will not be lifted out of
the support nest by the movable device.
[0022] Figure 1 is a simplified schematic diagram illustrating an overview of a substrate
cleaning system 100 utilizing the support nest having individual wicking devices in accordance
with one embodiment of the invention. Substrate cleaning system 100 can include a drying
chamber 102, a cleaning tank 104, and a transport assembly 108. After controlled exposure
within the cleaning tank 104, e.g., a fluid bath, substrates or work pieces are moved via
transport assembly 108 to drying chamber 102. Drying chamber 102 may be a chamber or just
an open area above the fluid bath. Support nests that include individual wicking devices that
are described in more detail below, may be integrated into transport assembly 108 in one
embodiment. For further information regarding the transport assembly 108, refer to U.S. Patent
Application No. 11/531,905. It should be appreciated that the system of Figure 1 is one
exemplary system that may be used for the support nest and wicking device described herein
and is not meant to be limiting as the wicking device may be used in other suitable systems. In

addition, the system components of Figure 1 are illustrative and not drawn to scale.



[0019] Figure 11 is a flowhart illustrating the nethod operations for
cleaning a work piece in accordance with one enbodi nent of the invention.
DETAI LED WBSCRIBId4ON [ 0020] The enbodi ments descri bed belCowsc@liacimet o
apparatus for supporting a work piece during cleaning and drying
operations. In one enbodi nent, the %pparatus may be used to support
magneti c disks that store data. It should be appreciated that the

enbodi ments are not limted to supporting magnetic disks, in that any

sem conductor circuit device, flat panel display, or other substrate nay be
suppof0(2d] f or clFgaiid DY DYmiphific® pdhethatie diagrafeRLkirirag h@ippom nestiieatt er m wor k

pi ece as used herein may refer to any substrate being processed. In
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each work piece in order to prevent any fluids stains or marks on the
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nore detail below, the enbodinents utilizes a novabl e device that can be
buoyaste digposechip doprespomtlmetpains t hhatas isagiorweiuppert ail aslapaeesaesdingowsri on,
e.g., a sSix n0'.cloc ocati,on on th rk piec he rk piece is lifted,
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t he support nest by the novabl e devi ce.
support rail pairs are shown supporting multiple disc sizes. However, in practice, only two

outer support rails are used at a time for one size disc. Support nest 106 further includes inner
support rails 124 which extend between opposing end members 121a and 121b of the support
nest. Wicking device 126 is moveably disposed between vertical extensions extending from the
inner surfaces of opposing inner support rails 124. Wicking device 126 is described in more
detail below.

[0024] Figure 3 is a simplified schematic diagram illustrating a top view of a support
nest having a movable wicking device in accordance with one embodiment of the invention.
Support nest 106 supports a plurality of work pieces 120. Depending on a diameter of work
piece 120, saw-tooth slots defined within outer support rails 122a through 122c¢ provide the
required support for holding each of the work pieces in a substantially vertical orientation.

Inner support rails 124 extend between end members 121a and 121b of support nest 106 and are
defined between outer carriers 122a through 122¢. In one embodiment, extensions defined on
opposing surfaces of corresponding inner support rails guide wicking device 126 in a vertical
manner so that a surface of a top portion of wicking device 126 remains in contact with a

bottom edge of work piece 120 as the work piece is moved from support nest 106. One skilled



[0022]Figure 1 is a sinplified schematic diagramillustrating an overview
of a substrate cleaning system 100 utilizing the support nest having
i ndi vi duavowntikiomg1devi ces in accordance with one enbodiPegruS2afi/oivel
i nvention. Substrate cleaning system 100 can include a drying chanber 102,
a cleaning tank 104, and a transpor? assenbly 108. After controlled
exposure within the cleaning tank 104, e.g., a fluid bath, substrates or
wor k pieces are noved via transport assenbly 108 to drying chanmber 102.
Drying chanber 102 may be a chanber or just an open area above the fluid
bat h. iiSihpperwillgpicsiatdihnt thachppde devtcnyy bluaibmeirgddiing ol bark $ort eéandie
described in nore detail bel ow, . ma¥ be integrated into transport assenbly
108 i APYALCEBgicHbedimansy Thefliiddath kaybeaiy Bhitaplegiaaingghemestyfahspor t
asse - P . LOR: P 0 t shoul d be
appr ggileé?l?élgg%rﬁ%tg h Cé&ggﬁs’%tertﬁsg?l &ﬁ?&ga@gﬂf&lﬁg@g@mg’gg% 5?3}11 g%’st% gr%ht hat may be
used templetien stipp@ldaningpearon WMeGkbpgt A8Y isatisclemovrardreth diefledin@iisel s not
meant to be lLimti ngTas t he wi cking device nay be used in other suitable
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and n - - 201150946 / 011/. 0] jgure 2
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i ndi vilduabhze@put akitNgo dey he®ds wook pRassarvaiftkd, pvickig deviae CTF @anee iwi t h one
enbodi rent of the invention. Support nest 106 includes two end nenbers 12la
and 12aMa¢iarifiedn bariemiedae ef b sissispigcan Il ane ghibedingnt.ovicking dappod 20 vai | s 122a
t hrough 122d. ter support.raid s, 122a through 122d are configured to
supporgyo%néé'f:i’%ﬁtsé? gﬁfu_fl%?)fetrlllf:délildatr)r%%ers of work pieces 120 in one
enbodigust. | n Fiererodiinpniisd sdhematil 8a@lah WRkifatRiget@Sss1sdBicaevield ust r at ed
as magnetic di sks, however, any suitable work piece, such as sem conductor
subst pknegs lengithgisthe yhpporttessandgndividughyickmgtvish wesint dscerdsgspoith onvest 106.
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in corresponding pairs. That is, each outer support rail has a
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only two outer support rails are used at a tine for one size disc. Support
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opposi ng end nenbers 121a and 121b of the support nest. W cki vice 126
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described in nore dePall bel ow. [0024] Fi gure é) IS asinplified schematic

di agr ammbe1 efstariipiavgs eaphblp of beng ofipmrsdp pocerdmedyt, theas exegndanyoladdlagomd cki ng
device in accord%irg?.e W th one enbodi nent of the invention. Support nest 106
suppo e SRR IoE Y EREwor k pi eces 120. Depending on a di ameter of work
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1 in a verti manner so that a surface of a top portio w cki ng
devi ceedizflly efmitabwork piaet.abit onsl enibodirbait tienpaaigd cofitavorikh hedoaoh2dgas t he
wor k piece is noved from support nest. 106. One skilled

approximately at the six o'clock position. Wicking device 126 is movably disposed between
inner support rails 124. As work piece 120 is moved a top surface 128 of wicking device 126

remains in contact with the bottom of the work piece. A distance of travel of wicking device



WO 2011/ 094641PCT/ US2011/ 023061 6 in the art will appreciate that the
support nest nmay be subnerged in a fluid bath for a cleaning operation in
one enbodwoentl/09ddie fluid bath may be any suitabl e cl earcmgiSetiene®sry for

cl eani ng sem conductor substrates and nmagnetic di sks including deionized
wat er. Upon conpl etion of the cleaning operation the support nest is raised
towards an air fluid interface above the fluid bath. The work pieces are
noved above the air fluid interface while support nest 106 renains
subnerged in the fluid bath. A transport mechani smrenoves work pieces 120
f r om 426 parohtrokeat bet@eerathd vasichliveontmitdd gitasems ah eéhd inhéredrfacd ctkhaigindevi ce 126
remains in contact with the bottom edge of the work piece. In one
embodP¥RASEE raiki E34 hgpieidingestape Tihg smémtbe defiged oif theyeetically pHent¢q ui d of t he
fluid [ Q0 i fii aqgr ting a
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W cki figtidevelo@s in accordance mnth one enbodi nent of the invention. W cking
devices 126 are disposed along a length of s ort nest 106. In this
exerrp[(HW errbod e 6 Wi aumphfisdsshemgtiiq Q@g%()ﬁgp MoGling devagediaraceqgdyise

buoyan n p+ed 128, of ey remains in
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is not capable of liftin iece 120. That is, w cking device 126
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bei ng supporte Accordingly, these exenplary illustrations are not meant

to beid lnrmt@d ygthe [lmB?ﬁimgwwq‘m §39. 4t émnﬁl hiefappepceddsethatt the slchpa@f agking
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a correspondi ng individual w cking device 126 that is in contact with a

bot t onvEtyeatohs cirebeepdd taltdpsuoface hz?eﬂ)rmmthctmge:bebottqrn cdgreoferboidti mesat  t he
poi nt _of contact wth bott om edge j Xi at, the si cl ock
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126 renmains in contact with ghe bottom of the work piece. A distance of
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contr bet ween t he vert ori.e ted extensions .on the .inner. surface
of thgddzg \A%i:ﬁﬁ]ﬁ ot ’"f“glp B%‘CB%?/ Wt {uétﬁ%“ngﬁsé&‘s‘(%?{? rﬁ]&‘yw‘&@“éefl ned

on theyes fn' a%%ﬂd){n&r\in%{‘&ﬁedaﬁ%&rﬂéﬁt% %heoiﬂvérﬁfons W'f%ﬁm‘gfdeWcE ‘126‘ Q; ifleMif& 126,
or a conbination of the two, as wll be explained farther bel ow.

having indentation 130 defined along each s1de surface. As mentioned above, indentation 130
mates with a vertical extension protruding from an inner surface of the inner support rails of the
support nest. As the work piece is moved, wicking device 126 travels vertically as guided
through the mating of the side extensions and indentation 130, so that top surface 128 remains
in contact with a bottom edge of the work piece. As discussed above, wicking device 126 is not
capable of lifting the workpiece but can travel along with the workpiece.

[0029] Figure 8 is a simplified schematic diagram illustrating a cross-sectional view of
the wicking device in accordance with one embodiment of the invention. Wicking device 126
is illustrated having a hollow interior 133. The hollow interior 133 enables wicking device 126

to be buoyant. In one embodiment wicking device 126 may be a solid piece and the movement



[0027]Figure 6 is a sinplified schematic di agram of the w cking device in
accordance with one enbodi nent of the invention. The w cking device 126 has
a top edgeo2AB/ma contacts the bottom edge of a corregpons2og/onwsk piece.
Si de surfaces of w cking device 126 have indentation 130 defined along the
|l ength of each side surface. Indenthtion 130 will mate with the
correspondi ng vertical extensions between opposing inner support rai
surfaces in order to orient and guide the vertical novenment of wi cking
device 126. In this enbodinent the travel is limted by the | ength of

i ndenbétheavickidQ devite adnchd dbnbellappraghatspeing-haided heckdnape bfthid cki ng devi ce
126 is not limted to the illustration of Figure 6. That is, alternative

shape§MRAdimsas ithnkoreesapphed b g spring lnfed @eehqaispuin it siEFipRto dift the Beithg
devi c [ I op
ot BTk IR L A SO SRR B RS TR RGO

top sUhé agenglat8prinys rlnayae H)cKtlad tea Bogef t \f/llcﬁﬁlgeldgtee lth@de dﬁﬂﬁad&n&mdﬂﬁle a
curved edge with or w thout indentations, or any other suitable

conf i Giaertal shcanserctign fpr G sBingsaRtaRa anyapaeiaH compathle paddhadiganing flig t om
edge Q r S di agram
L usgld {th ngfdléls e r&?ulreh 81%?% E&tﬂ)‘ﬂ q%c? aﬂ %{t@hd%d Egglll!)(g {):titgslg: dgﬂgg&%ﬂﬁ% one
embodidern m@§ bé b@m?ds&éa oF h@ﬁmatéh@Mdm)adew wigh th@ldaginklfluistikat BthBavi ng
indentation 130 defined along each side surface. As nentioned above,

i ndenbugyashernBodimghie Wl@ilintgnd@zl%lr%i | b%@ﬁ@%?‘b@f apmeterlabﬁuﬁlg, Fppysdblnner

surface i hner. rail s of the or t % pi ece
s moyit opp g ARt AR be P Be ok, ALPRG G0, B e RO

nat | nger@etmt tﬁe:oﬁtadewmf b ®BabANYg@BOthe RELRbREE BenhBR re®Ov _REn} RE1SUAE ace 128
remains in contact with a bottom edge of the work piece. As discussed

abov e fluid ektha glageysustacasad the wagk pieegpabl e of 1ifting the morkplece but can

o agr WPOP Nt Sty s ErRLREE By YeEl e enireh SR bl S ©

accor ganeppi hést aRe 1VRiRtin QécordiBicé WY@k @Mbodintdht BOthe @KleGBork 26 1S
|IIustrated having a hollow interior 133. The hollow interior 133 enabl es

wi cki Ngorlieidce d 20 26suppoittesl yueymnponding one reiboldiuppoert nesic ¢R6. n@s denticeed1 26 may

b I d t h th

cont r S1T8a PTG 2 BB PO SRT i RSB aT R e 1 or ce
appl i goh bihnbh@ils @24 PvidRadataMBGARAMS M6 Sy %ﬁ&é Mc@dt?g"devidé bkt wole work

pi ece, however, the nechani sm ensures novenen Wi cKi ng device 126 with

t he m@mkpﬂ@@@rnahﬁ»§mﬁwngwehnspﬂnm@9fm®ﬂim@aﬂb&hﬁ@dh@bwamma§589ﬁnghe

W cKi vice Ln one enbodi nen The. material qf . construction for the

pr | nRRE ety FHaYER TG fe Ba PBT En o s e iR G R P SRS ha
Provi @88orh REed SIOMLILERBAND A el tbP BurPier1 280 et wPierad dPeiké OfQf dfse. The

wi cki ng deV|ce may be conposed of any material conpatible with the cl eaning
f1 ui dvwatisng dévicet 1 iblioyiad by shinddersne Bl andd Tkdafiged enivericil2& tamaionbé 3G olposed

of a nat suc sui t.abl e tal or_.plastic terial conpatible
with tHy CE)L’%E%I%%CWA% %ﬁ‘éﬁtﬂ Wé‘i’a‘“&%‘i‘)@‘%ﬁﬁw lé‘tﬁlg liﬁ%tq’?%%%%caf it act
with aBodH tﬂ%ﬁl@ggin%fntst&&@crma%e@l@%kﬁ%ml 1961 SNV &l n§éf abR0Y 2 FRMRdiPT Ng
fluid on | anar surfaces of th pi ece. [0030]Figure 9 is a

si npl ifterEdess h@nﬂaplece tR2Gagramvdd fush rsappomtgwat tﬁ6osﬁss zsmsu]lt ,omakiny idevicol24 he

support nes wi ckj ng devi ce |n acco nce with one enbodi nent of the
i nventibhs awfweg 6?%%181%2)60’?1@3?&8 ted C&?E@Sfltl%% pBArhBicEY T oS | s of
suppo o?ﬁg ded

th roué‘mgégg%ﬁgggfﬁﬁépgﬁk%e i ne %R%it Y%@%ﬁé&%ﬁggpﬁggyﬁﬁ%%QﬁvéHEggg rails
124 psoppetandaht woel piesd @nsdsaivay ¥3fn vdpi sﬁnk’fagmlz;&e any flkidngmdew indéh thefpas wor k
piece 120 is_mved. The vertical mpvenent of work piece 120 and the

buoy afeacsr28 o wigkingdeyins HAOhIoMES fRreesrot Riteacting S‘H%\’?‘F the vesisally orisHel f or
o, obplE TN DRl 128 HeSTe b, 041 OOMERER bt aRaAg0 Y (e

top s ave g device
i m t @udyn shwehbetised3theanidkihgdevied proeteon curtituoaspatkxbeths ﬂﬁt‘dBtobBG | t
shoul d be appreciated that the illustrative enbodinment in Figure 9 is not

drawn to scale. Thus, through the enbodi nents descri bed herein w cking
device 126 is able to rise above a fluid air interface as work piece 120 is
removed from support nest 106. As a result, w cking device 126 causes any
fluid remaining proximate to the six o' clock position on work piece 120 to
be attracted to the w cking device. Thus, once the vertical novenent of

wi cki ng device 126 is stopped and the work piece noves away fromtop
surface 128, any fluid remains with the top surface 128 of w cking device
126 through forces of attractlon SO that the vertlcally orlented planar

Y - AN~ - r 1



WO 2011/ 094641PCT/ US2011/ 023061 9 pulled off of the work piece by the
surface tension of the fluid. The support nest described herein nay be
conposed wh 2anyoonm@tieri al conpatible with the cl eani ng flpairdiS28amesoexenpl ary
material for the support nest includes Polyether ether ketones, and other
suitabl e plastic or netal corrponent% that are suitable with the process.
[0031]Figure 10 is a sinplified schematic diagramillustrating an
alternative enbodi ment for the w cking device in accordance with one

enbodi ment of the invention. Wcking device 126 includes slots 130 defined
al ong paltedestt bf thesvadie pude bade saffatdensioe ki thg flael/ i Thee subport hess desebibeld ment

stops are provided on_the inner rails upon which w cking device 126 is

gui de8CTeYYIERY hgycorargses ofi oy mafeTigldespatble avigeths skpaniig iﬂ(‘:‘ﬁfq MRSSEHIAYt Wit h
a bot . i i . Wocking
devi o BRRt g Rhafiast id R oltRl: BhECtoleS, SRAGIERAC L, St

Al t er pampyiednys, thid @K bigbReVitle the b2éceb®y be spring-1 oaded so that as a work

pi ece noves, edge 128 remains in contact with a bottom surface of the work
pi ece[00] nent | diie Abbaesimphidedishgmptic diagapy illygiritogdedltemsem ment s exert a
force - sufficient to i rbif h rrespondi ng. wor k pi ece.
L o032 ERiplsh BRI G ERke s PEp Rl thighs hEBRERKBERC PRI for

cl eaniwigkiag Wevike PRERRIUIBs A6GAB0ABHRAMIbKY ANErtREDAE kiREe 0P thetwiekingvent i on.
The flowchart initiates with operation 200 by raising a work piece that is
subnedgdee.i Iy this embadingrit Baphaigpoovideshy deiwer sfilsapph sheshsvislingslerisei on. The
wor k pihece i.s raj,sed towar a fluid air ipterf.ace a_support .nest

ol ai ig° Erasidist B REe ARG 120 el Srlidee 1Rl PR Bt PafiR B tB88at o
202 wWhgtrRetdned wostkh@iveaepibse. | Af ineakidned b éyveS Wikl D& i &UIBAhAy yhdAlow i@ansi ti on
armthat is disposed above the fluid air interface. The work piece may be

| i ftedrdgs ta previsiabieragessaymovncyi dliermsitivglyovickingtdesisarl 26 may beperiag-i on 204 a

botto dge of the rk piece is f owed by a w cKki devi ce t hat

ot nt SHEY S endy Sy P RS Siae dat M5 e DRV ST 28 EraR e i ece
I's renpyepictd. oM hRBtSHERBbYe, thihRyahtltR sPoi K Ra8&LerhBodiMPRO bk&Ha Bfcd Bt
transition arm yet the w cking dévice maintains contact with the bottom

edge of natkeffisenktopneceor liththegerratpoodin2 0@ rk pweenent of the wi cking device is
haltef fter a top surface of the w cki device breaks the fluid air
ot or 1l °1 e b el fuorne i Ao R T S e e ib¥eRged even
whi | e ]p¥eQ§iI{ KRoRIMAEAGEN Bhe ERBoMEK! FInIRVES RN, STHRERNRNEA Enifihttd Githi T
interface. The transition armw ||l renove the work piece to another support
nest Pperafiar 2H{Eby prsotes workgpieee thatas ewtinod geremta cleabing OB E)orhenaietan of a
enbodi nent s gpr ovi de tr?lr a W cKki ng .de&/i ce haft1 .8ont.act ebach wor k

processing operation. e work piece 1sTaised towards a fluid air interface by a support nest

holding the workpiece in one embodiment. The method advances to operation 202 where the

work piece is lifted from a submerged support by a transition arm that is disposed above the

fluid air interface. The work piece may be lifted as the submerged support is rising or

stationary. In operation 204 a bottom edge of the work piece is followed by a wicking device

that maintains contact with the bottom edge of the work piece as the work piece is removed

from the support. Here, the workpiece is supported by the transition arm, yet the wicking

device maintains contact with the bottom edge of the work piece. In operation 206, movement

of the wicking device is halted after a top surface of the wicking device breaks the fluid air

interface. It should be appreciated that the support remains submerged even while the top

surface of the wicking device is above the fluid air interface. The transition arm will remove

the work piece to another support nest for further processing in one embodiment.



pi ece to prevent any cleaning/rinsing fluid stains or marks |left on the

wor kpi ece after a processing or cleaning operations. The w cking device or
drip renowenoas®edti al |y provides for a conti nuum of th@CraiSesr11.02306t her
cleaning fluid (and associ ated surface tension and nol ecul ar attraction)
fromthe work piece, across the drilf renover, to the fluid bath. The

conti nuous contact between the drip renover and the work piece provides a
path for the water or cleaning fluid to be pulled off of the work piece by
the fluid bath. I n one enbodinent, a droplet of the cleaning fluid is never
al | owgeD339 f or nTha abdve dagiddanems ploRrliewor K wiképededicetth@ coh@eamiengh woitki d i s

pul | ed away due to the surface tension and nol ecular attraction as the work
pi ece PERE tUPEPEN @R FlerningEpEng Haidytaipgoyaatks laft onsthe yaukpeceadist aci at ed t hat

t he wi cki devi ce. i sabl ' - I ter
any b o ERuTRbeRRo. CHERRRRI UCORE by g AL PRICRIAGRG B R

W cKi agositeMiugeoMBy watr 00 BtkdEafinaflGidTsnt@bbEated s@fre @SN a8 Miclecular
[0034]Althou%h the foregoing invention has been described in sone detai

for pattieden Tm geayorkpiase. agrers tha dirgicayyer to thelfluibpathpphe eentinupes certai n
¢ ha.” gggnt%:q(%ep\xp Cfi:lnftl eCc%ti ! erﬁ&sovgpgndbtﬁe Qv:(r)glgéi!egee ro\\’f\{dteg] !15 t&lr} T t%lg %?erOfr cfeh mgppended
cl ai ns. "Accor |ng?y, i e present enbodi <G 8PE0 'heconisi defed 4

i1 ustiuat dowe paned Batof s érik@lidcédy tRntuidibach. Mient bdbodigen0t drdplooflthdri ted to
the details given herein, but may be nodified within the scope and

equi v&leamng flgid is meverpPewae & ormjomghe batforprthejveorks pigicpratithesicammativsiis 1. An
apparatus, for su rti a work piec conprising: .a _bugyant |y

v ea Bl BN RGP Gircutite St rh el DofRu A R Re it shs work RiFe PR ¢ he

appar admsves WaPO el figd bg. WhkuldiRGEprebRARJNNANRENKiTRIEe B IngaydRvd ce fol | ows
the work piece. 2. The apparatus o? claim1l1, wherein buoyancy of the
nmovabdispdsaplegrart, whiohgudf becieplaced after pfy nyrhergd pkogghséiegeor cl@ninprepegbions at us of

cl ai mar]é’ peC o%{:&.s’hﬂ%; the wicking device may be considered a consumable in one embodiment.

[0034] Although the foregoing invention has been described in some detail for purposes
of clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Accordingly, the present embodiments are
to be considered as illustrative and not restrictive, and the invention is not to be limited to the
details given herein, but may be modified within the scope and equivalents of the appended

claims.



outer support rails having support slots for supporting the work piece; and
i nner support rails having support slots for supporting the work piece. 4.
The apparwibusiiagb4@hiai m 3, wherein the support slots of Phe/usatign2z6d | nner
support rails are in a saw tooth configuration. 5. The apparatus of claim
1, wherein the noveabl e device has !4 hollow center. 6. The appar at us of
claim3, wherein the inner surface of each inner support rail includes a
stop to limt vertical novenent of the noveable device. 7. The apparatus
of claim1, wherein a top portion of the noveabl e device extends past a top
sur f adaois didneedppar at us when the noveabl e device is at a highest vertical
hei ght. 8. The apparatus of claim4, wherein the vertically disposed
extensions function as the stop. QLAIMS apparatus of claim 1, wherein the
work piece is circular. 10. A support nest for cleaning a work piece,

CONpr iISi Ng:An apparati@ foH sltli)?bﬂtffng a%orﬁ?%@:@,@o@rﬁﬁfsingw cking devices noveably

di sposed between pairs of vertically di sposed extensions extending from

i nner surf i - LAl i r 1 i sposed
'ong a1 cagrr B UBLIE HEAO Lish R Syl P el Bl PRI 1 2P ong
verti appargus sigppodaicithedodd png, tHeeuopmely sovehbleelsvise féllats ths woklepinor. k pi ece
is lifted froma WD 2011/094641PCT/US2011/ 023061

2. The apparatus of claim 1, wherein buoyancy of the movable device is insufficient to lift

the work piece.

3. The apparatus of claim 1, comprising:
outer support rails having support slots for supporting the work piece; and
inner support rails having support slots for supporting the work piece.

4. The apparatus of claim 3, wherein the support slots of the outer and inner support rails

are in a saw tooth configuration.
5. The apparatus of claim 1, wherein the moveable device has a hollow center.

6. The apparatus of claim 3, wherein the inner surface of each inner support rail includes a

stop to limit vertical movement of the moveable device.

7. The apparatus of claim 1, wherein a top portion of the moveable device extends past a

top surface of the apparatus when the moveable device is at a highest vertical height.

8. The apparatus of claim 4, wherein the vertically disposed extensions function as the
stop.

9. The apparatus of claim 1, wherein the work piece is circular.

10. A support nest for cleaning a work piece, comprising:

a plurality of spaced apart wicking devices moveably disposed between pairs of
vertically disposed extensions extending from inner surfaces of inner support rails, the inner
support rails disposed along a length of the support nest, the wicking devices moveable along

vertical guides defined along the inner surfaces so that as the work piece is lifted from a



12 cl eaning bath, the w cking devices travel with correspondi ng work

pi eces, such that when the support nest is subnerged in the cleaning bath,
a top porwpaniiaP4d4me wi cki ng devi ces extends above a suPCadas2af/opivel

cl eaning bath when the wi cking device is fully extended. 11. The support
nest of claim 10, wherein the wickilAg device is buoyantly noveabl e al ong
the vertical guides and a force provided by the wi cking device is
insufficient to nove the work piece. 12. The support nest of claim 10,
wherein the wi cking device is spring nounted and a force of the spring is
I nsuf tieani@gbathotheivitkitfdevicgskraveleeth cortSpordigg swpppietesnash tiodt whleaitha 10,
wherein the w cking device has a hollow center region. 14. The support
nest &fPROrtHICH) 11 oubARiEpdinthe Rlsaking batht a tpporiian Rfdhe Wirkingevices eHEN wor k

pi ecegy, v sQ@faX@B%’tjhgglggﬁ&ﬂgE%tﬁgﬁh&n tﬁéwie@‘?gac?]egpcgggﬁﬂl%ggtqagé@i m 10, wherein

the top portion o evice | e appar at us of

claim 10, rther conpri si.ng: . pl.urality of pairs of outer. support
ar | o 15t acdle Stera B THE%berein fetrkpe prde B uialy P el e ppor
rail s gqRrRytidi BedsURROS fordeProdiBed WPk VALIBRE deviddis ilEriARRAS &ld¥e 1R walkai m 16,
wherein the pairs of outer support rails Support the work piece in a

verti pakeorientation and wherein the work piece is supported bel ow a

m dline of the work piece. 18. A nethod for cleaning a work piece,

conpr i18j NgThe support nest of claim 10, wherein the wicking device is spring mounted and a force

of the spring is insufficient to lift the work piece.
13. The support nest of claim 10, wherein the wicking device has a hollow center region.

14. The support nest of claim 10, wherein the support nest is configurable to hold work

pieces having varying diameters.
15. The apparatus of claim 10, wherein the top portion of the wicking device is angled.
16. The apparatus of claim 10, further comprising:

a plurality of pairs of outer support rails placed outside of the inner support rails, the

pairs of outer support rails providing support for the work piece.

17. The apparatus of claim 16, wherein the pairs of outer support rails support the work
piece in a vertical orientation and wherein the work piece is supported below a midline of the
work piece.

18. A method for cleaning a work piece, comprising:
raising a work piece submerged in a cleaning bath toward a bath fluid/air interface;

lifting the work piece from a support with a transition arm located above the fluid/air

interface;

following a bottom edge of the work piece with a wicking device moveably attached to

the support, the wicking device contacting the bottom edge; and

halting movement of the wicking device after a top portion breaks the bath fluid/air

interface.



rai sing a work piece subnmerged in a cleaning bath toward a bath fluid/air
interface; lifting the work piece froma support with a transition arm
| ocat ed aWoweiitrdeessfil ui d/ air interface; fol | ow ng achatstamoesdge of the
wor k piece with a w cking device noveably attached to the support, the
wi cki ng device contacting the bottdm edge; and halting movenent of the
w cking device after a top portion breaks the bath fluid/air WO
2011/ 094641PCT/ US2011/ 023061 13 19. The nethod of claim 18, wherein the
wi cki ng device is one of buoyant or spring force. 20. The nethod of claim
18, wher ei Tha nfetlicdieofeXiimt 180 wihyreimte wickh g devdevis ©fe bsbudyand drispriegfort | i ft
the work piece. 21. The nethod of claim 18, wherein a plurality of work
pi ecegpar e The bigRiddest AR 182 GRepl zkfo@ée%%c%rtb@ b%ﬁ&%ﬂcﬁfn@@e%& R iddufficient to
i ndependent |y noveabl e wi cki ng devi ce. he nmet hod of claim 18, wherein
t he slifgbe worlepra¢ens subner ged during the I|ft| ng the following and the
hal ti ng.

21. The method of claim 18, wherein a plurality of work pieces are submerged and each

work piece is associated with an independently moveable wicking device.
22. The method of claim 18, wherein the support remains submerged during the lifting the

following and the halting.



