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mountain to avoid.

[0002] The cleaning process is intended to remove substantially all of the particulates
or contaminants from workpieces before and after processing operations, such as processing
of magnetic media or semiconductor workpieces. A clean workpiece is thus a workpiece
from which substantially all of such particulates or contaminants have been removed before
and after processing operations.

[0003] Therefore, there is a need for improving techniques for cleaning workpieces,
such as those workpieces that present problems and require removal of substantially all of
such particulates or contaminants from the workpieces before and after processing.
Moreover, these improved techniques must allow cleaning of a workpiece to be done quickly
so as to reduce the cost of capital equipment for the cleaning and to provide a clean substrate
to alleviate additional process burdens during downstream processing operations.

[0004] It is within this context that embodiments of the invention arise.

SUMMARY OF THE INVENTION

[0005] Broadly speaking, embodiments of the present invention fill these needs by
providing methods of and apparatus configured to efficiently clean workpieces, especially

substrates for the disk drive industry.



SUMVARY OF THE | NVENTI ON [ 0005] Broadl y speaki ng, enbodi nents of the
present invention fill these needs by providing nethods of and apparatus
conf i gur edot2011afeb446i ent | y cl ean wor kpi eces, especi al | y sabaise@avasesbor t he
di sk drive industry. WD 2011/0604432PCT/ US2010/ 056894 [0006] | n one

enbodi nent, a cleaning apparatus is provided. The cl eani ng apparat us
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[ 0008] O her aspecis and advantages of the invention wll becomeé apparent

f r om t terizontally aligned fluid streams, wherein an uppermost fluid stream of the horizontally
aligned fluid streams travels to a mid region of the tank and each successively lower fluid
stream of the horizontally aligned fluid streams travels a successively reduced distance into
the tank. A direction of each of the horizontally aligned fluid streams is laminarly changed to
a vertically aligned fluid stream toward the bottom of the tank. The laminarity change occurs
at different radial points across the tank above the vertically oriented substrates for each of the
horizontally aligned fluid streams. The substrates are rotated while recirculating the fluid.
[0008] 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

[0009] The invention, together with further advantages thereof, may best be
understood by reference to the following description taken in conjunction with the

accompanying drawings.
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BRI EF DES@BI2PTiVGMN4OF THE DRAW NGS [ 0009] The i nvention, wPogaishen/osisvh
further advantages thereof, nmay best be understood by reference to the
foll ow ng description taken in conjunction with the acconpanyi ng draw ngs.
WO 2011/ 0604433PCT/ US2010/ 056894 [0010]Figure 1 is a sinplified schematic
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[0011] Figure 2 is a simplified schematic diagram illustrating a cross sectional view of

the components of the laminar flow tank in accordance with one embodiment of the

invention.

[0012] Figure 3 is a simplified schematic diagram illustrating a front view of the

nozzle's within the side wall of the laminar flow tank in accordance with one embodiment of

the invention.

[0013] Figures 4A and 4B are exemplary views of the alignment of the vertical and

horizontal channels of the vertical distribution plate and the horizontal distribution plate that

may be incorporated into the sidewall of the tank for the eddy killer, lip exhaust, or over spray

features in accordance with one embodiment of the present invention.

[0014] Figure 5 is a simplified diagram illustrating the support structure for the

substrates in the laminar flow tank in accordance with one embodiment of the invention.

[0015] Figure 6 is a schematic diagram illustrating the roller assemblies of the support

structure and the substrate in accordance with one embodiment of the present invention.

[0016] Figure 7A is a simplified schematic diagram illustrating the cross-sectional

view of the piston pumps providing recirculation for the laminar flow tank in accordance with

one embodiment of the invention.

[0017] Figure 7B is a simplified schematic diagram illustrating a bottom view of a

quad piston pump configuration for the laminar flow tank in accordance with one embodiment

of the invention.

DETAILED DESCRIPTION

[0018] The embodiments described below relate to an apparatus for cleaning a

workpiece. In one embodiment, the apparatus may be used to clean magnetic disk substrates.

It should be appreciated that the embodiments are not limited to cleaning magnetic disk

substrates, in that any semiconductor circuit device, flat panel display, or other substrate may

be supported for cleaning by the embodiments described herein. The terms workpiece, wafer,

and disks, as used herein may refer to any substrate being processed. In addition, the terms

disk and disc are used interchangeably, and may also reference any such substrate or

workpiece.



[0012] Figure 3 is a sinplified schematic diagramillustrating a front view
of the nozzle's within the side wall of the lamnar flow tank in accordance
wi t h one wotodiosens of the invention* [0013] Fi gures 4A aou/usBiansssexenpl ary
views of the alignment of the vertical and horizontal channels of the
vertical distribution plate and the horizontal distribution plate that may
be incorporated into the sidewall of the tank for the eddy killer, lip
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storage fields, and including HDDs, CDs, DVDs, mini-discs, and the like. Throughout this
Detailed Description, "substrate” is used in a generic sense to include both wafers and disks
(also referred to as discs). In the following description, numerous specific details are set forth
in order to provide a thorough understanding of the present invention. It will be understood,
however, to one skilled in the art, that the present invention may be practiced without some or
all of these specific details. In other instances, well known process operations have not been
described in detail in order not to unnecessarily obscure the present invention.

[0020] The laminar flow tank described herein includes an eddy killer that provides
multiple different streams of fluid to be generated so that each successive stream results in
uniform laminar flow across a diameter\width of the laminar flow tank. In one embodiment
the eddy killer is a column of nozzles or ports where a topmost nozzle will generate a stream
that proceeds across a radial distance of the laminar flow tank and each lower nozzle
generates a stream of fluid that successively proceeds across a smaller distance of the tank.
As illustrated below, each fluid stream prevents the next higher fluid stream from forming
into an edy current or turbulent flow. The fluid may be provided to the eddy killer through a
suitable pump and the dimensions of each nozzle of the eddy killer may be configured so that
a single pump providing fluid to the eddy killer will result in fluid streams having different
velocity profiles across the tank. In one embodiment the nozzles are configured so that a
smaller diameter nozzle is provided at a topmost position of the eddy killer and each
successively lower nozzle has an increasing diameter. In another embodiment each of the
nozzles of the eddy killer may be independently supplied with a fluid stream and the
diameters or surface area of the openings are uniform. In alternative embodiments, the
nozzles may be rectangles or a long slit with varying width. It should be appreciated that
numerous shapes or configurations may be utilized with the embodiments described herein to
maintain the laminar flow fluid streams. A pump provided at the bottom of the laminar flow
tank generates the downward laminar flow that sweeps across a surface of the disk being

cleaned. In one embodiment the eddy killer may utilize the laminated wall for uniform fluid



[0017]Figure 7B is a sinplified schematic diagramillustrating a bottom
view of a quad piston punp configuration for the lamnar flow tank in
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[ 0018] The enbodi ments described below relate to an apparatus for cleaning a
wor kpi ece. In one enbodi nent, the apparatus nmay be used to clean magnetic
di sk substrates. It should be appreciated that the enbodi nents are not
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2006 titled APPARATUS AND METHOD FOR DRYING A SUBSTRATE, which is herein incorporated
by reference.
[0022] Figure 2 is a simplified schematic diagram illustrating a cross sectional view of
the components of the laminar flow tank in accordance with one embodiment of the
invention. The laminar flow tank 104 includes sidewall 110 having a plurality of sections. It
should be appreciated that another opposing sidewall to sidewall 110 is provided with laminar
flow tank 104, however, for illustrative reasons a single right hand side is presented in Figure
2. Thus, an opposing sidewall mirroring sidewall 110 is included with laminar flow tank 104.
Sidewall 110 includes sections 110a, 110b, and 110c. It should be appreciated that any
number of sections may be provided for sidewall 110. Beginning from an upper portion of
sidewall 110, lip exhaust 112 is disposed within section 110c. Lip exhaust 110c captures any
fumes or vapors emanating from a top of the water level 115 of tank 104. In one embodiment,
lip exhaust 110c is in flow communication with a dedicated vacuum source in order to capture
the fumes or vapors. Below the fluid level 115, once tank 104 is filled with a fluid, is eddy
killer 114. Eddy killer 114 is configured to ultimately provide collimated vertical lines or
currents of fluid streams under laminar flow in order to clean substrate 106. The fluid streams
from eddy killer 114 originate in a horizontal direction and then proceed to a vertical direction

toward the bottom of tank 104. As mentioned above, a corresponding eddy killer is disposed



multiple different streans of fluid to be generated so that each successive
streamresults in uniformlamnar flow across a dianeter\w dth of the
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i s eddyndfol bedr spikg.116ddy killer 114 is configured to ultimtely provide
collimated vertical lines or currents of fluid streanms under |am nar flow
in order to clean substrate 106. The fluid streanms fromeddy killer 114
originate in a horizontal direction and then proceed to a vertical
direction toward the bottom of tank 104. As nentioned above, a
correspondi ng eddy killer is disposed



WD 2011/ 0604436PCT/ US2010/ 056894 in an opposing sidewall to sidewall 110.
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correspondi ng sidewall of the tank. In one enbodi nent, eddy killer 114
provides the fluid streanms to tank 104 froma series of lamnated walls
that provide a uniformfluid flowto the nozzles disbursing the fluid
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drai nin erat I n_an er e ment , ver S may..he utilized
Lo neutranpger ot BR SigensPdintihrtod hhpaurase R B WgnadudSeifet he
surface)ff 1§21Q§f ﬂil@érQ240@ﬂtfﬁ)se?-§§ﬂtesf2éﬂ d@s1§ts% ﬁﬁﬂitﬂﬁm@@ﬁg RkiQR-f1RPfro8XRIP! €,
where a cl eaning agent is inpacted by a surface potential, over spray 116

may be vattichl @d strearpy Wiindéely eraiptiop donseddydskerpdtiem ded emlvodmt:ntt tigfuserr f ace

of substra 106.in 0 Nnos eff|C|ent cl ean substrate..

orbodi Al |8y b PRI 6t St aRauRANGT L By S 11es D b UPEETt r om

e‘ddy k'akéa%’\ﬁeﬁl%és thaf aQ)\SﬁBmSIQ}';e@yItjsﬂigulg%@%ﬁ@@&la{eh%tf\xjﬂﬂ'eq:l%mé bengddieski 11 er
114 is flo I n anot her enbodi hent over spray 116 may be supplied

fromt hmgiraﬁlﬂmersldé tahernaisveeﬂmlgodkmbrhte may dcludei hhltipsd fileess. uA|pl1drmerd1250iscont r ol

the fl |d t ddy_ ki)l e 14 and/.or over_s
2011/ 08 E%%ifé é@@zﬁep@d@atp@ﬁurﬁaﬂ?%ffa%% i% to Figure 2, nodule 118
i ncl Ud?ﬁoﬁ ”a”S@i‘ﬁ%%t b othan‘kr@Wo‘i‘% @2%&9&%‘5‘%&& aeAShA ek *1@2{' uid

Wi t hin tan% 104 in or er to ai eanlng su ate 106. The relative
| ocat i d32b and pamp 1 ahddpoesed Helowt thie bonod wif eheltddk. a@hieckwlabztelg a8 46l 32k
flexible. In one enbodi nent the transducers m of fset fromqr above a

top surhailethsredinydtionof flassthropgh pyep Bg- Aaheu HD@ @E@G@fqdéh@rf@%}ywé‘(@csac hed
to the Bhuigy %we?ﬁﬁﬁ?gﬁlg‘é%ﬂv}a?@stﬁ%g%f8{;1?%#]?%&[ AL v hH8: ch&‘b \gaﬁ%alt32 'yz the

transducers nmay supp acoustic energy ocation su stantla ly in
| i ne wirisks durhgtthatpwdidGtrokdofygittoandd hethirepdiog tubeB6. Opdoiidl ankducys, 928f
nodul e 118 nay be dlsFosed within a bottom surface of tank 104. Heater 120

i s enbaddedl et yidsdior ahigh @te af dRkoftank 1%at1<éw rato of fH Wt e tamks 28dint abl e

heat f1 uid
ot he APy Bafol Gk el h IR GRRE N Ae Mt ERIAT e L P
f | ui d itsandtBé BidhZBOangathe low ADWEE @tiles tlnbsaﬂdslzsg)tesbedﬂiwalyng pasvidnly Shifitdrabl e

cleanlngéfIU|d may be enpl oyed with the enbodi nents described herein. It

shoul d Phée afpmeresiediovidathewrens: {lRy raftadrpgudiag on Mdetced indesime th@ltl ©6m of
tank 1 ous e 0, r t he
Ianlna%ﬁ?P%ﬁﬁﬂﬁﬁ g”%?&d%% p%%Cﬁ%dHﬁ{ Q§Q¥%1pﬁmgh g%%gjﬂgﬁﬁkn ﬁ?éﬁgbf t he
si de wak hus@imto dilimenind d]‘_zhﬁm@(phfmsiluﬁna@ﬁlb@ﬂmie@ﬂ KInlfdtHenembeEimedi, bliper
plate 122 and filter 124. Diffuser plate 124 assists in mai nt ai ni ng t he
| ami narl 38 Iy iR¢ladn tieepisten PR@ab s¢ that an eendlomsisunaintymed ity eddydaber(nd lg rom eddy
killer 114. In one enbodi nent, diffuser plate 124 may be a plurality of
screens | ayered over each other with a top | ayer having snaller area
openings than a bottomlayer. It should be appreciated that while Figure 2
|IIustrates a S|ngle fllter 124 alternatlve enbodlnents _may |nclude

e LY T 1 o o o



132b and punp 133 di sposed bel ow the bottom of the tank. Check val ves 132a
and 132b enable the recirculation of fluid through punp 133. It should be
appr eci atwo 2hawosBeck val ves 132a Wil |ower during thectaseeansgssst r oke of
punp piston 134, while check valve 132b rises during the upward stroke of
piston 134 within punp tube 136. Optional valves 126, 128, and 130 are

provided for a high rate of fill of tank 104, a lowrate of fill of the
tank, @fdtoarsds@hér muptiedt dfQaungh, dsheelt ankterma6isPepes yepumpsl mayeudideodémrent , a
single fill rate valve, rather than the high fill and the low fill rate

val es, Ppg, 138rig lanzaes thepyar {5 GaepBjle of proyiding yeegircwdpiiqn Bow e eddy kibey Iddves to

G i n CanEBREE ol R RETRLER, A0 AR ol | R AR R o

f rom puosp isl@spd¥ey ih@nki$@4l hanefehlbotingenante cibdirite R@ppti 9 dEBSable irDNE

enbodi nent. | n anot her enbodi nent, punp 133 may include two piston punps so
t hat aryegigahdifacHan fostrangpert ayhsedtes gosgruper fegiqnsof tanksl 04 typyglower region of
2011/ 0604 PCT/ U 56 course, er er.s s well as
al ter ndth GRC e po Al SSha SRR BRI IR RaRb MRS 1S pume
i s capahli®flow spead pioBedthg t8Ghd Batoat budthck bOwink Q 12daY al¢ididcssed Iftmokeur t her
details of punp 133 are provided bel ow. A substrate support 140 having

i mpel | dewilb3®W.s di sposed in tank 104. In one enbodi nent, the substrate

pper TR of -t B abBres FBlan pafhitet & hE ERRI AR 2

hor i zoRi@lwdlr MeRoTd4, & tdpréTieh HERSerl3fe d3@tedrat ¥ &5p Mthé bRk laadkRarthé | ui d
fl ow streans proceeding to the bottom surface of tank 114 and are di scussed

i n nor dlugbthagughised diffus§radaeld ebteindle eplbmated prraininntield strhams. ahhediffusarat i ve to
th ddy kil |l i d al . S |'l. of 104, i i, d

ai 1 us s gr@orsbls AR Do BB Rt hat it tivere Fka BRANGR The
di 11 US @116l Ak osk @ 2R Wdkidd et Bf FielRUPEhob R Ren kbl St T eams. The di f 1 user

plate is renoveabl e or hinged to €enable introduction of the substrates into
t he taf®027The eddygukt Blies sinpilisipd sdwmalio dgpgrdne ilbistatingd frowtfvidsy githe 2 enabl e
an open t tank. [Q027]Figure 3.is.a sinplified schematic di agram

11 vt Paei BvARS s pelhob ey HBITHE S5 de o oG et st TodgPthieg

| am nangd oM dAN IS uHAcAE LSRN EReMildwan & f AR AL wAnK RELLHEVERLE Ry
Surface 113 of the inner side wall of the am nar flow tank includes a

pl ur al iof yozrlesniddz NegzIEd 111 Nezlzdpesedlidbhnawrmy deoposeticas 1 Anlname @nbadimoss

surface 113. |n one enbodi.nent .no es 111 are enings W thin surface 113
SO thatnoéillFSr Liderrq pRedRsViyp SWé%Fézléhﬁoé@?tté ‘?CBr]rggidH? Have YRieHESigns - upt

the | a@ﬁtle"ﬂ'ie ﬂ(ahlg‘lﬁﬁ di’sbt%ﬁgf-h\% cfé’fﬁi%@ldﬂ@\ppA% d‘{\é-c{lgbe{i %ﬁ@\re%?l?retf&elﬁeQH u_%e 2,nOZZ| es

111 are located in an upper portion of the sidewall of the Iamnar flow
t ank. [nO8Z8 Redtare hicagd tioalk-ipper @oBiontdi ¢heatidewallodf thprniimgSlcwctaoks surface 113
are ar r@nged such that the uppernpost opening has a snaller dianeter than

each si si vel RABREL BDFRT Ny PorTRadPPERneherrosLias |4 HF rgieddcol ums
of the anf @Y thg-nﬁ]gerh%st %Jasm RASH @’@ﬁﬁeﬂmﬁ&&%mxﬂ%&&g -wg Hﬁ@lo:p&gh
e uid s %lar a |%1I

di aneter provid tfeam that proceeds across a est
di st ander eath bhehetvartically hidgnetl @oin@angif fig: atiaye dhaoin, thewppdmastieizileml sur f ace of

the tank. Each successively |lower_ nozzle 111 for each horizontally aligned

fluid deriegiopreatiesetianger dopidadithitd sremythat pregseds a¢rass plasbeddadidlss furt her

into t [ i ' i t f th
tank. - CRarERSE el iy SORRMLIND dhcBat Lad SRk Stk P RUAL PEERT o'
st r eanmsueREsiadly Rgvelr homla 0zziee sadhlHorpootildelifredhid strami gionidal currents t hat

essentially prevent eddy currents from devel oping as each lower fluid

st r eamcpirespPeRdiag fiwid sieams fhagperceed lgpufustheiciain the SKISIoRhehanging digctitdy
curren t flui Ltjon j o) I dition,
b bepto T IR LL AL LET T Lo SEUBIRLLL hlpt Rl {00
hor i zomluad stfdagiy eafane@edfrérnwiodz1sd I Elaprocidangesdthdridomel dur@ats thdtevechoxar d t he

bottom of the tank. ' ' '
prevent eddy currents from developing as each lower fluid stream prevents the next higher
fluid stream from forming into an eddy current as the fluid transitions to a vertical downward
flow. In addition, through the suction provided from the pump at the bottom of the tank, the

horizontal flow of each fluid stream changes to a vertical flow toward the bottom of the tank.



WO 2011/ 0604439PCT/ US2010/ 056894 The differing points of the change of
direction across a radial distance of the tank for the fluid streans are
dependentwortor/febad rat e and pressur@ of the fluid streaoTas2@006m2) e of
the eddy killer In addition, each row of the array of nozzles has a uniform
di aneter or size in one enbodinent. It should be appreciated that
alternates to the round shape of the nozzles include other geonetric

shapes, ThsWifferay potat afgk @Bange @i dire&ionQiadss a ridigleliftaice®f tiettank {D ORI gur es
4A and 4B are exenplary views of the alignnment of the vertical and

hor i zontreAMea dARINSleRfon hidow s3te prchpregiuss o thefluishstispraas a pooe ghethecrdy

hori zont I - Qut | c 4 Ncof - he

si dewa %ﬁl?éfogl %4&1{1(%;6%%%?% Ogﬁtﬁef %é&e%(? 55 §%<lle e rabl|(ﬁlr111}ogls(€1 cc%r at%éogr%\l/ée{] % %B%e

enbodi rEModRfient. R shee8 8abppBdigtal it altdrattHioSthy r@Md shiye dfakd Zeatedlinclude

di stribution plate 200b has been nade sem -translucent in order to see

f eat ur @shesReqARirig shapes suchipsicetapgles. oauesapralodms-forms.effi s enbodi nent, ports
206a- 2 rovi de. acce t he, di stribution.network forisred by

ot or 00C e beriBER TR 8D 4b M eRP sy S s AR O TR0 sl e

verti calorigbriilrdhBitel O6¥F thé aéreicad QRUibAONSEAB 110b MOUE BodAntAidriRn gteVi des
fluid distribution and/or return to the plurality of ports 208a Li kew se,

ports JdBbthrosdy bamcprapvatekinte thegidgvat! 0B of theriarinipr dre asdhiidler in o t he
respective ports.208b and. ports .210c/d.. [0030] Figure 4B.ill ustrates

Lo e F GRe IRt St AP hE o b ink RRL T BT s kot o

distri l@l‘iﬂtﬂi@ﬂioﬂ'p@ét@%O@hWbeE@nﬁH@ 8-tk iti gl o'tdéfir E&Q@Q@ﬂu&hb%@ ReRRRt 206d
passes through a volunetric area created by the intersection between the

channeldsstafutionepldto 20 2Anhn Hiis eihbedimbut, poits 216at 2964 podyidmatcedsdo Wer t i cal

di stribution. plate 2b. l.ntersectin reas, 400a/b allow the fluid to split
Mnto t i ePeRb o R SRR der v hopeouRi Pt plataon ot ot e
200b.  lyfq aReveidaPdistition BladUPUB! KWORefin tHMRIrE HASPort 864 RBALeNGa of a row

of channel's or ports will result in substantialiy equal nunmbers for every

row wi tdirtmbitive andfor reswined thi @turalibhuefi ponts B03a. &.11200ke, pSitn20@r-206d dahe sum of

the cross-sectional. areas of the vertical channel emai ns antially
cqual | PO et ST AEGY PR QIR Sops VAT 1 G PR AN

cross- §6gd0]onal g1 &ae DRLNESRA A8JiTBNA RfaildeF i Mhkid@BEmEebLiL &Rkl snhannel s
pronmotes uniformfluid flowto all of the ports 208 and 210. [0031] Looki ng

at t he vditgtk dibubigon pleteswhdwassidguatddd Hvid mtpdoted2@6oigh ipntt@dée phiseg t he t wo
hori zont al channel s. 401a/b a(ig four vertical channe]s 402?.-4 2d. th
transp rpughh veluiedia e gaited BY firdRiesrcimntweed the shanngls ¢t thehotishpa

embodi RSyt AP Q061RAn R NEELS clﬂgﬂi@ét’r’bn e BBV RV ARy BrehOXORIL

hori zontal channels while vertical channels 402a-402d can be viewed as a
row of allewtthefihidabapliteh®. twSisapdrate hyrizdroalichemtedd inchaimmredostadl 08aib4@i8ad can al so

be vi ewed a_row of horizontal channels. Thus, the distribution network
can beﬁqt%mﬁéo%? FBPIBRERof SHRMARPLPISBE FioNY SsraiPREl a2 OofﬁdOWcﬂfngWEI rows.

In the i i : i N..1Fi o )
2011/ 0 é)gﬁglgg{gg?c% Hltslzﬂoéi%%%g%ag 4éqﬁal Hutefs f%pevérp fowRithin the horizontal

distribution plate 200b. Similarly, the sum of the cross-sectional areas of the vertical channels
remains substantially equal for vertical distribution plate 202b. Maintaining a same cross-
sectional area between the rows of horizontal and vertical channels promotes uniform fluid
flow to all of the ports 208 and 210.

[0031] Looking at the distribution network associated with port 206d, intersecting the
two horizontal channels 401a/b are four vertical channels 402a-402d that transport the fluid to
four horizontal channels 403a-403d. In some embodiments, horizontal channels 401a/b can be
viewed as a row of horizontal channels while vertical channels 402a-402d can be viewed as a
row of vertical channels. Similarly, horizontal channels 403a-403d can also be viewed as a
row of horizontal channels. Thus, the distribution network can be viewed as a collection of

intersecting vertical and horizontal rows. In the embodiment illustrated in Figure 4B, the



di stribution network associated with port 206d can be viewed to have five
rows of horizontal channels and five rows of vertical channels (including
t he portswP0d)yesodihi s is slightly di¥ferent than the di eCriuseeioosssaet wor k
associated wth ports 208b that have five rows of horizontal channels and
four rows of vertical channels. [0032]1n one enbodi nent, the sum of the
cross-sectional areas for horizontal channels 40l1la/b is approxi mately equal
t 0 t he dididbafontnesy @k asscBetwignport 20@bcadfbehddwednwthake fibaroval of hbeidentdi03d.
The fluid that passes through port 206d continues to be split vertically
and horchawstsaAndyivgapys of Yf‘étl‘fql ﬁﬁ@nﬁbﬁ (wbﬁinrsg e @tmm BlLAdedlMg sodightdy speci fi ed

| ength duced

t hr ougﬁ?fffergljt&%%batg% 'af's'Ethféﬁ’l %ﬁymglr(r%rsggtsa f“(])l%{( ort B&%ﬁ h‘:&e ?%lleo%l?% of the
Cross- &eﬁkmﬂmama@mﬁinmﬁﬁ@mmm@(Q&QmM@MﬂﬂnM£sapprOX|nately equal to the sum
of the cross-sectlonal area of horizontal channels 401a and 401b. [0033]In
some ed®B¥l nent s In sueemberdinget. Segyst efdbe pioputectipesres fasdonzoftak he ports
o approeinslelivedt edpBidsa R e Rl Uit TP B st ltngea

such t kpinreRel03e08d. THerflid &hbPpisSedthiicH §ert @964 B@ltﬁﬂ@@fd&sstphf MtiéQry nozzl es
111 in the array, with reference to Figure 3, and another row of ports

havi ng aad hplamlﬁ'célry witif therflnd istavanlytdiseribitedracress aofpeeified Frogzth afghe lantifve

R L Ry T N R L R S

openi n %rtb ayddghduhé §@th Bf tHeQib sk &SonaNsle PHESSH 89 Whdldb& aforbAtiateddy Bqual
different flow rates/pressures between the rows, provide the array of

openi ngsthesrm eshé ¢logssactioeal aiaa ofhgurantd. channeéswﬁuladmrbéoblppr eciated that the

| am na nfigura be 1nc orated into t | xhaust and
the ovddElS, | oI safbmbe ey e g abe Pobat S Rabdat gFeah B BEIPRI 1 v
of the oliadtaad rdsuih Hfé%ssFHétiJhﬁfarQ@Bﬁ!hE oRQOEJPeIUsﬁ(BﬂlH!%&@ rbdiftea el i MRy
be found in application serial nunmber 12/122,571. [0034]Figure 5is a

si npl i frogd 280 afthamaminhted wadlthaygbet ahmngcnbsictlah% oseI pp e tpom PlUttsyreviddd ashe

| am nar, fl ow tank IE ccord?ﬂg ﬁnth one e odlnené he i nventi on.

Suppor theYRPerRoTt Fow &or ey T hh i the i iy edthisiareiee L Eighin 1-48d 3828 AFSigh
302c eﬁaﬁ@ﬂésﬂﬂ b Denekd e B thal th@%l%ﬁ@%ér' dFh3WZA1el 'il{@k‘,% 387Kt RAVR
inpellers 138 extendlng fromeach end of the correspondlng roller
assenblaresgedSiehst thatuppdi@st mveuphor deitr bgphrsutdeesnsefi@wl Thuspeirdwehshd 38 ar e
configured tq rotate.in a direction a rive t he Ianl ar flow fluid

st reania%%ﬂ?gd@gl ﬁ&ﬂ%FP“Estﬁsft%%%%%ﬁ@ﬁémﬁ%%ﬂRWFP@F ap P%?Fé“‘éﬁ%ﬂ? ment
the bl adgg @ﬁ&fcﬁﬁ@feﬂgﬂswm@{/ﬁ%@sfurésrma%eﬁ&ﬁe Hiofidetnda PR evheel
conflguratlon anot her enhbodi nent, the bl ades extendi outward are

uni f or mpyniogy/vedles Asusmetet iio Adreahol shoildpebhpmreaattd &aarhe 1a11ng1ade|dywa§l tached to
the shafts that extend along a | ength of support structure 140 It should
be WO SEAAHENEIN PORFDISST B EEE9 AP £ prust ik (B8 OV HARTAY b HFHBE™BET i n one

enbodi g?ﬁéscnﬁ@d’hér&fn%%@th@ @Pa ﬁﬂ SENON M ih A R, T”Hgﬁér%{a'ﬂg Cl ean' ng

process, accordingly are ativel y slow rotation per mnute

i npel | éar8ind@8 flov @alls oy befound anapgiloticesetinendeisirried 2257t | on r at e for
substrate 106. I n_one _enbodinent, jet 142 may be optionally utilized to
drive (0¥l er 1382w 1y %ww@ﬁad §ta|gé3é19ﬂlblﬁtf?tlﬂlﬂ the F‘Fﬁsgafteﬁéplkﬂrhﬂ%“ﬁ? °t he

| mpe | ?lée dlahﬁl%e&ﬁaw tqnl?ﬁwﬂ:% ée%tth ln'[{le Lt gt SEROSHRERL, tﬁ;%cgﬁubﬁ&ﬁh@{s has a

dedi ca n anot her e odi nen gears or a nec ani ¢ may be
used t (i)lhd;ltﬂatiﬁg hivéng thadet roliér dsheanislizs 302 AsciiAO2e 8xtendihg eiereffonh. hRolleEI’pel | ers.

a2 dmnTies 305h dhrongh 3056 have tmpellcrt 138 extending from cach end of the - 0> 2028
corresponding roller assemblies. Substrate 106 is supported by rollers 304. Impellers 138 are
configured to rotate in a direction as driven by the laminar flow fluid streams provided
through the nozzles of the eddy killer. In one embodiment the blades extending outward of
impellers 138 are in a paddlewheel configuration. In another embodiment, the blades

extending outward are uniformly curved. As mentioned above, impellers 138 are rigidly

attached to the shafts that extend along a length of support structure 140. It should be



along with disc 106 in accordance wi th one enbodi mrent of the present

i nvention. The roller assenbly 302a includes a carrier 300a, a shaft 303
and mul t iwbeoriglshass 304. The carrierls 302a and 302b i necwas2impsdsber 138.
A single inpeller 138 is illustrated in Figure 6 for exenplary purposes.

One skilled in the art will appreciate that each end of roller assenblies
302a and 302b include an inpeller 138 in one enbodinent. In an alternative
enbodi mppieciatedithglsebstact o, Baae dhibddetierasaeyidtite DR @na M cBOId witile | ncl ude
inmpeller 138. In the enbodi ment of Figure 6 the support includes two roller
assenbrurlé@rggmz dhesflepnamepy ocatovissiingl g Eelatiy chyotoweintion RerHEINKEHRTAET as nor e

roller c e | ust ference to
Fi gure %Bglvﬁer e rgeelor]@ﬁ Cgh Q?glgigt’% Ei%eglrgc} fgﬁatr 6‘&?% féla&?gtﬁ%]l% E‘ gllrjr e 6,
rol | er em»04ingng, Jéitl NQQﬁ@dboBop@i’oﬁaHS)hﬁﬂlzea@@dn{fd’llnﬁp’tﬁeﬁm ®Ring a8aeim of
rollers 304 is rig |d|¥ affixed to shaft 303 so that as shaft 303 rotates

rol | er dlugbinteythe dladgs gt de impelipie ltshpadibamateditha in fhys embedimenirairh impeleihi eved
throug sed . of

242 e5 B Re L oR SR rn L PR IR O BT TFERR e
enbodl MRShaft oﬁhﬂa‘lbll&ofssmwdﬁhwbmgmnpawﬁs 306b of the roller assenblies
so t hat :ggellers 138 may attach thereto. Inpeller 138 is also rigidly
af fi xed0@3§]shaf t Faoge ps or@érnatlod@grmllbﬁtrrtmgerpéeltaﬁ%ensbim BO02aiidcH2bot at es

rollers, 304 n tur rota es suhstrat 6. er.13

1 uet g oo B iRt BBl e R At of BRep kSR Eliohy T olsrrs 11 ng
as str @g@mm@m i8vhesla Kkade90a, Chrsh@ft 68 ahdBRIt2E raiRAPEE. TRY chfelsB0EYr at ed
with the enbodi ments described herein. In one enbodi ment, inpellers 138 may

be ori end 8lvimctude a‘npgllewlﬁ& Bewedle gepallsr H9 isiikestistedfin Fios: 6 fqr exhioplady be
ted that al d h bl
o bRt s, it B E A w AR b it o el 2t 3392%38??3?5'1386

provi degoh ﬁrcﬁrd@,anaﬁ@elr@t13g¢@8ﬁe SRbRBmbAMITH b g}termg%?dn@oaﬁﬁ&nmlﬂg%
sinplified schematic diagramillustrating the cross-sectional VIEM/Of t he

dual p|0§13m1n Ipumﬁssqmnldyﬁizm@drwbrrw 1a¢1uo¢unﬂrmﬂet h&s. IIarthmqnbcrdlmmthink in

accord one e I ment n ton s. 133a and 133b
i ncl ud ﬁ%ﬂ ﬂE%%@B“W@“ﬁ%ﬁi‘Y%‘B Eré%? ‘}15%&3 RWE npsERAnt
enconpassi ﬁgnﬁlrgeasrrﬁ&ra@oﬁér\é@seamkpﬁyage %dm&hoo 8., a3Rs@nel Jv%ﬂ@efwﬁhgérto

reci procate inside the punp tubes ar 410 di Sposed between racks 137a and
137b artgureblvéres: hiBaoBatskdBlicpamvirdedehe reci procating force for the

i st I 13 d 132b bl t
P umer SRR Cos Kbt & Gout Al B dae) o HagtiBom Sis trbadBRe Shchi ¢
pressur, ?rcrirewrs@ﬁg %iédlfhﬁfx%?%o d3fasand tﬂéﬁpsharfhﬁrﬁfo%& reﬂém@rr ngy&atfeor m

recircul ation l'urd through the side walls of the [am nar flow tank
into tﬂeomﬂdyb&hhkaﬂ@eagdhhadMnmhnomQMﬂpdﬂnomgpMMQ&hﬁsﬁadaMdgMBSUMBIn one
enbodr istons 134a and 134b are alternately driyen by air suppl.ied

t hr ough b%tr&hsothm OWRPADY ﬂglé‘éfp?é@fliﬂo%rgﬂewﬁrr e thenghaf e Rdthinoths SR O 37b
and ge 0 ively.
00381 B a3 b S L T 85 P 2ot tom

vi ew ofimaeltpuati3Pinay amadghuhgreo Mifnipglilsrat3B omalﬁo)ngltil}eafﬁam toashafft 3OSvirt @mdkr ton

accordance wth one enbodi nent of the invention. nFs 133a through 133d
are di §538EHQUHEEE AR ‘V%lﬁ]il Friptes FAlRrs 2k WhisBdp tungotales sepsitpen Opacks 137a
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7B. [0037] Figure 7A is a simplified schematic diagram illustrating the cross-sectional
view of the dual piston pumps providing recirculation for the laminar flow tank in accordance

with one embodiment of the invention. Piston pumps 133a and 133b include pump tubes



[ 0039] The enbodi nents al so provide a nethod for cleaning a substrate. The
nmet hod i ncludes disposing a plurality of vertically oriented substrates
wi t hi n a Wower1/qso#48i on of a tank and™?flowing a fluid i nPoTiUSeOANSI4 The
fluid is recirculated within the tank through a punp. The recircul ating
i ncludes flowng the fluid into a top potion of the tank as a plurality of
hori zontally aligned fluid streans, wherein an uppernost fluid stream of
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[0038] Figure 7B is a simplified schematic diagram illustrating a bottom view of a
quad piston pump configuration for the laminar flow tank in accordance with one embodiment
of the invention. Pumps 133a through 133d are disposed under the laminar flow tank. Gear
410 along with racks 137a and 137b, as well as rollers 408a and 408b, provide the means to
reciprocally drive the pump pairs 133a and 133c in opposite directions to pump pairs 133b
and 133d. The physical arrangement of gear 410 along with racks 137a and 137b, as well as
rollers 408a and 408b provide balanced forces on the quad piston pump configuration. In one
embodiment, racks 137a and 137b are disposed between the pistons and connected via tie bars
139a and 139b coupling the two adjacent pistons. One skilled in the art will appreciate that
alternative pump configurations may be integrated with the embodiments described herein. In
addition, alternative pump types may be substituted for the piston pumps illustrated with
regard to Figures 7A and 7B.
[0039] The embodiments also provide a method for cleaning a substrate. The method
includes disposing a plurality of vertically oriented substrates within a lower portion of a tank
and flowing a fluid into the tank. The fluid is recirculated within the tank through a pump.
The recirculating includes flowing the fluid into a top potion of the tank as a plurality of
horizontally aligned fluid streams, wherein an uppermost fluid stream of the horizontally
aligned fluid streams travels to a mid region of the tank and each successively lower fluid
stream of the horizontally aligned fluid streams travels a successively reduced distance into
the tank. A direction of each of the horizontally aligned fluid streams is laminarly changed
toward the bottom of the tank. This laminarity direction change occurring at different radial
points across the tank which are above the vertically oriented substrates for each of the

horizontally aligned fluid streams. The substrates are rotated while recirculating the fluid.



1. A cleaning apparatus, conprising; a tank defined by sidewalls extending
froma base; a fluid outlet fromthe tank di sposed proxinmate to the base;
a plural iwg 20f1/febadd ports defined Wit hin an upper port iPOm/USR010HBG4 Ng
sidewal I's, the plurality of fluid ports arranged as an array extending
across a length of the upper portion and a depth of the upper portion, the
plurality of fluid ports configured to provide horizontal fluid streans
into amoedeqeri or AfhoupletHeddlegoindénVeariba By tden Ubitritled i @atesdeadil @Aged such
that an uppernpst stream proceeds to an inner md region of the tank and
each sWpPEHR9seY afelayity efvapdesttanding, Proldeappurpicsbat ceraia chprgeiand moddigtipisch t he
successj v eam es. .cl eqni. ng: t f claiml
furthe?ﬁagkyH%%*%%y%éhg%ﬁ56&%Qﬁg§?¥@%¥%§2§%&$hggaﬂgﬂgggggﬁ¥%%ﬁpof t he tank

the supp@bUine$s are @bd Ginsridreéds SBRafite @thdt edsaiciva, duhélnvetidlis dbswes
oriented in a vertical orientation. 3. The cleaning apparatus of claim1,

f ur t hebedionisdite thegletails givgy hradipdae mab bk avedifies wigkia thf scopeanderiivaleids Qunp
config rgg Lo %Qgﬁr%ulate fluid froma bottomof the tank through the

si dewal 16 ?%e i d ports. 4. The apparatus of claim2, wherein

rotati owmRfis tihendlipral ity of discs is driven by the fluid streanms. 5. The
apparatus of claiml1l, wherein the horizontal fluid streans flowin a first
direction upon entering the tank and flow in a second direction when
exiting the tank.



6. The apparatus of claim5, wherein the first direction is about ninety
degrees different than the second direction. 7. The apparatus of claim 2,
wher ei n tWe 20uppots8 nest, conprises;!*a shaft extendi ng Phrasghoas@baral ity
of shaft supports; a plurality of rollers disposed over the shaft
supports, the plurality of rollers driven by rotation of the shaft. WD
2011/ 06044315PCT/ US2010/ 056894 8. The apparatus of claim 7, wherein the
support nest further conprises: an inpeller rigidly affixed to each
end of the shaft, the inpeller having blades driven by the fluid streans.

9. The apparatus of claim1, wherei@LARMSopposing sidewal|s are conpri sed
of a plurality wall sections affixed to each other. 10. The apparatus of
claim 9, whel gemigngpptathdeomptitingections has a heater enbedded therein and
wherei n anot her of the wall sections has a transducer configured to provide

soni c e”ergﬁt'rﬁé&éfﬁ@@bwsﬂ%@aﬁ‘% %ﬂé&iﬁé@%&aa% e: 11. A cl eani ng chanber,

conprising a base with sidewal | s extending froma surface of the base; and

a fluid outlet from the tank disposed proximate to the base;

a plurality of fluid ports defined within an upper portion of opposing sidewalls, the
plurality of fluid ports arranged as an array extending across a length of the upper portion and
a depth of the upper portion, the plurality of fluid ports configured to provide horizontal fluid
streams into an interior of the tank, the horizontal fluid streams arranged such that an
uppermost stream proceeds to an inner mid region of the tank and each successively lower

stream proceeds closer to a sidewall from which the successively lower stream emanates.
2. The cleaning apparatus of claim 1, further comprising:

a support nest disposed in a lower portion of the tank, the support nest configured to support

and rotate a plurality of discs oriented in a vertical orientation.
3. The cleaning apparatus of claim 1, further comprising:

a pump disposed below the base of the tank, the pump configured to recirculate fluid from a

bottom of the tank through the sidewalls to the fluid ports.

4. The apparatus of claim 2, wherein rotation of the plurality of discs is driven by the

fluid streams.

5. The apparatus of claim 1, wherein the horizontal fluid streams flow in a first direction

upon entering the tank and flow in a second direction when exiting the tank.

6. The apparatus of claim 5, wherein the first direction is about ninety degrees different

than the second direction.
7. The apparatus of claim 2, wherein the support nest, comprises;
a shaft extending through a plurality of shaft supports;

a plurality of rollers disposed over the shaft supports, the plurality of rollers driven by

rotation of the shaft.



a plurality of colums of fluid ports defined al ong an upper portion of
opposi ng sidewal s, wherein each of the colums of fluid outlets are

conf i gur eslootpwemdde respective fluPd streans arrangedPsuais2atoasssan
uppernost fluid stream of the colums extends to a md region of the
chanber prior to changing direction toward the base of the chanber and each
successively lower fluid stream of the columms extends |ess further into
the chanmber Tpeiapparhias ehanigh Ngwhkreidahé appbawastduiiine compaisat the chanber.

12. The cl eaning chanber of claim 12, further conprising: a support nest

di sposed W tRiiRpald-oMRily BElxkl @leRh ch©f ERAABER the indpdlled R&ifd BlAMdsNFiveRanber

of claim12, further conprising: a punp di sposed bel ow t he base, the punp
conf i gyeke floadseeimgul ate fluid fromthe | ower portion of the chanber to an
upper portion of the chanmber through the sidewalls; 14. The chanber of
claim D2, wigeeapparhtne obasien il wherei@shaoghokingsetewpllatue cdhppioseef Opiaralisy
filter. 15. The chanber of claim9, wherein the punp is at |least a pair of
pi st on Wallnsstions aéfixedite eaih ¢befp of the pair of piston punps having a
cylinder housing with a rack coupled to each piston of the pair of piston
punps. 1016. Thheppdatbef clafm 8] wihereindnewhéheevall watonstask hoftet ¢rabgsided of

pi ston punps i,s.coupl ed thr.gugh ear. 2011/ 06044316PCT/ US2010/ 056894
D el an SRt 26 e s RO hes At el RALELF 57 ArARE ST check
val ves -gaabhliitpthe @al WaiRthe@shiof the fluid through the punp and a plurality
of valves enabling filling and draining of the tank through an external

punp. 1. A cleaning chamber, comprising
a base with sidewalls extending from a surface of the base; and

a plurality of columns of fluid ports defined along an upper portion of opposing sidewalls,
wherein each of the columns of fluid outlets are configured to provide respective fluid streams
arranged such that an uppermost fluid stream of the columns extends to a mid region of the
chamber prior to changing direction toward the base of the chamber and each successively
lower fluid stream of the columns extends less further into the chamber prior to changing

direction toward the base of the chamber.

12. The cleaning chamber of claim 12, further comprising:
a support nest disposed within a lower portion of the chamber.
13. The cleaning chamber of claim 12, further comprising:

a pump disposed below the base, the pump configured to recirculate fluid from the lower

portion of the chamber to an upper portion of the chamber through the sidewalls;

14. The chamber of claim 12, wherein the base includes a diffuser plate disposed over a
filter.
15. The chamber of claim 9, wherein the pump is at least a pair of piston pumps, each

piston pump of the pair of piston pumps having a cylinder housing with a rack coupled to

each piston of the pair of piston pumps.

16. The chamber of claim 15, wherein each rack of the pair of piston pumps is coupled

through a gear.



18. The chanber of claim9, wherein one of the sidewalls has a heater
enbedded within a first section and a transducer configured to provide
soni ¢ enewgeoimsesshe fluid within tle tank enbedded wi Phirfusaismsasnd
section. 19. A nethod of cleaning a substrate, conprising; disposing a
plurality of vertically oriented substrates within a | ower portion of a
tank; flowing a fluid into the tank; recirculating the fluid within the

tank, tifie r dtilchathbdrioig@lag@npr whemth the base indlhdasianguiaiey dflctedk vales a t op
potion of the tank as a plurality of horizontally aligned fluid streams,

wher ei §naiinggparawsionof thedluid fearghohe praprad pPHEIHYI) V%Pbﬁ@éhlﬂg filest r eans
travel san{iﬁ i gf{h%%?ﬂ Ofu s Se;(t% each successively lower fluid
el S ISR Ryeh AR Aty By

stream o Oorl zon streans travels a succe55|vely
reduced.di s

JAabe BB Lk SIS s gﬁsﬁlwmﬁtﬁwﬁa” ot S B e rS T RihBth £ i o

str eamhr&%@c{dﬁ a%dQQFaFn@dIﬂc@if c n'i'i%u%e%’llﬂ rdvit éo%{B e!’ﬁ%fgytlb{toqﬂélﬂgi% WISt B8k at
different radial points acrossS the Epank above thé vertically oriented

subst r atmbsddarwiddao a sefondhvecticar tical |y aligned fluid streans. 20. The

met hod of claim 19, further conprising: rotating the substrates while
recircubat i ngmetdidf iedhinwasukitiatd, beémpidiag;i ng i s acconplished by the fluid
streans. 21. The nmethod of claim?20, wherein the rotating includes,

rotati @%Ip@ﬂng ARRIrAIRY of QerdichLorfentdiBfubsiFRLPN BN aQo W& pRtich &M whkch t he

vertically oriented substrat'es rest.
flowing a fluid into the tank;

recirculating the fluid within the tank, the recirculating comprising,

flowing the fluid into a top potion of the tank as a plurality of horizontally aligned
fluid streams, wherein an uppermost fluid stream of the horizontally aligned fluid streams
travels to a mid region of the tank and each successively lower fluid stream of the horizontally

aligned fluid streams travels a successively reduced distance into the tank;

laminarly changing a direction of each of the horizontally aligned fluid streams to
vertically aligned fluid streams toward a bottom of the tank, the laminarity change occurring
at different radial points across the tank above the vertically oriented substrates for each of the

vertically aligned fluid streams.
20. The method of claim 19, further comprising:

rotating the substrates while recirculating the fluid, wherein the rotating is accomplished by

the fluid streams.
21. The method of claim 20, wherein the rotating includes,

rotating an impeller to drive a shaft coupled to rollers on which the vertically oriented

substrates rest.
22. The method of claim 19, further comprising:
applying sonic energy to the fluid in the tank.

23. The method of claim 22, wherein the sonic energy is applied to the fluid streams above

the vertically oriented substrates.



22. The nethod of claim 19, further conprising: applying sonic energy to
the fluid in the tank. 23. The nethod of claim22, wherein the sonic
energy i swappliiwsosso the fluid streadfs above the verti cacirusesionsdsed
substrates. WD 2011/06044317PCT/ US2010/ 056894 24. The net hod of claim 19,
further conprising: heating the fluid in the tank through a sidewall of the
tank; and filtering the fluid below the vertically oriented substrates.

24. The method of claim 19, further comprising:

heating the fluid in the tank through a sidewall of the tank; and

filtering the fluid below the vertically oriented substrates.



