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21 SINGLE SUBSTRATE PROCESSING HEAD FOR
PARTICLE REMOVAL USING LOW VISCOSITY FLUID
ABSTRACT OF THE DISCLOSURE 5 A head for dispensing a
thin film over a substrate is disclosed. The head includes a body
assembly that extends between a first and a second end that is
at least a width of the substrate. The body includes a main bore
that is defined between the first and the second ends, the main
bore connected to an upper side of a reservoir through a plurality
of feeds that 10 are defined between the main bore and the
reservoir. The body also includes a plurality of outlets connected
to a lower side of the reservoir and extend to an output slot.
The plurality of feeds have a larger cross-sectional area than the
plurality of outlets and the plurality of feeds are fewer than the
plurality of outlets. Wherein fluid is configured to flow through
the main bore, through the plurality of feeds along the bore and
fill the reservoir up to at least the 15 threshold level before fluid is
evenly output as a film out of the output slot onto the substrate.
FIG. 3D
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SINGLE SUBSTRATE PROCESSING HEAD FOR PARTICLE
REMOVAL USING LOW VISCOSITY FLUID

ABSTRACT OF THE DISCLOSURE

A head for dispensing a thin film over a substrate is disclosed. The head includes a
body assembly that extends between a first and a second end that is at least a width of the
substrate. The body includes a main bore that is defined between the first and the second
ends, the main bore connected to an upper side of a reservoir through a plurality of feeds that
are defined between the main bore and the reservoir. The body also includes a plurality of
outlets connected to a lower side of the reservoir and extend to an output slot. The plurality of
feeds have a larger cross-sectional area than the plurality of outlets and the plurality of feeds
are fewer than the plurality of outlets. Wherein fluid is configured to flow through the main
bore, through the plurality of feeds along the bore and fill the reservoir up to at least the

threshold level before fluid is evenly output as a film out of the output slot onto the substrate.
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SINGLE SUBSTRATE PROCESSING HEAD FOR PARTICLE
HEMOVAL USING LOW VIRUOSITY FLUID
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¥

onvsitod ares 1L The edge Ml abo flusaaioy that floid dispeasaton ot the eppar

appHeatr Hda s conrollad 30 ws o mininize conswaption of udy bt onder W prevent

excasstye Hubd appboation i woald sestle iy ronodtl As disouassd befow, feattres of dhe

2

1 0ds comtrol fleid feaw se flond b ovendy distribuied avrosy wowidth 104a-1,

RGN Floures 38w 3R 5

GRIDET 3

ceniplary dhastvatfons of the upper applicator Ty §

sedance it didoogtediaeat of e prégset venuod. The ap tidor 10da

thmu ehyan end 303 The wnd

oiides 8 rodle bore MRl axtends Frony aw end 303 bat sio
M connecty fo the epper manifold (ot shownd so fhaid van by supplied theongh they eppey

syniiodt o G meadn bure 300, The spper appdioaisy 1040 alse bckedes muliiple faeds 32
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e chaaas! ghoet O

ig

that intersect the st bove M0, Thed Erocnneet the sour bove 3 oo veseryedy 3

Sivalardy, ouders 3068 ormnect the reservoir 04 1o an patler slot 3065, The outler

\\
ig:
[

f./

At inoreenadely the individuab outleta 3008 10 it evardy disteibating the Buid across

e siabai
SR

300G, When the Haid within thepwin bors M memetts & foad M0, the Paid fows from the

aratior, Thid supplivd drough the upper manifold enters the sl bore

sain bore 300 hmo feoreserwdy 3040 e fad Pows Trom the sesspyvedy 304 and Sk

paitlets 306 Whert a volurne of Huid collsy within the risgpvely Se Sald Sows o de

wl s ovenly divrdageron the subsavate, A vidiane of

fro the

ol

feceRsary o wnitate Slaid Tow from the outlets s Sased on variows pariiseters such as, b

not - faitad to, fhid viscosity, saclies wanon of e Hedl sod e phvsical stee of dotliy
3002, When flalid flow o the sdn bore 300 s sopped, flaid Qv frosn the outlets sons,

i‘{ms‘:}

sure 30 and 30 ave Soplited dlastation «f an a;\'ﬁsaszi@iax}: interval

Brvention. Piguees 30 and 31 Hhetrty cosse-sectiont-aregs-of the upper applivitor 104a, in

darice with one erbaodinent o Hie proveat invdntion. 1 hE codaditien tHusioded, &

apper applicaior 104 i3 an assembly thad inclades g body I and 8 facepdate 10380, The

2

shasding of the by is fda and the facey

" oo provide olanity that e
conponetts are formed g:ﬂg}am‘saiy‘ Yiariows methods can be wsod o socare o adbae dwe

ohg s wdbest

faceplae H4d 1@t body md suoh as, hot nod Memned w0, may

xS

s ennibinationy thereof, The body e oy the mnin bore. 3, foeds 3D and . faveplae

e faoe suriaeg plate 1 T Has U outists 306, tre outlat slor Wik and & body
nicrihes surbwe. The reservolr 33 G frped whion a body chanse! 304 on the Hweplake
intedbce afaes 30 Slgned wit & faveplate shangel 3040 on e body silhon sl

3 iU
6]

apper applicator {4y fa avondance with one cnbodiment of the prosant iy

were 3 ilostraier esovapley dhoenstoms of variowy eloments widds e

wion, In oo

sorhodiment, the outhel 3 s o« hobe wites dinmeter of dhont 004 inohes and the ot Mgk
1]

g of U Slakbwiii g

33 fndhey fwidh Bantenid sbioy the o 306 The méasummonty

¥
3

s enhodisent ase basedd

ot

provdde ast the appl denasity ol a

N

g esomity of abost 62 ofF, amd e suriace wimion of abopt 26 @

ni Huids may reguire difforent smhodiments in order o schieve the
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destrad resulis, Inoother sobodinents Newtonian fhids such as water van he dispenass
stift off

rangus from. abosat 1o o ST and » swrface foasion rauge of abowt 25 dyefom o abowd 78

o enshodimeny son-Mewtenian fady sl sy gl cay he dB

dyndens

s of 4y

1847)

moadn bore ¥ I secordapee with One vmi\mim b of e provent inventaon. fn one

TN LY
HEL whong the longthead

e on the distancs Hony the

W

setrond] avew dependiy

3.

roits the cross-sectionl wraivot the foedy 302, Sl sepptivd thraughuhe mgdn

disriboted acvosy the fenpth of Suvupper spplicaior 188 In Faure

AP, foes difforent orosssse x}m;*i sreanod feods M2 are sepwmted o groups of feuds

aoh an ebidiosst de o secthional aras of fends

3, feaide QID, and o

3024 wee siviallor than foesds 302 §\ witeh are smdier than i oneenbodimend, the

crovyeseotiomad wre of the foed iy siroadae st the foeds 3028 bzove wodianster of about .08

v

Fordy Wb have s dlarocter of absont SO7% aad foeds Wile hiove a disvater of about QN

Fluid fkay frogr Be nwin o 3 iy restloted by the smaller diagter of feeds

coniparat i volune has

o tha areer diavaiter R

s However g Tatd pre
decreased hefore the Hoid sncounters feads 302¢, the omlel velooly and - dispenying rite

omaas wintively

foacrass the outlet slot o saother embudinent, detsonuning

N

£5

QIIGRE O ertomat aven for asch individeat feodcue funther aptimize Taid fow,

{80481

b an upper m*phamw mf&) im:d vrosssectonad ame foods andan tpper appiestr with

ovieniad sesndis v venled vedooiien aoross the witithy

mal wreas B aconrdance with pue ambodivagnt o the prose

VANYIRE 4

invention, The sents & posttion sleog the wadthoud the uppee apphicaise where «

fo Closest o te uppet mianiold and increasing voabery see Huther o dw yppor taaadold.

onal & hie Closae Thee posithon o I wppar

niay g feoan ahout GG2ES pys at position 3 1o abo

G2 Ay at posttion HEL Howaever erally speaking, with vartabde erosssentonat qma

fowds, e cutlotyalocity repuing more consistent stdving widhs  rdoge Behween show

doaey o abou AR wis, Troother eiabadim fty for vitons: Thads

X

abont 01 mds to about .8 mds,

dnd various PROCURR TRESN-S8D VEEY hofween a EEHRNR

{0491

sures 3G thevogh 3G8 1Hestrate an sxcmplaey Hob! How doough 8 omgs

oy
=

W guentdance with one cmbodinem

Parga -of one outles port of the apper gppiic
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of the pees Suvagh 3T vewanplary

s inventivey, The s

af ane feed and coeirssapentiadiy 'szg e pain bore In Plgiake

"

it B within the vwain bore A0 hay Began o flow x?.‘se‘msgh the foed 202 b Flgu 302

d ford 301 hes fillad the Hrad N gadi shown antenin P 3 I Piguwee M-,

Tk

fluul 3 sopplied fom the waia bore 30 through the feed XY

30, As Fhad 301 collecis withdn the resarvory, the Thad 2431 ha:grz\ traveling doven the oule

MG, A s inre sordae u*.nxé_t‘,:‘en Babrper
peeaent TR 30T frome freely Slowing theaag
IS

X abnost sadively

i M s

rec RO st ad 3L conineing o il

filfing the outlor 306 Haers 365 shows Bord 300 having emtbraly filled

s

Cootiets slon Wsh, Blowre 3658 absashoves foed 30

o

B dorlet 3060 and alindst B catinity

having filled the reéservolr 3 o a fo ol volume 3OS Whoen the flaid

1 Pt bedowe g thees

A weithin the sosarvoly HE exoeesds the theeshald aduwpe 305, e aolome of flad 24

Do wnd outiet siu

Within 1o TUseriOIr v arounas the Faid saefios fensios within the outler 3

G5 allowings Gim of the Huid 301 1© How ono the sabaimme 109, Ploore 3046 iHuxaies

T v

e Ths withdn e etaneodr M esdingthe ¢ G 3 thin

frirn of i belng dispensed oo the sebeirsie 109 throweh the outlet slat |

will montinos sy be nxg\a\\ﬁi as Rong sy the Fiad hoad within e soseepain 2 exoeads the

0% as Thiratedan Fipare 3697, The How rueof Haid within the g

vorr 30 Cun vary depeading on

phyadeal propecties of the flakd. Ninita sy, Thad proposiies such asovscosity aad s

asion can. alen e ased when the crossscotiond arews and conl Srarations of the feeds,

ontiets, outlet slots and 4 b voluow, Figewe 3-8 illustodes thw Puid from

whon Huid within the reservods 309 fall below the tuesholl

cf 3080 Ax fhaid ow within he masin bore 301 a0 bager saintainy e il within the

reseryodr wiove G hreshald fove! 308, fhad Sow guoueh the omlet shot stops and sadaee

tension butween He Fhddd sod e outbixb wicks the Fhaid g the aatles slot and ey fom

subatrates Thus, whee Slaid Tevel within the resesvoir 304 fall befow the thrg wimiai foved

J08, Teid oy e the sdsirite stops arad e winking asttore buo e vadlad stot privants the

iy ddripping vut of e uppey apphioadon
f{ﬁ}:‘s‘.i} Figore 3H is an wvempay srosssaction vicw of & portion of the wpper

204

AR
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Tt to foad 21 with u swaller crovs-sectional seea and then o

N

Toand 3022 il the veservorr MM past the theeg

*.

tate}

0% dnitinting Thed How duough the sotlels 306z 10 the notet slon 3068 tat evendy digpanses

the foeds 31 and 3

fihny of Paid ontoe e aabeinats

- As Fhadd srppliad b

mxaintain the Haid fovel within the reservoly above the tueshold height 308, s steady Tow of

faid from the vatlet slob svenly ooty the sabadrge. The sitatier crosseseationalispes of foed

i Thed

3

322 alkows fleid Now fhoie dhe fead 10 covaperate Tor e oporal and volubatrio

cence menrmd 3y fow st Fhid carlior daan d

and omporal compensstion fom e vaelons oross-sectional aress Wows the reservair Mo

iy

""';H's'stsfzii' et qeces e width of the opper applisar. This ravaln

i Hhaig exa

shiftg the theshold beleht 308 substantisily simulianeously across theuppery

applivator and For the Soad o b dhponsed as 2 -thin Bha wvenly scross the sebstraie. Tn v
emboiipent, the gap betwean the subsiite 109 and the ool slot iy about H8mon In wiber
frate 109 and the cutdet slob varies between sbow

3

cxabodiioents the gap bobwesn tie ol

aarand shat G Smny lvone ernbodiniont andnitdad fuaid Bow reiwtheougl the resdncboge

s abot Secimin and the sobsiate v itansporiad by abe sobuivs crier &b a speed beiwsen

ahot HY madsee and aboot 20 magdser. Tn sther enbodibnents the cavrier inmsports the

33

At s

subsin d hetween ghogt § one smbodinens, the Taid

e

s

flosw e donn
s3]

108, appar

EIRR S

v"m,

g3
(2‘

oy the subsirae

y et € lowar applivator S0, in weordaane with one

jeator 400 spplies &
> HW i g stnbler Poshivn b previoesty discossad wppet applivior

i

2 upper spplicator 1 sip}?i:i.@.’\: Hhig

o4k, Ss s subsire }iﬁs“.:? WOVes L Qireoiion 4 H32

YR

AR sond-donbiodtinenty, Thadde 208 ol 28T gan

Higtor 4050 apphes Thad X

2

wehiles fosver ap

; The sobseraw
Wi
R,

SR

b identioal whik inother subodinventy, Sl 32 and 202 ¢

sed and deied sxoit passes hebween upper applivator 104h wnd lseer app

840" dad cabodimenty, 3 rinde quent 2 v applisdiio hesebs 0% throvgh p

2 Gf dadosni

The vlave sgent MM iy de-fondzad waier in one exabiodinien and png

andd fxcpropad alcoled Heothee pmbadinegis £ (0 pen

Arvatuna s drawn thecngivpsts

the stone agenl 204 wlong with Sl 202 and 200 {row the shstaie 109,
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V3 Foame 48 i a simplified perspe

soview of s exeraphey Jower spplicay

L d pocordinoe with ome enthodiment of

prosent invengon. The Tower appiestor S0

Bas feagh L4038 defined batweent end 3 and ond S0X. The fength L 403 of e lower

auphoatne 0can besdefingd by the slee of the sobstemte ar the st ol thel provess chmber

Fltds supplind by the Rower raxnifold (not showst are supplivd through he eod 403 of the

fower appiicaior EX and everdy distituted 1o the substnge theough vutled slor 16,0 A the

kv apphicator S0 divpe e foid g sandenide of the sobsttre, e

does nob adiore W the substvaie v collecied for reoycling

within the colie e return ponts 130 A

-C

pome 413wl be dlroassed Baelow,

LSS Pgwe 40 w2 dognn Howtaling & crossowotiondd ammi of e Towey

wordance

spplivator 400 and Fioure 91 {0 sinplied seheroade luamaing detdl 115, g

with ane ebodiment of e posent mveation. Sumilae vy the opper applivaton, e braw

spphientor 400 fnchades 2 frovplate 0 and & body 900, The body 00k bnelidex the. vadn

b L feads 412 o resepvile S and & portion of o fheld reshaor 3080 The main boss 32

st onds of e lovwer spplicaiod 00 and conmpts 0 dhe hewer feantiohd (not

The pesenvoir 8 1 subntamiadly parsbiol e wairbore 02 and is oconpected W

ave bove R by maliiple fes Johmnise e fond sire varbions dizcessed . Bigare

IE, i one cmbodinent, S st of AT ean he of vartous sives fy mininiee Thow tae

s alopy the kength of e Tower applivaior S00. The Baly aba behdes retom liney
06 thnt ary wabstantially parailab o dhe wain bove GO and conuect ayretarn ports §L
retusn foads
{HISR]

A, outler 4 aded shiro 4l

e

Fuocplate 400 ém;:_i.{i(ic:rﬁ ancther postion of

Heotkay dreg S 8L The

BISEREN R SN vate 00w reguistes Taid Sew from dhe

reseryeds SO8 oy e resereoin$ T, mone embodipent, chansing e s of the fhaid
resestor 8 shong the dength of the kower sppliontin S8} can heamed o contral fidd flow

%

Mutiple outhated 1 connect the reseres

rates semny the fower sppiicaior $O0 r Al o the

s all ey

exidrike of the feaplate, T oudet b 416 4 Chinaied

i

e et 1o o

rthatey the Hubl v e widessidis of e sobsindi.

tratayeniy

{405a] As the knenr applicator 450 applies fioid w0 the wderdde of the substoate,

iy dhe abhstraio o does nod wibere sy the sebainge, &s

there may e renedf Suid that drips
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segne-od e vdiowt avea v averd o codleet et Baid foy

1‘-‘51&?2#(:61‘%& W £ e mdiipde renan posts 413

that e conpected b

Fetty ooy 422, The volurn foody 422 wre vonsiind o fotan Bk S06 that win he eopnscied

W vaowse vt dower mamiold (et shoovn s Iy othet smbosdivaenty the st Hnes

AL

dvahat fonston withnura vast,

gravity sdeg

IREER Flowse 8 d g sinplfied diagran Husingng 8 Huid seoyeling sy

Eed

coranctiin Wil o apphicttor 0, in seoordanes il one wbodimen

pvention, Tunk 302 contains haad S et is w;a;ﬂi.&d o therower appiicaior 400 vig e

Foseer wanifobt (oot shownh B

¢ kower applicator 303 hawe

e ovaited. Su prsdoushe disoussed, the fhad ivsupphiad-tGwoush the oulet slot and

apphiad o ac0s thin Gle 306 0n the sobstrate 109 oy the sobuteats 100 passing over th Joway

applivator 400, Flaid thar does not forg pag-of the shin i &8 Contained within dw

cotleotiver e JM, od wtrnad e e ek S08 via retore poutsy soture feedy, aned potom

Hpes, The smbudioent Hostratesd sotuens the Phaid & westly o e tank 3 Frvosnad

expboditent; e Hudd retrnimg o thetads 383 I arabyred wod proccused belfore retarsing 10

e Ak sing can telodes et o ol i

wh o filring foring sl
cosihitioning
(NS Althowsgh the fwes

eo of clagity of underst

=

g dnveation has heen desaribed mosome detait for

paR tangding, 4 will be apparent thal cestgin chayy

sosdifioations can be “{z\c\‘

el the appendad claitay, Acron

"‘ea edifun the w

preesent embodiments are W b sonsidered ay iestrative sadietrestrietive, amdihe dnvaniion

3

bonet Wy be Wanted o e detaily @

an hercin, taney be modificd withen the scope and

cepbvalents of de appended oldias. To the clatmy, eloments andior sieps st uaply any

padicelar ordey ,i:s.:',,aj}ims‘;t}iii}ﬁ‘ pafess explicitly stated fn the ohadn
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L A upparmiey o distribote 8 tr @ wmertace, o & snbntraie

&

& budy eatonding a fongth bebween a flost endd gnd & second eady the length

8

Feng greater than sowidih of e subsipmg, the hody fncluling,

£1 aontady bore extonding butwen the Bestiond ad the secomd sad, de

nrain ba

§ & bode channe! pxtending betwaen the St ond awd the second end,

staraally parathed b ohé niivc sl and

v of feads cotmechng the mnain bore wnd the bosly channel

st

the body '::h'zirg;3{53_?;3};&13{?%’,@@ fova By taafaos snetace of gwe bo

1

1) & tes plate extonding between the Gt end and the sseond sod ol the

budy, the free plate Taving o face pla berfuce surface i iy configunad o nage

with the body idefion suebece e fae

date facluding,

u} f Face phe chinoe b extending bepwaon the et and Wie second
sbof the '%}s::st‘?:g,. the fae pigéi{{%- channg! sebstaniially parstiel o the msin bom, therbwe
plate chanmed defined av the fage plue nforfios sfiee so that iy the bady

interiace srefaee and the face plate interhy

dresenvolr thay (:‘s:si,;.g‘.ii{:az; 8

ghe faeds) wad

eyud ol

phate fn ,i:i«‘es;fﬁx:t‘-:

schorein the Pald matenial iy condipuned jo Bow oo e dell

7~
i
’rl
%
4

yienereoin, Gwoush e outdors and oo ty

e dadi boryy o e sk i

of thersahstrate thooueh the putka sl

Aveappacatd 3¢ i claia §, Bivthercompesing:

Z

N @ second body exteading & length bevwvean s first end and a second sl

the oyt baing geater thag owidth of e sebyrage, e bude tcloding

2
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£} 3 second by bore

sevond ond, the radn bore configurad knnu;\}\ o sevond delbve

e

Gip @ second bady cheanel extending botwen the finst el wod the

secnnd end, the body chasmed being substantially paeatlal b the second saale borg

(i xaid b conpriing e second varihong 9
the seeond hody Chnnell the setond body churme] oxtending & & bady i

Gy and

erding betweon the Bestend aned the

of thesexond bady, the second face plate having 4 fce phuts-inerface nintaes thatis

pred A hade with (i hody ottrace surfane, the seodred face plae taobadmg

te Chatsml ext the first eieband

cond feg g bt

srond et o the secnad beady, e ssonad foe plate chaane] substantally paradisl

fr the seoond pals Bore, the seeond face plate chanpel dotined st the fher phits

terface surface so Hhatma e fuerfoe srfoeand de feee plate intorface

ing

e Told resitn hatvoupls fothe &

5

asecond phursiity of outlets extending betwean the st end and

he seoond body and ovuplod hevwesn an ouder st that §s orenied

appnshie dm iul plate imteripoe sarlace; and

) Catlesstove reclem Bustn belng vomiected it the vectain hine,

whergtn the fhad maeddal s configumd o fow from the seoond delivery

manifoll o the scooawd iy here, 10 the Sy, inwe the resgeendy] theoagh the vuiles

angd onto the surisees of the subsivste through the oudet sl

3 1wheredn individ deowithb e plundiy oof

within the phdaditp of

4, An apparsiis avdn olafmo 10 shermin groups of e

¢ difforeat cronssnottend aress.

”}

“.

An appaates seon slum 2, whenan flod mstesals st somainbig s the

surface of the mdsirate we contained within the reclaing basin
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& At applicator e deliver g foid o s spbsrate, Comprising:

fap wmain bore extending detween sods of the spparateg;

£ o owservol ovaading bevween endy of Ahe

By parsiielio the mads boegg

£ & p?amii&y of f&:.d_;\: conppting the wmain boveand the resepedin

woof ihe

T8 CORY i.;?(’ilAN e JeseriT By dn oy

AT,

{3 sy the pluralisyof sutlets;

schessdn he flaid s delivered duough the muin bors, Sroveh. e phurglite of

Tyt the fesomvoly] Suoush Beoadon 6 the outleteslor sod onto the sidisratoas

g

F33

the substraie s sooved wittne s channel sdjacent o the nutdet

~

‘. The apphicst as deseribed tnoshin & whercin the phanaline of feads have

different orrss-sectionsl sy

3 The apphicator s deseribed in oluing &, wherein the phagity of vatlen and the

sotlet glot avs formed or a Hoey

. Yo 5
e

g, The applicaior ay da

AR

ribed i ol 6 whereln the wdd

Fornredd on @ hasbe

weappl

o e plaradiy of foedy bave

tonal wiows ferper thae onssgssertonal ey of B plosiiy of ool

applicatoray dese i elabm 8, whereinothe plurality of oothes is fowey

thar the pdoraline of feeds,

¥ Aheadfordisporsing 3 ibda Sl oeed @ cobatale congaid

¥
S

a body assenibly exending bevwoen w st ane wud eod that iyt Reast @

sendth s the substvate, the b

¢ dnechxding:
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a3 s omain bore defined Bepvesn the fine and the seeond snsde

within the head. e midn doge connected @ s ey <ide OF & reservors through a

C e fain hord and the

phurativy 'of feads that ave Jofinad baga SEVOET,

an o pledinyof votles comentind © @ lowar mde of th res

ared extenwling © an tpet slon, e phaaiite of feads i,\z‘\éing s darger o
srea than the phadity of natlos and the plaralive of fpedvare fower thay the plarality
af oty

whereln flad e configured o Tlew througl i i bore, theough e

¥

ovenly ouip as g i

ast ahe threst

plosaliy of & vag e bowe st R the wxervolr wpdo et R

Sedone Huold s b outof e culput sTel onto the subsirale;

P2 The head sisleserbad o claine 2 wherely groupeaffeedd within the phasdity

i Fhe head o desortbed nclain 12,0 wheérein S bead waseibly includes  Inady

and @ Geonplate.

i3, Thu E)x‘hi ax desceibed v clage 4 wh

i e body awledey the main bore
and the foeds and the face plate Toctuding the outdels amd the oudorslof, and dre

reservolr i dedined botwedn e body and the fiee plates

16 A chamber fix prow eastg-a abseeate, sompriving:

T eoabigured 1o shide frasnben
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