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John M de Larios BACKGROUND OF THE I NVENTION 10 1. Field of the Thnvention
The present invention relates to sem conductor wafer cleaning and, nore
particularly, to techniques for applying fluids over a cleaning brush and
i nprovi ng waf er cl eani ng throughput andl-efficiency. 15 2. Description of
the Related Art In the sem conductor chip fabrication process, it is
wel | -known that there is a need to clean a wafer where a fabrication
operation has been perforned that | eaves unwanted residuals on the surface
of the wafer. Exanples of such a fabrication operation include plasm
etching (e.g., tu ANFOLIREQR(VEBORMNG HEMIG Ala DERYERY cal pol i shi ng
20 (CGWP). If left on the surface of the wafer for subsequent fabrication
operations, the unwanted residual matRevéadrsand particles may cause, anong
ot her things, defects such as scratches on the wafer surface and

i nappropriate interactions betweeDoA® &lnldezahi on features. In some cases,
such defects may cause devices on the wafer tq become inoperable. In order
to aveid the undue costs of di sésiday Mathsydchhavi ng i noperabl e 25 devi ces,
it is therefore necessary to clean g pigigr adequately yet efficiently
after fabrication operations that | eave unwanted resi due on the surface of
the wafer. Figure | A shows a hi ghldheW deslednmsat i ¢ di agram of a waf er

cl eani ng system 50. The cl eaning system 50 typically includes a | oad
station 10 where a pIurthiX of wafers in a _cassette 14 may be inserted for
cl eani ng through the syst dPACKEROUNG QBFHEINVENTION:rt ed 30 i nto the | oad
statilon 10, a wafer 12 nay be taken fromthe cassette 14 and noved into a

1. Field of the Invention

The present invention relates to semiconductor wafer cleaning and, more
particularly, to techniques for applying fluids over a cleaning brush and improving wafer

cleaning throughput and efficiency.
15 2. Description of the Related Art

In the semiconductor chip fabrication process, it is well-known that there is a need
to clean a wafer where a fabrication operation has been performed that leaves unwanted
residuals on the surface of the wafer. Examples of such a fabrication operation include
plasma etching (e.g., tungsten etch back (WEB)) and chemical mechanical polishing

20 (CMP). If left on the surface of the wafer for subsequent fabrication operations, the
| unwanted residual material and particles may cause, among other things, defects such as
scratches on the wafer surface and inappropriate interactions between metallization
features. In some cases, such defects may cause devices on the wafer to become
inoperable. In order to avoid the undue costs of discarding wafers having inoperable
25  devices, it is therefore necessary to clean the wafer adequately yet efficiently afier

fabrication operations that leave unwanted residue on the surface of the wafer.

Figure 1A shows a high level schematic diagram of a wafer cleaning system 50.
The cleaning system 50 typically includes a load station 10 where a plurality of wafers in a
cassette 14 may be inserted for cleaning through the system. Once the wafers are inserted

30 into the load station 10, a wafer 12 may be taken from the cassette 14 and moved into a




03 SEP 2004 2 brush station one 16a, where the wafer 12 is scrubbed with
sel ected chem cals and water (e.g., de-ionized (D) mater)gnggpqﬂmgr 12 is
then noved to a brush station two 16b. After the wafer has been scrubbed in
brush station 16, the wafer is noved into a spin, rinse, and dry (SRD)
station 20 where DI water is sprayed onto the surface of the wafer 5 and
spun to dry. During the rinsing operatien in the 512D station, the wafer
rotates at about 100 rotations per mnute or nore. After the wafer has been
pl aced through the SRD station 20, the wafer is noved to an unload station

22. Fi gurtsushBstatiswenen ] 65, mgieref the avaféreld isfscarbbed withraglopicd cbemicglsrandrvder in a

brush station, 16,. | ush st atj on 16,..the, waf er i i nserted, hetween a
Pon”br venesometnizd BOUSReR| *HORafS gz HpdF ERed fo b ShEE PSIVES" 2,
waf er 12 AfierCiipabifer Bis Bhn@rubBtAie grushtshitioal 1687 (Aak isAVBY ik £K7R) e the

rotating brushes 30a and 30b to adequately clean the entire top and bottom
sur f aces Tofset 4l dwif(ERD) Btation XWewhere Dlcwatetisstpaayee onia the suobeont arfaiee of

t he fer i.s requiyed.to.be, cleaned as well be e contam nants fromthe
bot t o PSP P drto oG BF CaPearaon 1o ABE RS eBORH e RETOR s fhce
12a and tdpgud 1(B PR SURfnaSorPhorkNA MBHRS wiér Bls®etl plBaetriMghiné BRD
brushes 30, the top surface 12a that is scrubbed with the top brush 30a is
t he pri mestationP0f theevafarigatordd foan wileahitatipn 2%. nce the top surface 12a is
where the integrated circuit devices are being fabricated. To nore
effectively clEametI® shabeh sldpliffied vRanbNg cdainitig pocespebferagpin edbragit o t he

top brush 30a by the use of a drip manifold 13a. In this exanple, the drip
mani f ol d stadign; k6. afn bl gtatign 4 6gfiepwaler ¢3is imsertadsbeipicen aitep bristida a@drhect ed

chem'Tal ByOR S8 &y iRl e I B DoMiFRutet ! Rebiedor RSN "0

anount ofwith wllérse(ﬁibeﬁﬂoﬁxg%wala&[d the ARailObidsHedd0a Ahd 80b fehRVALEY cldag thd ui d
fromthe fluid control 13, the drip manifold 13a then expel's a non-uniform

drip 32 cutiee tapeandpopemsiuraees. ofathevivhier ge. dinseartise dirpngonces.hthg bottom

non-uni f or rip,.32 _has .been.ohseryved, to cause, .25 probl ens .in . cleanin

ooy it onulat b i AR 18 FER BTN Klehfed R RRY ARGREE RIS B W, <1 e
in Fi gur eolBm Wagmichee YRR top Fukfae PRENARhGEROLAR thd ypP&irieen bs ush tROD,
the top brush 30a is |owered onto the wafer 12. As the top brush 30a is

| owerléd dmtiont fvefapmptthe yaferdRigpe sontbedIwitigths bayshes 3th éhef topwusacefI2aitieptdo t he
drip manifol 3 ich releases fhe.non-uniformdrjp onto. 03 P, 2004
%5 Phe t cpraspeditughe R g SR e PrBanithet ot Rorlr nsn ks e 30b
turn to cypRte 1bhes n‘ﬁﬁélﬁ%ﬁaifhte%%cftpléirﬂﬁt afekice8 - arE 13 fiAcaiRAVS 18 ARfE

detail ed side view of the wafer cleaning structure depicted in Figure 1B

| n gener allfeciively slean walafenl havteaning sblutiod cpr by apferdtontd the tefr hrpsnd@d Hyol d
13a 5 expel "dr ets" af fl ui venl| ver the entire_|length of the.brush
325, To B i LA 9P el G B Pl e dbaaBio Lda s glghehod T dr i p
meni ol d b3gori3 KhAHE Rdinf hAVCoALESd 30 MHFISHLED4. ThhARGRANRIERD4 Phrfips t he
fluid source 24 supplies the cleaning fluird through the drip control 13

whi ch r edlilidi{es., timeclamoog thepfiicdll cwild watpe chredgh thiedlad nedrol d3dviddiacafirdhe
drip manifold 13a. Unfortunately, as .the fluid enters into.the near. end
31a, the 41? GG G GRS WG BRaTI] s dM%H ThesaT N Ty Hid ?r@im e e end
t han at i i Nt 1 d. i e
oot of (RerP] v SppaiRIg o MARle d il IniFRL 4Ap 0, QRS SINIRIET &
before ti®af | As evitde dismededt hebovdr thix inol-esfain dfie 3Rdras dieen dbdrrvebher @it e, | f
the drip manifold 13a were totally horizontal, nore near end drops 32a w ||
be expel IRBEPEREH ¢l5PBHAPHFIPS 32b. In the prior art, the drip manifold 13a

was sonetines tilted downward 15 slightly at a manifold angle Q 42 to
al | ow nore fl Uiiguieol ¢ ghews ahwodsatechontl Figw of ke sighichits| depagiegl & Kipuirs 1B.

determn by..findin he optimal angl.,e of th i ni.f ol 3a,whi c

or oduces VHEY Bisarlet Enbchih aleR oB PR Ponihih A0t e TRt 4RE ¢ e
far end ko tHhivarerani f 8% theangl Bud?3dsishBastideshd Shaliak® 120 dap oabs1#0a
and an x-axis 40b. As the drip manifold 13a expels the far end drops 32a

and near sath the dlowv @2Buidie the drép mapifold 13a which releases the non-uniform drip onto




20 brush 30a, the brushes 30 turn to scrub the wafer 12. Unfortunately,
calibrating the drip manifold 13a to produce the right annun@ ﬂmg flow
can be a very time consuning and a difficult process. By guessws Ek

trial and error, nunerous manifold angles f~3 42 nmust be tried to find the
optimal flow rate of the cleaning fluid. Even after the optimal flow rate
has been found, the drip manifold may-25 need re-calibrating every tinme the
cl eani ng apparatus is noved to another |ocation. This problem occurs
because each different |ocation (even a different section of the sane roon
can have the fapoerusinAgn. eDvriag thistiges ath dim batiosnbrupie 30% and Hsturptoagreds the
Thereforeha:% %§h££t Q1EQ§ case, if the cleaning apparatus nust be noved
frequently, € nee téﬁ stant recalibration can create | ar ge wast es of

time and redu r cl eaning throyghput. | ddltlon furth robl ens
in the mainte ﬁ%fé Showsi 1P dgﬁﬂgte@%ét ViV 9,#2@; Cleapingisiuc e@l?%dzom

-4 drip niﬁrpléﬂ—lgql]} ]ﬁn%%\ﬁgﬁl By s g?{ﬁ?%%ﬁvé]HQ%dq@ng ll& OCth i.% : RAJ B uS

because even a s t“ novenent e drip man can e effect of
al t er isng dxipel ‘rrhnplétsT of dingl evehty dr tHhemtet dergzth dbhhefbrugr 32aar t Taldo phisgmis ol d

13a nust often be re-calibrated f more, often than i s desirable or
pract i cal Comynen grachics to %ﬁﬂt&qest a fﬁw anteydiaey i gnappigds 1 daeatt ediped @“éwter t he

d“ P ”a“'ingspﬁles%ﬁl%s"‘*t‘o%cdrﬁ @Qhﬁdﬁtﬁo&ﬁé‘%&ﬂlfégéﬁh@rcte%nﬁ% %ﬁ&g’& drip

13b I's conmon for Ing a

hoI e i nt atht dep (ﬂ:bn@olmnwﬁﬂhdeg'liﬁﬁes tlliefaﬁfotlﬁmﬁmh& injeded thitd hln;eﬁlgeﬂdr:neeﬁshei s
known to | eave hoIe shaV|n s 13c in and around the drip holes 13b, These

shavi ngs EEnmapfldlPa pf folok gl theellnid patersjatocths nay qudr3 pothe Aidiends

cau5| J t h

- ovin rPara" Shfoht SHp RarRold BbR S bidPed L el s b0 B Bitp G
pot ent i al flialegpsibidvicegss b3cadd thdshoLethfid td fblehedd hesush the drip MM Mhe
practice to deliver fluids to the drip manifold 13a at high pressures and

f1 ow rat ewar gl 314 efors|the dluid e rranbrtbe diip heleg it the ifpiandotl bofTheralprg. ke of

all of th dr| mani f o n

novever . i woRira 138 oA TuRLRerl Ay E i TR Bl ropd e O3 BRARBELEIR,
pressure ﬂaﬁélﬁ &%ps 329t hpme tpn‘bhertdthe dFip! Mmfam 0fa WhlddilSctRbls tﬂfedtd&%dzrat(p
hol es 13b inproved, the hig géessure jets 32" have the di sadvant ageous

ef f edtds oﬁfhghtéﬁﬂglarﬂgamlﬁédcﬁeglec ¥ supllavenofe fivid torugath Brafar lend sdbe Eh%es

after relati cle tlons hat th sh 32a
becare. soRBIY “ek izt pRal Bk BhuRdug cRidR) afifn of 25 0P gL TREI ) °5
i ncr easi nghikh Brshiudsyd hy etltﬁvtﬂeﬁw\mﬁnﬁn RE B8P YFos bsﬁttﬁeﬁea@ct@tutm@ah IRy 1@19131@1“5
beyond those of un-even uid delivery. Because of these inherent problens

in the prddenthig mqtilfnb;lnatrfgdﬂ 42 iSmeasackdi elavinalto devixded0sashams-agiseburiss

regul at or ressu uges, nd flow.nmeters, of . t drip
Control - 15¢ cRhvREHETs 38 B5as B et Rl PRzt cod defn L fioBEnto Bhto e i
over 745 SHuAYI0H theWRhdes 9'@ﬁirﬁ|td/scrﬁ”d/ﬁfé\7¥!féﬂzseem ngly proper drip control,
unforeseen fluctuations in fluird pressure can occur which nay result in the

hi gh pressure e gt
and/ or the met%ﬁﬁngmF$hhﬁﬁn?%1 &B‘ﬁg’ﬁﬁﬁt thg?qﬁgﬁggw% ‘e FEWE%?IOHEd
dri p maniflgl dlows camnbiéih Wetyngrhé icoh@iding Soid B daffidul pravesy. f BY @ué@ﬁzoﬂh@uﬂ@tﬂhsn de

of taking nore tine to setu and 30 requiring a Ia@ge anount of
mai Nt enardd YTorenYBCREL RanHeldgigles @ AR reysd batmehto ped fheceptimyFlasertogbs - 5

the cleaning fluid. Even after the optimal flow rate has been found, the drip manifold may
25  need re-calibrating every time the cleaning apparatus is moved to another location. This
problem occurs because each different location (even a different section of the same room)
can have a floor angle that is different from the previous location. Therefore, as is often
the case, if the cleaning apparatus must be moved frequently, the need for constant re-
calibration can create large wastes of time and reduce wafer cleaning throughput. In

30  addition, further problems in the maintenance of manifold angle @ 42 may occur if the




mani fold angle fd 42. Moreover, the fluid application nust be carefully
noni t or ed because of the possible danage to brushes and maf&ﬁssgﬁ g-by
flow altering effects of fluctuations in fluid pressure and hol e shavi ngs
13c. Therefore, using prior art dripping mechani sms can cause | ower

t hr oughput of wafer cleaning and/or cause damage to the 5 brushes and
wafers. In view of the foregoing, theré-is a need for a drip manifold that
avoi ds the problens of the prior art by inproving cleaning fluid dripping
and increasing wafer cleaning efficiency and output. SUMVARY OF THE

| NVENTI OMripomBiigdd 1y mowed Ry igbunether pregiesof thevdemingnaiparates bivasss gyseds by

provi di ng,.an i nproved thod fo rovidi upd for.m.chem cal deljve over
br ushes " HEl GEREFEPCIR i myRRafled b e b F A Eie s BBl iy
present i42veTHer&Bres &t pior APLGTRALREIA 1BaNHAR LBYE HWRY.2alibraeh UsH MBrcasieh
process, an apparatus, a system a device, or a nmethod. Several inventive

enmbodi merthan igidesitableprawaatical. nventi on are described bel ow. 15 In one
enbodi ment, a drip manifold for use in wafer cleaning operations is

di scl 6sed. Thé&igure d Bréepiéte ladnbisddaipddusradsideyticfal &Hewp oh dezdgs niahifbldalla
secured to .the drip manifold. Each of the plurality of drip nozzles has a

passage O8HFH&Y eHese Heanen-piforan drin i thraughon drignple A38apfhils €OBHIM; ce | s
defi ned withi at - s .4 first en . ip
nozzl o ThE ESobe: EiP ERETR Whhinked 8RS AIE il Bl 838 Finifel? 125 B
t he passdgdoamshiélg, theidhtiegdtotednay khowittoSles@ bl stthvings fIQE ih ane aindrdice

uni form drops over a brush. In another enbodinent, a drip manifold for use

i n waf er %ipdiiesnkpbopEiase ishHangsscagi rodendighy be Antegduged pyprsvEisHs MsiauRdesa
first,an ush .. s..provi LR: mani f ol d_exten ver the

| enotih o REE FRpake BrehielaP e S, PE DRTRRs S ul THEIET Ul
the drip aegithekdp nEaefldi3d Meo B&xﬁﬁ@ishﬂe)foﬂﬁét@ntmhéie%aﬁihgs s$pagePuBpant from
one another and distributed over the | ength of the drip nmanifold. Each of

t he drip fed dplbeerhaié i comawaguadiiori tnedtliven flods ta the dgp mandfoddd3a 28 &tednd

end. A sapphir LLice isdefined within that passage a i.$ | oc at
The 11 r sranues i faaftien 55 i BEevBL il BRRARRE IS STHES &' ¢
angl ed t ehpeggUsfesa1d diodg Shé QR makidoll NBaPaAs 288scA06hdeS hb®EVRC tigd nfgawar d
the second end to formoné or nore uniformdrops over the first brush. In
yet dhot peesseridelvereand flawatend deol pfosincerbigh peessurdjdtp3dozzl e for use in wafer
cl eani ng operations is disclosed. The nethod includes generating a tubul ar
segnment 5 haviAlthoagi ithies tisaitdtian df fhddcond fehd dripheleet 3o tnproved)ehe hiphl udes
defining a passage _between the first end and the second end and inserting a

sapphi r e PESSYIEdES At Baterbe giadwatagseus sffects af damegiedhe deligate sytace of te end.

The neth %%sﬂ%Zﬁ?% R0k REsdr 4P 1024 egy Ay Qlewﬁé gggrﬁtlb ? Etrxxrésn&:itfc@? ﬂﬁaﬁ H‘Eéhi r ea

orifice into the passage at an ang and con Fing e angle su hat
fluid fl dwshadRablescamirsoeheodd: Shreddekinge frayed: @cﬁtﬁe@dﬁhﬂﬁ,%etdbﬁltﬁ)apﬁ?ﬂiﬂhplylo
orifice into the passage of the tubular segnent, with the fluid flow
exit PRg trrscasiRoividelslivery finve and prasPwenpiused additional ereblemp deyandafiostgels of
t he present..| oY e numerous. Mst notably, by designing a drip
mani f ol d%&hﬁdgﬁﬁgﬁ%%ggg consi stent dripping of uniformdrops, the wafer

cl eaning efficjenc t hr pughput be_ inproved. The, i red j.nvention
renoves the pﬂ?ﬁ?‘éﬁ%\;‘)ﬁgeﬁf mgg%p‘gmog{%%elgnﬁhﬁ%?@ﬁg %F‘mﬁlllfgbﬁla \%ﬁ(ﬁqd@zﬁ’ﬂ s
probl ens qaiiells aRhsYsibssARKeph1alR Pred@TBYRgesT B Bl iR HTF{J:" does
not have to be origﬁﬁeé ateg gpeéi ?c nani‘?fgﬁ%ngﬁiﬁgﬁxﬁp%p%r ylgg% y the
cl eani ng tlid ding donirbhé3 phopebeemarseédrin alhirgeln dwancessfiit atept b gsetdne oneed f or
contipual re-calibrations of drip manifold systens to ohtain d maintain
the 20 pSPlRY¥LE P’ftmaéeq&rf:‘d?’é WithegmiTiely BioBet AL e =i‘+v20r§ﬁéﬁffpuawaﬁons

mai nt ai Ni;Ng . drip IfiPlAi ' -@gﬁ% c [

throughpat. ﬁgﬁgover? t § preggggag%%%%ﬁﬁﬁgg% i%mﬁ%%$?§ #ﬁﬁ@%@g%gam

f | uct uat iknpgnite dohegerthe ¢ppf Brustd3@hrandfre thecwafeetl. by smal |l fluid pressure
variations. Further, due to the design of the drip nozzle, flow alterations

normal 'y caused siyuld Oeeappavit RS R MeSHorhiefimaide dripl RRMELRY eist@Rubr i p
mani fold will allow new drip 25 systens to nore easily produce and maintain

t he type wsffigienippbueh prdsibemanifad ihas thredowiade ef tdmigwgopr boesle. seipheind
aspechs and.advant ages of .the i.nventiqn will becone.nore. arent fromthe
ol o ndeuty Adh s Safing i SrESRisk iR ke P it G MAHCTE. Tecesany ng

drawi ngs, illustrating by way of exanple the principle invention.




03 SEP 2004 -7- BRI EF DESCRI PTI ON OF TAE DRAW NGS The present I nvention

wi Il be readily understood by the follow ng detailed descri Bl&‘f‘gﬁ
conjunction with the acconpanying drawi ngs. To facilitate thi gg% ption,
i ke reference nuneral s designate like structural elenents. 5 Figure | A
shows a high | evel schematic diagramof a wafer cleaning system Figure 1B
shows a sinplified view of a cleaning-process perforned in a brush station.
Figure 1C shows a cross sectional view of the elenents depicted in Figure
1B. Figure 1D shows a nore detail ed side view of the wafer cleanjng

st r uct ur enguinid age 9ot Meseguerethe dluidapplicetionempg be cpreliyppritred ‘a«‘r%%f
Cross- secld g agos\é{ ?éN agQ%ﬁdphﬂhégﬂ%é %ﬁgegh&eﬁg dzg;ye;f}BSJ 118G d Wrects of

non-uni form i gures ow a Si view and a
top Vi ew,flucaspesd iﬂ/ﬂhijd prédsufe fildelidle RBaGYSE B39 Tlivrabey bsiap geionaithirpping
enbodi ment of the present invention. 15 Figure 3A shows a cross-sectional

vi ew of NRRRPISHS £AR eausenlodice drgughnat @f tralGdcapandentause dapmashiesint

i nven |or]jm§1‘3 cewgérdepl cts a cross-sectional view of a drip manifold in
accor dance WI one énbodi nent of the pr esent |nvention Fi gure BC shows an

expl oded vi ew _of .t he phire.orifice manifold cor one
enbodi ment  of Iflh@e‘ﬁr%égﬁt el it E‘?’r’e IEignr 5B % &&avﬁ?ﬁ YA 3 the
al ter nat ijgnehk fdrchiel FHiACHP ARG FoWnE L1@REe fluid dripping and increasing wafer

cleaning efficiency and output.

SUMMARY OF THE INVENTION

10 Broadly speaking, the present invention fills these needs by providing an improved
method for providing unifoﬁn chemical delivery over brushes of a wafer cleaning system.
It should be appreciated that the present invention can be implemented in numerous ways,
including as a process, an apparatus, a system, a device, or a method. Several mventive

embodiments of the present invention are described below.

15 In one embodiment, a drip manifold for use in wafer cleaning operations is
disclosed. The drip manifold has a plurality of drip nozzles that are secured to the drip
manifold. Fach of the plurality of drip nozzles has a passage defined between a first end
and a second end. A sapphire orifice is defined within that passage and is located at the
first end of the drip nozzle. The sapphire orifice is angled to produce a fluid stream into

20 the passage and 1s reflected toward the second end to form one or more uniform drops

over a brush.

In another embodiment, a drip manifold for use in wafer cleaning operations is
disclosed. A cleaning station having a first and second brush is provided. The drip
manifold extends over the length of the first brush. A plurality of drip nozzles are

25 secured to the drip manifold. Each of the plurality drip nozzles are spaced apart from one
another and distributed over the length of the drip manifold. Each of the drip nozzles has
a passage defined between a first end and a second end. A sapphire orifice is defined

within that passage and is located at the first end of the drip nozzle. The sapphire orifice




enbodi ment of the present invention. Figure 4 depicts a side view of the
drip manifold containing a plurality of the drip nozzles i@gaqppr@ﬂgce wth

one enbodi nent of the present invention. 25 Figure 5 illustraftés | eani ng
systemusing the drip manifold containing a plurality of the drip nozzles
in accordance with one enbodi nent of the present invention. 03 SEP 2004

_8_ DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS An i nvention of
met hod and systens presenting an i nproved nethod for providing uniform
chem cal delivery over brushes of a wafer cleaning system In the follow ng

descri pti &ranghdria peuiice pdluid stesadnts the pagsagesad is itleplefl tovsard die seost Bl de a
t hor ough 0fb%eorn%;o?gngég%ﬂ%n&%gﬁo&%sr nc%ﬁfs yention. It will be understood,

however, by oOne © fnary s I'h e art, 'that the present invention
may be practiced without sonme or all of these specific details. In other

i nstances, wellh jkhensh@roeesismonerahiectRd Harakngia BEERodas ¢ pedn ivmfeet ai |
in order not_ to unnecessarily obscure the present invention. Figures 2A and
2B show &leinie opeEaliansdisadis@desed ewhe raefhed inakedoy epprafing |de Bug SEEM&Ylst em
120. The nj syst t ypi gal incl udes,an. i Lion wher e
a pl u;gal iq%lilf&%fé \%g teér@ aelrr{:a@ygégwin seélglt eJEM"Tt &e?%q%eﬁlﬁﬁhﬁﬁ H}CE%%S%E?'}E% asl}gssg %%% Once

t he waf erelwednShé fislch@ dnd MicOsebbed biPatd Bbatih®B shitfhiretdticeahterthd pasigpe be
taken fromthe input station 100 and noved into a brush station one 102a,

wher e t heofiihe dpbular pegment @b tesd fiviit tamds elThe megthach efrineking  Heddvmmerzle alsg. |

de-i oni zed wat e f bei nved t brush station two 15 102b., In th
br ush st de e nkerfife M abPhBF RS nibitag pdbtRr s° RO DRE S shelPRlue " 1"
i nventionmsk §iRAtBANLHuidIAewWS &atbY Bircdlicddhoflr ihp MBNEfo e @mdihd réap%mszzl e

will be described in greater detail below. After the wafer 12 has been
scr ulBed arwice lieto shepassageani ther tubube segrhentiwaitle thel fuid flavoeating theoseaomhing,

rinse, and dr SRD) .statjon 104, where de-ionized (D) water is 20 sprayed
onto the %ﬁp?élﬂc*(é]oﬁef@f?M?@F’tsand spun to dry. After the wafer has been

pl aced through the SRD station 104, the wafer 12 is_noved to an_out put
station 106. T adveypges@l ieresent mycptionap puggioss Mesheotablydadatedngnd

only. exerpl i §op R T ARG QS ariphimg B bl lobs e S A e

brush t eclifidtmg)and dhiphgithutiialy bdhimnprovedi The dginiéd invaltn réhobanié piobidntsm t he
advant ages of the present invention. For instance, the systemcan be a

st anddl o veFiakls deaning phangealsidow ik corpee Psothens SuHt a3 prpshrandeor twader | v,
or part (ﬁf %géhem' cal mechani cal polishing (CW) system and cl ean system

conbi nat i 6n. igure 3A shows a cross-sectional view of a drip nozzle 200,

700 dance Ll Sne TS, oL e, rSSSEL AT, Lop, T Lozl
drops. R3prept 4y 1R cleaning fluid in the proper manner. This advancement obviates the
need for continual re-calibrations of drip manifold systems to obtain and maintain the
20 perfect manifold angle. This feature reduces time spent on maintaining the drip manifold
and allows increased wafer cleaning throughput. Moreover, the present drip manifold is
nearly immune to fluctuations in cleaning fluid dripped caused by small fluid pressure
vanations. Further, due to the design of the drip nozzle, flow alterations normally caused
by hole shavings arc also eliminated. Therefore the drip manifold will allow new drip
25 systems to more easily produce and maintain the type of dripping preferable in the wafer

cleaning process.

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

illustrating by way of example the principle invention.




I n one enbodi ment, the drip nozzle 200 has a first end 201 a and a second
end 201b. The drip nozzle 200 has a tubul ar segnent 201c @qpqutﬂmgC)a
nozzl e head 200c. The drip nozzle 200 contai ns a passageway. het ween t he
first end 201la and the second end 201b where fluid can travel. Generally, a
passage 205 is defined by a cylindrical shape 5 having an inner surface
200" . In one enbodinent, the first end7201a of the drip nozzle 200 w |
preferably have an angled wall 200a. It should be understood that the angle
of the angled wall 200a can be varied depending on fluid flow requirenents
or any other calibrati oBRIBFIMESERIPTION AF IHMDRAWINGS al so has an outer

nozzle wall 200b. To secure the drip nozzle 200 to a drip manifold (as wll
be shown bel owhhe Prseuiwentey M halteadily madgstepdilar dbg ollewiag: fgtal (not

ohow) N RIRASIE L AR LI 65480, S ARALRLAR A gk o

enbodi nenike rtfeeensapibial dkighhte ¢ike sfuddpeltmenksany suitable material that
is hard enough and conpatible with cl eaning solutions, and therefore, the

sapphisre ori f i}qgmﬁm Ql%wmﬁ%% fe080 seﬂafmp&gﬁ%gﬁah drQ vk ﬂ@dgﬁ%asl%/?teinns ert

orifice. Becausé a passage 2 Is angle to the angle 200a, the

sapphire orifi i.s.al so.a ed to fit knto the passage 200". .Thus, the
sapbhi re ori £ g B0 qff BRERRE NS, bt b Ao SRR g p bl
defines amtangl ed path into the passage 205. This angled path serves to

create an angled fluid streamthat is directed against the drip nozzle

nner sur f ace 300 1@¢clfinS B SATGRARACHe U 1RR-A0R: a8l UGk gapphi Te s

used in an exenplary e i ment, mat eri al s may "be use as

mat eri al s t haty, il ..k I QUS C ni | ui ds h, ¢l eani ng
fluids may i ncﬁl%g @gsgﬁl%glss?o (grte;ggir@ ,eéfglgle glye(‘:?v %ilotﬁ%ﬁag% {e el.ng.slfmaﬁfe,deélﬁ adot her
fluide. The&igeppbire material can also be defined with passage ways (e.g.,
hol es) that are defined to tight tol erances, and once forned, |eave a very
cl ean unobstr - f.ace ool oul d
be appreciategqégggﬁg&%?ﬁgﬁgﬁﬁg9$32§?9%5%%é?ﬁgﬁart %ag%ﬁ{ gﬁgggﬁﬂﬁﬁgm
orifice d02xpuliyngibe con-anifedn diip fleowdiid olas | ong as the resul tant
configuration produces an angled streamof fluid that is directed at the
drip nozzle irmmgires uAf aGe2RQRow ANeH vihi Sl top Pldly, TéspbeliveBA of fal disdnigpnt er s
the drip nozzle 200, it travels through the sapphire orifice 202. As the
resul t antsyspl wrcsendargn Widhorssernbaslimeanfsitheepresent inyentd®2 and 30 enters the
i nner passage 205 of drip nozzle 200, it begins to expand and is defined by
a (03 SEP 20(gure 3¢t sleawn bomssisgcyiofflGacwand aadriyt nesin, o uocadanc? @6th ofkhi s
initial streaghthe hits against t he stream contact surface 206 which is a
section &M ﬁFPgﬂWGE?wé‘Pﬁﬂgpnsurface 200' . Because the initial stream
hits the stream contact surface 206 at an angle, the initial stream
reflects of f dfigurnéBsdapicant etons-sestiona vieve ef 206p arrarifold imrpgberdancsweitldena he
second end_;2Q: ozzl e 200. Wen this reflection occurs, the

1b of .5 the dri
initial s I%’H??ﬁgggmﬂgﬁﬁ%{wgmaﬁﬁ“expands to forma first reflected spray
ccur s, por t1 GRETERC R I ditbel SaraP AT BN FesecobBseand.
208b2@0”Rﬁ@%oﬁg%ﬁﬁdﬁﬁﬁmﬂﬁﬁﬁﬁgg'%%Pg%@@&&ﬁitia' stream havi ng boundaries 206a

and 206b. IS contact serv crease the velocities of both the
initial stream.and e first 10 ref.lected spray...he.first reflected spray
Lhen b o sormiBlg Sl XEwoSE S8 REmRRYE oriater ik e b PRt

spray hasntaahéfeér 8 gré®nfimeanth. t he spray contact surface 208 is |arger
than the spray contact surface 206. Wen this contact occurs, the first

reflected spr IS ar &fk : i . r 1b of
the dri p noes A2950 FER" ERs TSP PERE, & oty comatil 2prRAtl BEhAA?
spray | oseszleelnoicdiandedvizh shonelodimentd tikepestht vkhigat.ed spray is
produced. This loss in velocity causes a further expansion of the spray
boundari es t o Higiresallefraaes PALRERS sRhDakifthe ArpRhAUFNO U AihgZalPlralif\s t he
second refl ected spray expands, it cones into contact with the incomng
first refafélsdep sepzlep In Trosdapenwatbiont embhdimentofthe prasbiet ivedndiont i es of both
the first reflected spray and the second refl ected spray. 20 The second
refl ected spray then contacts a spray contact surface 210. Once again,
because of the expansion of the spray in transit, the spray contact surface
210 is larger than the spray contact surface 208. When this contact occurs,
the spray is once again reflected at an angle towards the second end 201b
of the drip nozzle 200 to produce a third reflected spray. Wen this
reflection occurs, the velocity of the spray is decreased again and further
25 expansion of the spray occurs. This expansion forns a spray boundary

~NA S o A M~ N o




03 SEP 2004 -11 second end 201b. By this tine, the fluid velocity has
slowed significantly. This decrease in velocity creates an &@c@ﬁﬁlzmﬁon of
liquid towards the second end 201b of the drip nozzle 200 which créates
back forces 207 in the direction of the first end 20la. The creation of

t hese back forces 207 serves to further slow down the fluid traveling
through 5 the passage 205 of the drip-8ezzle 200. Therefore, uniform
droplets slowly format the opening of the nozzle head 200c creating a
controll ed, consistent, and uniformdripping action. In this exanple, the
drip nozzl e heaDEXXICEDIDESORIBIIONIOSTHE PREFERRED EMBODIMENTISr ence t han
the outer nozzle wall 200b. The nozzle head 200c is al so preferably 10
control | ed at Anipvggeorpobaethed agd systaeypiceeniiog apinptevedmeHod faspioztding n t he

productlon S. i_anet e 6 es to
the for rralfmon oq"‘eé“?%am‘% 3{)Ib&SﬁB{/TBhgfW?#ﬁﬁfégﬁmﬁrsgge%‘f E} fh aci? HOQJ ‘%f t he
uni f or m die@tRiont Gubtt@ouR0gFdcEidN€adile ARE - setl HErtv thf SHiBR @6 gﬁbﬂ'ﬂe o @Mﬁohgh si ze
until its mass causes it to separate fromthe surface 200c'. In addition,

an angl e Wdgstindingefdempresdnt invention. t hevil be madérstnodthomissenuby pog o efdsphet 15

by prevent r.o t|n t he, nozz [t.s ou d be eci at ed
Chat the i s P abfiolt BetelipPhuisBan i b PRElF sl g S R BPERSLE T
produce sgﬁ@hhardéﬂmps I~k Ilmﬁicw,w&mqqﬂwnp pRREH BpRiforzanae nsBégen

wi thout the drip nozzle head 200c. The actual shape of the drip nozzle 200

wi || pri rdesédibedde detad imardehrotvd suogiesspribfobistwre the wesept matmwjonand t he
environnent into which it is being installed. Al so, the drip nozzle 200 is

20 preferably nuf f on1a terlal that is co e wth the
chem stry of  (HERET AR oh BETErRBNeaY Sk K HeTParSp O SPEEET)
PET npgt erg[y@tleﬁl g1 KneWlednfig éﬁ%&r{ 190 @eﬂf ﬁ]}éluﬁé’éj aﬁriﬁplft%lta%fthRiOYWﬁé’f%Ya to
machi ne. one enbodi nent, t'he | engt O of the drip nozzle 200 can vary

bet ween aﬂm@htymﬂ:i@ﬁemmw bmtneq:rmd(ﬁunyleamdg abough 1215 szastmn Cued thwowefepd 2fieer abl y

i's about .11. Thi nsi.on .can varied.to 25
| enatn 't SRR o SR sl dof F SRS ARy RERGR T de vt gl &Y
nozzl e i nRArmSWI REFLa 2PEsh- staftinSonM MZae%erethE %Ifeﬂmf Sri¥eh QiR ikded S

formed. In this enbodi ment, passage di aneter D262 of the drip nozzle 200
can be beatwesnlsaoutva®r 568., tmiameedayolat) RafGut bmng asednoy e houshf mtadni twd s

about, 1. 57 O . course, this dinensjon. c vari ed depen on the
vi scdsi tyloéﬁd"meél?er BESh| atipne B viresantior iefising @n&%gﬁ ?rog iRl o 30
pr ef er abliyvanghe dﬂ&ﬁﬁcinﬁ t {fhi's
angl e car% Y/ary vvléjce y © or%%g%pésg?a%eh&e}ﬁ)aﬁé#ﬁlg%%aﬂg gtgt\a/\g%gng dout 15
degr ees angrabwdetaiiBelovd3 SEP 2004 - 12 degrees, and nore preferably is set
to about 45 degrees. In general, sone angle nust exist so |ong as one or

nmore spray refARetihoneafdf 12 Bfis bie Sritbed G 2he biRAGkatHHE flegeth%%felaw is
produced. Figure 3B depicts a cross-sectional view of a éﬁﬁnanlfold 220

i n accor daged g g @nan@merantér%deR@dtstaﬂont He, priese de-iprigech {PBnwaten ig hi s

nb h h I d f 220 d
rant 291 Btve Sl 1B BBk B et i FudaParockid B aired® defheleR  °
nani f ol d tBrAghYhe mm%at%@l%m lthe SR@4 b @@M@@f@ta@péutb{iﬁktaﬁ&? 191 DTH@ZZ| e

200 may be fastened to the dr|p mani fold 220 in a variety of other ways
such as plesmgigngystene 20 ps nonfigere@ 0o bmprogmmmﬁd pndregrintrolled 22@n $ysteome

enbodlnen t he 0 noz refer or.j ented such t hat .t he
TPt oo Hesyplis 1k P ot GalSE A0S Atk el i cHeablan Earis. a0 A ps
22_0 Al't ft?;%gbf AB¥nigd b§s@é¥ﬁ Sl hSdErBh fé@ﬂno@@gy@ﬁﬂlefd%ltﬁ Bﬁg 'n@ﬂﬁfold%%ﬂl Q§o t he
drip manitold 220, a dianeter rangi ng between about 6.35 nmm and .4 mm

and re h@neﬁteframtl the afvattages 52 5herpreney ilventisrd FoByndwnee, n@etsblﬁemimap l:moazzl e
200 exteng¥lnho t.he |n@fr H? i on 03 h Ie shaV| 220c. eated by. t he
o e o e Maftn |68 oM EERE ot BB e Retisa e o8t B 4
orifice SUEhAGEnRBLanical PEHMER ngf;?%@% ants &elf%rdo H@dﬂoho' d 220 is

preferably a cyllndrlca shape t he i nner surface 204a.

fegion 205 | o VERFaA sk %Eﬁ).@?-@?é@m% N6 & BRI 906, if Beortifeel HOF

fluid 20bmenntdelirhbie Fapebtdsentdhidntios. 202 & B5dzid 2O isnguafightedite p2®Ade The

orifice input fluid 204" then goes through the
more consistent dripping of more uniform drops.




20 nunerous reflective actions as descri bed above with reference to Figure
3A, and a uniformdrop 204a is rel eased fromthe nozzle heal 207 ﬁg
course, in a true drip manifold 220, there will actually be severa rip
nozzles 200, as will be illustrated below Figure 3C shows an expl oded vi ew
of the sapphire orifice 202. In this enbodi nent, the sapphire orifice 202
includes the orifice inner surface 202%-defined 25 generally as a
cylindrical shape. At one end of the sapphire orifice 202, the inner
surface 202' angles out to define an angl ed surface 202". The angl ed
surface 202" il werdmbpdimentt thef digl nprale 200 dap askisyend@8latnd hecemdpendozz| e

200. Th f in. t] t ifi i t fluid 204 t
apphi o 0 bt 118 BingRgrts 1 es <0y scshnl AR counihied Reimgys REd D am
boundari em, AR DRtk LHRs QRN bBBMRLN tHel firsSerd BN 1828 Jcobn@hdout er

30 diameter D266 of the sapphire orifice 202 to be about 2.2098 mm It
shoul d be01b0oghe8ERAURDEM tradl.afpneslint edasshgt 2@his difandber gfindheal shidd ce

The. o norer BRrOFnENBYGRF POTe. Pt rRbisee: stootisbent 2p et (i fariea o
a desir edzob%iﬁr;ﬁ‘&%f’abﬁﬂ?a;v@% g%?_%& wl%ﬂljzlogﬁ. jtRBonape Bh&&stg!ri% fHaFﬁle%lee;?)E(talfb

specific size are near id I cal. one preferred odi nent

orifice iangkd wall f2i0e @02be vayied depareling diafiwt eflow hatuirenatiowr @@y0dier The

| ength L2683 of., the sapphire orifice_202 in this exanple i out. 1.1938 nm
ﬁ’? k % lia&ﬂibs 9

Of cour s&A1PRECR BRI 2 d8° HHp nezle PP alfo dapanaviRgnrstn™t SRFUEF i p
char act erg, Sk i . | 1R % J [ 81 2. In
this enbgg?%gtﬁ ?223; ‘tggq ﬁ)a%fajvlgﬂg}rqﬁ?lﬁéée@ ‘%azﬁé iq S pr ee?(gwé:b éy&g?rgﬂ{)dz%%ﬁ‘gﬂ%gﬁl of a
sapphior e prefeebisaliave Threadsr(ndt shewnpner surface 202" of the alternative
orifice 202" keeps a 10 constant configuration and does not angle out into
the passage 20k df doftbdithém, RQEFIHEre2¥icel T020R & reRRBY BBed e tid AlBRider
D266 of the alternative orifice 202" is also about 2.2098 mm It should be

appr eci atved] 202 alt the furbtagnst 201aof Int avealparngtive cenhndémensy teasapplio orifiesy cive
varied to oduce different flo at es .as, needed. The di nensi gons,of .t he

ori 11 ce. THEr 1ot pieoguDe et BRLES K5 eroieand domralar, ik ceitnce so
that nostsoRlibngfantiNBersRRONLE SapbRir®otitics @ard 8 ntde afro%ﬂplaﬁy lagerill Z8d86R pearly

identical. In yet another enbodinment, it is preferable for Iength L268 of

t he dbt eringert wrgfiasr i Béconse2ppisstge WY alsomglet. it®3Be rmgledvenll 200y thel2pghicf t he
alternative. orjifice 202" e varied de di upon the dri. .

char act el Eier 202 48t aeleqRLACRA Peaiapneoy | ui dus e saphies wifee202 wil

al ter nat iNGudd id bisfeedBRer ANEcS2t ShaPHLrims ahARo1RE &R iSlodRe ﬁfssgg%fm,e@thm/ the
stream boundari es 206a and 206b. As 20 nenti o%ed above, the sapphire
orifice 20ledmpdth $vevealto erqast anvanghed fliidesti2@A thatay dvectedagimt theodripphdveie
material s that are 6P atible with dgﬁfg(r)gnt cleaning fluids and that can
be defi ndtPFSUEREEAOV; BY LHLFARRONATHS Y BSG smooth surface after it is
formed. The snpoth surface thus enables the generation of a nore uniform
ent ry¥0poi nt  f drlthqugh gapdregiswised i1 ge exempisrie cbedirsnt, exihal royraels mMayoka each
of the drj e t be.integrated into.a 25.dri i.fold 220.
i gure 4 b RRHE oS Ttk M g oopbEo bR, G 2t 65 BRI Shefinine
pluralitymeds ke @chube Magi2! Rfutidas) &dﬂdi@%ﬂft%_!&lg@.gv,\/i ), g erbodhientTief the
present invention. In this enbodinent, a fluid source 258 is connected by a
t ubi ng 25apphorcampicaskeancalsebedafinnd wBB pagsage sy feg.gholge) theareglefinedto
attached .t ortion of the tubing 252 connecti t he. 30 _pressure

Fegul at or s DB hndr Brpl PR SRR B SRR Bor TRt ar i
nozzlgs sufi8ccPERISRBYer; #4hélR B SrrQEME® By lddic loTRr8inkRy dIRINIA Mhcdarg 20kt A
expl ai ned above with reference to Figure 3B. In one enbodi ment, the drip
mani f ol d s2phifesopfies 202 mhay be ovbnted differktntit rudong s Heniebultant cedfiguttiaf a
Tefl onTM nat eri al or, ot .material that .is conpatible w.th gani ng
chen cal Srobiceh i peEiba dahid Bl Pocled il WER gdEstitne) Dol | oo
fluid to the pressung regul ator 256 where the pressure of the fluid |eading
to the drip nefPebPalieamPRelEsR0f ofirsbanters the dur ppezleydiydt oavelsbruediike ¢ he

fluid 0 1 F I . | at

256 and CREPHiLedide oot R Uk, ffuacPhpl0f st ey BOHD SiBHRL SHALE Bod B! 101

?r I pBIoNg)encers theeinatepabapg Jd5uo fdkipcaskze2@N it bedihew. expard khdiiddéfied Wasses
rom




10 the tubing 252 into the drip manifold 220. Once inside the drip manifold
220, the pressurized fluid flows equally into a pIuraIitymﬁg the drip
nozzl es 200. Because the drip manifold 220 may be filled @hgﬁpqgmgrized
fluid, the flow of fluid into all of the drip nozzles 200 is substantially
equal . As descri bed above, after the fluid has passed through the drip
nozzl es 200, the uniformdrops 204a dri®-fromthe drip nozzles 200 at a
-constant 15 and controlled rate. Advantageously, the flow of fluid through
the drip manifold 220 may be regulated with only the use of the pressure

gauge 254UEAR ‘{Or‘\]@d%}'ﬁ’e@é_ﬁngﬁd Peaiatomday 2900-ndiis inHial swewn fign hisnzamsht i ng
aaflowfekbaioofidtl LrBR20RAGHNRILS SLABHSR e tiib YRELIB RRr AL GATAY
system using the 8r|p mani f ol containing a plurality of ‘the drip

nozzl es 2B&aide the antiglanesm it theoneapidoadictBitfacoD06 hieanpdrese tHe idldial stwant i on.
The tubing 252 is connected to one end of the drip manifold 220. In one

enbodi nerfefledthalf@f the swgamicontacopwiare 206 adsis 4hglod pyedrds brsecond epd 2R ehop

brush 30 t h eari n | ujd ¢ e dri ont:o the t | t
P ahaur dn deipnfele A, o Hhen bt AR RGPPSR B068 Hikem BREDLTSAR
any ori endxahhddnoVvibig A feuicflcatbd @pral QFitlC O BSra$ beMidaapphsLaid HBpraf belrRAARI NY

liquid onto the top brush 30a (or any other brush that is positioned 25
bel ow t he2G8bi pVhemibisogxpansior) occpre parfoae of the fyrsipieHeetad epray bpving bewslaget t om

brush 30 nd w the.top. bru 30a. .The .t.ubi n 52. t ransport luid into
Che-dr i p 2 PEPaRbalerndRiats of e do R R R AR R me P RB0S Tk 205t B g <
rel eased 308b! heid @macebert&etoWitifead e HeRBItRYdRbothTnd il Rtrbah Thd iePmrs204a
are applied to the top brush 30a at a consistent rate, the brushes 30 can

t ur n IW0huseBentetbipraly t he wafer 12. Therefore, the drip manifold 220 applies
03 SEP 2004 -15- precisely the correct amount of cleaning fluid at the
desired rate tThetfiet tefloctbd ypday ke hitsi sphuyroostict sirfane 008.1 Belthic tean itegfiief  t he
wafer 12. Wile this invention has been described in_terns of several

pr ef er r edeBeASesbsnTBNbas cxpandgdiso theargp of Hiei spravroptigt swies 808 ks lprgstthap tiave art

upon r ea\‘}?ﬂ;@ doliic %Lﬁﬁi%g b %ﬂg&ﬁgl s Tl fidbd s gfﬁ‘gtlfgﬂé&%l %ugﬁlr fég?%\%?egisa wil |

realize rrous alteratl ons, 1 ons, perniJ ations an

t her eof . detoridstiinbaowiuds ehd sécendeddtdoab dfitke AripSPAtlei200e NWhen thaedfietigsn all
such alterations,_ additions, pernutations, and equivalents as fall within

t he tlPue ospisi the fiet reBegied eray knses vRlesity @, 2 slpiwer mevisp speand redectadsprayp3 SEP
2004 16 %’%L%ced. This loss in velocity causes a further expansion of the spray boundaries to

form a spray boundary 210a and a spray boundary 210b. As the second reflected spray
expands, it comes 1nto contact with the incoming first reflected spray. This contact further

reduces the velocities of both the first reflected spray and the second reflected spray.

20 The second reflected spray then contacts a spray contact surface 210. Once again,
because of the expansion of the spray in transit, the spray contact surface 210 is larger than
the spray contact surface 208. When this contact occurs, the spray is once again reflected
at an angle towards the second end 201b of the drip nozzle 200 to produce a third reflected
spray. When this reflection occurs, the velocity of the spray is decreased again and further

25  expansion of the spray occurs. This expansion forms a spray boundary 212a and a spray
boundary 212b. Moreover, when this spray expansion occurs, the third reflected spray
comes into contact with the incoming second reflected spray. When this contact occurs,

the velocities of both the second reflected spray and the third reflected spray are decreased.

Therefore, each spray reflection produces a decrease in fluid velocity. These spray

30  reflections continue until the fluid reaches the periphery of a nozzle head 200c at the



1. Adrip manifold for use in wafer cleaning operations, conprising: a
plurality of drip nozzles (200), each drip nozzle includi rﬂﬁ kP i20§4 end
(201a) and a second end (201b) and a passage (205) defined there between;
and a sapphire orifice (202) defined within the passage and | ocated at the
first end of the drip nozzle, the sapphire orifice being angled to produce
a fluid streamthat is reflected towartdthe second end to formone or nore
uni form drops over a surface. 2. Adrip manifold for use in wafer cleaning
operations as recitgd in claiml, wherein the drip manjfold igﬁi t egrated
! ;

into a cl¥HRhGIstUb; &y BEHHE the firdsyelonitydrs slowed sumalisratipr GBS, dosisase he
drip mani iflovle‘ijocgt?t(g%‘gés QY SEcrftnd LGNE Br ngiaqgwglldrsﬁhe Qé(‘:bﬁgi' end: 2016551 e fold

for use in waf aning operations as recited in c m 2, wherein each of
t he pl ur alozgle 2010 dhich dreated bsckafoeces HTenh thpaditectiod @i ehe fiagt ainlie0tandTlar e

distributed over, a length of the drip manifold. 4. A drip manjfold fqr use
in waf er CtRRRIHghespdrsk fgRes Y sesrssite dusther sloyy dpwn th, Bpid; traviehee frpugh eng

Che” ar p ne R sy 0gor ¢ e bl PAF QTSRS THRER dBb e e T o

as recit apeningadfahenndzziwhesd20d dreatico oehieN@dd oforsRedt, afndt igfophutrdpidgy of
drip nozzles extends out beyond an outer surface of the drip manifold. 6. A
drip mani®8P® for use in wafer cleaning operations as recited in claim1,
wherein the first end has an angled wall, and the angled wall being

confi gured to Ineti esample, skepplbipr rozztd hieak 20Batis i @nfigutelesof or i tfrganin

SO R, L WA NI N T EE NN

enablig t henkbn&es APRLO200d T @ Rozzle 200 which further assists in the production of
uniform drops. For example, the diameter D263 contributes to the formation of a uniform
droplet by defining an area of attachment of the uniform droplet to the nozzle head 200c.

The uniform droplet grows in size until its mass causes it to separate from the surface
200¢’. In addition, an angle 6 265 also contributes to the formation of the uniform droplet

15 by preventing fluid from migrating up the nozzle. It should be appreciated that the drip
nozzle may be configured in a variety of shapes and sizes to produce similar drops.
Additionally, the drip nozzle 200 can be made without the drip nozzle head 200c. The
actual shape of the drip nozzle 200 will primarily depend on the viscosity of fluid, drip

rate, and the environment into which it is being installed. Also, the drip nozzle 200 is

20 preferably manufactured from a material that is compatible with the chemistry of the fluid
such as Teflon™ or polyethylene terephthalate (PET). PET materials are known for their

high purity and are relatively easy to machine. In one embodiment, the length 1260 of the

drip nozzle 200 can vary between about 0.508 millimeters (mm) and about 25.4 mm, and

more preferably is about 11.0998 mm long. This dimension can generally be varied to any

25  length that will allow for one or more spray reflections off of the drip nozzle inner surface
200°. This will ensure that a more uniform drip is formed. In this embodiment, passage
diameter D262 of the drip nozzle 200 can be between about 0.508 mm and about 2.54 mm,

and more preferably is about 1.5748 mm. Of course, this dimension can be varied
depending on the viscosity and desired fluid flow, Still further, the sapphire orifice is

30  preferably angled once inserted into the orifice inner surface 200°’. This angle can vary

widely. For example, the angle 8 264 can be between about 15 degrees and about 75
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(S:aglpm r e’mrti ¢fj the drip mam'%é)ld 220, a diameter ranging between about 6.35 mm and 25.4 mm,
and more preferably about 9.525 mm may be used. By having the dﬁp nozzle 200 extend
into the inner region 203, hole shavings 220c (created by the drilling of the hole) are less
15  likely to clog the hole defined by the orifice surface 202°. The inner region 203 of the drip
manifold 220 1s preferably a cylindrical shape defined by the manifold inner surface 204a.
When the cleaning fluid is pumped into the drip manifold 220, the inner region 203 is
filled by a manifold fluid 204. A portion of the manifold fluid 204 enters the sapphire
orifice 202 as orifice input fluid 204°. The orifice input fluid 204’ then goes through the
20  numerous reflective actions as described above with reference to Figure 3A, and a uniform

drop 204a is released from the nozzle head 200c. Of course, in a true drip manifold 220,

there will actually be several drip nozzles 200, as will be illustrated below.

Figure 3C shows an exploded view of the sapphire orifice 202. In this
embodiment, the sapphire orifice 202 includes the orifice inner surface 202’ defined

25  generally as a cylindrical shape. At one end of the sapphire orifice 202, the inner surface
202’ angles out to define an angled surface 202”°. The angled surface 202" is configured

to feed into the passage 205 of the drip nozzle 200. Therefore, in operation, the onfice

mput fluid 204’ enters the sapphire orifice 202 and exits out of one side as defined by the
stream boundaries 206a and 206b. In one embodiment, it is preferable for an outer

30  diameter D266 of the sapphire orifice 202 to be about 2.2098 mm. It should be
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orifice 202 of a specific size are nearly identical. In yet another embodiment, it is

preferable for length 1268 of the alternative orifice 202°° to be about 1.1938 mm. The
length 1268 of the alternative orifice 202°° may be varied depending upon the drip
characteristics desired. The orifice input fluid 204’ enters the alternative orifice 202°” and
exits out of the other side as defined by the stream boundaries 206a and 206b. As
20  mentioned above, the sapphire orifice 202 and the alternative orifice 202’ may be made
out of other materials that are compatible with different cleaning fluids and that can be
defined to exact tolerances and leave a smooth surface after it is formed. The smooth
surface thus enables the generation of a more uniform entry point for fluid and gives rise to
more controlled droplets from each of the drip nozzles 200 that may be integrated into a
25  drip manifold 220.

Figure 4 depicts a side view of the drip manifold 220 containing a plurality of the
drip nozzles 200 in accordance with one embodiment of the present invention. In this
embodiment, a fluid source 258 is connected by a tubing 252 to a pressure regulator 256.
A pressure gauge 254 is then attached to a portion of the tubing 252 connecting the

30  pressure regulator 256 to one end of the drip manifold 220. A plurality of the drip nozzles
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regulator 256 where the pressure of the fluid leading to the drip manifold can be
controlled. A pressure gauge 254 monitors the fluid pressure in the tubing 252. By the
use of both the pressure regulator 256 and the pressure gauge 254, the fluid pressure (and
the resultant dripping) of the cleaning fluids can be controlled. The fluid then passes from
10 the tubing 252 into the drip manifold 220. Once inside the drip manifold 220, the
pressurized fluid flows equally into a plurality of the drip nozzles 200. Because the drip
manifold 220 may be filled with pressurized fluid, the flow of fluid into all of the drip
nozzles 200 is substantially equal. As described above, after the fluid has passed through
the drip nozzles 200, the uniform drops 204a drip from the drip nozzles 200 at a constant
15  and controlled rate. Advantageously, the- flow of fluid through the drip manifold 220 may
be regulated with only the use of the pressure gange 254 and the pressure regulator 256

without the need for implementing a a flow meter or additional hardware.

Figure 5 illustrates a cleaning system using the drip manifold 220 containing a

plurality of the drip nozzles 200 in accordance with one embodiment of the present

20  invention. The tubing 252 is connected to one end of the drip manifold 220. In one
embodiment, the drip manifold 220 is preferably positioned over the top brush 30a so the
cleaning fluid can be dripped onto the top brush 30a. It is should be appreciated that the

drip manifold 220 may be positioned in any orientation which would allow for consistent
application of cleaning liquid onto the top brush 30a (or any other brush that is positioned

25  below the drip manifold 220). The wafer 12 is placed on top of the bottom brush 30b and
below the top brush 30a. The tubing 252 transports fluid into the drip manifold 220. The

fluid passes through the drip nozzles 200 and is released in the form of the uniform drops

204a. As the uniform drops 204a are applied to the top brush 30a at a consistent rate, the
brushes 30 can turn thus scrubbing the wafer 12. Therefore, the drip manifold 220 applies
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a sapphire orifice (202) defined within the passage and located at the first end of the drip
nozzle, the sapphire orifice being angled to produce a fluid stream that is reflected toward the

second end to form one or more uniform drops over a surface.

2. A drip manifold for use in wafer cleaning operations as recited in claim 1,
wherein the drip manifold is integrated into a cleaning station having a first brush and a second

brush; and the drip manifold extends over a length of the first brush.

3. A drip manifold for use in wafer cleaning operations as recited in clamm. 2,
wherein each of the plurality of drip nozzles are spaced apart from one another and are

distributed over a length of the drip manifold.

4. A drip manifold for use in wafer cleaning operations as recited in claim 1,
wherein the first end of each of the plurality of drip nozzles protrudes into an inner region of the

drip manifold.

5. A drip manifold for use in wafer cleaning operations as recited in claim 4,
wherein the second end of each of the plurality of drip nozzles extends out beyond an outer

surface of the drip manifold.

6. A drip manifold for use in wafer cleaning operations as recited in claim 1,
wherein the first end has an angled wall, and the angled wall being configured to receive the

sapphire orifice that is in the form of an insert.

7. A drip manifold for use in wafer cleaning operations as recited in claim 1,
wherein each of the plurality of nozzles incorporate threads to enable the threading into the drip

manifold.
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' 9. A drip manifold for use in wafer cleamng operations as recited 1n claim 1, the

passage defined between the first end and the second end of the drip nozzle defining a length
through which the fluid stream reflects one or more times until the fluid stream forms the

uniform drop.

10. A drip manifold for use in wafer cleaning operations as recited in claim 1,
wherein at one end, the inner surface of the sapphire orifice angles out to define an angled
surface, said angled surface is configured to feed into the passage defined by the first end and

the second end of the drip nozzle.

11. A method for making a drip nozzle, the drip nozzle being configured for use in a
drip manifold that is oriented over a surface, comprising:

generating a tubular segment (201c¢) having a first end (201a) and a second end (201b),
the tubular segment defining a passage (205) between the first end and the second end; and
inserting a sapphire orifice (202) into the passage of the tubular segment at the first end, the
inserting being configured to align the sapphire orifice at an angle such that a fluid flow can be
intoduced from the first end, through the sapphire orifice that is at the angle (264), into the
passage of the tubular segment, and exit at the second end of the tubular segment, the fluid flow

exiting the said end defining one or more droplets.

12. A method for making a drip nozzle for use in wafer cleaning operations as recited
in claim 11, wherein the sapphire orifice is configured to include a cylindrical orifice inner

surface which defines an angled path into the passage of the tubular segment.

13. A method for making a drip nozzle for use in wafer cleaning operations as recited
in claim 12, wherein the cylindrical orifice inner surface at an end of the sapphire orifice is

configured to angle outward.

14, A method for making a drip nozzle for use in wafer cleaning operations as recited
in claim 11, wherein the sapphire orifice is constructed from a sapphire material, or a cleaning

compatible material.
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cleaning fluid off of an inner surface of the drip nozzle, the cleaning fluid exiting from the drip

nozzle as uniform drops.

16. A method for making a drip nozzle for use in wafer cleaning operations as recited

in claim 11, wherein the second end of the tubular segment is configured as a drip nozzle head.

17. A method for making a drip nozzle for use in wafer cleaning operations as recited

mm claim 16, wherein the drip nozzle head is larger than an outer nozzle wall.

18. A method for making a drip nozzle for use in wafer cleaning operations as recited

in claim 16, wherein one end of the drip nozzle head is flat.




