PROXI M TY HEAD W TH ANGLED VACUUM CONDUI T SYSTEM APPARATUS AND METHOD
BACKGROUND The present invention relates generally to sem conductor
manuf act uri ng processes, and nore particularly, to nethods and systens for
processi ng sem conductors with a proximty head. [2] In the sem conductor
chip fabrication process, it is well-knowm that there is a need to clean
and dry a wafer where a fabrication op‘eration has been perforned that

| eaves unwant ed resi dues on the surfaces of wafers. Exanples of such a
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a wafer is placed in a holder that pushes a wafer surface against a polishing surface.

Slurry can include chemicals and abrasive materials to cause the polishing.
Unfortunately, this process tends to leave an accumulation of slurry particles and
residues at the wafer surface. If left on the wafer, 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 devices, it is therefore necessary to
clean the wafer adequately yet efficiently after fabrication operations that leave

unwanted residues.

[3] After a wafer has been wet cleaned, the wafer must be dried effectively to
prevent water or cleaning fluid remnants from leaving residues on the wafer. Ifthe
cleaning fluid on the wafer surface is allowed to evaporate, as usually happens when
droplets form, residues or contaminants previously dissolved in the cleaning fluid will
remain on the wafer surface after evaporation (e.g., and form spots). To prevent
evaporation from taking place, the cleaning fluid must be removed as quickly as

possible without the formation of droplets on the wafer surface.




2 [4]1In an attenpt to acconplish this, one of several different drying
techniques is enployed, such as spin-drying and the |ike. These drying
techniques utilize sone formof a noving |iquid/gas interface on a wafer
surface that, if properly maintained, results in drying of a wafer surface
wi thout the formation of droplets. Unfortunately, if the noving |iquid/gas
~interface breaks down, as often happeﬁ% with all of the aforenentioned
dryi ng neMhodsin airatieinpt & dcoompHsivthéy apostxeveral ditferens dryrig bothmigies s
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head surface including a first flat region and a plurality of first

condui t s.[sFachin 9y &f the Rfobing! @bdeliy ﬁéeéfofa}ﬁ&%)& i 'Iﬂ%jllﬂfzfe' d by
correspor! I ng one of a pl ﬁra |tyeolfafirst di'sc etgﬁeihﬁ‘?ﬁ%?. e p%gir%ality of
first di stiees of tiplads orethiedirfecd of thhsublskeate os subistantiatiyelimitiaes tdheng t hr ough t he

first flat region., T head surface. al so i ncluding a second flat region and
a plural i?@aﬁgﬂggéfﬂl?ge%%% isf"&;‘cel‘?éh?)ﬁaﬁsgﬁﬁety of second conduits being
defined by a corresponding plurality of second discrete holes that reside
in the head surface and extend thrsg@m&ifsecond flat region. The head

f incl wdi third flat regi i bet ween and adj t ot
The 11 rsiol | o BNl isiRe Bk bt Sienfith Blls B RSS v praidRg At y "of “thi
condui t S impia@edptoxithity Heddl It sHoull Beiptbciate BN Be PREbRGRAVRNoR c&PhE €Spondi ng

plurality of third discrete holes that reside inthe head surface and
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invention are described below.

[71  One embodiment provides a proximity head including a head surface. The head
surface including a first flat region and a plurality of first conduits. Each one of the
plurality of first conduits being defined by corresponding one of a plurality of first
discrete holes. The plurality of first discrete holes residing in the head surface and
extending through the first flat region. The head surface also including a second flat
region and a plurality of second conduits. The plurality of second conduits being
defined by a corresponding plurality of second discrete holes that reside in the head
surface and extend through the second flat region. The head surface also including a
third flat region disposed between and adjacent to the first flat region and the second
flat region and a plurality of third conduits. The plurality of third conduits being

" defined by a corresponding plurality of third discrete holes that reside in the head
surface and extend through the third flat region. The third conduits being formed at a
first angle relative to the third flat region. The first angle being between 30 and 60
degrees.




3 [8] The first conduits can be coupled to a first liquid source and
provide the first liquid to the head surface. The second conduits can be
coupled to a second fluid source and provide the second fluid to the head
surface. The third conduits can be coupled to a vacuum source and provi de a
vacuumto the head surface. The third discrete holes can be fornmed along a
trailing edge. The first conduits can:%e formed at a first angle relative
to the fi{B];t f Thet finsegpndnits cmd)&mphdtaa@kﬁlhmd@uﬁ&tmd@mﬂdbm(ﬁrﬁo degr ees.
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fromthedepreedd row. The fourth flat region being in a plane substantially
parallel to and offset fromthe first flat region. The second row and the
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about O inches. [12] The third flat region can be in a plane
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third discrete hoI es can be chanfered. The proximty head can al so incl ude
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[ 14] Anotémn,ﬂidm%ﬁ&dﬁgl@wﬂgmemwmmaegrmadhmﬁitﬁébéwne head surface,
the head surface including a first flat region and a plurality of first
condui t s COnBRR argrliregtediayayiffons thedbidtaw.s bei ng defined by corresponding one
of a plurality of first discrete holes. The first discrete holes residing

in the hEdd sihe proximity head @ndisognelhdoa flurthHiat region being disposed on the
opposing side of the first row from the third row. The fourth flat region being in a

plane substantially parallel to and offset from the first flat region. The second row and
the third row can be separated by a distance of between about 0.5 inches and about
0.75 inches.

[12] The third flat region can be in a plane substantially parallel to and offset from
the first flat region. The offset between the third flat region and the first flat region can
be between about 0.020 inches to about 0.080 inches. The third row can be formed in
the third flat region at the offset to the first flat region.

[13]  The third discrete holes can be chamfered. The proximity head can also
include a first chamber coupled to the first conduits, a second chamber coupled to the
second conduits and a third chamber coupled to the third conduits.

[14] Another embodiment provides a proximity head including a head surface, the
head surface including a first flat region and a plurality of first conduits. Each one of
the first conduits being defined by corresponding one of a plurality of first discrete
holes. The first discrete holes residing in the head surface and extending through the




4 first flat region. The head surface also includes a second flat region
and a plurality of second conduits. The second conduits being defined by a
corresponding plurality of second discrete holes that reside in the head
surface and extend through the second flat region. The head surface al so
Includes a third flat region disposed‘fetmeen and adjacent to the first
flat region and the second flat regionfand a plurality of third conduits.
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[ 18] Yet angther enbodi nent provides a nmethod of processing a substrate
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region and the second flat region. The third flat region being in a plane substantially

-parallel to and offset from the first flat region.

[17] The method can also include forming a fourth flat region. The fourth flat
region being in a plane substantially parallel to and offset from the first flat region. The

proximity head can be formed from a single work piece.

[18] Yet another embodiment provides a method of processing a substrate with a
proximity head. The method includes placing a proximity head in close proximity to a

surface of the substrate and in a first plane substantially parallel to the substrate




[19] O her aspects and advantages of the invention will becone apparent
fromthe follow ng detail ed description, taken in conjunction with the
acconpanyi ng drawi ngs, illustrating by way of exanple the principles of the
i nvention. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 20] The present invention
will be readily understood by the fol {/QOWI ng detail ed description in
conjunction with the acconpanying drawi ngs. [21] Figure lAillustrates a
proxi m t ysunfaes] faerihg s diqnil menioqe batween adirstefla vediacef Dhcad satfixziofabe, in
accordance w th on odi mant of t he present invention. Figure 1B is
2 vi ew of PRI and fiecwbgate FE éwf mwnaéafacu%t%gaha&ﬁé&e%g th an
ebodi Mt fuiHerdd c‘a§evmeré1ﬁmacaﬂm drak 9 sils Gy Corltuflod AQWEPAT ¢ of the
met hod oper a |ons processi ng a sur ace 108 accor nce wth an

enbodi meriquid frbinetheligsid mhenistuNThelquid nibhjschs caniaclile i feadingiedpé aid ed
di agram of  a proxi mty head system in accordance wth _an enbodl ment of the

present  Wieasinthshea [sgljfcqqagm@u@ea sesond Hatgegiondhe serend flot wglonrbelrgyr oxi ni ty
head, 26
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accor danaecoudtflat segienis edisertd he dkareh® the ewiBfrate savfeed thathe first flat region

and wherein the liquid meniscus includes a leading edge formed between the second

flat region and the substrate surface.

[19] 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

[20]  The present invention will be readily understood by the following detailed

description in conjunction with the accompanying drawings,

[21] Figure 1A illustrates a proximity head performing an operation on a surface of

a substrate, in accordance with one embodiment of the present invention.

[22] Figure 1B is a view of the head surface of the proximity head, in accordance

with an embodiment of the present invention.

[23] Figure 1C is a flowchart of the method operations of processing a surface
108A, in accordance with an embodiment of the present invention.

[24] Figure 1D is a simplified diagram of a proximity head system, in accordance
with an embodiment of the present invention.

[25] TFigure 2A is a cross-sectional view of a proximity head, in accordance with an

embodiment of the present invention.

{26] Figure 2B is a view of the head surface of the proximity head, in accordance

with an embodiment of the present invention.

[27] Figure 2C shows a more detailed view of the third conduits and the third

chamber 208, in accordance with an embodiment of the present invention.




[27] Figure 2C shows a nore detailed view of the third conduits and the
third chamber 208, in accordance with an embodi nent of the present
invention. 6 [28] Figure 2D shows a nore detailed view of the third
conduits and the third chamber 208, in accordance with an enbodi nent of the
present invention. [29] Figure 2E is a_flowhart of the method operations
of formng the proximty head, in accof dance with an embodi ment of the

pr esent i[ﬁBd:ntFignreZB@l}.ostjgm&&éﬁkdamew?ﬁﬂﬁ&lﬁir&céﬂ@%ﬁﬁﬁdﬂiét&hm_ 0X|[g11ify
head, in gccqrdance with an enbodi nent of the present invention.

Figure 4 M#S@%ﬁé@r@ﬂc@ R disnnt gt thepsessnt iprentivssi ng a surf ace,
I n accordance with an enbodi nent of the present invention. DETAILED
DESCRI PTI I3  Figure 2E is a flowchart of the method operations of forming the proximity

head, in accordance with an embodiment of the present invention.

[30] Figure 3 is an isometric view of the proximity head, in accordance with an

embodiment of the present invention.

[31] Figure 4 is a flowchart of the method operations of processing a surface, in
accordance with an embodiment of the present invention.

DETAILED DESCRIPTION

[32] Several exemplary embodiments for a proximity head will now be described. It
will be apparent to those skilled in the art that the present invention may be practiced
without some or all of the specific details set forth herein.

[33] Figure 1A illustrates a proximity head 100 performing an operation on a
surface 108A of a substrate 108, in accordance with one embodiment of the present
invention. The proximity head 100 can move relative to and while in close proximity
to the top surface 108A of an item being processed 108. The item 108 being processed
can be any type of item (e.g., a metal item, a ceramic, a plastic, a semiconductor
substrate, or any other desired item). It shouldi be appreciated that the proximity head
100 may also be utilized to process (e.g., clean, dry, etch, plate, etc.) a bottom surface
108B of the item 108.

[34] The proximity head 100 includes one or more first conduits 112A for
delivering a first fiuid 112 to a head surface 110A of the proximity head. The
proximity head 100 also includes one or more second conduits 114A for delivering a
second fluid 114 to the head surface 110A. The second fluid 114 can be different than
the first fluid 112 as will be discussed in more detail below. The proximity head 100
also includes multiple third conduits 116A for removing the first fluid 112 and the
second fluid 116 from the head surface 110A.

[35] Figure 1B is a view of the head surface 110A of the proximity head 100, in
accordance with an embodiment of the present invention. The head surface 110A

includes substantially flat regions 110B, 110C, 110D. The substantially flat region




[32] Several exenplary enbodiments for a proximty head will now be
described. It will be apparent to those skilled in the art that the present
invention may be practiced without some or all of the specific details set
forth herein. [33] Figure 1A illustrates a proximty head 100 perform ng
an operation on a surface 108A of a Sl#)strate 108, in accordance with one
enbodi nent of the present invention. The proximty head 100 can nobve

rel ati ve tl6Banduiés dne drmart diserefer liles 2B that deffiae thepopeninipac end 68theof an item

bei ng processed . 108, The .item, 108 _bejﬁgg tgr ocessed c%n be, ang type of item
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(e.g., a REespondingfirsteondpity}I12A. Sigyi e substanhially Hafregign 1306st rate, or
any ot her; LI I Pﬁm : I fat i oximty head
100 may eﬁl Ssigéi)seﬁgtolk I zegls%ltgtiﬂrbg%e@g B?deﬁgﬁ Bﬁgpje%aoﬁgm%%& oe‘?gﬂ épI ate, etc.) a
bot t om suofraspeniihgSeaimdtdoaduitscihd A0dhd the Sdbistafitiallypflaveegivn Y 10 atthdd¥® | ncl udes
one or nore first condyits 112A for delivering a first fluid 112 to a head
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fluid 1123hase (eigl,Isubsartialiy vamddeliipticad) etc. )] ehiedamdie! differedisizeer Byiwdytof head 100
al so includes nultiple third conduits 116A for renoyvi n% the first fluid 112
and the $E¥BRY: the disgrete boles HIAR ¢an beosmaplier on latger thap discrete hojesIi#Band 1B is a
view of thephead surface 110A of the proximty head 100, in accordance wth
an enbodi nent of the present invention. The head surface 110A incl udes
substantiglly_flat, regiaons, 1 110C,. 110D. substantjally_ flat region
7 110B i MY uddsShg b&g‘“ﬁﬁ?@"ég@%F%?EOHW@&%EESFPF&‘%B‘SN fFIS"‘R"}FI/é“"openi ng to
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openi ng tenydifaénttshapes and sigem rittir egarsplepthd poomaity head datbeandnd, he
substantiall.y flat.region 110D, i nclydes gne.o re discrete holes 116B
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of exanpliB wink1 hiBmchidinginit ast limA&] teroulid; elippichlerectanghlar, ganulthan di screte
hol es114B and 116B, 3 It shoul d be understood that the proximty head
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r ect anguérompess theflatrelions 1 0B/ ad hEOC stidea gdegioned thelid régemyd 08 at regi on
110C including the third discrete holes 116B can fully enconpass the fl at
regi on 13098 16C. By yapohexamnls, the second dipgrete heles d 448 tambe Bmited 40 p8ly t he t hird
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regi ons sid&38 040tnd 104D, Hich\waVegtbed i GileRr nidie oS B ABEvVEieRGEmied chol es 114B
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and/ or dreading applieations whishareincenperat¢diasrefeperce am theirentirety fartallas descri bed
in one qr or.e of the above referenced co-pendi ng applications which are
incorporpém%f %y reference in their entirety for all purposes. [37] Figure

1Cis a flowhart of, the t hod operations 150 of Erocessi ng a_surface
108A, i l3&kcdiausde igiedlpwehar b B mthed eperatipns 5Q eEpROCeSHNgR Suslce | n an

operati 5 Pag! i I I jmty to the
substr a'?l erb géﬂﬁ %%gﬁfg%‘%%kg%ﬁ %[rngggglse?lggﬁhéﬁe S%ﬁglg‘ééng?%’xﬁfﬁ} (ﬁ{e&%’sﬁl shown in
Fi gure [1A2¢the pbexifnitgiead 000 is plaved irDclb&Ssrokifdty tabigdubstrite Bifface 108A

for processing. The close proximity H as shown in Figure 1A can be from about 5 mm

to less than about 0.5 mm.




8 [38] In an operation 154, a liquid 112 is output fromone or nore first
conduits 112A and the correspondi ng discrete hole 112B to form a
controlled, contained, |iquid neniscus 102 between the head surface 110A
and the substrate surface 108A. The surface tension of the liquid 112
causes the liquid to be "attached" or attracted to both the head surface
110A and the substrate surface 108A. a result, the outer walls 104a,

104B of t [38] nehi aveperdtidd 154 ea figuidad2 dsotpet fiah bae er Mbrd et tdnduitsl 112 i s
dr awn betﬁeen t(ﬂ e=head surface 110A and the substrate surface 108A. The

liquid 11519 andthe sprrespending dascrate holg 1438 ¢e fosm 4 enntrobed, sentainsd, iquidess. By

way of exal t I ,g%'!” ters - RW, a
cl eani ngxi?‘gﬁlkﬁ",s ﬂgg blgt chi %é%%ldfj\s I 8%?11\gﬁp%%t?%§u%s§?%fsﬁgﬁ¥e\afe ég‘ ’HFSQ] In an
oper at i onsutfabe teasivaoff tha liguid pill tRked the gaidas beBitEichéd T diQuttidtdddo Badui t s

116A. The v$cuusryn{%raws the |iquid 112 fromthe neniscus 102 into the
di scret e Hhghead e HHA apd therspbstrate sustase 408 g As eremilt theonge watlse | i qui d

112 dra e} ' e | e N t.he amunt of
Qi 11 e 04 B Rlehfet, (et Mt o icthuPlopd GORGARR 11258 vy o
exanpl e, Heeesh thelieddesufags EHIA andthelebstaie dubfabel 1 090 dThé Bqid G42 thpke t here
are first conduits 112A in the proximty head 100. Further, as the neniscus

102 is nowSuiihieliquidselution fordhe demed provsssrddy weyiof examplaithiediquidddi2t | onal
i qui d j the .surface. . [40] Each .of th
third contepouitr Selnt IR IPTRAR iR RSP rchifBhoBBSR alEem® o | east

parti al | wohitiohoeteld the first discrete holes 112B so that the proximty head
100 can contain the neniscus between the head surface 110A and the

subst 1 at q30r 1368 oBBEAbn 5643k iPdnpliBe «f deslr thod Sl 0w Lhr ough
t he neni gcﬂg to pP Vi dena@ery contlrcﬁpFIed pr o%%gbséﬁé¥%e%% Su u%ljtsr ate

surface 108A. Thy vaayunotrassaheliguidting ffoini tie nhéndseius! 102 Aite this diRra@eheiks hi ng
chem str)i fﬁgr &tchi ng the éﬁbstrat e, surface 108A. As the etching chem stry
reacts wiltAPERd g the sosrespangme conduigs il 6A. nEhe liquid il b drags feredhesecone
entrai ned.d i ] t4 ] ..on coul d
reduce t%éénggg%%g%eéagﬁeg%o%n%g%? ?Laiylng glg%a i°|rf:ﬁ?‘§ido‘?&?‘ﬁ§%g{’?ﬁ%‘ﬁ§%%‘%ém stry.
As the effioim thg firkteohduitsyl 1282 Bdyswal alexamiphy tHeroiiay be a pRiate aumbadar t hr ough
the third . conduits 116A, the reaction residues and ot her contam nation are

carri ed onggits 1 10 thapiticre ate fuptromduitebl?<y ip the graximigy headnldl9. cont ani nat ed

et chi ng Q&%!\s I i i t hrough the first

condui ts(F 1 3Htge@@Eﬁﬁi%ﬁﬂ%@%@ggg%gﬁﬁgﬁﬁ% SHSHESY 100 can be
moved r egathenvalditionhhiéquddaid ather cbBfindifargs fromthékireki on 122) so as to nove
t he neni scus 102 al ong the substrate surface 108A. The side 104A forns a

| eadi ng e ghcH HiR dTRAE AfdTor@dtaB AN d TR is@lef 1D ubstrate
surf ace ﬁggA i nc direction 122. The ne%scuéslh%%ﬁgan gglr?glj\?e C(l)énspgr?lﬁnants 120
t hat ar ecamattlénst partially swrmuad tHeoftrst diS@éte hidtes 1¢ 2B sathat det prdRithicetieae a | i qui d

dropl et solid regidue.or any other, contam nants and conbi nati ons t her eof
(e.q., si’)q?q R gggsqlﬁgg&]ep@l&e&eggp 3cg 1) 0A and she sphatrate gerfarg4B f or ns

atraili d : 6 %gg ; ng .t he

substr at [emslﬁrgg]cugﬁtitg%z In Sflslr? c?%%c%gg&b ne @u@%ﬁ?@éﬁ%@ﬂ%@?at he liquid
i n the meerysauteolled Praessing obthb stisttateduifical 03A.1 Byindy of Bxdntsie, IHO Hist at €
surface %‘gﬁé ﬁﬁf)be removed wth the neniscus. In this manner the neniscus

102 can a4 B 3 ¢ighing sheriswy, fonyetching e subsaiate surfaes W0&bndathenants from
t he subs ; L iscus: 102 n_performa
dry-in- dértgll-ﬁ%%tc E%‘E%%%ges#% gé}'c;)hp@?l:a l%sgﬁ%{ syrfggeg}dﬁéﬁ%ég‘f‘%o% 13?3@%?5;}%5?015‘3 wet

et chi ng artrapledtin tig etdting ctiehistivarid e seshhingabatafiidtidaodRGdude thdie Meni scus
and the trailing edge 104B wi ||l renove all liquids fromthe etching or

pl ati ng {meeresion and etching capability of the etching chemistry. As the etching

chemistry 112A is drawn away from the meniscus 102 through the third conduits

116A, the reaction residues and other contamination are carried away from the
meniscus. Simultaneously, additional non-contaminated etching chemistry is supplied
to the meniscus 102 through the first conduits 112A.




[43] Moving the neniscus 102 across the substrate surface 108A can al so

i ncl ude noving the neni scus across the substrate surface and off the edge
of the substrate surface to a second surface 124 as described in one or
nore of the above referenced co-pending patent applications. [44] In an
optional operation 158, a second fluid 114 can be applied to the substrate
surface 108A. The second fluid 114 can be a surface tension controll i ng
fluid. ThEt§ur eareopeeationdi60cthe prodiitp edd 1000c20de thevedRelatve tahe Of

i sopropyl al cohql (1 PA) yapar, nitrogen, organi c conpounds, hexanol, ethyl
gl ycol , dbg’sﬁggaoﬁﬁﬁg-o%%%‘b%ﬁﬂ#mg@% meniscusd 02 plogg theonbi nat i ons

t her eof . I . red by.an inert carrier
as. - uch estB siifack 1ORR, Ar8dideOANHRRs £ ARG AR bf BE pRliRls WA 25 The
proxi ni t ythh esatisteOmdoessalowd thp sytsstratl uyfaGOTU8CIn diftRtion P31.r BhEmdMi8ecusOnl ¥ t he
first liquid 112 and the second fluid 114 contact the substrate 108. 10
[46] The %W?V%Wtéé%o that grejondhe srbstratgisuifeneal 08Anskheunent s or

heat er s [ . ition instr nts. or. heaters or

ot her nD(r)l(frotn %ﬁ tg@ gé:%ll? Beati}é‘gg d?{;)kﬁ%?ggé%drl%flﬁgeP{ﬁnéi(gﬂ%lcfngfmﬁ?gs ?ﬂ‘{)cess

bei ng appdohindtions terepflsg.[ silid utandasesDBAidid bélgtig®Ni scus 102. By way of
exanpl e the additional instrunents or heaters or other nonitors 118 can
heat or qagl tR sidell (ABORRAS HaBinkRReS UF Erfmis% | f a layer on
t he surfgce1 108 or the tt?i ckness %f Fhe ésag stra?%mlzo%qgg%ﬁggﬁh of a
surface fraesesalongdhe substrato surfaverl@8Adn divectivnhi®?, dhesiurfade tasgi@cotthée. g., ph

| evel, conductivity,. etc.) of the |iqujd 2 or any ot her aspect as
desired. q‘ﬁﬂk@g ﬂé‘?wﬁ%ﬁ'isﬂﬁrgtoé cai_”@sa@éﬁn%e@mﬁqWFen&&s&bptratﬁswﬁ@eor nore of
the aboveBRI16be R\ eaSwiBPEnichiHP! Idlislifier i fenfscll] 62 AR deteo .
simplified diagramof a proximty head system , Inaccordance wth an
enbodi mentdryihg pherativreberemdvingsait liquid cditemirrantsi frorh Yhehwbstray sirée 170 i ncl udes
a proces |l er 172, a_vacuum source 116', a first

anber 180, a contr ! ; L
i quid siﬁ&ge jmgarly, %@EIBFFdlelﬁfléFEPB‘?}fﬂr@ea dryAn-dryqut progessingjogeration our ce

112", th f kil OULr - C s 16’ e coupl ed
to the cg%rr%glglpo c'ﬁ i;]dél eg?)%%i %?eﬁ@n??ﬁpl%ﬁ%X%#g%ﬁqgggﬁ%é raf%a ont r ol

val ves o1 084 lirethefthaniscos and thieltiailingneeigh 4045 Kl eanéveadll Inghilyfréigheont rol | er
172. [48].The process chanber 180 can support nore than one process. By
way of eXWHBROT PHUNEPIMCGESS: chanber 180 can support a pl asma etching process
and the Froxi mty head 100 so that the plasma etching process can etch the
i tem 108[48hd Mewing thg meinispush H20access theabstrite surfacel I08A candlsdrigclude it em

insitu, within the single process chanpher. Th rocess, chanber 180 can al so
be coupl Q&quhﬂwpﬁ%gﬂﬂ%&hwg?&é%s‘g%ﬁ%@gﬁfﬁﬁz?&f@ the)ggstigieh as are
comon! Veurfko§td £6cbfd e Ab4 8k Bschibl in onb$P okl 5t e Q8bIH eterlifl o3y St em 170
can al so include a second proximty ea(f 100" capabl e of ‘processing a
second spendingpatad@Bpplicatibns. i t em 108. The proximity head system 170 can al so
i nclude instrunents 174 for nonitoring the processes applied to the item

108. Thej4a] oxinmintoptibaalbperstibs 158, Hscoartl Mig Q 14 Bah HESHRAF6 tHeauBstrald 6 coupl ed
to the proxi m'tgl head 100 and capabl e of supporting  and/or noving the
proxi mi t§prkeee 408A. The second fluid 114 can be a surface tension controlling fluid. The

surface tension controlling fluid can be one or more of isopropyl alcohol (IPA) vapor,

nitrogen, organic compounds, hexanol, ethyl glycol, CO, gas, and other compounds
miscible with water or combinations thereof. By way of example an IPA vapor can be

carried by an inert carrier gas, such as nitrogen, and carried to the substrate surface
108A.

[45] The proximity head 100 does not physically contact the substrate 108, Only the
first liquid 112 and the second fluid 114 contact the substrate 108,




[50] The controller 172 can also include a recipe 178. The recipe 178
defines the paraneters of the processing in the process chanber. The
controller 172 is coupled to 11 the processing chanber 180 and the
proximty head 100 and ot her portions of the processi ng chanber as needed
for controlling the processing in the process chanber. The controller 172
al so includes logic 172A for inplenenﬂ ng the recipe 178 in the processes
i n the pr[@6pssihgprokiaibchicad 800 cdihalsd dglude hddifofial insthments v hedersidie

capability to nonitor the results of the processes and ad{ ust or nodify one

or nmore ipEdnenitors e Theadditionalipstamments or hegters or athermaanifoars 11§ &) The item

108 | at.i . Lty . le, th
Com can HeoR Bmblindh thd fladid 1325 BB Vol Bl i ep Rl © 11e
proxi mi t yio3aslsh thechenfsictd 162, | By whirof édaaipld 98 addifiohs ifsthiientd drilebtérs | xed in a

single location and the proximty head 100 can be noved across the surface
108A of tgr@ther epnitprs d§san heatios 60¢ldhe hifernsk persurahe sdros (e.Be thigkness1 08 and

t he proxi g t T | at not.i.on, of. the proximty
head 100 o?g%ix%eggié‘%é%gfﬁ%‘gﬁ)f%tﬂ?ﬁﬁ%r%sa%ﬂ;{ %éuq}s_ﬁéte\s@?%%geﬁ%é&?or can be
noved i n sarfadd festuid) oPthesddhteitrafias bi Sther chiemic hipRbts 9é.gl PB 1eRxi Mty head 100
can be al so be specifically noved fromone | ocation to another on the

surface roBdvchiityesjc.hef the sigridd 12er any pler aspedtas dpsitede Thessegmbpdipents ed t o

the surface S2]. Fiqure 2A IS a cross-section view of a.proximty head
200, "1 n AedseaRlin ph akalt e P BRR TR fpa Pt e enlil . H L e 2
Is a vi ewpngﬁcaﬁbﬁs_head surface 210 of the proximty head 200, in accordance
wi th an enbodi nent of the present invention. The proximty head includes a

first |igund 6 . . f i oS3 3 first
i sor ot o Thl oS EORP 82 SmpHed didetio e PRI WM SRRRCFIL W (001 ce 112
i s coupl eccdrdarichevithi ansimbwidanée of Hprasentimseitione dhelpposdmitiihead sysedm | i qui d

chanber 204 distributes the first liquid 112 to the first conduits 112A and
to the hdaRinclpdesaproeess ¢hambet 80 peonseliad pdridvasgumiseuiced d6haitiessf 112B to

form thepen 2 -1 he +S . S rface
108A. [EgF g%%r%g . %%g.éo%@g@lda 3‘3’6&:@0‘ ?ﬂr%%:?ﬁs é‘gﬁg Séﬁ%%ﬁggck%%g"rn%goa
connect edluidsoubee 19dcarithdvacingl ufel H$ ak4bupled ththesofdspdngmpdui ts 114A
The second fluid source 114" is coupled to the second fluid [iquid supply

chamber sorsluits 142ddeA braithenehappmpaatesentiel velvesoepthenBowicentrolinges t he
second f Lé'cﬂm‘&sjnélls &%u%ggdgfg]%%n&@i\gqi??s 114A and to the head surface 210
| ho

t hr ough € correspondrn screte es 114B. 12

[48] The process chamber 180 can support more than one process. By way of
example the process chamber 180 can support a plasma etching process and the
proximity head 100 so that the plasma etching process can etch the item 108 and the
proximity head can then rinse, clean and dry the item, insitu, within the single process
chamber. The process chamber 180 can also be coupled to multiple other process

chambers 182, 184, 186 such as are commonly referred to as a cluster tool.

[49] The proximity head system 170 can also include a second proximity head 100
capable of processing a second surface 108B of the item 108. The proximity head
system 170 can also include instruments 174 for monitoring the processes applied to
the item 108. The proximity head system 170 can also include an actuator 176 coupled
to the proximity head 100 and capable of supporting and/or moving the proximity
head.

[50] The controller 172 can also include a recipe 178. The recipe 178 defines the

parameters of the processing in the process chamber. The controller 172 is coupled to




[ 54] The proximty head 200 al so includes a third chanber 208 connected to
the discrete holes 116B by the third conduits 116A. The vacuum source 116
is coupled to the third supply chanber 208 as descri bed above. The third
chanmber 208 distributes a vacuumto the third conduits 116A and to the head
surface 210 through the correspondi ng ﬂi screte holes 116B. The vacuum can
draw the first liquid 112 and the secc} d fluid 114 the head surface 210
(e.qg., frﬂnmprmsmclmmher1812mmd1ﬁbbano>{inﬂtmhmrhlmpaﬁeothatpmnstdfdldﬁead surface

210 and the subst urfa 55] Figure 2C shows a nore detail ed
Ui ew 230 BOCRRBECHRR ﬂ&ﬁ‘fe?jsf%& Oé!%ﬂi! %qugcﬁsrrts 1gherepess ghambes.

d dui t
accor dancghaNdnfofibr ﬁmgjlﬁgﬁﬁh %@ﬁggﬁ’&ﬁrﬁfﬁﬂﬁl‘(#‘_@%@g%ﬁ%‘ il conduits

116A are fornmed substantially I cul ar i's equal to
about 90 ptegesemsh theoprobessing abaraberf 180e ThéQogid B72A b alss brellidetse 116A have a

di amret er of hetween abo 0. and about 2.0Q.nm ( about 0. 020" and
about 0. g@P§bUfy Oalb%lf&fﬂwﬁes‘ﬁﬁgp%ma?ﬁsmsmafimtcrmaﬁzﬂléfmq;mqre third

dui t | di t t he | d adh
S0 the. oi TR Wﬁ%oi%&ﬁﬁ}%@r‘f‘%ﬂé“ R smmll quanti ti es of | quid
220. Th tiple antiti d 220 f th
meni scug 5812 Iﬁ} ”Zbés(éag’ n’flhvﬁrf}ggtvg UIPB? W%M‘Q@%V"r&? spﬁere
around t hﬁaﬂiﬁﬂﬂ aeum&&&dmhéndukﬁewwr ahdl Cih Béﬁe&té‘dirémﬁvteh@ﬂiéacuum

present in e third chanmber 208 is intermttently interrupted by each one
of the nmrexlp‘ll@m"néllOO qbizmitarly; the itstn 108qzmd>ezﬁl$tatrtlaillwéixbdhm alsiogledui t 116A.

Somt + nooderaiondhd tinerbimio s IO b mrReCade Sl fise 1O g hpitem.° ™"
Interruptugiamaasaﬁem&%aame%ﬁ&ezenpmmtﬁeg{&% WahbRMfoodad vghat are

di ssem nat-ed t hroughout the neniscus 102. The pressure fluctuations can
bur st t hendvablei riheaelgtive@ariondf thia promimity haad IL@IEcand:mhgaﬂnaﬁy; kinedir opl et s 226

to be expelle r neni scus 102.. 57], Referr. he proximty head
100 s rpigatthershuits, B "G e B Tcved i BN AR A i R Fption of

subst ant %Lﬁgg t sult,
any dropiﬂgétlgﬂé)(c%.El d., gd?gcgig%?l(%%lsét g‘%%hgm |nhf:| gur%ﬁq%&)é%ﬂ(gpér:re
expel | ed obtisusfaee H08 Aras map g desidedHdr 4 ParBicuifr proeessbringappliddXs the e qui ckly
col | ect ed'érttx%/ the vacuum Unfortunately, the applying the vacuum

subst ant P¥M5- ar ound the circunference of the meniscus 102 requires a very
conpl ex vacuumdistribution 13 systemwthin the proximty head. The
conpl ex ¥t r Fiawre 24 lwgmoemmgmlew oéal praxemity bead@Qly irhasgordan® with

cur T ace. 14 RoARaRALE GoprGhT vEipc TR A ER AR PRl e IO and 18

The vacupfmheipss WMZW%QéBotcﬁnE@m%'eﬁleH&lé?ﬁom%%r&@HHﬁb%h bl ocks
109 that are then nechani cal émsea ed to the top surface 111 of the facia

bl ock 11@he proximity heas ludnfhsei tbqludwhmnberfiéédThEJﬁp&tmndlgtsdﬂZAhe preci se
application, th OOC clud e parts, seals to
d:ogt ri bu?@neﬁat 88“3 §%l3alﬂl ﬁg]% rtP% ?02'?%11]? E@tg WASGRRGEm wi t hi n
the proxim-tyc  to tho Bt &M&z@@ﬁﬁ&%ﬁb&i N8, fi*ﬁémétﬁgm\ﬁ'cﬁwnﬁéro of the

third conduits 116A" and the third chanber 208, in accordance wth an
enbodi nme2®4 distributes pilae&nshhquldnlémoﬁnnﬁraﬂwendthtsrldmmmubﬂmlﬂeﬁ&éurfwee formed at

ot wean 24fbioved T i st S Siedles 2R R GAISHARRLE Doty iy  of
exanpl e, th@lﬁ@a&gﬁaqeﬁwgfféshgs%kﬁﬁrfafgg?ggof ornmed at an angle of about 30

degrees to the head surtace rm ng the third conduits 116A at

i ann upl“Phe. DA RELR0 A ah ol Pehid BShs R Glnocinly B ' ©

segment esto&ﬁsameetembsclqaemywseebﬁ&eoﬂdmtEumeTﬁgseoeﬁd ABR doftidi d s drawn
up the conduits 116A" the Iirquid noves substantially continuously up the

condui t sl lﬁiwuahad tO thesseconsl Bwid liguihsupblyrchamBer 206casalesoribed hbowal Thel ow i s

s not | eEVTEER, %”e?a%@fi%&@ﬁ&ﬁéﬁmﬂw%%?ﬂ isendun dadandas o

resul t, ¢k Ra@shFhde)2 1088y [%'t%n{ T8 hBleY AW al ong the | eading
edge 104A of the neniscus 1 There gE(ﬁ proflgm?ty head 200 can be

manuf actured froma single bI ock of materi aI




[60] As the liquid noves substantially continuously up the conduits 116A

| ess force is needed to drawthe liquid into the conduits 116A'. The
reduced force correlates to a | ower vacuum |l evel. By way of exanple, a
proximty head with substantially perpendicular conduits 116A (as shown in
Figure 2C) requires a vacuum | evel of Eetween about 130 nun and 180 mm of
mercury. In conparison, the conti nuoud?f 1 ow provi ded by the angled conduits

116A" r ecfijd} esThegiroeiarityclizad 206 @lsonachnits alibind cHiber0® ooty the 14 [ 61]
Figure 2E.is a_ f]lowhart of the nethod operations 250 of formng the
'@S@rﬁ)

proxi mi t ylisfEetg holes 1168, by thethird cerduifsili 6An Thsivaenurm seures 1 16ids ¢o

I nventio ' , roxim.t I i.ngl e

bl ook of e B SpPR AL ARCR R aelobelibile, MHT Ry 365 Sl 7 e
proxi m t wabead tdthenkird dhelujts QX6 Aahy thhadedd Qirface 310 Hreowdhitheui t abl e materi al
(e.g., a plastic, ceramc, netal gg‘;ass, etcl.q)gathat Is suitable for the

processi FgMERPAmEdiseretea Avles hLOB.LThe wacuymigan diaw el firstdiquid i hyandithe
Pt act ore AR TAGREPUE b Bel 310108, bOR BORRGBIP AR Harlthe oy i 1

head 200 spade Beewéedrth®Hedd saffacd ZindndYbe Sibeehte @urfitERBZAgoNMMONly referred to
at Teflon) or any other suitable material. [62] In an operation 260, the

§ _ . : I ! N
second clissberrigRb 20Snbws H‘ﬁi’or? Betall&d RER93010F Yad RRE c@ﬁ(ﬁgig quﬁadrﬁ‘ﬁ_ﬂ eration

265 the third chanber 208 is fornmed in the proximty he first

chanber 2Midd chambes 208)ninl acdoaddnee wthGmanbotheernt of the présenbieverda. dhe be f or med
in the praoximty.h bl ank b chi.njn e..g. 11l or drill, etc.) or b
o1 di g S Shotliny THHA aistosnet bRt b b (e W tsgUal 16 53] 1
operatio , [ . ' | &: t he
sgcond cgggllﬁibt@sde 145&6@1# thfe1 Sﬁ%&??b:@hm& %b%gklté gir%& p%@r?e%‘%%&?ﬁfe

proxi m t petwean abdu GlS mithandf dboat 2,0 amd . ¢. SabbhiP@ 020 handsaboanol80Ondwi t s 114A and
processes

the third conduits 116A"  can_be fornmed by .apprqpriate nmachinin

(e.g., dPPSTRLRH, the Yacppy dsAwe R anik i be ﬁn@f%fimtsayl%ymb@eetﬁ le the
first co ' . [ 4 ] hts 116A
can be fgéri %Jﬁbﬁﬁlfhgﬁé&%ﬁ&ag%g%%g}%éﬁﬁ@@% e({ogawt(t) F’dgérﬂq@%ﬂiﬂﬁms and
116B i n sinell headities of Bqpdd 220.t The enitiphs pagt qngtites of Bghid 020 e drgwg. ., 0, a).
[64] In an operation 285, the precise contour of the head surface 210 is

formed offoryde gregiscus 142 mieaspersed avithanogkets 222 ebthe immedintgatmosphesel by any

suitableeggﬁ ( l.di | gl i . Referring

again to igﬂ?hee @%?S?gngﬁgrg%?t’ gﬁéﬂjh@ggg%eﬁ@%%éﬁ %ﬁﬁgﬁ%\ﬁé‘esr%%ﬂ/ ®atures. The
head sur fhudiechdhBer 208 i¥ ietSrmiiubritiyiherfupill byegélofse sfildmultiflésma®10B, 210C and
210D. The second flat region 210B is the portion of the head surface 210 in

cont act apankitigpefliqyd 22Qinthe thitd condgip 1 16the Thessfose the ainfowids a thi ckness H
of bet V\esé}io%?é%mf il‘ﬁél%éptg(&] anf‘t'ﬂg v %lﬁ% is5n'09 oonl{pm(xlol}sel\y ancp ﬁ:%%oonnbtr gppahbea Lf{t) 0.200%).

the meniscus 102.

[56] The interruptions in the vacuum results in pressure fluctuations 224 that are
disseminated throughout the meniscus 102. The pressure fluctuations can burst the
leading edge 104A of the meniscus 102 causing liquid droplets 226 to be expelled

from the meniscus 102.

[S7] Referring to the proximity head 100 described in Figures 1A and 1B above, the
vacuum is applied substantially around the circumference of the meniscus 102. Asa
result, any droplets (e.g., such as droplets 226 shown in Figure 2C) that are expelled
from one or more edges 104A-104D of the meniscus 102 are quickly collected by the
vacuum. Unfortunately, the applying the vacuum substantially around the

circumference of the meniscus 102 requires a very complex vacuum distribution




15 [66] The first flat region 210A is offset fromand in a plane
substantially parallel to the second flat region 210B. The offset is a

di stance D1 of between about 0.25H to about 0.5H so that first flat region
210A is closer to the substrate surface 108A than the second flat region
210B. Having the first flat region 218@ closer to the substrate surface
108A while in operation results in the”l eading edge 104A bei ng physically

shorter t#$atent Wiihinrthi: piomg'n@b&dlm complex, disﬂibumamdylsiengleedgcp:mdshea | engt h

of about H wher ﬁ adl n e has a Hto 75 H) As a
Cesul t, tPEXIRIAGLed 0P BF 64 B e enqﬁa%wsiﬁmew &

substantl r ingly
St ronger %h%‘“ﬁ%‘%ﬂ?%ﬁﬂ%ﬁ%ﬁ%%b?%“é‘[]st%é‘ég‘*fﬁl@aﬁ BRI O 4

vacuum al Bimgvachem|désidbutipnesystemnil foknied umanmxanuretdddlﬁoﬂakﬁlu@csdtﬂgehat [67] The
econ nduit 114A and second

head ha
(i cor ot o MERE TEABIRNNGaiend 12400 HyB800! ShedHaR Blogk 4 AGLOTREE of e

second fldb‘nﬂa %Hﬁﬁf gecond

fluid 114 &ﬁg ac F}'%Jﬁvz;ﬁc Eﬁ%ﬁg glrllgiﬁ&ﬁ eeﬁ?ikgtﬁ)edge%fgﬂ%&}%uces any
premat ur el0fropn hgrltdeahultiple pacts seala te ditritfutd, hanhgeatidngaletig earldidAiquidls, way of
exanpl e, jiefer d|nng to the R@OXI m tg{ head in Figures 1A and 1B the second

fluid 1149530dCwm withig €Ak ahead of the |eading edge 104A can

dry the drgﬁl et 120 before the | eadi ng edge 104A can consune the droplet.
[68] The [& |tEIQImIZDrShowsaﬂnmrhde‘atlnd)mWe?@ dfthethiddeondutsuhoddaudithes 116A at

t he | eadi h I th t fl
over ¢ he P FFERbe 208 3R acieremis 31 M PrRHim e oE Rpresett BYERBaeal |y,
before tfhgird s&mungwaqearé%ﬁw%ﬂaﬁa@y% it QR%RE 216 e&@ 1@@%&99@% or

both of the vacuum 116 and second fluid 114 that are applied to the
subst r at alegiges atdecam(lﬁhea’Vmadbcﬁt Ii5remd|abauti 60glegrige frovithe hedd surfadei2£0.t he

dryi ng of, t he e opl e i S no | e because
cont am n&¥ W &P’Gﬁ%‘%‘%ﬁﬁ 8‘5 @&?fgmlg:ga@ﬂapg% Og&E%‘fts’gte surf ace
108A. Thldggegsﬁstggﬁéaalslu}faémtant were previous process is a wet process
(e.g., clean, or other chem cal processes without a drying step) and the

pr oxi mt ea a strate ce 108A
[69] Fi isi‘ B%Pis}ﬁjél Qlﬂési(])fr?gtc%ﬁ%&ltlsﬁ 2\%&09%%%“%%%%%?blﬁ'ggﬁesztﬁéﬁuli‘%gaccor dance
with an eﬁfmﬁlcamh 1 lidui® taBedi@wh up ANEEnkdails 1n%m§f£®£ﬁal faskibAwaz 3, the
first flat ;g' on 210A 16 can be extended around ends 225A and 225B of

the firstather M@Sm%@@%OHEQQ@WWQWeMFWGZQt As gy lopnid@is0A ar ound
t he ends A h fll‘ di scr es 112B further sinplifies
t he' strug{q}‘%eupa%gtcﬂ%ds%ﬁsg}?‘% ﬁV Egjm%ﬁs a&ﬁ&ﬁﬂ&ﬂ"r‘i’é‘@]ﬁ%‘ﬁ °be applied to
mai nt ai NedkiRitsi1964° MAiftohe thHik dhafioet D8, Rtk S¥BRESthd 812 RACisthber ef ore no third
conduits 116A, third discrete holes 116B and third chanber 1s needed in the

area of inferrusitetband G GIm Presss Peroding hechapgeadsmdshe meniscus 102 is not
disrupted and no droplets are expelled from the meniscus. As a result, the proximity

head 200 does not require a vacuum along the leading edge 104A of the meniscus 102,
Therefore, the proximity head 200 can be manufactured from a single block of

material,

[60] As the liquid moves substantially continuously up the conduits 116A° less force
is needed to draw the liquid into the conduits 116A°. The reduced force correlates to a
lower vacuum level. By way of example, a proximity head with substantially
perpendicular conduits 116A (as shown in Figure 2C) requires a vacuum level of
between about 130 mm and 180 mm of mercury. In comparison, the continuous flow
provided by the angled conduits 116A” requires between about 60 mm and about 100

mm of mercury.




[70] Referring again to Figures 2A, 2B and 2D, a portion 210A" of the first
flat region 210A can optionally be offset fromand in a plane substantially
parallel to the first flat region. The portion 210A" offset fromthe first
flat region 210A can assist in formng the | eadi ng edge 104A and sides 104C
and 104D of the neniscus as the | eadi qg edge and sides will formon the
first flat region as it is closer to the substrate surface 108A. The
portion 2[6AN FiguelIBista flovebhaitaf g éthbd operbticr® 250 f fortihg fHeqkroxiggiyon 210A.
Di stance D1.1 can be bhetween about 0.25 to about 1.0 nm (1.e., about 0.010"
to about lrad280;m accordangg wvithan embedimentafitha proseptinvantivn tn gRAPERALiR of f set

oo on 2158 BpRAGRRy BERPER (S, S SRALICE of kD 5S8R0 pdine B O |
second f | chamber 2Gxcie foregiddn (R1RBxinkity il biakb dhepeskimke hitadblankBad ke about

2.0 nm (0.020" to about 0.080"). The offset of the third flat region 210C
assi sts iamyguitable matariab(a Hcaplpdic, seramife metgly glpssgeteq ghat ispiable ferthe neni scus

102 by ai gj . . i i 5 6B... The of fset ,i ncreases
the df st deahatnliiihenl bl S enaRRGY Buihe IR0 AHEE D PopBinHhg ) 0C and s he
subst r at eapablé af@aih@iifing Tieshape aRbsifcldEpGRarifi g Bidaisein e | mredi ate
at nosphere and the fluid 114 access to and to flow into the discrete holes

116B. Theregssing. oBy wayobgxample the prowmsitshead 200 sapbefoamgd fronhstainless d 114

o RS S S A A B AR
di screte |l es 116B can %so i ncl ucﬂ a.chanfer 212.. The chanfer 212 further
smoot hes [$4low 1B D PPRFation, 200 the s5hon é’am Qs foraed; in the progimgifishsadt e hol es

116B. Th , ' i . f
Bl 6 § o5 &P PEe BV SHALIRPI6R ﬁ'féﬁ@gﬂﬁ%%n%%héﬁﬁy 0

exanpl e, the cha 12 1's shown as being s centric with
t he di scbbmk. fhk dsst thé&BberAtketheatond| chambére06huad s thitd 2haabert B3O8 vt €

el liptical .and ,extendi ng .t owar he discrete holes 114B. 17 [731 The
chan er * e STaied T g R Blank AR v TGO RTINSl 05 1168, By

215 can’ RRTARg opaBe ob B hERaRe M Bl G 0 ot 0. 0207 The
By way ofoBxaRbR N 2280, PRt o e B o= JA28ube: o015

around eg&dan@ tordifts A1 34188 ehd tBir8 ToddRB 1264 are%ﬂﬁéaiggh@ roRfiy héhg0 15" and
an angl e f/ of about 45 degrees. [74] The second conduits 114A" can be

formed ablank. Fhefiest gondwits Hé2Ahthe dedandtconduiisdl 42%aa thélthérdaogdtsa can be
bet ween 3 egrees and about §Q degrees. The angle g.directs the
second fifﬁo‘ﬁiﬂi’eg Yoqﬂpfwag%@a&m& rogpyes é‘cﬁ-t@?ﬂ’é‘“ﬁ@gﬂf conduits
116A" ,  agoAbin§idHsitherbdte %ng&agiéaﬁ ﬂi@ﬁrgt%ﬁ%;tﬂﬁt% qg@;ﬁg YQrdBndgisieen the

third flat region 210C and t'he su ate surface or a longer tine.
The | ongtt4A amkthelthiodhwsondoite 116 Aecandre foimedstgodriiting thel ddmrédpbntdingact on t he

i nterface bet n .t il dge, 104B and the substrate surface 108A
Recal | f&‘é?ﬁe@% ltlagt i{%a‘l‘g%mfthﬁ epdsurfacest the.correspendingdgsed or a

m xture gf14a8! vapors (e.g., an I PA/N2 vapor and gas m xture, carbon
di oxi de gagé, Etg?:z’.e)a&?or nodi fying the surface tension of the liquid 112 in

et g A e B i
di scr et ethb prdagmity BBad. Mhd Hedd shgaceeq0dn bt Wirthed %ﬁlaﬁ&aﬁtafbmnlaﬁﬁghgat mospher e

provides a nore uniformdelivery of the second urd 114 an refore a
nmor e unitholdingyowichinowg cattingfete¢.he surface tension of the trilling edge 104B
of the neniscus 102. [75] The discrete holes 114B and the discrete holes

116B ar €65 paRéferihghigain tdFihaa2a, I8 and2B} fiedradSurfRp 210@ hhes about 0.5"
and about 0.75". Simlar to the angle a described above, the distance D3

hel ps defe@prasndhe head wisfage Abdincludss wultipheflatgegians 210A, 210A°, 210B,
210C and 210D. The second flat region 210B is the portion of the head surface 210 in

contact with most of the meniscus 102. The meniscus 102 has a thickness H of

between about 0.25 mm and about 5.0 mm (i.e., 0.010” to about 0.200™).




fluid in the volune between the third flat region 210C and the substrate
surface 108A. As distance D3 is reduced, the residence tine is al so
reduced. Alternatively, as distance D3 is increased, the residence tine is
al so increased. The proximty head 200 can be scanned over the substrate
surface 108A at a scanni ng speed of bﬁween about 0.2 inches and about 0.6
I nches per second. This provides a restdence tine for the second fluid 114
of bet wed6hbdlle firsBflatregiaind1AA & dffses fromraid in Eplanesnpstaritintip patatiel tpr oxi mi ty

head 100 (shown |n Fi gur A)_ prqvides a resjidence tine, of between about

0.15 and tiBSHPnS dategd &ﬁeé @eg%etasems@w Qétogiea’fees)aboutfhz %) The

fourth fl Ig r on 210C

Al t er nat ia?Ee) {@g;![{%g ourt h PTegﬁm(r‘\éeag?‘oiﬁ%%swocan "E)gtr%tﬁ ?Hdé algsgntﬁg%gl e to

t he thi rdhékmbndﬁglmgloﬁmma Haghg/tﬁeﬁmmﬂbﬁegmb\MGAmmotﬁésulmgmees and
out 120, and abo t 180

about 60 degrees. The angle | can_be between a

degr ees. Surt‘g% Osﬁﬁ’ewgﬁwwmalr%%ﬂtm cdvadingrden il 0¢A deimgpivesally 6B ar e
separal edybieringl] b HafifheMae i A afify & 8 aotz%sut%% and
about 2 stancg IS's %ht y ﬂ%s gﬁan %’\ﬁ E%‘I stance between the
| eadi ng avigee theddrdiaptedghdad 1 Renpihng 0c8iHao 00BEI T AS heesnoktthe adisesibh2. [ 78]
Referring to Flgﬁore 2A, the first conduits 112A° (shown _ in phantom can

opt i onal f§regethebioms dhe leading pdges! Q%%rﬁé“MQHYF‘If@%geFé@@'ﬁwf‘lfG@e Angl e 5 can

be betwe ‘i’ﬁﬁé S nduit 112A
t owar d tﬁ%dgﬁég%% ?goooh (ﬁﬁm&r&% %@%’%ﬁ%‘%ﬂﬁqﬁ ow of the first
|'i qui d 1tethicestire nbal ﬁ)@adrud:ﬂmiéiaﬂg thelealitged geaitd Aqu snalhtdinathe 1dading t he

di screte holes 116B. [79] Figure 4 is a flowhart of the nethod operations
400 of pP@&“essi ng a surface 108A, in accordance with an enbodi nment of the

present invention. In an operation 405, the proximty head 200 is placed in
cl ose pr{)ﬂ]m’ ﬂ‘yepmmimiiyhmm{bdcessuthaweanﬁmdoonq:ﬁtsdééAiangseooﬁﬁO] I n an

i 11 f i i 112A
o he Bisrrebinend 1Y doaifeidiig Sits b it abs Tt focend BBt & ned
l'i quid wmsmla&%fs&sﬂ@&l@m%%imqm%a ebdt ARd ztmgmau?ém@&ie surface

108A. As described above the liquid 112 can be delivered via an angl ed
first comaemutrsaldri@ihe IMmgbdgeﬂﬁéAseddces :inyrm'emhmﬁtghng(thmrda)tdsmum screte

hol es 1168B. er ation 41 acuum 116 pl.ied to one or
more of %dgﬁ@%%a%#& A iESWa TefeR g P ﬂmra§ head | i quid

gé?rgggondﬁﬁlﬁg ul tsB]@%gé&m&lﬂglefsucgl beg%’({%&gve t&&&FI qui ?%?%f?lgews

subst ant leadinyg edgsnl()%@ajsdry thihdroplgh12(heeforerthieleading £8g¢ 104A can consume
the droplet.

[68] The additional flow of the atmosphere into the vacuum conduits 116A at the
leading edge of the meniscus can also increase the atmosphere flowing over the droplet
120 and therefore dry the droplet at least partially, before the leading edge 104A can
consume the droplet. Eliminating one or both of the vacuum 116 and second fluid 114
that are applied to the substrate surface 108A ahead of the leading edge 104A will
reduce the drying of the droplet 120. Drying the droplet 120 is not desirable because
contaminants within the droplet will be deposited on the substrate surface 108A. This
is especially important were previous process is a wet process (e.g., clean, or other
chemical processes without a drying step) and the proximity head is applied to rinse
and/or dry the substrate surface 108A.

[69] Figure 3 is an isometric view of the proximity head 200, in accordance with an

embodiment of the present invention. As shown in Figure 3, the first flat region 210A




[82] In an optional operation 420, a second fluid 114 can be applied to the
substrate surface 108A along the trailing edge 104B of the neniscus. In an
operation 425, the proximty head 200 can be noved relative to the
substrate 108 so as to nove the neniscus 102 along the substrate surface
108A and the nethod operations can eng. 19 [831 Wth the above

enbodi nents in mnd, it should be und Pstood that the invention may enpl oy
vari ous ccanhetaxtenidagp hreond thedndp22 A and 325Bwbihe ifitg disetae Boles EIPB.n conput er

t ) h ti h iri hysi | i | ati f
?ﬁyf”‘ﬂm FXieh mé?ﬁ%i;eﬁs{;i%zﬁéfziqﬁ%&@%%%%%é 355m gg@é%gné gt”i os take
@b creleSbids 1@3{3 f@ghnégggg,g§ﬁé§ g hie sm@%ﬁ@ﬁty%w@o@fﬁ[ :

transferred, conbi ne erw se ut at ed. er, the
mani pul at vaznsmpeedsitorbecppliel tofrhantairethe sidesi104C amd 1®BIDSS the wedhisess popduci ng,
of the operations

i dentifying, d ing,. [84] A . (
et L fhanGehes iy CT ki olco 1 6B and et Bk
Oper at i Ofeeq th@éﬁ%%f&fas?degsmg@'aa&%41§§gﬁlﬁg§eﬂé&%s.or an apparatus for

perform ng these operations. appar a e specially constructed for
t he requi rposes, .or, it may. ral - pur e t sel ectively
acti vat eolr-’@'(rj 2% i Pg?fnﬁ?/i:gue%?r?ﬁg?ﬁ%ra&ﬂr@?%?@i%&sgéﬁtputer. I'n
par ti cul akgiod 2108 4¢an BFGafly bE SHRA TR BE i N aABYbRENHAR b (FARPUL er
prograns written in accordance with the teachings herer'n, or 1t nay be nore

conveni erfirst fatcegien. r The partion 2 H0A peffSehfromdtie fipg Aatitegiont2d 0Asmh @ssisttine
required erations,. ) pect s, of e in ti.gn can al so_be enbodi ed as
conput er f% g%@@eﬁ%ﬂ%%&@% gﬁ‘q,esdﬂag %gﬁﬁ@f&eéﬁ%ﬁ“éaﬁﬁﬁl um By way
of exanpligslidd\&ige@hd BRed il A dd e 'E?é_t*fﬁf’regibgra%fiﬂ R PsHGSthe AfddritD the T1ow

charts. The conputer readable nmediumis an ata storage device that can
st or e datsarfetd KB AC drhetpostien? 10’ ibeffsetadidtanca of Briplufremn thy fitse fiat fexianpl es of

t he conp r readabl e nedi i nclude hard drjves, network attached storage
(NAS), | ééﬁé- Iistatge 1311 e Be bepige @;ﬁrt%ﬁ%mhlél:@gségn@hwy,-Ol@mmvs,

CD- Rs, Clgbgﬁ@ﬁ)_owgnetic tapes, and other optical and non-optical data

st orage devices. The conputer readable nmediumcan also be distributed over

a networ ou . er ens _so that t onput er readabl e code is
st or ed af’dﬁex?ggt ﬁﬁ‘%gla??ﬁ‘?ﬁﬁ‘%%@‘ ﬂ#’%ﬂﬁget?{og?“qe‘fwvﬁqﬂe be further
appr eci akektdntially birallélns thdkebomSat SERARSEHLAZ 108, THE aaRPAALEQHs I N the
above figures are not required to be perforned in the order Tl 1l ustrated,

and t hat 240C ig ¢fgsehn distanse P fram thessseonslfl4s purtfime region 219BnP2ray baot  be

ey or 1 HeeR oS DGmilS AR ) o il o Shone 05l oS Gt OERE e any
one of OthifPARIrEAb 216C Bsistdia RAMng!the1085Rn SHrthd BEiAA baed B SHthy e

meniscus 102 by aiding the flow into the discrete holes 116B. The offset increases the

distance and volume of space between the third flat region 210C and the substrate
surface 108A. The increased space allows more of the immediate atmosphere and the
fluid 114 access to and to flow into the discrete holes 116B. The additional flow of the
mmmediate atmosphere and the fluid 114 into the discrete holes 116B assists in the
spiral flow 242 of the liquid carried into the discrete holes 116B by the vacuum.

[72] Each of the discrete holes 116B can also include a chamfer 212. The chamfer
212 further smoothes flow of the liquid from the meniscus 102 into the discrete holes
116B. The chamfer 212 can be any suitable size and shape. By way of example, the
chamfer 212 is shown as being substantially concentric with the discrete holes 116B.
Alternatively, the chamfer 212 can be more elliptical and extending towards the
discrete holes 114B.




20 E871 Al though the foregoing invention has been described in some detail
for purposes of clarity of understanding, it will be apparent that certain
changes and nodifications may be practiced within the scope of the appended
clainms. Accordingly, the present enbodi nents are to be considered as
illustrative and not restrictive, and.,the invention is not to be limted to
the details given herein, but may be dified within the scope and

equi val enl78] of ThéehaafpediPechndeainpsuitAMatvidtls Dol aaduriicthé discreteXibiéd HigBs 1. A

roxi mty_head conprising: ead surface, the head surface including:
BTt TR ey of PERBIR (ockap berberracp abp 015y 366 Ao O040cadhe SRyt | e
plurality: i ' | i ; _ ,gll
Dl ur al § 17 o cp gt o GRRELAS OrieB A 4B 060 M BOBREORR THE RABRELT, ) .
resi di ng dan hiaheai asgle $ of betoeemalsbut 30 and et 60 degigbs. tBewhy bBéxahlpé, r egi on;
the chamfer 212 can have a width D6 of about 0.015” around each of the discrete holes

116B and a depth D5 of about 0.015” and an angle y of about 45 degrees.

[74] The second conduits 114A° can be formed at an angle a to the third flat region
210C. The angle a can be between about 30 degrees and about 60 degrees. The angle
a directs the second fluid 114 away from the vacuum 116 applied to the third conduits
116A°, as a result, the second fluid 114 resides in the volume between the third flat
region 210C and the substrate surface 108A for a longer time. The longer time allows
more time for the second fluid 114 to act on the interface between the trailing edge
104B and the substrate surface 108A. Recall from above that the second fluid 114 can
be a gas a vapor or a mixture of gases and vapors (e.g., an IPA/N2 vapor and gas
mixture, carbon dioxide gas, etc.) for modifying the surface tension of the liquid 112 in
the meniscus 102. The second fluid 114 mixes more with the local atmosphere if the
discrete holes 114B are somewhat more remote from the vacuum discrete holes 116B.
Mixing the second fluid 114 with the local atmosphere provides a more uniform
delivery of the second fluid 114 and therefore a more uniform modification of the

surface tension of the trailing edge 104B of the meniscus 102,

[75] The discrete holes 114B and the discrete holes 116B are separated by a distance
D3. Distance D3 can be between about 0.5” and about 0.75”, Similar to the angle o.
described above, the distance D3 helps determine the residence time of the second
fluid in the volume between the third flat region 210C and the substrate surface 108A.
As distance D3 is reduced, the residence time is also reduced. Alternatively, as
distance D3 is increased, the residence time is also increased. The proximity head 200
can be scanned over the substrate surface 108A at a scanning speed of between about
0.2 inches and about 0.6 inches per second. This provides a residence time for the
second fluid 114 of between about 0.8 and about 3.75 seconds. For comparison, the
proximity head 100 (shown in Figure 1A) provides a residence time of between about
0.15 and about 0.75 seconds (e.g., about a factor of 5).




a second flat region and a plurality of second conduits, the plurality of
second conduits being defined by a corresponding plurality of second

di screte holes that reside in the head surface and extend through the
second flat region; and athird flat region di sposed between and

adj acent to the first flat region and %he second flat region, a plurality
of third conduits, the plurality of tABrd conduits bei ng defined by a

cor r espond@shg 'ﬂhmfoaﬁhtﬂﬁt tegidn 810D @n&xeroet-lﬂaﬂwl“&m thé dtird fif iréfgton D10¢e head
surface %&g extend through the third flat region wherein the third conduits

bei ng for vely, the Higt eeiom 20D ganthe apgled ghan engle B to theghishflat ne i r st
angl e bei en e t cI aiml,
wherein trﬁg P?tr@? co%%ﬁ?%%%egﬁ%pﬁ%%atfodﬁ%srs?)éﬁ;{gl?pdi%g%grce and provi de
the fir stanglelicah Hehetweeniubadt RrdndedoutdBerdegreet.ne plurality of second
conduits are coupled to a second fluid source and provide the second fluid

to the hqaf| surdeaierasdolh 128 Bndﬁﬂd@édr@t@hbﬂeylPéBhﬁ' By 'atcﬁst%]c% coupl ed

to a vacuum source and provide a vacuumto the surface:
pr oxi mi t YPheRistapte Paiambe betwreen ebout 0425 tand labou:t|2$05’r e’ﬂm disthce D i5 f or med

along a t 0X t 1, wherein the first
conduits Bgﬁlthygp ?%t?‘ﬂ’g&eéjﬂéﬁnqe%?? ﬁi@ﬂni? %8 gevﬁ) arat efrafling edgat region,

t he secong4prghie Rehis@sigbween 30 and 60 degrees. 5. The proximity head of
claim1, wherein the first discrete holes are forned in a

[78] Referring to Figure 2A, the first conduits 112A” (shown in phantom) can
optionally be formed at angle 6 to the second flat region 210B. Angle 5 can be
between about 30 degrees and about 90 degrees. Angling the conduit 112A° toward
the discrete holes 116B promotes and aids in the flow of the first liquid 112 from the

conduit 112A’ into the meniscus 102 and into the discrete holes 116B.

[79] Figure 4 is a flowchart of the method operations 400 of processing a surface
108A, in accordance with an embodiment of the present invention. In an operation
405, the proximity head 200 is placed in close proximity to the substrate surface 108A

for processing.

[80] Inan operation410, a licjuid 112 is output from one or more first conduits
112A and the corresponding discrete hole 112B to form a controlled, contained, liquid
meniscus 102 between the head surface 210 and the substrate surface 108A. As
described above the liquid 112 can be delivered via an angled first conduits 112A°
which directs the first liquid toward the discrete holes 116B.

[81] In an operation 415, a vacuum 116 is applied to one or more of the angled third
conduits 116A’. The vacuum 116 draws the liquid 112 from the meniscus 102 into the
discrete holes 116B and into the corresponding conduits 116A°. As described above
the liquid 112 flows substantially continuously through the conduits 116A°.

[82] In an optional operation 420, a second fluid 114 can be applied to the substrate
surface 108A along the trailing edge 104B of the meniscus. In an operation 425, the
proximity head 200 can be moved relative to the substrate 108 so as to move the

meniscus 102 along the substrate surface 108A and the method operations can end.




22 first row and wherein the second discrete holes are fornmed in a second
row and wherein the third discrete holes are forned in a third row, the
first row, the second row and the third row being substantially parall el
and wherein the third row is di sposed between the first row and the second
row. 6. The proximty head of claim5,,wherein the second conduits being
formed at a second angle relative to gﬂe second flat region, the second
angl e bei [83] beWithghe sovarethtedimieds mamindni shaild be hadastoohthatthedui t s ar e
dlrecteda fromth third row. 7 Thf geé'mt head of claimb5, further
conpri si g &}PWIP Plgy Vel SAmRR R lealsa P PETR iRnSpEE HF EPRE of ¢ ho

first rowpfds ane
subst ant YYgI 'y par gﬁt pé ?g{ég‘\rélvgpo %y%{rhg%é %eﬁﬁu#lg%h?a??%ﬁr%edg#loogl d}48 The
proxi mi typhwmall qfantitiesi rUﬁallymhmghmot hecessacity) thesoguamitics take tHel foflnbdéw ar e

separ at ed a_di stance of bet n Qut I nches and about 0.75 inches.
9. The prd %ﬂf’rﬁ’ql?rﬁ’@wtﬁfﬂ@ ] g‘?’-ﬁgﬁoﬁeﬁi‘l}#ﬁi"{?‘lﬂ% bipedyi on being in a

pl ane su m} @ﬁafijs : : d rokd; on. 10.
The pr oxFr%\ ty %?ggﬁddlo C a%%hrg?a\%ﬁar el n ?ﬁ{eher{lﬁl%l& nﬂ{'%?aér?ﬁl rd flat
regi on arrdfettied td imr tetmd, lsadh asquodueings ideatifybe) defoamininy, Gﬁébmlml’mgs to about

0. 080 i nches.
[84] Any of the operations described herein that form part of the invention are

useful machine operations. The invention also relates to a device or an apparatus for
performing these operations. The apparatus may be specially constructed for the
required purposes, or it may be a general-purpose computer selectively activated or
configured by a computer program stored in the computer. In particular, various
general-purpose machines may be used with computer programs written in accordance
with the teachings herein, or it may be more convenient to construct a more specialized

apparatus to perform the required operations.

[85] Aspects of the invention can also be embodied as computer readable code
and/or logic on a computer readable medium. By way of examples the recipe 178 and
the method operations described in the flow charts. The computer readable medium is
any data storage device that can store data which can thereafter be read by a computer
system. Examples of the computer readable medium include hard drives, network
attached storage (NAS), logic circuits, read-only memory, random-access memory,
CD-ROMs, CD-Rs, CD-RWs, magnetic tapes, and other optical and non-optical data
storage devices. The computer readable mediurn can also be distributed over a
network coupled computer systems so that the computer readable code is stored and

executed in a distributed fashion.

[86] It will be further appreciated that the instructions represented by the operations
in the above figures are not required to be performed in the order illustrated, and that
all the processing represented by the operations may not be necessary to practice the
invention. Further, the processes described in any of the above figures can also be
implemented in software stored in any one of or combinations of the RAM, the ROM,
or the hard disk drive.




11. The proximty head of claim 10, wherein the third rowis formed in the
third flat region at the offset to the first flat region. 12. The proximty
head of claim 1, wherein the third discrete holes are chanfered. 13. The
proximty head of claim1, further conprising a first chanber coupled to
the first conduits, a second chanber ﬁﬁupl ed to the second conduits and a
third chanber coupled to the third cofduits. 14. A proximty head
conpri si n@7] 2Althoughahe faregoineinvedtion ien beatiddsadbed inebididegil for a first
flat region and pl.urality of first conduits, each one of the plurality of
first corR}EPesss Bg?IﬁﬁWd%ﬁmﬁ%rataB?n&dﬁW@éb@%ﬂf@tmcmcm%mdt y of first
di screte ; : i 2 f i s.il:esi di ng .i.n,the head
sur f ace. ang Esatirl ufl e Raciloka lhin 3 sedHeRT I pofdBRdifis! Acllhalnly

the present embodiments are to be considered as illustrative and not restrictive, and the

invention is not to be limited to the details given herein, but may be modified within
the scope and equivalents of the appended claims. -

What is claimed is:




a second flat region and a plurality of second conduits, the plurality of
second conduits being defined by a corresponding plurality of second

di screte holes that reside in the head surface and extend through the
second flat region; and athird flat region di sposed between and
adjacent to the first flat region andﬁﬁhe second flat region, a plurality
of third conduits, the plurality of tHird conduits being defined by a
corresponding plurality of third di sClimshol es that reside in the head
surface and extend through the third flat region wherein the third conduits
bei ng forked a#h pioximittheadgpmprisingt i ve to the third flat region, the first

angl e being be 60 .degs ees erein the third dlscrete hol es are
formed al ong agp&?}ﬁ"‘f—%ﬁe glgeg%eadgu%?frlflﬂ g\illgﬁt regi on bei ng di sposed on the
opposi ng si de of th@ﬁfdtﬁ%h@ﬂ&a%rﬂlﬁlaﬁtytéﬁﬂr&croﬁavntstQé’c fRiorihef | @t region

being in a plane substantiall aral | to and offsét fromthe first flat
regi on, wher ei pluraligy oiﬁﬁnstjcdnldatts dcﬁrtedlhyg:omslmnﬂirgrmesxﬁlaﬂwmmuy&tf ly

paraIIeI to an st fI re n. 15 A met hod for making a
proximty headgrégﬁa?ﬁ ﬁ“’f?@f %rpﬁ?rﬁféty &% residing : lﬁr headt y head:;
fornng a Secosﬂﬁfaﬁé‘ﬁf&)&&edd%éﬁﬁ‘o %ﬁ}stnm%g.q forming a third chamber in

the proximty head; foming a plurality of frrst conduits froma head
surface to the fi rsaSe@hlati'rﬂarrpglonandﬁq)hnalrtgoas@jondabmdwtsahephnﬂttﬂoﬁondw ts

froma head rface tqQ the.se d amber formng a plurality of
third condui ¢ %"P?"dﬁ@&gﬁ’éga}bﬂé%ﬁﬁﬁ@éiﬁ& OREnching RV Secqidrdiscrete ne i r
condui ts bel nadiariiRdedle f hl hald SRALLaEbALI R n HEDGRFaAYEGRES the

first angle beigg bet ween 30 an degr ees
an -

a third flat region disposed between and adjacent to the first flat region
and the second flat region, a plurality of third conduits, the plurality of third
conduits being defined by a corresponding plurality of third discrete holes that
reside in the head surface and extend through the third flat region wherein the
third conduits being formed at a first angle relative to the third flat region, the
first angle being between 30 and 60 degrees.

2. The proximity head of claim 1, wherein the first conduits are coupled to a first
liquid source and provide the first liquid to the head surface, wherein the plurality of
second conduits are coupled to a second fluid source and provide the second fluid to
the head surface and wherein the plurality of third conduits are coupled to a vacuum

source and provide a vacuum to the head surface.

3. The proximity head of claim 1, wherein the third discrete holes are formed
along a trailing edge.

4. The proximity head of claim 1, wherein the first conduits being formed at a
first angle relative to the first flat region, the second angie being between 30 and 60

degrees.

5. The proximity head of claim 1, wherein the first discrete holes are formed in a




24 16. The nethod of claim 15, further conprising: formng a first flat
regi on on the head surface; formng a second flat region on the head
surface; formng a third flat region on the head surface, the third
flat region being disposed between and adjacent to the first flat region
and the second flat region, wherein taﬁ third flat region being in a plane
substantially parallel to and offset omthe first flat region. 17. The
met hod of fixst miwrarkbwhéremntthe secondrgiscretetmplésaraformed id asedohd tdwtand egi on, the

f th fl egj on.beji.ng i | ane substantially parallel to and offset
Four Y Bhorkthe Bk ol B ool s B s B o et e
ProxXi m t YarldQA€l il bR Btk dub@EhRalfy pA8IR1 and wherein the third row is disposed

between the first row and the second row.

6. The proximity head of claim 5, wherein the second conduits being formed at a
second angle relative to the second flat region, the second angle being between 30 and

60 degrees, wherein the second conduits are directed away from the third row.
7. The proximity head of claim 5, further comprising a fourth flat region being
disposed on the opposing side of the first row from the third row, the fourth flat region

being in a plane substantially parallel to and offset from the first flat region.

8. The proximity head of claim 5, wherein the second row and the third row are

separated by a distance of between about 0.5 inches and about 0.75 inches.

9. The proximity head of claim 5, wherein the third flat region being in a plane
substantially paraliel to and offset from the first flat region.

10.  The proximity head of claim 9, wherein the offset between the third flat region
and the first flat region is between about 0.020 inches to about 0.080 inches.

11.  The proximity head of claim 10, wherein the third row is formed in the third
flat region at the offset to the first flat region.

12.  The proximity head of claim 1, wherein the third discrete holes are chamfered.
13. The proximity head of claim 1, further comprising a first chamber coupled to
the first conduits, a second chamber coupled to the second conduits and a third

chamber coupled to the third conduits.

14. A proximity head comprising:




wor k pi ece. 19‘. A nmet hod of processing a substrate with a proximty head

conprising: placing a proximty head in close proximty to a surface of the

substrate and in a first plane substantially parallel to the substrate

surface; forming a liquid neniscus between a first flat region of a
head surface of the proximty head ang,,the substrate surface; and
applying a vacuumto a trailing edge the liquid neniscus, wherein the

vacuum dr aws aa bedsbsusface,dh¢ headontfaceuiodadingow of liquid fromthe |iquid

meni scus. 20. The et of claim.19 e| n the |igquid neniscus
i ncl udes a | eading %@%%ﬂ@%ﬂéﬂ@.%‘%ﬂ Gopduibe caiqng@bthey second f1 at

region, the sepgngirf bpbirst &gtidafts Béh aeﬁﬁbdaoéyg!g Ui AR Flira IR | e L O

and offset fromthe first flat reg econ gion is

of fset to be nétt discrete hdies, thelydumbtyef firstidisveete holes tdsilifd inthe hdadt regi on and

wherein the ligu I scus incl ude | eadi ng edge fornmed between the
second fl at re%r'rr%lﬁ é?fg ﬁ’é‘?‘}gg‘ttéeglﬁtﬁ%’@g“m

a second flat region and a plurality of second conduits, the plurality of

second conduits being defined by a corresponding plurality of second discrete
holes that reside in the head surface and extend through the second flat region;
and

a third flat region disposed between and adjacent to the first flat region
and the second flat region, a plurality of third conduits, the plurality of third
conduits being defined by a corresponding plurality of third discrete holes that
reside in the head surface and extend through the third flat region wherein the
third conduits being formed at a first angle relative to the third flat region, the
first angle being between 30 and 60 degrees, wherein the third discrete holes
are formed along a trailing edge, a fourth flat region being disposed on the
opposing side of the first row from the third row, the fourth flat region being in
a plane substantially parallel to and offset from the first flat region, wherein the
third flat region being in a plane substantially parallel to and offset from the
first flat region.

15. A method for making a proximity head comprising:

forming a first chamber in a proximity head;

forming a second chamber in the proximity head;

forming a third chamber in the proximity head;

forming a plurality of first conduits from a head surface to the first chamber;

forming a plurality of second conduits from a head surface to the second
chamber; and

forming a plurality of third conduits from a head surface to the third chamber,
wherein the third conduits being formed at a first angle relative to the head surface, the
first angle being between 30 and 60 degrees.
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16.  The method of claim 15, further comprising:

forming a first flat region on the head surface;

forming a second flat region on the head surface;

forming a third flat region on the head surface, the third flat region being
disposed between and adjacent to the first flat region and the second flat region,
wherein the third flat region being in a plane substantially parallel to and offset from

the first flat region.

17. The method of claim 15, further comprising forming a fourth fiat region, the
fourth flat region being in a plane substantially parallel to and offset from the first flat

region.

18.  The method of claim 15, wherein the proximity head is formed from a single

work piece.

19. A method of processing a substrate with a proximity head comprising:

placing a proximity head in close proximity to a surface of the substrate and in
a first plane substantially parallel to the substrate surface;

forming a liquid meniscus between a first flat region of a head surface of the
proximity head and the substrate surface; and

applying a vacuum to a trailing edge of the liquid meniscus, wherein the

vacuum draws a substantially continuous flow of liquid from the liquid meniscus.

20.  Themethod of claim 19, wherein the liquid meniscus includes a leading edge
and wherein the head surface includes a second flat region, the second flat region being
in a plane substantially parallel to and offset from the first flat region, wherein the
second flat region is offset to be nearer to the substrate surface than the first flat region
and wherein the liquid meniscus includes a leading edge formed between the second

flat region and the substrate surface.




