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Configuring A Proximty Head That Provides Uniform
Fluid Flow Rel ative To A Wafer BACKGROUND 1. Field of
the I nvention [0001] The present invention rel ates
VW 289/885P9 t 0 waf er processing processes and PC&/US2008/013985
equi pnent for processing waters, and nore particularly
to methods for configuring a proximty head to pronote
uniformfluid flowrelative to the proxinmty head in
Mg(tebods@ﬁﬁlariﬁ gusin aﬁcd?roklml wpftldeadyl laahfﬁovmles Uniform
scription o e
sem ConductorfFliﬁlle fabrl ca on desW)h/,ﬂﬂiIt i's
necessary to clean and dry a wafer (e.g., -a substrate)

after a fabrication om e.g., the operation
| eaves unwant ed resid Llaces of the substrate.
l‘Exa | es of such a fabrication operation include
-é&éggﬂﬂm&é! and cheni cal nechanical polishing

ach of  which may | eave unwant ed resi dues on

[Oooghﬁeaz;r@@nblfww@n &lprey $%§'F@“Y thwafer presgseing pracesspend ten

equiphiént ?&kﬁé&,%ﬁg wﬁf@Fs M{d\/i»ﬁ&te gaktit@aif HaRetABY foALLHEigARIELt S
in devices nade fromthe substrate, in some cases

proxjmifydead teprometedmiforne Suidrftsyeretabive to the proximity head in processing of

- a surface of a wafer by a meniscus.

2. Description of the Related Art

[0002] In the semiconductor chip fabrication industry, it is necessary. to clean and dry a wafer
(e.g., a substrate) after a fabrication operation if, e.g., the operation leaves unwanted residues
" on surfaces of the substrate. Examples of such a fabrication operation include plasma etching
.and chemical mechanical polishing (CMP), each of which may leave unwanted residues on
surfaces of the substrate. Unfortunately, if left on the substrate, the unwanted residues may
cause defects in devices made from the substrate, in some cases rendering the devices

inoperable.

| [0003] Cleaning the substrate after a fabrication operation is intended to remove the
unwanted residues. After a substrate has been wet cleaned, the substrate must be dried
effectively to prevent water or other processing fluid (hereinafter “fluid”’) remnants from also
leaving unwanted residues on the substrate.. If the fluid on the substrate surface is allowed to
evaporate, as usually happens when droplets form, residues or contaminants previously
dissolved in the fluid will remain on the substrate surface after evaporatlon and can form

spots and cause defects.

[0004] To prevent evaporation from taking place, the cleaning fluid must be removed as
_ -quickly as possible without the formation of droplets on the substrate surface. In an attempt
to accomplish this, one of several different drying techniques may be employed such as spin-

drying, IPA, or Marangoni drying. All of these drying techniques utilize some form of a

\\||\I\\\|I\I\\\I\I\I\\\II\I\\\I\I\\\II\

tumn||»i|i|°|iti|i|7||ﬂ|/mum

*G00001*




[0003] C eaning the substrate after a fabrication
operation is intended to renove the unwanted residues.
After a substrate has been wet cleaned, the substrate
nmust be dried effectively to prevent water or other
WPGeRY828Yy fluid (hereinafter "fluid") remdifiTeUSe08i413985
al so | eaving unwanted resi ddes on the substrate. |f

the fluid on the substrate surface is allowed to

evaporate, as usually happens when droplets form
movllr@slﬂcnulégasantetfmm suBstrate ﬁw@% Sihiohyonfy SREPRESRY maningd, results

in d%ln%pcq' aMubdirak e Pithdul ﬁxe?MElBﬁB?dﬁg%{sa%f&{Jng{ely, if the

oratiron and can form spots and defects
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substratefsarfece. N an attenpt to accorrpl ish this, one of
several different drying techni ques nay be enpl oyed
[000sY ¢ vies of phenfottiggingothere g need fdvimprayed iwags ticogfiguié Clearfing

t hese .dryin techn ues .utilize sone.form.of.a
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only if properly maintained, results in drying of a

substrate surface w thout the formation of dropl ets.
Unfortunately, if the moX¥MMARYi d/ gas interface
breaks down, as often happens with all of the -
--af orement i oned dryi ng nmet hods, droplets form dropl et
[0006Y Bpordipt $peaking, cmbediments of tretpaesentanventior fill ithe abave hred for

metl?o%ks) %i‘ éoa}ltﬁegurslrlljgr afl grcommlty head to condition fluid flow that is relative to a proximity
head in processing of a surface of a wafer by a meniscus. The need is filled by a method of |
configuring the proximity head in'one piece so that fluid may be introduced into the

proximity head for delivery to the wafer suirface, and so that fluid may be introduced into the
proxinﬁty head from the surface of the wafer, and head rigidity is maintained even as the head

is lengthened to enable cleaning of wafers with larger diameters.

[0007] The proximity head may have a head surface with a plurality of flat surfaces. With
the plurality of flat surfaces conﬁgured for placement in a substantially parallel orientation
with respect to the éurface of the wafer, fluid flowing in a main flow in the head for delivery
to the wafer surface must be substantially conditioned to define a substantially uniform fluid
outflow from a plurality of outlet ports to the wafer surface. With the'plufality of flat
surfaces in that orientation, fluid flowing in separate flow paths from a plurality of outlet
ports to another main flow in the head must be substantially conditioned to define a*

substantially uniform fluid inflow into the inlet ports from the wafer surface.

[0008] The need is further filled by the method of configuring the proximity head that
maintains head rigidity by a one-piece configuration while defining the main fluid flows and
defining the separate flows of fluid relative to the wafer surface, and while the flow

configurations in the head enable the separate flows into the inlet ports, and from the outlet



[0005] In view of the foregoing, there is a need for

i nproved ways to configure cleaning apparatus to

provi de efficient substrate cl eaning while reducing

the |ikelihood of contam nants remaining on the

woReP/peR® surface fromdried fluid dropl et s PCEUSRAEA3985

[ 0006] Broadly speaking, enbodi nents of the present

invention fill the above need for nethods of

configuring a proximty head to condition fluid f]ow
ports; tphe yniforra perpss,the tnsreasqérlaa&ﬂh?fitye headd Torproyidecthe senditioped
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to another main flow in the head nust be substantially
[0016p Mitlotie emitexdirhent,darficthed @ peaviddeiddort doatigyringd groximifyl headifor

i.nf.l ow into.the orts. fr t he r surface
ransf S e e tebep iR S LG e SR G, G of which
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[0009] It should be appreciated that the present

i nvention can be inplenented in nunerous ways,

i ncluding as a nethod and a process. Several inventive
enbodi nents of the present invention are described
WeI2eaR087280010] I n one enbodi nent, a nmethod i PEIFES0GOLPIBS
for configuring a proxinity4head for transferring

fluid relative to the head in a plurality of quid

transfer flow paths, each of which flows at a ra
configsgs ajsgcond iplackithed segondringtingsurfagegnd with@gokid mxfirroatbe%nded on
N, ida i@Hansfer surface. A
one il b7 e 30050 B ol End G rppll by ARG st suace
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matihg siirfiee iBé theGecond biek. AAefdnt Dperation mhaiecombsfeaxts ofm)e'rsions
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first end surface into the first bl ock and extendi ng
pathg.onar d t he second end surface. A second of the

geratlons of the first series is to configure a
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matifg ﬁlgfacenﬁhes%rébbiacl@é imade frgm agpatecial within thahm@tﬁé BEQUP @f materials.
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The resistor configuring Is according to a
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flow path of high fluid flow resistance between the
main fluid flow path and the fluid transfer bores. The
high resistance is relative to fluid flow resistance
of the main fluid flow path and of the plurality of
fluid transfer bores and of the connector fluid flow
paths. In this manner, the nethod-configures the head
so that fluid flowng in each of the plurality of
fluid transfer bores will be at a flow rate val ue that
is substantially uniformrelative to the flowrate
values of f|UId flomnng |n al | of t he other f|UId
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WO 2009/ 085250PCT/ US2008/ 013985 5 [0014] A first

operation of the first series is noving a first too

of the first set through the first end surface to

define a main fluid flow path in the first block. The

WRA2H/P85270d f 1 ow path extends fromthe first PERQS2008/013985

surface to a |l ocation adjac®gnt to the second end

surface. The second operation of the first series of

operations is further noving one_or npre other secon
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surface, to define a second f d flow path in th
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| ow pat h and first plenum The plurality of
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I I
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second set of tools. The second set of tools has a | ow

which ghefirgiRleckis M3de-espect to machining the material . The
fourth operation extends a fourth tool of the second
[001 54 furthes, a5 Eouriie oRGERNTPT AueqORd siss PheReTatipng it thp gecqnd block

uses § @&QH@ sRQF fdoRN TOE sbddfid S8 P RIsHa8 2 YW td‘l\ergl'lcfet\ﬂthoﬂé?ﬂe@{t toon
the second series of operations extends a fi

macltlmcg thefmateréal s Ehofeyrth @per@mwgqmdt mbousthdes] of mecsefr@ntl@et through

I at '
e sl B R dokn Bl iy Bk OTRE BARRAZIA i qeration
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h || t h tj
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paralfihio B SEm MBI ACE ol BT OPFaUGT ek stysibh ohe et and

second ARGILNurRis S jori the A afd %@n&ﬂ@&@dnt@%ﬁ& Sini® BAtihOMe Pbrtions of
the second fluid flow path.

the smépbsmsemwm@@wﬁmgé@lé trgasferrhoresiaad gheccspss-shangd gross-
sectibd gyyh?ggcgn uil ﬂfo% path of highest fluid flow
e

resi stance betwe emalnflwdflowpath and the

| Wi S a
10016} KRBk ARE e P RFrice T Spttatki in B RRh 2Bk Bjtor for
" recefftioown theresistande béret the rassroreenfeguring beidg h¢amrdipgtoeshignthlerénce to
the second fluid flow path and of the fluid transfer
bores. In this manner, fluid flowing in each of the
plurality of fluid transfer bores wll be at a flow
rate having a value that is substantially uniform
relative to the value of the flowrates of fluid
flowwng in all of the other fluid transfer bores.



[0017] In yet another enbodi nment, a nethod is provided

for configuring a proximty head for transferring

fluid relative to the head in a plurality of fluid

transfer flow paths each of which flows at a rate that
VO 280398928t ial ly uniformrel ative to flow r RCIUS2¢08/013885
other paths. The fluid tran&fer flow paths include

fluid supply paths fromthe head to a wafer and quid
return paths fromthe wafer tq the head. The net

defifefhg eAFel BMOI9RC B w7 BRd U of bahehgud Hiow EisGResBetveen the

a I
i B, D R e My R SR i
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the ;ﬂ}neﬁ@tdfﬂﬂﬁi teernefepacrrés)wﬂﬁré ata ﬂawfrrares*.hvmglalveme @ifat is substantially

- tions in the.bl qck accordi to a

unifSfREtefiv et et Paibeciihe B s O tiid BovBe fr ik e ol i ganster

borek.ocation in the bl ock between the front and rear-
surfaces, and includes a first operation to configure

[0013] MR yt Srlodied efbdingnt] b @Iotha idprevitiedfdr Behfighring 8 rdxdifity head
first end surface into the first block and extendi ng

for tragefgrringifhvid welatiyp tp thp Beadhin p plusalityrpbflyid frapsferdiquepathy eggh of
whidh HwH3Es rfte BRFR @Gbs%ﬁﬁl@l ﬁxﬁﬁ‘mﬁ‘i’el&%ftb HdWras rAhe Bﬁ’kr paths.
section of a second fluid supp low path in th
The flpidgrangfenfow phths inghide Auidsupply pet%@l fromrthelecad to & ya&e and uid
retuﬁgﬁi s S VY Wake B (b RS e %Q%%%&ﬁﬁ%%&ﬁ&ﬁ&t”of configuring a
nprising a supply Fesi'stance bor & e fIrst seri
first blosb withel firstgsatangtshiface aop eiithtaisold interivo hbungled en ame sighpleyr the

first Ia dgglsqr} Sec oung?oc{]lat sgagce?%%%%gg fsecﬁn&j g1l - sglﬁtlages f) adlpnat h
transs/uq@albryo ﬂlle(.‘mst pﬂdnhg istirfich @nd bountiedbyospscddfrdant ghd tebesurfatesst
mating surface so that the second fluid supply flow
[001ppOperaticnsarcperfosmedinpefitstaensssof dperaii@ms in dizfhlockiadepraing to a
first s I l e configured, as the_u r .crossi
low-folerancsn, %EEQ}/SI‘ g‘?’t"ﬁ@ OREFHIIPS 1SiPf °‘§‘°§é‘&6£‘6§ %36%‘?“5/‘"61{‘ ‘ﬂg‘?h
betweéidhe %ﬁ%d&@ar&hﬂade@%ﬂ ifehASSA Nkt sRFAtioRNo BHligatd d Main fluid
further conprising the suggly resi.stance bore open to

supphnflow Bethsrisnding throyghithesfinsignd Sarfeﬁuﬁtparrcﬁrtsh%lo%@érrdtendlng
towa?&ﬁx@lséfcoﬂh AN Srfacd\Cr l?e()fﬂ'gl/sgﬁés?aﬁgp gﬁ&@%@@&ng%g%ﬁory to configure

The | ower sup [ enumintersects t
a cerfel FRom DR S5ond NG SuRPlsHo% B3t i the frs dlick Hismughibs Gisbend
surfagg gﬁ%ﬁe{ng?&?%@ dﬂa@ﬂr ta‘%)r/r@@?rf élﬁgécﬁﬁ@ss@kéﬁo co Ir'lgglg gls%pcﬁle' |
resistaocmare.i 'ﬁ@e fitsesens alsd inuliudessajppd ypdrhtum tpaonfiguce drhepper crossmg
e _confi

f
sectBERERE oo FuRitSBY Sy TR o wd S e priphEfgecond nui
supphCft®s path dn thedirstiblaek thrbwghkthé firsoatingsupfaes thit thdnsz:cénd fiiid

i n rface.. A second series of e atlon
suppf§Ev) B 25 0 HAPAAATOR SN SOIBRH S A b upPLy Plenum
conflgRi¥dlad HRPPErorodsing seRioR Afd Abthbedontprising aReédnalsiffly plendn

second | gcation in the first bl ock between the front
confighredag e lQyercpesig arfawg gaded! furthen comprising s*te SupRI% Fesistance
] onto
Pore g e R Sy i ¥ e Secoh e ERg
through the first end surface into the first block and
extendi ng toward the second end surface. The second
.series includes a sixth operation to configure a
‘second fluid return flow path in the first bl ock
through the first mating surface, the defined second
fluid return flow path having a cross-shaped cross
section conprising an upper return plenumand a | ower
return plenumand a return resistance bore open on one
side to-the upper return plenum and open on an
opposite side to the lower return plenum the | ower
return plenunrrntersectlng the flrst natlng surface
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WO 2009/ 085250PCT/ US2008/ 013985 8 [0022] The third
series includes a ninth operation to configure a
plurality of fluid supply transfer bores in the second
bl ock and intersecting the portion of the |ower supply
VP 2090/P85239d i nt er secting the |ower fluid traf§Ta[S2008/013985
surface to define the fluid7supply paths. There is
al so performng a fourth series of operations in the |
second bl ock according to the |owtol erance, the
[001PhTihe lewsesupply Menumyingraserts thechirstamatingrsuifacen The fiagtiseries in -
: t f
o B oy o R Bl S P ORES Fconir o SR ety low
pathiimi theyfist blgckatinpectingrihemasin diyid upplyiflost pasintd thesesnnd fluid supply

naf, | surfaces. .The fourt eries.nclydes a.ten
flow(Fal, "heBHAGEHEE nr 4 SohuRlor BpRRhASTE AR Ralte S5 psrofd Py access to
the fpl;t&mumd ttglbugrﬂgblaﬁaet% tﬁeﬁfsﬂdaamvg duifics u;r ﬁ?@ﬁd isemels of h;&raﬁions is
secqn (o]0 The urth series includes a el event
perf%ms? in the first glock, ﬁ?qogfﬁ%toaa I8Vitplsranes, theysepeng; sgricsdieipgperformed
at a 2061R8Blotdioh Eths ERABhcR bewceie fiont aldsestsuificet Bfd §atéd Bbn the
of the Iower return plenumand intersecting the fluid '
first{qcati@¥. er surface to define the fluid return paths. A

still further operation fuses the first and second
[002h T heagcensh seriessigcludesracifihopperation to panfiguisd raaie Suid nstuse Raw path
exteWtéﬁlF&ﬁ hhfxeﬁeslﬁrunh@waéalias i A mgck%afewuaiﬁ% 1002l iHeREcond
ower sgpp y plenum open to and between both the
end pirfaca| Theyseerndfserigsdneluges laysixgoepesationdo condiguregssecertdafbad return
_ Cress-,secti.on t S nd. f| yi fl
o e R ek B3 B M BB st BBl return
flowrpathuraminglaenessasbaped ctoss stoheimprisimgtantuppafretuireplenum and a lower
lurality of flui.d return bores and t cross-shaped.
retur, DB TP IS SR P APt p% SRR (g fpprm and
open/Srt & oppbisitelsidedé thrNGwértetuth Ferung Shelbwenretuah plefsm inte@édting the
is an operation of configuring a supply resistor for
first Matip®IUr@Rc-i n the supply resi stance bore, the supply
resistor being configured according to a high,,
[002{ bas sepend serigfeinglyfesiaseyenth epesationdn Fenigresa RIRraliRf qfigemrgctor
fluidGreful 16y ?é’hkﬂspin)fhé hiryopat ébnaéctiﬁggnltb thhiH Ifﬁihd‘ xlemgﬁ ﬂS@'p‘é{heth&

between the main fluid supply flow path and the fluid .
secord, Bpidyetwmrftow pathgbatonfiguring ofithe eogineqterfludd refurp dlost paths being
) : ; he f L
prtdfich by SIBOLY b 4 50 BRSO e e
furthgpepmesatmn donfigurdser ssomdddedsrwifl aisedorsi ppting shiface apdivith a sedid

. a resu flui.d £1ow ng in_eac f ural i.ty.of .

et g il e st o M Pty o i

transfé sBifirstand bowrided by paced sacomd lbékvorit @nd keer furfavest dthere is also a
values of. fluid flowing jn all of the other fluid

perfrtiife f L sshenpl eFraREs WabbioRhRIOTs o meep fHedowytolerance,

the tRIR@Sctieé Boifg pforMB@ hed thRA 16eetdn KE € tRe froit Und rdaf Sirfdcey of the
for reception in the return resistance bore, the

secopdblgply thedthird {asptioneandghe st logasion peing abigrableg po mating g first

and %e%rﬁf ARG sut@s ! Thélihitd'sErds S Phdes Qﬁ‘,feiggéﬂro%r‘a%‘n fedonfgsrea
l'urd return flow path of high fluid flow resistance

portipr pfithe towen suppdy plenumithtoyghithe secondbmating surfagedintorthe sgcandiblock.
return bores. The high resistance is relative to fluid
return flow resistance of the main WO
2009/ 085250PCT/ US2008/ 013985 9 fluid return flow path
and of the plurality of fluid return bores and of the
connector fluid return flow paths. As a result, fluid
flowing in each of the plurality of fluid return bores
will be at a flowrate value that is substantially
uniformrelative to the flow rate values of fluid
flowwng in all of the other fluid return bores.



[0024] O her aspects and advantages of the invention

w || becone apparent fromthe follow ng detailed
description, taken in conjunction with the
acconpanyi ng drawi ngs, illustrating by way of exanple

WA200310853% pl es of the invention. BRI EF DESCRCPHSZIS/013985
[0025] The present inventiof will be readily
-under stood by the follow ng detail ed description i n
unction wth the acconpanyi ng draw ngs and. ke
WOZ?@FE bird gerifsringludes 2 aingh gpeagtionite cenfigure A Bty o KsErupely

trandfEORRds i th@ ‘éé&n@l'ﬁldcﬁ afid &?Jr&@@&é thY Sox’ﬁbﬁ Wf ik l&fré?’&b;’iﬂ& Plenum and

heads that are configured by enbodi nents of
intergeeting the lewertflwid pransées nurfacn\kedﬂﬂne the f]t@d)m]plﬂaghﬂ él"hm ip glso
perfé}?]n\ﬁ'\}ﬁeﬁ’\[folugf? l§¢%rﬂsg rgrt)izﬂlo&%] gﬁ%? (s)e)](cfhn(? 108h§cc§¥d93§1 tﬁ"tl]iey lou/etgférance
the fbmrtmg:nbmbam)mrﬁjrmed avasfoordth be:pmnabbevefeh thecfrdrit and rear surfaces of

the RACABDT P 1ol PCEh st oFrson e e Higmaispeg g e

firstiahd $68brddahatig sarfdedS Thé Riutth Odtied include€h tinth dpettitidn kd dkfigure a
iitioning unit that may be caonfigured by

P°“i§ﬁrgg@i° Ses 2oty RlsurhBrovsh e roond &3jpe swince ."m thetseennd block.

The F&Qtﬂ%lrlé: iR 4 PleventR Bp&iMcartd SomIured pldraYibyedy fﬁlhd'}elnﬁfﬁ bores in
Figure 1C, il lustr l?lng a resistor configured fo

the Siewslé qelsiand intessectingithe pewion efithe howerineturn plenun msk/mtersectmg the
ﬂu1dctfﬁtﬂgfe; u?ﬁl:fpg #ﬁhé the ﬂQl%?’rQlu #);Qllrﬁr A gtlli @rﬂeﬂd&@%‘ilgﬂh&fzs fhe first

art ustrating operations o
and mwmtmgtsuxﬁces herepdearslmﬁrstl andeertond blockO@Bey, Fﬂegmltelsy blocks
ar.e .sG 2\l ic d rans of e
vein oty S Rl skl PR e SRRLEKkw St e Rl of
ﬂuida;opp:ly toregaridtha nroem¢edmn§s-saétndrllw ther seseidt fluidsipptyl flow path,

The unitary blocks are configured with the lower return plenum open to and between both of

the plurality of fluid return bores and the cross-shaped cross-section of the second fluid return
flow path. After the first and third series of operations, there is an operation of configuring a.
supply resistor for reception in the supply resistance bore, the supply resistor being
configured aécording to a high tolerance, the supply resistor configuration defining a fluid
supply flow path bf high fluid flow resistance between the main fluid supply flow path and
the fluid supply bores.

[0023] The high resistance is relative to fluid supply flow resistance of the main fluid supply
flow path and of the plurality of fluid supply bores and of the connector fluid supply flow
paths. As a result, fluid flowing in each of the plurality of fluid supply bores will be at a flow
rate value thét—is substantially uniform relative to the flow rate values of fluid flowing in-all of
the other fluid supply bores. After the second and fourth series of operations, an operation'
configures a return resistor for reception _in the return resistance bore, the return resistor being
configured according to a high tolerance. The return resistor configuration defines a fluid
return flow path of high fluid flow resistance between the main fluid return flow path and the

fluid return bores. The high resistance is relative to fluid return flow resistance of the main



[0032] Figure 3D is a cross-section of supply unit

shown in Figure 1B, illustrating a resistor received

in the unit. WD 2009/ 085250PCI Al S2008/ 013985 10

[0033] Figures 3E & 3F illustrate configurations of

WO 00p/8852Wt or according to the enbodi nents ofPCTHIS2008/013985

present invention. [0034] FPgures 4A-4D are schematic

di agranms of operations of configuring a fluid return

unit of a proximty head accordi n% to an enbodi ment of
')

fluidirptarmofless patn andofethe plrality offBag ratrg eees gnd of the gonagetanilyd
har.t. | ust.r L.AQL - i . . .
e, M, 26 R SRS Ll TR
be atracfiiv rate vatueathitdsisubstatitially unifernp redatonetto thelomt ratervalyed 086Bjid
ram.of a flow chart illustrating

Fi qur i s.a di.

ﬂowfnﬁg?ﬂlzpptgﬁgpﬁfﬂﬁlﬁget&?] 898 et hod of fusing two bl ocks
onfi gure ne- pi e roxj.mty head in an

(0023 Q6T wofets e aeieminges O e rerDtion 1P Be 9PeRAt famuhe,
folloiw?ngﬁddﬁdiﬁﬁ ﬁasmifpﬁoxﬂ ta‘kﬁgwd@hﬁmﬁddf \biﬂlﬁ iheatdongpanpiag diawdils,
.. of a method o n _enbodi pent. _of the present invention
‘llusfr‘i‘f'my&?y&géf%ﬁ‘ﬁﬁﬂ‘;‘e Pé‘l“é‘p[iggf’%@teﬁ%v&“%\?fﬁor ding to | ow and

hi gh tol erances.

BRIEF DESCRIPTION

[0025] The present invention will be readily understood by the following detailed description
in conjunctidn with the accompanying drawings, and like reference numerals designate like

structural elements.

[0026] Figure 1A is a perspective view of proximity heads that are configured by

embodiments of the methods of the present invention.

[0027] Figure 1B is a view looking up inF igure 1A at one proximity head, showing ports of
the one proximity heads, the ports being in separate rows of separate fluid flow condiﬁoning

units.

[0028] Figure 1C is a cross-sectional view taken on line 1C-1C in Figure 1B, illustrating a
cross-section of a return fluid flow conditioning unit that may be configured by embodimerits

of the methods of the present invention.

[0029] Figure 1D is an enlargement of a view similar to Figure 1C, illustrating a resistor

conﬁgured for insertion into, and received in, the fluid flow conditioning unit.

'[0030] Figure 2 is a diagram of a flow chart illustrating operations of a method of an

embodiment of the present invention.

[0031] Figures 3A-3C are schematic diagrams of operations of configuring a fluid supply

unit of a proximity head according to an embodiment of the present invention.

[0032] Figure 3D is a cross-section of supply unit shown in Figure 1B, illustrating a resistor

received in the unit.



[0038] Figure 8 is an illustration of a configuration.
of a plug for retaining the resistor in the head
according to the enbodi nents of the present invention.
DETAI LED DESCRI PTI ON [ 0039] Several exenplary
WaBWA0BHt s are di scl osed, which define exa§Ta529p/013985
met hods for configuring a pioximty head to condition
fluid flowthat is relative to a proxi mty head in
rocessing of a surface of a wafer a meni scus.
- [003 kgrspre&ﬁgz%ﬁ Hblﬁtﬁ%taC@Tﬁgwﬁpnmfrthwgsméaqsp@m&rptt@e m%gﬂhmems
ofthla?regé}ﬁnﬁz'e so that fluid nmay be introduced into the -
oXimty head for delivery to the wafer surface.
[003@;2@% ﬁﬁ}d@m'mj§§ e Iaﬁ% ?}ggﬂ é’?B &J?rﬁSP&Inlf Hﬁﬁ{%ﬂﬁ@ araturrl unit
of a progimityead ancoating fantembodiafeat of thenpraéielnt raxamo_hes, head
rigidity is maintained even as the head is |engthened
[0036bFign=!tsl iea diagmni ofp héw mbai'eiilsstm'tingr oﬂ)eaatgms df amethed 9f fusing two
S,CO

bloc%s toﬁgﬁlf}ﬁ"ﬁ zggrh %cﬁ’ﬁr&’flgﬁl?')}/‘e%‘{} meﬂto oerﬁeeprﬁ amv%n ion.

ead V\/n n
o033 Fiefte S s AREamb it & e P &r?u%ra*' ﬂr’*@*er%freé# o b 8¢ sl of
fusingaive blogkd foa6Rfigute a bhépictdysrokinfity headin gleibodiniait bftht psent

head enabl e the separate flows into the inlet ports :
invealigh- f r om t he outlet ports, to be WO

0 9/0 5250PCT/ 8/ 013985 11 substanti al Iy |form
[003§L Yo a dlagem Sk ﬁuw%@v%aas Of‘ dofan
emb@diaeﬁlo?thetﬁaes@ﬁmv&ﬁoﬁ hﬁwl@i@l’ﬂ SpratOne ﬁlrefaeﬁtrﬁnefdraeeeramg to low and

into the head, a nmethod of configuring the head
highiteleraetses a nunber of operations of head configuration

that are perfornmed according to | ow tol erances, and
[0038lEigriedss prdlustaation kB sprfigyratiop of aplugker repinig:the resistor in the

headcag rii iRdht %bé&ﬁfeé{é'oﬁﬂxe %s?ﬂt%eﬁ@é@r ances. Thus, |ow
: erances are used for I guring anarnflurdflow
path and connector fluid flow paths. Al so, the nethods
of selective configuring according to high tol erances .

facilitate confi gum%klim%%ﬂ”% esi stance bore

and resistor to provrd ance fluid flow

tvvee theI w tol er idflo

003 R R P PSR PR et sttt pimocs for
configiahy £ xt)hanqqrtfau gdiEcndition flufd ﬂh’v@tﬂadr@ rél@ivetth & pfox$RyE héaddn
- flows of he fI uié;i go be substantially, unif rm cr%
processiag obm giirkrce 1 3 1aten By a mepiseise One SHATIRIF S 3 Pﬁt?g guring
the p‘r&ﬁ‘m{@ﬂéﬁd% Bﬁ‘é %1e&esroahat PR/ BEELARFOREN S Be &)Hﬁmhﬁy\/head for

t ol erances. rr‘L’f Several inventive enbodi nents of
delivepycto theseafpn surﬁ%ee et erasmRle i arregthed efguehycoadiguring so that fluid
may b€ (e TR S tl) m‘i’t?%&{d P&H tlQ:esluH’é\ée dftthéMvAtJEr B& all examples,

apparent to th ses In the art that the presen
headirigiditytis maintanedtryempastbe headds lengthened te enmblecleaning of wafdrewith

rgeltg‘:rlsc details set forth herein.

large

[0040] Exemplary methods configure the proximity head to maintain head rigidity by
configuring the head in one-piece head while defining the main fluid flows and defining the
separate flows of fluid relative to the wafer surface, so that the flow configurations in the

head enable the separate flows into the inlet ports, and from the outlet ports, to be



[0042] The word "wafer," as used herein, denotes

wi thout .1imtation, sem conductor substrates, hard
drive disks, optical discs, glass substrates, flat

panel display surfaces, liquid crystal display
Q20008250 etc., on which materials or | ayer £CEUS2008/013985
various materials may be fdined or defined in a
processing chanber, such as a chanber in whi ch a

plasma is establlshed for proceSS|ng ., etching

substgrsisdlyiunifomn agspss theivpreaged dngthrafyhafeady Bb%seéémb';‘f‘ lothEovide the
t

condERRRATFLY s M LB MBS U o

numbee dﬂopmgnohh of hdald ebnfigmoaiioonfthac amtparfmmdtascqrémg ite lomgtOlmances

e wafer surface fro uk dro [ ]
and i Pk Oy SR LR D Eing Sl
tolerslRss; rTHUS, dﬁheﬁletancesrarefj %mraﬁnﬁgﬁnhg g o f1Xid hﬂﬁ“apuﬂh and
axes. .Such axes may defin ct.ions,. such as
conngpipiclid I Pafee PR SHodspt %&Em?ﬂ@gwnwcwd%ég high
tolerficEs fal-:m%él&onﬁgﬁrlﬂyﬂh@ oné fl6W %snstaﬂ@e b8 dnd'kiBloR to Proviae & high
to li ds and gases. [0045] The word "nmeniscus,

res1s@s@dlm@ flaypathrbefwsges thesloy tolsrapegamain fluidyflow pptband galdéfﬂfv
transt Et)%nbnﬂ'% ﬂu&h&ﬁrﬂlrﬂﬁﬁe‘ e§zwief A& @orﬁfgﬂ?ﬂtlgﬂ td rowag fclr tﬂé‘fegpech%

I ments meni Scus I'n a contai ned shape can
flowpef thofleid to be athstaetlalbr wmifoum acags theTlength ofithedead inrany flow unit

even?ﬁoméﬁ een(:fe]lc z%)the gr{sga§e ac dPl /tyﬁi%qgﬁltcggé&ge? 12 Waf er

-t T OFSATSTRY a carrier ("carrier

004 B %‘é:r%ll vénrt]a “&‘an%ntts '8? @?Ie‘ééqt lrﬁv%hn?elﬁ@gi%k Crefehdd 14 S M
Qe Ferer's “eol Ive er surtace

_ "cmb@ﬂdnetnh;é) aa deseebedshdci»ach wilAbel marandtorthmeskxhlsd firothe art that the

e R B SRR b o LA Ol

ti ys | et acr.os esi.r e
004 i hecyordoafit B vt bbes T Ries i PER IR e bhc Pt o
substrgs, hatd dFi®e diskd, bptidal BiBcsqidsstsOBstiaRR) fidt pancd displagi Surfaces, liquid
contlnuously across a desired gap in the Z direction.

crystalfisnlay fulaces. gigyohwhish mafsrials g b of warkqus gpaterials gy e formed
or de‘ﬁﬂEH fn@%b&sﬁn@é‘éﬂaﬁ%@%b&rhs kﬂ)éhitﬂ@erql@{vh}éﬁ aYpldshia 1§é§ﬁiﬂh¥ﬁed for
Liquids to W C surface while also renoving the
proc¢ssxqg|,| eclls, tehong Qmﬂpwt@rs v sk wafergmpy b processed byode by
rd

s L e R S R e
cleanireadtile raducirgettie hikeldiond of emtangnants tamammgamahu wafen aurfasg from
dri dleC%+¥£ |€QUIdS apply the liquids to the WC surface,

et T EMBVE t he I|qU|ds fromthe WC surface, when the

| [004@ Qz%l(éé{lg]aet}o%fﬁgh% %tgre(gr Lot s grlulc)tHrelgjsxg scng%cﬂﬁergm it f%rr%pgf cWhg'gonal

X, Y(a8d @.axed) . Suchayesgnqgy defihwvdieertiOns, sichaadireetions of sfuafaees(ocb of
the wafer surface) and (ii) a surface ("head surface")
moveRents OSP BRESHFy head t hat appl i es the neniscus to the
surfa Thus, the he aced by the gap from
WO“&]&W@S&V@ @8 usqd heggin, r%ﬁﬁ fﬂ‘éﬁ? andtﬂ"l‘ééghead surface
is _placed substantial]y para lel to the wﬁfer suy fac

[004%Jn'5hes~tm§t HSRISCHS) fsb‘é"rdé}q“’él" refersitp a velyme;of liquid,bpunded ap

contIMA i PRPEY SR fice tdaSioR bOMeMqhid. Meae embobitithisOMe @tnlsBus ina
- supply a plurality of liquids to the gap and is al so
contaigsdfshanerea bw%ss&ﬁw%%w@% oFher sHHaGen gnay e asuifpncioda
l'iquids.



[0047] The term"placed in close relation to" refers
o "proximty" of the head surface and the WC

surface, the proximty being defined by the gap. The

gap is a proxinity distance neasured in the Z

WPR2eROsBH. Different degrees of proximty arRETAESEMB13885

by adjusting the relative 22i rection positioning of

the carrier and the head surface. In one enbodi nent,

exenpl ary proximty distances (gaps) nay be between
wafeélgmfcr@u;_fg:era—,rpgﬁ alrélsg ofa Qpl‘ﬂﬁ’] (“wr,swfg:ﬁo)tthgrmounts the wafer, for
exarfigl® Oflllxé( ?Hﬁn ‘gWQ' ngt?’?acg’re{g e?ébé%@t@\ﬁt& %I tﬁ%ﬂ??e?ﬂgfa@@%thé catrier
surf?e:bo Atdegiresl mnlscpsﬁma}enByusqmmesmg isistgbtehdhe ellabl@eneyusms has a-

contﬁlugllxs coﬁggu(%thonb élthésocr?flr glllrﬁt(ii%‘l %%orﬁ%é us Ocon%ﬁ]ét%l? Y2ro oﬁfﬁgxered wldth

in thd\XQisadtidroar@acrdssis dexired edghr(osed M) Figure\l\@) inthe Y dlrectlon and the

2009/ OSaiSOPCT/ us2008/ %398& 13 the n’ﬁ.é b

menjseNseertengihTanEnyausly AoEeRs Hflgsyredgapsinithe % rF‘i“°“T ¢ RERiscYsagRY be -

estalﬂisﬁ&i ©®e Hﬁldl%dn w4 édﬂtlh\lﬂfbs ved furdtidfi By fise di:llivéﬂy (01{59914191 of liquids
he term"recipe" refers to conputer _data,

to thF /G seieseaHhlerlgvR@PvinG Higyligpida fromethe NWE, suifices géereme@l may
be b{' ;apbﬁhg%ﬁéedgﬁésé{f@tt@{h% nfedlscd, gﬁﬁ% &I a8 SRR, OCESS |

pplied to the wafer; and (2) physical

[004BPTAIRHE SrokiiBRAs L 8 G2k AbleirS Rir9 1 SHfapftrus ’ﬁ%’i cdd¥eceive

[Tquid or I'iquds that define the meniscus,
liquids, apply shediquidsae thedW Kasurfaee; landiremone tlte;lpxyld@ffrqm @fg WYC sarface,
whe;§ Em% pF(gx%%ﬁ%lﬁgaé is Bllf'i?]\g 1l|:1rgirc]>§ézré-:ﬁlggn g{t%@»&@csg%&g glﬁhfg'ﬁecfse Pdlation is
whex there ing kmalé (et 0.8 mm; gap betpeemafiyla taydert sudfacedfor thhevalferqumfate)
ni_ scus 005 " istry", as used.her
and [ BigpHE { Hgad Spteed o5 R e AL RS by S 8 St € e wic
surfRPEeThisi e hbad ik bphcédaby the ghp fromiahe WO Suq@mc enssncrrgnhmﬂuﬁem the
ven t

head Hes  opr SR BLY BfraLs) o iF e U =08 Sytfgntially parale t
the Aftfebirfkcs. fnfAedbbaithehige Bﬁmlﬁlw&aa iOAfEhred toa@lﬁﬁl?%tﬂh&ahty

is fabricated, Generally, for a particular type
of liqyadsp thezgap gad jsfals cen%ﬁar%fi Yiph vacuymaerts f%’dersyvmsm thesupnlisd
liquii@r the neniscus processing. In turn, the
configuration of the neniscus processing apparatus

[004'7]8?56 @fn @15151&%% plb?e Matibn 1 feRRE %rﬁklﬁn@h SFIHRthe¥d surface and the

The word "configuring”, as used herein, relates
W/Ctsurfmthp Braxémigy being flefined by die gap. ber gApriga prmqlrmmgxstance

meas‘ﬁ?e?itlhﬁg: 7 Kl)i%cltlgﬂ. DMt H eé’mﬁ; gl' 5}%8 {151&9% goau&&l

apparatus, such as a pr | mt ur i h
relativa @ dictesorspesitioojpg oditheaasiep end the hmd sorfacendn one ﬂ'nhscehment

f f the b t o _def f
e i SRR bl BB APt Bl P
in anofher erhboalivaer @faly e msedvem atboun0.Swarh ahd aboms |.Sina) amdum most

def.i ni ng i nternal ! res, fluid flow paths,
Pref%ehembeglmea‘rf eﬁ%‘b’@@é §’°§h€gm§% t hose extending from

e e rJ or surfaces he b . -Such '
[°°4g]o§¥ 8?’}"8ﬂg‘gﬁ€? diyggdo ri’&f‘é‘?‘]‘%‘la\ ?ftéﬁ%b%\‘r‘d? ‘?’?J‘Fh the @episens, GF
menBcudRhK B &pfrollEPardndved #4tiveRo tHREWANARACE! g Me Mbcessing
the exterior surface or one or nore surfaces Internal -

to the body.



[0052] The word "tol erance", as used herein, may be
understood as relating to each of the operations of -
“configuring” and to each of the operations of "using"
one or nore "tools", as described below. In one '
VX 21990852503 " noni nal di nension" is an ideal , PEXAS2008/013985
di mensi on to be achi eved by3the configuring. Wen a
specification for the configuring operatlon reqU|res
only the nom nal_ dinmension to be achieve

the V@&fﬂmaytheumfg/efiswls&ﬁ the proxizaity head srsylind e beadanayZvé%be moved

Whﬂggk%&ﬂgqgnmnggﬂpnother exanpl e, an operatlon of
config urlng may be speC|f|ed to require

[0046]0?@! tgl%? Q’T {e “ngi!lép&aﬁa i Maﬁxﬁ g?&her%m? | thdt Qe fines,
| ONn II mensi on
or Spsoﬁwhkitprmessrmraenﬂters faya dehmdeumunmmasato leti apphied torthe wafer;

and ép %lg:% Oq%rr%e eerts Ee gt\é\gfon sfaplgs ?r}oﬁ ¢ gz}pé or g)e)il gc? s n11qu1ds that
defineaheemértistus,ah@prodess paame@iaai include Hil tywmlqui‘d? and the pressures
tol er ejs limted to unts of differen
flow gt B GBS ROy RSP e T BRI RIS P T
can ih€ludthe Biz€Rhapeland UGS the Hauid nehikéus. O expensi ve, 1o
achi eve; and the configuring is said to be "according

[0050PTie WordIMcHepdisthyNsused M¥ieiR, reftls toQl RARDRE coifibih@Sch of the fluids
limted, and_the speC|f|cat|on permts |arger anounts

specified by fhedpeipg for menjsous Ryoqsesing f aZiven type ofivafere Andyinvelyese

phystclaﬁantdQ:h&ﬁﬁﬁ‘lcﬁoﬂ)e?tl@s%f dudhOmB& anld ‘B‘Mhe n'la?tergimrﬁ‘ lv&thch the meniscus
easl er, or |'ess expenS|ve to ach |eve

processing nagmratmgls ifabrisated Geonasally; fsepedicnigr tyoe af wm a specific

e 5 348 LB Y AL EDARBSRE SN o lraion o
the nteniseusgproeessing Mfparatusanyst bovommtibleavithabatapeciBpawnfisted, .

the configuration is said to be "according to | ow
[OOSthlmrwrdésdnﬁghnngi't, hewsed kamnip| efatestth madliummgspm'atmr[s sbeh as

confi ure i anmet e bor e
tormftgh b ity CastY. pBEnd sPacii L ety StficR s B Phfirysgfuch as o
proxifiipl head. OSRh%ﬁﬁgm‘lngQiﬂﬂu@E swhaipendtnmr;&rtbﬁﬁed a@nshetod nidne
ow and t ol erances rel t|n uch glnens ons
extenigLs wtt.ltg Yabyis tc{ @Rﬁ?&? configuring also

incluBBNukie alsbtrﬁlo% pbiRGiniel SA@IH sublmé&ﬁéd mamdn@ deBhRg ittBrRhl KIS,
problemin the use of a reC|pe control I ed nenlscus

boreg dlujdfiay pathsyervitigshandyeesssasi sugh hsetaase@ﬁ&nfiws ipeone afhec e

exterjid? spﬁacgg 91@@&% %QdﬂBS’ ch%p&\éﬁ&ﬁm &Msetxnﬁemmm)ﬁ the body
e problemis t trend 1 n sem conductor chip

of a wankmem; s s toglefine the shapgfoe exset ol lhv;g:xgneasléfacmm@m mosg

exanpl e, the dianeters have ranged from
smﬁ?ﬁﬂﬂ@hﬁ t%ta'g&gflrrmdlam&*ter t hrough nuch iteration to

[005%]hﬂ1 \g%rggto%eg%ggna%%?egﬁ% S’rﬁ?tbe fugcriégggd %ssreﬂﬁ%g)fach of the
operzproad o' configuriag®aridoo eu&haofahe @eﬁdﬁ@nnmﬁ "dsiagtereror neore) "tpolb'y as

descifegbalit, e xR IOV B eI RAL R e gk ST ion o be

achiahed By thdiconfiueing D SORARSpLafi@Ebn fithd @hﬂ@drmgtdberaﬂﬁﬁl ralss
| ength LD nmust becone |onger and longer in the Y "
only ghe a7 Ainaepsigg 1 be %ﬁléﬁy@% 39BN gHEE B S ohe Rccsias to” a
"zerd t%le?&nbé’e Iﬁgﬁétﬁé} eb\%%ea{h dpRfatiBh Qf(édﬁ'ﬁ?\)/rlr&e:ﬁgy %e&lﬁ@d to require
waf er. The analysis also indicates that the problem
relates to a desire to increase throughput of wafers
processed by such a neniscus, e.g., to increase the
speed of novenent of the wafer relative to the
proxi mty head during neni scus processing.
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i ncreases in both neniscus length and the relative
speed, such Applicants have identified the uniformty
of flow of fluids that define such a neniscus as being
WVOrePE’s28b obt ai ni ng desired results of the BEAIS3W/81398S
processi ng. The anal ysis byl4such Applicants indicates
needs for ways to configure a systemfor conditi oni ng

fluird flow, e. g . For conditioning flow introduc
achigyemeniofisither; (Hiths, 'neavn! frensien’] 9@@8 at%maﬂssqyrspaleyh%ffdlfzerem
fromV@E ?{ac?ﬁ@nlﬁgl%‘fﬁgﬁsﬂnl Uhd d‘f?erﬁﬁe B&%ﬂ]ﬁg nt)fnﬂﬁl ((J? %x%@f diension
surface Into the proximty erein
and the peingjtiecadifferenndisiendien, isotdied teeasch "ecﬁlmameént | y
configurable yet allow the conditioning of fluid
[0058] Wikien ¢heftolerapos is luteted\masryalt anaqunts ofaliffsrencar €.8.c@0@knef an inch or
A o
less, tﬁuti%%pe%nf:g '%Sg ft'& rbg f‘lggkllvg Héraﬁlyp fifct r{"a&é Jey Li{éhle% Thd the
confiparihg is sdidits baraicying toy highablerped”i mmghe mwrmt éslegsHmtited,

d.for con uratiaon be fill hod
and 1R Spee AR 10 BrosT PG e, - D05 s LB gfefaen or
moré; &Y tbBHINESisfshidWo B&tIBH"i 3dncRdl Radiét 6redt expéridive dWeKieve; and
fluid into the prOX|mty head (i) for delivery to the

the apafiguring s yaikto begaerording forarlpwtelprancsliy Mehea mepmy gk tlgragpes are
specﬁﬂ:‘é tﬁE bdfi gmidu% N Rid B dd "1dcHiddiglty h@ﬁqalefaﬁmcésh eW‘P\%ﬁl%ah§ low

| 'engt hened for cleaning of wafers with larger and
tolerargeg ate sp¢cafinsh, theconfinuaen iTeidiodei aecordieg odavitelergnesy”. In
othei éﬁmlefsht?ghl Flggli(gl%et {bﬁﬁ?ﬁ@ﬁmai@é E d%%#é‘?g% Ig% l?% Pﬁg ora
lengthhrf atpixze, csla@iMechonnd‘rhea&ee mtenznappbeuo agfonupad oa¢ piswush of

ad d |
- aimetot. SRE R et Bler oy S R Ao bt on

of head confl gur atio Eh ar. erfornmed according to

hi gh tol erances. Al SM@'@B‘%&L&Q@SHS according to
o0sF| BB AR Sl i P bt
use @ag&xﬁ@bmﬂe&menlscds IdBﬁﬁedd)etv&eﬁ df&fpr@dmhtp geﬂhz&ldhhegW/C surface

resi st gnce .f | ow pat nd paths to dtr nsf er.

to bePIRtEd TP e TSP B PP entey T 0e DIy Pgercdn
semi€bddRetor ¥fp anifasdeng foke WateRafaving@rdated\wid gfeateh@iambtétsd For

substanti al | ¥1 uni form across the I engt h of the head

A

exanple, the diargiers Spyeerangpdi i thareatly 234 81 P1BIGIFR trpugh Ryed teration

to the PR&rabb AR ddhitteR HaPinGi009 istRirdgMsplA¥d b 6o ﬁ%ﬁ&net%ﬁ@ﬂ and
Operations [0057] Wth the above nethod consi derations

in 200 predirtions are &erasse ef 4 éSOrmw digraricrt ©8eRe AP 3ar Whenethp prpximity
head\%g?igsﬂatY BP?CUOQ is Fdnu: }nggzl tfuﬂ?th@ Q'Qfé? dﬁ%te‘?téﬁﬁe ggg ?r%z\wafer diameter

enabl & con guring proximty
becootst farger dedlarged thesehisais ddngthHeD mest tecorse fmgeresd ilm’gger inthe Y
dlrecélrc])'é \é\ﬁ%t htgtp{ocessrl etr(,ntrr% fie? {e/ngosn%sf%llgtgvebrgct) n( Ielp\)/ Il{l?ﬁ pro¥ gm head
and MOW%&(BQ?I‘%&@B@BG%UEBM&AB&MOH]% relates to a desire to increase

throughput of wafers processed by such a meniscus, e.g., to increase the speed of movement

of the wafer relative to the proximity head during meniscus processing.



Jinmposed by the chem stry that may be specified by the
reci pe for a particular neniscus processing. These

nmet hod operations efficiently define the heads to
obtain the desired results of providing uniformty of

W 2009/0852%00f f | ui ds that defi ne the neni scus PCEAH2008/013985
efficiently apply to confidérations for both fluid
introduced into the proximty head for delivery to the

waf er surface, and fluid i ntroduced into the rOXIn1tK
ave

[005 pleWathrincspasesia bakragnissus fengt and theaglative speed, syrh Applicants
om0 ity 5058 688 B Bk gyl Bt
obtalpmgfcbsmedtrgsutte ot the nienigcusipeoaesdingli Theranglysis &F ew@rrt;mliicsnts

Ei ure 1A that S
mdlcnPeF] P%egﬁ gor g?a 3 goscsolnrf;l sqgr}ml\? c%ﬁ@i&grtugg ﬂ\i}l\ﬁl% erge, for
conditfopiigdlowsinfrOducad thtd b @rdmﬂﬁlqr heh@ Zoradetiverp veal surflce bf ¥ @afeoand

eagh. ot of  twg site sides, or s
flow S igA BRI ERER o Yo DAL proxiruBeady where the
conﬁ@ﬁﬁﬁbtﬂhﬁm’t H&Qédﬂhlil@ﬁd fBSRANY adnifighbRtyey Sllgwike rafemmrﬁng of fluid
shown in which the proximty heads, are stationary

flowing dorpethedelyeny tp sheﬁw@roﬁuﬁa%et and seupy, iGaph £45c Helriee wéostantlally

umfomqlth@ﬁ‘g%fe]- Qeﬁat‘WeQO a BM:@ bf QARL hé. t’[tﬂf‘s dﬂ@fyﬁﬁ b3 Qgchsﬂmlcants
hat the wafer sid are processed at "t he same

indicgfeqthat thy ee@ofoveorﬂegmpmmy be Gljehbiea methofl digt eonsigaires the

proxirrﬂfé't ?ﬁ’ fie (H{eg) 2@%1?{ uxlq‘,ls ?gg:pr%g s%daqgéthglgl f&%g? rn’?tIo(L’igge ﬂllﬁd

into the ppixéhity head i) d&sdehmty patht wafe sw&foer andi(ahﬁorarthd)surfﬁbmsf the

vt L 0 S SR B PSR ERE b v

with 2 get ahé Rggen dlahetegs.shown in a Y axis direction. An
upper head 106U i s shown above a | ower head 106L and

[0056 ST & prowde spaoaditibiedilofysaidns atl ihecthe beadf l‘htﬂ”ﬂnhl}@s Ibg\ﬂ&lSe

Avligani inciesss Bl dhe e Lok o B EP BRSNS REFesFa hyhber of

operﬁfanoﬁﬁ@a& cSHfTgRedtion that Ex@%ﬁﬂ)mﬁ%&ﬁc&@@ 10L& toferances, and should
confi.gured to establish meni scus 108 that spans a

limitghgnumter pEenseationy ﬁ@eaégﬁ@wﬂa@eﬂ thahere perfermed agegsdiag to/kigh

tolerac'déﬁg &Ko ]tﬂélope}-znﬁmk DCHRARES high tggﬁank&rﬁﬂ&hd Byllhﬂ“éﬁ ﬁ?&ﬁﬁgunng
he structural idity re urred for the head

for thpimndlhenman@hmc n%gummg@ ingde theduiglf tolerangemip Ihemted to

contB L S AR L B gt

proxiityi leadisTHI® Sort-ﬁguangis elfﬁcli\h:&o tdndaethé(resp/ecand fldws of the fluid

directigns. Thus t he neni scus
subsGRir T P b e f Bt e RIS B HRfBEs P fhoveh
the otter peratine hrewdf@ding ¢d thatev ltbhced he neni scus is al so
shown having a length LM extendi ng conpl etely across
and past the wafer 10RfetiddiOpRra¥iofd rection. A wi dth WH
of the upper head 106U and a wi dth WM of the neniscus
[OOS?j-p@’ltﬂltlﬁé #Hooymethod tonsitetdtiold idtniad a¥fersndé Rhowmideao ¥xemplary
irection. WD 2009/ 085250PCT/ US2008/.013985 17 [ 0060]
methpd gpgrations fordilling the abevs e AteTRsrds. avhjch willsnable sonfigysps
proxﬁllﬂ% BN ﬁ%ﬁélmlr@dqt‘ésﬂﬂto@ t&%nﬁ&h@ﬂﬂo%ﬁhg %t\&tlmgtchﬂﬁg (i)
106U, illustrating an exenplary arrangenent,
increages Wobah mn@cusvmtmmdmgdctqwsfer sel@wemeﬂmngu(nbhmﬂ@tms
formillustrating two exenplary fluid conditioning
units, or channel, 114. In the network 113 each
exenplary fluid condltlonlng unit 114 extends in a row
116 in the Y direction of the |length LH of the head
106. For reference, the dianmeter D of the wafer 102 is
al so indicated. Exenplary- enbodi nents of the units 114
are-identified as units 114-1 & 114-2. The unit 114-1
is shown extending in a row 116 partly across the
l ength LH of the head 106, extends beyond the dianeter
D of the wafer 102, and is a supply unit as descri bed
bel ow. Un|t 114 2 is areturn unlt as descrlbed bel ow.

— N 1 A NS 2 T - A NN



WO 2009/ 085250PCT/ US2008/ 013985 18 (e.g., in ounces
per mnute), and the TFR is divided by the nunber of
ports 121 in the exenplary unit 114-1. A second factor
is the value of the maxi numflow rate through any of
- VREIPOBI280 121 in the exenplary unit: 114, andPGTEUS2008/01398S .
identified as "MAX'. The thiérd factor is the val ue of
the mininumflow rate through any of the ports 121 in
. the exenplary unit 114-1, and is identified as "M N'.
impasgd by theichgmigirythat may besnegifiss by Hegeciphfos a Paricylar wenjscus
procta&Hgo"ﬁese lrjnei'th({d\ér?ératlohé f[[# lEﬂ defihe %Eﬂy&ttb QgtaH thé g&@r@b results
general serise Y to supply of gas and
of pxtowamgdmtfyrrmt}wﬁ t’ne flaw oiﬂmglm that define thermenidcus, and affigientlp gpply to

con i%liatlgfls ]él ﬁgotﬁ ){léll;ﬂ)lln rpglgcgtlﬁ] IEﬂto &'fo%f‘ré af\’ﬁ g%a?g?ru%hivgﬁqg tl{%%z«}fer

surfaca) dnd flafd ikGodiiced thtd the lﬁl‘didndltilbealdrfg)ni thie Svai&r Isorfml lIneeanh case the
uation 1 has been "conditioned
umf?rg'é%u myst W%.t@nlsﬁstb A Bk Bresiiey e et ‘SAIPBBS' ﬁ fhe wafer.

eral _sens | i cabl up s,and.liqg
[005%52% PEsfasste ? 1bing fhefﬁwilmeaﬁdpef%ew ﬁdwil%\"%ﬁ%gftﬂln
show@s\’ap@ﬁkaﬁ%‘ ?Wfo@ﬁﬂén[s@ﬁstﬂrﬂce@ﬁhé oflalwafés 102 i whibtathe Agpatatus 100 and
val ue of Equation 1 other than zero, and. as  descri bed

the wafeiol)2 aresmaygddelativataeachyther. qujygfttyﬁtopaqspty sides, or surfaces, 104
) _
or M BOE TR A R o T
movemenitds ﬂbmimyhtmnhnwhxmatylhe@d}@m fisiomaryand die w#fer Uﬂl,ls moved
pastjflil'e proxnm?ty ?F %d@? It Jg@é llrx]ééd?u LBG; r{ gﬂo?v%l ﬁ'tah ?xﬁttﬁ)e \Lm gﬁfih that
the \Oszent dides @84 a0 [pagcgssad bt th& datneltimg. Oﬂﬁéb]bomdescsbndcpréblcrak brys,mg

frony PESRFERaRe YAl S DyBSt T nade g TRt Fot 8
illus@aed aPsxkdndibg kofipletdiy a@mrﬁah plsy themdferlﬂz#netd:@ dEhw( 88 the dafer
FUEE AR DRV MR C R

headBhdth Li4s éH%WMlh aly auya.%wm apR lu;f-,;sw h&&l tose if ﬁﬁﬂvrﬂ@)@ve a lower
uces the return, the value o

uation 1.
headjﬂ@@rlwtswwmgace%tnear%ﬁﬁééqucaovjéoagbatow@emoéh The
t & 4 bﬁ‘&b |
e AR A0l D0 R T SR e
in an ¥tasis dirbdonar e substantially uniformnmay be in a range
from about 9% to about 4% for exanple. As another
[0058%k Haghi head 106 is senfigvisestto gatablish r@t—'nsseplo 108 thatispans pgapfl 1@ hetween

ther %&wem‘ém to tHe }@E#ecc vé\wrt;ageﬁl dﬁasr he {HER aff.esqp R 1k nﬁﬁgcrease the

t'he ron 1 (i orm-t
struda’ahugrdxt)eraqulmdtfer thb tbentd B%to smnctlle lengttn aHe\snthcmt sdggulg, ) 70

exarle SRR RSP FBRIKHROUER e oIS T 235 IO oo across that

1engmmd1rmﬁemso‘ulsm eates i thathred X, wbszmtettadnlsymﬁu Figure 1A
eina range fr

bout 2}%0 &Zo 4%
ShO%%gﬁﬁ’F%‘scuAé 03, reepeing g&‘ﬁ wpey éﬁ% Hb‘iia rf!ié‘ﬁ{’t‘%‘fmé“ upper
wafet YiBlc¥ 1041t THelfhehiScus is also shown having a length LM extending completely
across and past the wafer 102 in the Y direction. A width WH of the upper head 106U anda -

width WM of the meniscus 108 are shown, with both widths extending in the X direction.

1



WD 2009/ 085250PCT/ US2008/ 013985 19 whi ch wat er was
suppl ied to the head 106, the value of Equation 1
(i.e., Uniformty) was determ ned to be about 0.7%

whi ch conpares to about 3% in a supply head 106P used
WQROOHEESEY as described bel ow. For such suppPET{H§pa08/q1pass
of an enbodiment, flow ratdd that are substantially
unlform may be in a range fromabout 0.5%to about 2%

nmpl e. The heads 106P_noted above were no
[006<Hanswg 1Pya sigwdapios Warirdly, o 4phebR e BRTisH ﬁ%i* and onto one
embo‘anﬂ&ﬁ% filely ?nﬁ%rql%ac( ﬁds&)ﬁﬂbéu&ﬁ:‘é%%x%pl%ﬁd?ﬁhgénédﬁ dwa%ﬂa 113,
mal n enu ranc nto a few flow pat hs each
The rmworkel 18 éashpivorin gaphBedbfoam dlhustrating t(woa:xsmalary fuidsenditigning
flo aj Q t
umtsScILr cw?%r ﬁzﬁ ﬁﬂﬂe b%?l%ﬁi’lfl:; C}P& l%ﬂ%gﬁblﬁ c%&ﬂﬁﬂﬁg uhlp 184
extend® irf a g Eldb mq:lmoY dlra:gloh of ehehd:njgth LHlo€therhead 1q6c Fof wéarenge, the

. t, f t he_h
- diamfIRE B R SHARb BT PR gl oA 8 e Pol SiplssF Shecfhig 114 or
'identtfhﬁ ab hfm rgat h&; 1t1ar2d The unit he4-3 Q@ﬂiﬁ&h%xféh&mtg&l AEgve | hepattly
et her ast eners. er.,. aspects, o
acrosg &%rlpwh &H?/ of pthegheadl (@0, &ﬁ{eﬂ%s t(eas?ndcqhsﬁﬁaegef qut‘l%ﬂffgbéoz and is

a supbﬂ/' Uniteds | q¥scHBELEIL WO Bnft 1 940 i HHERR udifad @ scrit@IRIdW. OFY GRble
show each of the heads 106 configured as a one- p| ece

the herdol@¥6,to estalpish Hisaaeniseus 198xhatshansishagdp 19 betyipgn e rewpsctive
e 30 o CRARLADR ARG 1, 094 0k i ARG i
portsomeﬂtpd Eramsfdylporik 122 2aahyit em eikeniplyry yir¢ulantdoafigorationsthtdugh which
LH an ii) inthe Z or fluid
ﬂ‘“df‘ﬁ tB%S{%gFSSDeTS gg‘ H‘Smehgf r?g di rection perpendicul ar
to the head Iength direction Y; and (iii) in a wdth
[006 Hi Flaidltis eitheipplibdtodhe keadil66mand thpeigh endiow wif the pogtstraterred to as

oo g LA A0 BASR G SP B 127, OB 3

~ ports€@2€RPAnAriy dialva Grkts tHeXiRad 6. [RilCgentiallyirte gromdidia ftable snehRéus the
uire the fu

. arranged_as be_r. i on
units 118 B EAREA T RS AT AP By fo 1 Yt SES 04 ete uid
_ ﬂowifn (forbzloﬂsdﬁoﬂ Zdni the dﬁfdr B@Ehch)is tfuBsthas c&r?d"rtléd&af Blrd%taﬂ the
ur al Iéé of nutuallg per pendi cul ar exterior

conﬁg@@%} ofHiBe waitsi k4 iy sich that the dlyid is %tbﬁtéﬁtla}lww@#loqug Jorgach

type §ffluil ﬁswl&wunh@q% %Qﬁsﬁpi,lysmva@mm tEuie Mt X EBRh A Yy
ottomface, or fluid transfer surface, 124B. In use

conditign¢d ngbeumouid qféh@rqaé APl chprpesetised by gniferan flaidlow in two
oS PGl 1 e BOPSAT O gFRE IR 3 T 5 fgor e
supplysunitpd<li tb ¢het veafeharfact 103arfdi(@udi®ti. inflow Foguthe waBr surface

f 1 124 d th
104 iRBHEE HLBu® e T o P Mce o8 P ot eiut it i3,

waf er 102 as the wafer approaches the head 106 for
[00621rWhethsu thgfl¢w matE-iofjthe fluidthmegh each@fitht@orts h2ll obthe oge unit 114-1
ireq

One.rear ,face 124R i sseq, t he
or 11§ oMt deiEPines 38 e e e loan VIR it the o rate
through @eqsois 191 of ONE vARA94 ABEBRPEY thist AR/ Sﬁﬁﬂﬁ 8ni2014-1 is used as

an exemplary unit in describing Uniformity. One factor, average flow rate ("AFR") is

composed of the total flow rate ("TFR") through all ports 121 of the exemplary unit 114-1



[0067] In a preferred enbodi nent, - the bl ock 122 of

each head 106 is fabricated froma material having

hi gh strength properties capable of spanning the wafer
102 as required to enable the flat surfaces 126 to
Vo482 aced fromthe wafer surface 104 wi tRGTAIS3008/013985
noder ate range of- gap val ud$. A nore preferred

enbodi ment is provided when the material from which

the block 122 is confiqu i s re uired t have

(e8¢ HOURFEy RESTINYLS) Y thie F‘Ci’orﬁélr\t'rk‘é‘sbyct paynkerg P%"Ef i"h fhe
' exen‘iﬂ']ﬁy\ﬁﬁft ¢14-10A s%@orqugé{brr i€ %et\@llﬁ%me%atxhﬁuﬁ'ﬂbfw Bt th@dugs any of

to remai-n properl ﬁhs paced fromthe wafer surface

the ppm 12 injthe ty@mpdm amr bl4s and ishidentified a/MpXEc Ehasthirg factor is the
d [ 1R/

valué BEHL ﬁ}lﬁlrﬁuwﬂ gﬂamhfaﬁgﬂmﬁgyemé bl rﬁﬁ*?imﬁ’%ﬂo Mt 1184, and
is rdcmlﬁkd asITMIN"0fUrtifoemity (IL') sl bavedramitbese thithe factopy as follows:

preferred enbodinent is configured with the bl ock 122

of each hea 1 obe one piece ofg

mat eri al des{%r glAd?me 3 fqm s nore pref er[: qut?on 1]

enbodi ment, the exenplary materials nay be taken from
[006{3]11;1 aggeogtral mmawhcabgc tofsuprdy 9f gasrapd liguid &y diunit|1ddd; ang to return

via a vacrhu gy ?H 1tt ? | e'rllx?ugl; I}Hg{fﬁot“[ afte gxgo#gﬁépm%gﬁﬁ Fgﬁxg%emplary
unit Erbis dmdfmﬁdsbym‘ zei’cetrzhﬁrdﬁ‘ Eqnatmohfﬂlgidrliam'gg thiezepo exluerpf Fquation
head ,106.for transferring.the relative to the
! hap R ARRoRE 0w B b rpndiioned pfieanydiano Mg
generd] sEHRE afpTRRASIE PRsIppyHE ghd dﬂddrqﬂﬂybyhﬁ e&érﬂﬁl‘ify&l’rﬁﬂd 4i1)aid to return
plurality of fluid transfer f|ow paths %hat are

via ao‘ﬁ'éwrr BY o exemplany refurp unid 142 sHlyid Béﬂn&w ée of Fquatipy, |, other

thanz8oCarld'hs @B&ibed Gdlow Ak Baid gﬁm@@ békn: "s@cﬁf‘alﬂtlﬂ dondi#i8ndd"AtThe value
IS across the diameter D of the wafer 102), is at a

" of Equagian f #n e ranges describsdibstonrindisates thetihe Bewirate a8sugh fuiblowing
tmog@%\éa) suchi Ibﬁtte' 148 of fhe u'nﬁvrrr qt.@s%bg@mm? ugrfbﬁr rei B %o theBrow rates

at 1s, the flowrate in each pat 28 that iIs
of flaid flowiirtgain tabl of the othiea pertel2 1Df tfe QXhmplA&f wit lg2l. is at a

flowrate that is substantially uniformrelative to
[006#hofd specifieallys themange®f walhesrof figudtion 2@ riebpondiang ¢o How wates that
r f 0.

are ’%%Paﬁ 131% l}nl?ﬁous t o c% 2%50 qogv\ll‘ié htfh}% \%g%sla I uztt lrlgt Qggt]ermmed
wrthomeataa thie Sluad thathe bcmg trardifevfed b ¢hat ohid.dF oreemampley in one

RRCTIETAE R IR TN R T

returdB¥RalbdofEqAtias | ik, UnifolhRy)"Risiietrmimyd fobecabbise StmcH
to an operation 132 of conf#gurlg%ga first glock Wi

. compares tp 8pou{d #torip agetpmaiead J0RF dgpertbed belgr dror sicBrptym unit 4 ofan

embOEHBAEHo R Pat N BatHr Qb tANG uhifb®d mERbE ik ﬁH%ef RER aBAH 9% to
bounded by spaced first and second end surfaces
abous $¥ee f iexamnle-af\s ergthesieyample.tip eng ¢pkadimentjofg sunply vl 14 of an
I
cmb i SR B o OB 1L 106 A2k By 1
UnifBinuicR whe detérmiingd fodoelahout 386, a/hgvdnqompam tr abont 5% ima $upply head

10614 '6%%? or a%a%% Il-'I h%t defcrisogg Wl%” Fgrl' fich (seup?f)'lail L?r“ f14 of an

ers
emb&&ﬁ@ﬁt@ﬁ&ﬂ wmm&tu&ﬂm%ﬁiﬁQ&Erf&h ohy béiih damhgoflom about 2% to
or 1 ounded an one side by _the
abou ¥4, s SIS &5 R0IBET KA P01 UL FTARRATEGAC & SGHphac 114 i
first and second faces, or end surfaces, 124S1 and
124S2 that extend transversely to the first mat i ng
surface. 134. Extending transversely is shown by the X
direction of surfaces 124S1 and 124S2 relative to
firrst mating surface 134-1 that is shown extending in
the Y direction. [0070] The nethod may nove to an
~operation 140 of configuring a second block with a
second mating surface and with a solid interior
bounded on one side by the second mating surface and
on an opposrte srde by a flurd transfer surface. For
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[0072] The nethod may nove to perform ng anot her of
the first series of operations 142 in the first bl ock
122-1 according to | ow tol erances, and in operation
148 there is configuring of a plurality of connector
WO Y0H0BIWw paths in the first block. The coRREMSHP8/013985
fluid flow paths are conned?ed to the main fluid flow
path, the configuring of the connector fluid flow
_ paths being performed by access to the fjrst %lo&k
whwé)ma@ugns sppligdte thy hqaﬁéog ithesyalygafiEqyatiqn k (e Ungigmmity) was

| deterfiATRY G atch 00170, I ROMParkDS £ORIDH PARBRIREEIBP used for

ow pat hs 150 connected to the main fluid fl ow
waterastdasctibed bérm Eonduicly supphgurotfllﬂhéac emhediment, flpyirafes thatare
S rfor d r
subsaf st P B¢ IR P ABAED 3748 bl 200 exdyEt The
headdlﬂé@ﬁtoleﬂrabbvmfvel’e et donfigiiredrad enﬂg)dswrftsaamd Rkthd follbasiged
rrow PA indica

chare3i5 g 548 SO SO B J0 B B P PSP REengRsdHBle 4y fov

pathsTBiEeatPoMBE fe oW Paths bRGEH iR6 bismall aﬁmwerfalbmqnmslﬁﬁ those
in the first bl ock accordln to hig %plerances H
flow pafhs againdranched jncasimlar ‘aﬁ“”@b b)dhe B PatS pee; ach configured

accor‘aﬁ'&ftb gy, hQQleannc@ (5)' Bl drrs fpRak dikdds of the ﬁt‘ﬁdl@ér@ rdgilired to
firs I'n one enbodi nent descri bed bel ow

enabwephﬁg@@;pe@f theanmygsemssof@mnshss of gherflory Rathsy and (I thesepasate
plece% me§?l¥e?§{ogaﬂéﬂﬂ§'g§%tEHe9§Jgh the first mating surface and

ace. I n anot her enbodi nent descrlbed
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undestctoklérorrchgﬁneg ﬂIAI-]I‘Dg Tﬂwe Bigupestioy eaetl of thedheadsdl96 delﬂﬁg‘uefsi asa

oG5 S0 SRRl Sk 245 B IR e
piecd 1R§Ing] @Mendeds, @peNfate 2he qahamlwlgibem@mwsgaach oue-pikce

ook P e 15 L 5ot ST A S

flow SREliTerF & tedirn, iGEoR pefpendlieBr to Md hoad 1608 BABGSH WP (iii) in
operation 154 perforns this configuring through t he

a width ﬂsqctlenav& (the dizectiop X3 pexpgndi@iarie thsne agrhf dirggtionheEdghgh
exen{gﬁ‘# F‘lpg’ézlcr%&}‘{hqi&%(?(\(ﬁﬁgaieﬁ a}§§ectaﬁgﬁl§fﬁa?§ileﬁéf)1;§:§ Other

ure 3A al so shows that in this
exempiagy bloplent22 @pﬁe/rlutqooﬁgqaﬂwftm fackek24perangadas mayi be required for the

oGP e BB 15 158 PAGR BRI 00 s et
by thh |f@hs t Bisthattaans plutdlity of thutosilypmerpendisolar extériorfastst 0 as

upper plenum 160 and a portion 162 of a | ower plenum
[0064)tReferTing cothe icrpss sasctlblewpbvelﬁ lElgyrelKD ti& drpér heagdPais shown 5\4th

on AR St A S KO B 8T b

oppolsﬂtcnlﬁsthe]-@é’t?@urﬁbé} mﬁfoB&aﬁ:hMesElﬂ@ Fd4D4Bondy @ o@ﬁlpbhﬂ of
direction along the axis_ TY. For t

many:fig suifargh1 26. #Pwpe f%AlgﬁBwsopeﬁ%tﬁé? ]hsﬁ’%f& iﬁsr%ﬁnéﬂ Figure

1B, ({pgbsate%%ffécgyﬁim dnldNOUSH AL Yhel HRE fehEHILHBOO foUEdeAAF is
efine the central section 158, and pl enum 160 and

first passedi byrthqwafeoiOqoaSeth@m@mpprcpqﬁh@abmh@ﬂ 106 é@r@rocessmg (in Figure

1A s?eci aUIOSj Wﬂ}ng’ cﬁrnﬁt%gtl&oﬂf Q‘e\ﬁet IRQR% Eﬂ ha 3 fefF as the

“mkchﬁ&s{mﬁumdwﬂﬁé&ﬁenmxamkat 166 Figure 1C) conpri sing
the pl enum (e.g., upper) 160 and a resistance bore 168
open to the upper plenum 160. Figure 1C al so shows the
hi gh resistance fluid flow path 156 defined by the
operation 154 with the cross-shaped cross-section 166
further conprising the | ower plenum portion 162 that
is al so open to the resistance bore 168. [0076] The
met hod noves to performng a third series of
operations 170 in the second bl ock according to high
tol erances. The third series of operations 170
i ncl udes an operation 172 of



WO 2009/ 085250PCT/ US2008/ 013985 23 confi-guring a
portion of the plenumthrough the second mati ng
surface into the second bl ock. The operation 172 is
shown in Figure 4B having configured a | ower portion
WOL0B10828 pl enum 164 through the second matRGIAUS2008/013985
surface 132-2 into the secofd bl ock 122-2.. Wth bl ocks
122 1 & 122-2 apart, access is available to configure
ower plenum 164 via the second mating. surfac

[0061131;1 QPTCfGG@‘? PInbadigente theddpckd ¢ of eash Q?Pdolé)ér'%ifaleFPt‘id7 o
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con ura er bores in the
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ransfer
whiahahé bl@t‘k €2 g lconifiduirddyis ﬁzfqufrédmod(ll lisare sedrighwst strengdtl raperties
| oc -2 int rsec i n orti.on-

e second he seco
capablypt Spanpie onatr FEmarvTed oavieftdouifaeg 1o @ ey
propefl E‘ﬁafc@d fr§Mrtfxéiﬁ§feﬂ-§Mﬁcé 04 @if)leQoInBﬁltflé WitH mehROS R6cessing
pat hs 128. [0078] gglggur e 3A how qt her

cherpigigy by high exemplany ooz a5 IPééé% Haters i (§) praide 2
narroc’@és't %Fé’gf mﬁﬁﬂ Bf'the hﬁ% ﬂowl%tes a‘?gls Her ple@PrEdlenfpdithedf is

ow pat hi g Fesi stance

conﬁgumddwrﬁh tbwbb&kﬁ 2a gficach beaslw@ﬁiﬂamf@mtﬁd tpibecene@iace pahegnaterial
' deschE@d Igpl&u r ﬁlcﬁlisgﬂorg Eﬁﬁer&at P‘ﬁ)o&%&g@ ﬁ%he%(?rﬁgﬁy Hadihe 9@e taken

anet e oexten3|n
front the ghbug icomsisting of pMy tvinylidihe di-fl@ida$P ¥Db)and ethiFiegerr e 1A,
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* o0sfERoaipiehisics B P s e terine Repriimbe RSS! §iSfegine e

fluid reRt 6é tbrthbﬁxroﬁﬁmﬂyﬂi’ead f1b&1ard dedcaibad. Rigirk 0@ spawhthama&ne and
re spaced. from each ot

oo sy S GO TSP © STy T CHI TR B N 2 478 et o

operSO N pdrR 1211 9 UKk QeskRbed dRVe, SRATIW tatdfn eabtesich ghlﬂ 128 Qé@f &ich
bores 178 and fluid transfer flow paths 128 is als

pathdg® ghat isaackass thedliagpgtes D aigbe walr J:Q%}plﬁ ataeflgw suis Q%ISt"ﬁ@stanﬂa"y
umf&h@r(sst &ffinkd %ovkmua%é &Jﬂov& Q&%QA thB%th%f f,atﬁglzsg amt {s0tht ABW

l ow chart 130 Figure 2, the nmethod noves to an
rate opmlapatb 128 gut xsfoppcmtp tythe dianfeter B of dhiwafer Ui israeifley rate that
t
s suBHALRET e AL £1b P HoL PR Ind Ifrll 128ty 82380 Soposic
to thb diametdn® of the whfet y0bf flui d transfer bores and the
- cross-shaped cross-section of the high resistance
[006D] Higuiref2 lblwstmd:sia ﬂd?v chartel 30dlstratveg dpestiondef theisiethgd of one

emb G0 B8 e kB buherd 108 FF Tahe Y Fng ety ipyg o e
: proxlirﬁxty héadst)s ﬂtaed; shywn kxRigure® t X9 Dadiheasnliod raay meve from start to an
operatlon 1f3liS ?’ con grufrlgg g%rst WCE w1t%/ otsl'sstzn?gﬁlg{lrlijgz%%gg WIt%?a,lgs%Ed interior
bounded on one side by the first mating surface and bounded by spaced first and second end
surfaces extending transversely to the first mating surface. Figure 3A illustrates a block 122-

1 as the first block, with the first mating face, or surface, 134-1. Block 122-1 initially has a

solid interior, e.g., interior 136-1, that is shown in Figure 3A after configuration by operations



24 134-1 and 134-2. This joining has rendered the’
first.and second bl ocks 122-1 and 122-2 unitary, i.e.,
in one piece. Figure 1C shows that in the one-piece
configuration of blocks 122- 1 and 122-2, the materi al
WO a99/083*¥h t he bl ocks 122-1 & 122-2 were coRCiI{i§raa8053885
now a conti nuous, single pi2éce. Al so, the plenum

(i.e., the | ower pl enum 164, by way of portions 162

and 174 en to and between both_the plurallty
of thy metheid.t néavior &46-bas eundertpreand sidedy ShesEst BAGgesytace 134-1 and s
| floui
b°““%%°?*§ﬁﬂf§§?*’° cﬁﬁfg%%%g okt o Bod SRS CTER anl 12452 MM opiond
transv)efrsdﬁr guhefid matieg suefabo bB4rdixe@dtrxg tensepehais sihown §pthe X
[ e

aireoi§Tef IS T2 ISt 5285 e IEERE b P P laE 305
exterﬂﬁfgdﬁd-leﬂﬁgdir&txbhgh tol erances. The resistor

~configuration is also to define in the resistance bore

[0070)Eheth@hod RSy ﬁbmanfolpekiadoﬁ | a0rofRah figuting ab@&onﬁ&»lbckh\e'th a

mai n f|UId fI ath 46 an the fluid tr er bqres,
scconlpatingsurtpge A ol ierts opnded py 80 or P Spragmaing

surfaE@éidSJnaaBQ)?p&flte @ld): b Re1uiRdrthster Wiack! P¥Y d%@hblelﬁ%'uémb ows the

| ur a uid transfer bores 178

secortmo%me?cw@ thmseqcadmamg paifaes 1349 and with rﬁlilessohﬁﬂfﬁ%‘?gr 136-2.
Interlol' ll’ﬁéj% td RNhaNY dnrbng IS b?ft%é g@@orﬂl tf’i‘lg shifac®f138124nd on i%het opposite

transfer bores w rate value t
side hysthe flbik teamsfengurface or fayp,nhZﬂBI &lquel 224 initiglly hape aﬂshti gnterior,

e.g., iﬁ?én%? 36) E, tfle!tlﬂ QT?JgQW[F %‘é%{b %{iéé‘ S?Itéﬁél%ﬁiogtbg% elfa}xgrksgog rtrltleen
method. a vi ew SI m lar to Figure 1C, illustrating that the

configured resistor of operation 182 is resistor 184
[007 1]IEHe methadyeay movetogierfermning a file series iof dparativos @42 i3he first block
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| uid fl ow between n fluird flow path 146 and

throush ghertjrgti end syrface indp ﬂ}fcﬁrétsblqeksmp &xtepgiag F"é‘fa&% thg seqogd prdgyrface

122- i | 1dr@xdch¥ FigiRk 3MAR6Ws thme r@ il Aufd oWl Fh}i 146 sxteimlﬁg
fluid flow path 146 and % e connect or

 throughthedfirgisnd serfase 1 A4S o th Brs bloek 23§ and exttnding topdhesecond
. In this manner, the high resistance fluid _
end stlﬂcSeflgat 156 | s h| ghest and causes the fluid flow ng
[ r
o738l g LBt b G RUSHES gyl o
the fisst blckh2a- alad:qording foolpm toletancdsyandtin opdratidnl I\ thexe & opafigring of

i t.h idt

a P‘“{?E)‘Fye%‘%f’?%e"%? WP@g‘? R?%{’ ‘ﬁ{l" ﬁ"[sg‘ﬂo °°‘c‘%°r‘f¥°’r “.S ‘f@ pyths are

connédil tbrtlw«h::ﬁh ngm&d patbGhé Sortfgaﬂﬁg bfatle e@lnattbifuit cmi)tsrmths being
t S. r e ure

perfoR SREE 14 1 Gl REIED Tblons AR Fighm iR ot For

exam?legp fﬁ%%/ﬂﬁ%% ehd darfigurkd ed¥neabdia flolwpatitaa 5H chﬁ{ecteh S the

i ncludes definrng the resistance bore

main flpgbflQg gath G%TT'EBZ@@SP@!&S@S‘&P comnaete flid ﬂﬂwmﬁthérlé‘é@metfﬁmed
by ac g&@ t@fhetﬂps‘:t‘ R{ci?fr 22-% tﬂlﬂ@% BE&SIS (tﬁeﬁ%&ﬂeg& ih g8kl Y)dif)tions) of

gure urt er s defrning of a cross-section
the ﬁm‘t ntahag steépcstibﬂal:édabhnd@npwzhmdmte@xu@wacmssm t he high
resistance fluid flow path 156. Referring to Figure
1B, in view of units 114 extending in the Y direction
al nost the entire head length LH it nmay be understood
that the configuring of the resistor 184 for reception
in the resistance bore 168 includes configuring a
cross-section of the resistor 184 to define an
el ongated exterior resistor surface .configuration 188
(i.e., elongated in the Y direction). Resistor 184
extends along and is uni form and cl osel y-spaced from
simlarly elongated exterior 190 of the high
reS|stance f|UId flom1path 156 In thIS ~manner, t he
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1[0084] In one enbodi nent, the described general
"transferring"” of the fluid relative to the head 106
in the plurality of fluid transfer flow paths 128
(i.e., in the bores 178) is transfer of the fluid out
¥P 2009883380d 106, i.e., for fluid supply to tREE/US2008/013985
meni scus 108. For such trarfdfer, operation 154 defines
the exterior 190 as a circular exterior of the hlgh
resistance fluid flow path 156. In this enbod
[0073hBhegpethed may mpsotoRsAONBIIE @ SEI0RE Sriss PE PRsratiogs 1§ the first
0 f: r
Do g e o i Bl SR n e SR RE ¥ e i
confighging ofestigh msxstanéd fluid ﬂquwhpattﬂe firgeblock. dephmerabadiment
descH?eleﬁg)w wnﬁ“ retsg&l 03%11 rﬁ% ?)EQ’ 3Qagpe§?ttlo?161-g4 ?Q gt-nfs)aﬂéﬁ ?gﬂgff@{lng
th:o@hnlﬁeamet malin‘gl sytfacet dndnhel 8t endRdrfideo frearpdiiet embediment described

belobarragn | Sk Bertits i Contietthe wi‘@%p&e/“@é SRR e
the X a

0078 Bterf ihest Alhea e oniigheing PRV Bt Py rorgr ol Sran bt PRl o

resistaficd MQd hSQCi)aﬁpf@vir@ al d6ssizhafea kiokyseefion bomystisiHgadsiéim and a
fl ow paths 128 Sl.e., in the bores 178) 1s transfer of

resistapge harg,pRen;ta the Rlenanh B confsguring ef opergsjonsliScanfigures the high

resistah @M }if BoWRASB6Sn il'QeﬁrEtcbl(;Jﬂq2§‘-qa(idc;r9§peclﬂbatl§‘ 'F’tgure 3A shows
enbodi nent,” Figure 1D shows that operation 1

that incomg pgbvcemenmeraegn d$bperfiogars this @eﬁgwwgethtqugleﬁte first end surface

1225§§éﬁ£¢n%r %%§n gk h%@?%??egﬁa{ gﬁhgitrtgd;&gﬁastfé '(1:.?1‘5 g%élggd‘{to%%emal

sectiom $38 tRigire 3Acilse sh6'8s thet idahis pmbodimentioperatiore &4 frthenpevforms
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partsr oF sheHig reixfandefilid SlUWfpathel 56Qﬁfeh@tﬂ tdsi upperBéuadf 160hend a portion

Py T AT E IR

Flgua:e @AC& 9B8htYodulE Adod1184T ihte Zi d@@on@XdriRl ax @I TZ &Rofding e
resi stance fluid f|OMI§ath 156. In this
daShé‘hgféﬁd

iLAEHP. Frevgs it showsdprl US4T meving op thsu% dfrF?fwnﬁé‘t"ﬁ the axis
TY. 156T of the fluid flow path 156 as bei ng defined as
extending linearly in successive directions of the X
- [0078FS& tﬁé‘&hé%b%dﬁﬁ%nﬁ Fdie 4R %haévsaiﬁbﬁnoﬁ P86 fdRat &iesunSiguring
i's ageln made to t he above-describ anai¥5|s
throyghinbyhe figst matingyeusface tordedinn the gentesl mnorbi 58, ged pleaym 69 gnd
e t
portiP 162 ekl BA IR chr iRt LftoSRALA O EULAASHTD, B hith
resistahee ﬁmdtﬂowmath K56l igdefined math afoocvsseh@ad; crogs- sﬁctimfsec bra¢kig 166,

Flgure leCS gg fm%ﬁlré%éeél{.l]nﬁ(grgt %lgél 100 (r]ag ar ﬁlsrt]:*nce %?req%ﬁ %pgtet%tthe
uppeP pRhdh il sansFll;&% mulso]slﬁw@ihedmgtf negstamdag‘lutdwﬂo\f/ ipathtl S6delfined by
second bl ocks 122-1 and 122-2.to _configure each bl ock

the opFIGIT 12 e R PIRE o et D TR CHmPASE PEARE

plentirf BoitioR T8N that RalsoloPén BRh&fekidlandeore 188, ch t he head 106
is configured be conpatible with the fluids to be

[0076] PISTh&hé LRovEARE perfdrfiinglSthird Rétiel 4P otdratidnk $ 7@ HBE bd¥BAD block
nmay take the head material fromthe group consi sting
accoggking tgé‘l]%h tgﬁeppytpesmT,hg third seriggefjoperatiensd 70 includes an operation 172 of
et hyl enechl orotri fl uoroet hyl ene. Al so, the configuring
of the proximty head 106 may be relative to the
orthogonal X, Y and Z axes, and as shown in Figure | A
the proximty head 106 is configured to extend
conpl etely across the wafer 102 having the surface 104
wth the dianmeter D extending in a direction of the Y
axis. [0087] In this enbodinent, the Y extent of units
114 i s shown extendi ng beyond dlaneter D. This
i ndicates that the operation 154 of configuring the
units 114 with the high resistance fluid flow path 156 .
|n the flrst bl ock 122-1, deflnes the hlgh reS|stance

T A~ e T 1




WD 2009/ 085250PCT/ US2008/ 013985 27 {0088] Figures 1C &
1D also relate to one enbodi ment in which the

exenplary operations 132 and 140 configure the first
and second bl ocks 122-1 and 122-2, respectively, from
WO 00%88R50mat er i al taken fromthe above def i REAUFPAGS(PH3985
[0089] By the rows of "xxx#3..", Figures 1C & 1D

i ndi cate other aspects of operati on 180 of fusing..

Fl ow chart 191 of Figure 5 generally includes a

configyringrcportinnerfdbe panun threyizh ke seronyd mafing futiace; iato thgsegendhilock.
The o:peraaa& D70k shden {ma%l;}g 4%5{,% %‘h gﬁk&mew&%mcﬁ dtake

he operation 192 € material occurs at a
plenuinp t thongh e sa@qnelmmtmg swfaweadb2-3finto the semndrbgockdﬂflai’c eXith
blocks%é%-i<¥ﬂ % r? ]aceelsjsgllgn\éalgaalgltfct) Eon f '}Rel\?ov\f gfem'illﬁm via the
secorﬂpﬁa’tﬁglsmfacl964{2f pressing the respectlve nel ted mating

surfaces (shown as 134-1M and 134- 2M of the bl ocks
[0077] Obkia mtktle@ahoves fedn dperambg @76 bfthe asijdesetiesvwe operatiexd170. Operation

176 RS PSS RELo0 LOLDANSN Skl
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op eratl on 180 may be understood in nore detail as

paths; ﬁesuwilh &%éb%’tt?qﬂcﬁﬂ“@é plusglity, phijyid trapsfer bostsr /8 ipthe second
block PRI Rler@BE{cHYe sdcbfid PRHUES €74 M BwRr pIBRINRE4 SRERRYsecting the
transfer side corresponding to each of the respective
fluid transfergurfapeflddB g0 defing tha fidid ransfenppthisd28f a fl at hot
plate having a first thermal energy transfer side
[00781 diigurs genm gy 4Bohovothenadpags olithe saspecti fisst.gaepnd, and third

Ot er side corresponding to the
Senegrr(lsu}‘t?tl %@ﬁﬁ?ﬁ 52 g@qgfo The operation 180 of the nethod
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091] Operation 180 of t&glé,met hod_noyes
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128, moeférh%me.swg:eé fiem qerle 9thersaélw ¥ dissiono Baeedhnaorts Ag! and the
wafeP&n%ét@E H¥h o mtiﬁ%é@tmb&ﬁﬁsgﬁaﬁgém& filiidHahs et BYzks 178 and flyid

enent , ration 208 of the neth :
transfmﬂew paibs 428 ep&aoavppomte e ufaﬂmlpmm enimmetelyacrosothie diameter
Dof@. -GNt acting proximty of each respective mating
Gr'f%¢e and respective thermal transfer side while

[OOS@uﬁga{rrzrg rzlggnet‘o?ﬁegga cl?ag‘gf%yotf %?\%Eeaf I?hé l%gt?lgg ;-AOV& t%b@Bgratlon
180 of' @Wgﬁ%ﬂﬁﬂﬂﬁﬁeuﬁﬂﬂﬁﬁlr@kaﬂ'%s _Operatlon 180 renders the first and second
blocks unitary with the plenum open to and between both the plurality of fluid transfer bores
and the cross-shaped cross-section of the high resistance fluid flow path. Figure 1C shows
that the fusing operation 180 has joined the respective first and second mating surfaces 134-1

and 134-2. Such joining is illustrated by "xxx" marks adjacent to the now-fused surfaces-



28 [0092] Operation 210 may transfer thermal energy to
.the respective mating surface 134-1 during a tine
period, e.g., of about 50 seconds. QOperation 212

rapi dly renoves the source from between the respective
War2pe@s®&t f aces wi t hout contacting the respaQT/us2008/013985
mati ng surfaces. The met hod®4noves to an operation 214
of pressing the blocks toward each other to urge the

mel ted mating surfaces into contact wth each_ other
134-)jandh 134-2.ohiBis deining has repderest e firstapd sependiilecksilfgrl and 122-2
' ! el @€ Eshfibartidn 8 Blocks 122-
i A oL S FE o A TP oy plebe Eehitnidn SrBlocks
1and 3% IJ\thanﬂtemSIZfr@Mwhmhahc:bintladﬂZw & M222 oreroedndiguredfignow a

t 1 )
contfFb {0 findlR BeRe R1roriee BN (P BBl piBhled MR by WS of portions
162 bl 1743 ppsetd andtbeaveen bothamd plﬁnaatyng fluat traesfen hore$ 11&and the

urged mati ng,surfaces h e fuse pr ng my
°‘°S%6*h"PF¢1%F@SS JepHionebo0s|the hig ?Slatawq?%%ﬁ Pst%ﬁ']% Aut es. The

g. my be fol ool ing-of f ri od, suc
roosy ngzﬂﬁmggm to e 4%%5&58% gm0 teanaitr noYeS %} Sitgaion
182 G?&ﬁﬁg@ﬁr@h re§iStof foP Yeceprintin IdQeditarfce Gure 12 opdrﬁlfdﬁr m alae resistor
made to various operations of "configurjng"

184 meﬂgwﬂccmdl@ue highgeleragensi Age rasistos sonfieyeation éﬁﬁis‘b‘? ‘define in

the %ﬁgtgﬂc@ B5fe tt‘l@hlgh Ul Fande h?lﬂtﬂom\fﬁlﬁ ge't»@é@n%@xﬁﬁmaﬁl% flow path
escri bing operations of an enbodi ment of a nethod of

146 ewshihi Guiditragsfenborps K38 b frigheesistaros isfralative torflid flpwmesistance of

(i) te i8I PP '(i:‘gsn{‘ RAgt o ullaﬁtgfo\g?lgﬁlg trahr bdills 11, Sind Gi)the

conngster ﬂﬁndtﬂmd pxatttsd S0mpd ﬁmaan:tnnee fluai flovopeinatactoofthe phuaality of fluid

trans(fgrgqogesggé “BIZb f ! %e ¥aglpegt;l4?et”%$u%gt8a}li1ag‘yl{1sq?faﬁg retl'ﬂleve to the flow
rate bah@amﬂsﬂo»{ﬂ@ 411 dfithé thér fRiidbeshsfee bbres 1 18
configurations resulting fromsuch use of the tools
[008R] BigafeelD fslatiefllatgenichtoflal wigvabindilgr ©fFiflreil a, iﬂlnamlhg thai thew
Paths 128 that ext end. across % e di aneter
configured resigior of gpergtion K32 i Fesystar 484 that infysg, rscre?%vega% H’edFS‘ﬁt?febm

168 incﬁé’e RES Eonfikd@tiod ofthP Bsistor UbAleringd tin ih‘k‘hasiléiar@te bareY 268!@e high _
that is substantially uniformrelative to_ the val ues

resisizmnee Auidifloypattal 36 The higharesistanse impesed op f@r@%ﬂowbsween the
maupﬁttuﬁsﬂoiv thof46talﬂg {RAMNERI W erjognée l%‘%ﬁﬁﬁs@efaﬁ@éﬁ lf)»k'&Wluld flow

extenda across t | amet er

resnsttatmee frhpeset! orsthe Aaidduot the rr@@dhwﬂb‘e iPAly 146apdby thl'e@ochwr Huid

f
o 38 R 90T 0 B LOSELL E ar,he io
resistante flsid flmlwqcalm 186 ik highest asd cqukeriba flurd fiomingsin reﬁeimf thmpiurahty

Wi .t h olid.interior. ed o ne si.de,by. the - .
of nfgingeOfrescla Bt St HAA BF gt e B FavSnatsbientally
uniféitfirefativé RABS flew r@8 dhlngs dNTRANRBNGVIAE iryalDéf thé16themflid ransfer bores

surface, the first bl ock bei ng nmade fron1a mat eri al

1739f@HﬂW“ﬂHé limited group of naterlals

2009/ 08525QPCT/ US2008/.01.39 9 [OOE%L The met hod, may N
[0083] Fhe centiguringrfths proximity. ea SAPyTIPEhigalive it ariesial X.Y
and Makds. Fop SLRIIE PEF’&P@[D %WﬁﬁatQWJoﬁﬁEurﬁlk%ﬂ%&Qn@\ 5% dfGhe high

I nterior bound on one side by the second mating
resistane¢ Huid fbwwaﬁbmﬁjedh%ﬁrswomsh ingludgsfiefipipg shefregjptance bore
transfer surface, the second bl ock being nade fromthe
same material fromwhich the first block is nmade.
Operations 222 and 224 may be understood from
reference to Figure 3A in which the first block 122-1
is shown configured with a first planar mati ng surface
134-1 and the solid interior 136-1 bounded on one side
by the mating surface 132-1 and bounded by the spaced
first and second end surfaces 124S1 and 124S2
extendi ng transversely of the mating surface. Al so,
the first block 122-1 is made froma material within
t he I|n1ted group of naterlals and may be a materi al

M o s R




[0096] The nethod of flow chart 220 noves to an

operation 226 of performng a first series of

operations in the first block using a first set of

tools, the use of the first set of tools being

VR 2199/0RSHY to | ow tol erances with respect toPERAISROGS/MGISS

the material. Operation 2285performs the first series

of operations in the first block 122-1 using a first

set 228 of tools 230. The use of the first set 228 '?u
168 apanintesention kG ofcthe erss ppadressseciion (bt 1 6o Figuss {1 further

[

o 5t b FREILD 0 A BB Bl |1 005 e B8
resistamoeifluid o |patht1 5608kfeaing th é igure BB, is giewt dfrunitg h14 ¢xderfdingsin the

v oo BHELER A e Tt bt e oot
' resmtﬁi I831t foﬁfede;ﬁid;hflﬁdﬁ régistanck bmatlﬁ& Iihcadljeﬁamﬁgutm)g 1 bressscoordof
g a&g ures 3A and 4A show t he ratHgg 226
the rea’rstqrﬂ ine an Plongated isiler FRSISIAN SHLRSE £PR firasios 188 (¢
elonglatel$h tHEOW diRdttiony. IReSisto 084 exdfdts hloRf ahdR unifosh ar&ﬁdlos%%sspaced
through the first end surface 124S1 to define a

from simjlagy felasgatpd exeriord 9 Af thedigh resistange Sluid oy path 15@ hB‘ this
manrdP rfeél’siﬁldl 44 lewomgutbdlté} Geﬁz@tﬁ@m chstsmee hba o Sith 85¥as 2

surface [ ocati on a dj acent to the second

tortuarsdlosipatinisee 15164[32xte{1@09 m]oumh@ €Q pl@na)t the eyerdragesigiorsurfgee
erat i .

contoBREL, 30 B P AR B By R ok o
and thelZ figic @nd theddiisie t he plurality of connector bores, or

paths, in the first block and connected to the main
[0084]| Iniode émbunllmemtht;he tdaseripédigemetat Ytrantfeaogh ef the fluitbrelasive to the
headS gfg tr%géc’ g]?nf rpﬂ grg er%l[f(\’vepa(tl'ésqgg (1d e; ,:fg l%eI Boges 178 ?lsltl%lnsfer of
the fidid'dR€ bf @8 headFll 0guT.&, féﬁﬂslh@w@bt fb&h@ﬁﬁﬁl@édSQD82B& sath transfer,

a._second tool 230-2

operapond POASISE BERHISROHY) B EsseaBegior o thefhighyesigiatoe fid flow

path %(p MM a8 erﬁ%cﬁm@ﬁ {nBopétationd 182 dBh escihg flsistRd 8P defiRe a
first mating s urface 134-1 to de e the plurality of

circutap perdigurationp of té@ Tesgtorsuefage, con’émxratwnt 1r$§ in thig enghodipent, the high
f Ps6%44ch

s AN AR S (LA A Dt
exteddmgemouhﬁ(m erpalong) pgpmedf the umlm@wsmrrserfaqercoaﬁmraw }88pnand
those? étlogs &‘?SP%C &ve% ne)x enfi 6{5’5@‘?‘5% c‘cblflx{rlt%r c:kWVSé:S c{: guc%éSaneﬂ' in
directiprof theaX a®i4d @nd theZeaxiianditihgX axisecond seri es of

operations in the first block using a second set of -
~ [0083]d@loie einbadinies:, the desteibedgamaril Sednstefriigt of thelflmiduglative to the

nead {6 it BIoFAY okl et Pasif 2B B (et o Baste o

the fluf¥GhiddBESheal 1085 tfbOfuid fedur frobdWhe ehem@uasrmsw mecnreadrmee In
third tools of the second set. The third novi ng

this qgﬁ)@fimqnb igue IPshews @argweeiﬂph 482 gonfigptes the rP%%tOfnléff‘. tpgefine a
' lmea?éﬂ&érﬂﬁq 8§8Eth§: Mohf redistincg i d;ﬁ’l’J ?&ﬁ 1 56’ M IntRis efrﬁ‘)@dlf'ﬂehﬁ the cross-

mati ng surface.” This thir defines a %
sectigrefith¢ wmaistandd hare 16§ @\de@tmdtbylthp llulrwer ¢xteriar 189 eﬁthe igheresistance
. €545
fuid Hol beliE 6T AIHE cldrthfint P PRI BY bithed of!| A2 BUABFEhtcrna
surfap©¢dnifigaratién bSS;efahmtbspioe m814n Sa.mﬂcacoréisgusatlam ¢88 baerels along and is
havi ng one side open to the first plenumand having a
second side open to the first portion of the second
pl enum [0099] Figure 3A shows operation 242 noving
one or nore third tools (e.g., 244-1 and 244- 2) of
t he second set 246 when the noving is through the
first mating surface 134-1 and through the first end
surface 124S1. Figures 4A & 4B show operation 242
nmoving one third tool (e.g., 244-3) of the second set
246 when the noving is only through the first mating
surface 134 1 In each enbodlnent of the operatlon 242

o " I Y L

o o, o



block using a third set of tools, the use of the third
set of tools being according to high tolerances with
respect to machining the material. The operations 248
of the third series include an operation 249 of
- WRReNENH a fourth tool of the second set t HHGISRBABISS

second WD 2009/ 085250PCT/ 382008/ 013985 31 mati ng
surface to define a second portion of the second .

pl enum Flgyre 4B shows operation 249 in the second

uqu;vvbcwdlci@c -spageddrom thelinepr sxterion PO thedughsresisignce fd Jpw
pathtlaf ef'nr}hirs gm“ﬁ@&mﬁflt F%‘ﬂl‘esllf)ﬁior\lg tﬁeﬁtﬁ%&ls%“ﬁ tlmﬂﬁ of the fluid flow

rances wth respect to ining the material.
path[166 a_i)lie]lmfmp@ammemdmgme%m ig 9eesessivealinettions obthe 25 2xinand the
higd .set 250 through the second mating surface
Zax%ffdgl)é dgflne t he second portlon 174 of the second

o) B o PR BB A s
confipRestiofl obihe loximityiRdadre6 &1 qﬁieqi’lc&hJ WMld)‘heeftllng Ir&luirélaemﬁ éor fluid

ores that, ersect. the se econd
trangler ag ma"’ttﬂ’ém%ﬁ‘ﬁﬁdarl'ﬁ‘ ‘9’ OFn £ ‘S?Fg EPg'g Eorb@?wg of
wafcpP BIBOHitH Tafidt SRCIArgef Midheted I KMidne @ﬁlb@tﬂlrdéﬂtr 3hd &bpedt of nb&ing
- first mating surface and extendin Ietely acr oss

thesq predepelatgs toifngmperationsridd and 1 4ofcng rts\séh%ﬁﬁsmdﬁ@nd blocks
122- %ﬁ@i@b Dt ddafighre bhdh rh@ék' frc?ﬂﬁﬁle%m& Baterill. '€bngRten?fth an

hrough the second bl ock -2 to define the plurality
addltwnai tegitigennanathef e mmr@lsfrqm avmwabe headd06 éceonfigered be eqrapatible

it PR ALiG0 b Rlre P oGR8 LERYD dfs PR Ak head

the plUra rans ores
matenial/frére tm@mqﬁcoﬂmsnmgaﬁqbblyoVinghdmmdmﬂnmmﬂle,raadtethytene-

rallel, to t fl.rst tin urf ace.
chlofiifoxdetnn]cher. Mse, bieibn i ng O5ip pi e Réqe008 By B pSAe o
the dﬁmgétﬁxdl Kp\éaﬁd Zaxéy) alw?rs%Wmm Egdre QA tf]lelﬁl;oﬂgmt}ﬂfbag IIOG is
na secon mat i nqg surfaces . oln.t I [ St .
cont{Ebted i P HLRERIGIEs S i eten A by inaie pistet SRLVish there
diane®F D éktdARBUR, dREGRH offhd Yeiecting the plurality of
fluid transfer bores and the cross-shaped

[008%] BSthis SRBbAiRIRNO thet V1 Ext&R GO Bflts\ 11 H'lﬁsﬂom\@x&ﬂ&hg bE}”(ﬂlﬂ ld@neeer D.
& 6 illustrate thf£erat|on 26 performth

Thisragiaiis hat s ApGrafion SHb LoD REHFIng Rk 01 AR BGRE Bigh ropitance
ﬂuidflﬁ?ﬁ\_egatﬁ ey &Itﬁéﬁrs%lgc@?&w e fifls Itmngweé@faﬁ@e ﬁﬁallﬂawgﬂdl 156

_ , first and second bl ocks”122-1 and
extemcbvm«tlﬁngamdn@ thejdireerinn af thetY xis forfap skiggt qauali te at leept Big diameter

D of t at%r %I_Oél 4%850 Ip é@%o&@%&a@% r&t?(ﬂl 9;6 og QET@%&HE the lurahty of

enum ar e ol ne seconneet
ﬂundtti'aasfkt boreb 178axmtehdy the boresm]ﬂileh@dd 06 Iamccd trom-catingtbef in the Y

axis g? 1oi5§ggnd9cgte%%6 Poéuré tﬂﬁ tnlsq h for &T Iei%rﬁ%? Feagt e&u‘aaq tJ tlhg\aliameter D
of the wafer 102. The fluid transfer flow paths 128 are defined so that fluid flowing in each

- of the plurality of fluid transfer bores 178 will be at a flow rate value that is substantially
uniform relative to the flow rate values of fluid flowing in all of the other fluid transfer bores

178 of the unit 114 across the diameter D.



[ 00103] The net hod noves to an operation 266 of
configuring a resistor for reception in the resistance
bore, the resistor configuring being according to high
tol erances to define the high resistance fluid flow
W2aqo/88528 fluid fl ow path of high fluid fl oRCT/US2008/013985
resi stance between the mai &7fluid flow path and the
fluid transfer bores. The high resistance is in
relation to fluid flow resistance of (a) the main

[0088]| Figures 1€ bRrisoaelatedd onaranbagdiment frowvhich thegxemplanpeperations

132 49 BpeblB e ool BRI 12 1 aud B pspes gy from e

samemaérsd Rkerefrom thy aboveldefired grdwpt  f I uid flowing in each
of the plurality of fluid transfer bores of one unit
[0089]]]BIy the kdwshef "atxxa. .1, |IFiguresate& Havindigata ottek aspecth af opesation 180 of
rmrelati

t t f t t | t .
fusing, Bttt 30 Lgt BRired Snbaircltfed R RttSe 1o b Relrige the
mateﬁ:il&ﬂj&é@n[ F]do&elefaf 0k niakiag suhicts. PifeadDRBowopt e ebgranon 192 of

across t war er | a t | eratio
meltipg, %Mﬁ@ﬁoqwmt@ﬁ@a%b% @%&?t 1034 Sﬁ%g?e rai}égaﬂl{fsws 1341
and 16529 qﬂig%res filrthePHowR thdt ﬁxercﬁﬁiaﬁ&?'mmm T%mdxﬁuy afé1ddes an

recegﬁlon |n the resistance bore e resistor 184
opergtign d 3t of pyessng tm@m%rlmmﬁl@dtm@mmsgﬁaqe@(sépm @e434-4M and 134-

2M) ?19\‘ i QI%?IISI'I@WQ’HQQCH ?ﬁtrstl) ﬁfkaQhJ llekﬁegtléc' A¥dAdhdleria? & ASw fogether

lurd flow path fl ow resistance between
and foimethehiogks 122- Harid b’&ﬂ-bmmomcand the fluid transfer
bores 178. The referenced highest resistance is in
[009G]eA bwehart 20Q feF igurai6dhéwothatrie one ermbakmerit; the a)etlIOId@pmatiﬂn 180

oo ok Gl B RIS g g
energl/fhe sh2CEldvinEruthermiah endrgyuirahsfer side bﬁﬁ&spd)rﬂlmgeto@ﬁch dfahe

ath 156 exceeds the fluid fl Qw f e e.of ac
respeyeTuatggT IS0, ThiriE9as Mptie AT ROt LA s gt thefa
energ‘?ftﬁhsﬁﬁﬂdeﬁ&rﬁc&ﬁindfnlglﬂb thefohading B@fice IQM hnakh tidi@al energy transfer

plurality of fluid transfer bores t 114
side GqrIeppOBIng {0 the FIASAE PUTAE N 442 d haonﬁa?twa 11%99? thegnethod moves to

an op%%%ﬁ 2654 61‘1‘11&6&15’1? 't}feq{l(')'@kﬁ %Jllﬂtehé’neot{tﬁ’e lteEk?ecM?é fHeme eﬁé}?{; transfer

| ow rates of lowing i n al t he ot her
s1deStarlJapm torongof the mwtslg@ﬂrfme Iéhé oy mz 1@146@&%2% Thgunts the blocks

122@%{?21'2%12%% B0 OF thelrEpediRe Shatifly SIFRLCES 1753-1 INL19%03 RAH td Ghe of

the thermal energy transfer sides.

[0091] Operation 180 of the method moves to an operation 208 of holding each of the
respective mating surface and respective thermal transfer side parallel while moving the
surface and side into close non-contacting proximity. Such close non-contacting proximity
may be set by steps that limit block movement, for example. The operation 208 of the
method moves to an operation 210 of maintaining the close non-contacting proximity of each
respective mating surface and respective thermal transfer side while transferring thermal

energy to each respective mating surface to melt each respective mating surface.



[00106] Fi gure 4A shows that in one .enbodi nent, the
third noving of operation 242 noves the-one third tool
244-3 through the first mating surface 134-1. Figure
4C shows the one third tool 244-3 configured with a
WO3e8®08128hed cross-section 266 conprising a HGTYER2008/013985
cylindrical portion 268 havd8ng a first dianeter dl,

and a second cylindrical portion 270 having a second

di aneter d2 greater than the first dianeter

[0092 hDperatigr 2 kidnayctzansfes thermasl epergy e FRIPECtIVE maaﬂsﬁtaﬁﬁ% 2:_44-
ol S ORI B o Lo kol OBk lafiz RNAEGEIL e pouce

front Hmmchnmsmnw matu%?sﬂrfac[e@ Mlﬁﬁ’t}t'ﬁhetam thé resprstivhimating
244-

jS in terns of QMr sta ti
surtfeg CTHe et fyed & Hsasion 314 Bhire it B BEAA G fopher o
urgc]cﬁhd}ﬂél&d‘iﬁétir@fsuifht?s Y estieatt with e?ﬂh\tftﬂiﬁi ntithtavonstgit fudisg force. For
irst mating surface_into the first bl o confi. ure
the pa‘f?s’ascf@ggtatﬁ%wéng forges g@é@é&lﬂ@@fw 2t ﬁ[ff? ?‘%@rqw? Hjotter to
urge‘h%’l‘t@ﬁ Hatiag b@fhckd 132-IN1@nd ER0NM iftoRBBER& witHIAER BiheR Mhédrethod
is shown ITn Figure 4A as bei ng novenent of tool 244-3

movestorah eperatien i6f alpwing theanelted Ang Hresd greting\gyrfaces to remain in

conthQ gf{eg@oﬁgg%lagléoﬁt%ggﬁélgé I?o?ge? gﬁlotigg ﬁrlg%g E‘%{m%'mrfae lbal\j? gused
The pmwmme}s sortinne; éﬁ;?pleafot @p?rm:ﬁf S%Euteﬂ'h'@hfaﬁléleg imag dee
ronc e S ipie Binded L bt R ted R ERERCG
[009§ff5n ckasga Lilr)q/geﬁhf @k] ar'm yé O élbrg 2t J@i‘erg'l % [L aﬁe Eolr,:\?anf)hg @%eratlons

e access ore para
of "doRfigutthgd.uOhaembddimentiof swhrconfigi@ing ngly heemdettambbzy felferercte to

. Tl th el ong ral to the first tin ~
Figuis  E00MA§ (RAATHG 220 it 65 OBsafad of . Subalibpl g method of
conf{‘_g'uﬂhlé e ishits GeAlQY fort tPapSfeA G fRSd mlbé’iﬂhé héadtand ik wafer 102.

tool 244-3 in the first block 122-1. 10%In Fi
Legggtscertam

In thigemfiodighnb dm FO TR relerents s et toaaayserqfévﬁ todmR
operfn§, t88fbols may be as defined above, and the use of the tools may be according to

either low or high tolerances.

[0094] In this embodiment, the configurations resulting from such use of the tools transfer
fluid in the plurality of fluid transfer flow paths 128 that extend across the diameter D of the
Qafer 102. Also, the flow rate of fluid in each of the flow paths 128 of a particular unit 114 is
at a value that is substantially uniform relative to the values of the flow rates in the other fluid
transfer flow paths 128 of the same unit 114, wherein those flow paths 128 extend across the
wafer diameter D. Also, the fluid is characterised by being compatible with a limited group
of materials. The method of this embodiment may include an operation 222 of configuring a
first block with a first planar mating surface and with a solid interior bounded on one side by
the mating surface and bounded by spabed first and second end surfaces extending
transversely of the mating surface, the first block being made from a material within the

limited group of materials.



parallel to the first mating surface 134-1 to

configure the high resistance fluid flow path 156

el ongated parallel to the first mating surface 134-1
and having the cross-shaped cross section 166 of path.
WG H09/085239 156 extends to a | ocation 156L at PCHASRIOYME398S
side of Figure 4A. The thi 28 stage (arrow 288, Figure
4A) of the novenent is noving the third tool in the

_ el ongat ed hi gh resistance fluid flow path back_ toward
[0093 rikheimathpdamaymaramio apioperatien224:af cerfigysing a sesogd Pépcgﬂmh a

seco@{bg%ﬁ%%1 ?Bgﬁﬁ\g’%@ e 280w HPY 5819 i fn %ztéliluﬁgecf&%ne%fd@b% thélscb O

resi stance f ow pat
matnfgsnrfadecnnﬂtblomldeﬂl% lan bppmrtel sldabyj a fgadi transfet wrﬁalce,gmond block

access bo t n. 2
beinginag¥ o o ofege] By i EREblombis3ie, ChBiBoR b2 and
224 rhd?ebef]mlid?dtoba @ﬂglrn?&ieréhcé td)ngﬁda 8 Adia dtich the fiest BBdk 32241 duthown
of the first ock 122-1 to defi en e 4 qf
configpred yith adustiplgnar mating 9o b4 emftg seuddhisrgr ﬁ%’fg?wged on
one smé\HyriEJe ﬁﬁt‘il‘fﬁs@lﬂfa&@@tl Moot Rfeddydhd §faked ﬂ"rsﬁénﬂgieco%a@nd surfaces
he "t ool 3 defines the cross-shaped craoss-secti

12481 88d b34S3exiending tramyversaky\ed the mating surface; dilsce therfirs! lggk 122-1 is

s Sl A3 S Sl 083 o

the grqmdlcoastl%mg o€ mm hnxifd;gegm -flierds, @nd Qtnmlem-cldp@treﬂ@roqmlm
he g g BoSk 2R, 18 ph Br SRl A E it BesPRh b TBlpgk 221

and t8trafesenadoviigiradBirat i ng | i ne 134-1 during stage 286,

such that tool 244-3 only configures upper plenum 160
[009§)FTIgunethdd ) flost «vlmarzze exiveoto ad tPeratich 226eofipatfomgng afiruseries

134-1.. In yi f he a or 4 is f .
of opFfatig e BFRCRIPST OE & 3% eETHEO TR FB6H s Arsesel Aot brine
accofdeipny @slv tolandes &ith @¢spect S&mmlhbﬂ]e%dﬂ@ral t Opértigh 226 performs

oper ati gns have been conp| et ed thegﬁg{) tio

2 .
the £ §orig of epespifane 1 e firs block 4g2-1 ysing g 728 Pﬁtémge?égnéf heuse -

of th@FiRD&H 25@&'a@&>r&1ﬂgft@ﬁ1@ Iow? thletarRes @e%énﬁé&%b@&ew]tlﬂh@ &t td he
access Vi 2009/ D85250PCT/ US2608] 013985 34 bore 284 to

machining thetnpaseriad c Bassopsotiono®2f of the finst sripginplade an prerafjoseg of
first éﬁ?ig%,a% it(;clig of the! stts&q %b ﬁ[’. %ﬁs@ e ®@Qrk0¢ foacle'ﬁﬂg a %upﬁltnd flow

transter t e access bore
path in the first block. The main fluid ﬂow path extends from the first end surface toa

location adjacent to the second end surface. Figures 3A and 4A show the operation 226 of
the first seriés including an operation 232 of first moving a first tool 230-1 of the first set 228
through the first end surface 124S1 to define a main fluid flow path 146 in the first block 122-
1, the main fluid flow path 146 extending from the first end sufface 12481 to a location 234
adjacent to the second end surface 124S2. |

[0097] The operations 226 move to an operation 236 of second moving a second tool of the
first set through a plane defined by the first mating surface to define the'plurality of connector
bores, or paths, in the first block and connected to the main fluid flow path, the plurality of
connector bores being spaced from each other in a direction parallel to the first mating surface

(e.g., in the Y direction). Figure 4A shows the ope_rétion 236 of moving a second tool 230-2



- [00111] Referring to Figures 3A & 4A, one of the
operations performed before the fusing operation 264
may be perfornmed after the fourth stage 290 of the
novenent of tools 244-1 & 244-3. For exanple, another

- WPSPRBBA of the second series of operati onsPCTAFB20p813985
extend anot her circular tool® 298 of the second set 246
through the first end surface 124S1 and into
intersection with high resistance fluid flow path 156

of the §irgi s¢ti 238 alpng an gis PE; thiouglethe plane Ptdeﬁaﬁdéyzbgﬁrsx\rrpﬁnggsurface
134{1%?&&!% th 1 aﬁ)y dfSoh{ielor SREL ogp{{ 19&&‘%5%5%&09 1580 and

erances insertion into ose
comtehed fa the tmaly ﬂw& ﬂmzpam 6t Byandeixing the tost 23@ﬂ2:l thxwlfnah'tav of
' conr{eﬁ ofst])' ESOtma?y he a?elﬁl I St Ias Hthe ]; {[1%14 1F]eg!1 ell F]ostg? E‘us!%l rrhating

surfdcﬂﬂMﬂM&ngtﬁe YQTlrebﬁttd’). 156, the plug 302 C| oses the
path -156 and nmay be rotated to engage a plug tab 304

[00981 The fehod todés tblag opératida MDD perfemting Déedoide@rips ofbpdfifions in

the GRkhlOsioE 3 so7Ae SEThS (o dieacq a6y seeApd 465 of Dotk hging erpsding to

highl tBlefAn&R8vith B§Ret th AchinnglthdRhtkliAN ThE gpéi\ﬂﬂm%OWF the second
portion 174 of the second plenum are I0|ned to define

serigs figcluds amepemtion #A? pEthird eyme3ing ot gier & tnofseefithe second set.
The %ﬁ%b@@o%%ﬁon FONGond HREVE @l@ st %ﬁﬁ%&ﬁrﬁr&e 242 First

hird noving includes extendlng t ool as a _
end wrfaculoa(b)ttlmﬁrsmattﬂg@uefe@o Adisgbird moging ldefinggla higheresistandge fluid

ﬂowﬁ%‘ “%%% stebdo 4th%:¥11 eg& e%l‘i%udS ﬁ] tI‘l IPIQ m%g %H}sé %Haged cross

rn es Clr C U cr OS -SecC
sectiop ndmpriisirgeeC fidssOplehbd arfdoa ﬁxsememn &KlAecoid plénem and a resistance bore

haviF B o B [ LT BH P <P P B PRI SRR AT pagion of

the sdeondiptengar t of the supply unit 114-1 shown in Figure
1B as extending adj acent to rear face 124R Anot her

[OO%FBigdtdwnihoﬁ'fs op@rafiei 242rma@dig ol @md‘r@mlrumodls ae1g4 M4-1 &d 244-
in Flgure 3C and, reference i s nmad nmovenen

2) off'ﬂ*? SRRANGSEY 249 Wyhemthe BoxIng s %W“Eﬁﬁ’eﬂr%d“"é%ﬁé\ﬂﬁ%‘etlﬁé ltaGSI
thm@gmh@ﬁ{sha{degumﬂmm Lrligafs AARL 8BUYROW Bfdratidt42hd\GngBdhe third

nmbodi nent of toal 154T) through the first matin

tool §<us § de3) PEthepeqand 5eti 246 avhse theinetying is ankitbrobgly i d'm% mating
surffc@ rﬂ:,ﬁﬁ . ﬁ-;l&cﬂf:mb&ﬁmgﬁtcb? %hescﬂ)@féﬁgn §5?ﬁﬁh§@ ng tin@x@ 19&eﬁned the

resi stance fluid flow pat first

hlghdeqmtzmcaﬂmd fipwepasl 1 Enigi theyfitst blpﬁel Brenlim naﬁbISGQmaﬂ@ rags-

t 4
shapfd gt dcbitdn | @SR AGn e AARED ikl Gp5RgHERY Aon 162 of
the second (lower) plenum 164. Cross-section 166 includes the resistance bore 168 having
one side open to the first plenum 160 and having the second side open to the first portion 162

of the second plenhm 164.

[00100] The method moves to performing a third series of operations 248 in the second
block using a third set of tools, the use of the third set of tools being according to high
tolerances with respect to machining the material. The operations 248 of the third series

include an operation 249 of extending a fourth tool of the second set through the second



WD 2009/ 085250PCT/ US2008/ 013985 35 noves the pl enum

tool 244-2 away fromthe first end surface 134-1

toward the second end surface 134-2 and at the first

depth DHR and for a first distance 314 that is short

wWeRwpN8sesot o t he head | ength HL between the $EAABSA08/013985 .

first end 124-1 and second3&nd 124-2. Qperation 242

then renoves tool 244-2 fromthe bl ock 122-1.

[00115] This part of operation 242 has defined a first
mating sgrfam todefinermsezam! pefrtierhef th spronduplprpina niguie| 45 %IOWP gpgration

th t
249 1E @}ﬁ) econ %Acﬁ]( l|t22 L}lejur%ﬁg%(}ﬂir éjtzao ?f@?net tﬁg ﬂ? 0 Stéatlkt)lft ﬁt of tools
bemgla&or]iu@ftb arghtthleranmsemtﬂmsp.egho shaohiningitse matesal314. In

thi s enbodi nent, operation 242 repeats the operations
[oo1qigrr OVVSFthj)éra’oén 244 extendsq folreh tpbkeZﬁmetth:edhlrQM220 gmough the

oS 5 L3 2 S50t PO RO T,

methb®EdtésaB oﬁé;&l&pmseccf ekfeAding b & fthitédl bof theakitd @ntlﬁdﬁghtth)&!\mﬁhd
t he second end surface 1 4 2 by. nor e E%lpan t hor

blockcfogie AR RPIENY of (i BpRster Darer AL ITEec P o8] RORBB B e

o R TR TN O i By ghnang plaresy i

dnrecnexspmlﬂql vethe ifirs mating suréase Aed piending cosplatell crgssehe frafer

dlamgt%lo ﬁ%urteq s'ﬂbapo e@?ﬁo%ﬁg %ﬁtefu]h ﬁlefdfﬁ)lVYO&?(Sb o%{h@ thl}_(h% 962
operati on repeate

thrmgp almesenrmd)bldmiq ld@e’sto 312ﬁnt’a1rhc phlsalllmef ﬂlleﬁ gatlﬁf@‘beIdSel 7& ithpt intersect

the s%_c%?d E(t) ZZ‘LH}[J tlhd SCCPH at h lélggB in CXI ﬁ{? r%%él?gg %9 gfﬁrallty of .

fluid Wadsfed l%@ésh@’B |rﬂihyﬂf¢&p£deh ﬁonﬁéﬁblo dﬂhﬁﬁntthe dll‘ﬁetmrepzhmldbl d the first
Figure 7 _np rformoperation 242 in.the fqllow ng
matingare [PnbASLA o CHPIEDY H505 di6 et domee 1 and
244-2 and 244-3 may be sel ect conf i
0013l o1 1 chestrthsmoSes Bt Sreriion 26t of BREE e g scssag pyetie
surfaéexfo J6in AREirQfand sERAA Blokks/iBtoCdnk it Ahvifg tHePaRTdRs Of the second
rectangul ar resistance bore. The tool selection npy
plenuye jainedh and corneghng e plusality ebiluid Fanster bogesi3ad Hiegiosae éaanes eross-
S Réw S IRInE264 ThE)
Secn&h@f tﬁ§ %r%értldcsug eg%x%f gﬁ anlgl‘gggeSn @t}seélgfﬁraté Y %5& resp ect to
perfdﬁnghﬁ fusidg, Figutk 16 shosesdhat eficroptiation 864 hes feserlélm fénst and second
matifg ostsacese@% Sloarﬁp 194- 2051%&'12& aEg' gegor( H&el 2§ q) an9f12§ Qr}%fhgﬂn joined

ure |IIustrates
in ork wai gseb |flmui§mdlzﬂedbﬁhd£x:l)2 mlm penw haR andali74tofi thetseesind plenum

244-1 has bhe d, fromt l.ock t
164 47 SR AT P H DRSS BRI S PG T8 d 2P apd R ross
shapécﬁ&osstééetxdrﬁlfﬂéﬁif @He High/rebistahdeiiid Aowipathol S6he cent er

(here identified by bracket 310). Figures 3E & 3F show

[00108)W OpeTiRtrhéRodlBdves @dan Gpration 266 of &Sif@tlﬁﬁg i&énstdﬂﬁfbr&bceptlon
is eIonggltedlntheYdlrectlon ure

in the Eegis@nes qs&heessﬁléwam@saﬁ%%qlegeaceﬁrd gto &fg'qttﬂ'gfames 10 define the
high Pststahkd hEIdCHO\J éd{'lll gk 4 &0 o paltPsaSghlTfid tﬂ'B@treﬁ&@nc% BR&REN the

rom eac other 1nthe Y axis direction. para el to
maint fhad flpw pathraad ithefleid pra@g(fg bpss- The higjpresistance is in relation to fluid

ﬂow%%@s?e{ngg 53(5951%7%&?%99%%%% 2nd of the connector fluid flow paths, and (b)

the fluid transfer bores.



36 [00117] Operation 182 is further shown in Figures 3E
& 3F having configured an exterior surface 188 of the -
resistor 184, and ribs 325 extend around the surface
188 at spaced locations. In Figure 3D, surface 188 is
WR3M/083sx espondi ng to and snal | er than t he RETAIFRI08013985
circular resistance bore 168. Figure 3D shows the ribs
325 extending away fromthe exterior resistor surface
to engage the exterior surface 190 of th

e
[OOIPfélsl st ahbghigh resistasee jsaropidedsg that Juid fbgwéns/meﬂ#sh of the plurality of
ﬂundqmggféf]mrys oroRe LAt §14 Bl @%grﬂoWra{eE}ﬁbﬁ aftld ﬁﬁa@fsesuﬂéﬁltlally
an e exterior sur he reési stance bore
unifd:ﬁsrclapwm]tse} Yaludiefsbe ﬂdy\e tateshd\flejd fidweing &1 Atofi theotbér fhné transfer

e too] s,.244-1 throu cord
borel i o R EPAE Fpape BL TEon  afo e , DEREh 26 iy be
unddts‘t?xﬁsﬂcﬁh ﬂﬁ&?oﬁ‘i ma*npiiﬁﬂgf Opbézflﬁﬁ 18F(Figiner2) irDWhle the resistor 184 is
election o { t oo 44 C
configuprddonreeaptigh N G feisHacHPUL @% ﬁFJFS‘gﬂrelgérlﬁg%“l}@Hﬁﬂé‘amd‘“g

to thé highJoleRAtes Adeffie thd KigPRSisRRGOMIidBBw pamelrsdtas @ Mur¥iio h of
use the tool 244-3 shomn in Figure 4C confiqured wt

highflyidflow resistaneg batween the maimflpidflew pathride and thg thyidhigansfes bores
178. ai‘ﬁesre?éﬁé?medﬁhgheéb’{{ Ti@ttaﬁéé ié ﬁ%‘ tef3fiSn tB@ﬁh:d%%%s&ﬁ&ée' d?!\a) the

that corresp desired cross-shaped
maircflgd flowebart onpatisd 46 P@@qﬂ@ Faninegtor figjd flowtpiaths 150, and (b) the fluid

- cribed tool 244-3 with cylindrical portion
tmn§§§%§§Q§$rst di aneter dl, and second cylindrical
tio h Vi a t
00 B8 PRy SRR R s R iy 01
resisfange bﬁaeacmgf Iatltsh|46,dl 50; awielt78r THI3 hﬁgheesameaspmmded sa that fluid

Row el Eech Fecpied S B bR oo b 1T P flow
rate BAMIREES fﬂue&hﬂd@@g@%fﬁ?\}ﬁﬁﬁlfgﬁ@ tHllen:‘vg td;tgﬁtvglﬁe \?\Etgﬁ lﬂlaﬁ'&dtes of fluid
lowfgial ph s piigr B0 rene Bra g PLNE F Pt Kk EgRmpletely

acro@th@vafeLdighbteSb. alibl#letdod if fpedi anet-er d2, and such
tool 244-3 is referred to as third tool 244-3S.

[00106/0120] Ihgurt: h!ASshSWQ 2t HRIAE eMbbdimbACthe QAT Iﬁoﬁsgb%peea‘non 242
t he cross-sha cross-section 166, in the oper ation

movessthe prethird fogl 24416%0'{%lrth@ﬁrswzhnaﬁugfa?eel Ypl. BgestCahpws the
one thf#ftoct 444- §Lorﬁfgu§‘4?ﬁvﬁmé Edsd ﬁﬁ%ed?égss %&t%ﬂ 36 L&hpdiGngd ;bﬁrst
axi s 360 through the first ting surface 134-1 into
cylindhiealfportion 268 b@\knaa first diameter dbanéh 2 BrRG &y lindrika partion? 70
havni%%mc CF (ﬁ Exjg éjgatixgtggn t{h%? téd{ragl[s%%g ana@é%%?ﬁ gﬁx‘ﬁhﬁ@ﬂ portion
272 bavirggsa third ﬂxametei @ tlwrsemh a$ thg fire deimetzat dil sthe bezofid pagtion 270 being
section 272 is

berwgy e 5 gortion 268 i B SEBhpetiBi S of T he cenond

| j t f. t b
001pgocer S ﬁ%ﬁﬁa#ﬁ%&ﬁgﬁékﬁﬁ%ﬁc’ o R PRy
movérferitNA firkt'stge Wr@pkratiddy) (ske arkbwe 28D)\Fifige B A) 6Lkhe aRvemdrtis3S

ar '
movément through the first mating surface into the first block to configure an access bore, the

access bore having a cylindrical configuration with the second diameter. Operatlon 282 is

shown in Figure 4A as being movement of tool 244-3 in the direction along axis PA through
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configures the access bore 284 in the first bl ock
122-1. In this enbodinent with third tool 244-3S, the
nove of the third tool is further at the depth DHR-3S
vem ebogesspsdndi cul ar to the axis 360 (arrow 28@CTAIN0P8/013985
fromthe access bore 284 and along a path parallel to
the first mating surface 134-1. [00121]In this manner,
the high resistance fluid flow path 156 extends

the figsh pratiing surfage 1 e 1 intorthel firstyblask 12P4]ited configuas e aprspelorg 284 at a

locat{?n %&5 Fﬁ‘lgéjgc%es% %lofeh%%asc‘ F ﬁilﬁg:e%% %ghfﬁ@;&ﬂloﬂt\gg{ tPE Qectogg d1_ar2n,eter

Fection para ace
d2. ThHeatcand sfage aftlhe Imolvemtrheéarfow 286, Wm@‘\)&l mfoxrong th@third tool in the

first YAy e s aP e bove p@ciry g fire Syacia Siighce e ol the high

resistBRde T @6 W PaRGldBated phralld 8¢ tha tfirdt Okatin g Slrfads 5nd ﬁwlﬁ)g\the Cross-
288, Flgure 4A) and then throu h the acc
c

shapeghfgoss sectign Fw@rqsl%%‘*mbew stage %%ﬁ rB%V%ﬁ’ért%'ffg@al %‘h‘a% in the .

ﬁrst[yybgmlztzhf s symretry around axis 360 of third tool
3S, the center of cross-shaped cross-section 166

[00108@ S q UaanﬁgtH@ 4%%&%8&&%&&% rhé%'rrﬂ: 38 Both dle 489 bbre 284
equal to the dianeter [O 122]VVth t he sguare

paralteé_m the first gratingisurfaee b%},gl@mﬁg@e therhighsresisianeeotiuid dlgwinath 156
clon i SR AL 8 o I P R pboion

166 af\phthridsi Bath 156 extends t@ 6 Jocafiod 1564t at theaight side df Flgmecﬂam dlhe
.a_se

third é%g%{%grlrol fﬁgn %ﬁt}g %qroi %d{]q}\ég]? IS movmgﬁlg: %HQ I;od)tl mn the elongated

~ high eggistaicly flwid flopqyath ick 2obard) avd ingh Aighinkrtdvidi theataess lﬂb%e t Rigure
sane as .th I rst second, portion

1A shEvapopen Loy e Sie oY fobirobi i gorpeulgh yRtance fuid

flow & 1156 Back from f¢BHGH f%LQBQ&i‘G dan@ﬁg&n 366 ali@shkdnkt Svith[thd access
rectangul ar center_ cross-shaped cross- sectlon 166 when

bore 2hfoatdqipn 235, SHBRARIONHE SHRVS) 1SS TFASfiof Flagh SRR removes the
third |t(?d1 9i413 %lorrﬁﬂhte B&lesHREL S aﬂdhf'ﬂpof tHE ﬁl's?ﬁl%cﬁ 204 ¢ 8fine an open

di anet er [00123] Such tool 1s referred to as third
end296@lfth_2414063$?b<(r:|684shovm). Third tool 244-3Ris

[00109] Figure 4C shows that in moving between locations 285 and 156L in stage 286,
the tool 244-3 defines the cross-shaped cross-section 166 of path 156. The upward view of
Figure 4D also shows that access bore 284 is adjaéent to end face 124S1 of block 122-1. The
straight dashed 293 also indicate the path of the section 270 of diameter d2 of tool 244-3 in
stage 286 to configure the path 156.

[00110] Figure 4C shows that section 270 of tool 244-3 stays above the mating line
134-1 during stage 286, such that tool 244-3 ohly configures upper plenum 160 (Figure 1D)
between section 270 and the mating surface 134-1. In view of how the access bore 284 is
formed, it may be understood that once the tool 244-3 has been removed from the bore 284
and the other tooling operations have been completed, the operation 264 of fusing is effective

to align, or position, the second planar mating surface 134-2 across the open end of the access



used in the sane manner as descri bed above wth
respect to tool 244-3S, and configures the rectangul ar
center 158 of the cross-shaped cross-section 166.
[00124]In the various enbodi ments descri bed above, the
wankew/ogi2smet er D extends in a direction (theCY/US2008/013985
direction) parallel to the dating surfaces 134. Al so,
the operations 132 and 140 of configuring the
respective first and second bl ocks 122-1 & 122-2

bore @8th1d gJesedhaarcessborscA84f Iothisthannerm the blecks A 22l apdk&h2 fin heone-

piece &)glﬁgkl %H(? &ooﬁ]oi'hﬁé\!rvg?x}cfthnsﬂplﬂ L}%ﬂl}(é écgé Sofl 7ghy! uori de,

ene-cC uor oe he oper ations

045 BTN 4 TR 05 e

fusinigloperafior 2641rhéy beperfotinexd)afier dregfamﬂdstage 299ef Yhednoweotenioof tools

ar al to t ng surfaces 122-1 & 2) for.an,,.
204-L JAR3 ShomeBarbm® ot hsPation 6 % seican Sesesiot ppeug 200 may
exterdd)ahoffRer &ifalar tddl RORoOME séeBhd sel 246 thediigh e fivstenidRerfixeriegst and
178 of that one unit 114, the substantially unjform

into ufesegction with bigh uesisap flaiddloy path bistordelingataager diagirisreshort
bore 299. [ ! Bb% fflgd('b 8Y4s Aent cG@ﬁﬁﬁ%ﬁcb&%%gQEB@@M§leﬁﬁces for insertion

confi guring roximty head the configuring is
into the borer29A 46 elp$q the ﬁfst blogk { ébctvzsen thetfm% epdauiface 1248 and the

hlgh %swta%lcé deCHO\J éalfla TSé rlart]lﬁg ﬁ'xram{kl r 00N ﬁﬁ'l%ggsl ?rsl 89efha§‘been inserted

t cu uni eac patc that uni
into fhl:cbpret bnepatﬂ a6, tke phig 3M3elasad the phtht156 sn'dsmb:s barntited on:ngage a

o L B LR MR 22 GG R A R s o

156.referred to as fluid supply paths 178S in which fl UId
flows fromthe head 106 to the wafer 102. One
[oo1ezTbodi MARhe embédimenivhaiheBlocks AL endt I22-2047€ fdained intd 3ie

. of Figure 2 of cnfl rin rst ck 1221 th
picct s R GFITELP 0 ST A BRI A oS EpR MERE S5ged o efine
the skd¥n8ple@limReynded on one side by the first mating

surface 134-1 and bounded by the respective spaced

[OOIi?a]r st andnR®Odichedbssritel aBO%, RigdRB AdHdwd aﬂasaperatlon 242 of
endj ng transversely to:t he first mafin Nﬁa
third Ty B OSsAIRALRE e (DRI HF S ACT e GPHIAte PO LS
throUghdhe £if drRAGEFack2dh-AN ¢lé§é§h sHovs thatlsulobE40f thh@&eﬁnes a
operations 142 are performed in the first block 122-1

circudar consetseriion as thhgenteahsactipre  Hnforeentaridg il of tllqacrgmhqudfvéoss-
sectlf)ﬁ 164 ofifd ﬁlﬁﬁ re%%gn% Hﬁq R &th 156. In this embodiment, the path 156 may

be part of the supply unit 114-1 shown in Figure 1B as extending adjacent to rear face 124R.
Another embodiment of operation 242, also for unit 114-1, is shown in Figure 3C and

reference is made to movement arrows 311.

'100114] | Operation 242 also extends the tool 244-2 (here identified as a plenum tool and
being an embodiment of tool 154T) through the first mating surface 134-1 into intersection
with and beyond the center 310 of the cross-shaped cross-section 166 of the high resistance
fluid ﬂoW path 156 to a first depth DHR. The extending of the plenum tool 244-2 is at a first
location 312 between the faces 124S1 and 124S2. In this embodiment, operation 242 also



first location 400 between the respective front and
rear surfaces 124F & 124R Qperation 144 (Figure 2)

may be a first operation to configure the path 146 as

a main fluid supply flow path 146S extendi ng through
WO 00pP§58Y0 end surface 124S1 into the first BCFAR200HP13985
and extending toward the sé&ond end surface 124S32.
Operation 242 (Figure 2) may be a second operation to
configure the central section 158 (or _center 310) of

movesaheplamm el 2t4sbewndiremithpfirpteesd surkace é§34-f1|tg‘fvyd§bppgp9nd end
swifd O P84 IBOF o1 o IR e 14 A0Sl e

the hedudergth Hilberwesh sipeghacaddbst-eaé ¢24-dand $8owbengl 12412 (Openasion 242
I esi stan upply resistance bore
then l(ellTéOngS],tlpg ?o%%m%%%g?& ?28 26] Qper ati on 154 rmy be a
ird eratl n to.co ur.e. upp enum
00 ey ciPuBresd SobBiT R B T B L SO ity P e
reswtﬂﬂdefﬂul&ﬁ&w pathd 560 it hixf énghisdienepn opeérationl B2 ado t’emmdfs the plenum

ool S 0 b Wbeka el it dieanave iRish fouisinge T o0 s
embddithétd %eﬁah@n bay &bezﬁ?{hb Rflerdtitnk @%@%1 YofSextdndg thé'Slenum tool

second fluid supply flow path 156S has the
244- %alﬁislgO\gﬁ&@g@le@p@Stgolgé&ﬁ 39d rmmgjhgggengrné?@aM -2, the repeating

startifi % &ﬁlggc%%o% g §§ E}ﬁ@é&@@tﬁ (el tﬁ&q&aﬁgg 35 t0WaRd fhles&dond end

i'gured as the upper crossing section
| Surfavﬂ @GZ)DY 0862X50PET suspdisen@ B398Thapeatetl mayentent defines a second
pen LA o 45 B RO AL R aBL P et
betwe@sthesteapucévdaﬂnsmnﬁ&s&ndqalmpmettmnaﬁ ti6 fret 390af thehtagh resistance

. Suppl enym 160 t he.se uppl | enum 164
i 58 Rl 36 SRS PSSPt aRT R T e QU R U e many
bndg@'ﬁBZZb&ré‘sbl ﬂfe&@r%tﬂ-&z‘th& higbRéistdnc ©fluid 3o w( faitly Us6to hipparyyth®Block
nplary fourth operation to configure the paths

122- 115‘!33°S§t tS“tﬂHi‘FléHGt%Fdd’fle“HB’ﬁﬁé%?‘@r % uid supply flow
@'ﬂ referred to as 150CS) in the first block 1221
(001 i &dnnectp g 2ther sabodinpgntithe @ﬂbﬁq of FigWs, 7 5aayPerinnn opgraggfe242

in théﬁ)ﬂ@@g'lgfnlldﬁhé’r SithRRhY of MW datk thiddi toSls 244-0 aR@bdy-2 2RSP44-3 may
he configuring (Figure 4A, via dashed |ine PC) of

t he
be sete@mé@@qnﬁgﬁqeawe)gm|syrf¢c|ed\%> phthp sesipboesbyse(9rgpath) 156 as one of
oS B RS P Wk SR iy
accox[dmgm W]mm@rqse{smwn noteds pagyaded forthe pt@ssasham*d arg@-geption 166, for
ghgnce t re 4 .
exam ?e hﬁ Cfrc%arqip?l R 1eh S EF% Aﬁg%rﬁ)%d (Nr e?gslpr&ggs F%ﬂé{?ﬂ,%%s used to
conﬁgmrewlm dfeufal criosk- sfelcﬂms of cmmrl 1o (Rizhier3B)@Z ce¢roral beetibee 438 of path

06. gration 176 ond i£s, of. operations,i
156, g PR Eh s B BT AL Beo DL B34 s
been $&hdvRa filofh tREbloGk MBZ 1 2dnddha3 eféNke dpeeaioh Q82 §DConBRuMBEhe

the respective front and rear surfaceﬁmtl%m: and 124R

resistap §84; fieceuisterangy, be inferied dnttheicerier (hgre)identifing Py bracket 3 0).
mgmlee s‘gts# HsKE A how BiseraRMARE coftigufes tﬂ&‘éhé‘cﬁﬁﬁs@ %rcnt,g aengafééa in

th operatlons to configure the pat as
the Yndirqqtlm Ufigure 8Pushaws thewesisier 8¢ péﬂeedm&qpnoglta@ ailzra”m)e plurahty of

fluid a}xs {' CLD 1t7§1 E}%g 91]% g&gd fft'o al? &qelSlH rtl(ea? g%(l% é%g‘%t&dgﬁ%&él%gt% the

irs ock t ovvar d
first matirfgesnefade?18841..



[ 00128] Operation 144 al so includes a sixth operation
to configure path 156 as a second fluid return flow
path 156R in the first block through the first mating
surface 134-1, the defined second fluid return flow
waeINEBM® having a cross-shaped cross sect i ACTIEHG008/013985
conprising plenum 160 as arfSupper return plenum 160R
and plenum 164 as a |lower return plenum 164R and bore

168 as a return resi stance bore 168R open on one side
[0014F t he Qpssationrl8R iy furthereshowm Te0RIEHIE hayipggenfigured an

extell‘?&ggﬁ'bcteq 88 lof ﬁletrgs1§t$}el 84 ORI ribs @Eyéﬂerﬁi ﬁ?&’xm tﬂ@éﬁ”fac& g at space.d
ower I r

ret urnpenumlntersectln st mating
locatsansf &cEigdi84D] sur@’a@ce18©]s(§)ewmtormsp@@61g(t§|ag¢|$rea"2) th‘myhﬂbe

an ry.se perat i e
exerfoc] S e POl REEI sl T i s iRl ada rom
the ekfzfiRx ﬂeﬁlfstlbhﬁ.lrfa'k:é ﬁ88 b| eagigealﬁh;]mwior ngfdch @o0maf the f'dsistaﬂce bore (or

return ow path _146R to the second fluid_retygn flow .
path, Ly end sorely funito oSl TR eI5S3 0181 1 98 A 1 Steror
surf&e@M90 Stihé RGisRhcd bie teBINect or fluid return flow paths

bei ng performed by access (line PCin Figure 4A) to

foo1ige firgs ddbsed abeve, thelsbleitalbf bh€oRhanRisR49t1 thhrgh 2448 may
mating surface 134- i. [ 00130] The net hod noves to

be agsgeding togvhidrrosstsegpifngs ) berpsevidadipr g Fiosyshaped gresosgtion 16,

Further to the selection of the tool 244-3 according to which cross-section is to be provided
for the cro'ss-shaped cross-section 166, in one embodiment operation 242 may use the tool -
244-3 shown in Figure 4C configured with an axis 360 of rotation and with symmetry around
the axis 360. The symmetry defines a tool cross-section that corresponds to the desired cross-

shaped cross-section 166.

[00119] Referring to the above-described tool 244-3 with cylindrical portion 268 of
first diameter d1, and second cylindrical portion 270 having a second diameter d2 greater than
the first diameter d1, and third cylindrical portion 272 having a third diameter d3 the same as
the first diameter d1, the second portion 270 was between the first portion 268 and the second
portion 272. This symmetry around axis 360 results in a cross-shaped cross-section 166
having a square center when the symmetry around the axis 360 is configured with an axial

length SL equal to the diameter d2, and such tool 244-3 is referred to as third tool 244-3S.

[00120] In this embodiment with the square center of the cross-shaped cross-section
166, in the operation 242 there is 2 move (arrow 282, Figure 4A, shown with tool 244-3) of
the third tool 244-3S parallel to the axis 360 through the first mating surface 134-1 into the
first block 122-1 to a depth DHR-3S at location 285. At this depth, the first (upper) p.lenum
section 160 and the center 158 of the resistance bore cross-section 166 are fully received in
the first block 122-1. At this depth, the tool section 272 is positioned to configure portion
162 of the second (lower) plenum 164 in the first block. The lower (second) portion 174 of
“plenum 164 is not configured in the first block 122-1. The moving third tool 244-3S (arrow



bl ock 122-2 with second mating surface 134-2 and with

a solid interior bounded on one side by the second

mati ng surface 134-2 and on an opposite side by the

fluid transfer surface 124B and bounded by spaced

W@eWHeBSE0ock front and rear surfaces 124F aR@TAS2008/013985

respectively. Qperation 1737may performthe third

series 170 of operations in the second bl ock 122-2

according to the high tol erances, e third serie 70
282, F ’Egui?é’t"\‘)GPh%@"@tth%a‘tcﬁ$srhﬂ’rq Ban F*afrﬁra@épfmza tr &0 ity Embodiment

I 324
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surfa6@ 2L DUREY ldiectlfd). S Thelh8verst the (lrd kYl 244381 fukthiérdo samltue
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and tﬂér&mmgﬂ B Ic@REbBDEA §rﬁf3$dt BPthe st bR Itfrhdyi ¥ Unt@9RbE that
surface 124B to define the fluid supply paths 128S

with fhisyBmetryfaneundaxiss6d eﬂtmrémolaﬂ4-t3§ethe paritertof rpss-ghepederpss-
f
secidiF10T el o B2 st Bly M EE M SRallep S Sl TR b

d2. The fourth series is perfornmed at a fourth | ocation
- 406 between the respective front and rear surfaces .
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operation 172 a tenth o tion I gur,
havingGh PN R S e EAIGRS Pt QPeRT Lh ot SEAOL Rirsgpporton
272 KW Rig2aRiaddiafBlet 80 the Wirhaethd Bt alahﬁtee dt hehsgeonthdieckro is
122-2. Operation 172 al so includes an el eventh

betwegndthefifsbpertion 2e%andghe secorst rostion 272, Symmsitny asgundaxis360 results
ina rfeét'a'dg%lé'r @Edﬂgrrbr&@ rsﬁ ed ERIRs-b& bR ?6§@ﬁémﬂe B RGKr Zrdurd MBdxis

Intersecting t ortion 174R o | ower return

360 ip withgmatigllrngth §L| eithery greaterithay, Plh]éssfth?m, therdiamesered?2.
surface 124B to define the fluid return paths 128R

[001280D ZOOMMBQP@#M%IUMQQWABB (nobst®pYhEhird tool 244-3R is

caiion f t

used 2 % ggrré% n r?h%p?é (?esg S ur gg&eesﬁ‘i}g%ga Plo d&%?ﬁﬂgs Qﬁl Johﬁgﬁres the

rectah gﬂzpe:entewkﬂ&qf tlteocrossrsﬁqredtchss-fseqtmn ladd second bl ocks
unitary. The unitary blocks 122-1 and 122-2 are

[001241nf i gun et varibis driitediments descrihel wbpleeths wafis 4finmgveD extends in

h t uraljty i d supply bore

a dincthgu i Ee oy gaalSud g Suliost |4 GR B doerohs 132 and

140 steeffgrink lthedreﬁjéeqwemrﬁd aﬁthé&bhh blbosSt 22Th&8132%dhﬂ31¥re each block
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from ghe-530¥n MR @Eerh (P U @rONR FSISHNS Ok Roly T ing dirflypride,and

ethyl@fe-dH18tofiflugEdd h?lelae r $Re dperdnions U4 (IRNELOSRT RRBPEI) also define the
cross-section 166 of the second fluid return flow path
156R.



[00133]After the first and third series of operatlons
operations 182 are used for configuring resistor 184

as a supply resistor 184S for reception in the supply
resi stance bore 168S, the supply resistor 184S being
WVORP10Y8R2EH accordi ng to the high tol er ances.PCTé$2008/013985
supply resistor configurati¥n defines path 156 as a
fluid supply flow path 156S of high fluid flow

resi stance between the main fluid, sup Q’Ve'/‘ fl.ow path

high fasgstangs fuidrflo path 456 exigndingsipneated fpthe Y\giragtion@aelie! toghe
matl ¥ur @s HQ' i &12§4br Al et Qhearsﬁe?q;ﬁlttaﬂﬁedlérﬁet&elb ?F ih\é‘%vatfé} 102 so
uppl I"'ow resi stance each of the main id
that svuppl ope ﬁhl@\lvl‘banth WIth@ShoamiesoWStdf ¢hap bugr it ki, te Sﬁbsmn@ally
umf(?’rﬁpﬁovy L ro%ilg §§1 (E“f a?rois tPCtW&ancﬂgrﬁét?Ir D]cI uid suppl y

oW pa one uni so that fluid

OB S PSRBT R

configatiag Wsafbitearisfeating Buid vdiativand thalhkad idmhd mlumlityedfdluid/eeartsfer flow

t flow rate va of fluid flaow ng .. I of th
p A e e S R0 D e A B e e
that [sQABsthkiilyrihifirnitelaBid Bflow@tes BL@E SthafshtKsOLMBtoT (1€ thi€ SThe
of operations, operatigns 182 are used for_ configuring

fluid teagpist Hew paths 428 may be (rfsired de assHiuid supplyrpathsy 1788 d Maﬁlmd

flow’s FrofltRe B@a‘d%@ tJ e WakRN02, ORE EmPRRRent bPfhe rn‘?étl‘x’cfcﬂnay include the
resistor 184 eln? configured according to the "high

opergtisinek33rof & gurérfh ef qoafigyningrtbe first lpcke BA2F 1 with shei first rRsingrsurface

I
5B RAB Ao Loof ol 8 B0 XL a0 361 an
bourfded by ﬁatrbspmﬁrla spaveld fine afid seicohdrept] sunfach® i 245 112718 24 SZhextending

ansPeSihy b6 e B aing Skt 1o ! nd Pabiabd B - b9¥hieive Sises frapt and

rear BrfacEel 24F uhal 243/ Affirdtlseriiad of ﬂield)bérab@’rsagl hﬂe&ﬁrﬁhﬂed)iﬁx thchﬁrst

ctor flui etu ano o.that fl
slock REAGT eporsime e oo PleBengrt Pt yB sFovd e B 6T GF RerpiEg a2
first io%&%d/udolbea&ea&he&eéﬂe@werf%neaﬁtﬁlemm‘a@ts 124F & 124R. Operation 144
substantially uniformrelative to the flow rate val ues

(Figwre 2) may Be p Oisthpgyation tg|cpniigur the pesh 46 a5 3 maip fhud sypply flow path
146PEER t%u i2ihk RS eh@surfiEe 3545 iMBitfle tirlt“blockvg2 1 and extendmg
2009/ 0 5250 CT/ US2008/ 013985 42 [ 00135]It is be
towapghthe seqond and siaface lASE: (apsrasion 24X Eigure?) mneb%mgndlwraﬂon to
ek
confgﬁ}’e tHg ﬁ 2 grgf %gﬁ’rh ‘c’ro{ g&nf%?@ﬂp 85&]? gﬁ F§n$ &S%Iﬂtf'gﬂgh res1stance)
fluidesopyai iflodmtath kﬁéSsmths f‘uﬁt hlch:k lﬁéadksronglﬁthcrﬁyst brd sufate gmsed The
centr\r’ayle%ectrl%n Lgoén()f I%CQCEI'ICH ar- %dl CIO% s(e:gtpofnl O 88@8@%8% hllén%éstance bore
168 abasmppllyedsmhmvbom(;efér&due esall&SS).conf i gure such many
units 114-1 and 114-2 in one head 106. In view of the

[OOIQﬁOVG ﬁtewmqm 1i59 m@][hé aﬁhnﬁwgmanolntto coaighe up]?dql&tmonbo as an
t hat .t he exanp|es o t ho el at configuring the
PP PRSI S5 eI Thg g0, e Aoy e PR SO B0 SRIRERE porion
162 mba&ﬂ plénubhP144n8 aﬂbﬂ&l dibdsih B&ﬁlldn L0l Isa:oﬁa BGRSSMpMY ﬂ@fw ath

e surface 104 of the wafrer 102@{%/98': € Nenj scus

1563(]ﬁéhen@ish‘8@|°ke¥?8rrb!hé°%8 e st raaing)g dRflisey %éfbﬁcﬁe%@ fluid
suppz))nﬂm atR'lg h%QhJ a@% Jh';abgdq:r&@éeé?ﬁn 'l@é r@l%%; %ph@&ﬁsst f€tion

I oxi or del Ivery to t he waf er surface
166 molpdes plenum 160 as the first supply plenum configured as the upper crossing section



[ 00136] Anot her net hod exanpl e configured the head 106
so that fluid nmay be introduced into the proximty
head 106 fromthe surface 104 of the wafer. In all
exanples, proximty head rigidity is maintained even
V@ 200p/e85P¥ad 106 i s | engthened to enabl e cl e®6ILAF20§8/013985
wafers 102 with large diandPers D. Such rigidity
results fromthe configuration of the head 106 using
~the materials that have the nultilole characteristics
and fyfther apghedes kiwer plenwintlig4 eha sscpud srpplyadenum sonfiguisd as thedever
. e - . .
crossfy el 100 S0 PAESERME N I R BB e bilwBp PHE T Shorky
plemon é6Qareicke ssoamhsupglytpienunafoed; theilawartsepy plErenp bdingersecting the

-~ . nhethods. copfigure the proxi mty head to mai.ntgin the .

first FRGRE Sr Bl 145 Pt 236 e e 2 an Sty i fhegasion to

config@Rdhe Ydths 1B50Tak & plurslRty bhédrdedtielui@inpply dwd pdthoefeartdlto as
efining the separate flows of fluid relative to the

h
150G frsthe &gt plosk 1224 coppectingibe magyfluie syrrgiilay pathd 403 tq the
secomtPAdd SR Bow BRhIELALPhE lfSBtg)g@lgicBB drihg (FigLRI4 D Vid dashed line

and fromthe return ports, e substantially uniform

PC) ofitheearnedior fluid supphinova paths L5008 eingesfaoss Meargess ta e st
block hﬁ-hmﬁé%@ﬁem@% K eeﬁrsltrﬂatﬁfg%\éléfg% ltf%gl and the

conditio romand 1nto t

sul ti t ' . i '
0157508 RS NS ST 4 LR EE  gBRER,
showhiregpttiati@érs 138 mapiwdidedhid wiurt pethn@efaoed wfasd@8R) iguwhictyfluid

t he head 10 rqvi,de head nfiguratian ..
o5 5 SHBP s U8 T L A A e o psions i
the btc:cnk ﬁcmegtofmgldtoteeqmésr. emerse?nd gekia3 Uﬁﬁ&fdﬁ;}'led atloapmmdi lo¢usion

(0] e confl.gurati opn acco | 0 oler ce..

402 Yeyoeq FherieaRectTR o SR ceigabudifisy S SRl the X
directiB®) fré¥h thefflrstilgbalibOWomatHR sddfd 3kstinGudes Bp&@aticH 144! ad ifigkh

flow paths 150. Al so, the nethods of selective
operatigns tofenfigyge fhedutul4egs panaip Guidreinay gy path {rsfermed sl 46R)

exterfdRY th@UEh B8 fr€n@ QG dck 994 18RITHERGELIBN £22158P8Gending toward
resistor 184 to WD 2009/ 085250PCT/ US2008/ 013985 43

the sgnond entbsurface 4§ r esi stance fluid fl ow path 156
between the low tolerance main fluid flow path 146 and
[00128InnectQperstigni44 350 incltdes reixthopsrafion topenfigyraphtd 1i5hes a

, g ! Vi . | f
4-
ccof A RPN P G Bt
the defiregitsbeont fluideretuem 0@ b6thi 136Rheving :at:ro:tﬂ.-éhapvécro‘smm tGoe
comqqurlérpZ%xgggl 6%%% rax? tub;g)err] ?etgr%eplean%r%ol%(ai{na%d t p(?er}u%el é4oavs\s/ a lower return
plenum 164R and bore 168 as a return resistance bore 168R open on one side to the upper

return plenum 160R and open on an opposite side to the lower return plenum 164R, the lower

return plenum intersecting the first mating surface 134-1.

[00129] Operation 236 (Figure 7) may be an exemplary seventh operation to configure
paths 150 as a plurality of connector fluid return flow paths 150R in the first block connecting
the main fluid return flow path 146R to the second fluid return flow path 156R, the ..



[00138] For nore information on the operation of the
proximty head 106, e.g., for the formation of the

meni scus 104 and the application of the meniscus to

the surface 104 of the substrate 102, reference may be
- Wagem§s2sq 1) U. S. Patent No. 6,616, 772, i ssUREd/pa008/013985
Sept enber 9, 2003 and enti t4ed "METHODS FOR WAFER
PROXIM TY CLEANI NG AND DRYING "; (2) U S. Patent
Application No. 10/330,843, filed on Decenber 24, 2002

confightingefithe tangectveilyideimn fgamathy being rerfpmeyd byprsgsaine PC in

ol AR L B R e S
oo iy AT U ot
block #2412 myth Sdgpnﬂ o@fing st faen l B4-R e.r.jd withiaBo Izl BRRRr BRINENDSONSSide
oy A AR EPT AR o S03) b 20

and bduilidd HyABYcedReUntIblotk oA drEdR sifived E2AdndR 24R Fabcbiively.
AND DRYI NG, " each is assi qned to Lam Research

Operetion, bi2amavoperformahesthird seriss 146 of eperationsia ipe sesond blggk 1432

acco?d?% B3 hilF tolRERER OTIRE BHd B&1e8 1170 R¥peFBIMRIUIANE third location 404
[ 00139] For additional information regardin

t he
(Figgran€) baswedn thy respestive front and eeer surbreNenF ond ég“%ﬁﬁthe second
n . 2
wocf R A il 5 AR B G TRUALK g bhcome
aligr@@)0dpoa muitieg thetfirstchnd KeePROMaEGRsUREEMBYI MG MIITER- AlrespRatively.

e LT TR AR AP O R o

I cartl Oon
174 6f theplemuin J6mss dlowe2ipply plermmimele4S tthredgh' tvE-3¢doht Adaling surface

s BRI SR R Wk ST RN AN,

confikbfelthdboked1 78 dslagurdlity b AGid kappl ¥ Baksferddeks @7M8S i tB€ second block
“"METHOD AND APPARATUS FOR TRANSPORTI

122-2anqjntecgeringhg (N PQtipn M(Ab’)f?-th%]&\yﬁr $HPP lé_\wg}ugagaﬁyi:htersecting

the 1bWSSTURPEAHRE si¥fcB8 11948 Yo A HRTRAd sup¥ paths 128S.
2009/ 085250PCT/ US2008/ 013985 44

[00131] A further embodiment of the operations 172 may be referred to as a fourth
series of operations in the second block 122-2 according to the low tolerances. The fourth
series is performed at a fourth location 406 between the respective' front and rear surfaces
124F and 124R of the seéond block. The fourth location 406 and the second location 402 are
alignable upon mating the respective first and second mating surféces 134-1 and 134-2. The
fourth series includes an operation 172 as a tenth operation to configure the portion 174R of
the lower return plenum 164R through the second mating surface 134-2 into the second block
122-2. Operation 172 also includes an eleventh operation to configure bores 178 as a

- plurality of fluid return bores 178R in the second block 122-2 and intersecting the portion
174R of the lower return plenum 164R and intersecting the fluid transfer surface 124B to
define the fluid return paths 128R. |



proxi mty head. These operations can enploy various
.conmput er-i npl enent ed operations invol ving data stored
in conputer systens. These operations are those
requi ri ng physical manipulation of physica
VWR20908528s . Usual |y, though not necessari |y PCTAIS3088/013985
quantities take the formofflel ectrical or magnetic
S|gnals capabl e of being stored, transferred,

i ned, conpared, and ot her wi se mani_p

at ed. .
[001?ﬁlr ¢ herlhe ORGTatier| &0uip then serlorpier £ THipe QWEJ“%&PPS second mating
surfaE&f@& neddi94. nreE;?ercH’éely,w A dAShOTIREM d36ond HISIKS uhitirPIThe

deternmining, or conparing. [00141]Wile this invention
umtanalsio@@éam asd rlzza@@rq qonfigurag with thedopwengupphyindeniurei4S, opeR to

and b\%w veen ggtthﬁegﬁlgl‘r;a'le g’ %%u‘i&@%g%?cgalt%lh% hﬁcgﬁlg cgbts%I gl%p@cﬁ Eroﬁso&r&tlon
166 afrt}aa/\secxgﬁl fliid suppbaflow path 4563 UBhead umtaa;t blockss, arcatlhds alls@cmﬁgured
ernut at i and U|valent her er.ef

with ROt PRl L R M hrtrn R of R BT or tafy e

boresal 78RIaal lthbftﬁossaﬁﬁpeﬁlc&fss-sed&eﬁ 66 of the xondifldideetuinvitdve pats 156R.
as fall within the true spirit and scope of the

[00133)Vent i Affer tHemrEMd_@ﬁlai sfasﬁes &1l PERIibSs, apetativns sszm usédifopr
operations _do not inp ¥§£art|cular order

conﬁsw@rgarﬁﬂsﬁr l%ﬂS@ssgmax &fer&rtl &ré?%atlwntﬂ?f‘esuep'gnrﬁ%stance bore
1688V%1@tsuﬁp$y &El@ﬂom?%s §e1 CF MRrgReP AABRERIIBEHE KBRS QQ&QM 9@5(: supply

Cainms 1. A net of configuring a proximty head
resmtpocqnﬁgn@fleq d¢fings gatb AP @aghileid p‘u[ml}aﬂpw)path 1568 of high fluid flow

resistance between the main fluid supply flow path 146S and the fluid supply bores 178S.
With respect to any one unit 114, the high resistance is relative to fluid supply flow resistance
of each of the main fluid supply flow path 146S and of the plurality of fluid supply bores
1788 and of the connector fluid supply flow paths 1508, all of that one unit, so that fluid
flowing in each of the plurality of those fluid supply bores 178S (and out of the head 106)
will be at a. flow rate value that is substantially uniform relative to the flow rate values of

fluid flowing in all of the other fluid supply bores 178S of the one unit.

[00134] | ~ Similarly, after the second and fourth series of operations, operations 182 are
used for configuring resistor 184 as a return resistor 184R for reception in the return
resistance bore 168R, the return resistor 184R being configured according to the high
tolerances. The return resistor configuration defines path 156 as a fluid return flow path
156R of high fluid flow resistance between the main fluid return flow path 146R and the fluid
return bores 178R. The high resistance is relative to fluid return flow resistance of the main
fluid return flow path 146R and of the plurality of fluid return bores 178R and of the
connector fluid returﬁ flow paths 150R, so that fluid flowing in each of the plurality of fluid
return bores 178R will be at a flow rate value that is substantially uniform relative to the flow
rate values of fluid flowing in all of the other fluid return bores 178R, all as to the same unit

114.



of fluid transfer flow paths in the head and onto a
surface of a sem conductor wafer, the nethod
conprising: (a) providing a first block with a first
mating surface; (b) providing a second block with a
WaeMd8REk i ng surface; (c) performi ng PETUSRAYB/013985
series of operations in thd2first block, the first
serles of operations including: (i) forrringarrain
fluid fl ow path; form ng luralj
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confl ggr?ﬁ’wﬁlﬁt%lg ?Hire'suzmt (l)gﬁ[n[l( @&I%e FEQQE ft;l'hr B Pﬁl?gﬁlgdé{léﬂihgurfl{smﬂ(lso
embcfdxmemtspaﬁ shnhwﬁtmgleadsclr%smysbhapnﬁgmdoosh meny iohe units 114-2

conﬁgl.lreg uidr#'lmg raugl cpaéllltlggmg ug‘lt eﬁle%e%%ee 8@121}@%2&8%9%5 Q@ove may

mng a secon
be usef) € @intigins sich rhiey s (lmd-l ahd ¢14-2 iheedead hib. fevieesf dfe above

oper ati.ons includin %3%& n of . the
descrpﬁm&ﬁ? Fienesghmak e 3@%%_ i t‘?r]gexgwp}ege@ Hogs tefple 1o
configBfRHe Bl‘o&_ﬁﬂlty #dad 106 to condition fluid flow that is relative to the proximity
head 106 in processing of the surface 104 of the wafer 102 by the meniscus 108. One method
example configured the proximity head 106 in one piece so that fluid may be introduced into

the proximity head 106 for delivery to the wafer surface 104.

[00136] Another method example configured the head 106 so that fluid may be
introduced into the proximity head 106 from the surface 104 of the wafer. In all examples,
proximity head rigidity is maintained even as the head 106 is lengthened to enable cleaning of
waferé 102 with large diameters D. Such rigidity results from the configuration of the head
106 using the materials that have the multiplo characteristics of compatibility with the fluids,
ability to be fused into the one-piece configuration shown in Figures 1C & 1D, for example,
and the structural strength in the one-piece spanning the wafer diameters. Exemplary
methods configure the proximity head to maintain the head rigidity by configuring the head
as the one-piece head, while first defining the main fluid flows and defining the separate
flows of fluid relative to the wafer surface, so that the ﬂow. conﬁgurations in the head enable
the separate flows into the inlet ports, and from the return ports, to be substantially uniform in
each unit 114 and across the increased length LH of the head 106. In one example, to provide
the conditioned flows froro and into the head 106, and the resulting substantially uniform
flow rates in each unit 114 and across the increased length LH of the head 106, an
embodiment of the method of configuring the head 106 provides many head configuration
operations that are performed according to low tolerances, and requires reduced numbers of

operations of head configuration according to a high tolerance.

[00137] Thus, low tolerances are used for configuring the main fluid flow path 146 and
the connector fluid flow paths 150. Also, the methods of selective configuring according to

high tolerances facilitate configuring the one flow resistance bore 168 and resistor 184 to



(ii) configuring a plurality of fluid transfer bores
in the second block and intersecting the portion of

t he pl enum (e) fusing the first and second
mating surfaces to render the first and second bl ocks
WORG0PEF2M t h t he pl enum open to and bet ween P6atU$2¢08/B13985
plurality of fluid transfed3bores and the cross-shaped
cross-section of the high resistance fluid fl ow path,

the fusing defini_ng the proximty head used to. _ .
provide thedighrresistanceSluidtiow gath 56 hetweest the fiow tlerarasrprir flgid flow

path P%:ar%nh 'rc]:agne-m)? g&ﬁg e e hideRdddrdrthel BidbEhe ESHTTYuIAROR S provide |

a reSistor for reception In the resistance
for thie pespectivi dlowe oF e dluidorbieisglstantialiypuriforinragenss the l¢ngtht ¢fdhe head

.resi st.ance bore for nmaking the high_ resi flhud
016 i S5 AHETF oyBE 1wkl TRk Bt P eflof als SRUGHAR TSkl
tolerdnkés. d transfer bores. WD 2009/ 085250PCT/ US2008/ 013985
46 _ 3. The method of claim2, wherein the high
[001383si St A€ mokeeinfogmakdradr the opevatidniof thef proximitydiead HI6; e.ggffor the

o T 1L R Sl B L Lo
substrate 102, reference may be made to: (1) U.S. Patent No. 6,616,772, issued on September
9, 2003 and entitled "METHODS FOR WAFER PROXIMITY CLEANING AND DRYING,"; (2) U.S.
Patent Application No. 10/330,843, filed on December 24, 2002 and entitled "MENISCUS,
VACUUM, IPA VAPOR, DRYING MANIFOLD," (3) U.S; Patent No. 6,998,327, issued on January
24, 2005 and entitled "METHODS AND SYSTEMS FOR PROCESSING A SUBSTRATE
USING A DYNAMIC LIQUID MENISCUS," (4) U.S. Patent No. 6,998,326, issued on
January 24, 2005 and entitled "PHOBIC BARRIER MENISCUS SEPARATION AND
CONTAINMENT, ” and (5) U.S. Patent No. 6,488,040, issued on December 3, 2002 and
entitled "CAPILLARY PROXIMITY HEADS FOR SINGLE WAFER CLEANING AND DRYING," each is
assigned to Lam Research Corporation, the assignee of the present application, and each is

incorporated herein by reference:

[00139] For additional information regarding the functionality and constituents of
Newtonian and non-Newtonian fluids, reference can be made to: (1) U.S. Application No.
11/174,080, filed on June 30, 2005 and entitled “METHOD FOR REMOVING MATERIAL
FROM SEMICONDUCTOR WAFER AND APPARATUS FOR PERFORMING THE
SAME”; (2) U.S. Patent Application No. 11/153,957, filed on June 15, 2005, and entitled
“METHOD AND APPARATUS FOR CLEANING A SUBSTRATE USING NON-
NEWTONIAN FLUIDS”; and (3) U.S. Patent Application No. 11/154,129, filed on June 15,
2005, and entitled “METHOD AND APPARATUS FOR TRANSPORTING A SUBSTRATE
USING NON-NEWTONIAN FLUID," each of which is incorporated herein by reference.

[00140] The fabrication, forming and configuration operations can be directed by a

computer program. The computer program in turn runs equipment that makes aspects of the



4. The method of claim3, wherein fluid flowng in
each of the plurality of fluid transfer bores will be
at a flowrate value that is substantially uniform
relative to the flowrate values of fluid flowng in
WP2009/08%26 ot her fluid transfer bores. PCTH]S20pB/813985
nmet hod of claim 1, wherein4t¢he high resistance fluid
flow path in the first block includes defining the
resi stance bore at an intersection of the cross-shaped
proxigtifydiad; cEneso pRerations ersr sranlexvasions emRpuiEdmplsmegtediopgrations

mvol'ilﬁ‘ng dg{agfb‘f'ced HQ:Bﬁp@ér §refrsst ?Béﬁ% r()p&ilh%xﬁ% eht?ng& rE@ﬁhgé phlsteal

mamf)ulatudlmf pbqu:nl Qeantiges. Usually,clnmrgh gutrnengssallz,rtbess quatities tike the
e rnesistor. to ef elon at.ed xteni
form B elelfe) ©F s Fpdls ceipPs Ml eng B B Rbinsd e
compafedTardl GRUTvRe nadipuldiel. %&h&t the Qﬁmhﬂraﬁons performed/are bften
thod of claim?2, wherein_ the resistor is configured

referged ty e, 15 apPIgHuGiRg idantifying, ARERTNIPE QY SPRPHING  a

tortuous flow path extendi ng around a resistor surface
[00141r] dl I ahileBi 1ﬁkfenf151€hé§ b desexitiddtim terds afdesSeralngintiddémenits, it

he met hod of claim?2, wherein t
wil Qe aggisciated thas Hl%? Slied st epvB EeBEnERs greafé*frrgrf@acggam“ and
studyihg e URAvings will realide vakitRs BRS-ARAs Aldditioad, Bél%mtm% ﬁr'uﬁecfuﬂ@lents

resi stor has a non-circul ar shape .
theregbt Fhgerfere, itisantanded thin diegiresertriavention inclides aébwsh altgIptiRmRs

addntﬁfn@ ﬁﬁﬁﬁt&%sfafnﬁ @ivﬂ@ﬁt@ hd Al “ﬁﬁlllr?ﬁif: adle éﬁnﬂ s%;féudf the
st ngo’fo nore of apoywny
mvermonf [nuthe cldans r:leelehty Iamb{elL st¢ps @ndfor offerationoéa mﬁllmnle' any particular

order of operation, unless explicitly stated in the claims.

What is claimed is:
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nmet hod of claim 1, wherein the operation of fusing
conprises nelting the material adjacent to each of the
mat i ng .surfaces, and pressing the respective nelted
WR2009/88520r f aces of the bl ocks toward each otPE&USRY8/013985
urge the respective nelted4dmterial to flow together
and formthe bl ocks into one piece. 12. The met hod
of claim1l, wherein the operation of fusing conprises:
provi ding a source of thésﬂﬂ!'_s energy, the source

having a thermal transfer side corresponding to each
oﬂ the & resqbe«t of sanfigutingwproxinfitrdead to transfer fluidiihiongh @ plurality

of ﬂu OC K eﬁ WPH’ gaﬁ% in th%fhegcrI andro?l?cpa ﬁl‘faifeeof'ﬂehﬁcg);nﬁh'&&a&ﬁ@r, the

ernal “energy tran
methdstbddﬂmpirgu@ach of the respective mating surface and

RS Bk R o SR oL o e movi e
pr(%rﬂl'lﬂhﬁ_g a second block with a second mating surface;
(c) performing a first series of operations in the first block, the first series of
operations including: - |
(i) forming a main fluid flow path;
(ii) forming a plurality of connector fluid flow paths connected to the main
fluid flow path;
(iii) .forming a high resistance fluid flow path in the first block, the high
resistance fluid flow path having a cross-shaped cross-section including a
plenum and a resistance bore open to the plenum;
(d) performing a second series of operations in the second block, the second series of
operations including: |
(i) forming a portion of the plenum through the second mating surface into the
second block; and
(ii) configuring a plurality of fluid transfer bores in the second block and
intersecting the portion of the plenum;
(e) fusing the first and second mating surfaces to 'render.the first and second blocks
unitary with the plenum open to and between both the plurality of fluid transfer bores and the
crqss-shaped cross-section of the high resistance fluid flow path, the fusing defining the

proximity head used to transfer fluids to the surface of the semiconductor wafer.

2. The method of claim 1, further comprising:
forming a resistor for reception in the resistance bore, the resistor configured to be
inserted in the resistance bore for making the high resistance fluid flow path between the

main fluid flow path and the fluid transfer bores.



mai ntai ning the cl ose non-contacting proximty of each
~respective mating surface and respective thernal o
transfer side while transferring thermal energy to
each respective mating surface to nelt each respective
waepugssur f ace; rapidly renovi ng the sour ce HGTAiH2008/013985
bet ween the respective mati4fg surfaces; pressi ng
t he bl ocks toward each other to urge the nelted nating
surfaces into contact with each other with a fusin

. fodce; Hifgnethod of clgimR.whereinfhe high resiptange being slptiva flgid flow
rsisBil EREmp NETRLE pah LOBF PEppLAT BEARD TS tonlh, and e
connggtoefliidSlow. paths. 13. A nethod of naking a proximty
head to transfer fluid onto a surface of a _
sem conduct or wafer, the nmethod conpri sing: (a)
provi di Tige method Sftclding; kvhedeinflid flowig inedchrd tisplirality;of fluid

transé'%?bpgeg&?/iil %L, ra}tga t??vg)?a%?o gqqpﬁbﬁll?gtcig s%{ahtizﬁlyf}ﬁgt%gﬁ B%E)Vlﬁtq% tqer{]ow rate
valubdW¥ fluid Séwip ACH1 GMHe athbr ld tressfabarge fluid flow path
in the first block, the high resistance fluid flow

path having a cross-shaped cross-section including a

pl enum 0, ansESH FHiANC SYhBRIFhORGA rdstdnBE ARSI Path in the first
block includes defining the resistance bore at an intersection of the cross-shaped cross-
section, and defining a cross-section of the resistance bore as an exterior of the high

resistance fluid flow path.

6.  The method of claim 2, further comprising:
configuring a cross-section of the resistor to define an elongated exterior resistor

surface that extends along and closely-spaced from a surface of the resistance bore.

7. The method of claim 2, wherein the resistor is configured to define the high
. resistance fluid flow path as a tortuous flow path extending around a resistor surface in

directions of the X axis and the Z axis and the X axis.

8. The method of claim 2, wherein the cross-section of the resistance bore is

defined as circular.
9. The method of claim 8, wherein the resistor has a non-circular shape.
10. The method of claim 1, wherein the first and second blocks are defined from a

material selected from a group consisting of one or more of a poly vinylidine di-fluoride or

ethylene-chlorotrifluoroethylene.



- VWO 2009/ 085250PCT/ US2008/ 013985 48 (d) form ng

a portion of the plenumthrough the second nating
surface into the second block and formng a plurality
of fluid transfer bores in the second bl ock and
WO2M89/88520i ng t he portion of the pl enum and PCT/US2008/p13985
fusing the first and second’mating surfaces to render
the first and second bl ocks unitary with the plenum
open to_and between both the plurallg¥ of fluid

t ridnst dhemsthod od glgim hewhqreja shegpgrrbign B§§lg§@@ﬂ1§ﬁ§ mgting the
mateﬁzh%dﬁbéﬂ? td ﬁd@h of AR Giurihl Hﬁrﬂlcéé 24 fedsthg tB@?eséééﬁ'v@gxelted mtatmg

defi1'ni ng roximty head used to transfer fluid
surfagdsef ﬂwrbﬂvaxke tqwfard ¢ash Qdm toongltbe oespeqiiive melted materipkto flow

togethe an&)?or%ftpgtl%kﬁ ifito: onk ﬁ[&ger conprising: formng a
resi stor or recept|0

I'n the resistance bore.
15. The nethod of claim 14, wherein the resistor is

configured to b 'ns t he r.esi stance bor.e for
el ng T anetogiot el 1 i e phira PR 6 BARR pBRlESH ! he
ﬁﬁdr&vnﬁﬂng la@loufrb@&\f tﬂé}hﬁl ey, i sblirdé Bavitigpathestial lansfer. side

16. The nethod of claim 14, m?ereln t he high
coneﬁwﬁ@smﬁé 98 fhs Jespestiyeimating sufacesid | ow r esi st ance of

t hfourBhp tHelbidclls Wit \WadtPd iR shebfivel MRing! suFfades btwkn fHehdmal

transfer bores, and the connector fluid fl ow paths.
energy arangfaesigesi hod of claim 13, wherein the first and

?%?d?gg QJCR Bkﬁ‘ne ?és e&ﬁl]; 'rrﬁ‘ﬁq EJrﬁl% and' R nvp%'i:h@é theftn Fhfder side
rom re of a poly

group COﬂ I sting one or
parallel while chomiag dne-sm'famandslcbnnto close non-contacting proximity;
et h:w g&?ngctm ao et r{olnf c!olrjl%cpr?gt &Xxx% of each respective mating surface and

respective thermal transfer side while transferring thermal energy to each réspective mating
surface to melt each respgctive mating surface;

rapidly removing the source from between the respective mating surfaces;

pressing the blocks toward each other to urge the melted mating surfaces into contact
with each other with a fusing force; and

allowing the melted and urged mating surfaces to remain in contact in response to the

constant fusing force until the urged mating surfaces have fused.

13. A method of making a proximity head to transfer fluid onto a surface of a
semiconductor wafer, the method comprising:

(a) providing a first block with a first mating surface;

(b) providing a second block with a second mating surface;

(¢) forming a main fluid flow path in the first block and a high resistance fluid flow
path in the first block, the high resistance fluid flow path having a cross-shaped cross-section

including a plenum and a resistance bore open to the plenum;



18. The nmethod of claim 13, wherein the operation of
fusing conprises nelting the material adjacent to each
of the mating surfaces, and pressing the respective
nelted mating surfaces of the blocks toward each ot her
VO 200948526(he respective nelted material to f[REA/US2008/013985
together and formthe block8 into one piece. WD

2009/ 085250PCT/ US2008/ 013985 49 19. The net hod of
claim 13, wherein the operation of fusing co

pr (51\) farming aposten efdheplepya fh@ghéh{eﬁe@g}qd mﬁglgssa{}?éegigteostﬁe second
bloclg ?th {(}gniﬁgta (ﬁfrm’tg of AR Rt fer B A i e’ BSRHABMRING 91t@r§€cﬁng the

‘ spective mating surfaces; mount i ng the
portiph ofths plgnuth; amsch of the respective mating surfaces
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hol"ding~each of tne respe PIVE mat I ng surface and
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respective thermal transfer side while transferring

thernal energy to each respective mating surface to
nelj eaffy haRALSdain 1@?&&1‘3&&%@{9& Vf api dly renoving

the source from between the respective mating
s ufofmings resistor for reception in the resistance bore.

15.  The method of claim 14, wherein the resistor is configured to be inserted in the
resistance bore for making the high resistance fluid flow path between the main fluid flow

path and the fluid transfer bores.

_ 16.  The method of claim 14, wherein the high resistance being relative to fluid
flow resistance of the main fluid flow path and of the plurality of fluid transfer bores, and the

connector fluid flow paths.

17. The method of claim 13, wherein the first and second blocks are defined from
a material selected from a group consisting of one or more of a poly vinylidine di-fluoride or

ethylene-chlorotrifluoroethylene.

18, The method of claim 13, wherein the operation of fusing comprises melting
the material adjacent to each of the mating surfaces, and pressing the respective melted
mating surfaces of the blocks toward each other to urge the respective melted material to flow

together and form the blocks into one piece.



“pressing the bl ocks toward each other to urge the
‘nelted mating surfaces into contact- with each ot her
with.a fusing force; and all owing the nelted and
urged mating surfaces to remain in contact in response
Wo@2a0pre8sz9nst ant fusing force until the urgedCwALSRI0g013985
surfaces have fused. 4920. The nmethod of claim

13, wherein the transfer of fluid defines a neniscus .
bet ween the proximty head and the surface of the
substrate. -

- 19.  The method of claim 13, wherein the operation of fusing comprises:
providing a source of thermal energy, the source having a thermal transfer side

- corresponding to each of the respective mating surfaces;

mounting the blocks with each of the respective mating surfaces between the thermal
energy transfer sides;

holding each of the respective mating surface and respective thermal transfer side
parallel while moving the surface and side into close non-contacting proximity;

maintaining the close non-contacting proximity of each respective mating surface and
respective thermal transfer side while transferring thermal energy to each respective mating
surface to melt each réspective mating surface;

rapidly removing the source from between the respective mating surfaces;

pressing the blocks toward each other to urge the melted mating surfaces into contact
with each other with a fusing force; and

allowing the melted and urged mating surfaces to remain iﬁ contact in response to the

constant fusing force until the urged mating surfaces have fused.

20.  The method of claim 13, wherein the transfer of fluid defines a meniscus

between the proximity head and the surface of the substrate.



