CATALYST AND PROCESS FOR SELECTI VE HYDROCONVERSI ON OF

NORVAL PARAFFI NS TO NORMAL PARAFFI N-RI CH LI GHTER
WERODOLIESt Thi s application clainms the benefit BET/US2006/030773

Provi si onal Application 60/706,513, filed August 8,

2005. BACKGROUND OF THE | NVENTI ON FI ELD OF THE

! NXENT' ON ThfeA s wmtve@@puﬁg Phdtor&ist cat alf yst
and process fQg cOo nermal paraffins
into lighter ﬁ}ﬂ‘gr ﬁpﬁggﬁ@/@%&@ﬁn ni mal
formati on of | sopar affins. Background C + liquids rich
in normal paraffins are igdabdnprsui ted for several
applications: Solvents, such as NORPAR(tnm) and others

Feedst ocks fﬁfhn%hutﬁﬂ@n&r@mk@nbadﬁu freglcend | et
fuel blend conponents’ Diesel fuel and diesel fue

bl end conponents Feeds}ock fo near al kyl benzene
(LAB) production - a bigéé‘éﬂ%éﬂﬁb sol vent .
Feedst ocks for isonerization to make |ubricants
[0006i1 F Datihg alsepicdaductbi qfibesationg hirtegrawd nadircpiay’ abifel ngeated on a
have been prepared by selectively extracting nornal

serﬁ%@cfufctcﬂswgfef’@\%t’éf"x [ ®Rned 4ok Qsm%ﬁﬁlohlﬁﬂn%s Ilhbé‘n To create the

eration 1s relati eyexpenswe and I's |mte

ontent o 0 paraffin n_ihe f
R ek A SR e R R e rﬁ%g millions)
Tropsch process. However, the Fischer Tropsch process
of glesternie Aevisesesichaavesisioraaiiedss, eapasitarsrandransistors phearigus types.
the range of use for the above applications. If these
Falhéaviyn pefo chec tehecaromic cdoviees tiadolives depogiting r reprovihgs tamdbimplanting
hydr ocracki ng over conventional acidic catalysts, an

b&idnP bR 84, [\l pBEesglRh toliRd grdph 1
malrtt%{r%?rﬁit%%%#%flf [ %ﬁrrl [ ch@;ﬁ%uct lClé_irl tSI sh S;L?g)n(t) I\Iograp Y is commonly

useéirt8§6(‘6f{’ g deé)foim f%)ﬁf dmAQalf an 1%1\/31%1}%2%0% (gter?]lgféefflm ?‘?&t é\t%glfs? locations on

content by cascading a Fisher Tropsch product to a
thejefeber acker . However, the high normal paraffin
content in this patent is likely due to the |inear

OBEEP TEY BROBRES LR RO PRAES rpqlgfbrr{/@%tlrﬁ%gf?{l; st 4@;}5@6@ onto the

present. in the Fi scher. Tro hat 0|Is
waltio Lo plagtprepighgaterighs dhen gx %%95 @ 5%1%%? te&?de Xf FpicyP ! The reticle
saturated and converted to normal paraffins, It is not
is gerietalhyt 2 gtass Iplatelthat is patterndfewathvexempiagyiifeatergraeometries that block
conversion of heavy materials into diesel boiling

soh8 @ ehdreddedtionl Som Ppasshng Babeuht thblaetidie. 8ARerdda3sing Sdagh the reticle,
Sept enber 15, 1998 to Wttenbrink et al., describes a

th ta%?eﬁione%'t&?s tﬂéeéurﬁ%’ g?“tﬁéj Pﬁ&?f@sf st ?&a@&fal Eﬁ@% éﬁ@ﬁe chemical
parating ensi raction,
pr ef er - 4 cut. hav
consBEGE Y Shpe it Bt SR tpﬁﬁl % rpﬁtam?ﬂst materil,
can be obtained directly fromthe Fi scher Tropsch
exposueetpsthe padiatiereeavnen the expasch phptoresishmalrsiab b hpaeer myre soluble
hydr oconver si on of heavier products. Selective
in ard@edlopigg @blutieav@omersehl, withraaddgatiee plootbiegist material, e@posure to the
paraffins has been disclosed in the art. For exanple,
I
radlgk/cglr %élrsclzas?‘%g r?g (Zsfed gg?tg%esﬁﬁtsﬂata‘ﬁ?ﬂto’\llf’éggreng 18dsksotlibidF@aRle developing
i.lica-Alumna Catalysts - the Rol e of Sulfl di ng, "
ffPosi um on The Chemnical and Physical Nature of
Catal ysts Presented Before the D vision of the
Petrol eum Chem stry, Anerican Chem cal Society,
Atlantic City Meeting, Septenber 12-17, 1965 (Table 1,
page B-128), the conversion of n-decane (n-GC o) over
silica alumna with different nmetals during
hydr ocracking i s descri bed.



Ni ckel without sulfiding gives C4-C7 products with | ow
i/n ratios (0.08), but the conversion of this catalyst

w0 200002654 ow (7.8% , and nethane yiel ds are rePE/US®0§030773
high (0.28 wt% . In conparisgn a sul fided nicke
catal yst on the silica alum na has high conversion

[0003 P F8llowiaf Cexiponur8 b B eraffiabi) Sthe bHILor¥dist Unakeribl & Y@Sected to a
CA-C7 products with high i/n ratios (6 6). Catalysts

dexggospl r\[%o%ry?@ﬁcfd ﬁl/%ddetvgfoﬁa r&?ﬁrggés? ethg‘ﬁ s't At al 99 Qyﬂmsed to the

ow I/ n rat Ct's, OWFTE

ke. Jule Uni f PrlnC| Ies in
doxgme iyl St epliond ppheioterde Ratn aah%ve been made
Technol ogy, editor F. Ranpa Ribeiro et al., NATO ACS
moge splablev gy eXpOsurpaige thep griatiog g hug, 98w (Ipaeg@om& 208jons of the
di scl oses the use of alkali-neutralized zeolites that

phatoesibtr entedial aed dérovadlbpxdidsslutiofi ifir e kievalopigassution, leaving a
However, this reference disclosescracking and not

patt%s’er 0&%&%@ raper dNshoRlPBE b %@agtgg 3&5%&11 %ﬁff’fé“l%’g‘%&ga o to the

% and ol efins are

deﬁ?ﬁa’&r&%@m aveng?ilﬁévs? ekt oliEF %otgwaw%a%ﬁnabw@mave not been
Vol . , , Janyary 1964 pages 38-45 describes the

mage aneje %’hﬂ?l%thYn iradaion maaapaan hi disselxe dpythe deyeloping solution.
hydr ocracki ng hexadecane (n-C 6), nheptane and

Therefbog; ds aneedessaBG2 o abstoolka casilense ‘éineaﬁ’ahe)d,eveitbping solution on the
producing | ow | evel s of methane. Significant anmount of

phé¥iehiod Riatdihl REctR it VndP phFtRHY ©2dhe PRGtotdIe RhASYAL thhtshave been
i sonerized (as noted on page 40, 1st colum), but

rndﬂﬂéﬁ &n&&hﬁ Ekéﬁ&&qp is not known. Wile the pore
properties o e support for this catalyst are not
described, it probably was not m croporous, as shown

[000Y] Dhee ftae n?idt@r@s@tf el P asafebi Sisvambpbs Ofbarrésfefal NBe patterned
B.S. Geensfelder, H H Voge, and G M Goo

o) A et Rl AT OB 8, AXJESAE 8 in
ages, 2573 - 2584, describes t eval u of
walf fiegiph ok Falses TR ooyt RS e Fars ”Uwr%ff»re it should be
cetane (n- 6) . O particular note, activated carbon
appyeciaied (el t ¢ @latiened phetomesiss leyenris anot heeurately dafinddorthe wafer
but still produces significant anmounts of nethane and

reghins @os ceprerdd byttt gamepedphoforesidd amr will @paBe addiffately defined, and
butane. It was noted that very little chaln branchi ng

the(s'fuﬁﬁég[ﬁéﬂt%f@xf ploseR gﬁglf%% \}i&?émgg%%[%ﬁ is h@g@ w%ﬁth} inaccurate.

paragrap cra

Thlzsf, gtgﬁ glg%essagg (50 yol ag gh%?e% tnge;tgﬁ% §I‘ cgvg;%ﬁ%ﬁoﬁglon on the wafer

Hi sat oshi Asaoka "Borosilicate synthesis in
to g Hiab GORIOBHRIgepArtigny of the plqtpigpist nyagariah ere seapned during the

cracki ng", Journal of Ml ecular Catalysis, 68 (1991)
devabir@lpricesslicsprovsledot dreaconefrdy ddfined pafieracdphicisickisclayes.

("Borolite-7") which is not described as being a

crystalline mcroporous material and apparently is

anor phous. Wile it does show conversion of n- C20 to

lighter products, they are not described as being

linear. The catal yst achieved partial conversion of

the n-C20 at 9000F and does not contain a G oup 8

nmetal . Roberto MIlini et al, "Synthesis and

characterizati on of boron-containing nolecular sieves"

in Topics in Catalysis, 9, (1999) 13-34 present an

overview of this subject. On pages 16-17 they

summari ze the work of Taramasso et al in making a

B-ZSM 5 thatcontai ned | ess than 100 ppm al um num

Pages 20-21 summari ze the work of Taramasso et al in

maki ng a B-Beta that contained | ess than 100 ppm

al um num The catalytic activity of the boron

nolecular S|eves S sunnarlzed on page 32. They not e

1. i e o,



zeolites free of alumnumare clained to be active are
listed as ol efin doubl e-bond isonerization, cracking
wW@RooNIBEES4 al kyl ati on of aniline with nethanol , PErusS2006/030773
rearrangenent of cyclohexanone. Hydroconversion of
heavy normal paraffins to lighter normal paraffins was
not descri bed. SUMVARY OFSUMmARYENTI ON I n accor dance
with this invention, there 15 provided a process for
caonverting a hydrocarbonaceous feed containing greater
10Q054 in song: copberignent,- gur aprasaus s  fisclpseds dprc elepgloping an exposed
hydr ogen to produce n-paraffin products |lower in
phototesist| materidi ght a tdubstrathie TG: oappapdrsafiddludesi o filse frexichity head
by contacting the feed under conditions conprising: a

confiiREP Y @dfitee Q@ﬁl‘é@ﬁ%f@@htﬂ&@siwglop@r sdMFSIS O he substrate. The
bet ween 50 and 5000 psig, c. LHSV between 0.5 and 5

i I Si 1 iJ.l cat.e ar
melsbll R (B Tkt BATREA B oy e PREIEIR ha0apa the substeae
| east 0.0 i gh ercent poron and | ess than 1000 ppm . .
Thi, Ao BRI ARG SeBPod PR R SoRAERE G0 dPBRe 3 rinsing

sieve and (2) a Group 8 netal. The present invention
megjsews it theistbsirate prdosuwye ths rinstng/meniseug feoom the substrate, The second
hydr ocar bonaceous feed containing greater than 5 wt. %
proi@ity repdriafpbiitisnédntd Melldw ekefie® @bxiaMer BERNrdlfive to a traversal
produce nparaffin products |ower in nolecular weight
dirb QR driige fidsOandbeBHAIbk Aty Kbalidiever ﬁ?edsugytrzﬁgnt acting
the feed under conditions “‘conprising: a. tenperature
bet ween 600 and 8000F, b. pressure between 50 and 5000
[0098i dn  anothet HSWbdatitnemie na OsySteands Sdisklogdnyar seddlopihg an exposed
n-paraffins in the feed to snmaller n-paraffnms of 25%

phétBredRPanMeiial 8n 6 ahiBdHH. ﬂﬁ{E@Etiﬂiﬁi iR8uddya frsP gf@&ﬁﬁtk g@&a(?conﬁgured

or al um noborosilicate nol ecul ar sieve contai ni

t. 0. ght,. percen ron d less than 10 p
to B B R e BRpR e B S BB POt also
,C?ieve and (2) a (Goup 8 netal wherein the "selectivity
Incfyges 1, gecoBh\PENSY Rgadndeftiedsio; mrse) #nd; Ay theespbsiate. The second
smaller n-paraffins is greater than or equal to 60%
prokireityrdiced i positivmade tac fivlloyo theifinst | presintityaheadOflatfver to a traversal
exanpl e less than 20 ppm by wei ght of alum num The

dir&dtRMPo B E &l andBecHR §fﬂxﬁﬁit? theddsOdVet Hife QiHatHRLe, The system further
consisting of Pt, Pd, RIi, 1r, Ru, Os and conbi natfons
I

ne 8 oy ARSI G820 SRR B AGUHS, A R

SSZ-58, SSZ-59, SSZ-60, .SSZ-64, SSzZ-70, ZSM5, ZSM 1,
botyesirdh Spi-paq ssogond aRuimsy bestp o9 daignefle Mekeysiamaincludes o
H-Y. The hydrocarbonaceous feed can contain |ess than
proxgoity ik gesitiofing (devige controliért defiped .to|qontmk the separation distance
enbodi nent, the catal yst has been exposed to sul fur

betpreb® thet firsc and aedondi grbxibdisy ads. affd Repa@fion Aididee between the first
hydr ocar bonaceous feed. BRI EF DESCRI PTI ON OF THE

andPREMNGRokindH) Redds! 1§ c%n%ﬁﬁcg?é '_thaﬁfs?sglg Sc%@%@& ?g&oglsgigsﬁrdgveloper

process for upgrading Fisc rop produc
2.1s _a.schematic.re sentation of a process for
“ﬂﬂ%ﬂ}%ﬁ@ﬂgmigwymbgngﬁéﬁﬁ?products with lubricant base
oi | production. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
0009 I ihd1BES eMBodinRAtL, NS @hParatul &is f @SN b t v
[ thL neani ngg bgl OW. I—Iydrgg%rﬁvergi on‘%l%drcr)c(gerﬁ\%??% %‘ exposed
| yiic .prqce | ch., oper at.es. a ressures greater
oh iRl G F Bl s Do BB ES B ol ABEERT B8 e ured v
converts Cio+ nornpl paraffins into | ower nol ecular )
defiys; aymenipeus &f RROIRESSIH A¢Velonst priniion oF thesubatrate: dihe proximéty head is
wi t hout



excessive formation of nethane. See key features of

the process as described bel ow. Hydrotreating and
whyaroerwacki ng are distinctly different catal yBET/US2006/030773

processes, but also operate gt pressures greater than

atnospheric in the presence of hydrogen. Hydrocracking

corfywel t6 defiheahe padnidchis retiedhoa | Bogloie of Rh@?#&)liﬁlity head and the
conprising significant anmounts of isoparaffmns.

SN T SRR BT GEA DL WGBR AP dipose
Inpurities. Al so, .in cont.rast hermal crackin

meg %ﬁk}se?ﬁ@oﬁog F%fﬂegeé?%e'rfs &H@Ol? %981 'ithls émr%ﬁtepr oduct g with a
m ni mum of branchi ng, but thermal cracking does not

[0008F IR akthéH hfHodinl T IRbtHel ?@ HisB8sddymt S@l{tfho\ﬂiﬂgoﬁfaoﬁ&ﬁﬁs@&eveloper

much hi gher tenperatures, forns nore nethane,
: ' e ef | nd I paraffi.ns. The .
res%&&iﬁ?éé ‘H e{u@erfé%%%l?sgg{;. g:he ﬁr-lepgor(g H%g% Hg}érluﬁ% & meniscus ol} a photoresist
hydr oconversi on _can_be differentiated fromother
develoneki S tipno eB sthe ssubstratgodfe i dplingd meniscusaef @hojomsist ridpveloper
is the broadest termand refers to all processes and
solnear tsi thars traveasedrewuthe subgrato | Bheuhethodwirthet pivides for controlling a
hydr ocar bons by breaking theminto snmaller conponents.

resitiéBicd HRRSofhe PhOWBRSRE deifopePsotitn dHARS sibkfhRITAE residence time
Thermal Cracking and Catalytic Cracking. Three types

C : ng, .
rerfsPCRSTE, 43P M ASRon AISIARHI gt 0 tho menisus of
hkgdrocgnv?rsiqg..Anong ot her factors, n-Paraffm
phedprosist dye Rt v er si on i's di stingui shed from

typi cal Thermal and Catal ytic Cracking by the use of

OBFCIRE A0 Btk BB Bifesbd B o

nd us f -hydrogen are al so dist.i nqui_shin ) )
£l t aled 1T BkGR A CoRBiEEPR JE 0Tl Jesopperying frewings
__is distinguished fromtypical Hydrocracking by the
illvspiieg bowanel grampls thapeesprtdavaationhavi ng | ower i/n

ratios. While sone past studi es have shown that when a

| ess strongly acidic hydrocracking support is used the

i/n ratio decBRiSEPESCIAPTIONCGH THEPRAWIGShown t he

low i/n ratios denonstrated In I'S rnventron,

especi al l.y, at high conversion levels. n-Paraffin.

Sel EES A 1B HHYEROR oThomdng o8, FRGIRISNGY SGIAPng an exposed

Hydr ogenol ysis by | ower nethane yields (lower than 1
phatpresist wrdsiiad onpasebirate, i gecasdangersittoge epibedinednted the present

are expressed in weight unless otherw se noted.
investd@ar af f m normal paraffin ratios (i/n ratios) refer

to weight ratios unless otherw se noted. Ml ecul ar

sie [ ; I . :

St s LB e ol BBl o W e gLRigure 14, in

W!ley &.Sons, pages 4- 1974., .1t i.ncludes zeolites,
aooffdfibe o 85 P RSRRRl piah ek ptapliot

siIipoaluninophqsphatesTéSAPOJ | , SM3 etc), .

tit Biedse 12Acat @8 ijlysiration Tshowingsgp- apparagsc foradewglapingagn exposed

other materials. Zeolite is defined as a nol ecul ar
phaidresist tlateriabomb ailbstray, in exotdantdhreithenothbednhbddiment of the present

framewor k positions. Exanples include, but are not
invehtidd:ed to, silica-only (silicates),silica-alumna

(alum nosilicates), silica-boron (borosilicates), and

silica-titania (titanosilicates). Wakly acidic

nol ecul ar sieves are zeolites containing | ess than

1000 ppm of alum num for exanple |less than 200 ppm or

| ess than 20 ppm and, when conposited with Pt, Pd,

Rh, Ir, Ru, Gs or conbinations thereof, fornms an

n-paraffin selective hydroconversion catal yst.

Catal ysts useful in the present invention have

acidities that are not as strong as Si-Al zeolites,

but are stronger than the silanol groups in all-S

S N ~ 1 o, o " o o




Am Chem Soc. Vol 116, No. 1, 1994 pages 136-142. The

Frontier Orbital Energies are calculated fromthe
wekidvizssel EHOMO energi es and are shown in TabP&T/U§2008/030773

Corma et al. Table IV does ngt |ist a value for

Si-OSi, but it is separately estimted to be greater

t haRigubhe 2Baisua fustfatibh dhiostg thenaphakites biVFighrk eX Rebmbrating a
inthis table is that as the acid strength 1 ncreases

rindeAridQrP obEratthr, @ Alcbrdahfewlth Bﬁ%éﬁbo&%&hi @#thggfers%{t?évention;
decrease in value. A systemthat 1s 1 n charge balance,
for .exanpl.e an.all-silica system as only very we )
ot B R iaf RuBpidiineg e Y Sk e holie G dhngrakphotoresist
reater than 7,44 eV. Strongly acidic Si-O Al systens
ma%a\abom B wdhstiatte fygceerdace pgtheqne quplasdimantof tkeprgsent mvenféon; and
catal ysts enployed in the present invention will have
Fr oRitguer 4G» bn tifisttier giosang greethed forhamtrolmgartei@ysidtaleveloper
Si-OA, preferably 0.1 eV greater than then energy
resideficeFimEofla, substRiE iPARbRILAR Witk 0RO i8N0 ARAL §Tthd PRBer: Mention.
energy for Si-OA nost preferably 0.25 eV greater
than the energy for Si-O A and | ess than the energy

for Si-OSi.Miny ot DETAPLED DESERIFIIONTEASUri NG OF
calculating the acidity of solids have appeared in the
hieratu over .the years. These inclyde. different .

roob B Pie Flie S cesiilEs Tt il S5 e hclettn d grder to
change in the colors of dyes in solution. These

prop dernihgranigh vagersianding phide piesest ingentionn ltvid heaappatsht, bpwever, to
the production of the catalyst, but they should not be

onausigtled im Heawe tiot thehgresdno wevenedh adhy be Ractidelli without some or all of
sel ective hydroconversion catal yst is one that

theSOBYRIAS 486, Oh & infamles CREH 1koRRSpdds i
eExglyrrpl e 1 and terrperlgt ur eg < SOOOI%‘,ill ?%?éég%#lgnihave ot been

. . E i . duct with.a il
desfpin il Wt opl B BplsfuliVoBgREL it ifeihy o
. Details are in Table 3 and in Exanple 1. Pore Size
[003NPFRurend eNahi itiMstekioVdh8GAtlgd n Sd}%‘dl%ﬁlswﬂlre&éifleﬁ)?)ing an exposed

sieves are crystalline naterials that have regular

phc%@%?iﬁ%%ﬁtei‘iﬁ%f&)substr%tgq)ggﬁél&%gorl(a\r{ﬁ#e Wit Sﬁglem Odi ecféétl ’%ﬁ present

structure, Wi orm an axrs ba
. the s units in the repeating crystalline structure.
invpliar RS Ereal 0! T FermrRnGHs WA A1Gi ot lsptay panel,
with the pore axis, within a unit cell, the pore may

or gy ethge typeoad sehstratei eponawhichta phgtobishograghy preege iy performed to
formcages) or narrow. The axis of the pore is

deffneefgaterds) ¢.gpairalilsethemboh TINGIbEMratt N©1 A% @8pitfed i Bigure 1A includes
crystal. The narrowest position along a pore is the

a tdpOl err@‘tﬁhﬁ.torgsli‘ﬁ R SV E&eihGhe gﬁm&%&g g‘iageb‘iza?h%f ‘t%eteﬁ %xposed toa

ore no The pore Ssize IS Ccal cu countl

f he nunber of tetrahedral .positipns that formth
petlsBfea R e B PG R b OB BpEmeHa e RbSRSE 01 represents o

tetrahedral positions in its pore nouth is comonly
semiggdagton wafer upep pdveh apdotaresist metesiabayer thas baemidypdisited and

in this application have pore sizes of 8 rings or
expgsahien. stefpiag wptm@tion. ain thieestéppias opalaflogn@glonpefahe photoresist

rel evant pore with an axis in the sanme orientation to
mafeligl | ibfet | rdl ' i i

o ee o sl it olet (OVAIohf AU ARABHA Ricle defining o

ures or may have pores with the sanme structure

nw%ﬁéﬁ%%%ented in nore than one axis related to the

crystal. In these cases, the dinensionality of the

nol ecul ar sieve is determ ned by sunm ng the nunber of

rel evant pores with the sanme structure but different

axes wth the nunber of relevant pores of different

shape. The procedure to determ ne the pore size and

di mensionality is as follows. Table 6 is the first

ref erence where these properties are described in the

row | abel ed Sieve Structure. The PtB/ZSM5 is |isted

o PANEPN A NN o ' e



ring pores. If the structure i s not listed in Table 6
, the followng reference i s consulted: Atlas of
wQ@ewliotws6t ructure Types . Ch. Baerl ocher, W MEUS2006/030773
and D.H dson, 5th Revised Edition, 2001. The pore
size and dinensionality for different nol ecul ar sieves
[0HRE Fon the smesdpednidntiohe thd phowksist ThbRribl $as WaTRith&ed positive
in Table 3 of this reference on pages 12-15. The
o r ] o .
PR, 0% b PP RIee R IR Ry PEOP SRR Dby, e photoresis
he.nunber .0 f asterisks. The . S| zes are. shown in . .
ma il PSR 12 e, PR g0 2y gt b7 by Siitiod et sttt in the
s [12&] 10 5.1 x 5.4* - - [010] 8 3.3 x 4.8 * The
pregeneg iaotaelopyng solytipa. hvs, gvith thedogidive phetesesishthe pattern formed
two. There are two types o f pores, one 10 ring and
in drepl®toresigt mateeiah taybie fedlofwiitl) fheadey e]dpiiht pefcess isaequivalent to the
orientation o f these pore axes relative to the

magk gﬁte’l‘h defiest by the r@ick thitfigH Whidh the PiatidrSts $keldd. Bi thb€4se of the
Table 6 or the Atlas of Zeolite Structure Types, the

- s ychur . e. ahove .. .
oGl E bibroliy i holori ST ARE0nd PG Sagigion. o UV
. Aan i mrensionality. M croporous | ecul ar. sieves are )
hg@fegy EEPTAING 1ﬁ%m0§%lep@rf§e REENE Qffihe develonipg seJptigraddws, with the
Group 8 and the Periodic Table are defined in the CRC
negdsive tpdokoresist, Greepattorn yoraed iBRhRyDhotiresssmateriduB@ern following the
eeddiittiioonn iinnssiidd<e back cover. Goup 8 refers
detdloph@iipidcesd B dqiivakat 10hs rdverded the Masiepatfon adfhelliby the reticle

Slack Wax i s a by-product from |l ubricant oil

thr?\?%fj YahdP E}Pe S iaroh ROQk Y g’flg’ gpgé&ﬁp HréedH8n Srfgt a%%(%cgalct:%de rWith the

m petrol eum or a synthetic urce such as a
Tr ops rocess, i s dewaxed wi.th a.solven y .. .
g BoBh A TR reeTS FUL For e duRRl R bt ihesiive ad negative
oil and a waxy slack wax by-product. Hydrocarbonaceous

pheteregist matesielsal o r product : A pure conpound or
m xtures o f conpounds conprising H, C and optionally

N... O and at.her epent s. ampl es i nclude cr.udes,
0G5tk rodh nckietie, fAr el Bles pefromBufit hid 103, o
products such as%asoline, jet fuel, diesel fuel,
seqopérireximitb ased di0P, ard doreheyansehdeyicendPhaRyringribie development
et hanol, etc. Hydrocarbonaceous asset: Materials
pracesypiihes suigtrble langtsopt a dixad lnyanBer din the apgveyte@r device 102, The
el ements used to manufacture hydrocar bonaceous

cofeQshéetdvice X @PhuBSsiRE 1838 eShékfbshateUl @ ind& finedFRiilRaih beneath
coal, petroleum tar sands, oils shale, shale oil,

i . e ti i.ci pal ste, ..
B3] 1R Tk Sh o0 ing FPSaShBLAlE 3 Frtigpus  arrow 123,
Pr_oce?s . This is described.in U S Patent No. ) )
Adgitogally,g8e qorxgeacaagyicer 10D fpdefingddormantain @ sustgntially uniform
_process that converts synthesis gas into
distapde bebvdsonthe gopofphodubitmie BYhgad therbosipnt he diesfigashd second
A gaseous mi xture containing carbon nonoxide (CO and
proxyéitpaRAdand3aps enald YuRirher 110 FReRSAt BertdhhtRSHiMBGLAd second
and carbon di oxide. Sul fur and nitrogen and ot her

prc&%ﬁ§ Q?eragén 1'3%%@' il gﬁo@ﬂ eoengépr g Ialte i? VA Gud !%ﬁ%o&imnts the
pol son t he downstream Fi sch ropsch process. ese
i mpurities be, r ved b onyenti onal techni ques.
corFiee detive 102 67n by delinet a bl helrpanyi b npd detice capable
in U S Patent No. 6,992,1 14, issued January 31,
2006 to O Rear et al, which is incorporated herein by
reference.) This is a process or procedure to generate
synthesis gas from a hydrocarbonaceous asset. A syngas
generator can be a light hydrocarbon reforner using
nmet hane or natural gas as a feedstock or a heavy
hydrocar bon reformer. Reform ng includes a variety of
technol ogi es such as steamreformng, partia
oxidation, dry reformng, series reform ng, convective

Y . 1 Y



carbon di oxide, air, enriched air or conbinations).
The gas product typically contains sone carbon dioxide
war@7etwam i n addition to syngas. Series reforPCTgs2006/030773
convective reform ng and aut et hermal reform ng
i ncorporate nore than one syngas-formng reaction in
of gupientingiheembetrateitliol iané nidvéngd @t subbtr4te &€ tai 1@fear TaBner beneath the
processes for producing synthesis gas from G -C3
ﬁr;ﬁlaﬁég&:%nél??ox‘iﬁit# nkRRWO31@st he art. Steam reformation
Is typically eftected by contacting Cl-C3 al kanes wth
steam preferably in the presence of a reformng
[0ata] Slhy Sirst padxiaitly dwpd t @3 isrcenfifuredtwudefihd @GRENi§ciOIDLCHS 4 Photoresist
about 16750F(913 0C) and pressures from about 10 psia
detdoper DaEdbont 6h FROYELSAAR PEI, Sas(B4 RBEEAHe 1@:? L%%Qés??)erneath the first

reform ng catal ysts which can be used inc

I i |l adi.u | ckel - pal | adj | |.oys
e kEeq o8 Saled BCEERe CLINErBR{ELSt Sratidtevetoper
syngas it s desirable to renove any sul fur conpounds,
801@?/1 11 tﬁm%‘@@ﬁg Fithin g gegipmpeasnt hptsss thebettom qé theifiyst proximity
the G -C 3 al kane feed. This can be affected by
hephs®i angl thteutGiral€ 1D 1aThafist gaxirhity berghl 03 ipelokesh dwdloper delivery
sul fur scrubber containing zinc oxide bed or another

chaneDi dnabRasb eisidacdsi the phstbakistteveldpet BEILASR W theFh&lisdas 111, as
3 al kanes exceeds the capacity of the synthesis gas

. ' | G- .
I T O AR oy @ RS AR IR MR s frt and second
excess G -C 3 al kane be burned in a steam boil er
VagUY TR AT o IRl oY (TesPer G ARPYErL0dk 198 L Bpto support
In a heavy hydrocarbon refornmer, the process involves
dewitioe end senizzsaent loé g mepiseus| Blinefsplvidrssistuddyekoper sditibn on the
or conbi nations thereof, into syngas. The tenperature
subsirateH® 1 rbeaedth Gre frongoimityiesad 10§ aFhgeratatrefurn haahasi107a/107b
1800F- 3000F and the pressure is about 1 to 250
AR R] EcnrfinEhehidk Oite f@hisOusOf 1178 i l%
o oxi dant to clélr bon in the fegtsjhsst olclk e?l%t%ﬁﬁg?igﬁipg?% (ﬁyihs%ld 103.
about 0.6 to.1 5 _preferabl bout 0.80.to 3. The .
HARE 35 PR hEBIR 10 Ry S gie e BT Pttty b IV S te Grection 123,
Qx¥g$h-enriched air, i.e., greater than 2 1 up to 95
a thip fidmol,1 Sy ghoterasist demelaper solpignarempingem, the substratgrl@ht er
than 95 nole % Q2. The effluent gas stream | eaving the

ial i i.0F 21 at neral.ly has.the .
(OS] rhseeudRoli ity HRaa 15 H oS iy adiRingdeniscus 121 on
an%unt and conposition of the feed streans: H2:8.0 to
theggyibfrateyd0 1 gremavg the rigsingapenisays 1131 ooy thesehstraty 10, and dry the
75.0, CH4:0.0 to 30.0, H2S:0.1to 2.0, CCSs: 0.05to
subsirate N OTloust the8OecOnd Arroxiiy head2108 iPapositiontdate follow the first
matter entrained in the effluent gas stream may

proX@fity he uBnelaivt Yo @Bavérsd) dreb@on38F 1Ak £ir0ali®@5800nd proximity heads
particularly about 1 to 10 wt. % of particul ate Carbon

103/26% 10%¢ é?ﬁ%ﬁt}?&tg g]%)rlg?@ thd? SIISIQ ateCER hOvEOSn 985 direction, 123. The

gener at or articulate nmatter nay be’ pr

along with th rtjcul ate .carbon, and lten sl ag. o
seceni pEreTBRErAGLE orlude hgsinarbid Sen daprdo seisprovision of

may be enpl oyed such as that described in U S Patent
thengnsing mogs@9421i asindivatpdivy at®w 10D Thece@nd mrorimity head 105 also

The syngas can al so be generated by directly

inchaiey it iand sevvaid ngooutn dethideRa A1l oRAAEMEd B TIpRctivdarrows 115a
exanpl e of a process to convert underground (or in
[ I BIRRSSP r
o 1t 20, YRR EIAREE MR PR FAnes? STRY e rdai 12 on the
al . Determ nation of Normal Paraffins in Wax Sanpl es
Determ nation of normal paraffins in wax-containing
sanpl es should use a nethod that can determ ne the
content of individual C7 to Cn on-paraffns with a
limt of detection of 0.1 wt% The preferred nethod
used is as follows. Quantitative analysis of nornal

Y Y L N .



0.1 mcron filmthickness supplied by Supelco. Helium

is the carrier gas (2 m/mn) and hydrogen and air are
was@d/oasst he fuel to the flane. The wax is nel PEUS®06/030773

obtain a 0.1 g honogeneous sgmmle. The sanple is

i medi ately dissolved in carbon disulfide to give a 2
subdtMics bl ubéneath the ssvend psaximitythead $05.UA ddition8lyhertsReond proximity

until visually clear and free of solids, and then

heécf'l@ﬁﬁ@ﬁildéé"'ﬁ &ﬁﬂ?ﬂ@ deﬁ{?@ry @ﬁ&t{ﬁéi toséﬂabfé%gv&gh WFthe dying fluid to

heated using t nperat ure progra

ep%u@fé,%%? 1bfr “?‘111?%9%?3§ %%?35&9%3&%@5%%%"@@“ b‘é??ﬁm%rfﬁ gt rinsing

m nute Final Tenp: 4000C Final hold: 5 mnutes
ﬂuéf% tha‘?iltghl the, éaﬂ@nhémaﬁlgblﬁbe These ayte pbpiaie 10 hemerges from beneath
effectively separates, in the order of rising carbon
thensectad prokimeitynbeadell OSparpaffén’nﬂd; photoresishyerdravirgy aeh rinsed and dried
paraffins. A known reference standard is analyzed in
is preSeon$ B EheFabARe 1@ . establ i sh el ution tines of the
specific normal -paraffin peaks. The standard used is
ASTM D2887 n-paraf fm standard, purchased from a vendor
[0Q14gill shoulddre Hppeiate) that thekddtongsist dSvalopér Boluyinayprdseiit within both
pol yet hyl ene (purchased from Petrolite Corporation in

thddeARONBI 11 ddtethSBMOAIE 113 fHRdtioRs tdPHisedlvé Poitiding ©F it photoresist
Hi storical data collected fromthe analysis of the

I
ma[t?rﬁaq i)?éé%l@ oﬁttﬁyg%gg%tg 1I§ \gfrf{/f&?ﬁigﬁ%ﬁ’uf)ﬁseofrjgi%gdn%(élﬁgn%tﬁnal that have
nor raffl n eaks .are.we separ at ed and

begRatady PpneP Pl EORED Hho dREYOH, A OLAiBo R cpore. more rapidly
present in the sanple. Those peaks el uting outside the

disselvedit Aesnrats develsipinghel the pat¢rnehpldteticsist layer is depandent on ensuring
non-normal paraffins. The total sanple is integrated

that Shagsidase! time ohthediel elopersdodutiontoh 8 hodordsish material is appropriate
N-paraffins are skinmmed fromthe total area and are
. I . )

R A ﬂ%t%é%%tgﬁ%lommm%sﬁégaﬁ%éﬁmg

. the peak.identification. ndcalc ti,on of resu

il rior ol s PROGst Sroefiffle Wt 1B ama%ﬂf e 14, te
reagents : Elenental analysis |su§erforned

residsinPo himegoiding dlsveleperotolutios emther ubtatailoh lﬁﬂeﬁm@e@t thﬂwduratlon
in Teflon beakers. The |limt of detection in the HF

oveowhiich bothathe Biehcis 11 1pguid the thid\fili 9 18 o dgyelbopel belution is present on
| CP-CES technique is described in Wllard, Merritt,

th@ﬁﬂﬁtr@t@ci@etl‘hér@foré fb%hﬁlki&%‘»ﬂg @'pat“fﬁhﬁ? dinsdhicARBl ot VeYJc'ﬁy in the

e|t|on Thlstrans ates toalimt of detectlonln

dlrﬁ?tbc{/n c}gg’ Io%ﬁ PE' 1[[') élrmi a}r&t( g]éll&) sgg 51} f ??{odﬁ?rgﬂir ﬂea@s 103/105 is
di ssol ved. The preferred method is to neasure

copkighseh &h £¢ '«bﬁe%nﬁé rgvﬂ?%sti%éors%aﬁmh@tormt&?v\%lea@r fqdution on the
at least 1 gramof material. However, when the

subsiaid Hlll e sanple size is |ess than 1 gram as is the
case for small research sanples, is acceptable to

[O(Er]‘seﬁ%ur eu Ry lfe%}/e T@gtf ﬂaglgégq{gt%gn @,ﬁ?l@{upeelé&,gsm Iggxgous?y described, is

cal cul ate the maxi num anount of alum numin the sanple
capabdeiof hejng leacrated| using presydtablei photdresisti deatloperowlation, Boy suitable
this work, the alum num content of the reagents used
rinisihgt fMiid, @rthQI)Iy weitadle dBfingduly [0rekbapiaty embedimbasS) hd\Bhotoresist
detected Cab-O Sil 18 ppm Dei oni zed wat er Not detected
NHANO3 Not detected Na2B40O7 Descri bed in Exanpl es The
al um num content of weakly acidic nol ecul ar sieves
made in this work without deliberate addition of
alum numis bel ow 20 ppm Measurenent of sul fur and
nitrogen in feedstocks: For sanples with pour points



bel ow 500C the nitrogen content in the sanples is

nmeasured by the foll ow ngprocedure. A 0.2-2.0 g
weonriarsof sanple is diluted using a sol vent. POBIS2006/030773

mcroliters of diluted sanplg is injected into a

quartz boat sitting in a carrier gas stream The boat

devieSopet osbllytiond e TMAHO (@tramiethy i@ onitmih F@ﬁﬁd@)ﬁ dthfehﬁnsmg fluid is
di | uted sanpl e evaporates. The vol ati ed sanpl e

deiBRSES wHleK Ak &?ﬂﬁ Ay d
elpr oduce, aa\#uen% 0 g?ﬁéases%r@?{;uf%i{%x gglf%égﬂ‘?ﬁégﬂd vapor.
gases are dried, swept into a detection cell, and
[004BKEiuvé 1B io2niikiustritien showiag rewptdewiol thd\Q@paging oRFighfe 1A, in
chem | um nescence light in the process. The light is
acclflaf6d QGthadi GVABhERD e %ré/s@ﬁtt AYéntiodN @sﬁnz \?s'l}e aﬁcussed with

are obtained for each sanple. The areas a ated t

n f and Resul .
f“l?e%@ & PR LD TR0 O 1 BROHR S R0 Bn i viss 102, which
) nd i,n TM D4629 The sul fur content is neasured by
is CPH g‘ﬂrsﬂ (0G Mgvestigdhglinesr flgpetipani?Pdeneash thei fistrigdiseennd proximity
t han 1000 ppm sul fur and havi ng pour points bel ow
heag© C3/18bdntthd exemptarylentbodn e mp Fegurs 1B atho firgtemid aagbnd proximity
conmbi ned with oxygen at a tenperature of 1000C where
heddBe1 03l 05Usire | donBixin@il 280 tréutSigula bR ﬂﬁnne%%orwsbe&ﬁcauy,

product during the sanple conbustion is renoved

ext{elﬁ Eﬂ?hﬁh&gﬁ%@é 'gt? ngtalﬁcgﬁrelﬁ{ ; eQ(?%(IrOofn@ﬁgle sf clilg%pon 127 is at
e SN 0By ] BETPRETES: 1 s

stable state SQ2 is detected by a photonultiplier tube
prozivaity headse /105 imgaaeconsl direasimaul2d of lesh hamuthe uaxtent in the first
contained in the sanple. Detail test nethod can be
dirdotiond wihereASTHd 543 dirtetion apPlie pepondidilat RO tHEOfiRt tdh@Btion 127.
1000 ppm sul fur, the sul fur content is nmeasur ed by

Thetfore, 2@ “chéﬁi@drzﬁ@ mvES b AR ﬁﬁ i SinQfse g)réﬂgmglﬁ%&ﬁs 103/105 in

espeC| ally those froma Fi sc er Tropsc roces

the océgegﬁ zg 3, : [‘g?ednéstc?l% f#l& in %1%%8?3 gg] é)%o ogess% dlevgloper solution
January 7, 2003 to Mal eksadeh. W have di scover ed
traveages | yex et shpiratad Oban gslkiupar sanpear eninrident twike theysecond direction
normal paraffins to form C5+ normal paraffins. Key
129.eatures of the catalyst are: A Goup 8 netal (for
exanple Pt), optionally exposed to sulfur. A
croporous. weakly aci di ¢ nol ecul ar sieve devoi d of
IOO%?} BiggreaH glse @h@w BRXIPHE NGBS iRy iest 1 rdefined to control a
conmbi nation of silicon and al um num The m croporous
sepamatikh Wisigicd ibetwash gbe ifiast roxewstyclasadbld3caxiphs eeconfl poximity head
siliceousframework such as a zeolite, and preferably

108, | veakibodieicat Cﬂ’lgghﬁﬁi‘ﬁlllw h§é1ds‘156s1h§mﬁg ZeNdet 2R ludes a first
contai ns pores of 12-ring or |ess, for exanple pores

B P 5 TSRS S50 PB4 sons

first) that not .i nduce straqong acidity but acts
SIYSPB RSP RIGG B g‘?ﬁ@% PR{ seronggyrosRufypieeds d hdo2at BWdother end. The

oxi de elenent IS boron or titanium nost preferably
strugbiremof tha prefimidiead mositioy demite Ji26 due tlefireddetot dnableyadjustment of
conversion of n-Cj6 at standard conditions. It can be

the agiyaniagéiotaticd bete¥qpthe firbeartiddedbid proknity hédds 1081105, frPanother
performng the n-paraffin hydroconversion. This

r b 0 e hyd 0
em@JcFm@ﬁt?qgﬂl %}?lﬁ'pt ntﬁ%a?lnpgsﬁéfmﬂ o%e%f e i’é a&ﬂﬁg ?r% E?@le Structure

sulflde di net hyl dlsulfide and the I|ke)

Al ternatively, feedstock containing nore than 1 ppm

sul fur, for exanple nore than 10 ppm sul fur, can be

run over the catalyst prior to the n-paraffin

hydr oconversi on. Then a | ow sul fur feed containing

n- paraffns can be hydroconverted u3|ng the sulflded

o Y T T



conprising at | east one nol ecular sieve and at | east
one Goup 8 netal is tested by positioning 0.5 g of
wWo b@7oatesd yst in a 1/4 inch internal dianeter Pab®©S2006/030773
reactor. If the catalyst conyprts at |east 80% of
n- hexadecane at a tenperature of <800F., at a pressure
extoidid@ Berwesh ghe first tibsqoond prosémity heyddriogansalt shodlll ® appreciated
160 M /m n and a n- hexadecane feed rate of 1 m/hr and

thaf)in Riaflebs @mbBdRtUHe HBRPRityS hog %ﬁﬁ?ﬁ@é ‘Ht%gg%’rlzgn% defined in

havi ng an i so/ normal weight ratio o

. | yst.. passes t. test and | onsi der ed ,usef ul

aitfeiy {38 2R RGE iRErhe BlooPiifel TofRR e o Bl feetts, motors,
sel ective hydroconversi on process include: A L

belise gifst 9clong stthe Rroxgmuy Degd poLlioning deviae ipearable ofgnaintaining a
preferably > 50 wt % Ci o+ nornmal paraffins, nost

despeéf spatatipn >dig@nest Yetdicdn thor fiest guar sdcdond sproGmiityalbbsds 103/105.
sources of feedstocks are derived from petrol eum

Adpriodall, Sh@ Peo-eXRY MRhd poGifitkies -deﬁ'cé‘é%o%@ééeﬁr AL EL S uniform
Tropsch products are preferred feedstocks. The

t a i € LEur :
seppfiit3 @R @2BeifRE ML ALO oo 8T Bl el o105 in the fis
. bel o The feedstock .can_ coptain |l.ow, |evels_ of )
dirggR . BT Gl ULy PP SIS oRoeiepiol pables cther
than 1000 wei ght ppm or |ess than 100 wei ght ppm
marpped off dindiskadjugimbet @llthe fsepatatign Histmot bemteretite first and second
to hydroconversion. The pressure is between 50 and
pro=f0ily peidg 108/005.exanpl e between 100 and 2000 psig, or
at or between 250 and 1000 psig, The LSHV is
referably between 0.5 and 5, for exanple between 1
IOOEQBFIzuLm is yadllpgratien athoréng onavpwesess 800devrdpBBROBIF, exposed
for exanple between 700 and 8000F, or between 725 and
phofdibEikt matefial e a pnistrarsin sccomladetcivil andther APSdiMEMUST the present
manner, the per-pass conversion of the heavy paraffins

e th f i 0, g |

e O A T IR 28, PG 2Pt o TRIR A shows the
nor paraffm c product is.sepa ed from an .

st 0L PR B P SABART L% 5 hareb ity synce devics 102

. Performance is enhanced when the catalyst is exposed

is dtegn%‘btor hipeaglyinagver the shstraiet O)iip phe dizeatieB d28 oEle anparsgus of Figure
hydroconverted. Ml ecul ar Si eves Exanpl es of nol ecul ar

2Asilewvascludest @l promimityPdiead 01 Sedfemréds do Hedine cthavieesikes 111 of
of the present invention include, but are not limted

ph&&esibﬂmelog%éo&ﬁﬁﬁlﬁﬂl BSéubkate I D4 §i3nilaPSd 11t rstSHéx Aty head 103
SSz-55, SSZ-57, SSZ-58, SSZ-59, SSZ-64, ZSMb," ZSM Il

S, - 32, 3 he, |l i ke H:

o K@Y bk G 208 o N C2A BTl s 0Bt elivery channel
nn%eculan si eves each .contain silicon as the major o

to qaple ArRHFR o& thephioforesishrevelopes sphutionig t iscugrid 1 ggsgindicated
m croporous nol ecul ar sieves as defined above. To be

by agewul 0% sAddipenadlys the preokisuity eadh ol gudwdesrfisoand second vacuum
catal ysts they nust contain |ow | evels of strongly

retias iclirmels ap@ARAted bySekpBcti aows 10Td)and 30TH, 8 BupponeRKhifion and
aci di ¢ conponent (such as boron or titaniun) and be

corf PR SE0 G194 LA oS AT s 1o
sy e Rl S Bt Bt Bl BRI SEY i i

4,963,337, issued Cctober 16, 1990 to Zones. Ml ecul ar
deliypry chagmt ta gnahie groyisiosels flrying (gd tpshesubstxge 101, as indicated by
5,968,474, issued



Cctober 19, 1999 to Nakagawa et al. Ml ecul ar sieve
SS7Z-53 is disclosed in U S. Patent No. 6,632,416,

w0 s@ameiiesSet ober 14, 2003 to El omari. Mol ecul arPGT/8%m06/030773
SSZ-55 is disclosed in U S.]Patent No. 6, 475, 463,
i ssued November 5, 2002 to omari et al. Mbdlecul ar

arrSw @08. Biw/diyihg Suidiis epplie@do th substfate Rall BihedNdtely following removal
6, 544, 495, issued April 8, 2003 to Elomari. Mol ecul ar

of zl;ﬁeegﬁot%sﬁﬁe‘«éo%érséblhﬁﬁ) dibk Ryl the- vd %ﬁxﬁnéhah!ﬁelwh(?@é lﬁhg?, as the

5,089, issue 03 to omarl .

sje SZ-59 | di.scl in U . .
suglrE o5t foll R gt argxmgaéya@?@ b allgmmed photoresist layer
. Mol ecular sieve SSZ-64 is disclosed in U S. Patent
is pesenpoIhg sustratg Kilued May 27, 2003 to El onari .

Mbl ecul ar sieve ZSM5 is disclosed in U S Patent No.

7Q2..886, 1SS 4,
(00347 ST B e BGRCA U FA, f gea@&sat%e e Fheirasht developer
No. 3,709,979, issued January 9, 197
solyfigre 8, p fartiquiarelogation e the wsagtédlqlnlswqusralqnétt@ ke Kige that the
4,410,501, issued Cctober 18, 1983 to Taramasso et al.
meh&sb@clﬂ laof phatveesisT devieboper Sthﬁmeﬂ; inrcodtacBwitRathe phrtisalar location.
5, 053, 373, issued Cctoberl, 1991 to Zones, U. S.

Thid {1 vesillhce %inddds the Bhotbﬁ:&@ﬁ&% @tbééllutﬂe% at h9aRichiRr location on the
Zones, and U. S. Patent No. 4,076,842, issued Febr uary

i R g ot il ST o

Nbl.ecul i s, disclaosed in
respit & henoN GRG0 1560y bedpbreriaton Vel nbrpaphagis of Figure
El omari and U. S. Patent No. 6,540,906, issued Apri
2A; thogegisces Bl dnefr phothskist dpmlopgr @@blt@gzls7®edsto both dissolve the
di scl osed in published U S. Patent Application No.

app2OREdid 4086msAof phonbresiie thadiae 28, sAROGHERE @by e dissolved
foregoing patents and patent application is

phdt%ﬁ%ﬂﬁé@hﬁgﬁwnﬁ{%fs b fﬁ?eelhdlere' ninits entirety.
talyst Preparation nthesi s of m croporous weakly
aC| di c nol ecul ar sieves M croporous weakly acidic
[0020] Eclidvaing stheviesnisaid b 8§ phbwsdsise dieh slopermiollitivre svith immediate
conprising inorganic reagents, water, optionally

expsaRAb @hes&ﬁlﬁfgt 158 rety Bse a{]&'yqrgﬁ?l&esoo_‘&}%%&QLtl dev %ﬁﬁ%%lutlon on

and optionall'y |norgan|c basSes OH, et c)

S wn ..n the art _an

the sﬁgét{a?e l&l CS'S nn%wgfegl%ao fll(%n rgc?s%ﬁ may |n§#. g%%\be'rs‘%)aaqfq?ted by the
stirred autocl aves, operating at pressures above

PTeaRIeB Sh RS ATy Treis W @hotosgsish deesloring soluting o the wesultiste patterned
the synthesis is recovered by filtration,

phatenesist flaygat iTherefo, ovitier suck ctvafer usbricaton pravesyesy ohes irradiated
weakl y aci di c nol ecul ar sieve product is washed to

phdtEEBIVEMbIFENT édnl RS devBldpe@bing R afatfud HVERIFOIA WitHof€incurring
sel ection of reagents to avoid introduction of strong

o SR SRR T A v
R R e T

Al um numin water can be controlled by purification,

sengifivh taythe dn residirnigehotoxesisti dewetopimgtshbitionpa gabsequent rinse and dry
reagents can be controlled by selection of the

oper@geiah beperfoshdéd esincMBbppaatidof BggePss, the al um num
content nust be as | ow as possible: |ess than 500
wei ght



ppm preferably |ess than 100" wei ght ppm nost
preferably |l ess than 20 wei ght ppm An exanple of a

wO ow7@aksd num si | i ca-contai ni ng reagent i s CABPCF/B51006030773
5(r) (fumed silica) which cogjains 4 to 24 wei ght ppm
al um num (apparently dependi ng on the batch). Aerosi

[0@30 Figme dBsis| dnc dlustatiorotiivaving dhy agpagdtns bt FoguraviAc hicorporating a
contains < 20 wei ght ppm al um num O her exanples are

rink& Eﬁ@@tﬁﬂlﬁf)'eraﬁﬁﬁ Wﬁsdclzét‘aﬁﬁc% Wi Gk i&ﬁ?ﬁcﬂf\ﬁ ?:fothg Y%!:t%qg%entmn. The

ppm al dm num Exanpl es of nater

excessi unt of . m es .of. this
Rt APYD, 4 Bl SR IR Rgighe enapparetus of
1000 _wei g pm al um num} and Nal co 2327 as used in U.
Figyre B iipgiud qﬁksf? © secpBd proxamity §eadel)S) as presiouglygBserdedywith tespect to
et al., and U. S. Patent No. 4,728,415, issued March
Figires11988nd tB.Ulheitdrord padxim#An heaial 0k sordfigutdtbtoalisposda finsing fluid
content of typical silica reagents is in M croporous

on@ﬁ@sd\@ﬁﬁ@qop lﬂtﬁroﬁ@{ el stng Bdd GERRSY cildPel 29 inditatdd Qpaﬁrow 117.

| evel s, the al untnuntlnpurltles I n” these reagents
0 C Si al um . .
T FRORH FEERR, RIS BOUSL bl Aty ﬁ PR fifing fuid
ve rodu the 500, 100 and 20 weight ppmlimts
fropfhie, JSLEHF 1 égﬂtrea@be fte VoY e s FlmeeRnioidiated by aows 115a
fol |l owi ng weight ppmalumnumlimts for the
angrild $lp pys preyviomshkdigcusesddivithmespectutoaFigereelisy; theadssingfinid delivery
1000 wei ght ppm preferably I ess than 200 wei ght ppm

chame] smsthepragingh abluyn tREmelshadtk 20gatRdrabtdePiBBant).cof¥fine the rinsing
Patent No. 5,166,1 11, issued Novenber 24, 1992 to

meffRES 18 bleatt S %‘reb&ﬁfsléttoglﬁnn@f ﬁ@ﬁ]r A5 (Mid‘i)éon%ll? 0@ bR 101 is

m Cr opor ous V\E acl ar sieve i1 n

oS L A S o e v

applications, the catalyst conmponent s nmust be forned

0029 AlRoSHE Thed € of Highs r y t

[ a%e a? east%%%ggglﬁens ongﬁiég?%%gﬁ a%(@%&%&é&%ﬁgﬂﬁ.andthe

ferabl r, tha st prefer re

seBf pE iy ORI g g o S RbSiF L AR g euton on e
l'i ke pelletizing, extruding, and conbi nations thereof.

sulisieate d9i gy sqtbyraeatrplingdhe elativetvelngity BX thesubstrata i 8F wathsrespect to
can be cylinders, trilobes, fluted, or have other

theapebailtity Iepde1l r Tieadfosd) éxpemttabtatb the errrb@cﬁméht‘ éfUBipore 120ahe drying
access to interior surfaces. To assist in formng a

flufRlaIvws) thtbddh ﬁt@%ﬁoﬂ'ﬂiﬁﬁy‘ RS S1T SRGdds o ﬂﬂﬂ?ﬁfmaf 18 of uphotoresmt

typl cally used nders I'n preparing catalysts for

deVGloP ai ¢ i gOIB{I e c u{nairbo%lg{éb\/ es ng rséglsg_r n 5610 @ﬁlégf Lig rtge Bl?lb t(‘é‘F%tBt of Figure

rrposlte \ rix materials resistant to the

2Bt gipaxgt S r%t\ﬁ%qn t8e APy Bead 3l pd dhe speond proximity head
hydr ocar bon conversi on processes. Also, it is

10pdedsaot alfeat thaurssidenxtertime oftthe phﬁb@sitshdﬁvehhpemﬂﬂutﬁmpﬁr the substrate
strong acidity into the catalyst. Such matrix

10materials can include active and i nactive materi al s.
Frequently, binders are added to inprove the crush
strength of the catalyst. The selection of binders and

[0035hHignes & dnei tlluéﬁ%tlmﬁ@m anysténe fori davelopingum ewpakddyphotoresist
acidic nol ecul ar sieve and its intended use. The

maksriatien araberatelin aedordencs elitcirRtniyodith@iTghd fRsent invention. The
refractory oxides of metals of G oups 4A and 4B of the

syseet iR rd@l|ike %;10{0 ! (ﬁqﬁ%@g 4 ?Hahfs%sa %&10%%5; Hlscribed with
are the oxides silicon nrrum and z rcon
with S|I|ca bei ng preferred, especially |owal um num
silica. Conbinations of such oxides with other oxides
are al so useful. For exanple, silica-nagnesia,
silica-zirconia, silica-thoria, silica-beryllia,
silica-titania,titania-zirconia, and
S|I|ca nagne3|a Z|rcon|a can be used prOV|ded that

o o L, r .




is a preferred binder. A preferred silica sol has
about 30 wt % silica and contains small particles (7-9
waoeoo7/2dsanet er), which result in catal ysts w peT/gsmde/030773
attrition resistance and exceilent crush strengths.
Form ng pellets or extrudates from nol ecul ar sieves,
respegt ko Bigngestireamd 1. dierafore, Rigatd 3/shaeisdhesubelrgte 0D akupported by the
sieves useful in this invention, generally involves

MR CHVidS 107 RhelsiAMt ¥bSe9ickYddmad THEns d
coadtl§‘1I/itieon to the bi ndlers. Thesg gddi%egogrli dt*’?%?%é?ﬁ?"ve the

Q nic, c U | lLul 9se based .mat eri al
st e AR oot e S Py Scanigierdh s Tosr105. he
ethyl ne gl ycol, and stearic acid. Many such conmpounds
proxyaity %s%%p@%ﬂqw device 125 1ssalsqelepicteghas gﬁag copfagiged to control the
additives do not |eave a detrinental residue, i.e.,
separasionididtangn betsveea Bhecfinstaxt sevortdyproxinttyehendtat 03¢ HI5. bl ock
pores, after pelletizing. For this invention, it is
speci ally .desirabl e that, such residues do not create
lO@éf?H@f i bing sitiestehio M developmenl Rregess.ig substrate 101 having the
above-descri bed washing will renove |ow | evel s of
photheesist maatenidl alager Thposited i thawsof rignirtadiatesk tim us i steppar dl0ils In one
preferably less than a few tenths of a percent, nore

empoéihengbthy steppér UDRMTuRktionwito %expbtd BAMS dfeOén P REBStRALE 101 to a
catal yst conpositions are well known to those skilled

patténdd ‘i“%ﬁ?ﬁﬁona 'QSjurl:%1 R % hliélﬁ.n ViRt 1 A0E0n t SEARLANS SnRfics the

spray drying, pelletizing, extrusion, various

spher e- maki t echni gues the_like. The newly

PhQBSE SEAHA RoB 6T (TheRLPULE M el Wi PoREn. T should be
zeolite/binder as described in U S. Patent No.

undprsiogd, dmwevers hab thesepemmidiiawa 3 ig goplimisedvo havingthd substrate 101
U.S. Patent No. 5,514,362, issued May 7, 1996 to

probkdsbein a stappealdod. Tue cnsmgle, THeasubsitate B0 IcamtiRNiadofedil@a¢ manner
patents are incorporated herein by reference. The

d ghakiy Qy Ry QRORLVIQNIhAT 1STRESHH B RloBMFRg! Bt i i
o bi nder%/rr}éﬁi X car11 vary \lNI dely. Genepgl?{?iy,g ?lﬁeBﬁ()toreSlSt material

I ' . tent r es.fraom be en about 1t
chif S e BB Rhaft sEa%s PRATSS! 5~FrtenBropdin Dnce e
of fromabout 5 to about 95 weight percent, of the dry
photeresists ma&naﬁﬁ arpippriately yrastiated othoysubgiratey O ais ofrgnsiresd to the
does not require it, the full-scale conmercial use of
phatbeesisihdeynloping dppretug, asdgdicated bp atvowdd3 M cr opor ous
weakly acidic nolecular sieve. It is preferred to use
ol e extrudates rather than crushed extrudates_ or
lﬂoﬁlﬂbéa nweweﬁzs ;f@ﬁ@'&ke%gm IpsBRSF dP cIRWICe Clft-4B: 9 etfig ssubpirate 101
commerci al operations. Bound m croporous weakly acidic
travepdes chengath sthe st pedi seeondhpropimeiss neadsd i 03105 r thagdubatrate 101 is
reactor, provide inproved flow rates, and are easier

expoled @aHe aftdistd MadraiMtihin AR 198801 Iﬂlotd?@siﬁldBWISﬁérE@ﬂltion. With

m croporous weakly acidic nol ecul ar sieve or the bound

-0 iIVBRK ki ¢S] i S . f to ..
 PRSLOBRAONSIL TR SR EE M Bt h Ao Bt ortions of

r ved by modification nmethqds. Sui le nmodification, .
they R s et af e ResPtotio et GpBin Py T PrevidSs) iMadiation,

steam ng, treatnment wth amoni um fluorosilicate and
Thysorasi Wat subaate hidtle emergas | fram caneatht the i seoarid proximity head 105 a

contacting the m croporous weakly acidic nol ecul ar
patermdephotdrésis dayenersists oh ulid Qbstrate 161. €@ s@bstrate 101 is then transferred

concentrations, tenperatures, and tines sufficient to
to aCEMEafeN BxAXREGh HHRBILGE! N tiﬂdic%ﬁédaftgf ahby, Woshole substrate

significant | oss of the structure (as determ ned by

XRD) or the pore volume. Goup 8 Metal The catal yst

conprises at | east one G oup 8 netal, preferably a

noble netal (Pt, Pd, Rh, Ir, Ru, Os) and nore

preferably platinum The content of the netal is

preferably at or between 0.1 to 5w % nore

preferably 0.1 to 3 w % and nost preferably 0.3 to

o o a1



are the preferred source of platinum Platinum
tetraam ne chloride and nitrate are especially
we@mereed. To these G oup 8 netals can al so beCHUS®A6/030773
one or nore non-Goup 8 netals such as tin, indiumand
nmetals of Goup 7B such as rhenium Exanples include
exaRiin8mn keviPel 407t isNdefirrddioPthiRecterihe secorelitidrs of afie bibstrate 101
readily introduced into the conposite enploying a

foll\é@ﬁﬁg'&‘fr)(véﬁal P e SuBBELtS BENVRM fhe TRkt atnﬁcda&lﬂl%xmﬁtﬂheads 103/105.
i on-exchange, incipient wetness, pore fil

Forég; 5 (& 3[%? 51:{1581:1‘2‘[‘:6;6)(3111813?1{)1? Eg}%}cg -ane Ie)%a?]g]}ejg 8?)%{083 %b% g?he pattemed
manner that results in excellent and uniform

phjorspist byehon Hiresubpatp e fRSURR thié dke phaipsginbdevsiopmanhgepoess has
is preferred. Reactor The feed can be contacted with

beeniperdaned ysduritely alnf ineetivdinents thersubsiratoetangniieoh device 407 is a
system a fluidized system a batch system or

scaﬁ@iﬁ?l BREIr&N Smichaees (SRRBCUAd Sthei Brdn@hatidh iAQ8&s capturing and
oyed in hydrot reat| ng and hydrocracking are

ins éé'tl%rgbéﬁM ik @rotadﬂ ?&%oﬁf %@y%{)e@ g'étt%ngﬁ) \ﬂthﬁg)rgs?sq layer. The

mI1sS preferre i Xéd

L_...h

rehea .ed fee passed i nto at Ieast one reagct or
chafiSHab i SOOIy O RSP TR X RGO S Papprd FpB e pubstrate
the feed can be upward, downward or radial. The
exapdnditdnodevics 488 ¢ heempetingysteind Ids a3 iang‘e:awdddyi amgwds. be
needed, especially if the content of heavy paraffins

> 50 wt n nversion is. high (> .
0088, b b el S A 90 R S g provimity
cool _hydrogen between reactor beds. The reactors
heagdhpasitipiee defitppemrafier 413.na indirstedaly emow 29 ihe qrroximity head
control tenperatures, pressures and flow rates that
positianingy pévied bqntmﬁerd4]i3nis higfinat toacdoeos theRepattién Remavebstween the
and Subsequent Processing The effluent fromthe
ﬁrsmé.ﬁfl %@&Y@ hedxPRity GRedd 203/709%0 GRALRG §aR’L&a g)ﬁ%ﬂoﬂgs%t developer

desi red strearrB or fractions. Products [

sol i 6Bl e ol o, it o RRe & PERGRRDAGL opfidRing dovice

| i near aIkyI benzene producti on, f eedst ock for

confighpy & bheoTBEEBICHPS CqRttod ipsttnefionsdp dhoprosieiukeadpesisioning device
can be recovered using conventional techniques

125 eapndisatad) byt astoiis| 4%7i dihthe Ahamacterlatipar dutd pbtaget veorh theasubstrate
be recovered from products. If the n-paraffin content

exanfindtfn Bibfchies kiR the pHotdiBestHE beimgrBAsRAvAYpdS theXonPitting system
known adsorption techniques. One commercial adsorption

p r Y a

o EHBREEE ACRATRAE ARG e o
or .Sor bex r oc ss described in _MPhee, Petrole

Sep?@gﬂﬁ% IESE?,I]I sec g@xggryy gags 1@9{) Q§ &9 1ncrease the residence
1999/2000) mhlch descrlptlon i s hereby incorporated by

time eff dhe pbeforeFisi develgpar salitihon o thmaibsigate O k€otmersely, if the results
sel ectively adsorbing normal paraffins. However, the

obtpihediuGiom fthe Wblﬁbsﬁatreafef(arﬁnﬁﬁb&CIﬂdY@tefMﬂﬁtOQﬁ@Vﬁli&b&Blst is being
will be rich in normal paraffrns and contain only

overd®) olpgg}]ﬂggiiﬁ mBhitify %}@feg? ot 'S tbltesﬁfaﬂe? os1t10n1ng device

pre to sea t hat asa

rb|n ched S es ov ornal r ff

conglin’ 458 o [ hfemiead #@E?Wﬁ%%%%ﬁrweﬁ %rﬁa@r@mty heads
sel ective in Santrllr D.S., Harris T.V., Zones S.L,

L03(Qsy ép slestessavbhiceFesidencsy Gime) 9f heh @h@t@yesrsh cisvplopert sajutign on the
reference. Ot her subsequent processing and integration
options are descri bed bel ow. Apparatus for Devel opi ng
Phot oresi st and Method for Operating the Same by
I nventors John M Boyd, Fritz C. Redeker, David J
Henker BACKGROUND [ 0001] During sem conductor
fabrication, integrated circuits are created on a
senrconductor mafer ( waf er " ) deflned fronra naterla

o s T T 1



Fabrication of the el ectronic devices invol ves

depositing, renoving, and inplanting nmaterials at
w@e@cioswsd ocati ons on the wafer. A process cal PEDUS2006/030773

phot ol i t hography is comonl yj4¢ised to facilitate

deposition, renoval, and inplantation of material s at
subptrats 4011 dc ahowldsbonppieeiated§ drat thOO0RBkintity &l positioning device

phot ol i t hography process, a photoresist material is

conthdIfk 498RQ%I Bee&bnPiBinRd ith QuMdiicallyl BGuBRhAE %E}?&?ﬁ ‘t;/etween the first

material is then exposed to radiation filtere

The t|c ral pl.at e tha
ond St FuoRBfol Fel® ATub BRDERRaY ol Gl o T plepqufon dure, as
bIogk some of the radlatlon from passi ng .t hrough the
recepef Oy dhe ogrpputing system ¢ 11 HiogLhe subdrafeeiaginationyisvice 407.
radi ati on contacts the surface of the photoreS|st
a h t |on of. the
[O@Lgégdéop m%e%’g%%? 2 er a?‘{n@bﬁ& gggcos jygate instructions to a
hotore terial re to the radi ati on_causes
deyglepez, g gab‘%}f é%‘?tg‘ﬁf(ﬁa“ﬁgr P8 indigated dynrewp43. The developer
squbIe |n a devel opi ng solution. Conversely, with a
solptigiatdelizeqyheandrodlet 415 ratdsfined to oxgdster @ floyv trite of the photoresist
radi ati on causes the exposed photoreslst material to

devatemeolueios fival ubbwldper diaticternetropir 497 $6 tidt firetprbR@88] head 103,
Fol | owi ng exposure to the radiation, the photoresi st

as Hﬁ'io%'ﬁédalB hi$owuBj %&aﬁ i &sﬁu&ere lréb%w%a i &f‘esc%msduﬁng §Pem 411

devel oplng DYOCESS tOfESISt mat er

to the o t.lon o di sso

T SRS S et Y i earsr%g? i SR EotRalE fhsemay be based
made nore sol ubl e by osure to the radiation. Thus,

on isHlstinl 0k ohmrteﬂwpm &sprorld@ch by phe suhstgiesaminagion alevice 407.
are renoved by dissolution in the devel opi ng sol ution,

Fot esamplg, & thatphetonsilt hbding eadatievelored, tHet copfiniting sp&em 411 can
appreciated that with sufficient exposure to the

insH@%ehO RERTore? kit delR BN EdhRbI1% t%\{ﬁ&eﬁs‘%rtﬁé g@@ 8k o Bt developer

phot oresi st material that have not been e nore
Vipartially dissolve in the
SOIégyﬁ%pﬁ%%hég F%%hﬁ%ﬁg%‘ te, it is necessary to
control a resrdence time of the devel oping solution on

[00BDP Irb AL OdrfiSd B el s !pﬁbtoﬁééi%h debabp&nédruﬂ?&{ td Qélﬁalﬂlfed following
t he photoresi st material that have been nodif i by

exﬂorsrt:u%d rd"‘tthv% @{)ﬁter ‘éﬁ? emﬁagﬁ)l?rf'el'rt %%%I%(?ﬁ hp td (?peegtsolutmn is

eri al een devel ope 0 reveéea

si st wafer js processed to renove,
S“@Elsé g‘? © na‘?mr Wé‘ilha ﬁ]rﬁr Bt within avrapge exignding frapy Aoyt 4% mL/min
covered by the patterned photoresist |ayer. Therefore,
to pbows ho U/ b elna potheri emlailimbnt; thed usére phaibtesisheldveloper solution is
phot oresi st layer is not accurately defined, the wafer

distgédasa paiceSsoRnaaably. Ih itds pabbaitae J@ﬁ@h@lﬁgﬁpfﬁﬁorkﬁytﬁeveloper
will not be accurately defined, and f he subsequent

solﬁ‘@&? hs gﬁﬁﬁfé&% Qi dﬂ%‘lgmtcu{rlr?auﬁ) hd HARLLPRREGT £3 &El{étg%?rthe first

I"naccur at e. hus I'S necessary to

UL A TR G R

photoresi st material are renoved during the devel opi ng

[0081 PERS SorhPuitiLHs KR 412Mis &80 ?agrt%fg]% %B%Iﬂﬁﬁdaﬁggtﬂ%ﬁ)ﬁs {oeefjvacuum

photoreS|st [fayer . SUMVARY one e

o BRI bRl 3] 995050 LAY SLSRL IR EIB288 o rovic e

|ncIudes a first proximty head configured to define a
nmeni scus of a photoresi st devel oper solution on the
substrate. The neniscus is to be defined between a
bottom of the first proximty head and the substrate.
The apparatus further includes a second proximty head
configured to define a rinsing nmeniscus on the
substrate and renove the rinsing neniscus fromthe
substrate The second proxrnrty head is positioned to

1. " a - oy e o




direction of the first and second proximty heads over

the substrate. The system further includes a proximty
wheadopwsi ti oni ng devi ce defined to maintai n aPCT/US2006/030773

separation di stance between {fe first and second

proximty heads. Additionally, the systemincludes a
neqesexy madupnhwaithefirst dndasecongl exintty lnads 1081108, ddhiioged by arrow

to control the separation distance between the first

439NTheS P4 Hsrh UM Wipeadsthe VAot Al 1%095 Y&fm reservoir
between the first and second proximty heads iIs

42f°ﬂrs rl’ﬁ!?lllt?o(iile& AHRTE aglll e%ﬁ) gmge%?' x?sqs %]Ot OLF gh% é)lhptgtreéstst developer

per Sol Ut on 1 esl ence tl

B % @g .anqt her enbodi nent, an, apparatus
solgfia iy gerdaimst Hewpe sy aeguANTeEeE cdphlgeest bafls into the developer

material on a substrate. The apparatus includes a
solptigx festvyirHd dd ag tndfidagpdrbedarteov 489.i Becansadefimsiders aaf confinement of
phot or esi st devel oper solution on the substrate. The

botr 18X infnis¢ud 68 GhbtofRRt HSIRer tslutlef bélﬁeaﬂhﬁlerlﬁ‘@ﬂ ﬁr‘ék‘ffm‘ry head 103
between a bottom of the proximty head and th

ancﬂ'f%st Si frﬁ%s REQ! tﬂ% %é@og(? @poxluﬁgil HEAdE5 &r%na?fegt% %y fhePvacuum

y renove nmeni scu

esrst devel ope ution.fromthe substr
Str‘?"@ng{hel ROLRBMHe rSYEt 2? o adjuicAcly Menisiusc Iﬁs‘é’&’mumcatmg
for controlling ot oresi st devel oper residence tine
apApriate MWO@UO%thIOh@tD thayhoassystem AlSg a
meni scus of a photoresrst devel oper solution on the

rate. The d. us, of phot ar esi. st
03h3hé BepoubiCobGin P RER BREGLRelBharSE itructions to a rinsing
substrate The net hod further provides for controlling
Aelsicge featrellere4dt, shandimbdobEsirmw dédel Bserinsiog Uluidrdelivery
on the substrate. The residence tine represents a
cordroilet isodefidedttoaegilutern flowatieast tha ringmgsilidttoahe sé®nd proximity
exposed to the meniscus of photoresist devel oper

heai01 05 kO Mdi¢HEPBY afbhRe4128RR01% ROV RIRBRE ﬂ:B‘m Hecomputing

i nvention will become rmre apparent fromthe fol ovu ng
con With t
sys%?ﬁ gif gﬁl)?qﬁ% tg%h %gfétrol g{lorés re%é veéf/‘rtr h%eonégggwgls%stem 411
the p e venti.on BRIEF DESCRI PTI ON OF THE
N?@ gsugerthhasa%ﬁtmﬁtl%@m ECPRd fiognthegubsirate examination
apparatus for devel opi ng an exposed phot oresi st
dewiet 407. dlor examaplsyifshe sitbstrate whaacterizidionedard tndicates that an excessive
enbodi nent of the present invention; Figure IBis an

ambuint Ut ftdkdredistsisioper soltitidh MsRive Qf bteﬁlg RRPSH ﬁtetb%b&tate 101, the
Figure I A, in accordance with one enbodi nent of the

cong;ﬁﬁ%%%gstbﬁvﬂqt éaﬁ%stﬁtc?g{e%d@ﬁgi tﬁu@ﬁeh%& %oﬁt%l e? 23 to increase the

an appar at us I nNg an” exp

ot or.esi.st a subst rat e, in accor dance
ﬂo‘&nr i OQHBTIH%F]%P&%‘? ?F@H’t‘d XNy beadd08t i nventi on:
Figure 2B is an illustration show ng the apparatus of

[0053 ORG24\ id AiF 9[}&%&5@&{ %gmgn%% 'i'l?e%h@’fﬁq dcro¥1tr8ﬁ?1%$thio%'i]esi§t "Yeveloper

accordance wt one e e prese

invention; n ill strat| n..show a ) )
resi QR B 2 UG et afRatens i br S rroboiaente! Heessns javention.

on a substrate, in accordance with one enbodi nent of
Thy ﬁ@tmdégelﬁrle& A epraton: SO rfar Aefining a4neniscus off lal plistoresist daveloper

showi ng a nethod for controlling photoresist devel oper
solutési ote tigesutisreteoin ans wipdbdiaiegt, the) nendoud angeinsitth BH& an area

enbodi nent of the present invention.

havikT 4 SELRESGRIET Aitdibe GhPls 4t leatspg dfa%été}vﬁfqﬂe substi‘;rate. Iﬁ this same

description, numerous speci details are set rt

in order to provide a thorough under st andi ng of the

present invention. It will be apparent, however, to

one skilled in the art that the present invention may

be practiced w thout sone or all of these specific

details. In other instances, well known process

operatrons have not been descrrbed in detarl in order

e o, .

o, o o o



define features, e.g., circuits, thereon. The
substrate 101 as depicted in Figure I Aincludes a top
wo aye02164 phot oresi st naterial, wherein the phpCDUSEN&030773
mat eri al has been exposed tojf patterned radiation
source. For exanple, in one enbodi nent, the substrate
embOdinteaprtbs amnisces sedefeddo bbos anvekent 109 Bedthd cliredtion that is less
photoresi st material |ayer has been deposited and

tha®XRP&AENt i tBe Frdt RINBHoR RRALih Ihe sdcBnd Ia?reétﬁcﬁpﬁ: engircular to the

operation, regions of the photoresist nmateria ay

r DOS raviolet. (W) light filtered through
frd! B EHBR Pl PRt B Befled ¥ opetefl o7 R Efyeeng " definea
resen% knvention, t he photoresist material can be
MEFisCHL PL RhYGESSISt dEVIRRRT Giodiont ovst the selpiaieydn one embodiment, the
photoresist. Ih the case of the positive photoresist,
menfseuplsotraverssi stvethee sutatrate esplo itk the ettive substraderd exposed to the
radi ation, e.g., UV light, by becomi ng nore soluble in

mehtseusa_rlﬁ&wg@ss Of the RARIAPLNEG Belsubitife. THYASToreMvith felifect to the
positive photoresist, the pattern formed in the

j : [ i devel o nt .

ob QBB Gh SR B el s el BB T R i the i
4he r t%ple t hrough which the radiation is filtered.

ang JeGHRE QIESHOTSy the, enisglt i, BayRdor s the subsigate 1n a linear manner
photoresi st material responds to the incident

coipgidpritwighthe seqpnd diggctiony ftshowlyl bseppreciated) thatgrayetsabdfehé meniscus
the presence of the devel oping solution. Thus, with

of phetoresigntievetopphebdlaties iostrs thehebyaid esbé atdtablisAed B moving the
photoresi st material |ayer foll ow ng the devel opnent

sutRE:AC D Reak ' i k
patter%agg??%ggﬁﬁgﬁ?%g£gg%icogﬁ%ﬁﬁgggﬁ&%#ggwﬂgﬁe
radiation is filtered. The present invention is

0034 dbé atettbdniutthet melyaleo toopsiadbn 36F bopsmivlliny 0 ¢&sdence time of
and is equally applicable to both positive and

theNBBRbIcYS: BBRISHR SIohltidFR bR the! Sibsth#O1Phe \%éi&ex{cs%ﬁg;reﬁl%sems a

Figure I A, the apparatus includes a first proxim

, Q proxi m ead 105, .and, a .
i85 b2 b 0oL TSR0, B0 e b lgPlE S B df i hptosssist developer
the substrate 101 rests in a fixed manner on the
solptinty &y Qre smpadinecat, 1gpptroling the aksidrane meed e photoresist developer
functions to nove the substrate 101 in a |inear
soldfiiore dn¢lodesb eprgetlting he rblatist ahatityebetmatepr thei definednesiicus of
103 and 105, respectively, as indicated by arrow 123.
phoeidiibi @eadidper doeioRo BYE B GBbARW. CEhid AdnticlidEdt ak%gxtntﬁ@ that the
e

mai ntain a substantially uniform di stance between

. ) . f the fi
eS80 0 S oG B0 0754 0) i Bl e
e 5 350 DA bl B vt s e i

various enbodi nents the conveyance device 102 can be
travgesal pbde avendscpg Blescovar Isalot sufficieantp wubecontinped dévelopment of the
devi ce capabl eof supporting the substrate 101 and

phdtoresisigmatbeals Ahdlteaiaeive Rardation g aliis FRBOETMAE BAR N [UdB isposal of a
first and second proximty heads 103/105. [0014] The

; | ; [ L ne
dryilg RURSRT) B B A edBL P9 BPIEE, B8 JUE 0Bt substrace
. the substrat.e 101. as t substrate 10 asses_benpeath _ |
imup a7 TG e b o Bt B cof elelRRie reeioger Solution
I A, the meniscus 111 of photoresist devel oper sol ution
thetegvery pe defined within a regi on present between the
bottom of the first proximty head 103 and the
substrate 101. The first proximty head 103 includes a
devel oper delivery channel to enable provision of the
phot or esi st devel oper solution to the nmeniscus 111, as
i ndi cated by arrow 109. Additionally, the first
proximty head 103 includes first and second vacuum
return channels, as indicated by respective arrows
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proximty head 103 relative to a traversal direction
of the first and second proximty heads 103/105 over

wo b@7seMsst rat e 101, as the substrate 101 novesPCTUB1DE6/030773
direction 123. The second prexi mty head 105 includes
arinsing fluid delivery channel to enable provision

[0035] Th endthérsinite diraeit Seoisroligik, tha sesidit€ Bine b iye PHidtOMEist developer
117. The second proximty head 105 al so includes first

soldflfh SRIONE bAGHEEL£E a&tf&ﬂi&%ﬁt&h& b&wedd ﬂ{ecﬁgﬁlg ?f %hotores1st

respective arrows 115 to support

confinenment of the rinsin s 121

dofn ol A oa S (P TR GO RN OGS i FJIoHe iy meniscus of
105. Additionally, the second proximty head 105

phpteegsisl dsvelorsr yohigion| afressodip i substiate Harthis embodimght, @ thin film of
provision of the drying fluid to the substrate 101, as

photodissatieldpgr solnton klBlowedrtederatialon the khitswategfollewigataversal of
of the rinsing fluid through the vacuum channel 115b.

thel fiéfisc@Soft FRtGEast AR {)139 $018HBA URSedvel MIRENARL Phdid¥8sist material

second proximty head a patterned photoresist

e b 3¢ B B Gl SR Pa 4 en wi o

t.he ot oresi st devel oper _sol ution present within both
SutJﬁ@e@mhe&%e PO HECEh TR Yortha developreent FFacepowill not be

di ssol ve portions of the photoresist material present
completdtefos algstendoetiof bn thé ewbstratetungil pherthinofilsn of photoresist developer

photoresi st material that have been made nore sol ubl e

solullb® tg FenfdVRd FFRY i Subistra@dyathle AherR§cRS F Find@ MR4A &hat follows the
raprdIy di ssol ved. Accurate devel oping of the

B?tiﬂ@%ttprgﬁ q{egél'o ér doﬂ}tfolh E %g@g@@&t re?eR veRRile itg%etween the

resi ence IFTE o per SO uti on

the p r esi st nat r|aI i.S pri te to renD t he
Sursrtatrd%{ s BeRe S e oM agprstich BSR PO A Bt hTERice B of the
adversely renmoving nonirradi ated portions of the
phefletastst dsydeparsoltionlon et substrade ap deteramined by the gepasation, distance
the residence tinme of the devel oper solution on the
betites tth@heenisdds bs petorastd deyelbpe blittivhi ad t¢efollehimghmeniscus of
both the neniscus 111 and the thin film 113 of
gehgper solution is present on the substrate 101.
heérefore, considering a particul ar substrate novenent
velocity in the direction 123, the positioning of the
[0G36] St eithelr o€ cthe dabovexdesaribgd healstslich€@s 10D doatrolbingi ther pltbtoresist
to set a desired residence tine for the photoresist

de@é}é/ﬁér REden8Otikel ANHhO '§.u1551't‘1%teS whedrEAlR tﬂ@ﬂaem@&g']:(a nfetuscus and thin

shoul d be appreci ated that the apparatus of Figure

Vi Ous IS b rated
ﬁlmi E Bﬁ tﬂremg{fyetvggq?)& sqﬁ%tgd& %VGI‘ Zr\sﬁats 681} %g 2‘191{&\’? g by g}&peratlon
sui tabl e rinsing qurd and any suitabl e drying qurd
fon gvalyadimg| argsubHREo BPIEHE Of tthe SyhuTa cBssd ey dieopeatuation of the
solution is TMAH (tetranet hyl arrm oni umhydr oxi de), the
resultingi oqgpditian df itke debstmig ecbnival of , thandsidénee diye ngf fHeupthtoresist
is a gas mxture including isopropyl alcohol vapor.

deldl6e3lsofnkiBh o8 thBsitstrafe danl Besidj@tddORd BhPVFNS réulti dn8Mon of a
of the apparatus of Figure IA i n accordance with one

oS00 B 5, BESORRL ALRUAR' & el B BBt oo

|s supported by the conveyance device 102, which is
BA#i gured to be noved in the linear direction 123
beneath the first and second proximty heads 103/ 105.
In the exenpl ary enbodi nent of Figure IB, the first
and second proximty heads 103/ 105 are configured in a
rectangul ar, bar-like manner. Mre specifically, an
extent of each of the first and second proximty heads
103/105 in a first direction 127 is at |least a
di anmeter of the substrate 101. Al so, an extent of each
of the first and second proximty heads 103/105 in a
second dlrectlon 129 |s Iess than the extent in the
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structure connecting the first and second proximty

heads 103/105 at one end, and a second structure
wa@ommeetesfng the first and second proxinmty heabPlSI/US2006/030773

103/ 105 at the other end. Thegstructures of the

proximty head position device 125 are defined to

[0@37315t ehad] bstappreciatdd thae tiseprixithitp mahal angR ﬁ%&éﬁ@@ﬂventlon for
the first and second proximty heads 103/ 105.

applYRicN@E p%%?&is@‘a@%loﬁé? esoﬁfti%ﬁ' 81 thy stisadeePQablel %91‘11@‘96ment of very

dévice is defined by a single structureextendi

the first rOX|ntt 103/ 1
iSRS o llh B e B8 RS BRR Ui ﬁ%ﬁ@ﬁgﬁoﬁtm Qiment, the
the proximty head positioning device can be defined
photeresist rdsyelaperneaiation, aesideage fonatk adpivearlepationeemdh¢ substrate is
features, e.g., chains, gears, notors, belts, etc., so
cotltmitpdasitltihe rpmgmxdmérﬂjngh&ad gbosi 0.5 Gaddmg toleboutd O seconds. However,
capabl e of maintaining a desired separation distance

is RRbéwIAER: elebtfe&tthatn €n SEpes)HaRs ?ﬁbf&és}‘st hReE8pdORLMRece time is

Additionally, the proximty hea p03|t|on|ng devi ce
I [ .
de né“%ﬁ@ith%%?’oﬁf%@%%%f%ﬁ R 1p§}e°hsé%tbgh°t°mlst
3/ 105 e f|r tion 127. Furthernore, the
dopilohet TP s il GEIORAY fecrTreat aPABgR chdiopesivlc to use
ei ther manual or automatic adjustment of the
highep gpaganiatietissofaadivebegantsein ttie devaleper snolitivec Fod example, if the
proxi mty heads 103/105. [0020] Figure 2A is an

photolesst rdeyelopers Belwiiolg ifcludpar Bigher torcef@MRINOBE NELiAH agents, the
exposed photoresist material on a substrate, in

h I i f.t €
P @*‘éfe@? ?Eﬁ&f’*f et E@ﬁeasgﬁﬁgtﬁtﬁ%t e SRR haveryeh if he
s of Figure 2A shows the substrate 10
phRRSIT  de Bpen, R e iR BalaT e cCoRs o ey 81 oty agents, the
conve ance device 102 is defined to |inearly nove the
phefgresist developgn repidenqsdingg paschy epmtreligl totedorgepar at us of
Fi gure 2A also includes a proximty head 201

[O(%%gwﬂgeetr%l J‘? ion e lﬁete?tﬁdgs%rﬁ% thg 1%%6%;%% ﬁtllx%ttts it will be
the first OX|n1t head 103 of Figure IA, the

ApRpERieH that %@%‘d Slszt} qd dn the gtir @p%rqaﬁ@gda@s)rmém@esp@p@p@mons and
del i very channel to enabl e provision of the

stughiog othes idsawiniesy etib peaalizo | wrioos dlterdtioas,meddiionss AdihutAi®ns and
i ndicated by arrow 109. Additionally, the proximty

equie@ientd QerbdTC THElG o, i if § indéidled 8RANHe }S?éééﬁtmﬂ/&itl%hrlncludes all such
channel's, as indicated by respective arrows 107a and

p [ onf f t he.

altértgtz&es t %‘gdl J’lh% g%'{nu%? Ogg eaglldst %él oétg)efl 'flﬁ] s%gﬁ1 BS {rus sbjrjf gmd scope
ubstrate 101 beneath the proximty head 201 The

of HPY head 201 further includes a drying fluid
dellvery channel to enable provision of a drying fluid
toth 01, as indicated byarrow 203. The
dryin?W?% dfﬁéggéplled to the substrate 101
i medi ately foll ow ng renoval of the photoresist
devel oper sol ution through the vacuum channel 107b.
Thus, as the substrate 101 energes from beneath the
proximty head 201, a patterned photoresist layer is
present on the substrate 101. [0021] Wth the
apparatus of Figure 2A, the residence tine of the
phot or esi st devel oper solution at a particul ar
| ocation on the substrate 101 is equivalent to the
time that the meniscus 111 of photoresist devel oper
solution is in contact with the particular |ocation.
Thus, the residence tinme of the photoresist devel oper
solution at a particular location on the substrate 101
can be set by controlling the relative velocity of the
substrate 101 with respect to the proximty head 201
It should be appreC|ated that |n the apparatus of
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the process overhead associated with a separate
rinsing and drying operation. However, if the wafer
wo adwriozwbd on process that will ultimtely use PEEUS2006/030773
patterned photoresist |ayer % sensitive to the dry
resi due of photoresist devel %ing solution, a
subsequent rinse and dry opespyigon can be perfornmed
usi ng the apparatus of Figure 2B.[0023] Figure 2B is
an illustration showi ng the apparatus of Figure 2A
i ncdr por atri mEpaeatus fos devehuping yn expesed plotoresist metenaldsna substrate,
W th one enbodi nent of the present invention. The
coﬁgﬁgﬁgﬁus includes the proximty head 210 of Figure
2A. In addition, the apparatus of Figure 2B includes
the s Xh.17] 5 pL eVl QUSley. I:he
i ¢ & SRR RE nikd tond B el PR O6 SRR Boveloper
proximty head 105 is configured.t i spose a rinsin
solafigh PTofhe, Febsass dhe, Fenigss T rb(?u@ﬁ%’cegrebgwﬁ? APt pt the firs
delivery channel, as indicated by arrow 117. The
preemdydepd and thie sybstratedarkD5 i s al so configured to renove
the disposed rinsing fluid fromthe substrate 101

t hr Qu@BoAdroxafity Reddetdnfiguddan nifise aasnsinpdinegit@d diythe substrate
arrows 115a and 115b. As previously discussed with

an{l: E%ﬂﬁ\gﬁt thtgc>1 %élgltn%%&lécﬁs bRk isﬂ@étﬂ%@b, fleldefo ﬂo¥§ﬁﬁé}i 1?1639 positioned

e vacuumreturn channel s wor t og

to defin nd confine,the.rinsi meni scus 121 .beneat h
o TR S HEF, BT (o S 08 RO et ROP OF fpg BHSC and second
substrate 101 is dried through application of the
prefiyiitydieadadwgr thesubsigiteat ed by arrow 119. [0024]
Al t hough the apparatus of Figure 2B includes the
proximty head 201 and the second proximty head 105,
the residence tinme of the photoresist devel oper

sol ut i on R off1Rat4 Rﬁtdeéél@;[)iégjanieipﬁﬁ PRBtOREMN: !iﬂﬂﬁériam On a substrate

the relative velocity of € substrate 101 wit

respect to the proximty head 2 ref.or [ L .
o5 GBI A0 G ¢ b tie e ogPetghs TRk Eong: ogipity hoads is
fluid delivery through the proximty head 201 prevents
configuteditp Set anefém@i eidgnest Bne dps thegeRaipispal deyslopes spfution on the
fromformng on the substrate 101. Thus, in the
substladi ment of Figure 2B, the separation distance
bet ween the proximty head 201 and the second
proximty head 105 does not affect the residence tine
of the photoresist devel oper solution on the substrate
101., [ 002 ' i | [ i
systiam f o AEERAE i feBelBRink s b BTN Rl op  substrat
on .a substrate, in accordance with one enbodi ment of
asgrated i glapn f YOPPSH e system i ncorporates the
phot or esi st devel opi ng apparatus as previously ) )
desor ipbedmityt heads pesitiorting Fieyige edefinad atod cormrol Theprdrafias distance
Figure 3 shows the substrate 101 supported by the
bebREBhaHE e piinge hddiPandwheseRbnd plkiipueance device
102 is defined to nove the substrate in the direction
123 beneath the first and second proxi mty heads
103/ 105. The proximty head positioning device 125 is

al so, depi cted as, bei ng configured t ontrol the.
Sepdhat) oRb APRAEHE oy SBE PP I PRt abfliial on  subsirat
proxi mty heads 103/105. [0026] Prior to being
asgetifeddn eltimd, fivthereqreprésigent process, the substrate
101 having the photoresist material |ayer deposited
thereon is irradiated in a stepper 401. In one
enbodi ment, the stepper 401 functions to expose each
die on the substrate 101 to a patterned radi ation
source such a W/ light. The radiation chemcally
nodi fies the photoresist material to effect its
solubility in the devel oping solution. It should be
under st ood, however, that the systemof Figure 3 is
not limted to having the substrate 101 processed in a
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t he photoresist material that have been made nore
sol ubl e by the previous irradiation. Thus, as the
waaiwsewse 101 energes from beneath the secondPCT/US2006/030773
proximty head 105 a patternggd photoresist |ayer
exi sts on the substrate 101. The substrate 101 is then
t r ansbeyeyRlcd devacesddivbd & Traspartithatibstratd deéhesgh 4R Arseshd second
i ndi cated by arrow 405. The substrat eexanm nati on
prék@MitG BefHa7 is defined to characterize a condition of
the substrate 101 follow ng traversal of the substrate
beneath the first and second proxi mty heads 103/ 105.
For exanple, the substrate exam nation device can
examni ne portions 409 of the patterned photoresist
| ayér onAhAPreraAle fordevalepiag an pxpasd phetessishmetsriabpr p substrate
devel opnent process has been perforned accurately. In
as geviteé b aliime ht whelem St progingita heathirichnles @vphoéorddst developer
is a scanning el ectron m croscope (SEM and the

soleedVilaterPEhanfel dHdemcuR thinnBIo 30 drN@sBftidshdFeNkinement of the
i mges of the portions 409 of the patterned

j terd ' dat a obt ai ned
mePREAEREL BhotbRE] oo ARG T b BB T S P ehe
substrate exam nation device 407 to a conputing system
4 11, as indicated by arrow 445. [0028] The conputi ng
system4 11 is defined to communicate instructions to
a pPoxi mAmyanpeedupies devedoning an expased pbetoresist sratetiaBon asubstrate
i ndi cated by arrow 429. The proximty head positioning
as eited én claith rokwhereid flid desordicprortityt Readdntlngés 4 Hesing fluid delivery
separation distance between the first and second

cha%h@l?,( iaM dinuheatind03h0d %5d1’|5191geﬁﬁia b&éli_%/gré/ﬁcﬁﬁﬁélr t%dsurﬁ)p%)rﬁ erinsing and

hot or esi st devel oper sol'utiion resi cetine o

subst.r at Ql. Thus, the proximty head positioning
dq@@%?%%eggﬁ%?%rler 413 conmuni cates contro

instructions to the proximty head positioning device

125, as indicated by arrows 427. If the

characterization data obtained fromthe substrate

exaffi nat ifosystemi fontlewcldgiag ah happdedt pliotsesitt inatekiel 6@ a substrate,

under devel oped, the conputing system can instruct the
collpdiRg:esi st head positioning device controller 413 to

i ncrease the separation between the first and second

pr oxidn.t ' e the residence t.i
R R e o R A
101. versely, if the results obtained fromthe

solutiggey Hiegy 'nation indicate that the photoresist is
bei ng overdevel oped, the conputing system can instruct
t heapiesond axoximityehehdpdsiingdotd mipsel eanidc dryc thet shstrate, 448 second
to decrease the separation between the first and

prox@aiyn Hedal gositioney ihRAds thO Bifst GRoximitd @eAERERIvE Ra traversal direction
residence tinme of the photoresist devel oper sol ution

of 8 SR Q@%@g@?%%gg?_h@dsmmhg <hGstARpreci ated that the

proximty ioning device controller 413 can

be confiqured tpo automatically, adjust the separation

ot heBRee Prad PSR e DRkl yRBIR o ppprggn distance

based on the substrate 101 characterization data, as
betgerethgdbstapdisaeondanprimitydicadss pedn 4 11 from t he

substrate exam nation device 407. [0029] The conputing

system 411 is al so defined to conmunicate instructions

to a devel oper solution delivery controller 415, as

i ndi cated by arrow 433. The devel oper sol ution

delivery controller 415 is defined to regulate a fl ow

rate of the photoresist devel oper solution froma

devel oper solution reservoir 417 to the first

proximty head 103, as indicated by arrow 431, based

on instructions received fromthe conputing system

411. The instructions received by the devel oper

solution delivery controller 415 may be based on

substrate 101 characterization data provided by the
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proximty head 103. This enbodi ment is characterized

as a lowflow pooling nethod. [0031] The conputing
waeyawemed4 11 is al so defined to comuni cate  PCT/US2006/030773

instructions to a vacuum sysiem 419, as indicated by

arrow 437. The vacuum system 419 operates to provide

t henenesigdtyy hawc positidring devitd coltraRd dsaaeN e REAXIIMNE Yseparation
heads 103/ 105, as indicated by arrow 435. The vacuum

: | | . . .

AL SR LTRSS A RIS BT hdied potresi
enbodi t exists in which the photoresist devel oper

de%%%fff F%ﬁﬁ?%relsléi%p%q t¥Eg op F}%ﬁﬁ“%ﬁ%atgac uum reservoi r and

pl aced back into the devel oper solution reservoir 417,

as indicated by arrow 439. Because definition and

confinenent of both the neniscus of photoresist

devél opeA swtan fenddvelvpatghart éxpobéd phiotresizi fateyiahemd substrate as

103 and the rinsing neniscus under the second

red¥e@¥d &by 7 RAde st f ected by the vacuum
strength, the conputing system 411 can adj ust each

nmeni_s¢us muni cati ng a opriate ,vacuum contraql.
ot it SRR, el BPEE R 2 oen i fitohdition of the
conmputing. system4 11 is also defined_to comruni cate .
substrate fQHeWingdraversal pf s isplpiirichcgeatl the sy ardsacppd proximity heads;
423, as indicated by arrow 443. The rinsing fluid
andiel i very controller is defined to regulate a flow rate
of the rinsing fluid to the second proximty head 105,

as ianeingatiag d9¥tedt demnelidb, rddaive EhcleASAtIoHC HAtAPom the substrate
received fromthe conputing system411. The rinsing

' :rol instructions received fromthe conputing
exsyg%g%fﬁﬁ%&ﬁan be based on the substrate
characterization data received fromthe substrate
exam nation device 407. For exanple, if the substrate
characterization data indicates that an excessive
ano@nt ofA piste fersdeyelopigeiropa@osesbphatorssist waictigbon g substrate as
being left on the substrate 101, the conputing system
rechttd i @i 185 whetdin tHeecompising §ydtért il defdddvie mrowae insatibi@ns to the
423 to increase the flowrate of rinsing fluid to the
|« . . I .
PR el il A ol opting Y P rfar lance thatis (o be
ot oresi st devel oper residence.tine on a substrate,

e 5oty 050 B, o5 GEgi MRy e toPEaTiohS béing based on
i nvention. The nmethod includes an operation 501 for o
thejehidrantaipationsatastegeived fonp st Bbsisats exgannatigpedevice, the proximity

solution on the substrate, i one enbodi nent, the
heakposiiioming devikef donadllérbetrpvdfinad tceaveem idoai lp gdpmst i peoxtimity head
inafirst direction that is at |east a dianmeter of
poifEnifi REFAR! & dBhict B the SRPRBHNL HidTRIE: béthReABAL SEYS ah& second
defined to have an extent in a second direction that
IS, | Lt h t in the first direction,
pﬂ%ﬁgpgiﬁﬂ%%gh?éggﬁgggﬁgg%Pﬂ%ﬁng§y%%$pendicular to the
first direction. The nethod al so includes an operation
503 for traversing the defined neni scus of photoresist
devel oper sol ution over the substrate, hi one
enbddi nedt systdne foredavsboping an ¢xpavet sledorssietr mateeial on a substrate as
substrate such that the entire substrate is exposed to
redite@ iERins ¢.URrthér dagrizafks of the meniscus over the
substrate. Therefore, wth respect to the above
enbodi nent in which the nmeniscus is defined to cover
an area extending in the first and second directions,
the neniscus is traversed over the substrate in a
I i near manner coincident with the second direction. It
shoul d be appreciated that traversal of the neniscus
of photoresi st devel oper solution over the substrate
can be acconplished by noving the substrate beneath a
stationary neni scus of photoresist devel oper sol ution.
[0034] The nethod further includes an operation 505

oy ] L T " I




drying fluid, such as an isopropyl alcohol vapor
m xture, on portions of the substrate i mediately

wo odoomieny traversal of the neniscus of phot orBGT/E82006/030773
devel oper sol ution thereovery40035] In another
enbodi nent, controlling the residence tinme of the
photagresirsdist dievelbpgesolahutalioaryi doatrolikesdetiand ke kdgdulife 8 flow rate
separation distance between the neni scus of

of Rﬂ@bﬁ&%&%cslﬁﬁ dORIEHLPRIuRA 14 H@nﬁﬁf‘ réki il‘fé%&%a?éd on instructions

rinsing uid defined to follow the nenfscus o

B B R AP B G B3R 5 tng s
devel oper solution is allowed to remain on the .
beinghasgdandhe gharastprizgtion deleressivedironn thepubsteateiexaptination device.
phot or esi st devel oper solution thereover. Thus, the
phot oresi st material exposed to either the meniscus or
thin filmof photoresist devel oper solution will be

subjiect ed\ bRtdnh Cord@XRIPRIFEH e:oSSEPlotorePRS REKeRL bY a substrate as
t he devel opnent process wll not be conpleted for a

' t4 .substrate until the thin film of
rm%%%?%@é@??? g@ﬁ?@%ﬁ§“§%|ution is renoved fromthe
substrate t.he neni sc f.rinsing fluid that L .
f ol |3m§ngr@¥ﬁ’r€%ﬂm gor&fOLf%ﬁ definedds £38Uts 8 iflgyetate of the rinsing fluid
solution. Thus, for a ggxgn rel ative vel ocity between
to theeseseoiiyk proaimeity hdad basedwoniisgustiofs wheived dsinsthe computing system,
devel oper solution, the residence tine of the

thephetrastRas séceti@d atapalic sempiltingsysent Beéing basddr &i €he éharacterization
deternmi ned by the separation distance between the

|5 6d i . I solution and the
daggﬁ?omﬁﬁggﬁggﬁg%ﬁgﬁﬁAﬁ%?ﬂ?%ﬁaﬁgﬁﬁid. [0036] In either
of the above-descri bed enbodi nents for controlling the
phot or esi st devel oper residence tinme on the substrate,
traversal of the neniscus (or neniscus and thin film
of pPBot oresipperagisier dpwalopieg ut expesul/ploterseisismpisriplanea substrate,
can be foll owed by an operation for evaluating a
comessihg:i ng condition of the substrate. Based on the
eval uation of the resulting condition of the

Subgtyratifhity HeRd EGNfigdied t0EICHRS hdedERus bIBh&bresiiBdeveloper solution
phot or esi st devel oper solution on the substrate can be

| ust te i - I ' conditjon qf, a o
on 3t 85hfde, e RIS 15 b5 Blindd B PELE MUl ipnd prprimity hed and
meni scus_of photoresi st devel gper sol ution.]0037] It
thessbsiraiepbe Ppgriaity hicad funbar conBegedie silsiantally semeye thgalisposed
present invention for applying the photoresist
meniésend ofpdotaedisitdeveloper sbhuios dilost thasebstiateh| es
achi evement of very uniform devel oper sol ution
residence tinme across the substrate. In one
enbodi ment, the photoresist devel oper sol ution
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secqu(go aqgugF&g seconds. However, is should be
as IRGHPOIL SR eh heHP¥Y7i at e phot or esi st devel oper
residence tinme is dependent on the photoresist
dev elcopesyanest daviasrdatedits tregspoitithé subistrajsrtepeath dhe proximity head
phot or esi st devel oper residence tine control afforded
withya linearprebétptdefiny@ itd coxirolid rekideRStihd o€ thO mésRcl 8Nflotoresist
concentrations of active agents in the devel oper
(k§é%ﬁ%k&ﬂﬁmf&imﬁ%m%&ﬁb.if the photoresi st devel oper
sol'ution 1 ncludes a higher concentration of active
agents, the photoresist devel oper residence tinme can
be controlled to be shorter. Conversely, if the
phot or esi st devel oper solution includes a | ower
concentration of active agents, the photoresist
devel oper residence tinme can be controlled to be
| onger. [0038] While this invention has been descri bed
in ternms of several enbodinents, it wll be
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a first proximty head configured to define a neniscus
of a photoresist devel oper solution on the substrate,

wo b@7mernsscus to be defined between a bottom oPCT/82006/030773
first proximty head and theygubstrate; and a second
proximty head configured to define a rinsing neniscus
on the substrate and renove the rinsing neniscus from
the substrate, the second proximty head positioned to
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traversal direction of the Tirst” and second proxim
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a5 AR Flgnin Tax WRRI o, il IR B0y 8 fphgroresist devetoper
sybstrate as recited in claim1l, wherein the
solghien felitrrnghanneh and & vacwmashanaelde mappsrbdefnitign pedaenfingment of
configured to set a desired residence tine for the
thephenisque 9f photdeevist dgyelopsidolitiomronathe sitstratiebst rate. 3. An
apparatus for devel opi ng an exposed phot oresi st
material on a substrate as recited in claim1l, further
conprising: a proximty head positioning device
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conpri sing:a conveyance devi ce defined to transport
to guppog Whgng af delsebiéateh the first and second proximity
heads. 5. An apparatus for devel opi ng an exposed
phot oresi st material on a substrate as recited in
claim1, wherein the first proximty head includes a
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vacuum channel to suppor on and confi nenen

of .t he ni sgu f the photoresist devel oper sol ution
aS%ﬁ“?ﬂ%“ﬂ%B???a@€$m€P S&B%aratus for devel opi ng an

exposed photoresist material on a substrate as recited
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arinsing fluid delivery channel, a vacuum channel,
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and drying of the substrate. 7. A systemfor
to PRWEIORLEEg T @ﬁ&ﬁ%ﬁ%m@tﬁbﬁﬁté%ﬁ'@ﬁﬁ%'réllno 4] & the meniscus of

substrate, conprising: a first proximty head
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proximty head defined to rinse and dry the substrate,

the second proximty head positioned to followthe

first proximty head relative to a traversal direction

of fhe fiAr smethor forcontolbingx pmtonesise aldseloper réshdence time on a

substrate; a proximty head positioning device defined
subs@at@péothitisingd separation di stance between the first

and second proximty heads; anda proxinmty head
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proxi mty head :go establish a desired photoresi st,
devBPEPEFE s Betiied; Bemiai &y PARIOTISE HEvelgBet 1saiukion gover the
A system for devel opi ng an exposed phot oresi st
subseter 4l on a substrate as recited in claim7, further
conprising: a substrate exam nation device configured
to characterize a condition of the substrate follow ng
traversal of the substrate beneath the first and
second proximty heads; and a conputing system defined
to receive characterization data fromthe substrate
exam nation device. 9. A systemfor devel oping an
exposed photoresist material on a substrate as recited
in claim8, wherein the conputing systemis defined to
provide instructions to the



proxi mty head positioning device controller regarding
the separation distance that is to be nmaintained

whednoernst he first and second proxi mty heads, PCT®S2006/030773
i nstructions being based on 4fie characterization data
received fromthe substrate exam nation device, the
pr oxomtdlling) @ aekidensé timerdfrile ghmtoasise etaleet 86luliéh BE the substrate,
defined to automatically adjust the proximty head
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between the first second proxi m

instructed by the.c uting.system. 10. A systemfor
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substrate as recited in claim?7, further conprising:a

phot or esi st devel oper solution delivery controller

defined to regulate a flow rate of the photoresist
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on instructions received fromthe conputing system
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bei ng based on the characterization data recelved trom
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. Supstrate as recited in claimy, further conprising: a )
dirgqtiog; gt £ Tt HiFessfent ot the fit diesioredns §eqoag difection being

a flowrate of the rinsing fluid to the second
perperhi¢utint tp the ficst dasaivnotheidefned menisns tegrgiravedsetl owen thgubstrate
computing system the instructions received fromthe
in £19MEAM trangersiosicionbRith thdxreadd directibg. characteri zation
data received fromthe substrate exam nation device.
12. An apparatus for devel opi ng an exposed phot oresi st
material on a substrate, conprising: a proximty head
confjigured tq define a ni scus of. phot qresi st . .
devi 'ope?\ %&E‘B‘f&lﬂf FREHENE ugl%(ft?%?{slé{) dl%ﬁéoﬂeén fesidgacg gime on a
be defined between a bottom of the proximty head and
substiateAgeeifest i, claimel s mderain conireling the xesidenasaithe gfi thedphotoresist
to substantially renove the disposed neni scus of
develupiepselaiiod inttndes opeiollaR dielabive veloaity Betweuh dler ddfifed Mniscus of
An apparatus for devel opi ng an exposed phot oresi st
phdtBlesisi @veRPefsotitihldatit @bstaci ted in clains 12,
further conprising: a conveyance device defined to
transport the substrate beneath the proximty head
with a linear velocity defined to control a residence
time of the nmenjscus of photoresist devel oper solution
on the s@bé‘ﬂ‘?ﬂa‘?de.fiﬂ.comoﬁﬁg aphatergsisiodeyeloparopisifighem time on a
exposed photoresist nmaterial on a substrate as recited
subistratelaairerited 2 clainet gifirthdreompdxingi t y head i ncl udes a
phot oresi st devel oper solution delivery channel and a
vacgidposhannalyih® REPRAY Hhof Rk Noft RN s@htrafO KhhREARY following
of the neni scus of photoresist devel oper solution on
S rate. 15 us, f vel opi ng, an ..
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in clains 12, wherein the proximty head includes a
mﬂﬁ?@?ng fluid delivery channel to support drying of the
substrate. 16. An apparatus for devel opi ng an exposed
photoresi st material on a substrate as recited in
clainms 12, further conprising: a second proximty head
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and renove the disposed rinsing fluid fromthe

sub$tti8 bt Acfied i REPRIGIRE Bkl head positi oned to
provide rinsing of '‘a portioh of~“the substrate
foll owi ng renoval of the meniscus of photoresist
devel oper solution fromthe portion of the substrate.
17. A nmethod for controlling photoresist devel oper
residence tine on a substrate, conprising: defining a
nmeni scus of a photoresi st devel oper solution on the
substrate; traversing the defined neni scus of
phot oresi st devel oper solution over the substrate;
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exposed to the neniscus of photoresist devel oper

solution. 18. A nethod for controlling photoresist
waelewelooss residence tinme on a substrate as rerCT/E82006030773

claim 17, wherein the nmeniscys is defined to cover an

area having an extent in a first direction at |east a

di adefirdng aimdniveusofstinskigeflvid dnahe abseme, a second

direction that is less than the extent in the first
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the first direction, the defi meni scus bein

a sed over.the substrate in | i.near nner
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control |l ing photoresist devel oper residence tinme on a
subSeplling @ sepaptiey distmes Sptween, thoymeendsons o minsisg flwg and the
the residence tinme of the photoresist devel oper

megitust 00 photnrdsistl dsvadapet solutipngwhererl adhtweline litgec sdpyiration distance
bet ween the defined nmeni scus of photoresist devel oper

enab®sWoh@Hl GFRe fBRlchdelihd Gt tBe pRGtorofistBveRfet Ylution on the substrate.
control ling photoresist devel oper residence tinme on a
substrate as recited in claim17, further conprising:
di sposing a drying fluid on portions of the substrate
[ iately follow ng traversal of the meniscus of |
pmgr es?‘stmfag 18h étong‘blﬁﬂgi RhRierGeist dseclppatt reskisness time on a
the substrate. 21. A nmethod for controlling

substiate @6 essited inieloist bpdnrtherspuprisiegt i me on a substrate as
recited in claim17, further conprising:defining a

menewdutingfa @sulting tdiditfonfdhsubstiere oIS t@iversal of the meniscus
traversing the defined nmeniscus of rinsing fluid over
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controllin eparation dj.sta et ween the neni scus
o st fal 8F B fesidrBos e SEEe BRoBOR I EIogEt SoTton on the
devel oper solution, wherein controlling the separation
subgirate Baged avihpicedlugeh eenslitionf ofithe subsipigdn daprovens resultingecondition
phot or esi st devel oper solution on the substrate. 22. A
of astibreduémrsubsirite o bé mgv@hat berresihsthe dastdsp & phemireban @eveloper
time on a substrate as recited in claim217, further
solg@ypri sing: evaluating a resulting condition of the
substrate followi ng traversal of the neniscus of
phot or esi st devel oper solution over the substrate; and
adjusting control of the residence tinme of the
phot oresi st devel oper solution on the substrate based
on the eval uated condition of the substrate to inprove
a resulting condition of a subsequent substrate to be
traversed beneath the neni scus of photoresi st
devel oper sol ution.



