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are dislodged into the vapor phase and subsequently condense onto the substrate.

Sputtering suffers from the same disadvantages as evaporation and, additionally, requires
equipment and consumables capable of generating incident particles of sufficient kinetic
energy to dislodge particles of the deposition material.

CVD is similar to evaporation and sputtering but further requires that the
particles being deposited onto the substrate undergo a chemical reaction during the
deposition process in order to form a film on the substrate. While the requirement for a
chemical reaction distinguishes CVD from evaporation and sputtering, the CVD method
still demands the use of sophisticated equipment and extreme conditions of temperature and
pressure during film deposition.

Thermal oxidation also employs extreme conditions of temperature and an
oxygen atmosphere. In this technique, a blanket layer of an oxidized film on a substrate is
produced by oxidizing an unoxidized layer which had previously been deposited on the

substrate.
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In another method of forming patterned films on a substrate, a photosensitive

material may be patterned as described above. Following patterning, a conformal blanket of
the desired material may be deposited on top of the patterned (formerly photosensitive)
material, and then the substrate with the patterned material and the blanket film of the
desired material may be exposed to a treatment that attacks the formerly photosensitive
material. This treatment removes the remaining formerly photosensitive material and with
it portions of the blanket film of desired material on top. In this fashion a patterned film of
the desired material results; no etching step is necessary in this “liftoff” process. It is also
known that the “liftoff” method has severe limitations with regard to the resolution
(minimum size) that may be determined by the pattern of the desired material.

In yet another method of forming patterned films, a blanket film of desired
material may be deposited, e.g., by one of the methods described above, onto a substrate

that has previously been patterned, e.g., by an etching process such as the one described
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photoactive, since the thin film to be deposited will be subsequently patterned using
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conventional methods. The use of these thin films for TSI confers several process
advantages, including resistance to plasma etching not afforded by the use of photoresist
masks, and the increased resolution of the lithographic process afforded by a very thin film.
Typical thin films for TSI include metal and silicon nitride and oxide films, and a great deal
of research has also been conducted on a process known as silylation. This process involves
the vapor deposition of a thin film of a silicon-containing species on top of a previously
deposited organic layer. This thin film of the silicon species can then be imaged to form a
thin film of silicon oxide, which acts as the TSI layer during oxygen-plasma patterning of

the organic layer beneath. The acceptance of silylation processes by the semiconductor and
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dielectric constant (low-k) dielectrics, and low stopping power for ions. Therefore,

undesirably thick photoresist films are required to permit complete etching of the layer to be

patterned prior to complete erosion of the masking layer or to prevent implantation of the

areas of the substrate onto which they are applied. Another disadvantage is that ion

implants and photoresists can be exceedingly difficult to remove from wafers. Other

solutions to the problem have been attempted, for example, by first applying a hard mask,

then applying a photoresist layer atop the hard mask followed by patterning before etching

or ion implantation take place. Combining some of the many steps disclosed in the prior art

methods before plasma etching or ion implantation, or even eliminating one or more of

them, would help simplify these processes. Thus, a method to eliminate steps in a plasma

patterning or an ion implantation process would be highly desirable.

The photochemical processes for metal complex precursor deposition have

been developed as less expensive methods of forming amorphous metal and metal oxide
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times are long and b t he.thic m_of
converted precursor ﬁﬁﬁ%&%’% iglmt%ch[e irr}?i@ Of%agich eé)ﬂ%llu tfrCL% 1°g5f’r0r e.

I n order tp}oeamugemw 1daﬁms&adEﬂmamtaneseamioﬁgmad;bhoctmhmgbmlthm&mﬁnessrajani c
deposition,t s, of reducing th rocessin t be found,
devel oped, thﬁ%‘('i‘hl fgl? ggm#‘fdoprpﬂgsgdggrg%ﬁ OSB%\ i 33'563 Plé%sléo%%kage
The tine regs Medrded tcpBmmldasprawe&ccqﬁarmeeﬁ’ﬂnes;ﬂrowcﬁlemlmn"retaﬂzbrgamch| gh

B{ ggggtsl O-?cﬁ:e];)gll ?e%ﬁxollogy,tvpa%/s o? red%gmg r?lecﬁocerggltng tinte 1 sr}be fd urpcf) aevelloped and

presented to the customers as part of a complete package.

The time required to process a layer of precursor is a barrier to high
production efficiency in the photochemical metal organic deposition process. The
patterning step in particular is a relatively slow step. What is needed is a way to reduce
time required for patterning in the photochemical metal organic deposition process.

The following patents address conventional apparati for, and methods of,
transferring wafers, pattern forming, and exposure techniques.

U.S. Patent No. 5,140,366 describes an exposure apparatus for printing a
pattern of a reticle on different shot areas of the wafer in a step-and-repeat manner. In the
disclosed apparatus, an image of an alignment mark of the reticle is printed, by use of a
projection lens system, on each of some shot areas of the wafer which are selected as the
subject of detection. By this, a latent image of the reticle mark is formed on each of the

selected shot areas. The latent image of the reticle mark is detected by a microscope which
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i n associ 'o’iidaot}; atot 13 rhowing edisfrom Aheatirapdhambehbadiag wnuhlopéingistatioaon det i nuous
node operg&%qaﬂln whi ch one boat can be undergoing a |oading or unloading

of wafers & station on the turntable while another boat is at or is

moving to or froma U&Pat‘egtﬁbast’ﬁwﬂmmlmsemhummmnsét]@ctd fon maRinighe
turntabl e

PLEENILE DN S R Ty TR
i ncl udes tzhﬂo@h@)ﬁssﬁ]ﬁf oftiepeni tdrmplefon aaﬁﬁﬁmuﬁétfaﬁ& @lacinghe ﬁhn(m)ﬁrpéleoted)n a
surace of ot RLEBLAL g bhe L0, 5 select ot unselerter Y
pr ef er abl yyltraviolet light and optionally through a mask, to cause the metal complex in the selected
areas to undergo a photochemical reaction. However, this reference does not envision use of
patterned, metal-containing material as a hard mask to protect underlying layers from a
plasma etching environment.

U.S. Patent No. 5,716,758 describes processes for forming fine patterns on a
semiconductor substrate to a lesser degree than the resolving power of a step and repeat,
thereby improving the degree of integration of the semiconductor device. The process
comprises the steps of: forming a first light-exposure mask and a second light-exposure
mask with interlaced patterns selected from a plurality of fine patterns to be formed on a
semiconductor substrate; coating an organic material layer on the semiconductor substrate;
patterning the organic material layer by use of the first light-exposure mask, to form organic
material layer patterns; forming a photosensitive film over the organic material layer

patterns; and patterning the photosensitive film by use of the second light-exposure mask to
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ultraviolet light and optionally through a mask, to cause the netal conpl ex
in the selected areas to undergo a photochem cal reaction. However, this
ref erencew0®e®9838G envi si on use of patterned, netal-cont&Chiusg2/m#seri al as
a hard mask to protect underlying |ayers froma plasma etching
environment. U.S. Patent No. 5,716, 758 describes processes for formng fine
patt er ns oform phetstmsiimcuiopateadss i etk atvaydhitesseof piegosensitihafiln paterns is

resol vi ng wer St and repeat t.her.eby i mprovi ng the degree of

i ntegrat i oﬁ’?eﬁo%eﬁi’e&eﬂl?‘gﬂﬁg@f%&%@ﬂcd’@?teq‘ﬂza%F8% %n%é/' conpri ses the steps
of. formng a first Ul PaterxPosiOs, M6 desarbesa wecmethodifghformiggabul e mask
with interlaced patterns sel ect froma plurality of fine.patterns to be
formed on amassggﬁ%(p&%tgﬁlétugplgsadﬁlgﬁlﬂg{l Bfocg%aA ﬁlajsgﬁteé? Bfé’ﬁﬁdc? Hr%{ et fné{ay%ao er on
t he sem coidulation fosnled theadom, A fiadt lenofieilytdtien pho@ndsist isfoemedibn thaysebstiaye use
of the first,.|ight-exposur sk, to form,organic erial.l.ayer patterns;
forming a BibesRad VR toR vy ey IRARE e Taring A5y B!
and patt er whith gréutlypimpioge il deptheo ffibtun Uyyredistngofeflbdteons émnn thelundedyirg posur e
mask to - 02/ 098580 .PCT/ USP2/ 17588 form phot.osensitive f.il terns,
" such a S THRDC EReRedn GaORbRIGRTR AU PTD AR O Aot 4% i Bt

bet ween t wopadifagsitdaghicgamikc Thtteld sittetiy eienimdted i she filsiphoRatest ANeecond
5,935, 762 escrtj ges anew pet hod for, forgi ntgeﬁual dam&isce(ﬁle. a}tlterns usi ng
2 si 1yl at i o eREREe IS Fpd. apd 1§ Inaged Vi Bl RO ql1ency HfB Tngprevious

; nsul gt io nhcthle pBRsn byekpere ’egrc_fdgh_fatmésﬁé e QIII]IG @hﬂﬁarlhaﬁ tiersepdial phoGs Esist is S

orned on the strate and is_.imaged wi a e.pattern exposur e,
thr ough a HAG e e B §1 S PP Gesbisk ® Faprieure BRa U (o st Bheeiorie
depth of fﬁ@%ﬂati?yﬁfs@dmﬁihéﬁ iﬁtsftlheemidéimcﬁ-ﬁt@miyleﬁby ﬁﬂﬁéésj/\ier@chiﬁgl bBlierla’%efez t rd1e
regions in the first toresi st adjacent to.the e pattern.are affixe
to form tBPteEmYthe ée<§>ﬁaé’£ﬂ@f‘?fh§i leverin &repefpred i LR AL

first phot wb@&%@ht refisS@§shind RY6dss. OFinap R Bisd %{tteh’ﬁ akdthe®dle paftemi e | maged
with a line pattern aJigned wt?}ithe prfw ogarsy ol e gattern.bﬁagixgﬁé%ure
through a HaaserredimpltsRecey (o e tap phd e dyarsa dhoruapasite fnsulalipn [ayg, The
hol e patt efdﬁpéc'ﬁv&l?,ethiél{gﬁta ﬁﬁ'a@ﬁ%f&éidesétphiﬁg.t Havish Shuselmhéd Gic iltegrhDib1é ayer of
conposite _insulafion first and_ then |r]t,o the mddle etch-stop | ayer by
successi velias pHicxrp intp{Be msyiatiop faves metalds @?P@%‘Qc’é‘?ﬂjt%ﬁﬂﬁf‘]o‘}a@%"is&ne PAYER. | s

t ransf err ednl Bk&st HRtdl bh $he APAEOLLHE SsulaBNE layehisAhdretoved BS eRlpRRhbdr@Fi St
dry etching process. Finally, the |inge patterg aqd the hole patte

t r ansf er r e¥a¥s waldmgedensal-mechanead o b, ther anaglzEiedhe purtace aﬁé?ﬁ?g{éisge

i nsul ati onitlf@,ytﬁgnextrsgmﬁﬁ&gﬁﬁocgsgr ough a final dry oxide etching. Having
thus forned the integral hole and line patterns_intqQ the insulation.|ayer,

metal is deposited i Rt Reat NeaP.O82da2 dessabera methed wherg/indhe gass offargiing,
the surfacgnofaitdieny Beptsatd dhr bAYRre! oF alrB8gh FRIFRY, @ik Bdpoi¥ pHsaBE 6T Ak

rough pattern is adjusted, based on a latent image of the rough pattern, which has been

subjected to exposure. As a result, a positional displacement between rough and fine
patterns is reduced so that a desired pattern can be formed with high accuracy. To achieve
down-sizing and improvements of throughputs, light exposure and charge beam exposure
are sometimes used together. In case of performing exposure of a desired pattern in a
plurality of stages, a positional displacement of each of exposure patterns in the stages leads

to a decrease in exposure accuracy.



ways i ncludi ng chem cal - nechani cal polishing, thereby planarizing the
surface and readying it for the next sem conductor process. U S. Patent
No. 5, 989w039/00ks8cri bes a net hod where in the case of formrCagisa2/1Bhe
pattern by exposure after exposure of a rough pattern, the exposure
position of the rough pattern is adjusted, based on a latent image of the
rough pattern, whi ChThaprebﬁﬁﬁ'lnve&tibljl mtatedtotmeﬂapdsﬁcmveﬁmgaanrcegmometadlic

I I d f ' d h
R b R R R e N L e
and i npr ovepplyihg ttmforgdﬁfoﬁmrt]uyztlhup&cuﬁsogﬂmetceﬁthmrammdswﬁaiegaolmeatmtéaapmurS

t t t her ase_of perf.orm expasure. o ire
pattorn | npao R sROTE verdin 623 BranaPEIRT Ars BREHIT: MpRadfRe

exposur e pédrvertedstol forth h&neth]ageﬁethlecadee ptecaveetipahs erganomeaﬂmpre}:uwoc u r acy
-7 WO 02/ 098580 ]fCT/USOZ/]éL758 T re sent |n¥ ﬁ ion relates. to a nethod
of conver t PAETAHOLFPLRTRE ed?qu%o%e ngecpr%{nét YT REYEP L SAYE ni ng

pattern adigostie dose suchubstthape,conosud wedigsor neav@ial Ilsm@ttcbﬁvai)fegaastadegraél ic

precursor e erial .in an armuntgﬁuffi%ent t 0 _coat q{}t g (g,lorti n of

the subst r SHECieRiHe PRI DAL S HHORe Pl EOP PR AR AR P eQFe? V&Pt ed to
Conv§r ROurk6r th@terthlaoBhwdrt this ;lsmté@d tmpedem-@csrsfeﬁtecm werdriah® altnll'ﬁa{tent

or ganone rec rsor_ materia n organonetal | i ¢ precursor

rra?erral tﬂltjgmﬁ goéﬁﬁ9@r%ﬁ%t€%?f‘%&§ﬁ%g{# gﬁ‘ﬁ)gﬁh‘?ugh that the P

ItOr e- conver { pgbvielopiigl tﬁ@Foﬂi@hQﬂf itted prbé‘coﬂﬁﬁrteﬁ@metﬁfsfoe dtatemaattaegzeeﬁot ;&ttélfnr- ci ent

o inpair patter S i on; atternc |ono

pre- ggnvert?‘e’iﬁ’e E‘P@E‘Eg %ﬂmetnbg% Qﬁtﬂﬁﬂﬁﬁ@ Y HS é)ratemately,

pattern-copy teﬁﬂcdmr%ﬂrrtgat sebéhd?ﬁbrﬂdﬁ Gflﬁhe wédnveﬂedrprebmstaﬂmebm tb @bmeat

pattern on t e substrate; and erther deveI 0 on of

pre- conver fW%Tl%m 3 BRitsrRcRpyEied W?é?n exisnt ‘flgﬁ‘tﬁo %tfga%gr%a S§ that

the patter paite@iBh e RBstrdlS aitﬁbl%‘&élaﬁtﬁg aid @boﬁtrap'cﬁh@@ bhthe p%—c@ﬂvteﬁédlpﬁeehﬁéor 2)

pattern converting a second porti f onverted rec rrat eri al
to convert mafeﬁtakthﬁb\‘@? Bﬁt%c‘ép"ﬁétﬁgé‘r“% t@i‘)trf %FQCQH Hﬁtteét’ F%Walgﬁo% éH strate

suf ficient 344 dbsbsiy. forma second pattern on the substrate; and

devel opi ng the second portion_of tgl pre-converted precursor . terial that
was pattern-convert et SRfcsmbsiment, edateim FOBKREEIgR SOMBHETS FXPETNg HE PLebst r at e

after devel@RicRE4 preBuRbemafEBariotEterninerRad:t e@asuze AY&J, Sihdth AR tﬁ@@re-
exposi ng the pre- converted precursor mat er i patt rn| %@?ner
exposur e dedWertEhpreRuSenRaterial togact %meér%iet@a feBe s

metal or Mgl sqm&eutt@atera%eﬁﬁad% $iiB8 paldhia ilicdésh.t 0 an  extent suffl ci ent
to thereby forma derL)tcsrte pattern thereon
another embodiment, the pre-conversion energy exposure dose is selected

to be about 20% or less of, alternately from about 20% to about 50% of, the combination of
the pre-conversion energy exposure dose and the patterning energy exposure dose, such that
the pre-converted precursor material is substantially developable.

In yet another embodiment, the pre-conversion, the pattern-conversion, or
both, comprises photochemical metal organic deposition. In still another embodiment, the
pre-conversion comprises forming a metal or metal oxide within the organometallic
precursor material.

In yet another embodiment, the pre-conversion energy exposure dose is
selected to be from about 30% to about 80%, alternately from about 60% to about 99%,
alternately about 50% or more, of a maximum pre-conversion energy exposure dose,
wherein the maximum pre-conversion energy exposure dose is that energy dose above
which the organometallic precursor material exposed to the pre-conversion energy exposure

dose is no longer substantially developable or above which the organometallic precursor
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I n anot her enbodi nent, the pre-conversion energy exposure dose is selected
to be about 20%or less of, alternately from about 20%to about 50% of, the
conbi nat iwp 00f09858the pre-conversi on energy exposure dose amdTiuse2/pHss er ni ng
ener gy exposure dose, such that the pre-converted precursor material is
substantial |y devel opable. In yet another enbodinent, the pre-conversion,
the patt er matsoial@ipopashio the pretronKcIsionIPHEISY EEPqSHTR drshefheres torte sbsisatgdme o

g
deposi t | On%%r&u] Sieiditni20 WhBSF pRIRCHORRby, Jieinfhio ét%l'h@ r&RRRF hdtial
formn e wt |nt ‘e or ganoneta cur sor
mat er i aI expoyged toah@pmonefmwu NS eXP@ﬁélrﬁpd@ﬁé%wbétﬁml@ﬂV @’Yé}o@?bléx posur e
dose is selected to 1289% SR i out
60% t o about 99% ?g}%ﬁq%&g%ua? S%)t%%(l)lr m)r(é a{ g r@%eﬁ%%ﬂé P
pr e- conver@Kldﬁlae’ﬁleﬁogye@ﬁmsdm@mﬂm@lwnmr ein the rram mum pre conver si on
ener gy exposure dosey] aimhg&tem%gﬁ@aﬁt 485t ﬁv&smmbﬁlpng&eexg I &bl
precursor material expose ’e-conversi on energy ex ose I's
no | onger wuwatesiabiota lzdat ww@/encbwabﬂem ibe patb@n@omrelhnm@pms@mmm&ﬂhp ipie-
precur sor 8 S0
pre- conver & %ﬁ}{%\’gra‘%%‘g‘éggtgjﬁwﬁya %’r elélg;t@%ﬁ{olrt\%lrsﬁ@ggrat (%tﬂ?eo a degree
suf fi ci ent canversipedompies exposingsiod piecwsor materialitn athieat sonyganadevkdreinghe
precur sor n s
bt ant1 af T g aiesapRaabed chGult e pROKEa Al ARk in BERRY b 056
cont ai ni ngbeanpsdures. riac*tlﬂmlaﬂhemmh@hmbnt theiptte-corgession mmmeacm’smgrtbet o the
i nventi on. 0 posi ng the
pr ecur sor pllec e?rlﬁaiFk%{l Ht%f% e{éﬁ@%ﬁ%ﬁ%mﬁ%ﬁa&ﬁ%&éﬁﬁ%ﬁ Héeorﬁﬁécgo)rffversmn
conpri ses eompxssesngxpdxmgxhepreccnmemcbptewre@lmaemalrtauénghamulr@ dn lyetgimpthsour ce.

oretur sor PRS FRTe s orepatclSaRF Sue AR E bRl APRM ST R AR RLORA TS, o

conpri ses a)qms am@whbmrpmepammemheﬁsmn €0mPHEeIs axpdbeng ﬁie pre-cenvegkd ptecunsor
beam source. e f{x’tl .1, .anot her enbodi nent, the pre-conversion conprises
exposi ng t & nﬁ‘l’ ARG SO erial to an el ectron-beam source, and wher ei n
t he pattern-conver si @he imention sles redapotei angppiratusfer caneting @d opgascmettlic

material to a et. anot her | si on
conpri ses Bg?ﬁgré?ﬁﬁatteﬂg Srae%?f?i;% (r%lhgl adP%r%gptha %ﬁgﬁast%%o:}%g& Bg %Q%er ein
the patter a\eoofdmgtosthe aboengescsiesl mxtho@s ngnphmngraelombsta‘ém ocstqe dosubsirate

mat eri al gﬁﬁ ht source. I’%]Fknventt on ak ates to.an 8 tus for
converting reoqr CHTSMET 4IRS OTSeYTTE e FESER ehe eengrg@g%{pg%o}ﬁ%glpm ng film
adher ent t eorveisbaionaivdefei thiedubytrage isebitedl if previously uncoated, with a sufficient

amount of the organometallic precursor material and is subjected to a first converting means

in either a series or parallel arrangement; a pattern convert section, wherein the
organometallic precursor material coated on the substrate, subjected to a first converting
means, and not covered by a mask is substantially converted, using a second converting
means, to form a metal-containing pattern adherent to the substrate; and an unload station
where the pattern-coated substrate is stored after processing. Advantageously, the first and
second converting means are the same or different, and wherein each comprises a heat
source, a light source, a coherent light source, a broadband light source, an electron beam
source, or an ion beam source.

The invention also relates to a method of selecting a pre-conversion energy
exposure dose and a patterning energy exposure dose to be used in converting an
organometallic precursor material to a metal-containing patterned layer comprising at least
two pattern elements that are adherent to a substrate, which method comprises: determining

a relationship between the pre-conversion energy exposure dose in the conversion and the
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according to the above-descri bed nmethods, conprising: a |load station to
store the substrate before processing; a neans of delivering the substrate
bet ween pwoae®siseg steps; a pre- convert section, wherei nPCRASSULESBS ate i s
coated, if previously uncoated, with a sufficient anount of the
organonetal | ic precursor material and is subjected to a first converting
means in @hewdof ares@n\’é@ed)]ﬂfep@ﬁ@‘lm@pl’ldrthﬁr@éjé@fémo;thwlﬁétrﬁ@’r #hdcssipeling a
section, I & Porks ' [ bR lor & OsHvaRti R erde

substr at e%uc%}lg%r%lgg e?gfgg%gﬁégg%@%dgh\%ﬁsﬁ% tﬁ%e%ﬂ%%ﬁgdﬁﬁh)ﬁot coyler ed a
mask is sudrgosureidasd, yherain thetraekimysi prg-canvsion Enaey vxrasiiegloserisghal enggyt or m
a metal -co (1)1 ; X ~ station
where the SheeasROBEh 1 SeRERARN: phul-0rnahanl Sofd S8, fis ol asn

Advant ageoersrgy, exposurt idpsa is andongse suhsting alhy devielopgblewa aboerwhichthesane or

di fferent, el e{alscol Y _ I , a
coher ent I?%ﬁ?orﬁéggﬂrhgg ,?ecgl?sg)r oa aﬁl%!gaﬁa t ggh?%%fmgrﬁﬁg I eglglgy%%b%%gé#&gour ce,
or an ion ademssothecebstitetd ndegned sufficienido inapait patarpresoltihatclothasBleect i ng
a pre-conv ) I . re
Gose 1o bebiiEafy SELE Y BIRIR icfISE LR MAMA RLORGANG B SRRORY °,
met al - cont wherieinghp acdeptabbcpatiaynenesalvtiq issielythat the ebleast twowslepeantserfithemstabnt s
o 2 e SRRk thRo AR 5 kB LR i h TELIRG A TIL BRIt =T m P9 2
rel ationshi'p bet'ween the pre-conversi on energy exposure dose in the
conversion and the AdviwGa069356neROT/ dasdRtlicy §8@prisendentifymiy agnaxipwnvert ed
precursor material. t e, : 21

bt o- conver Btsanifleioh el seisae e bifg RS e opRdHoR FEiA, Such tha

pr e- conver thc@nganometylic prepasoneatcidaexpoded e ihe préreonmeexdiion engrgeexposwedsssn
ener gy exppsure. dose is that ener dose. { t r . |

o ecar sor Riuter S BatsSoind s RA et G5R ERBY G b RS HABRP BRI ReniE
no | onger BRudstemtiddahént, e ped-opaietstonoenesdymrposvne dbsetib ecledsedymrbemabbat 2G% or

terial d - i _
Bher ea. 1 olthd- aGmER BERTT 508 405 BuolRYE bl v Rl roRas HefpfoaSion
r esol ut i onenesgicéxpolat dobeandutht peterhing eaergy gypeupodnse,sudothat thegrelsomrerted

acceptabl e pattern resal ution. .o he,substrate, wherein the acceptable
pattern reg‘%F’th?roIHaﬁe]é‘g]slﬁélﬁbsgml?ﬂ}’h%vegﬁpag ast two el ements of the metal -

cont ai ni ng patt er nedId aoshier @irdbodinsant, sheprerudnnatioa enargg bepbsaye ddsk és seideed al .

Advant ageous| th an rt i i i.fyi o i

o o conver Bt apetl IR by o VRS e BTk Shi8 o8y Attty

r ﬁl at i onshifout S0%ortthére, ofthaaxifganpreedoal ésion phagy esposunedaae,) whereinphsed t o

t he pre-conversi on energy.exposure dose b t to,th tt i

ex pog ure dgléélmllémﬂ?ﬁ%‘f‘ﬁ%{si‘%x I’frguye%BQ%? Q"%fdlﬁjﬁ’r?gglbf’é%?g?%sﬁshg‘% Wﬁ?ﬂlcg%g snerey

Sgbodi ment orglah@mn@ihBicGREsHEdos intitertih exghsed tpths preecahvsionsensyaxpeshré dodeds about
% or

longer substantially developable or above which the organometallic precursor material
exposed to the pre-conversion energy exposure dose adheres to the substrate to a degree
sufficient to impair pattern resolution, wherein the organometallic precursor material

exposed to the pre-conversion energy exposure dose is substantially developable.

Figure 1 illustrates a basic sequence of a photochemical metal organic
deposition process.

Figures 2 and 3 show two different varieties of a two-step conversion tool for
conversion of precursor on a substrate.

Figure 4 illustrates the method steps of a two-step conversion of precursor.

Figure 5 illustrates the relationship between the pre-conversion exposure

dose and the subsequent solubility of the pre-exposed film after development.
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| ess, or alternately from about 20%to about 50% of the conbination of the
pre-conversi on energy exposure dose and the patterni ng energy exposure
dose, sucWoOtoba®ssBihe pre-converted precursor naterial is pabasantisss |y
devel opabl e. I n another enbodi nent, the pre-conversion energy exposure dose
is selected to be fromabout 30%to about 80% alternately from about 60%
to about 99% al t er ngigatey 6aahd 6b ilhBUaerthenelsionstfip Aetwereh preveqverstmnyver si on
ener gy exposure re-conversi on energy exposure

gose vvh(arei n the. maxi mm%(?

dose is t hPORMEAGS IR IETSPRY RCR AP 4§anonet al | i ¢ precursor materia
exposed to the pre-cBigusy Billustréieethgmakpbsepsefdasetingspra@onyasige exposure
substantially devel opabl e or,above whi.ch .t he organonetal li recur sor

mat eri al (igg%&giaaqqggpmoslﬁeeq%gﬁql% R R N S ﬂ-ggtgggaﬁgpggn\feg t he
substrat e degtién 6EMGE daal uiékioh@sdl. t o i npair pattern resol ution, wherein the
organonetal i c precugsor erial . exposed.to th [ e- versi Qn_ener gy
exposure dose is subé‘tg&m usatg e V%?ndﬁeéﬁfggloqsfﬁ@g?%f g(gmgaga sic
sequence ofhefinflAal pEHOBhagicalrhddrsiongani ¢ deposition process. Figures 2
and 3 show two different varieties of a twd-step cqnversion.tool for
conversi on of precur %W“H%ﬁEWQ ?P%ﬂ@?mﬁﬁgﬂFgeg”i Eﬁ@?%%?%@“?ﬂ@mﬁg?hod

steps of afhwigSrequrs@nver sion of precursor. Figure S illustrates the

rel ati onshi p between_t he -conversi on exposure dose and.t he subsequent
S0l ubi 111y of the prEEsHbe i TRoleREPICALANTER RN 1of § By G3PHaHE S0

PCT/ US02/ 1iifaRste-fhintig Bechonnd 6b illustrate the rel ationship between
pre-conversi on exposure dos si on exposure dose.. Figure 7

and pattern conye )
il lustrates the nmet hBEYES ogfs ascgpg)é@qdﬁberﬁ}al/p FRRsUrY CoBY Y SHVE folfbse and

pattern expaat rélfne titnhe-fogedg ipfecher.pr e- convert section and the pattern
convert section of the dual conversion tool. Figure 8 illustrates the

refractive indices of various Zr02 filnms formed by thermal and

phot ocheni cal conver $h@hvefi@hitgi-3s § PRMSonFelsiRl @, whiih defsds t6 prevdnivert afl
barium strontiumtitapate- form ng precursqr. Figure 10 shows a

] o] Fi
phot ocheni st agwriiomeh 2 prgsweorrmaterialy the pRrdicalinn P4 ARTCCORYTIECR SPFEYI ng
Pr ecur sor . efgogiteRlodd m@%-&mn%ergy@paﬁké 6L ORESHAE Whe toRMbxRSUrecUr Ve
|

for a bariumstrontium anat e-formng precursor. )
energy dose to which the precursor materialis exposed. The pre-conversion energy
exposure dose is beneficially an amount such that substantially no precursor that is not
subjected to a subsequent conversion step adheres to the substrate during or after a
subsequent developing step.

Current precursors require a significant amount of exposure energy, and
therefore longer exposure time compared to photoresists. The invention relates to a
photochemical metal organic deposition patterning process that is facilitated by a pre-
conversion step. What is needed is a way to increase the throughput of the photochemical
metal organic deposition patterning process by using a pre-conversion step.

The invention relates to a pre-conversion methodology and corresponding
tool needs to be developed for pre-converting the precursor without requiring additional
capital cost or slowing the production process. The invention also relates to an efficient
pre-conversion methodology.

Total exposure energy dose must be distributed between pre-conversion dose
and final conversion dose. A relationship between each portion of the total exposure dose
and desired product characteristics is determined to optimize the time saving and achieve
good pattern resolution. The invention relates to a method of determining the optimal

division between time spent in pre-conversion and patterning (total conversion).
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The invention utilizes a pre-conversion step, which serves to pre-convert
at least a portion of a precursor material by the application of a

pr e- conveweioenIsseer gy exposure dose. Thi s pre-conversi on PERAISGY1B8HOSUr e
dose is less than the total exposure energy dose to which the precursor
material is exposed. The pre-conversion energy exposure dose is
beneficially an anoufihe presént phaesssallosisant adahtpgesounavaitableswith othet file not
subj ected to a.subseguent. conversi qQn st d 0 .SUpb gur i ng
or after otehofiBtARERERtoERRIRG &R aleally AHIGEAS ACu BB EHA Hiflyd

si gni f i cantonmob et mahipelapoihia charecterigics ofitieh requtitngefilon & dudinthe desvedosure ti ne

conpared to photoresists.. .The invention relates,to.a hot ochem cal et al

organic de?%’ r tfodlne%’a?ﬁf%enf}’r‘?dxﬁsre%@g &esp ﬁsa‘fse*h? 4 %gmaldtsg?chanrbg)fafpg‘ Féé‘tlons‘

conversi on step. \WiaThisSnveadde grovides ayaycdsofor neakérpseattehedtfiime ofdgsitedof t he
hot ochem cal . ‘al .organi c depositj,o atternin rqQces | NQ A

B re- conver %‘ia{?ﬁ‘ag‘ta gtpls mf‘ﬂg‘%rr}li E%Fﬁcg%rﬁzer %zlag%rggrpil usaﬁlﬁ%ea? ® gﬁﬁ%‘?‘s&%‘ﬁ g%f%f’)t&glln(g gy

and corr esgeihdisigling ﬁhhs;rfeﬂlﬁ!ﬁaghﬂ@andlqmeh@ﬁm alfre ﬂisﬁnet—ﬁmn;nmr@ brdyretﬁiﬂﬂms,
recursor w thout r.eguirin i t.i on it t or slow t he

P oduct | ontig s Tt pGuRiErs A Bomed P e Hip- Brpina i poas ¢

Er e- conver giferenfBomosiel angther. IEﬁxﬂid e}r.eﬁn,tha d‘ﬁ“feempggpedmd' @fﬂiﬁﬁreﬂ?endmsh_ ' a#sbut ed
et ween preg-copnver sj on. 4os n i nal caonver.si on dose. I ti onshi

ot weon aBRBBITFOR OIS s ool BB StiEb R Rt Sat O SPiea raaaE.

characterigﬁFﬁg1ﬁﬁhﬁaﬂﬁhﬁhn@ﬁp@ﬂeyﬂhTmkzgahhmyhhﬁﬁﬁﬁgmp?ngﬁd achi eve hgood

pattern resol ution. e invention relates to. a nethod o er.m ni t he

opti mal division begﬂ%%ﬁheﬂmﬁil nfal-pregnic a? SHgRVE? BYO&ﬁsséh%etIﬁ%{{I{Q&’lsﬁﬁ%g

(total congemstendsone ckinordhdADABHEA: RGE/sWUni e 48 knt @ subkesie denpratigess

al l ows for, advant ages unavailgﬁ.e wi t h ot her, fh&n1 deposi%%&i and faqrmation

met hods. ARCEAUHRE WP anjoreasomeitlic prepirsorapteriply (oY gich 4P¥ FUlLARq metog Jor

c ﬁ nt & ol an@bﬂ%ﬁir@whairgmmﬁe%hap%@mbﬂ ﬁl&’deﬁiﬁl Wimatedy fnﬁswiﬂe'tdlgoﬁﬂain?mgl Ry&ui t
the desired applicatio erefore, the present process is, use In
broad spect hﬁSB#dcla%‘ﬁ]Iyiaga?r‘P’éter a suggirae ngrrfg?tdﬁ S‘H{;mla@)én%t dﬁ?f%‘&@é@@ F@V%e
nmeki ng pat hRUN€gidonmalgt peRstsbLhafRibR] whlch.ard defined heR@i foaddintdi® recogni ze
t hat anorphous frlns are distinct fraom pol ycrystall and crystalline

! ine
films: furparomeialilicaising mmeiss of coerdmgHian gorg heﬁ%%of#hrgaﬁﬁiw#% OB} EMELE i | s,

in additi opetall, EAEEEQIHIRRDEABY Uy khdwiB nfeaiis i Ry slid firneBta sbivieht drab iAo
nmet hods are. different fromone another. Further still, Lgﬁp&lﬁf@&eren

proper t i esMFtuEs tpfegilitate debiyete e subsirag. PRbseaEnbylens ey Fl‘bH’sftOE‘En be

control | ed; afieh) RBHRNEEE (iR Bt {d LheRAMGEE subsRRiS Thade ABSEGIBEADs HiRdy
properties that are useful in particular applications.
include some or all of the following: spin or spray application to the substrate, pre-

conversion treatment, conversion, post-conversion treatment, developing, and post-
development treatment. Specific steps chosen can depend upon the ultimate end-use of the
product. A method of using photochemical metal organic deposition is given, e.g., in U.S.
Patent No. 5,534,312, which describes a method for directly depositing metal containing
patterned films, and the entire disclosure of which is hereby incorporated by express
reference hereto.

Where a patterned film is desired, the process described here may proceed
photochemically, without the use of an intermediate patterning material, e.g., a photoresist,
and may be undertaken under ambient conditions, or may be undertaken under other
conditions such as either an air or other composition atmosphere and/or under a variety of
pressures, e.g., ambient, higher or lower than ambient, and may be used in conjunction with

a variety of other processing steps to yield unique materials.
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Phot ochem cal netal organic deposition is a process that facilitates the
formation of one or nore netal -containing |layers that are adherent to a
substrat ewogesnesssd |y beginning with an organonetal | ic pr®cwrsor/17588 eri al .
However, any suitable nethod for converting an organonetal lic precursor
material ultinmately into a netal-containing layer that is sufficiently
adherent to a subst rW}&reamd/pmeesiﬁameifsnmdt;ﬂtomiyﬁ@nlyythaptocdsambmadmte may be

used. Orga recur sor e efine

contain “% [yaqnp ntI PR HE S ‘gfél:l %tﬁ%rrprb SE g?c?jcfﬁqlg{)%? gx eésfn e(%?vated

| i gands wi ﬁehlp@faemes tonaffeet pmtrmsfﬂaﬂﬂd’lﬁgiﬁakﬂﬁtﬂ’lm hlzead 169° @,nyhkﬂmwatmans and
may al so incl.ude a sol vent or étr %Bglm)(t {ae t.o faci

Gfidngins litare deldyer
the subst r ST ST SR G OPETAH 3 mgnpladiprine stan Gk HE it
met al - cont gf matedalk uked intthé aSsSmB@hﬁTdeﬂicei @stbdiﬁe& Wb&tth@h@hciﬁ@&&)f Sluﬁ.‘meﬂmé.nt

steps may include s or a of the follown a ,cation
to the substrate, EHEB |ﬂa‘hpff?e§£tfwslhtﬂ°n gﬁ\%ﬁ CoTH s s tgg?&@ﬁg'ﬁggl on
treat nment, sua&etaﬁdlﬂw aagble@ﬂxdem&t In demedsq mmlsrtofmeqaidmﬁtdep&iam friefhoﬂﬁ aps
chosen can tgend ghe ul ti nat e, end-use of the uct d rxrla%hod
g i ci g

usi ng phot T SRR ns 0

Pat ent  No. high $3¢uudd, 2uvoMihCthe oS kit RS eRpdieive add E@fhpmat@béquyprdammﬁs ng
nmet al cont%#gl ng atterned filns, and the entire disclosure of which is

her eby inc Byd meptiaing reference hereto. Were a patterned filmis
dﬁSi red, ]Ehe pr OCGSSTﬁeﬁﬁfcb@eﬁoﬂﬁépw@w 1Wdhﬁ6ﬁ@acﬂ£tbt@tt1®§f&ﬂihh géd bfya thivt Ialyérut
the use of an inter iate patternin ot or esi st

my be. undeh  SHBHIS R SRTANERE A A RED g et B AR s mateiiat *

ot 3 /er cogwlhé p&@&s&tlflﬂteﬁél RItgHREs ﬁlﬂle@hlfes SectiicARy deisirdsoi iheit aBilitpandiat ﬁ

and/ or under a varigety Q pressures r than
ambi ent, a H%ﬁ}raffem@s‘gﬂ W%@H}eﬁﬁﬁﬁuﬂt&}g lanﬂchi’ils @L@Qﬂp@g@}%@ﬁ%ﬁ@l%&@@m ng
st eps t0_ Ybethd prbt oi@% q?f@i&os]e?&avﬁsﬁ 'ﬂi’dl@&&ﬁ?@fﬁgﬂré&@%’rﬂcﬁ&ﬁ? ft%e{e Itlhe
process is perforne otol ytica rocess ee substantially
anbi ent teﬁﬁ@ﬁﬁﬂlﬂr"@gabﬁ Iaémé? H@’l‘etbf’f@tet P‘?mﬂlﬁii??cf&pﬁ? &’&Wi“fatﬁb P ogpELsHe at

el evated t popemaAI-IP), efef QG al i RF Whichas af 184st 104ddeN 1&sLaichithbia ligakput
100C. This limtation conférs severe processi ng constraints from

manuf act ur {'Ag) ot igradiist bdsdn Mmtager vhighis ahlsagtd» aggrenyistaped By dhi agafanﬁlw t he
assenbly of devices gssqGhfiteskMbhR a}@@seapm bBé bR affmd M8y PeidaRsbal, He

process of the present ‘inventiaon usually proceeds satl sfactori Iép;m er
subst ant i amay bg gHifeent a@@ggm/@rhawﬁdggeﬁmté@}enc%ﬁg 8 Na@r B¢ or some

deposi ti onpIBHB AktichlMwhiRAthérs AlhytR dﬁ'@é&bﬁ%téxﬁ@aﬁf/&&f@% ﬂiﬂf&&ﬁd'aidnﬂést agi,ons,
must be undefrtaken under conditions_of high vacuu I.nvok |n9 t he nece55|ty
or

for expensBesFdHNFe@ihh| lneay sepcctgiab Nemay Pﬁa{l ajkali or alkaline earth, for example Ba

or Li, a transition metal, for example Cr or Ni, a main group metal, for example Al or Sn, or

an actinide, for example U or Th. Preferably, each metal is independently selected from Li,
Al, Si, S (when it has a +6 oxidation state), Ti, V, Cr, Mn, Fe, Ni, Co, Cu, Zn, Sr, Y, Zr, Nb,
Mo, Ru, Rh, Pd, Ag, In, Sn, Ba, La, Pr, Sm, Eu, Hf, Ta, W, Re, Os, Ir, Pt, Au, Pb, Th, U,
Sb, As, Ce, and Mg.

If a plurality of ligands are used, all of the ligands may be identical, all may
be different, or some may be identical while others may be different. In any case, ligand L

is chosen so that a substantially unconverted precursor complex can be formed and has the

properties that:

1) it can be converted into a form such that an adherent layer is deposited on a
substrate,

2) the complex is stable or, at least, metastable,
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difficult to run and maintain. The processes of the present invention
facilitate the formation of a thin layer on a substrate froma precursor
mat er i al ,wproefpessabl y an organonetal | i c precursor material PCTAise2/prsegur sor
mat eri al conprises nol ecul es specifically designed for their ability to
coat the substrate in a uniformmanner, resulting in filnms of high optical
qual ity, add, impctn%smaag emfgy; hg., pnesembrephotms ©f tHeaequinat asmysikei vity.

The identity of mol ecul e i.s a . significant vari a w de
variety of rret a or @F{% fwﬁf%{P r?\ﬁlfzerﬁ)ﬁﬁ_lﬁetgp%%%ﬁnﬁén%{?wqﬁr 1882 0ne

met al bI( IV:) @emwallr&oaﬁnlamﬂeger which is at least 1, and at Ieast one
sui tabl e gand ands I.nt ege i ch | | east
1, are env SI ondl Wr%dr‘ﬁ é9fﬁ@%‘?ﬂef%'r}nd‘ﬂcfed§Bﬁrﬂfﬁgﬁeﬁ?t§}m0§‘°}’r]éitv% rgmgyeé fts‘f &d, all
of the netal atghsaldieysufficicatindticantallyatolatileyméeshadichielabile sabotwtbeand/ or
have different val ences, e.g., Ba Na or Fe(ll) Fe(lll), or some may be

I dentical whil ereBT(Wgﬁ may be different atons and/or have different

val ences, e.g., Ba2 Fe(H) Fe(lll). In any case, netal M nay be an al kal i

or alkali r exa eBa r transition |l e
Cr or Ni, n,g ﬁ%llﬁvegtpﬁ)ﬁbﬁﬁ’@?g? hefs%?es‘él%a CQWexcﬁ% %ﬂd]genﬁﬁaﬁehﬁv aciown?(ﬁﬁnatyr?or
exanpl e U &d bk infReabrealt forcea R di@n@d fipd MQ@?nﬁ&ﬂan&ﬁh@lehﬁ& foreesy Li,
A, Si, S (vvhen it, has a, +6 OXI tion state

Cu, zn, Srligapds h%vmsqsrganwom Ir QydeT PREPRSrigs t@ﬂ] to b%aatlﬁ@torwt@ﬁfpe‘éﬁ

Hf, Ta, WtoRRe fifdh twd Fequitbmetd, IfRBe eﬂ'éﬂgy bbsorbel is Kght, Ge chéfitaMgactioh of step

pl ural ity &B | i gands are u%é&j of the ligands may be identical, all may
be diff er e IS lgIovaLRR “F%‘g‘?ﬁ“ﬂ% whil e others may be different. In
any fase i gan]gi L TBe d%sb‘éﬂéﬂ fitn bh@ﬂas@nﬁam&m???iemprmfmmc&gh@rmui sgr
conpl ex can be for as 0 a it c e converte

i n'[n; a forWﬁ%‘&Hﬁ’Ftﬁlﬁm Y & yp eﬁgerp%p% V@kﬁg’ﬁd’g‘? f‘]e‘iﬁ’l‘%iﬂe’&res’g{%BEPr ate,

tP 2% lcJ g 312)} i&gﬁt&ll&ﬁ@&l ﬁg@ﬁd(s)éll peBaably afgiudls bR conplek WEXERMOPIBS§he

absor bi ng ener gy, nor e hotons of the
required efRIARIGX nxab@eéwmaéwﬁﬂw e AR B athig eV ehag v oF B10F

et al - cont gkRLREMERAE &rvhst MoPeemle, 19nema@ahlcrzeaﬁylh%noaﬁdt&)re@mghﬁaapduct s
of the energy- |nduced chem cal reaction should renovabl e, i e., shoul d

be suffi ci eREPlpX psymETe bergnsstthe éOIBPleﬁB%%P@bﬂll %rqnésﬁerf@@awgg P e

renovabl e. THOgi8¢ M EMBpEEF drbiré pdiiiBnPbs thd BSshds @8yl HeSselebed t6 6phix fAmoul d
generally have a | ow pol ari

stability and to adjust the th%ckness of film that will be deposited by the selected film

deposition process.

The stability of an amorphous film with respect to crystallization may also be
enhanced by making the film of a complex which has several different ligands attached to
each metal atom. Such metal complexes have several isomeric forms. For example, the
reaction of CH,;HNCH,CH,NHCH, with a mixture of a nickel(II) salt and KNCS leads to
the production of a mixture of isomers. The chemical properties of the different isomers are
known not to differ significantly, however, the presence of several isomers in the film
impairs crystallization of the complex in the film.

The complex must also be stable, or at least metastable, in the sense that it
will not rapidly and spontaneously decompose under process conditions. The stability of
complexes of a given metal may depend, for example, upon the oxidation state of the metal
in the complex. For instance, Ni(0) complexes are known to be unstable in air while Ni(II)
complexes are air-stable. Consequently, a process for depositing Ni based films which
includes processing steps in an air atmosphere should include a Ni(IT) complex in

preference to a Ni(0) complex.
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and |l ow internol ecular forces. As organic groups usually have | ow

I nternol ecul ar forces, |igands having organic groups at their outer

peri pher iwe oesr$si 0 be satisfactory with respect to the PCTAIS0/¥588

requi renents. If the energy absorbed is |ight, the chem cal reaction of
step (3) is known as a photo-induced reaction. The deposited film of

subst anti al | y unconvRatietconvesionsnd cosveasion pdsoli fronr a ehemicaasictisnlyathamtlical | y

anor phous. ..Therefore, to nmak he nmetal caonpl resistant .1g
crystal |t T henihgsers da B Sl el B o BEPuTA CERAT AN chSimgcapvored
asymet ri cmafétiel. Ideuliyl aleashyndBgaddhould pemedctive ald/ baistiactieditd thgamdplekibgha

Itself has t ar, nor.e t ereql soneric. forng. For ex | 1 f. L. i S racemc
" ot hyl hexSaYiaeh Pl iR Sy B issng 0,00 e g e By thd ipDutee o PR
conpl ex hagsargsiwenedriifli hfeatiemntd/atthe emivenimgmeant.oPreferabljike shactivesgrousisapes of
organic portio of .t he |1igands e selected .to. optim film stahility
oo an ettt fecpmel el B o EREE GroforbRahlb s it bBPLbl o
film dep?)iﬁli:r'ai}io_lbt ugmgegsfhle pihﬁﬂ sér&feﬁiﬂgtmeamg aﬁdi}’oﬁ.t_ﬁercphmh '?g 'nieans}zvi Tchmabeslpect
to crystallization nma sq .he . enhance iing.the fiJmof a conplex
whi oh’ has. b ShaPCuRar eI hAISCas Erictrbn 1T B ArelisetlF it o °uch
NG LD T B chal LI e e Eads to, th
th a mxture of a nicke t.an eads to the
producti o nSPGPtaé‘e?H\giX eyerfo F@?&%@f o n%@a@ﬁ‘éfﬁ@;‘fﬁ%% B@?‘Pfhécéggf t he
di fferent Lsorrer S ar herkRAVMEvaaQl r#%&aﬁiishfs&i_’y vehighh kit bllylolt(_)mm«fa&ha;:ﬁblﬁ
presence of several, isonmers in_the film. inpajrs cryst i zation t he
conpl ex i nMERECHH | RPMPISEAEBIFH PEWWB@F@%“@B%@@B? Fhichmay by gorble,
gEt ast abl ei,ndidvmddaﬂ? of ﬁn&ﬁnlbihgﬂiori, bcco\ﬂdli%_ tdhe ix;i)@lnﬁdxh yrelgiacfol&mml t@n @wd}qitton of
econpose under process conditions. . stabiljt onpl exes, Q .given
metal may YRHIANMaYHlace thgaraplex, piyhlig t%%?%‘ﬁt"*‘?})ée g‘?ﬁifgr 1@‘%;@3%?3‘1%‘91 h
the conpl exetab@i-lipditonden tY el cRnmEexamsabR, He®ond beeakeantht athaining ai r
while Ni(Il) conplexes are all‘-ﬁt ble. Co ge uently, .a process for
deposi t i ngPAYs G ARGEPTRRIPFEPARRICAUSLY %qompaéeﬂ aPiig oéwﬁetopﬂwé{rp%erthe

at nospher ecshok th 4 Betdids 1igald éHakde BRRTRY Bcifed stad Bf whieR & endt@-t8-dab@bond
conplex. -14 02/ 098580 PCT/ US02/ 17588 _Partial .conversjon and conversion

resul t frobhthe eorapicy as upsiails, itembondi ipaks @R the emaiit ATt (e INEX partial |y

converted gon&&emgj 8stohRBEQNS) dbBéiPtion S5 Pl ARF\pRIcE ek commjlerf irtd d-dl deal |y,
at least one_ligand shauld be reactive and be attached %gg Be cofrlrg%egﬁ%by a

bond whi chexcited Figiiaaiiplen metad-te-dgprehondsn the complepisgHs 608 y the
i nfluence gfg thBeemBafciRlts 6OMERoIpNE SFBARReRRR REohpPEses Q1) \uBEdrhtiéh HERANS .
g S

Preferably the reactive group i . . ) .
photon may place the complex n an intramolecular charge transfer excited state in which a
metal-to-ligand bond in the complex is unstable, the bond breaks and the remaining parts of
the complex spontaneously decompose, (€) absorption of a photon may place at least one
ligand of the complex in a localized ligand excited state, a bond between the excited ligand
and the complex is unstable, the bond breaks and the remaining parts of the complex
spontaneously decompose, (f) absorption of a photon may place the complex in an
intramolecular charge transfer excited state such that at least one ligand of the complex is
unstable and decomposes, then the remaining parts of the complex are unstable and
spontaneously decompose, (g) absorption of a photon may place at least one ligand of the
complex in a localized ligand excited state wherein the excited ligand is unstable and
decomposes, then the remaining parts of the complex are unstable and spontaneously
decompose, and (h) absorption of a photon may place the complex in a metal-to-ligand
charge transfer excited state in which at least one ligand of the complex is unstable and

decomposes, then the remaining parts of the complex are unstable and spontaneously
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severed fromthe conplex in a photochem cal reaction initiated by |ight,
nore preferably, by wultraviolet light, as the partial converting neans
and/ or thwo®enesssii ng means. To make such photochen cal ®CeAS8d/17588t he
process efficient, it is highly preferable that the internediate product
produced when the reactive group is severed be unstable and spontaneously
convert toddédompdesilneth hrexd asptas,ilmveser thioinatntion ibypt wheatopstiued Thbe &innted
several ne q§nisns.b¥ which a suitabl e photochem cal reaction may occur.
Sone examplOdESEreAT R MEREt i on mechani sms whi ch may be operabi e,

i ndi vidual ly or in chdre padférably, the digamtisrage $adectdiefrom\tbagionp cemsistag of ol | ows:

char go. v ierdriopaft GSIPRMET R B2 ADRRIRISH o B b BERbRITEAS et a

conpl ex i sad¢ngdicebinate, .lig bond breaks and the remmining parts of the
conpl ex spontaneously deconpose, (b) absorption of a photon may pl ace the
conplex in a netal -to-ligand charge transfer excited state in which a
nmetal -to-ligand bond in the conplex i® un@table, the bond breaks and the
remai ning parts of the conpl ex spontgﬂgg;ﬁly deconpose, (c) absorption of
a photon may place the conplex in a B d ~excRted state in which a

netal -to-ligand bond in the conplex is unstable, the bond breaks and the

remai ning parts. of. the conplex s t aneousl eco se absorption of a
phot on rraygrﬁi '%‘E’é aP’I‘?ES&?Fﬁ?Fqg]QC )%?Pdgﬁgf’ PRRGF écsgq‘%‘rann%ﬁ%ea @g‘ggtéﬁ@f’% excited
state i n waitshtuted dvetoaktabétohd,gand bond in the conplex is unstable, the bond
breaks and the remaining parts of the conpl ex spontaneously deconpose, (e)
absorption of a photon nay place at |east one |igand of the conplex in a

| ocalized ligand excited state, a bong between the excited Iigand and the
complex is unstable, the bond breaks d the gemaining parts of the conplex
spont aneousl y deconpose, (f) absor ptRon™of phot on may pl ace the conpl ex
in an intranol ecul ar charge transfer excit state such that at |east one
ligand of the conplex is unstable and deconposes, then the remaining parts
of the conplex are unstable and spontaneously deconpose, (g) absorption of
a phot on My fd Af6n2Hiall8AGithiSebdnh e dle.0f the conplex in a localized

| i gand excited state wherein the excited ligand is unstable and

deconposes, then the remaining parts of the conplex are unstable and

spont aneously deconpose, and (h) absoﬁptiggﬁbf a photon may pl ace the
conplex in a netal-to-ligand charge t_ams excited state in which at

| east one ligand of the conplex is unstable and deconposes, then the

remai ning parts of the conplex are unstable and spontaneously -15 WO

02/ 098580 PCT/ USQ2/ 17588 deconpose. In its broad aspects, however, this

i nvention PRd ibeniers, sabesyliaacidsdieo be linited to these reaction

mechani sns. 0

IR

R™ OH

such as hexanoic acid where R = CH,(CH,),, carboxylates, i.e.,

R™ O

such as hexanoate where R = CH,(CH,),, pyridine and/or substituted pyridines, i.e.,



More preferably, the ligands are selected fromthe group consisting of
acetyl acetonate (al so known as "acac" or 2, 4-pentanedione) and its anions,

substi t utwo 02aess8y| acet onate, i.e., OO RR and their amCOnEsp2/17588
acet onyl acetone (al so known as 2, 5-hexanedi one) and its anions,
substituted acetonyl acetone, i.e., OR R 11l---~ O and its anions,

di al kyl di t biide; aehhynbtmimes)e.g, RNH,, Giininks,/e.g. MINRMHgG, drsisesant.ons, car boxylic
acids, i.e., O R'-OH such as hexanoic¢ acid where R = CH3(CH2) 4,
carboxylates, i.e., O RAO'" such as hexanoate where R = CH3(CH2) 4,
pyridine and/ or substituted pyridinds, fi.8on OR -16 WD 02/ 098580

PCT/ US02/ 17588 azide, i.e., N3 , anilRes, e.g., RNH2, dianines, e.g.,
H2NRNH2, arsines, i.e., RR' R diarsines, i.e., R\As-R As"R R' R1111
phosphi nesdiaisires, .} R' R di phosphines, i.e.,

RI RIII
>As-—R—As<
R" RI "

phosphines, i.e.,

R R
diphosphines, i.e.,
Rl\ /Rl"
P——R—P\
RII / R"ll
arenes, 1.€.,

hydroxy, i.e., OH, alkoxy ligands, e.g., RO, ligands such as (C,H;),NCH,CH,0-, alkyl
ligands, e.g., R, aryl ligands, and mixtures thereof, where each R, R’, R”’,R””’, and R’’’ is
independently selected from organic groups and, preferably, is independently selected from
alkyl, alkenyl, aralkyl and aralkenyl groups.

As used herein, the term “alkyl” refers to a straight or branched hydrocarbon
chain. As used herein, the phrase straight chain or branched chain hydrocarbon chain means
any substituted or unsubstituted acyclic carbon-containing compounds, including alkanes,
alkenes and alkynes. Examples of alkyl groups include lower alkyl, for example, methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl or iso-hexyl; upper alkyl, for
example, n-heptyl, —octyl, iso-octyl, nonyl, decyl, and the like; lower alkylene, for example,
ethylene, propylene, propylyne, butylene, butadiene, pentene, n-hexene or iso-hexene; and

upper alkylene, for example, n-heptene, n-octene, iso-octene, nonene, decene and the like.
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D pRPR R/ R... arenes, i.e., R hydroxy, i.e., O+, alkoxy ligands,
e.g., RO, ligands such as (C2H5) 2NCH2CH2O-, al kyl ligands, e.g., R, aryl
| i gands, wod2/98s8ur es thereof, where each R R, R', R'', pamSm/17588 i S

i ndependently sel ected fromorganic groups and, preferably, is

i ndependent|ly selected from al kyl, al kenyl, aral kyl and aral kenyl groups.
As used heFlg erdinameskiBedhartisaniiy familiar with npmeroussiraighh i-co Hnepr sandrhsgnched
hydrocar bofeyGhaisd, whRn3EHidA! B Soopk BE HRARA: RUEAIGNm GAiMn AhcPaRDLhed

chai n hydroc hai n neans any substituted or unsubstituted acyclic
car bon- congraiips Mgy elsagoniasvariontsubdiifagnta ik whieh one g Kk BYEAEPNAIEPHISS .
Exanpl es o i er.-al : anple, nmethyl, ethyl,
n- propyl , ﬁfeggd%%%l%}ﬁgmﬁg%%%%ﬁdﬁsag Wﬁ%alﬁ,f&?%lp?ﬁl%?ﬁ or iso-hexyl; upper
al kyl, for exanpl e, Asubebhepein, the tary “alkenpl” sefess to arstiaight odlereythedand t he

1 Ker | ovefybdohl G Shar %P Bne oPHRXLARR.call AMMIGDR s REABAYAR

but yl ene, adi ene, pentene, n-hexene or 1so-hexene,”and upper aPEerne,
f or exanpl dqubte bapt eheysed horsimg the, teing SaralkyBmefernioraaradkyl geownehighth teteinpilke.
-17 WO 02/ 3 P or dy ' L SR k jqbi ar
with nurrer%%gé%?erd a‘%i{%%{ %Qi%/t élz?grg’} %r-égﬁ’,e'%gﬁd&%&%%ﬁ%h%gﬁe%ﬁﬁgr ou %,afk\%ﬁ}dch are
Wi t hi n t herefaoe peardlkeértye gpupsdrnch isremmrinallyrsubsintuted dvith @gast omsharsl goup. 46 oups
may al so ¢ i ' ‘ S i [ Ck : t ons
1S Tepl acoauistbtthe BRSPSl fyd et PRl T En S EBRERE T
her ei n, t héoubds borida) dtamdomprisingrag laast six 8 (pidelghtromss Hxampddsed aryhgrhups ar bon

hai n wh t, | . b A i j - b
chaLn 0" el Ry R0 DRI ERI L PP55e4a geal gy o bon
which is termnally Thebesi‘tfutotidnaligréupgtin eamintexh ef the pkesgntaoygntien drqadly
b . As her ei t he.t " | kenyl " I
DY PR Pl B8l B B oSSR R PR D g
her ei n, t hey thesepérasnsl of ordihay skillandhdwethvanteart oks exangpléseaiintgaia feydioaah of

j ugated _doubl e.bonds, oft i Si t.|least ,Six jqt (Di)...el :
e R S e ]
ani syl , t olviyte,at ksabteomgloxapeh dthie i tdptaced by a tselfun diémn ¢isi camabpleg obppidannh t he
o chai n. | BN RRaral woRh o e mepaey e SoRRrHigaRt g atde
persons of hafrekylpantinekédrboxylh thioeand elrédq idocaarato, Agarey apgdye snddthylenicdlsyi n

functi onal | qroups ey B, ment pned) of REf SeaSSy BlF and Malits b SLEARGS. 2N

=t

To enhance the desired photochemical characteristics, including the tendency
of the products of the photochemical reaction to spontaneously thermally decompose,
ligands comprising and/or selected from one or more of the following groups may be used
alone or in combination with the above-listed ligands: oxo, i.e.,

Oy

oxalato, i.e.,

0 o | =

halide, hydrogen, hydride, i.e., H’, dihydride, i.e., H,, hydroxy, cyano, i.e., CN’, carbonyl,
nitro, i.e., NO,, nitrito, i.e., NO,, nitrate, i.e, NO,, nitrato, i.e., NO5, nitrosyl, i.e., NO,

ethylene, acetylenes, i.e.,
R=R
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where at | east one oxygen atomis replaced by a sulfur atom As exanpl es of
pendant and/or term nal functional groups naybe nentioned

hydr ogen-worniadsssing gr oups such as hydroxyl, am no, carb@®xylusor/ises and

am do, isocyanato, cyano, epoxy, and ethylenically unsaturated groups such
as allyl, acryloyl and nethacryloyl, and mal eate and nmal ei m do. To enhance
t he desi reﬁlucrdyammh&mm sbhicyimte,s ki, NCS'j ayglouice. g, d,eeideg eddoagto, DE., t he

products o hoto t|on tp_spont an ous r I .
decorrpose ‘gﬂﬁ?‘f{f?%’& ?acgg) %r&cfg lsfl?‘ -0 Jﬁ%‘ﬂgrsglﬁ%r}?%ﬁﬁp Qigame
}‘_ol I O\é\li ng gmpq)aldn’pwﬁablyeﬂ mcwpemtE:ndy selacted)ﬁ'oﬁmikylpadkmyﬂ haralhﬁ amkicavaelkdaﬂyi;t ed
i gands: o0xo0 dr ogen,
hydri de, |gr8ups If‘é?ﬂlﬁ?%ﬁlpa%%raﬁ yeéac%ahﬂiﬁdpg)wng%‘?g%lec & °m65<*}% cgr bonyl ,
nitro, i. eca,rbch@&tesn alkiok ¥, xalate azidbO0GArhonyi, itad, @trato @,mlh@fhaldgehaacﬂ theid . e.
NO3 mtrogl} NO, ethyl ene, acetylenes, l.e., R=-R -18 WO
02/ 098580 ¥ gUSOZ/ 17588 t hi ocyanato, i.e., SCN-, isothiocyanato, i.e.,
NCS-, aquo, i.e., HZEefaalblgfﬁlfhe nttdl ompled, precugsor is Q& fraumitse cam@rising

t hi ocar bonyl| ere R and. R s |nd endent | | egted fro

gr oups andz aﬁ’rc\éf%‘é{ lﬂ?qe’:(yi IR 67 8?9(1 Q @‘@f@dx"fl}(%rﬁn R co Tﬁ’éﬁf’%ﬁl’

ar Sl kyl danAll 68‘1&1“1L<Q’n!ﬁr MgJ B, CEME) znmg mrar Nb;’iMoyRu,eRE IPd, m[@am;l ShSBa,dLa,

i ndependen se| e ac, _ carhox al koxy, oxal ato, azide,
car bonyl , %é%%unﬁfeg"cgﬁog]?n%ﬁse% Rardly gﬁ é‘i‘rgiteﬁaelp’rs ﬁ%gn@)é’ﬁxs@frﬁsr@ﬁ * the
et al corrpl ex pr ec ur $RE predwset Ley Bel aﬁp’lﬁﬁlté fesebaenpiirsdtiyy Amml,vely and

car boxyl at o, azi de,, carbonyl, nitrato, am ne,_ halide and

conpl exes qufql_rg ) t ? pregprsorpls dls\golv 1n Mplv?gg or ﬁ?lveré%to @am 2 ecugor sglluglzp Nb,
Mo, Ru, RhThlE(facﬂ‘ﬁQtes i3, apSicatiBa to 112 subdPFaie M vizibty bif mea'ri%,w@l\f kifavn t&hoslerof Pt,
Au, Pb, Th m xt ures ther eof recurso

appl i ed t ooﬁdﬁi?rggﬁg@; Hhearty ?‘tlxg“cats%' SPIR RSPHAPPRPAIOROF thep?O nondp e S“Pﬁ%‘%e
precursor The 416§ M@Cbel JhoSenILNE sc¥eras OHiean] indivixially Bt whﬂﬁnutmr
o o s b s sopertap sl Skt e e Ry L
or spray apPtivedd tipredurédiens AsdbdifbitRe d1ent URS slabidity ode)@g&PblV&Hér may be
chosen based on several criteria, |nd|V|duaIIy or. in combinatio
ambient or other gases in the solvent, the UV, visiblg, and/or infra-red absorptlon spectra of
the solvent, the absorption cross-section of the solvent with respect to electron and/or ion
beams, the volatility of the solvent, the ability of the solvent to diffuse through a
subsequently formed film, the purity of the solvent with respect to the presence of different
solvent isomers, the purity of the solvent with respect to the presence of metal ions, the
thermal stability of the solvent, the ability of the solvent to influence defect or nucleation
sites in a subsequently formed film, and environmental considerations concerning the
solvent. Exemplary solvents include the alkanes, such as hexanes, the ketones, such as
methyl isobutyl ketone (“MIBK”) and methyl ethyl ketone (“MEK”), and propylene glycol
monomethyl ether acetate (“PGMEA”).

The concentration of the precursor in the solution may be varied over a wide
range and may be chosen by one of ordinary skill in the art with, at most, minimal routine
experimentation, such that the properties of the precursor film, including its thickness
and/or sensitivity to irradiation by light or particle beams, are appropriate for the desired
application.

To the extent that metal atoms in the patterned layer or film formed by a
method according to the invention might be “bumped” into the underlying substrate during

a subsequent step, this can be overcome by careful selection of precursor formulation
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including the ability of the solvent to dissolve the precursor, the

I nertness of the solvent relative to the precursor, the viscosity of the
sol vent, wbe2medsebi | ity of oxygen or other anbient or otirer/usayesss n t he
solvent, the UV, visible, and/or infra-red absorption spectra of the

sol vent, the absorption cross-section of the solvent wth respect to

el ect ron aguihiditions @and/obdadkBesd. eterodtatelyl, aib ypddnal pmtative Eayer cantte wbd béttweenf
t he sol vent t i ffu t hr ough subsequent |y for fil the purity of
the sol ventﬁ‘e\ﬁﬁ?%ageeaé’agé? p’i%“@@ﬁ?é@@ﬁb%“@@#ﬁ@?&ﬁge S‘ng%tg ﬁ‘ﬁeﬁ@ ners, the
purity of pdiensdllywntformihdproesgds tohpletdde Qpteasig eheofubsiedtainay bespatbd evith
thermal staghility of the solvent, the ability of the .solvent to. iffluence
defect or feasbin Ghicetys Bier (e dinTafimmanreorhb o R o dapice. The

envi r onmenprdteconRiyeehiay boaspliedne tHeriubgraitd By a sariate 0f meknsentll Rigwis ol thesy s

I ncl ude the, al.kanes,..such as_hexanes, the ketones, such.as t hyl isobutyl
ot one. (* SRR R 100 o ERGHECREBIRLS freNEHEEy Frly RS Ay et st
nononet hylinemhega@mtiﬁlpgn(dﬂaﬁy{éﬁ?). The concentration of the precursor in

t he sol uti on maybe VgﬁlEd over a.w de range ana may. be %hosen by gne of
ordinary skill in théh&PpgiRipn o weﬁﬂ‘%sctf,at r i Aeasliiqnns hepreehs $&on,
such that kiR ayi@RBEdn: @fpat oh e WiLetd BBire bif th¥ dekined piien@diliyer.t Thek 8&%En
and/ or sensi%ivity to irradLation gy light or partic]e_ beans, .gre ..

appr opr i at BirHGE DisRaaeRs ey be dppEpleaT everpely MEY BRidAPeANaLed drRindingons i n
the pattergesh thap@ficOlr pattefdiibyRaisEl. SubsiBlepashadaivns tahdndl@id Hemple/ent i on
m ght be "bunped” into the underlying substrate durin a subsequent .step,
this can b&CyasPORESSEY r%?\@rlmwaélﬁqdégﬁ?l%ﬁ%mt ¢ Frgtsgurrf%qenﬁpam RAteIBe o
02/ 098580 &7 /thSPobilipd abaAH: il ane d&ositidh Gf A8 a8hesiint RbMBtHY BlayeriaBn

optional protective, layer can be used hetween . the supstrate an e
precur sor PiedeRgsition Hfargnciyempioniad dewgnadie iadpss chgnisalghapge infhe %B%Pf er ned

layer for migpsi0neRsial, .95 ABRLEHRagekbt i onal Iy, the substrate maybe coated
with at |east one protective |ayer befqgre the precursor or precursor

solution is applied. Tegetpdafapplicagion gf the nresyERor SpcinERFULST FHELIQYBRY Pt o

by a vari etphseh dspRAMgWR the kitRWitelAd HROBRNI afplBhid] YSoid édaniplest dFaiséful -
Protective |ayers are particular]ly desirable when the process includes an

i on i npl aneeatngmetheds wethimasyreigdheseiod erdipary skillinghg srhinslyseispin, sryaydinand i on

of the pregifseatih ,léﬁrﬁgi‘ﬁﬁ, hg¥iscud, Sddibrfou§ MHiind APpRGch& el eniybidyp@t € nature
of the desired patferne ayer. Thus, certain _surface prepafations may be

desi rabl e aprowdayeY séabjes indlye ¢rating PEBE BILPYPseRpetidrrig coRfpRlihe he
parti cul ar ypatl&r AR R¥klty BEHE depdsieh Tﬁh?to%ﬂ;ﬂﬁ{z%%ﬂ??éffé@yaﬂdﬁﬁé afifafion

sinple cleaning process t0 renove unwant ed species omthe substrate

surface, aobyaeidyorpinhalpnintbe film, and to ensure that no more than the required volume of

precursor or precursor solution is consumed during the coating process. Optimized
application of the precursor film may desirably yield very smooth films.

The deposited film may, optionally, be subjected to a baking or vacuum step
where any residual solvent present in the deposited film may be driven off. If a baking step
is employed, it is, of course, important to keep the temperature of this step below the
temperature at which the precursor molecules decompose thermolytically. The process of
the invention allows for blanket thermal or heat treatment or annealing of the precursor cast
film so as to convert it thermolytically into a blanket uniform coating of the desired
material, or to a film that requires a lower partial converting means and/or converting means
dose for patterning than would have been possible without the thermal treatment. The
deposited film may optionally be subjected to other treatments at this stage of the process,
including but not limited to blanket photochemical or electron beam exposure and

microwave freatment.
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step, the deposition of a barrier material, the deposition of an adhesion
pronoting material, or the deposition of a reactive material designed to

i nduce chwoiocapssehange in the filmof deposited material pCa&/up02/1m8E€0Upl i ng
agent. The nmethod of application of the precursor or the precursor solution
may be chosen depending on the substrate and the intended application.
Sone exanpl es of useTwpicaltyphskingoffesplvenisdogenbt ikiipwwpreeoniwsienolt ior di nary

kill h | ud
voni scus, - Dot BRUERR AR Foad iR ansl Ml Soest flay Son k' QiccRhETHLAR:
Vari abl es frﬁmtthepmoaﬂsm@hmamm@mna@te b ¢herinekdatompositidkeprocessc <Bm1th of thedee
bt he. f ob e as TR iR e e AR sAS ot the Poptst sl iR R ot *no
nore t hgndlolme:r ﬂewreqmbnfeﬂt doEngi sulpe@ent sarvedingsiepc Ut s&urt]serlrwagmzed that
e.cpat,in rocess im.ze
o ourcor il & paRRenth RPERS R e, sBRRR B8N SfhePthelddosiea,

may, opti ofiah bythetfflnmtbhedésedd mtemaﬂ),aka}nl@ ﬁ»rmvchc’nhmfﬁcepf thmmum dtey

resi dual solvent present m e driven

baki ng st eﬁlbs?qauegﬁlif%%ﬁs 0{1 the; Slregfm%ﬁ%ﬁslé‘ "d gﬁ%i% cf?}]%@f I‘?@tmn

t elrrper i’it ur gpedfatibhy &d%ﬁ}&ﬁlbﬁtl@ﬂb&h&ﬁnoﬂlﬁ 2@@5 &Iaume nmdt reahﬂ;zbretitwadmmmrskﬂred
nmol ecul es t her nol yti cal | The oce e i.nventio

o ol kot By e il o Camabert oy AL ST s ALY SR P i et
filmso as ﬁe%ak@@ﬂéph&hﬂetthé bmelnwny;sdreﬁﬂ(é)ys selé@ecatomeaaﬁettewm ditherm coat i ng of
t he deS|re na? ‘I??g oaf hat re wresal g i.al
convert i ngPHRE PBPI B'H?P@Fﬁy BFPSCE’SSCF emf%PeBrg St ﬁ@‘%atlﬂan woul d
have beleln @%ﬂﬁ:hﬂ%@ Whﬁ%@pbsmbﬁ ﬁdmrarﬁmbmixé Gﬁpﬂéﬁntsc;]rs ,Kasuld @e@mftﬂeedﬁh diehtm may
optlona y es ected to ot e t,this, sta of .t he .pr ocess,
i ncl udi ng ® ‘bfbé gystem todalep Iﬁ’étﬁﬁ%?P %Eg{}geéﬁgﬁpﬁ%caloﬁmg‘%gﬁ pioRe tﬁlégl
exposure afuhnemﬂbhpﬂﬁ\b@ké ﬁ@édwmuentl?@uél\@oﬂ%r@@gﬁﬁﬂoﬂ?ﬁﬁb&ﬁﬁgé&ﬁ@&8

Typi cal Iy, baking off_sql ven re conver si [

t . does n itiate S
recogni zed, however, The, ?Poéltﬁ%ggn %%Jeﬁl?atﬂﬁpfﬁh‘é WF@%@eWﬁgBﬁaﬂ?%‘lﬂe to

ej ecting S%ﬂ&@fﬂng hé@Rah e Bk phedns) ZTE af%uﬁﬂe%@ ehétgyls@blﬁ}t}ﬁt tHagyretksor
deconposi tion process. Both of these enFE I SNB rra I n the@gveral I

ef fi ci encylSgt ftaﬁ"é’aﬁ‘i‘%b’@éw?re%dulm}eﬁ@tlf sOF S%li“é ]Feé F}%?vgé’Po%] Precursor

requi r ementiiHUhhyBe SxpodRbRURMceCARME] MHe She@Py sduircd Haf bé tergera lica€ Qamte; ad
that duri ng}gsuch a bake step, .a new pre-converted teri ferent from

ei t her thel@¥seuice 8§ speaifis ‘(YF‘V?IW%E‘I Gehgxent lhght geMITs el SRECHIC "é"r"e ‘Wﬁgh Be

for med. The«aeéléﬁg%ﬁs ber&i&'bﬁn@ﬁgﬁt@o@cé% el SUHdE BB te-BERPY kbires oRhn idiEbeam
desired material, including drelectric f/ionstant nucl g)i?t I on, E ci ation,

and cryst aFPuWeROr aRoBERatiPBherepfnhight imhe vavelengh rangs of fipmyshouf L20tp BHpubne
skilled 600 nm is suitably used. Preferably, the wavelength of the light is from about 157 to about

436 nm.

In certain embodiments of the invention, the energy source is a light source
directed through an optical mask used to define an image on the surface. The mask consists
of substantially transparent and substantially opaque or light absorbing regions. The mask
may also include an optical enhancing feature such as a phase shift technology. The mask
typically has opaque regions and transparent regions, relative to the patterning light, so that
only portions of the photosensitive layer are exposed, from which a pattern is formed. The
exposure can change the solubility and/or composition of the exposed areas of the
photosensitive layer in such a manner that either the exposed or unexposed areas may be
selectively removed by use of a developing solution. The remaining material can consist
essentially of: organic material, in a first embodiment; dielectric material, in a second

embodiment; and metal and/or metal oxide, in a third embodiment. However, the energy
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in the art. For exanple, a two conponent systemin which one material is
activated in the pre-bake step while the other conponent(s) is selected to
be acti vawed2iossseil t her a phot ochem cal or higher energy Prherusat/138%9cess
step may be preferred in certain applications. This deposition, froma
m xture of precursors, would permt the efficient design of a systemto
t ake advanstoage metd hbtchedlifdctiehtough e maskl prr@qampﬂd éfsit isfnonrae@ss'wy o pdttermed

fromthe b nd ) rtial convertin on step(s
The deposi a}nalfgoo%%éa&kggeqeagyaex&p Qg By ¥ élls‘or‘l h as P ﬁqutl(%FﬁgD (<)
parti al cthawmiknﬂgyoeamd@bﬂhooflmghnvertl ng neans, i.e., a source of
energy, such that t r.ecur.sor s _at ver The
entire film or sel E@GDW%I?(S?@H TOPHE™ ggﬁltgﬁpf@@%ﬁé%lu errwhfc Y may be
exposed t od@ogwdrfﬁm ©fat Ee];ﬁrlgymlﬂﬁmenmadgyayslmmpertamyprbmw garipblesa Nueaially,

sour ce, I ght so of a.s C, wav ngi h,. a coherent sour ce
of a specHﬂ C(’%\]Rﬁ%?lﬁ gﬁc%nromx&ﬁ?c i i‘ﬁ F’f‘%ﬁpﬁ 6‘?@%@1‘63%‘%&5 §%#5’%B]:§t

elhect r ?n b@aﬁgc( the ebﬁ@aﬁmols l@ﬂth@%im@dphal@ pr?;&ntbd&ﬁmg t?s wsmmaircoml;smnml @aé i on

t hereo ntewaveen range. o rom abou 50. 10, abo

2 ou t ableRbdh i e RernRataeB G BPoTRe e gHebot T e e 157
to abf)ut ) 14%.56&Tbedalﬂ(sj@§fchdiggt mﬁpeel an@tihateddly aih 61ﬂnﬂmﬁteil&altmntﬁeem$%a’@(}h source
is alight source i.rected t roug opti us t i ne an i mage
on the SurPaLEe b EhCasehos oF Sty 8Bt o melieny Hrdepe el e

subst ant i aédrﬂpd@ﬁi@ﬂuﬂ' tied athio@lblier@tb%lfebth’d:g:of@gsﬂﬁﬁ or pioperties kst thl&@)fodiicﬁ fitrh.ncl ude
an opti cal enhanctfuglfeature uch as hase hJ féﬁgonn,a ol o The mask

typi cal |y FRISXEHR Gy BecdgPBHe O Lt PRI, P}éFﬁS“ P%P 8°Rp8rf’ o
pat t er ni Ngail bibiyged BinidiphereQNBY viRRally ehdimting B}@yg%h(ﬁdh& eHRSithbstheted ) €ilmar e
exposed, fromwhlch a patt rn Is formed. Th XPpOo e can change the

sol ubi | i t yCORMRIISHNE RIGRHEYiTedusRd S?Pﬂeﬁgeé%&a@g’e@%‘ggg{orteﬁ@nﬂﬁo%B%Bﬁ%l tive

layer in sgpRedioftsiRehivdriiah st%b‘ié"ﬁrl’eférilﬂy B aRd if theReeROSEaLaRE thay be
sel ectively renoved by use o Fhﬁgfﬁvm ng sol ution. i[he remal ni n mat eri al

can consi s‘%on"@ét%deﬁ’{F?‘EP‘Prys &rindhe presenge of 3 Lduging gas, ‘Ph as

di el ectri chyméLni @the édhv&té@ﬁ@@ﬁsoﬁﬁfﬂ%’% ARiRtallicAfillch. nRH@lltloﬁﬂ | e diiduak opxi de,
in a third enmbodi nent. However, the_energy -21 V\O 02/ 09858 PCT/ US02/ 17588

source neeWalgbin the film syt herhepged hytrhangiag i e Hugpidity g gtmesphete. By not

necessary ﬁlereaﬁhg ﬁ{erintehﬁaj 6!9&16 I1g1§’t| it 1@&%&%0%@&&1@&%1 £ABHEY wRNRARS fifndray
be used, such as is provid t her mal energy or a wi de beamof |ight.

The at nosp‘}"?egeéef&?‘i’d)fﬁ @LFP% both total and partial, under which the

deposited filmis at Th@a@tofeqfahhaalcbﬂve@ﬁw%ﬁQﬂdm&emanmeaﬁ@%mrpgteﬁﬁﬁs
variables. Normally, it is convenient and econonical for the atnosphere to

be air but sqqtlerwgyag@ kpasypasafsubstraie pretreatment,” may be advantageous from a process
flow standpoint, for example, in order to minimize the time during which a precursor atop a

substrate needs to be exposed in an expensive piece of equipment, such as a stepper or
masked light. Substrate pretreatment is preferred in methods according to the present
invention.

After the precursor has been pre-converted, a portion of the precursor film is
next optionally but typically subjected to a converting means such that the desired portion(s)
of the precursor is(are) substantially converted. The entire film or selected regions of the
precursor film may be exposed to a source of energy. Preferably, the methods according to
the present invention include substantially converting only a portion of the precursor
material, generally in the shape of a predetermined pattern, which may be outlined by an
external mask. In this preferred embodiment, the remaining portion of the precursor
material should generally remain partially converted such that the pattern resolution is not

impaired. Optionally but preferably, the remaining portion of the precursor material should
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change the conposition of the atnosphere present during at |east parti al
conversion. One reason for this is to increase the transm ssion of the
exposi ng Woghw9ssBd short wavel ength light is used, becau®eTdisoh1issght nay
be attenuated by air. Simlarly, electron-beamradiation my be inpaired
by the presence of certain gases. It may al so be desirable to change the
conposi t i obe afbstahially devejrpeble, WhﬂaﬂmeubﬂmﬂMﬁgnmm&h&d@nﬂhnuﬂhhﬁmmmh&& of the

product f|| ex osur e of C r. c e e ts in the
formation Bf egla]czé?)fﬁleri?&‘g@?e&gn te](‘f]r 2 yﬁ%‘ﬂmgﬁ%ﬁgg 5]%%@@@.6 5@7{3\5’1%? Nal Iy
eI|nrnatlngmdeﬂgpﬂﬂéamﬂbtMEﬁakﬂm$Qmeamtamhéehbmum&onprising prinarily
reduced copper speci formed. Fo conver s on or
conversion step is pﬁé?féer%ﬁlr%ﬂ%?tr 8’?%&64%1 %B?@?@X@@%ﬁrﬁgfﬁ%ﬁq e
converted mheseddofing dettedopieern. T @logct embodimant, dhie develdpéngpmeteeinlie selbctad
reducin uch a I f the conve ursor is to
retal 116§ R e AR PR Rl BrCRP B e, MRt PPV TERRY B g
by changi nmetdaeelbpm'eﬁtg bt thé pathen-abivasiet @re@ursBy matefiat Basinoged digirignt ensi ty of
the |ight, ssible to initiate thermal reaction within the films to
generate pﬁ@ﬁﬂﬂ¥n 1ms. The use of a partial conversion step, or different
parti al COHVGF Si on sSTEpSonvertieHua3cen baks enétgﬁmaéthaﬁmbﬁ bé eessame as or

be advant ageous from a

pretreatnme o ess st andp for
exampl o, | n%%f‘bm}%?ﬁl’?ﬁ SeRRine PP arels pFac SReRe Bip o
substrate &ﬁﬁ’@ﬁl ey eeligh saartcezsp@mm vpaxe@s'ngaf aequerpmtafght saliedofas a
Sccording PEPEH e\%m'éeé%wh S T

pr e- conver t@fice. AnRefthin@mblirh&is Hf 16 iveatiord, ltﬁd@ﬂe‘ﬁgy soRixde 19 pllighteukee dittbted
SASANE TR CLEMERR G R - RG RE SE  E HEE
0 e pre

sel ect ed rﬁ%@ﬂ& e chb@y sBiRe we&Photibeldifesrad tlﬁ@u%?@ﬂﬁﬁd P& Xabply] ﬁ@n@fnot

ener gy. Preferabfy, t he nethodsrggcordln resenﬁelnventlon i ncl ude

subst ant i aPf JeEsRRRIRAHGILHRE yuake rlﬂrl%thercowf‘ésiar &hr Sy el grecursor
general |y hiyhiigadhRRftieed, RERASE S Mddies Hialkkes swelne{ywe@as%tl i ned by

an external rrask In this referred errbodg@} he renmai ni ng portion of
the precur SYFVETtRgTBEINS| Pg#eerchccg@ﬁemgrmfgﬁnr . elegiTPy bEBRAER PeAMATEn

that the pﬁfehﬁéﬂrera%ﬁéﬁtuBAlsQﬁsdu§seﬂCAbové 158 Bhrti@feon©iisi cdnld! a% @Mgc{/\%rlﬂrc%lahbﬂé
the remai ning portiaon of .the precursor materjal_ should -22 02/ 098580

PCT/ US02/ 1 thssgmosphierig B@Q%H@m%wrdyr whirk tdapoaited filim is copeertsdpsich ie ppnpgsphere

converted pahp d)s‘?t'ibrpfprés@rﬁe{’dcﬁﬁ wta%.d plaﬁfa@rahahumﬁcﬁfwrﬂa%etlﬁlpbﬁarﬁlp%ms the
pattern-converted rat eri shoul d be substantially ~undevel opabl e and/ or

suffi ci ent Vgriahdese ,I};mngtc‘@nyﬁélogutbgqer\gxp@bles may be the same as or different from their
settings used in any preceding partial conversion step.

Following substantial conversion of a portion of the precursor into a
patterned layer or film, the precursor film may, optionally, be treated by any of a variety of
methods well known to the art prior to removing at least a portion of the unconverted
precursor layer. These methods include but are not limited to annealing treatments, such as
thermal, laser or plasma annealing steps, exposure to a specific atmosphere, e.g., oxidizing
or reducing, ion implantation, microwave treatment and electron beam treatment. If the at
least partial converted area(s) may serve as electroless plating nucleation sites relative to the
unconverted area(s) of the precursor, then an optional plating step may be used at this stage.

Unexposed or insufficiently converted or adherent regions of the precursor
layer, or portions thereof, may then be removed by the application of a removing (or
developing) means. For example, a developing means may comprise a developer

composition that may be applied as a liquid or a solution in a puddle development or
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I n one enbodi nent, unconverted and/or partially converted precursor is/are
renoved during devel opnent. |In another enbodi nent, the devel oping nateri al
i s sel ectwo 028858hhat unconverted and/ or partially convert @dTarSezurssor
material is/are not renoved during the devel opnent, but the
pattern-converted precursor material is renoved during devel opnent. The
conver t i ngimmeensmonoest deeclapmemgirgsess oAtterpatehat dmpgevepinient pancessasalogous to

different from.an rtial nvertin previ ou e e or

exarpl ot 18 PSR B, e SRARE) BRI TRAER HREH B glo SRS

wavel engt hemployehas ®d¢velopging meanst Geefofred enspatinbars includt sprgy teveboporengdband

| i ght source,;an eiectr n geam sQurce, .or. an ipn beam source. In certain
enbodi ment B4SHC fRVSIqpiNeR4n ‘,“”.eﬁsé"%WS?%%Ye’sOBHPE is a light source directed
t hrough an optical nEakdesdcher shaldd typécatin be fagelaed afosusell anéer casditions

di scussed above. ver....t he ener source need .not be directed. thtough a
ok For Bt SRR AR e S e nb e el 41 A ng
t he conver $hsrokbity diffagencehiensedie rdnheveprefetentaily saley redissadyhdfinpaichehaed,
therefore, a flood or bl anket osur be used.as,the .convertin

roans. pr ef Qi HREEH RO e SHa AUD Y RO A g bt Y R TG FeRRas
alnd thelr nad:sti)fledaﬁtenmm on fige sﬂﬂbst@atSﬁﬁdeiab\mgméﬁi@]ﬂy pdact.i ghe pmmedrslxsarﬂ' hrdeaéidpas iz
al so applica re t at.nospheri c _cqnditi ons under ich the depqgsite
T Dol ofieariEetd S thas oo R TR Reraer i i e i bt peth e teoga
and parti als re@oteddutind delwelopménbﬁ(jdﬂﬁlﬁh feib@dﬂéxpﬁfiﬁiéﬁﬁlg’_o? }Aﬁalyib%bé(?ﬁredﬁlblﬁpﬂilﬁize
conversion, these vari S the same as or different.frgmitheir
cett i ngs uledomaangh o Be Gavperar ot ArRhnybs SR e S IEBEcp G bave been

Is ubst ant i ?bx@@éwwiﬁéiqemcs‘neﬁgym désd & refdagh o BeLUBATatd, MO0 fthe BahE OREnt
ayer or

il he cursor filmmay,, optionally, be treated any .of a
Vo et o of o dhveknad R ARR TS 14 e IAARGR 1S B SRRy g qalutign
portion of of fhe chitiGeR¥Richeih anBIHRE UHEA N WRlAr(a) theesdingBblves s misdibldgbput are
not limted to ar&geal [ ng thrpgjllt ments,. s]glcg as thermTI, IalsEe?i or L?gsrrcﬁ
anneal i ng Spe¥peseddrgigns phthedilm aq sparingly (GetRot presstarly completely) §pYpiey andyic)
reduci ng, kgibstdRigrits A HR e sON@MRially AROABIY, pRyvikiesIfecid RiprRam
treatment. If _the at |east partial converted area(s) nay serve as
el ect r ol esSCYSIOMRHEPFAGEeati on sites relative to the unconverted area(s)

of the precursor, thakeadcRMpRAR thehelkish PaSbBP coMMBRd BERHrsdt mhili optishaBe-
Unexposed or insufficiently, converted or_adherent regions of the precursor

f th
| ayer, or PoHeHehRY amepkavarichagl mabadyrell kpjyvnte e artpsionnits being gipigsfeddo

renoving (QtonRene BRAMRI)THERAMStholPncRME B fe ndt BBUE! RPAMEaIBARSHBS,
conprise a devel oper_  _conposition that may be applied as a liquid qor a

y !
sol uti on i PicA 38 teramal. deser pioplaspe agiealings Ths toppereate anditme 9Egusiangegiing are

important variables. The annealing step may also be influenced by prior surface treatments,

for example, oxygen plasma, laser or a rapid thermal annealing (“RTA”) process. It is
possible to select appropriate conditions such that the annealed at least partially converted
precursor retains its amorphous nature while at least one of its physical or electrical
properties is desirably altered. Alternatively, annealing conditions that cause the film to
convert to its crystalline state, e.g., a high temperature, may be desirable depending on the
application for which the film is to be used. For example, appropriate thermal treatment at
this stage may be employed to induce the formation of highly oriented crystalline films from
the amorphous at least partially converted precursor. In this manner, the properties of the
amorphous film may be finely tuned or its physical properties may even be varied over a |
wide range -- from the completely amorphous phase at one extreme to semi-crystalline

intermediate phases to a single oriented crystalline phase at the other extreme.
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i mrersi on wet devel opnment process. Alternately, a dry devel opnent process
anal ogous to dry patterning steps conventionally enployed by the

sem conduwOar/098s8ust ry maybe enpl oyed as a devel opi ng ne&a3/UsPr/efses r ed
removal neans include spray devel opnent, puddl e devel opnent, and i mrersion
wet devel opnent. The devel oper should typically be formul ated and/ or used
under conditions surAlftet batveﬁslmbnﬁsiedmmyopﬁdﬂabpmn steps stay ihdtdemst-exposed
and unexposed re of, the film. i s, solubili i fferenc sed to
remove pref® 8?‘?3 *\?“&%tr @%‘{d‘rpélb% 8?%“ e ‘?‘ﬁé“’? Frnr‘ﬁeé ﬁ% eERYF! ({%c‘fgl??lg?ﬁ chosen
regi ons of mreﬂxadfdudcussedebsrcd;ah@péstalb{re;loplﬁgrmadlehystéﬁse Tlexspb«aﬁestepm}iosen

regi ons sired to.regain on t anti a

The pr ecur Xcjate gHBOIBg\? gate usng%é’F%ﬁ’fégé%SX i[ @F?‘Hg? oé?setaﬁeeéesxnte%m

pr e- conver U] Patent Nes. @53433]2— 632Y o1 7 end §JOBL,676,aackraf whichlisincorporatsidweein
during devgl egrrent Consh gxabl e experinentation maybe required to optim ze
t he formul TFeR5e PAE QERY-oper . For exanple, in a process in which

regions that have beﬁncerexrpaﬁbdﬂlmenﬂs Mt}d@ﬂéseﬁnﬁbgass,aroevdeﬁmﬁeﬂﬂlbareder_ma'nn on
t he substrat use of t t| n sol

0 develop.the filmajter.
e posur ot BTG Siep st Rolkest o Bl eeruS ormiin e aboie b Rting ¢ ne
casting sof aﬁtaudsn ﬁra@ﬁshﬁf atlleaﬁua goﬂuanwhﬂemubﬁﬁaté fidseasiliyghcd0tre@ By tHes

ecossar | | DN ETE) g e dst BORCIOn 25Em oe b ER BHGUOL QRO URTORB 1 At o

subst anti aHbWevaSQJeqﬁésent lﬁb@ass gkersot fhﬁﬁtedmo tH¥nise'veibn Wtake] A et Be®ses of

Af ter devel ment, the_ at S onvert.e cursor

opti onal | yI™ B%ta&l%%w&ewda%% “1%£193 ;ﬁ,a:gz]rtl &b‘g‘% WeAt? NG r}HW#dttB t he

art prior h@editSoden Mg shispe&bes Tof im 1aﬁraﬂmehiayrbg cBB@tEed Jdaels@nﬂﬁm@ds

i ncl ude bufi gre not.limted._ to ann @é treat ]ﬁzo suchag tg

| aser or phgRFRCIEN et FTRYCT b ?H’éal?%ﬁtrg Kelreo Vit ows fose, L Jsiban p tare

i nportant yg¥ h@tes, ormaeradmamoh@ef }%%veéhefg?/ .8l ®es tlaen abdut 8O0 KRY, Byuléd ®ith

surface treatnents, for exa g er or a rapl d thernal
e Rost 162 10 iy

anneal i ng [eRARSY, 1§y gEeades thy (3 l%’éuléc,tﬁe By lPY 819Y3%di t i ons

such that pdeovannsast ﬁ@plgﬁtaﬁ&esopt%any ahd Mmﬁmwgﬁt@.&ateﬁﬁwﬁﬁheﬁtﬁawdns its
anor phous nature while at_ |east one of its SI cal or électric

proper ti esSich aaévglapa?ﬂlylgarhﬁe%aonvmreﬂﬁ@ﬂarm %}1 stz é%alqn«rgn@diﬁae? yegipmst Hat

cause the Bbth'BfTﬂQ:se 690&@41 &tef;yaﬂe&)@rf&weﬁt ﬁie'dr@& i8 mﬁ&k th6y Sre:peffolth@may be
t enperature desirabl e dependin plicatjon for which the

e
filmis toadjust ESHS““I:Q‘}P PastigHir @Ph&ﬁtﬁﬁbtﬁrwlﬁ?leﬂleﬂ’é‘?%‘l inyergiondpArecttd. ¢ hi s

stage may be enpl oyed et Q%@ieotttﬁ'@‘ feSniBvieRlorPfelddé OB % aBparBiik &t two-step
crystalline filnms from the armrphous at least partially converted

pr ecur sor . ConyersmsofrpTarnoniallip prsaise aterpl toanctahenieing fHm adherayt the

finely tunggsQbtel éo%ltaaﬁm %%adorterb%rts IsfoRe HR%ubM@R &%I‘é%b&gs&%%rm@answde
range -- fromt he co tely anor phous phase at one extreme

seni - cryst éq:lmeﬁ@g theng stﬁ% biveep REpsassinestepsse pgrenyert seption, whereindhe i ne
phase at t[{g,s8h{18¢ c§4id, #Peviously uncoated, with a sufficient amount of the organometallic

precursor material and is subjected to a first converting means in either a series or parallel

arrangement; a pattern convert section, wherein the organometallic precursor material
coated on the substrate, subjected to a first converting means, and not covered by a mask is
substantially converted, using a second converting means, to form a metal-containing
pattern adherent to the substrate; and an unload station where the pattern-coated substrate is
stored after processing. The first and second converting means may be the same of
different, and each encompasses an energy source, which may include light, UV, thermal, e-
beam, or plasma sources.

Another aspect of the present invention involves a method of selecting a pre-

conversion exposure dose and a pattern exposure dose to be used in a two-step conversion
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-24 WO 02/ 098580 PCT/US02/17588 After conversion, subsequent optional
process steps may include post conversion treatnent, devel oping, including
but not |wpiokeess8® t he novel devel opment nethod di scusseaCahsor17580d
post - devel opi ng treatnment steps. The specific steps chosen depend upon the
ultimate use of the product. For exanple, nethods of use are described in
U. S. Pat entf presursds,cndvisuBiiPate Siaghobkchemind] Bief droghiiie, depasitomproatsscindi s

i ncor por at ed, her ei refer.e in.dts. ' . ' li ment s
of the. pr e SEAEL P diepdbr SrbLRRARNY Rete Bl pditisy malghiaf Shanbs STRRE TE0
wher e at | emversamesxipopiradbss selegingra maxifnonmprd-donvérbien sypetireadaseandusi ng an
i npl ant ati neans .on | east a portion of th ubstrate tantially
uncover ad SYeTRERE Y v e SRy B hatld aspoeE SRt oR o lteR,
i npl ant ati on nmeans i Althehgh tha prasertintentomntay reddissepreparatbhewmkasent process
is not limted to the use of ion beans: effective t hod .of
ol ant at | BP0 GeEdor Prsrs R AERR b BB mfiasfe riokfs BRARECr Bireomarimg, o
not i m t edost@nd paiserniekpodues duseahe bpledspiealimdsaftet tr initjal preparbiooyworky be
conduct ed under condi.tjaons o hi gh_ener i.e...greater than out, 300
Kov: " Coup! BAVReE A a0 and h SRRt deifapn 50 hertE ARRBGY tiger
gondi t i onspr@fent QWeﬁﬁ@rE] @ﬂlanit:)es&he mlaﬂ&&bﬁlir:?bf eunedt pﬁ&ﬁrs&?iﬁa’caﬂ:’ﬁl}&ﬁ&ﬂuw t hd hi gh
ose, i.e., greater than abou 20 a cn. tional. t atterne
ayer tmy Tt GG VaIOGHRr D (1pi Lot ctb] T HESPIgRAPY Sl s oSk Heps
substrat e f@yeqarddbytthephstoerheehl metalOigamsc dapositios prddegs, tHdpeforrbyancnver ti ng
i npl ant ed subst.r%‘tse regions into doped regions. If both of these optional
steps are PéI¥BRSd, the order in which they are perforned may be adj usted
fj 0 sui tdt hi pa;] ticul Ergua@p]pl].@ﬁaﬂembmc quuéﬁbetdffi’hbfcﬁﬁiﬁﬁicai myRhbrgamici s
irected. Another aspect of. the present invention.relates to an ar at us
for two-st é@%@@ﬁ@é?@ﬁ%ﬁemmémaEéaiﬁn‘é%aanﬁﬁ > pPRdgFm SragnOggoyn
net al - cont @i diéppA bif F@u@@h?ﬁ@ﬁffo phetoherfi¢abibRl ergagiodeposiidigproceskiagyl st ati on
re

to store the substrate, bef, prqocessi ng; a neans of . deliverjng the,
substrate 5@?%@&%&@%%? OB V@RS TN -%ﬁ%&ﬁat%éﬁ?cg‘yﬂs_w i AP e
substrate p&rgBah 8thamid subs@¥teOUBstYp VRO s 1Ll aBpISddf thiaGuBtfat TR UM sté)f
the organonetal lic precursor material and is subjected to a first .
convert i ngl&eldghs o heasieneray isapplied toscregte paprYarisH preciFsen 42 Hior a sdeqgied paten

The subst r oo e B O b R Moo Sl p s R
mask is sl@b‘z;o; ﬁl!Qthanrsﬁdmmméa,int@@i ng a second converting neans, to form
et om0, LRGP B B R o
first and sdegrdresowersipnstepimths phaipchemichlimelahergarfic depdsitionamocesaindheach
enconpass eﬁre%n@&@foﬂ%‘ceﬁ%&ﬁﬁl comlaﬁ{bn%r it&ﬁit’tégr‘ﬁng &Btadvéﬁ{age'bﬂﬁgl gel . e-

performed to reduce the exposure time required while still achieving an acceptable image

pattern on the substrate.

Figure 2 shows a two-step conversion tool 100 for conversion of precursor

on a substrate, which includes a load station 105, a pre-convert section 110, a pattern

convert section 115, and an unload station 120. A first substrate carrier 125, located at load

station 105, delivers a substrate 130 to an airtrack 135 from a stack of substrates stored in

first substrate carrier 125. The airtrack 135 delivers a substrate 130 to one of three (in this

example) identical and parallel sub-sections in pre-convert section 110. Pre-convert section

110 includes a first hotplate 140 under a first lamp 142, a second hotplate 150 under a

second lamp 152 and a third hotplate 160 under a third lamp 162. Substrates 130 are

exposed to light, heat, or both energy forms at these locations, and then delivered to pattern

convert section 115 via airtrack 135. The number of pre-convert subsections is chosen to

=26 -



beam or plasma sources. Another aspect of the present invention involves a
nmet hod of selecting a pre- conversion exposure dose and a pattern exposure
dose to bwouwgeesBn a two-step conversion -25 WO 02/ 09858@CPTROL/BG2S 17588
of precursor on a substrate via a photochem cal netal organic deposition
process, and includes the steps of: experinentally determ ning percent
materi al cmatchrthecitiohetwpren-pré-oommersiorek pexjosud @atﬂmnexpxmr&acmith@pmsemm nmum
pr e- conver si on osure dogse

Qsu teryy ni.n pat ern. e
Phat Cor veskPthlE AR CEaiPaRh Bl ue RS e Rl BRs g frBe Vi BT SRiE o Fon
may requi r firspswiat@tfoony fivahistplae 1eo<pzen1drtm1ha¢éd>¢odaﬁ\aﬁhgmmem$¢a@ssésym«turves to
determne th roper a r exposure
dose, the %aé%gﬁls(ﬁ)gy PEY sit?gedﬁé)ft{“gﬁ feﬂ ?ﬁ-‘ia?? %ﬁm%fol?%a%ﬁj%&@e {-kﬁ b é t8\}\%ver
Oﬁt wei gh tb‘zﬁte@lﬁéﬁﬁandﬁﬂoveﬂ(w@mﬂd@ﬁmh a&fcaﬁlﬁtﬂg_s,lba_t mohd]pamstrawaso id moaetpifroion,
the presen venti on_enhances the e [ cu ren e
mat eri al , CPWSH‘P tplafe L3f) to; WS&%? h%aql«bﬁ %d §§’\W ﬁg’r%%rﬁl eved
by elim naﬁfsﬂ@uﬁs’&@teWaﬁ%@iQSSTﬁi@?mo%ﬁ{enf Estitinh & almbmwésngmwséennet al
or gani ¢ deposition pr ocess, therefore, can be maintained. Figure

i | T ust r at edrengh-ie subseionaf PeT-cost sestiam 18 andwetem gyt @ectla%ﬁb%ﬂiheon
process stfpg df@uﬁsh%&% ﬂo%n thﬂe%ub ALotioRE Af pd-conQBd V&R 190 t&ptdRs todlest 10

(shown in step A of Figure prior to photochem cal met aI or gani c
deposi t i onsqstiondis lsrf@)ntmucsubﬁncats&bsir@terﬂéy FpRves & ppiters sonketiesectien 1Myt ibe

anot her t
' step 1 oo Sl imefh RIdCNSfnd LRI PR B agRE RO igh gl ©
| i ght or hkatp Elerihe light apgsgy érdmtlugh:rré%ttséyéammh%mtcb@c@débuugba rrzagk 17om a
sel ected pat (8 180 (PLARYERAbag! 3 ER Bun AHELARE Ll S aPRIA BR e
renove unconverted precursor an eave the converted precursor

intact. ThefprésER Su’nmmtb i130 then\pmdmbed;s WA aappek Be lfndxradLsMImtlaB; wibere @risl

met hod of _ usi e-conve e hot ochemi cal netal organic
depost t 1 onir el Bte RulphEie G125 0 8bER s Rup T oG Er ol on pr for 1o
patterning) can advaid agﬁlmmh;bobﬁnenpahé subrsdtibns ¢fate pe-ddneee xgdionaee ti me

required while t||| an eptable image pattern on the
subst r at e. *FS ?er?ﬁ('i éhiugﬂl az%(fconverm on tool 100 for conversion of

precursor on a substhaltrces shdW At dIsiepl dersvetsidod] 30@foroonvdSion af eesrs@nver t
section 110, a tern and an unl oad tatlgn 120. A

first subsP? aﬁa Ch(l:iggt{l %s&@?@%ﬁaﬁ%‘n %91)53& PreCapygisesen 2l pipglien o

substrate a&ﬁzeme@tfbnamrst, BeC#n drdBad staioree 20t ak Kirdkubsuasd danti@ 225} loc&ed bload
station 205, delivers substrate 130 to an airtrack 230 from a stack of substrates stored in first
substrate carrier 225. The airtrack 230 delivers substrate 130 to pre-convert section 210,
where substrate 130 is delivered to first hotplate 240 under first lamp 235, then to second
hotplate 250 under second lamp 245, and then to third hotplate 250 under third lamp 255,
where substrate 130 is exposed to light, heat, or both energy forms at these locations.
Substrate 130 proceeds through pre-convert section 210 to pattern convert section 215 via
airtrack 230 in a continuous flow. Once substrate 130 arrives at pattern convert section 215,
it is positioned on alignment stage 265 and subjected to energy emanating from high
intensity lamp 270. The light energy from high intensity lamp 270 is directed through a
mask 275 and optics 280 to strike substrate 130. As a result, substrate 130 is patterned with
the shape of mask 275. Substrate 130 then proceeds via airtrack 230 to unload station 220,
where it is moved into substrate carrier 225 and stored to await further processing.

Figure 4 shows the method steps of a two-step conversion of precursor, and

includes:

Step 400: Applying precursor
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first substrate carrier 125. The airtrack 135 delivers a substrate 130 to
one of three (in this exanple) identical and parallel sub-sections in

pre- convewD ogeessBon 110. Pre-convert section 110 i ncl udegca/dsnystsshot pl at e
140 under a first lanp 142, a second hotplate 150 under a second |anp 152
and a third hotplate 160 under a third |anp 162. Substrates 130 are

exposed to |ight, heaithivstef)didpreaasaysoiventmiais appiattolthe athistats, foand t hen
delivered to patterq convert. seﬁ%%tglndlwhvi a_.airtrack 135. The nunber of
pre-convert subSSARRIGY oRveEipDd 04 FERH D2 98B PLEH US02/ 17588

mat ch the rati oShptaloePrpbakimgnver si on exposure and pattern exposure. In
the present exanple_the pre-conversi,on sure takes three tines | ong
as the pattern expos&XCe§salvertan: Oré’h’(ﬁﬁ’%ﬁ CPP@HP?I?K? & %eoﬁemoé{?(gﬁ?ﬁ%ﬁﬁoul d
be noved to an ghbisgarefir esiapk, difffer #ath conaekionhl @ging\ovan stibiatevgiogatics0 from
first substrate caryier 125. After the first substrate is patterned and
nmoved to second—%gggﬁmgﬁ—ég—@é@—g” C I &4 second substrate 130 is nmoved from

second hotpl ate 150 fampkkadoERt pldtag@s aSvraindripaek 1 fahd Dpchrbypplyaigher
substrate 130 fro first substratg{carriﬁﬁ 125. Thi s novenent conti nues

until all subst PAY/EhepBengsay, o naaslly onyeh e BrTb- secti on of pre-convert
section 110 andgspatf3@r Pogon\ehtergesti on 115. The flow of substrates from

t he sub-sections of e-convert section 110.to pattern cqQnvert section 115
s continuous, nce SRSRERBRSITateq Bk mjwsit fans ransh aimatke s Shosm P JiEes

it is positiongdn@n, ﬂlleipgﬂmgtcoﬁxt@@a pbfifond bd tieyRieei dai Be ARTEE YreBRBAL | Ng
fromhigh intensity |anp 170. Tge | ight energy from rﬁie? intensit b@ng
170 is direct ed*PRPYIRSh CAnYRIGH 289 BalteiRed, Gk i 1R SmPERops M4 ok Bl BEIdPa PR 30.
As a result, suBgfeh@dl@ndd sbercBAinbRIID hathnkl) Ue-Sdaah@r pREmABSlcd, 4ad these
Substrate 130 then proceeds vi,a airirack 135 to unl oad statjon 120, where

it is noved i nERFISERIERY b wseddR varqd afpgsplisiesde-gp & APYIA QR NeEf TR Phere).
processi ng. | n Zpats@r pepdiesihsent, the sub-sections of the pre-convert
section are arranged_in series_rather than inp%frallel. Figure 3 shows a

two-step conversion t58PaBgned Hibskaas ebeHAFVEloret € dd AIPPEIE o sRisynE il

whi ch i ncludes golv@ado $adh hRly dibonvétdl Rt Hhdters@Ct i On 210, a pattern
convert section 215, and an unl oad station 220. A first substrate carrier

225 | ocated at Steadd0: Posiyreeessing. del i vers substrate 130 to an airtrack

230 froma stack of wHagidnat ﬁ@ps%h%’@@pérﬂ)rﬁkﬂ%nec%&%ﬂté%l%pﬁs@erﬂhlaﬁfesgr%a The
airtrack 230 delivers substrate 130 to pre-convert Section 210,  where

substrate 130 i $abieptimelesel- t o first hotplate 240 under first lanp 235, then

to second hotplate &5 G8lstraRs ARdelaBBRsIRS BetwRBE tHeRRE bR et didd Ekpaeik! at e
250 under third | anp 5, where substrate 130 is exposed to |Ijght, heat,

d ,
or both endpwenfidhembsequentipuhibpznfithmere-cxpardiiian @ a sotableieelgren Bigugh
pre-conver tn36ich! PHe ddel AreAMrEdchtsGRE%EAVersiOit HoRE tiAl Wilf hét cause complete

conversion. The dotted line indicates the best pre-conversion exposure dose that can be

selected to maximize the dose without causing complete conversion of the precursor. This
dose saves the greatest amount of time in the process. However, the selected pattern dose
must also yield a high-resolution image. This determination requires additional analysis and
is described below.

Figures 6a and 6b illustrate the relationship between pre-conversion
exposure dose and pattern conversion exposure dose. The curve shown in Figure 6a is the
curve of acceptable pattern resolution. Any point lying above the curve in Figure 6a
represents a process that would yield a fully converted film (i.e., material with no solubility
in a suitable developer). The pre-conversion exposure dose is selected so that the sum of
the pre-conversion exposure dose and the pattern conversion exposure dose (“dose to

clear””) should substantially convert the selected precursor material. Figure 6b illustrates
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airtrack 230 in a continuous flow. Once substrate 130 arrives at pattern
convert section 215, it is positioned on alignnent stage 265 and subjected
t o ener gywerangts8ng from high intensity |anp 270. The |i @otr/utSom175$3 f r om
high intensity lanmp 270 is directed through a mask 275 and optics 280 to
strike substrate 130. As a result, substrate 130 is patterned with the
shape of madikt Qﬁ&regmhsbf%euﬂsﬁﬁnednéntqmnsmépai:ﬁemir@ohitipnr ac¢la vEBOotvopren| oad
station 220, where | ubstrate carrl s red to
v £ Fur ¢ FPveRP L ey SR S Gl pECR R Rl SpiRy R RhE B ey
conver si onra3bluve can Botchiaved at thrac«ﬂcwdeli;tﬂeﬁhmpséﬁ&d i\ ;egrtgumdemhosa)r -27 WO

02/ 098580 PCT/ US02/ 17 s.ste ursor/ v, } X IS
applied to CEHESHISY rgﬁ%zer? @Pp@eﬁ% 18%%?1(@%%\/@%1? conal® ?%ﬁtﬁgbdsegishagﬁe %1fs spin
or spray Cp&t—ddﬂgersmﬁtﬁposiﬁ@dod@r&dlaadepmbldi)aﬁemesmihuﬁnbecauwmmamitrﬂﬁms the

vol atil e conponents can he r.enov ﬁ t?} &ubstrate forgeﬁ np ei t her
via a convBItTONEIORSPRYTS IR nil}fnémé?lsa & PATTB fEPosufddpsg-f thepre-

Pr S- g ;)nver bmmrsﬁ@xml _ ﬁ?g)do’sﬁm/ higtl/ the pfwhrsp{ ednelse cgveﬁilelsblopm andrfa%;ﬂastem 1

an can su nd/ or he o partially conver e

precur sor . a@?i‘ﬁ%@ﬁ%&%‘t‘f’@ﬁn&%ﬁ’?g@%%w %n exposure to a high intensity

| anp through a nask, F@@u@hﬂmmms Hieguéthsd stépmﬁe&ctlﬁglprep@mé@lohwxp@wer t ed
portions of the precursor urt r, refer ‘%}&? cog&&e converted
Pod pat & er fats g Rge 3 Bhea? pmsie biraselin ShE RVl degtSS A pEREY

ener gy SOUE&#idn of eeliial eortvbgioibol s¥wnén bms Dindd ssove. Thesteps indludei hese
sources may be 0 _Eyarl,ed pspher es (e 9., 8 vacuum 065 an |nert

at nospher e) . spiep Mk XPERLIHE A Gel el IS NeYCeREINATLE

devel oped, e.g., Vi acaﬁ,@mz e o‘g@[@r@y& ng with sol vent to wash away

unconverted precursor eria 450: Post roc Addi ti onal steps
may be perforned if %@E%%w $PEC! BEWCB{S@%@HB @%@F{?&f@ BSfcFvel .

Figure 5 illust B@écﬁla‘soﬁ haterial @ttnlveﬂ@drropvbagiﬂgqge-cbﬂxerm@ewmr@s@n Texposur e
dose and the subsequent solubility of the pre-exp ]gsed film |n a

ui tapl e
devel oper) af t eF*Periagnialresy] tswsgrrmaata@@aanhéap adnthe Hpes earm% %?

doses that w || gpgte. cause conpl ete

Step 710: Selecting maximum pre-conversion exposure dose

Using the graph developed in Step 700 above, a pre-conversion exposure
dose is selected to maximize the dose but not exceed the dose where bulk
conversion of the precursor material occurs.

Step 730: Determining pattern exposure dose that gives acceptable pattern

resolution

A new set of curves is developed to indicate the relationship between pre-
conversion exposure dose and pattern conversion exposure dose, as shown in
Figures 6a and 6b. Using a specific precursor and a specific pre-conversion
exposure dose, a series of substrates with applied precursor are converted and
developed at varying pattern exposure doses and the resultant pattern resolution is
measured. The point at which good resolution first occurs is the pattern conversion
exposure dose to be shown on the curve (called the “curve of acceptable pattern
resolution” in Figures 6a and 6b). The experiment is repeated using varying pre-
conversion exposure doses until the curve is complete.

Using the curve, an appropriate pattern exposure dose is determined based on

the chosen pre-conversion exposure dose. A pattern exposure dose and a pre-

-20 .



conversion. The dotted |ine indicates the best pre-conversion exposure dose
that can be selected to nmaxim ze the dose w thout causing conplete
conver si oOWOmR/094580 pr ecur sor. This dose saves the great estCarmsoni7se$ ti nme
in the process. However, the selected pattern dose nust also yield a

hi gh-resol ution image. This determ nation requires additional analysis and
is described beboversibhgrpassréddosalitht 6brredpbnds toatpintioa the batve sinsild pielikd ween
pre-conversion _e poslu%e dose.ggg (ﬁla%?t gsrofrllutcoonversi on exposure dose. The
curve shown ingfpéﬁpﬁl ARES WA adqied e éé%eptable pattern resol ution

Any point |ying abovs tided heteiry €lepasitingiefiractbleor metplrexidndsa sutptrateessnt ket
woul d yield a fully . converted f.ilm(i..e erial with ng, solubility in a
Ui t ab e deogr gbmefel SEREE oEe ih et 3 is BB pgltrere Bnf Slaen” « ha
the sum of the pre-Icundesiood, efqass] thadnssubsiehtialie dpadlbgibie"domeentsthatn
exposure dpse ("dose.to. clear” houl d .substanti al | onvert the selected
precursorqﬁ%’?’gél?tg? W%ﬁ%&&p@%ﬁlﬁ%gﬁlpg?@gmq 1%%?%8@%%%6&%&/& 2/ 17588
what Isorre creegbpﬂnSnmm_bllnmeemraManmlagdispedi_ﬁdsmﬁo_forp@lﬁﬂeﬂﬁ pagemlisita tn. At a
very | ow pre- cagnyersion .exposure dose, insuffici.ent pre:conversion occurs.
At hough SERptedn e eelg s cov e Bfie- 4R g aiok iled Koy el oce,

| : ttle ti @eéi_ﬁce&i@&ﬁ@@h@c&kg&d@j @faﬁel%iegnutﬁmdelﬁrffafcb@s@ghﬁeis; fjidailemapmﬁske aI]iCEhe zero

sl ope region.in the e the curve offers the ideal range.o .

ot o ConvertSrginees. BoL BneSh el maH e Hepisni ik <PE&Y Pt oBessgs |
maxi m zes dnbtheppopeitgRr Si on exposure dose and minim zes the pattern
exposure dose. | t2§ g’\rﬂé conver sjon exposure, dose is. t,og?d;i‘p%g, t he
precursor can be ovetdRAASIUSHLRCTE RS S0 PARIMING CORVErEoR e A (MELEIINE i t h an
accept abl eneegekpbduddidose’ Gfeto Gsinlgl atphtatiag nidats ARbiivE: BB mvehtiGed et | Ng
pre-conver io& ex ngrg) dose and attern(ﬁfgo€ure dose .to be used.in the
pr e- converthatdbgmpsriakbiobenaiere isexposesiio drdose ebeergtsubRCipntdo qeyeriabq¥er si on
t ool showBous préfertabBsabduysds dmafedteferabfeatbueP)s] oitthe gescuSbematédial to metal
rsion

Experimental |y determ ni ng_ percent teri converted, vs. e- caqnv.
eMosure dd¥@qi FHies LRCE 2bRvE BERPR Ut SUdieent torfgmuet a‘voqtg&f(pseﬁ??reb y
det er m ne 4,86t PRL,GRGe proERBIY SRt 9, 51 tAE pROMYE helriAlb nYaiN0r Mektal oxide is
pre-conversi on_exposur e doses. exper I.ment al results are used to create

The
a graph signealy pet qonsidgicd Par Sfmatiein epirrdos Whsafore Bapong patteria| ect i ng

MBxXi MUM PrneaEse i SRRk fé RittdRs@ni kg chBgy 3k prtirsl@seliPiRrReh tobeIhep 700
above, a pre-conversion exposure dose is se|lected tqo maxim ze the dose but
not exceedombinaggnof all dhepayigiconversion steps, agam provided that the dose is sufficient to

convert about 80%, preferably about 95%, more preferably about 99%, of the precursor
material to metal or metal oxide.

The following examples are only representative of the methods and materials
for use in the apparati, methods, and processes of this invention, and are not to be construed

as limiting the scope of the invention in any way.

Examples 1-6: Determining the Relationship Between Exposure Doses and Precursor
Conversion or Film Thickness of a Deposited Zirconia Laver on a Substrate

According to the Invention.
For Examples 1-3, zirconium precursor material with an acetoacetonate

ligand, Zr(AcAc),, dissolved in toluene, was spun onto silicon wafers at about 1250 rpm for
about 30 seconds, resulting in a precursor film of approximately 440 A. The film of
Example 1 was formed by thermal conversion on a hot plate at about 180°C for about 1

hour. The film of Example 2 was formed by photochemical conversion using a Karl Suss
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conversion of the precursor material occurs. Step 730: Determ ning pattern
exposure dose that gives acceptable pattern resolution A new set of curves
i s devel oped2nesBindi cate the rel ati onshi p between pre- coRCEMGSIDITSEXPOSUr €
dose and pattern conversion exposure dose, as shown in Figures 6a and 6b.

Using a specific precursor and a specific pre-conversion exposure dose, a
seri es of MiBbStmakedgaertwitlapRomwed cp]deminrosoDuart@thcdqwénﬁemitymmput@éﬁ@I ogkd at

va0 Y10 P AR G380, ML GG BRI oSS B0,

conver si orexpesupodassaotizaé td further thidknssondudtieny UFhefilc af Exanplad Wasufmmecbf
accept abl t.tenn ~.res ut| ure a S
epont od 28 IR RGO CHEE L P SR BT pE B st Dot RO kAR B TEY G <
conpl et e. folsategt thadditioned 1 tal lapp opri ate pattern exposure dose is

det erm ned based on hosen ony e ure dose. A pattern
exposure dose and alg’regﬁl %5 6%@5@%%61 E?fihs g&%‘?ﬁ?Sé’élm%%ﬁvlé%&S%
exposur e dq&esdnhﬂie o@ﬁéﬁmﬁﬁmal@la of@endlt oftthe teselting fibas skepeimdaspire] whigg good
o et a1 QA aels Sae R TRe B e R et BB A B e
[ fs formed sagaﬁlﬁctaat &uﬁfefen@esemtthyra‘ﬂb&veimﬂe;t protplhleles fdrssaciabEthe lshmples whitdras¢ ood,
of course, nti o] i s ma nt ..t hat t to
ohi ot e Gy ifted &8 6ARbisAobostEn R R apirtos TR L0 e Tthod BEpRIDAF
after dewedsqmmNd.v&I‘hecthwmaisss\aéﬂewMﬁaMd speci fications for which the
pattern is to be enployed. These specifications nmay include, but are not
limted to, dinmensional specifications (thickness, spatial resolution,
su;fa_ceI roughness, si de\/\a%ﬂuhapp@f;ﬁﬂlssrﬁ]md roughlnests, _ an|d~@,tlhér s%_, and .
material s specific i ca ical, electrica netic an

ot her propertléés")ampiﬂg Q’g’%@ rfgﬁ‘n the terns patté?’ﬁ%ﬁg conversi on’
" and "patternlm&an@m929y1ﬁ&m@ﬁyﬂﬁn¢g&ﬁ%ﬂﬁefer to using a3ep@dverting means
according to t |net|o t hat erial .to be t.terned is
exposed to a d ner@?gﬂ@%?ﬁ@ﬂedt %L%}VFTS%MN?’%% preferably
about 95% nore preferably about 99% of the precursor nmaterial to netal
B0% prcf or abl y abdak FOSRPerck 6 SRR ERHBFy SSRGS 2! BrEER Sor

mat eri al  tighaARiA{cafiox gﬁ&@ d@@ébﬁ@d irhexa86 kb lslymmito gi0iash Aaresatimbt K500

attern conversi_on. han, one patte
P rpm for about 30 seconds, resu ting in a precursor tj Im of approximately 2340 A. The film

of Example 4 was formed by thermal conversion of the precursor material on a hot plate at
about 180°C for about 3 hours. The film of Example 5 was formed by photochemical
conversion of the precursor using a Karl Suss MJB-3 mask aligner with a 220nm cold
mirror. Due to the low photosensitivity of this precursor and the low exposure intensity, the
exposure time was lengthy, i.e., about 30 hours. The film of Example 6 was formed by
taking the film of Example 4 and further performing thermal conversion at about 180°C for
about an additional 3 hours.

The thickness and refractive index (see Figure 8§ — numerals on curves
represent the corresponding Example) of each of the resulting films were measured using
variable angle spectroscopic ellipsometry (VASE). These results demonstrate that there are
significant differences in the refractive index properties for each of the samples which are
directly related to the chemical composition of the precursor and to the method by which it

was prepared. The thicknesses were as follows:

initial precursor film ~2340 A
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conversion is undertaken, the pattern conversion energy exposure dose is
taken to be the conbination of all the pattern conversion steps, again
provi ded wbar/o94s60 dose is sufficient to convert about 80%CTArSet/ersbdl y
about 95% nore preferably about 99% of the precursor nmaterial to netal

or netal oxide. The follow ng exanples are only representativye of the

nmet hods and natExaingplsd —f qjhomrmheminaﬂyeompnadﬁﬂm met hodsy 149@Apr ocesses of
this invention,,and.ace t tao be ] ued as limtin ascope of the

i nvention in aﬁ?wﬁﬁ9 §SE W yLogye é?h1n|ng t he F@Igt?%ﬁshlp Bet ween
Exposure Doses mmhpERféeurﬁlmhamwaemiedmh@maﬁdmfﬁfunckneﬁoAf a Deposited
Zirconia Laver on a Substrate According to the Invention. For Exanples
1-3, zirconium precursor material with an acetoacetonate |igand,

Zr ( AcAc) 4, Extingfieyl ved Eiffect ¢fl theTepe s¥eSorsptsionoot the Prédpectins ofdaginm Sitomtinout 1250
rpmfor about 30 se nd resultl |n a precursor filmof approximtely
440 A. The fil m of attpt & Q02 pubsirale by thermal conversion on a hot

pl ate at about 18OC Emm;ﬂboldbmbnstfmrhothlhemﬂalltnmmienEnmmlemséﬁ twwaenfat aed by

hot ochem cal er.si on usi,n Kar.l 2/0 PCTIUS /17588
0D 5 men ot Bl e a0t BB R draien dnatortil FOL ERHEDIER 4 hiGiRS oL gort
Olt;t put 501;] sﬁlhfbnlmdfrs v?\}]slsgﬁﬁcfog?‘d vidkVa éoluﬁc&ilwlﬁﬁﬁ])rzortdaﬁgﬁetbl@l ibi(‘jne BSHFon/ﬁS
about our s er.e addition osur e .does not. | ead t,0 further
e knos o SPBRSORo e Was PRf bt an 51 B0 Wt S mitrion SO0 iR T hEST | m

OL Exanpl ng%e GIEkafnplé hexﬁvd@edrf]dfli)sraﬁhgl@t atbb&t{] rm)lk Cofony eotsli tﬁﬂ? af atho120 ﬁ;gﬁﬁés(lﬁor
about an a | (0] our t hi cknhess a efractive | ndex see
B8 i alrabog T Qe A ies FA G AR BleR BB RS SHSTEY A each
0}‘ | the r esdé'vélb\/%\isl?z ¥ HABNYRAtB 1m@al heTtousinbge th‘é@thb%ﬂeﬁecﬁp@bﬁrs&penhﬁ @mml c

e IpSOITEt results nstrate.t t ere a n cant
1§ o O ot 3 foleRBhAeT Sebe HE THUIEoIP SREP el LEriRLIRe Blrt fto g & ajaat

whi ch are ansbune6f fitm f@xha-?lhﬁg aﬁ@r aévelo@h@m wah 15‘09f®ﬁﬁd>lt | shetvntih Figure g uhiBor

and to the, net hog%tb whi ch wa th| cknesses wer e as

S
fol l ons: OIM$ W@ P%‘P%‘E:EPH%F&PPF‘?’WP fely ﬁ%mmut%f thepnal cPaveryinBt oconver t ed
film- 330 A Exanplgxatnple 8h@¥dRdd /sifdiay &ipeftheht éofductd3® By Subsbtuting, for

thermal conversion, photochemical conversion; these results are shown in Figure 10. This

vv‘

figure demonstrates that the time required to photochemically print the film was in the range
of about 30 minutes to about 60 minutes.

In Example 9, designed to combine thermal partial conversion or
pretreatment with photochemical conversion, wafers were subjected to a thermal
pretreatment of 160°C for 10 minutes, then subjected to the above-described photochemical

conversion procedure. The results are shown in Figure 11.

Examples 10-11: Effect of Layer Composition on the Properties of Flectron-Beam

Converted Metal-Containing Layers on a Substrate
Electron-Beam contrast of BST (Example 10) and PZT (Example 11) was

performed to determine the photospeed of these materials by exposing a series of fully
converted films of each material to increasing doses of the e-beam and noting, after
development, the highest dose at which the fraction of film remained at zero and the lowest
dose at which the fraction of film remaining reached a value of about 1. The contrast for

PZT and BST occurs at about the same range for each, from about 60 to about 100 pC/cm?.
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Example 3 - fihn having extended thermal conversion - 320 A For Exanples
4-6, zirconium precursor material wth a 2-ethyl hexanoate 1|igand,

Zr ( car boxwybate)ssso di ssol ved i n hexanes, was spun onto sil PCOrUSOAI=B8S at
about 1500 rpmfor about 30 seconds, resulting in a precursor film of
approxi mately 2340 A. The film of Exanple 4 was formed by thermal
conversion of the prBGmﬁ%hﬁunﬂﬁQQQ¢ﬂmkﬁﬁEWﬁﬁﬂoqu§96méﬁlﬂﬁ%%h@t@8@@w¥or
about 3 hoyy gu.ﬂéﬁ%n fak hlms%teﬁﬁﬁﬂﬁle&nﬁ ed‘ﬁ&elfno [A[U%Qrcﬁ’ﬁ/gs? hot %@ﬁ%ﬁﬁé)dlﬁcatﬁms

conver si on O € precursor using a Suss ner

220nm col dreadily atéainabixiby ere eferdingw qé,cﬁbtndb@ Ag iffony theydisstosprg sst F&Brorand

t he | ow ex t t 30
hours. Theod Ng %éﬁﬁérffé‘ﬂ%l et AP aSIEE PR T Tl e SR
and furthemvgénmdﬁwkﬁg hﬁﬂwamp@@HkoQM®n at about 180C for about an
additional 3 hours. The thickness and refractive index (see Figure 8 -
nunmeral s on curves represent the correspondi ng Exanple) of each of the
resulting filns were measured using variable angle spectroscopic

el lipsometry (VASE). These results denonstrate that there are significant
differences in the refractive index properties for each of the sanples
which are directly related to the chem cal conposition of the precursor
and to the method by which it was prepared. The thicknesses were as
follows: initial precursor film- 2340 A -31 WO 02/098580 PCT/ US02/ 17588
Exanple 4 - photochem cally converted filmn 1490 AS Exanple 5 - thermally
converted film- 1140 AO Exanple 6 - film having extended thernal
conversion - 980 A Exanples 7-9: Effect of the Type of Conversion on the
Properties of Barium Strontium Titanate Layers on a Substrate Exanple 7
denonstrates how thermal treatnent may be used to convert a precursor film
to an anorphous filmof desired naterial. For Exanples 7-9, a series of
bare silicon wafers was spin-coated with a solution of precursor designed
to form BST upon conversion. The wafers were subjected to at |east a
partial conversion step, which in the case of Exanple 7 involved heating
at about 160C for a total tinme of about 120 mnutes in intervals of about
10 minutes. After each conversion interval, the precursor pattern was
devel oped by rinsing with isopropanol to renove the unconverted precursor.
This allowed for a determnation of the tinme required to thermally print
the film i.e., to have a substantial anmount of filmrenmaining after

devel opment with isopropanol. As shown in Figure 9, this
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time was determned to be approximtely 20 m nutes for thermal conversion.
Exanple 8 involved a simlar experinent conducted by substituting, for

t her mal cwowersss8n, phot ochem cal conversion; these resul PETArSE2/$15688N i N
Figure 10. This figure denponstrates that the tine required to

photochem cally print the filmwas in the range of about 30 mnutes to
about 60 nChuIdgS I n Exanple 9, designed to conbine thermal parti al

conver si onwgr .pciag%%gat.nent wi t h phot ochem cal conversion, wafers were

subj ected 1'02h1S 1S pretreatnent of 160C for 10 minutes, then subjected
to the above-descri béd phatmethedofeadnveningeihirgamoptetaibcpireeursdinmatedsiibtas ar e

shown in Fiqure 11..Exanples..10-11: Effect of Layer Conposition on the
Properti esmgﬁai'ﬁ?%tf’:wwa&gg’rﬁdhﬁ?ﬁé r%%‘&’sﬁ?’aﬁo%ﬁi%‘ni ng Layers on a
Substrat e El ectr on- Bagplyiag e @gincaietB5d plexsopineatetia) insanchnkdiht fufkierept to 11)
was perforned to determ th hot ospeed of these materials by exposing a
series of YU PyCALaRIBITRSY bt FpsTAE WHHF raioreaioneging BrestiPratistals” of

t he e- beamdapebdiobironverfeties forteymktabormetal bhidehi ghest dose at which the
fraction of filmrenained at. zero and ttg@.l owest dose whi ch

t
fraction of film renBicriomycinghrreanongigllic grecisgymateria e@é’ﬁ]tnlgégete for

PZT and BSrgaesiétsllidtprédaedsh nidi@iab an@pricasdgeertion caagh expdsure édzeyictbfat the about
100 C/cn2. -32 WO 02/098580 PCT/ US02/ 17588 i e. u? erstood. that the

It Is to
i nventi on PE-GRBYeIes IECYTORTRalEral &S RofeoBYeted 1@ 8 GpEtgh SRt PRt PEfF R ed
and descrigg@utiefi;ei n. Accordingly, all expedient nodifications readily
att ai nabl e by one of ordinar art fromthe disclosurge set

skill int
forth herein, or byPHEHR AR e@%}%’r?%ﬂ]ﬂaf%ﬁr?'ﬁﬂvéﬁﬁémecwgr%@ﬁé %t o be

wi t hi n t hecgiReftithis aBeicBa0 RS atérmt ddaverddvamntiigno as edreht agtcibyt tb ierépplonded
clains. -33 WO 02/ 9%;80 PCT/ US02/ 17588 CLAIMS What is clainmed is: 1. A
met hod of PisHRPR theFulsirae:gifionet al 1ic precursor material to a

net al - cont ai ni ng pat H@J&bﬁﬂ%@fe%ﬂidﬂbﬁh§pﬂé%h€é@d (FOEREr ThAlGrial &R bt ABt t he
organonetal lic precursor material in an amount sufficient tq .coat at |east
a portion BRtermsonypaiet sughethalhe pafein samang ey hssHRIEAS e Jeeclopiadr nateri al

is adapted to be converted to forma netal or netal oxide; pre-converting

the organonetal lic precursor nmaterial by exposing t .
g p2. A method of convert%/ng anporganognetglei\c precursor material to a

metal-containing pattern adherent to a substrate, comprising:

applying the organometallic precursor material in an amount sufficient to
coat at least a portion of the substrate, wherein said organometallic precursor material is
adapted to be converted to form a metal or metal oxide;

pre-converting the organometallic precursor material by exposing the
organometallic precursor material to a pre-conversion energy exposure dose such that the
pre-converted precursor material is not converted to a degree sufficient to impair pattern
resolution;

pattern converting a first portion of the pre-converted precursor material to
convert this portion to a pattern-converted material to an extent sufficient to thereby form a
first pattern on the substrate;

pattern converting a second portion of the pre-converted precursor material
to convert this portion to a pattern-converted material an extent sufficient to thereby form a
second pattern on the substrate; and

developing the second portion of the pre-converted precursor material that
was pattern-converted such that the second pattern remains on the substrate after

developing.
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organonetal lic precursor material to a pre-conversion energy exposure dose
such that the pre-converted precursor material is not converted to a
degree suwDiociogssBo t o i npair pattern resolution; pattern ®CCHEESOL/1T388 a
portion of the pre-converted precursor material to convert this portion to
a pattern-converted material to an extent sufficient to thereby forma
pattern on the subst3 at e; A amthaedfekpiinga preecopwersionrenafgyteliposuredaseonuént ed

pr ecur sor Lerial that was_ not at t er.n- v ttern
Fermi ne_ oRorE e mete ety B e bRl HsSa0ans B oRiNab ARl R, o

or ganonet ahdtérial po e metdaontaidieg paterhal layer wetnplisingnt Fastitwg patttmelemandhibaent
to a substrate, c rising. a i he organonetal lic precursor materi al
in an am&ﬁ?a@ﬁf@?g?%ﬂf S{}%e’ Wﬁ%kﬁﬁ%&eﬁ’ﬁpr&gﬁorti on of the substrate,

wher ei n sai d or ganontkteaminiag pielatiomship bebtemi thd piesconac@iphethetey elRpostondaset ed
to forma r neta

.metal o |, oxide; pre-convertjng the orga tagllic ecur sor
meter i al B9 EEoBEHIGh g (g REPieronk St i RagPdel gt affhergs 1othe
pr e- conversbaratennd gy exposure dose such that the pre-converted precursor
material is not conve{?tgd to a degree sufficient &o [ ai{ ttern .
fesol ution; pat t er n ESHUES £ PHaeY PRl Ry SFaRRLs A% dile gt fipap piimun
precur sor piateiveddion energpenpasiretdobs wirrdin e rhaximupapreeonvesion enérgg nat eri al
to an extent suf&i Ci’eﬂatéi to thgreb forﬁmﬁ first %]]tl.ern on the, supstrate;
pattern cGROTET fpeds LBt gHEeh ‘?SFiaéﬂveo‘F’ i€ éhep?rggrbc’d’ﬁ% 1P QPN AR rat eri al
t o conver texpded t@ thetpre@oheréion ahdrgy Bxpoeméaiobed nuabeger alibsamtialy detelopable
sufficient t the%.gﬁthorma cond pattern on the s gstrate' and
devel opi ng" ERYUEERINS R BRe e PHEUSPLIEHF EPRaaHPdE P ST HE TP hat
was pat t ereRpsiny @5seadhérds to thBatibsifae t6 aclepebe Ratficédnn td RifRIMNsaten fefduislst rat e
after deveFo&%nl%.s - 34 WO 02/ 098580 PS:T/ US%&/ 17588 3. . A et hod. of selecting
a pr e- convBrLIghhE RaENS GG LY ¥ PARLR o571 %‘fctcgl?tﬁﬁ’]t‘?é’age?f@rrwlm 8
dose to beubgege,in converting an organonetallic precursor material to a
met al - cont ai ni ng patterned, | ayer conprising.at |l.eas wo, pattern el enents
that are adherent tBhcEiBspdesptadleRRitaR rﬁ%thﬁ’(?&? 166‘*@5&4@&5&@8’1‘%%‘? ning a
rel at i onshidndigd ¥EB nidid-dnRiaNYatfehdNafRardlis@%eaad het cmected By like

conversion and the amount of pre-converted precursor material that adheres
to the material.

€n.

4. The method of claim 3, further comprising identifying a maximum
pre-conversion energy exposure dose based on the dose-conversion relationship, such that
the organometallic precursor material exposed to the pre-conversion energy exposure dose,

but not to the patterning energy exposure dose is substantially removable during developing.

5. The method of any of claims 1 to 4, wherein the pattern conversion
comprises exposing the pre-converted precursor material to a patterning energy exposure
dose, which converts the pre-converted precursor material to metal or metal oxide that

adheres to the substrate to an extent sufficient to thereby form a deposited pattern thereon.

6. The method of any of claims 1 to 5, wherein the pre-conversion
energy exposure dose is selected to be about 20% or less of the combination of the pre-
conversion energy exposure dose and the patterning energy exposure dose, such that the

pre-converted precursor material is substantially developable.
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substrate; and selecting a pre-conversion energy exposure dose that is |ess
than a maxi num pre-conversion energy exposure dose, wherein the nmaxi num

pr e- conveweioenIssser gy exposure dose is that energy dose @obmusomaiiseh t he
organonetal lic precursor nmaterial exposed to the pre-conversion energy
exposure dose is no |l onger substantially devel opable or above which the
organonetal | i ¢ precufsor hterctltald cbappsfclainos 1 toeS,wiercn theeprsiconvaesien gy

exposure dose adheres to the substrate to a ree sutficient to.impair
pattern re%HieN ?)@r?,sureélﬁéwstsﬁlg?teaﬁoeg%ﬁ?’?leal%ﬂ}%%ﬁgﬁoeg%%#g)(é’oo Eeeco Obs%ﬁgqneqfds
an accept athlegreadriversion esdgpéiposurodotdund thepsitaraing ensviae eeposuteddsacaeipthabl e
pattern regolution is.such that t.hf. at I%&%h 'Eivvo elg ments of the

et al - cont REREHGORAFER PFRErsPR{paieriatis sHps L IGYAOREBI: Connect ed by | ke
material. 4. The method of claim3, further conprising identifying a

maxi mum pre-conversiyon eper expgsur e.dose sed ,on .t he dose-conver.sion
rel ati onshi p, such that ﬁ"ﬁg%lﬂboénogs&gygfgliagnspfg)cﬁrvglbe,relﬁgl}eeprpgpn%g{i}gg,et fto
the pre- copapsisicomvesin gy betp ostpised phetochdmitalinttal argirie dpgdsitivnhni ng ener gy
exposure dose is substantially renovabl e during devel oping. 5. The net hod

of any of clainms 1 to 4, wherein the pattern conversion conprises exposing
the pre-converted precursahe watlerd flant of elajpad T & livigradneigpre@spasgsioe dose,

whi ch converts.th r.e-converted precursaqr. terial tq.netal or t. oxi de
that  adheFeLpHSS (pEILEASIS08 T Qds Y LR 1ia frEmiamatelli BreeHSPEBPeriar m a
deposited pattern thereon. 6. The nethod of any of clains 1 to 5 wherein

t he pre-conversion er gy, expasure. dose is selected t.o _be about 20% or

| ess of the conbi nat'@n 01¥th %}P:éeo?fa%ﬁ\‘glﬁlfl@% t%ﬁré’%&“@%ﬁ?"@“ﬁ%‘@and t he
pat t er ni NgeRARLy ehoeuRADYE & ERERA tGBE Rothdout 5084 tdhlsout 0Vestataiiimealieor
material is substantially devel opable. -35 WD 02/098580 RCT/US02/ 17588 7.

The met hodCYIVeEIRN Siere SnRsure dpgs, Bherginthe maXIREMNE-CORYRITPR PRIELY BTROSHY

exposure das® ik thabBheREY 86kclaBoewhicAMhah@biondit Praadt malHaDéxpob&d to the
conbi nati on of the, pre-conversion ener gé) exposur e q ch g]?)d t he patterning
ng ‘S(r BB

ener gy expBSHRORVESion enSTEYFXPAe desqds By slpRiip #hle pnghave Jyhighs
subst ant i atfleorg\beleNBE bRcuBor thRriNBIxPEStdab titPreLonedrdibiendrey BxpbsutehiREei N

the pre-conyersion, the pattern-conyersion, or both, conprises .
phot ocheni edficrordp dne Bibglpte &0 8 dpwes tHtERentgo impalr ﬁ%%%aesaﬁlt@ﬁywmrewa? m 1 to

8, wher ei NofdaRoREBHIPIYGIrSor Haterfd BRFdsS€ fo the [rpfe'-&gw@rsm &Her B/ exipBié deseiisle
within the organonetal lic f)recursor mat eri al .
substantially developable.

11.  The method of any of claims 1 to 10, wherein the pre-conversion
energy exposure dose is selected to be about 50% or more of a maximum pre-conversion
energy exposure dose, wherein the maximum pre-conversion energy exposure dose is that
energy dose above which the organometallic precursor material exposed to the pre-
conversion energy exposure dose is no longer substantially developable or above which the
organometallic precursor material exposed to the pre-conversion energy exposure dose
adheres to the substrate to a degree sufficient to impair pattern resolution, wherein the
organometallic precursor material exposed to the pre-conversion energy exposure dose is

substantially developable.

12.  The method of any of claims 1 to 9, wherein the pre-conversion
energy exposure dose is selected to be from about 60% to about 99% of a maximum pre-
conversion energy exposure dose, wherein the maximum pre-conversion energy exposure

dose is that energy dose above which the organometallic precursor material exposed to the
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10. The nmethod of any of clains 1 to 9, wherein the pre-conversion energy
exposure dose is selected to be fromabout 30%to about 80% of a nmaxi num
pre- convwpIROIBSEMEr gy exposure dose, wherein the maxi mMumMPOTASODIAES Si on
energy exposure dose is that energy dose above which the organonetallic
precursor material exposed to the pre-conversion energy exposure dose is
no | onger prehshaatioalchyrggexpdsapadise isuo bhgaresubdtamtiallytdeeclopadsmamabosit ivihich

precur sor terial osed to the.pre-conversi on _ener ex

her st offErcbacime ey Bery e HaGr el B ef ety FAOET e tsc

r esol ut i onadhshsrtethe dubstrate toyadepied alfficientpo dapais pattenmtssoiutibnexipysiedhd o t he

pr e-conversi on eqﬁﬁgy ex osu%g d?se i S ﬁﬁbstantiall devel gpabl e, 11. The
met hod of EPnURCRHILPRECUEsoF Gafesial GrRoses 19 R RIS 0 ESHPTSTas PP iYEs §97e 18
exposur e dagetahdalbedeaciopdbleo be about 50% or nore of a nmaxi mum
pre-conversion energy exposure dose, wherein the maxi mum pre-conversion
energy exposure dose is that energy dose above which the organonetallic
precursor material exposelhé methvd qingy of cainey Biool2, enerdy tlexpeosomerdase | S
no | onger substantiall evel opabl e ar. abgve whi ch the. organgonetallic
precursor FETRTSEY FXWB{%@S p’fe(?m?sﬂ]émﬁ?eﬁlfﬂc% r?&l??g?oﬂ)lﬁcee ﬁ%‘{]&bﬂ&%@% Hg%rﬂ'os e

adher es t ocdriversidsbsonipises egposingelil pre-cduidriedi pradurdop magadil ko plightesorce.

resol ution, wherein the organonetallic precursor naterial exposed to the
pre-conversi on energy exposure dose is substantially devel opable. 12. The
met hod of any of clailas 1ThenRthodsraay 6f élhndl & L)Mietdn tHe prébemgysiexposur e
dose is selected to be from about 609@{0 bout 99@60[ ﬁ na&%nquare-
conver si on“ERRLY © & PERSYEOT TRAtoHa) 1] arlieat $pasg BrECEY BPET®n ener gy
exposure  gaferdich ddhdrises e;féﬁmir@%@ RV Gertdd prbeurfte nidt€rodl @oTei elbbtidh-Pyagcur sor
materi al exposed to the -36 WO 02/%98580 PCT/ US02/ 17588 pre-conversi on
ener gy expd¥8llife dose is no | onger substantially devel opabl e or above which
the organonetallic precursor material exposed to the pre-conversion energy
exposure dose adheres to_the substrate_to. a degree sufficient to inpair
pattern resol ution, wher eiTi?e W@Odd%ff@ﬁﬁeﬁ%]?’émq 1d£° %@éﬁ?"%’bfherpé‘?ﬁ?’i‘vﬂmg‘gposed

to the precGRPIRE Sk E?Ve_cﬁf‘sﬁf)ﬁfdfeﬁaﬁt@%@i dléctrofilbRahanhica] And wisyéhapabl e.
13. The method of any of clains 1 to 12, wherein_ the pre-conversLo?
&ﬁg ein the

conpri ses BAPFERTHREHEIN BPIBRIEICE SKDGFHIESRE ATC-¢Vartebprecw s agerialig 2

pattern- cgihygd Sion conprises exposing the pre-converted precursor naterial
to a |light source. 14. The nethod of any of clains 1 to 12, wherein the
pre-conversion conprises exposing the precursor nmaterial to a heat source,

and wherein the pattegn- Themethod of any of claims 1 to 12, wherein the pre-conversion

comprises exposing the precursor material to a light source, and wherein the pattern-

conversion comprises exposing the pre-converted precursor material to a light source.

17. A substrate containing a patterned metal or metal oxide layer formed

according to the method of any of claims 1 to 16.

18.  An apparatus for converting an organometallic precursor material to a
metal-containing film adherent to a substrate formed by a method according to any of
claims 1 to 16, comprising:

a load station to store the substrate before processing;

a means of delivering the substrate between processing steps;

a pre-convert section, wherein the substrate is coated, if previously uncoated,
with a sufficient amount of the organometallic precursor material and is subjected to a first

converting means in either a series or parallel arrangement;
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conversion conprises exposing the pre-converted precursor material to an

el ectron-beam source. 15. The nethod of any of clains 1 to 12, wherein the
pr e- conveweioemIssemnpri ses exposi ng the precursor materi al PCO/t#N2/17588

el ectron- beam source, and wherein the pattern-conversion conprises
exposing the pre-converted precursor material to a light source. 16. The
met hod of any of cl aipmteth donvdi@ seoﬁbﬁlx@hﬂelhhhe preenaraeBicgirerursot amperiad es

exposing t he urs mat e ource ere| t he pattern-
conver si orf° ﬁ%ﬁﬁp%% %@)’Eapr&ssiuhlf Jtepiéo f)?éStc?g rl‘% S Mg%r OWF Vglm{)g

| i ght soursﬁbstar&féllyéomdﬁ&tl;mlg Lobad convgrtingpasdne todormie nadtalaontagtiiag oxi de

| ayer forneg g@ﬁordln to E% net.hod of any of clains 1 to 16. 18. An
appar at us PABF™, 9@???%@3 #Ga et al lic precursor material to a

met al -containing fi |ali’ﬂt@1¢ﬁhdrseﬂiontvﬂle@e tho patiératcdated sulbsdratyyis stoned dfeed accor di ng
to any of clai.ns 1 to 16, conprising: a |load station to store the

substratepH¥F§$%gproceSS|ng a nmeans of delivering the substrate between
processing steps; a pre convert section, wherein the substrate is coated,

i f previously uncoat ith a sufficie unt . of. the organonetallic
precursor materi al d is @@F@@fﬁénﬁq%rWﬁgfnbaﬁ@ggﬁpﬁéaﬁﬁaﬁgnva1Q§ther
a series Gficapd bR thekardé 616d1ﬂefeantand v&lzrem&a/ceﬁ@ﬁg& Phebl 552, ﬂfg&ﬁsowce a
pattern conyvert section, mher %Egﬁé ano tallic precursor ﬁr|m

coat ed on CReRYJIE sores, ady; ZE RS eC@i?H\P@ i SAY e i 108 At ot
covered byoarceBsk is substantlally converted, using a second converting
nmeans, to forma netal-containing pattern adherent to the substrate; and
an unl oad station where the pattern-coated substrate is stored after
processing. 19. The apparatus of claim 18, wherein the first and second
converting neans are the same or different, and wherein each conprises a
heat source, a |ight source, a coherent |light source, a broadband |ight
source, an el ectron beam source, or an ion beam source. -38
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