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material are dislodged into the vapor phase and subsequently condense onto the
95  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
30  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

35  oxygen atmosphere. In this technique, a blanket layer of an oxidized film on a
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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 is then used as a
pattern transfer medium, or mask, to an etching medium that patterns the film of the
desired material. Following this etch step, the remaining (formerly photosensitive)

95  material is removed, and any by-products generated during the etching process are
cleaned away if necessary.

In another method of forming patterned films on a substrate, a photosensit_ive
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

30 photosensitive) material, and then the substrate with the patterned material and the
bianket filin of the desired material may be exposed to a treatment that atiacks 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

35 necessary in this “lifioff” process. However, the use of an intermediate pattern transfer
medium (photosensitive material) is still required, and this is a disadvantage of this
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25 While some of these methods are more equipment-intensive than others and

differ in the use of either solution- or vapor-phase methods, such conventional

processes for forming metal and metal oxide films is not optimal because, for example,
they each require costly equipment, are time consuming, require the use of high
temperatures to achieve the desired result, and result in blanket, unpatterned films

30 where, if patterning is needed, further patterning steps are required. Many of these
methods suffer the additional disadvantage of, in many cases, forming polycrystalline
films which may not be suitable for a variety of applications. A desirable alternative to
these methods would be the use of a precursor material that may be applied to a
substrate and selectively imaged and patterned to form an amorphous film without the

35 need for intermediate steps.
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i s disclosd eflﬁﬁlg%s ﬁbﬁ%l a%ll?r% %ﬁor on atons. b
dlscloses, in “Embodiment 17, masklcss lmplantatmn o con substrate covered by
a silicon oxide film, which is disclosed to be thrice-implanted with boron atoms.
Aliernatively, the same patent discloses, in “Bmbodiment 3”, implantation using
25  multiple hard masks in a thrice-repeated method comprising the following sequence of
steps: forming a mask on a silicon substrate covered by a silicon oxide film,
implantation with phosphorus, forming a second mask, implantation with boron, and,
finally, annealing.
As previously discussed, formation of a hard mask by any of these processes
30 requires arelatively large number of processes steps. Eliminating some of these steps
before etching or ion implantation would be beneficial because, for example, it would
simplify the process used, increase ifs efficiency and reduce its cost.
One approach to solve the problem involves the use of a photoresist as a mask.
However, it is well known that photoresists have low etch resistance to certain plasma
35  etching chemistries, particularly for the patterning of organic layers which may be
employed as intermediate protecting layers or which are finding increasing use as low-
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Speci f 1 cal |y, B 1S BhRE To a thebl] 86 HichRbxEe afer by gaaitial benepipig weaso
and/or converting means, such as by exposure to an energy source, e.g., light, ion-beam
bombardment, electron-beam bombardment, or thermal or heat treatment or annealing.
As such, the present processes have utility in, e.g., the semiconductor and packaging

( ; 25  industries. s
U.S. Patent No. 5,534,312 to Hill et al. discloses a photoresist-free method for
making a patterned, metal-containing material on a substrate which includes the steps

of depositing an amorphous film of a metal complex on a surface of a substrate, placing

the film in a selected atmosphere, and exposing selected areas of the film to
30 electromagnetic radiation, preferably ultraviolet 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 a patterned, metal-containing material

as a hard mask to protect underlying layecrs from a plasma etching enyironment.
U.S. Patent No. 6,071,676 to Thomson et al. discloses that its integrated circuit

35  manufacturing process causes degradation of an applied compound where the
compound is contacted by a radiant or particle beam. In other words, the dimensions of
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sel ect &d ardgﬁ‘étfyo‘?lg ¢ ﬁ‘ébqﬁr Pfem@g d%«glaséitgr oma neﬁgf g;;tﬂ}a?‘?ﬂ &a wh?g&{@bgﬂ*

ul t ravi ol etandl lghhetaisdnapbé seld) 15 OF ?hlﬁﬁ'ﬁﬂgﬂaorr%s%,p 0 cause th t al

conplex in té{a sel set ady: &ﬁ%ﬁg@nﬁmﬁiﬁﬁQMaﬁpxﬁmrmefsﬁh?ﬁ?mr%%‘eg?ﬁ.

However, t Ay elroéfsg ence ?i%_es not . envi si.on.use of:a patses pedsubsirate a

met al - cont @mmfmwwwme%?fo ;fro]tI%ca?_un erlying |ayers from
a plasma et chi rg)g?g%ghodygmes ki thPaffen bf Mcadiatt orpartiole E%mfﬁB?&Jb‘ﬁ & al.
Its i

di scl oses t995P nt eqrat ed .ci rgui t. b0 ofitlzes
degr adagg orconfluctiveaprefargly G {IEPQFI: ragﬁl?ﬁfg%tsb! 188 sRFRee8s

conpound_.i s cont ctet%eby a
radi ant or 8@@%&3rg(ﬁgﬁ@orlﬁgrm@wammdmm@ﬁégme Bﬁdﬁﬁgowo@dafnfl CT 2044
PCTI USOL/ 184 1/ 95690 _t he de@)oS {e caused by degradation of the
conpound i suyafispied cPBRAND Fomythe FIED wi dt h of tre i rradi %}a}(ﬂga&gm
(Nanoscal e di nensfﬁgggro@é@egjbﬁhbpmdnﬁmvmoa@m e Bite d’tSlﬁ process. Wer e
t he conpound degrades _to form it fecBih addvieaticnal end io®onduct i ve
subst ance, Iﬁ@ﬁ%@ﬂh&eﬁﬁwﬁ%lg@%gsz%l?%}s nuftﬁctur%h‘j)&ttgg[e&%?gggiercuits 5
directl Sonin@plwbﬁﬁmta&mdgmd,delp@@mﬂ@@@%l%ﬂg BB Dretrerabl yv7. a net al
or netal”all oy ognd the W&ﬁé%ﬂm&%pb@m&mmmmﬂdme i he
deposi t maynwébg FRfTEY S @ on- there is rovibgt?&e@ch%%i%nggm%mt al,
such as gerimehﬁtiﬁislthmahématelvélwh@bé%P@dm ormn?nu acturing an
integrated cirgcuit c i i |sitil Agother @ivantbge e preseri gRefSth ich

hingicho b, Bpotodton

degr ades un8 a radjant or £l Ga8k &ggg,-ﬁgﬂl@maea 10
conduct i ve, apows ﬁiralhﬂgserréteﬁfﬁmél,ytg’é‘p@ﬂstaf@%% ng ?ﬁg)

sel ect ed a[snﬁ(rﬁ%ge
areas of the Cﬁu%glb@ ﬁﬁg&aﬁﬁb@ém@m&mﬁ@p@w F gr aded
conpound®an € unaffectéd coﬁg&o nd f,{n%ﬁhti Siub sl o® whidheis praivesd es of
the present featurent Adurtberrdyagos r}%‘{.er ned ard_malni%i:l élhus c%rse(gitﬁgi ng
bot h the oxiydepand iRRisiaylsditnyet sopprgipovicre SHiAEH Fedlf1S PR T on
t hose net hods By reduci rigeéhe 15 1Dl Ant Ak Bmarehb asisofarsy mbterialsferpl e,
si mpl i fyi ng prevBiERVeIoPLE Al AlFEsOY eps whi ch nust.be performed o Angther
advant age of a&ggngdldﬁp@mdhmplmmm#&?@ﬁ%d%m AL Ay S has

better etch'resistanceg to pl &lﬁ@ﬂm}qmpsﬁsiblemet&hbgcw@%ﬂstl Il
apot her %dvm‘kggmﬁﬁ"eﬁﬁ’é’% g@n gf%%ess t hat

processes.

Summary of the Invention -
One embodiment of the present invention is a method of forming a hard mask

30 onasubstrate comprising the steps oft

. selecting at least one precursor material;

. forming a layer comprising the precursor atop a substrate;

. converting at least a portion of the precursor layer;

. developing the precursor layer thereby forming a pattern in the precursor layer;
35 and



ultimate the formation of smaller and finer 20 resolutio sé @113

| i t hogr apl ®i/g36mcess and all owi ng features. A further advantage o? this
invention is that the material which is produced has better ion inplant

bl ocki ng and stopping power. Additionally, the process of.th r.esent

i nvention is adyapragiegise patetrhtmtthe sulfsiraic) Wh%f?@éai’h‘étoﬁ’éI ﬁfﬂoﬁw@%ﬁﬁt erials
for patterned |ayers, sugh as platinum iridium iridiumoxide, ruthenium
and rut heni um 2@%@%@61’(& %t are known in the art to, b d‘ia(ific | t a

i npossible to emammmmonafme@mwﬁr@m%? & HVERTi®on One

o5 st Al Rl e B o e e g Sor

steps o sel ecting, at, | east one sor
material; afof s witha derglpet &hﬂdegﬁhaelt%%ﬁlagw{g%erve]é’%[pm %r%séj #tg%eg? |
converting at Iet?qit ﬁapﬁ%&'o‘ﬁﬁk@{om&,@h&éﬁ%@fmwmqf allefdheogiohpls he
precursor PRSEPORREPEEY RS

rmng a pattern jn th r and 6
4 WO 01195688erR i g@aEr m&om#g @S@i@ﬁﬁ%WlW%sn%@r(&ﬁﬁ%a?ﬁ%A?éﬁ%% ﬁtéo t he
substrate, wehve;@ggés 8¢ A 88 £ Stbfibs préscRin ths euiiinevéloperi iyefvmblypatieasin. The
unconverte pc'i) 'on" 0 e precursor Igf/ej(;5 c&lg P%aﬂ?}\églkgﬁﬁgimbffn with a
devel oper . oAt tleohaltdf\fias develaper 1§ FRPEORYA dlcpRel g7 the %ecu_rsor ayer can
be devgéopes% m?,l PUBY e B hd Biie o evsptopgeaicoidhmatienl ddobped fone beiom| i quid
devel oper &o}?p Ising at | east _  on | cohol O%QQ qtbymeone ket one, wherein
the total go&ammhaéfﬂgm“ﬂ%fbyt‘f?éwxa‘f’gb%@%?%seng'i reater than 50% of the
sum of the vol uryﬁ%ﬂggreﬁ{dodﬁﬁeﬂtbﬁﬂﬁllﬁﬁmtmvmgﬁtlﬂ}@%l@Oftfﬁ‘énméla@ﬁﬁjs of all
of the ketones present in the |li qﬁi cth&}/tel oper. Preferably, at |east one
( al cohol of mask ogasubsie. CTRISHE BT P cohol , the at Ieast one ketone is
methyl o i.sobutsgiecﬁ@gmeastampﬂebmmmat@ndt i sopropyl al cohol - et hyl

| sobutyl ketone is from_. gr.eater subd¥ate/ol ume to | ess than
about 46: 1 by v&%ﬁ@@f%ﬁmagﬁ%%m%?gﬁwﬁﬁgbpresem j nvent i.on i%ra
met hod of f.or ni HgmAnkarldyercamiprisingahsunponyaicd PrecyRoT AOP CP‘F?é“@Y%ba%’ of :
sel ecting at |east.qpe prec. héH ¢ nffdinvera prgcurb@rlayg a

I ng aﬁ%fﬁﬁ%@%?ﬁ‘{e"ﬁ; %Lpf%ﬁﬁo & of the iereel pryc ayang

protective°l ayer? . T hg a | ayer conpris]
unconvert ed prembmﬁﬂhapmﬁmgmi%ﬁaéf&pq;goqg&gp, conggﬁﬁ)%ﬁe%gﬁ%(}%egrt?i ng at
| east a portion of t conyerted precursor |layer; substantially renoving
and 20 Joor i ng itg';mm&%ﬁ%%’ ﬁktmd B S8 DB G B o
and 20 dJoor m ng afo g by foR at lgasf 3 portioft £ the hartially Comvs
partially converI; e8ursor layer.

Partial conversion can be accomplished with an energy source selected from .
light, electron beam irradiation, jon beam irradiation, and mixtures thereotj through a
patterned mask comprising at least one portion substantially transparent to the energy
source. At least a portion of the unconverted precursor layer can be substantially
removed by using a developer. Conversion can be accomplished with an energy source
selected from light, electron beam irradiation, ion beam irradiation, thermal annealing,

allows for the use of extrenely thin filnms as the hard rraski%ﬂifn tRaEiiig the

and mixtures thereof. .
An alternate embodiment of the present invention is a method of forming an

30 etched pattexn in a substrate, comprising the steps of*

. selecting at least one precursor material;

. forming a layer comprising the unconverted precursor atop a substrate;

. partially converting at least a portion of the unconverted precursor layer;

. substantially removing at least a portion of the unconverted precursor layer;

35 * forming a hard mask by converting at least a portion of the partially converted

precursor layer; and




precursor layer. Partial conversion can be acconplished withza'p GOEr A4
source selected from light, electron beamirradiation, i @grhamsii3
irradiation, and m xtures thereof through a patterned nask conprising at
‘| east onav@8H?I®h substantially transparent to the energy 25 source. At
| east a portion of the unconverted precursor |ayer can, be tially
renmoved by using a ,deve{o el &H@{,@igmmdmws*a%g%ﬁfﬁ%ﬁéﬁq%?ﬁ an ener gy
source select edomrget gt Efect r on. eam.AJdrarihpitlediard inask-beam
irradiation, th OMHMeaﬂlbstrgt,csuhﬂéP tures thereof 'ﬁ%i@hﬁﬁﬁ Hemed
embodi ment of tHe preseg%mhﬂg{&%'fﬁﬂﬂraeamm}%ﬂqe& g an 30 etched
pattern in a sub%tf\’%‘i‘eé,e orrprlaiggg@%%f steps of selecting at |east one
precur sor n?gﬂ%' alufacd, oompmynZ e ‘onprising.the un &¢d precursor
atop a subs ratte); art'%$HQ9angtm$mﬁ%%8%egﬁqgﬁﬁ‘?} t he
unconvefted* preciﬁl"é’%lnglagyer, Sl.%b tant'oiu%bg&ﬁe;vi ng at least a portion of
the unconverted piradng spaitdrajrapsicr %%erta% mng a hard n&? typAeivesisferg at
yer,

| east a portion qf Lh%\b?%%bﬁl TYsiftine amnety < 648??8?’?8? and 7 2 7 OCT
2004 PCTI USOlllg%?%n 95690 etching at least a formng at | east one

patterned regi onlayert he substrate by uncovered by.th h%ﬂ;{aﬁg_\aportion of
t he substrate substa%ﬁ%%béﬁoﬂlof&dmm@ﬁeémﬁ?éﬁyeﬁot e

] prese
invention i$ a m?fcﬂ%_ or m nﬂsiggglgm%ﬂep&ﬁbnmwmﬂlvmaéﬁé?'fhsal ng
the stegg O * selpatibined mesk PYHE € precursor {;r%%h,al conprising a netal
conpl ex;” " 5 layer; at Qfe@b ﬁﬁwﬁb@VMﬂlﬁwsggE ern transfer Lecur sor
1%%%% gx@ ¥ ; tLe 1a§
atop the patternw@a Sﬁ@ry fo%ggwlﬁﬂ@mo@amlmq%?m%ﬂ ertéd
| ayer; |ightethr wtaptidyIGERG'=a" por t i on. of GORMeITérdayqny ecur sor
| ayer to patter ne&ef&gkmg@mngﬂhgst&m%%?%%@%%%ﬂofn su%t@p%[g)e{ﬂgd
fransparent to the 1 I'I ﬁﬁtf klﬁgrcgﬁyeraﬁgﬁﬂlaidtypémttp‘ﬁg e’ exposed
portion; substant fampyg? I'ng at least a portion of the unconverted
precursor_layer, abgrvtlagesfer |ayer; thereby uncoverin Aftlofehe
portion & the p gonyer E%GMEM%MMRISB& ‘?‘Rfé’gf”'%%gbat Iceast a
r

portion of the pafthHig cursor I aver' . i..afonekehedpotiongrandt | east
partially convert andacansn Y@h@‘ﬁ%&’cﬁ‘?‘é‘)‘r@gaﬁl attern transfer |ayer,

thereby forming at |ea Nenelsied lpmridndn fromthe P
mso;ft%:ﬂg removing the remaining at Jeast partially converted precursor layer
subs

ans P 3

? transfer layer can be selected from a photoresist, polyimide, poly(methyl
The pattern
1ate), Novolac and epoxy. - - g
methacrin tl)ler embodiment of the present invention is a method of forming pattern
o .
i mprising the steps of:
- ton surface over a liftoff layet, CO : ps .
o pselecﬁng at Jeast one precursor material comprismg a metal compiex;
o 25 ° .
L . . forming arelease layer atop 2 substratel,
" i i the release layer;
. rming a liftoff layer atop ‘ e
i‘o nmnz allayer comprising the smconverted precursor atop the hﬂ:oy;fh ¥
. i light through 2
i i verted precussor layer {0
. osing a portion of the uncon : : e
exft med mask comprising at least one portion substantially transpar
> s i ed portion;
i i erting the exposed p ;
thereby partially conv e
hg:t,tantially removing at leasta portion of the unconverted precursor y .
. subs . ; "
{hereby uncovering at least one portion of the liftoff layer with e::l; r ecmmsor
i T
portion of the liftoff layer being covered by the partially conv P
35 layer;



uncovered pattern transfer |ayer; and converted precursor Iaze'( Omenzapj,ng
the remaining at |east partially substantially at |east o &Z 81#/ Q% ©
substrat o ouzcbopat t ern transfer |ayer, thereby uncoveri ng g otoresi st,
poi yi nude, poly(nmethyl The pattern transfer |ayer can be selected froma p
met hacryl ate), Novol ac and epoxy Anot her enbodi nent of the present

i nvention is a @abhed ekd hokobngopartne aidest 1 oTiopof tiepariel pEerted | ft of f
| ayer, conprising the steps of: selecting at |east one precursor materi al
conprising a neMEPUEIARYEN: 25 forming a rel ease I?ﬂ!er atop .a substrate:;
formng a bift objpobiayee alant pirtalieiesed ysHsOTSEHRRR PRI OB | i ng
t he unconverted_ precursor atop - : s thefbR@ab&gniiilpor ti on of

t he unconvertedthﬁﬂjg@g{@%?t?%g?&%%ﬂl“g t%ér%ﬁg{lia ggft[:%r ned Eask

conprigi ng at | easivinyibe pocdversd poutien ofithe Hftpff 125z gad GuFRYEORShpr i si ng
at | east one portign syb LAl E@W]'éﬂofmemOfﬂb er anier eby
partially conve ir%ﬁaﬁeﬂgeé?%%éggéﬁ%\ t(ljlrE!thiﬁon; substantially rerr?)vi ng at |east a
portion of the eosnget teast quepotiiosor thegubstralther eby uncovering at | east one
portion of the |iftover #E}X&E Wity ESYRrcH8ABicBinBEr, tiRosdvierad poftidrhef the f t over
layer bein§ covBPSFH the partially conyerted precursor ‘ﬁ%tﬂe%%ﬁedz 7 OCT
2004 PCT/ USOL/ 1B&4f layer a1d gjembong pHHPH G eﬁ@%“%&@?{“ﬂgef%n erting at |east
a porti(gn of the,Rahbirald V& th @l isdiiopRitemoningayenns; exposi ng the at

| east |5 rtially*converted precursor a{ld tlhe uncover e tBQ%%é)é%@dQ&bsuta{ée
liftoff |ayer tdepasitimsai@m efmetal anphen) IHELTS POFAE @by Stbstant i al |y 5
renovi ng ]'Ehe Engﬂd/%{)g%eo?q@dspﬁhrﬁ%uﬁ‘i{stgwbaitédlﬂrééurbtayer and at | east one
‘portion o the release | ayer upderl yin e ' ardope
(liftoff |ayer aﬁ@S@%ﬁB%FW"é@gﬁjgﬁeﬂl&ﬁ% %Sﬂl;égsﬁ?%ﬁa?%gggﬁ seta giwce; ’
exposing the at ,lgast partially converted precursor, the covered portion of

the liftoff layer and _at | east_ one ; &l hravakorith@der | yi ng
the covéred toSM%%HYB@?W#F%WaQMPM){&Jﬁ% | prdort

ayer t'o an’isotropjc rggow ng
means; deposi t ijigfAafdr] Mdahe mitaat layen theréhy farming AratisCIIBE FICHH 2P t he
exposed substrate atop the at |east partially converted precursor;

. and. .
substantially r S ﬁ% fhe netal atop the at |east. partiall y.converted
o ghad of &

precursor; and Atbadsithmtabembaditngnt ofifespissent HECRUMRIS A T S Sartially
converted pr c%%(ﬁ%mtlphsﬁrfaég éx{e?fafljﬂoﬁylﬁ or, @shrishe; thekepsef:l ayer, thereby

formng a P he netal atop t eﬁubstr.ate.

20 selecting at least one precursor material comprising a metal complex;
. forming a layer comprising the unconverted precursor material atop a substrate;
. partiafly converting at least a portion of the unconverted precursor layer;
. substantially removing at least a portion of the unconverted precursor layer,
thereby forming inwardly-tapering sidewall profiles in the partially converted
- 25 precursor portion and exposing at least one portion of the subsirate;
( . forming a hard mask by converting at least a portion of the partially converted
precursor layer;
. depositing a film of metal atop the at least one portion of the exposed substrate
and atop the at least partially converted precursor;
30 - substantially removing the metal atop the at least partially converted precursor;
and ) | - o
. substantially removing the remaining at least partially converted precursof,

thereby forming a patiern of the metal atop the substrate.
Another embodiment of the present invention is 2 method of forming an
35  implanted region in a substrate, comprising the steps of:

. selecting at least one precursor material;



An additional enbodi nent of the present invention is a rreth 6 ﬁ
patterned thin top surface over a |liftoff |ayer, corrprlsm g
sel ecti ngvaer/45e#st one precursor material conprising a matP 8”&‘%
formng a | ayer conprising the unconverted precursor material atop a
substrat e; partially converting at | east a portion of the unconverted
precursor J ayergptiohults,tfatihinglal proteetioviaper aiep theavbsigi®iorti on of the

unconver t ed P egUL 30T, oY hompr I BB, oBELDAnd iR E prcbaRGHnial dgal |

profiles in th precursor portion and exposing at
| east one portlthap@cftectthelsydnstrate form ng a hard mask by converting at

L east a portion ob, LNe, RAKKY AldwrepYtioh e heliGicdiyd 8Y @hstialldeposi ting a

filmof netal one portlon of the exEose substrate and
atop the at | eastvpdingizildagt cpertion pbthepmeeniesisd prosursefB¥ehnt i al |y renovi ng

the metal atop il %gtaﬁ{laﬂf%ﬂovﬂ%ét'lé’zjs{ ¥ pSAN U HRAROECaHed Precursdn thyer by

substanti al | y renoyvI N Ining at | east partially converted
precursor, 35 tm@bﬁeﬁi@pﬁhg a pattern of the nmetal atop the substrate.

Another enbodi Meolf a b8 RS UonléHiRE b Rikt bpoRtidtPifndpatiallptativegedn
I npl anted region’in st rat conprising the steps of selecting at

| east one pr ecuprSORSOElEETT; A d 9 WO 01/95690 2 7 O CT 2004 PCTI USOL/ 18413
optionglly. forfli‘n!ﬁ?ncaaiﬂéé}igﬁéhl\iﬁaﬁtéd/%gl@iﬂﬁhé hﬂasﬁudewrlmmnmgmnmmgt a |layer
conprising the east one unconvert g ursor %t’? ahﬁf&i%fh t he
protective | ayelcast anortipmef the sapslg “E?St@] gy 2 "precur sor

| ayer by parti apl¥ial &useRRldahbg aa{;oﬂllﬂmmmthanargycsbuIchseh&ct@@ﬁvex ted

pr ecur sor Iayer substantlall n
~unconver t elighird eqirandreapLiragiafo lﬁg ﬁﬁnégﬁ(@a%c} %ﬁ&nﬁx‘?&{ tr%ﬁér%%ﬁﬁﬁ?hg% mask by
. 10, 1 0 e Al st oq. cagl “‘“Smdﬁ”msﬁgg‘fe@%ﬁ?ﬁypl anti ng
i ons i ¥ at SO“F‘éfag‘f’o’lé’e’ﬁb?q?aBﬁ)eoﬁpng?rﬁgﬁ%ugs %{E e%h};tgfﬁ%:éal {ealiji%covgerted by the
hard nask. ele@:afﬂbammﬂxmﬂgmnbcanm@lamﬂ}ﬂlmgh@@ ﬂ%‘% TEHEFSy source
sel ected f SPMLBEARG i REibakinOn, and
m Xt ures tﬁﬂe@hfﬂ{nﬁr‘%ﬁ ﬁ%ﬁl e?%g g%‘%skg%g&efl Si nEeﬁ ieast 0 elportlon
substantial ly tmbmmbomcmmwwt W%%F@éne‘&‘%(? %g
acconpl | Sneghilclil ABLERENGH S BUICEICRYCEaHpEARMHCIEDs ofel ect r on pear

I rradi ation, T on beam I rra ation, thernmal ‘annealing, and m xtures
t hereo20 |ons cmie%@glaﬁtﬁaaﬁﬂf@@fwr@{%‘?% t he uncovered substrate to an

ion beam | A fugfhes. aRiesdiemetayef withe daneseibtid thickntdsatop ssubstraithod of
formng a d ual forming a layer comprising a first unconverted precursor atop the dielectric

of 20

;—

layer;

. forming a partially converted portion of the first precursor layer by using a first

(" 25 partial converting means on at least a portion of the unconverted first precursor
layer;

. substantially removing at least a portion of the first unconverted precursor layer

to expose at least a portion of the dielectric layer by using a first removing
means to form a first pattern uncovered by the at least partially converted first

30 precursor layer;
. forming a bard mask by using a first converting means on at least a portion of

the partially converted first precursor layer;
. forming a spin planarization layer atop the exposed portion of the dielectric
layer and atop the at least partially converted first precursor layer;
35 o forming a layer comprising a second unconverted precursor atop the spin

planarization layer;

10



~~

damascene architecture in a dielectric layer, conprising tZhe BEBR06f: 20
selecting at | east one precursor material; formng the dié:eljél?ﬁtlhgﬁsl ayer
with a okhernass®oi stic thickness atop a substrate; form r ayer
conprising a first unconverted precursor atop the dielectric Iayer,
formng a partially converted portion of the first precursor, |ayer by usi ng
afirst 25 paﬁrhﬂhg g pantiatly mngvamedmgrtm ofithe weaerd Brepwses Byerdy

unconverted first sor Mo etted keastl a
portion of theSfiOPEP a‘ﬁjﬁ{: %arug(?é%lseg%aéﬁq%/&hbﬂ?g expose at |east a
portion of the dﬂoeiseﬁlawen; Iayer by using a first renoving neans to forma
first pattern incover ad doyné anotaveRel pretwtor 30
precur sor *| ayef" ?‘?'“glla ﬁed%( ‘Eﬁga@%aét%%%tucﬂﬁifft%@&a firs velfr)tl ng neans on
at |east a por liyentoxposhat lga:tapaﬁloleif ?Ii‘%a?fm?ﬂ Y%‘Pglaayer
formng a spl n pla ar| gﬁi?h@ fpoSRDvaed bi e sfledshe
dielectric gcf ng 6?5% the ﬁ’?f"f’g??"%gﬁ lally conver?ed first precursor
| ayer, 35 formplamadalylcay@ﬁed@ pedreRTsor dBEGnd unconvert ed precursor atop
the spin pl an%‘{”ﬁﬁé L99rd AYS! by dEnYOsQbh8 269 ritng/mENTE 20 4cARCTpeIS0R/ 18413
formng a partia converted portlo of th second precursor |ayer by
using a seconebfplalw1!all”m1157(:Q§lr1ib¥@13t Sl §¥er1 east a portion of the

unconverted seGgnginoRf RGMHHE gedoﬁn%ﬁemw@ic&rmmm diglecoivduyardyasitigeast a

f
portlo1 of the secoﬁ% unconvert rec rsor r ast a
portion of the @pﬁﬁc@n&mﬁmﬁgﬁ’#ﬁ) q%al%&%d%%on @?%%%%yﬁ means

to forma secorg? PR REAGHNRY glaguegkaﬁuan)hmoaverbéhsthe seeend hgrd ynagle ANEY t ed
or la

second precurs yer, ar.d ifrefGRADyIReNSst | ng
neans on at | edBatl %Sﬁ]é“l"(th‘éﬁ“r%ﬁﬁgﬁ%fetgﬁg%etlec 135?"9%&01%% eldrsecond precur sor
| ayer; 10 formdagnﬁémbwt one second patterned region in the dielectric

| ayer by using a,  fir et chin BRFcieaReddndt he

di el edtric | aye™ bsfapfi4 srcrgg}g,ﬂg Eh Splg failreglértlgrl zaﬁlcon er subst antially
uncovered by t e@ﬁmﬂ@ehamﬂspmslansumontlmb}fﬁ@gta ¥ BEA%Es of the
dielectric lay th i ﬂmyegans 15
substantial ly rtéﬁ"ﬁgy ﬁ’&’o({swgtﬁ%ér@lg%\{ﬁgnﬂny

Ieast partiall nverted second
precur sor 4 ayerfoanﬂgsapleastrnnarfa'sﬁmﬁﬁmﬁfq?%%m ?g-lfi‘?‘:ﬁ{f%y‘? ﬂ?yr'if“fge?‘mw ng
Imaans ]Eher eby egx&f&éﬂﬁg%% éﬁéa?s‘ta afilondfkbe diemmbﬂe;brﬁubmnpﬂycurisor

ayer; formn east-one first patterne i 0 ayer
byyusiz[g a segtmq:QvebéhYﬂ@ﬁFE@P% B%?%%Fu%ég?ﬁeﬁﬁgﬂ}% (%1 1'8;%%%%{(%&%@ %‘%\%rl cy
| ayer substantIag%xﬁqaww&madbytﬁmﬁwmhmm@mkhsmpmd ess than

the thickness | rgglo%pand that substantlally the entire thickness of the dielectric layer in depth

is removed by the second etching means in the second patterned region, thereby

uncovering at least a portion of the substrate; and
25 ¢ optionally, substantially removing the remaining at least partially converted first
precursor layer by using a fourth 1emoving means.
Preferably, the dielectric layerisa low-diclectric constant dielectric material.
Preferably, at least one of the first and second etching means is an anisotropic plasma
comprising oxygen.

30 In each of these embodiments, a preferred precursor material is a metal complex
comprising at least one ligand selected from the group consisting of acac, carboxylato,
alkoxy, azide, carbonyl, nitrato, amine, halide, nitro, and mixtures thereof and at least
one metal selected from the group consisting of Li, Al Si, Ti, V, Cr, Mn, Fe, Ni, Co,
Cu, Zn, Sr, Y, Zz, Nb, Mo, Ru, Rh, Pd, Ag, In, Sn, Ba, La, Pr, Sm, Eu, Hf, Ta, W, Re,

35  Os, Ir, Pt, Au, Pb, Th, U, Sb, As, Ce, Mg, and mixtures thereof.
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dielectric layer is renoved by the second etching neans in tzg fUiCrTslzuM
patterned region and that substantially the entire thickpeganinghne
dielectric layer in depth 1is renoved by the second etching neans in the
second paw@&LPEA regi on, thereby uncovering at |east a portion of the
substrate; and 25 optionally, substantially renoving the remaining at |east
partially converted firs r layer by using a fourth renovin

nmeans. Pr eBeieiBlegcriphen 8# g’legé‘g"ﬁﬁfc@fa%er | 8 18 dbRvdipedoest varpbied Y P?ff'ﬂegs
dielectric mat erfj@hcligﬁgf@emoﬂw ¥tone of the first and second
etching neans is an anisotropic plasma conprising oxygen. 30 In each of

t hese enbodtepents, a preferred gr ecursor NBter i@ ot emBodimieat ofdBHPIOETS
conprising at Iepl? cMN@ubtrgeide 85168 from the group consisting of acac,
car boxyl ato, alkoxy, azi. 2, carbonyl, nitrato, am ne, halide, niué((r)o and
m xtures t hefitbopread® B{P84st  one net Iod%%lfg&{@ﬁoﬁmusewéa@% st | ng
of Li, Al, Si, Thgné3 Sustcdes 28T #7°CS" “'Cu, zn, Sr, Y, zr, Nb, M, Ru,
Rh, Pd, Ag, In, Sri, Ba . Sm Eu, IKTa, W Re, 35 GCs, It,.. Au,
Pb, Th L emigondagior RRTEamIEEt, [ £l ORTRGRnd id o DR ABGACCORRE

PCTI US01118413 V\@i@ié@ﬂma'ﬁﬁiaﬁetgg(g%rl ption of the Drawings Figure 1 is a
process fl ow di agram \M’lﬁcﬁg I dentifies process variables by process step
Figure 2 il Mpspresb ™ VPRe basi ¢ se %&h%ofﬁa&teﬁﬂiﬂ@bﬁfﬁlan enbodi nent of
the pr 031888 5 of pigerepriBesrdesidRIEN T on.  Fi gurg‘g?; L1l Heist fdyepacsopiin®io ar t
met hod of' fabricat.ion w6 dfethotlaf #bRAEIRO AT’ "sem conduct or

I nterconnect. Fi e np'lé—lsus”at es a nethod of fabri catifn and use a hard
mask accor diggptegenttibfengPBsent i nventi on. 0.Fi £Lliffoff ptodedsr at es a prior
art method of Bahﬁ%ﬁ{yﬁgluhetaﬁ&pﬁblguf@eﬁmﬁlq%ﬁﬁ%s a rrgt hod af, e

flfabri cation and of a TSIt I sﬁ%mbmahﬁot‘fwcﬁﬁ%%cﬁﬂ’i Bhvent i on.
Figure 7 iIIustraFg@IQagﬂ*“ISB’?eﬁ net hod of effecting a liftoff process.
Figure 8 illustr tSRn Aet hod of effecting a liftoff pro £ing to
the 15 bﬁesB’fﬁ"mlﬁnyenta?o . i&ﬂ%&g{dﬁ%ﬁd@&%%ﬁﬁ@ﬁez ceﬁ?’l&rr%étyti)od of
effecting a Iiftoﬂg%?gé@'%%maccordi ng to the present invention. Figure 10

illustrates | REsehf invertidwod for dual damascene process Lhl.oriffegtation.
Figure 11 il %ge%'%eaggﬁwsfa%ﬁdwlmﬁh@%éﬁ@ ‘%Wﬁ(‘éeélé})lk nt r.egregfa(i'\!%%&
according 20.to I nvent j on .C mﬁgeﬁ@mmessmw | e
10 Figure 12 ill qﬁtgﬁ@tlasiﬂast{%t‘?scﬁmﬁt:hf’d et Eod f %abri ¢gting an ion
i npl antation hard n%%'j‘nv%ﬁﬂoﬁ&ﬁhﬁﬂﬁiﬁgl@mﬂ@ﬁ@% W%- c - ation hard
20 fer™ 12 iltustrates apriorartmethod of fabricating an ion 1mplall
Figure
. ith. :
d iroplanting ions therew .
maskaﬂ. |3 illustrates a process of fabricating an ion jmpl atic .
Figure tion and implanting iops therewr

. t invent
: an embodiment of the presen ) . 710
oore 14 shows the different refractive index properties exhibited bY £20;
e FlgUIe

: ed from two different precursors. - -
ﬁlms.foll;‘lingure 15 shows the refractive indexes of various ZrQO, films formed by
i
photochemical conversion.
Figure 16 depicts streaks

ion to a substrate.
3Q @ precursor solution. & 1 contrast curve for BST.

Figure 17 shows a for BST
5 ntrast curve for BS1.
Figure 18 shows 2 photochemical ¢© chemical contrast curve for BST.

; rinal/photo
Figure 19 shows 2 corobined thermalip ¢ time for hard baked Novolac.

. hin,
- i t of thickness versus &tc
Figure 201s 2 plo oss vorsus efching ime for fully converted PZT and

Figure 21 is a plot of thickm

antation bard mask

( 25

and solvent after applying

caused by the use of a particular

35
TiO,.
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Figure 13 illustrates a process of fabricating an ion inpl aﬁﬂaﬂﬁ&nzq{ﬁrd

mask accordi ng
. ions the ]

to an embodi ment of the present invention giflykdpkant i ng

g90 25 Figure 14 shows the different refractive index

propperties exhibited by ZrQ films fornmed fromtwo different precursors.
Figure 15 shows the refractive indexes of various ZrQ2 filnms formed by

t hermal an hot L§idh of ARIvention  Figure 16 depicts streaks caused by
T

t he use of
a substrate. Fi

r solvent after ;anplal agfblawihethar$dn sol ution to
The @resynidReiss gltl?‘ﬂ%ior%fg co n%ég ey

rast curve for. & gure 18
shows a phﬂeﬁg&sﬂféoﬂr &ﬁl‘ fofARidMAaEthods. vAs & esulBITProseiy élsqgmgﬁacs)g\gaa conbi ned

thermal |y
ver sus et chbiidy

ard baked Nov 1 gHek of 818 resstltingplfilot togpitihg ckness
o enmtmbnd DT O SfargetE

t hi ckness \aggi?éazap%giemdiﬂ Tierof3S, tﬁe@zq:sempprger‘g%d‘é?@%ﬁrﬁé‘%f%%g%n%ﬂihozf\o
e

01/ 9690 Det'&i

scription of the Invention The present process allows
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ater

met hods. As a r

efil invehtioppresiies 8 Dreesss for mylfe P e ability to

control and mani pulate th | 8 scehols 't>'ﬁilfm§frpm ity to
the desir edatgpplsi &df PBH‘_"%F%EO?‘;C?%%?‘%?& ophousifiimsasuds

e pr.esent ' @biufromn a
br oad spectaéd{%@étallﬁﬁphdlmiaﬂil&ﬁmﬁﬁ @“&V%ﬁﬁoﬁﬁgﬁgﬁsg&d‘&ﬂ 0for

maki ng a patter
t hat antld ph®gs®

I NC
films; furthgmingiiitedaasdpfiest T PEC

- PN N N
AR ST A A

st nct

R arpih ctondsan By CRRTTERERT 11 m.
filnms, in additjon, di - by ifferbman: film
form ng net ﬁ%@?ﬁ%“&ﬁ"ﬁ“g’ﬁ‘%m f A

(di fferent pegpadd secifioichemnicrk PR

om %ﬁ g %egﬁg]ﬁ(ﬁi PF@&%@M tielisefut ime

ous

ns. fo d . di t
met hods canag’%ﬁc n%@ Gns2R ex@ngRnaes laypkiin pEoBHE ‘g’g?r,‘ﬁ%]ﬁflé{l%gfﬁgnd
I t

mechani cal

exanpl ejsas tigsit abscgtop. The

g aﬂﬁa%ﬁ rm;ﬁﬁﬁéi@ coavertitg bycht m"fph@éc a%ﬁé@@%&%&%ﬁp rise
uch a éii")lé

fabrication.,k T
a converti AgFPs

| east parti akd theraferetus

at &ar e ug e&ua'll'ﬁ%‘if d(;l?y %g }dsEatipRécesdep wihidt coopsise for

pils LI, Al farbPloo @bt i mmasls inelpdebUEFCOf  at
e

or transferri fbdksA
substrat e. %Egnﬂ@alg&ﬂaﬂahwﬂmmkm@h%bﬂ@i?ﬂﬁ“& 'gﬂsﬁ%eﬁgﬁ%érlfgt i on masks,
an

etch masks,

One advant ageg-e
pattern el ect
mat er i aré,bl . e

present pr oceasiemed .
photoresist, in forming the pattern.
amorpho
patierned on a substrate,
25  result ofan understanding
attainable though this deposition process that are not by the use

and

process flow diagram showing exemplary steps
the desired material with optimized properties for a
these steps are fully optional, based on the ultimate
invention is also not limited to these steps and

30

ultimate application of the film. One skill
included or excluded to achieve the desired

35  film. For example, -
the precursor material, the solvent used in the

) atterE transfer layers or masks, e.g., liftoff nmasks. 20
di rent of the present pr i3S HaP#tyidlds ¥i el ds a
[ 0DhE advainengt af amﬁmh@ﬁ@eﬂg?ﬁ eareg%}ﬁ@g%?fs olr§1al pgtlt agr.ni ng
a %EO}}? %ﬁjlﬁgﬁalivﬂﬂ{(ﬂ{ Giing alcheveptionad priterming T ‘d\?ar?t age
He’ 1 he Another advantage of the present process is tha the

us films of precursor material which may be formed may optionally be directly

without the use of intermediate patterning materials.- Asa

of process variabies, important and unique properties are. -

of other film depositzon
an overview of the present process bya

that may be followed to obtain a film of
particular application. Many of
application of the film. The present
may include other steps, based on the

ed in the art Wﬂl Imow which steps should be
result for the particular application.

At each step, variables exist that may be manipulated to affect the resulting

at step 1 of Figure 1, the varizbles may include the composition of
precursor material, whether a solvent is

formation methods. Figure 1 provides
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anoy phous filnms of precursor material which may be formed By 0pTiZW4l Iy be
directly patterned on a substrate, w thout the use of in;,g?mggli',gsg%

‘ patternig&)m,ggoi als. As a 25 result of an understanding o

Pprocess

vari abl es, |nﬁortant and uni que properties are attainable though this
deposition process that are not by the use of other, fi Iﬁgﬁde %§'Otfi on and

formati on methods. Fi rpﬂpmbd&ﬁﬁaenthmwwvfl%
a process@qddng(ﬁ et

e PELERT process by
gFam show ?r;g ﬁ%%@%{{%&&eﬁ%ﬁ ﬂ@?rmysdnmﬁcﬂifﬂomed to
Wi

obtain a fideraf, andler dbs priEdC “optim ze opertiesqfor a
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SSPi cati

of Ld o0 of B S dREsRSERItomoteTy By o1ghe 18° afz0 not

the f
limited todepeitmnsifearagidayfhyhp Eﬁ’oﬁg{e other steps, based on the ultimate

application

shoul dbe T
particul ar appl iAdatépchoa! gl s 24 S
mani pul at ed_t m[gt henéhetetin mipidahe PIEGRE
Figure 1, t%“%%/%? a the i

o@é%ggtfi Im One skilled in the art will know which steps
uded or excl ugﬁg%t‘pmggfgg 6146 ihd18deBS infetibd efsapplyi® et he
t'€p, vari abl es exi S@%Pﬁ&/o% tB@iperature
€,

at step 1 of
es may include the conposition of the precursor

material, téfdhsdippeitioiused in the precursor, gﬁheri al . hekheht, es@lenent is
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2 of Figure
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5 reactive |

ayer At giEp ur 13/%&%‘%3[%%@ aﬁﬁull?m®5®M@ t he

met hod of applqsdier pdtemedios e piadrolEas: nosphere in whic e

(precyrsor igﬁappl i %@Mi%eqp&etmemwmd@w 56%‘?@‘1{\:1}5‘%%{}“% step 4

of Figure 1, t he ) abl és” may |nt&: Ud?egﬁo’m calth@A wABNdn iohbeapent 10
i 0

with an;el egkingmiteamves, reatmeshy!

R

n beam treatnent usi ng

m cr owaves,ﬁ%o&wgﬁﬁ%ﬁ%@‘pa@ﬁm&m&@ﬁ%t nosphere. At step 5 of Figure
3 y I

1, the vari

patterned or a blAdrstepcf oEHER

step 6 of Fi
m cr owaves,

pl ati ng, and/ or tAesters®ob¥igYs R g
the vari Ie%rmiaﬁﬁbﬂmerepaﬂus@m SLoR-taH:

step 8 Fi
rao~ boos fi
this step,
pol ycrystall

nucl eati on pfYBe

( 25

30

35

2y RBBS plhetisuchafibh PEACEEES,FHCL

ude eﬁ: geg er. the nfag kiRl paktenies witheitbsewdsionr

e use of a particular atnosphere. At

U : e variables may include, a thermal 15 using
%éegklﬂ’%gﬁ%éqw b an pﬁ'ﬁ&ﬁ%&&%ﬁmm&mmmmd«b@he pefofRam
rel

cul ar at nos ereg étfoﬁﬁ%gnzygéc@me 1,

TR ptioate okFleYFHGITIREGES of

ure 1, the variahl. o) e applicetadn i) of a

forpot V(ﬁ%&@dﬁ%er ted 2 2:,13 é@%i iy c&# [ i SR eidahatos o,  at
e

enperatures to

I ne or crystal.li ' iralfle Bxoceds\staphe aor vari ous ot her
%&?{y?ﬁg%g 25 %ﬁo%?ﬁdﬁgedlepm £85bOR beasidartl f or

resulting film. More specific aspects and embodiments of the present

described in detail below.

Where a patterned film is

. , . iate p
11y, without the use of an intermedi
e and ent conditions, or may be undertaken

photoresist, and may be undertaken under ambient 5 O D
ander other conditions such as either an air or other compostiion atmosp N
under a variety of pressures, €-8., ambient, higher or lower than ambient, and may be

used in conjunction with a variety of other processing steps o yield unique materials,

s and structures. ,
e rformed photolytically, the process proceeds at

Where the process is pe - '
substantially ambient temperatures while other prior art methods require the use of

desired, the process described here may proceed
atterning material, €.g., @
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sonme applications this may be a desirable process step. Thesg WHTa0RE are
I ntended as exanples and are not to be considered 2s exhagé&m\é@ldgﬁjs of
the variables that nay be manipulated to affect the properties of the

" resul ti ngv@PIMR*Nore specific aspects and embodi nents of the present
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|

have differe EeC@)yE nt i dor
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P

Au,Pb
Nb, Mo Ru,Rh,Pd,Ag,In,Sn,Ba,La,Pr Sm,Eu,HE,'I‘a,W Re,Os Ir, Pt,
o 25 s s
Lo Th, U, Sb, As, Ce, and Mg.

ds
If a plurality of Yigan
different, or some may be identical while others may be

is chosen so that 2 substantially unconverted

l_)

).

are used, all of the Tigands may be jdentical, ail may be
different. In any Casc, ligand L

30 thepropertics that:

1) it can be deposited in an amorphous film on a2 sublstra:te,
the amorphous film i stable or, at least, metastable, P
. ¢.g., a photon of the required energy, the

3) upon absorbing energy,
fransformed into 2 differen

1t metal-containing material through 2 chemical

35
reaction, and
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e.g,, BaZ2 Fe(ll) Fe(~- In any case, netal exanple Ba or Li, 2af tg@nsiggkon
netal, for exanple G or N, a main group or an acti nide, l;‘(folr’, ﬁ,}ﬂq, ke U or
en‘t] y Fe

« Th- Pref %‘]8%[1/5569@8.(:'1 metal is exanple .A. or Sn, indepen
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enhanced bY M . - .
attached to each metal atoni. Such metal complexes have several isomeric forms. X0
example, the reaction of CH,HNCH,CH,NHCH, with a mixture of a nickel(f) salt and

tion of a mixture of isomers. The chemical properties of the

KNCS leads to the produc : g
different isomers are known not to differ significantly, however, the presence o sever.

isomers in the film impairs crystallization of the complex in the film. .
The complex must also be stable, or at least metastable, in the sepse that it will

not rapidly and spontaneously decompose under process conditions. The stability of
ie, upon the oxidation state of the

i depend, for examp
complexes of a given metal may of t
metal in the complex. For instance, Ni(0) complexes are known to be unstable n air

while Ni(IY) complexes are air-stable. Consequently, a process for depositing Ni based
films which includes processing steps in an air atmosphere should include a Ni(ID)

i i(0) complex.
complex in prefereuce to a Ni( . ‘ N |
' Partial conversion and conversion result from a chemical reaction within the
film which changes the partially converted or converted regions into 2 desired

converted material. Ideally, at least one ligand should be reactive and be attached to the

lex by a bond which is cleaved when the complex is raised to an excited state by

com
y r the converting means. Preferably

the influence of the partial converting means and/o

16



The.stability of an anorphous filmwth respect to crystall | (?m Ay al so
be enhanced by naking the filmof a conplex which has several fferent

" l'i gands %? o@ibaehed to each netal atom Such nmetal conpl eXEd V8 bver al
i someric torns. For exanple, the reaction of CH3HNCH2CH2ZNHCH3 with a
m xture of a nlckeI(B) salt and KNCS |eads to the production of a mxture

of isoners, The.c &rh @5 @fmpilbein dptotenhemical esrieningiaedibun not
Co diffor CRGRnreaarpa: SRt glbein

owever pr e b SQIBFf el N t he
filminpai hghtcmymtm‘cfeﬂﬂdmwgﬁwﬂ’?épggn?ﬁ% a‘f% n%gl\ﬁ?l %ezagk The corerpl ex

must al so gg%v% | Gean®l TRlmilRARED PRétac catibal ,stepfs) imthe peopses effigient, £t 1y not
rapidly an aneousl deco und {sela@tm} dheisstabi lity
of conpl ek@lyqire&r@ﬂ%ﬂﬁ&/h@t%ﬁe%ataé’boéﬁlat IB? gl?&g?g{éﬁlqgé aélE‘ﬁpei)agllldat i on

state of tQ% JBlAlnsiabld 48 @@ﬁ@h@)ﬂslyi%@nvmmtsﬂéndwmﬁulﬂ(e@’)m%tﬁ 128 &8 e known
to be unstable in air while Ni(l11) conplexes are air-stable. Consequently,
a process byprodedi&3i ting Ni based 30 films which includes. proc Ing steps

in an air atnospResors bk ma@hhmsinsbyhﬂl(ﬂ)a SUEahi PEQIOCeTiC IS?CSWB %o

Ni (O conpl ex. art i al nvers. WESihby be oparablehemi cal
reaction WoEeHIn PW@"XWP]?H\& ?@@%an egﬂ%}%&%ﬁbﬁ@ ert

e partlally fglgver d or
converted LemaRsy &txﬁo@ndﬁmubﬂﬁacoo@m&tpt thenyaRGan Af 45 i@ at | east one

| i gand shoul d be reactive and o L hed3enpeiphae ymsfebond whi ch
i s cl edVed Wu?%%ta%ﬂ?ﬂ;?%gmyé) %glﬁgée%qﬂﬂgx& e sk

t'o_an_exci t.ed s at.e uence
of the par téxé&kedmaaimmmambtoah@mdrb@ﬁ@%%‘tGP H’%‘tﬁr gﬁer%(}y 16

2 7 OCT 2004 PCT/USOL/ 18 R5&AhIEhEp dhmebusbedgmmmsep,ib)severed from
the conpl exreafs gn ﬁ”c’f‘t éﬁé%%{l Béflact | o i ni 0y at%ij&o—

(‘pref er abl y, ablorptibd bﬁa(plndatenmaygmceﬂa%cq hurE g rreans " and/ or
the converti nt%sr{gf% IhI G ARKE1-S16aral %ﬂ@ﬁﬁmw@lmlem?blﬁfm@h%ﬂ%r ocess
irgh

efficient, pref erabE t hat the ﬁﬁg ct pr oduced

when t hg relﬁed]ﬂsmad@lmplaﬂlﬁﬂgp ‘EIC‘HBPIG?‘@R and spor taneousl onvert

to the desir g%ﬁgﬂvﬁ Imwadahab¢mﬂex hypddchmﬂﬁégtatem sver al
I'C

mechani sns %’y UI tabl | ¥ aﬁ@ng[EartsSﬁTTE
exanpl es oftoshganébbed rﬂe@étcp’élﬁ H%ﬁ%éjgﬁ?l\iﬁll Qn%& aﬁ&ﬂ:ﬂ;{;felrmab

i ndi vi dual | y, Q ngempmed(d)gb&mpﬁqw iaRhefAn 1BRAY B ‘éeﬁ‘g fol l ows:

D e s heio 2 phojen £NRt8 10 Which almh@sind-ligandet al
char ge t r anednegl ex%‘t“@'gmé‘i lé’rm% g%é%ﬁér@ﬁm

to-1i nd bon i.n the netal
corrp: eXod S y(;}ﬁtlﬁ%@eomdexmwbtﬁ ﬁmi{t@ndﬂ?é?akﬁéﬂdr@ﬁg%‘?’ﬂﬁ‘ %’F t he. )
conpl ex spont aneou e e, e h o0 p toﬁuﬁjvqﬂmantapstpm&ce t he
(’c%aqef’b‘ﬂ%%apr g€ (t r ans

conpl ex in EOHRERFR excited

rfetrrgl -;(Ol-l i ﬁgﬁﬂdmﬁmlcomplbhm@m@@ﬂ %F@i(e %&?8 ‘B@‘L’%} %%{h%r\ggks and t he

remﬁl {n ng pﬁg‘ﬁ’r %‘E&'ﬁﬁﬂ%&é&kﬁa&bﬁmm&nmnmg)paﬂabﬁﬂﬁepg f)n of

a photon ma da"’é’g C ex In a ex -

topl i gand beadpier spcblﬁmwnglgmlﬁp‘@ﬁs&%s %f’ 9%8%‘?1'})% S aﬁ%bézié? ®

;errﬁl)tnl)ng partsg@mﬂ[% @hmwwmmmeton@d;g%g tion of
p

co ex in an intra angker
excited stabempkexmmﬁalﬂe {Jf!@o?qsg@ﬁ!aih nﬁgﬁﬂgﬁm%@ﬁ{%ﬂﬂ

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

36 spontaneously decompose, and (k) 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 decompose. In its broad aspects, however, this invention is not to be

construed to be limited to these reaction mechanisms.
Exemplary metal complexes, and their metal and Higand components, are

35
described in U.S. Patent No. 5,534, 312 which is incorporated herein by reference in its
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20 bond in the conplex is unstable, the bond breaks and t ‘Irg@ﬁl Eﬂﬂr'ig parts

of the conplex spontaneously deconpose, (e) absorption of E

. pl ace at Ieasg | igand of the conplex in a localized FFS ex0| ted
stat e, a VO RY :’Sg({]ween the excited ligand and the conplex is unstable, the

bond breaks and the remai ning parts of the conplex spont anet%%i)%v

deconpose, (f) aﬁ%?fggfe{i%tﬁfoﬁ% mmnphldchgm@%}é ekt

i nt r anmol ecEMHEFYC ransfer excited c@h;mﬁ3§¢fone | i gand
of the coppless. Morapstfatably. Bisdl gﬁ%éso"% @%"3&?@‘“ '

renaLnln of t he
conpl ex are s%abkg aﬁ@@ﬁ$t¥4dﬁmﬁmp®9@@ ﬂ éﬂgﬁppg¥%
phot on nay 2ff e L gast one ligand of the conplex in a Iocallzed Ilgand
excited sta@aymhﬁomnq1whe excited ligand 1is unstable ‘and deconposes, then
the renaining parts of the conplex are unstable and 30 spontaneously
deconpdse, and (h) absorption of a phgt onpmay place the conplex in a

netal -to-ligand charge transfer excit@gd sjate in which at |east one |igand
of the conmplex is unstable and decQﬁngégrRThen the remaining parts of the
conpl ex are unstable and spontaneously deconpose. In its broad aspects,

however, this invention is not to be construeg@t e%ﬁ Ie ﬁﬁ&ﬁgaﬁlgné hese

reacti on neg Jassd ng,@cg&ﬁﬁmmm(mano% -6 elr netal and
l'i gand corrportallgﬁra:‘%]f gre described in U S Patent No. 5,534,312 which is

i ncor pormt atbh@n@ﬂrﬂcﬁfynﬁé?“éf’%%s inits 17 2 7 OCT 2004 PCTI USO 1/18113 WO
01/95690 entirety. Preferred netal conplex precursors include |igands which
meet the above criteria. Mre.prefergbly, the ligands are selected from
the group consisting of acetylacetonpgte (aI 3_-9 known as "acac" or

2, 4-pent anedi one) and its anions, Spbs acetyl acetonate, i.e., 5 and
{t hei r ani ons, acetonyl acetone (also knomn 2,5 hexauedione) and its
anions, 10 substituted acetonyl acetone, i.e., 15 20 25 30 35 and its

ani ons, ;i al kyl di t bi ocarbamates, i.e., and its anions, carboxylic acids,

i.e., such as exau0| it Barutes, Cb3( CH2) 4, carboxyl ates, i.e., such
as hexanoat & %r%@lgl (CH) 4, pyridine and/ or substituted pyridines,

i.e., 18 2 7 CCT 2004 PCTI USO 1118413 W) 01/ 95690 azide, i.e., N3",
am nes, e.g., RNH21 dianmnes, e.g., H2 r\5\] rsines, i.e.,

R’ S
20

and its anions, carboxylic acids, ie.,
O

oo

( - 2 - carboxylates, i.e.,

such as hexanoic acid where R = CH,(CH),

0

s

ate where R = CH,(CH,),, pyridine and/or substituted pyridines, i.c.,

o5

18

30
such as hexano

35




'As RI R-= R 5 diarsines, i.e., 10 phosphines, i.e., 157d0phodi ues,
i.e., 20 arenes, i.e., 25 30 35 R SAS--R As~ R" R..,,I%ﬁ%@(ﬁhgﬁ r R
«\P-R-/ Iuggggéawg.g., RO, ligands such as (C2H5) 2NCH2CH20 i ydr oxy,
i.e., OHY oxy liganl lids, and m xtures thereof, where each R R, R',
R'', and Iligands, e.g., R aryl R'" is independently siéeﬁ%ed from organic

groups and, preferably.. i in@@@gnd@@ﬁbﬁ,&geﬁﬁﬁwéﬂiiﬂ@#1 1Kyd , al kenyl,

ar al kyl anéﬂQFdFkéﬁyﬁ%%P%%B§7 As used herein, the term"alkyl" refers to a
strai ght or branched hydrocarbon chq}ﬁﬁiAs used herein, the phrase
straight chain or branched chain hw@?qbéF?Qn chain substituted or

unsubsti tuted acyclic carbon-contai nRhg conmpounds, neans any i ncl udi ng

al kanes, al kenes and al kynes. Exanpl es of al kyl groups include | ower alkyl,
for exanple,. ne%%x%, et hyl, nProPYl, so-ProPY~ n b~yi, iso-butyl, tert
butyl o i <BEPR°k&% - upper alkyl, for exanple, n heptyl, - octyl,
iso-octyl, nonyl, decyl, and therlike; |owR"alkylene, for exanple,

et hyl ene, propyl ene, propylyne, bhy%$eneﬂﬁ ut adi ene, pent ene, nhepene or

i so- hexene; and upper al kYl ene, gwer exanpl e,RM- hept ene, n-octene,

i so-octene, nonene, decene and the like. The ordinary skilled artisan is
famliar with 19 27 OCT 2004 PCT/USO 1/18413 w o 01/ 9690 nunerous straight,
i.e., linear, and branched al kyl groups, which are within the scope of the
pr esent 10 nvelimspb®Res.[1§-addi ti on, such al kyl groups may al so contain various
substituents in which one or nore hydrogen atons is replaced by a
functional group or an in-chain f notignal group. 5 As used herein, the
term "al kenyl" refers to a straight qp“'k@nched hydr ocarbon chain where at
(Ieast one of the carbon-carbon Iink&%% i SR8 carbon carbon doubl e bond.

15 diphosphines, i.e.,
Rl Rlll'
Sp—r—PL
R!l / Rl“'l

2Q  arenes,1e.,
o8

alkoxy ligands, e.g., RO, ligands such as (CEI-IS)Z}\IC?ZCI:I’Z.,O-, Zlkyl

e 25  ligands, e.g., K, aryl ligands, and mixtures thereof, where each R, R .,1? , R, an

C R’ is independently selected from organic groups and, preferably, 15 independently
sdsdbdﬁnnlﬂKYLa&mnyLanquandamﬂkmndgﬂmp&

As used herein, the tenm “alky » refers to a straight or br:fnched hydrocarbon-
dmﬁn.ﬁﬁ1Bedh@ﬁmmihephnmes&aﬁiﬁcmﬁnorbnnmha?d?mnhydmmmﬁonchmm
30 nwmmanymﬂmmmmdormﬁmbﬂﬂwwdmamﬁcmnbmrmanmngo?npmmfm, o

including alkanes, alkenes and alkynes. Examples of alk)fl groups include olwer.
for example, methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert—butyd :; m;];e‘
hexyl; upper alkyl, for example, n-heptyl, —octyl, iso-octyl, nonyl, decyl, an . e bike;
lowmra&ykmm,ﬁmexmnpkaeﬂgd&m;pnmndmm;pnng&wmzbuqdam;bunxhama

and upper alkylene, for example, n-heptene, n-octene,
The ordinary skilled artisan is familiar with

hydroxy, i-e., OH,

35 pentene, n-hexene or jso-hexene;
iso-octene, nonene, decene and the like.
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As used herein, the term"aralkyl"” refers to an alkyl grogpfvitTipo0s
termnally substituted with at | east one aryl group, e.g. p hsgs used
< herein, [

X 01/ ) . .
termnal 'y substituted with at |east one 10 aryl group. As used herein,

the term"aryl"” refers to a hydrocarbon ring bearing a system.of | ugat ed
doubl e bonds, 0f\ eh. ATPE! §h, @i Bramsied sliyl poupp) el e i e scom b

of aryl grBﬁ‘Bgml ncl ude;

. XyHegydentimyentien. | Jnad diipgSY
of the pres

- atogng i6 replaRsT
5@% %@&gﬁhﬂﬁ& Bhdacinyre Hdrogener@ng

t oi uy

i n-chai n,

persons of animbchein furdgbioppl FAUR-ne rel evant art. As. exanpl e ' in
’ ehgiehlh Batchofl pyidcatl

functignal groups, jBY hbRinens ieanédlkenyiérefersda e
thi o-derivatives, i.e 8-
by a sul furchamorrher%“e%%mﬁf’ggmo pen

their

"aral kenyl" refers to an al kenyl group which is

€,
u

> "bat are. not li mi 0 maRERYdonta@piidusl, ani syl ,
Cbrar%hg%’r%t P%aﬁal g{ou " Do Beus Rt ext

' P WBEREL PR

/or termnal functionality, as wunderstood by those

anes and

wher e %}bdn%%&riga@@@ﬂmaﬂiourﬁoubleﬂ)é’éﬁ-ac ed
ant and

D:

or teilh' naker]fnli&q%i onal groups
may be mentj 1 B0 gReerm 2Qratind hrefers 1o abplKKHLSTRRR WO o i gi and
hydr ogen- cont al ni ng gr oyps, such OXWdnzyl. A tised heeaildhyfermt hi o and
B3 S TRl Yony

i do, i stipigd v Teni cal
as al Iso?h Gy s eearhatikenyil gydup wah%}h %&%P@ﬂ%ﬁ‘ﬂ’%aﬁﬁaﬁ@nﬁﬁg%

as allyl,

t he desired phot ochggﬁg%o%%%%rﬁlgft&ﬁ{?g%rp’&efemmmldﬁﬂ@atﬁwrmm&aof 25

t he product&Yo$O¥he

85§

cal re

I on_t.o spont aneonsliy elch@sdsal | y

deconpose, sﬁ{m@wmyw’&ﬂ@@@@%‘&g rom one Or. nore gf é}%
’i st ed

foll ow ng group o}
X ,aqll?slﬁs.n‘?yﬂﬁ%[%gﬁato, i~ e., 30 35 halide, hydrogen, hydride,

| i gands:

(e

H, di

NC2,

nitrosyl,

01/ 956995 RErdRers fo 4 enoigy POSTESSBH

am ne,

£ RENRut @Fe hat lintitetditoiticnyl, RRIRhHE

Pleyldad the e, Hz, hydroxy, cyan, i.e., ON-, carol%&r%[a%mtro,

ni t nt %&e‘r&i“ Znal gtblpdinehe bomﬁme’mﬁﬁeﬂétnd’?n‘?. 2,
o A Gaoisy osomsp o e PO PRSP CreRaig M D s
in- )

L.
i sot hi ocyanat &gtbo(gb%&}gg@paguﬂs offordinaryt Sk ireflp alevant FoMAETPIF %6 03 2,
an car bony
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chain functional g’rm%qsenrlgy ach R adaRrs, esteishaiaieadeahhyessed dried

thio-derivatives, i.e., where at least one oxygen atom is replaced by a sulfur atom. As

i i be mentioned halogens,
examples of pendant and/or te al functional groups may be

such as fluorine and chlorine, and hydrogen-
i ido, 1 OXY,

carboxyl, thio and amido, isocyanato, cyano, ¢p

acryloyl and methacryloyl, and maleate and

containing groups such as hydroxyl,
. and ethylenically

amino,
unsaturated groups such as allyl,

maleimido. o .
To enhance the desired photochemical characteristics, including the tendency of
the products of the photochemical reaction o 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, 1.,

0O,
oxalato, i.c.,
') O——l >
o >— <: .

H:, dihydride, i.e., Hy, hydroxy, cyano, ie., CN,

:de. hydrogen, hydride, i.e., ) -
hahde, Y gen, Y nitrate’ i.C, NO3; ni—trato’ 1.€., NO3 » mtI'OSYI,

carbonyl, nitro, i.e., NO, qitrito, ie., NO,,

i.e., NO, ethylene, acetylenes, i.e.,

20

anpl es

QLQ¥Rs such
To enhance



from organic groups and, preferably, is independently sel _ecﬁe?j GG HrA0B4 kyl,
al kenyl, aral kyl and aral kenyl groups. Even nore preferalglcgfmsgp,mlgigand

" is indepevmlenticyo sel ected from acac, carboxyl ates, al koxy, oxal ato, azide,
carbonyl, nitro, nitrato, am ne, halogen and their anions. Preferably, the
metal conplex precursor is selected fromthose conprising at |east one

| i gand sel ected fromthe group consisgeag'of acac, carboxyl ato, al koxy,

azi de, carbonyl, nitrato, amne, halide, nitro, and m xtures thereof and
at least one netal selected fromthe gr oug_ consLst'Hgg LA e LR

V, O, M, thigsyatdito, iGa, SCN, ispthiogenato €. ANCS NBIUONEGE Ra'> ) g,’I'n, Su,

Ba, La, Pr, Sm. Fu, .Hf, i laa,l;ll?bdeAmin endéntlyldeleSisd As, Ce,
My, and miX%u S’taﬁgﬁgégfﬂ%gé%?@&r‘g%m ) g

directfy. fAbicesrgatic gelupsand prefewbbh W9g§%ﬂgft§?§£%%e§gtﬁ£s hlﬁsag% P?‘tééa.t ﬁ. a
sol vent or ﬁgiﬁfla'\f %& grgg%g{,f:%-tﬁﬁeﬁgb [RE YRR prefeigbly| Eavh lighhd i ihderichdemtlyes its

applicatio e a variety of ans .wel{ - kn -hose of
ordi nary skdledted ﬁomaambogm@#a%lkwﬁ 8y too?mng r‘%EP Ogglpﬁ'%’a |0F1&’o¥ tﬁe

sol ution tﬂaﬁ)g& Egﬂﬁﬁ;%ﬁ,ﬂs_The sol vent may be chosen based on several
criteria, Tndrvidually or in conmfination, .ingludi L t he
sol vent to di ss®raferablyethegn ex ?%W?Féﬁf%gééga ggﬂ{tﬁgse:%#\%%%hﬁl ative
to t Pﬁ ﬁr efr%gts&{e,%gaﬂ@ féégae@ﬁmee@?iﬁ&omsﬁn@oﬁaca@,WWB& m@@dgfygen
or o anbi ent Of ot her, gases i e,50].v Ld¥en MEtHnB nfstatand/ or
infra-red &@Qﬁﬁﬁ@%ﬁ%ﬁgﬂﬁe’%’%éwg’@g&% absg\iaﬁ)lti_on cross-tsgection
of the sol ygnLieiibth he$RAG consistheat LioALSId oV, CanMyeBodVL. CRCHAH i ty of
the solvent, the abilit t.he. sq@l vgnt i f 4@ Rep0s®hPequent | y
formed fil ﬁiazifh@bapMPi{{%%F(Hqﬂé\g’%g\’}éﬁg’%?ﬁ%%’s%ggﬂtg’o‘?ﬂe.e presence of
di fferent ggi:pgpth,irs,csm@es,CblMgpmdméxhaﬁsthﬁ@Oﬂsol vent with respect to the

presence of net ions, the t tabily Qhircke. AGbiatitely aidhe ability
of thel§ol vent t ei%ﬁ%ﬁ&ayﬁ%gﬁé%ﬁ%tﬁgg‘?ﬁesgﬁeog sﬂfﬁ% in a subﬁlequent ly
i

formed fil profenblyethe prenmentsdissodyrsd B a@rsglveghd © NP #REED vme;nt .
Exenpl ary solvents. inci.ude. ; Subktraas bl e variely of hivenkeelbnes, such
nothyl %8 Hﬁ“k@@%%g&éﬁ%gg%%%ﬁ%m | pavatiaso

as net hyl s -3K and neth et hyl keto : , and
propyl ene @nyomlto thmse ofrerdinary gliHdn theazt, sy §%y|§@&spfay aﬂ%@%%’ﬁef%% ation
of the preg g{ugj% i pletéﬁ <SRl UThORIVERY g beahoseil taset omseweniberitedmge and may
be chosen l?y ne of or

Cout1 naoexpodineatet eoratbspepyeliche F iy LS sl Bbaah 67
I ncl udi ng iﬂrécﬁgorﬁhéglelée%% v rdli el gsapecasoroteimasipefithso 1/ 18413
solvent, the solubility of oxygen or other ambient or other gases in the solvent, the UV,
visible, and/or infra-red absorption 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
. 95  ability of the solvent to diffuse through a subsequently formed film, the purity of the
L solvent with respect to thepresence of different solvent isomers, the purify 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
30 solvents include the alkanes, such as hexanes, the ketones, such as methyl isobutyl
ketone (“MIBK”) and methy] 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, mmzmal
routine experimentation, such that the properties of the precursor film, including its

35
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t hi ckness and/or sensitivity to irradiation by light or paQt lFT gs are
appropriate for the desired application. However, the choice 0 pre ur so

" may havewa eirgndof i cant i nfl uence on the propertles of t hBCHESYYEES i1 m
which is not readily predictable by one skilled in the art. For exanple,
two precursors M. and M.', each consisting of netal Mand one of two
different ghicgand 2868 sdgsmmty to irradggitontiy lighp evpasticle betros.Are ApHFRPTEAte fo1e
desired materi al ch are identical because, e.g., the portions of the

li gands wHbeAeSie #BPIH8M each ot her woul d be repoved during conversion of
t he precursor lﬂ@@e@ernaedhmﬁpmauﬁq@ayhamem%@@eweﬂ%?ﬂ al film

products of these Si. m b kkilie@nd the akn t hei r
propert i eéf'm@z’aﬁgp?fé‘ﬁof%?s“ﬁ??gﬁ‘r | es %aﬁﬁnzp%éﬁlele)gt ed in t hi s rocess
i ncl ude t eordixahpie! twmpmrahﬂaan@lwhee@h@@eﬁwgﬁé’é Bndary
or tert! afifestingl r%tsL?Hf"g tBe eﬁgéﬁé&)ﬂoefoﬂﬁﬁﬁﬁgﬁfh@rdcklfd&ndﬂeﬁﬁbr ence

n

may relaté€ tio

f the anorpho and the
abi | i ty ofwhibk aphidentics) eewpest, bggmqfﬁomftfr%%]ég%%’ﬂﬁtfn&%%h

produced T4h 2 ude! éxﬁ&e?%?%nvem@nﬁf&%%&@m@fmtb a@aﬂﬂmagkagﬁﬁmts during
an exposur% % cess may also arfect the filmf g Erocesaﬁ I nfl uenci ng

such phendhaﬂwmsetﬂyﬂdmﬁcﬂrﬂ@miﬂ@%‘ﬁ eltheie tyRe and cryst al

growt h,, Fug élp tfahﬁ 1ofcribs. tﬁeazﬁﬁlegzw epemés \irhllcm:izgfrbmtffeotedandhis
phot o Rem & exposur e can substant I i nfluence fu er rre(%r%% yity of
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the fil m oprocdse ingdude theidiekec Eﬁcs@fﬁ ?egcea oS tuents

of the atngp ﬁ&?f&ﬁdr&e\mtﬂé*ﬁm@daewleﬁkohs Fonthis dlffevemdnaﬂ'tﬂa;e tocthie gate
i nfl uence, Tor '

exanpl e, the rate of. oxi tlo kdAhahi! wher e
either a m%m@f#ﬁqw the,RoPEANLIIBLE f&‘é@ﬁhcg 8 upo r‘?a{n ééndey red
product . A&mo%eﬂ )fmni ﬂaelpﬁofoeiﬁtﬁgmdéﬂnidfaiesudﬁandbﬁdcﬂhﬁpr@w%cur sor

upon the heal I.n y of the fil 3Pk

crazing, ahegpod & AP FRPHFEREP rg};%gatt&gn or The ltjj%h)ﬁﬁ) Egﬁ&%@

subst ant i ajnifieddiig sihgbendiertals diffcicepoperiieselthe §is, tudeAORANIFERer wi se
be seen to&%&%bd |dent|cal results by one skilled in the art. Chem cal

addi tives ptionally present with the_ precursor or Q%IF ecur sor

sol uti on. TheseFﬁmbErb«heph@s@nfthﬁmccamfm filipfoamation,jn ng reasons:

to control _the p &%W@Eméﬁlﬁp@ﬁhéa%ﬁﬂeﬁaeﬁﬂr or

film to a?’ﬂ’?‘r‘fecﬁ’gts‘g%%%ﬁ%‘ﬁy* toléeposm uni f orm def E‘Jt% filns.onto a

subst rgg e, Mm,ﬁnndximpb@mugégﬁﬁwﬂéﬁ the atmasphare gh E%C ‘?‘lﬁ Hg‘tiﬁ??ﬁ'é rate of

filmfornma c{n?;%d. ggl ]ﬁﬂ ¥ St é{ﬁnﬂblmﬁ@@ﬁ@m@tﬂnmﬁ'w d@uhlmlqﬁiﬂant
posited til

aP et o Cubrmehapieh o oy bbb b e AT ASEeA | L
desired i 'Addﬂi@mﬁﬁ' di isi réSsnided fiodt mj’.feanoitthepmcmpt wpdnethp hedm tion
el oy i Cobinotihe EER IRy § AR ARG ) ¢
PCTI USPd/ 184rk&icatidR of fio20m may be substantially influenced by the choice of precursors
( ' that would otherwise be seen to yield identical resulis by one skilled in the art.
Chemical additives are optionally present with the precursor or in the precursor
solution. These may be present for any or several of the following reasons: to control
the photosensitivity of a subsequently deposited precursor or film, to aid in the ability
30  to deposit uniform, defect-free films onto a substrate, to modify the viscosity of the
solution, to enhance the rate of film formation, to aid in preventing film cracking during
subsequent exposure of the deposited film, to modify other bulk properties of the
solution, and to modify in important ways the properties of the film of the desired
material. The additives are chosen on these criteria in addition to those criteria
35 employed when choosing a suitable solvent. Tt is preferable that the precursor or the
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process although it nmay effect the nmethod of deposition of the precursor
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e enployed as a TSI, .agent, the underlying |ayer s |ikel
to be orgafifers, W%%XWWW%E‘PW E‘FY%WGP&S B‘F%%B?Y‘e fr g
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atons in tﬁ@%&@%ﬂg%@@@#w’ Rt Rd}ﬂ’ﬁ'?ﬁ?eﬂw Hf’glnef’ﬁhe’ﬁ'ﬁﬂerl yi ng
substr at e gkiddsnNépndustivesaateasik, iBdwftingtthiterida fehvaclestric amtaialdyr atheref ul
sel ection of precursor, formul atio opditi.ons and/ ' L
Al t ernat i \f@i‘tﬁg IS s ShniRed %foélc i© &?%Iﬁg?wggn ec%esstevﬂiegééﬁa\%geen A
substr at e wndfected bypnaxyganplaims end e ebcursmamatsrial és fortet esaployddeassa/B8I r at e
after the hard_.mask form . i I . | .y
Subst it o Y BE st SRT R s HRpR ke Sp R SIS intHang Mt b bl g
pr ecur sor Nevqlaceesinspoly@adtoylimethiosylaiep(‘PAMAThoobi(aredil Ei;éﬂﬂm@?br may be
applied tge 1] éﬁg?g@ » known to those of
olrogi nary &?Wﬁﬁﬁgwgf%ﬁ@}%@gﬁ%%yer ?rezﬂp‘;z)irt icularly desirable
when t he proces@mﬁw&tmﬂ@@tm@@ﬁmﬁﬁth&ﬂﬁﬁiwgﬁ@p@mﬁ‘éIﬁkgéb%er ation of the

subst r at e qpiokt R @RUBLIRR Hibstile dRFRE WESNeqihdnt Beb Ahis dARWE o¥eftofty f i cant
| npact on tﬁ%ﬁulti mat e nat uyslggof Sth delis}gr d. hardqugr;!iaeﬁk. Thus, certain

surfad® prparef shestign ghareguser fmn & “¥feed to be avoi ded
dependi Nng ARRRatdveB;, BAbblicndl protévaive layestantraded betoetn tesupstepanad thens may

Subst T at o RESFSE Gves WHLOPmaB e BHe e ataras HE Beitied PRGK B3pi® D 1 er
material, prbcessiBrogipidted Opticnligrthe substratepnaned ¢oatpdrwitieat least one the
R e e AL
( 2004 PGTI USSRt tidydkdapplied to the substrate by a variety of means well known to those of
T ordinary skill in the art. Protective layers are particularly desirable when the process
includes an ion implantation step.
The preparation of the substrate prior to deposition of the precursor film can
have a significant impact on the ultimate nature of the desired hard mask. Thus, certain
30 surface preparations may be desirable or, conversely, may need to be avoided
depending upon the particular hard mask used. Substrate preparations may include a
simple cleaning process to remove unwanted species from the substrate surface, a prior

patterning step, the deposition of a barrier material, the deposition of an adhesion
promoting material, or the deposition of a reactive material designed to induce
35 chemical change in the film of deposited material, e.g., a coupling agent.
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I t
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my al over I Cl encC rocess resu
exanpl e, aarequmrcmﬁbnrseqs:tcrmntt lubpm@y@pagmbsteqdémkebamﬁrm coating e t | ng

and/ or co éﬁ%ﬁl bake
step, a %‘i’/ﬁv&éﬁgf&gﬁtﬁ?&l’gkﬁ erent%z%t g?%i?}%}? t'he a?iepom ted&?a@unaﬁlor the film
of the degoresingmeans dose formptipmingiapwoulrHiave beerpossible Withowshe d al t er

si gni fi canhdphabHbRReMe Nhe g&@ﬁ@&@&%@} optitfalig sk Eﬂﬂed’t@d f%rdtﬁép trdaBabaigi ng

g t RAIST SRS BRERRy e Ao L Db M RORRECIE . For
exanpl e, ldcton B mmtmdwavweadmme material is activated in the
Cl ther & phot SEeH Mﬁﬁaﬁgﬁ%iﬁ% EPA IR EoseeELy SRR e
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precursors mcvégsu llflotﬁ Q&a%lsflﬁscthgy }-ﬂd%ﬁ (;]v%ra]l efficiency of the process
25  resulting in, for example, a lower dose requirement during 2 subsequent partial
converting and/or converting step. It is further recognized that during such a bake step,
a new material, different fiom either the deposited film or the film of the desired
material, may be formed. The effect of this could alter significantly subsequent
propetties of the desired material, including dielectric constant, nucleation, speciation,
30 and crystallization behavior in ways that are not readily predicted by one skilled in the
art, For example, a two component system in which one material is activated in the

pre-bake step while the other component(s) is selected to be activated in either a

photochemical or higher energy thermal process step may be preferred in certain

applications. This deposition, from a mixture of precursors, would permit the efficient -
35
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25  within the films to generate product films. It may also be desirable to change the
composition of the atmosphere to alter the composition or properties of the product
film. For example, the exposure of a copper complex results in the formation of a
copper oxide in air or oxygen atmosphercs. By virtually eliminating oxygen from the
atmosphere, a film comprising primarily reduced copper species may be formed. For

30 example, a partial conversion or conversion step is preferably performed in the
presence of oxygen if the converted precursor is to be a dielectric film or in the
presence of a reducing gas, such as hydrogen, if the converted precursor is to be a
metallic film. Additionally, the amount of water in the film may be changed by
changing the humidity of the atmosphere.

35 The use of a partial conversion step, or different conversion steps in sequence,
also known as “substrate pretreatment”, may be advantageous from a process flow
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exposure to incident radiation is too aggressive. A dilute solution of the casting solvent

in another liquid in which (a) the casting solvent is miscible, (b) unexposed regions of
30 the film are sparingly (but not necessarily completely) soluble, and (c) exposed regions
of the film are substantially insoluble, provides for an improved development process.
For instance, in one preferred embodiment of the invention an amorphous film
may be cast from a ketone solution. Use of the ketone alone as a developer, or a
ketone-rich mixture of alcohol and the ketone, i.¢., a mixture with greater than 50 vol.%
35 ketone, results in a development process that is less effective than when the alcohol is
the majority component. For instance, 10:1 (vol/vol) IPA:MIBK solution is a more
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may be desirable depending on the application for which the film is to be used. For

example, appropriate thermal ireatment at this stage may be employed to induce the

25  formation of highly oriented crystalline fils from the amorphous or at least
substantially 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

30 the other extreme. Such thermal treatment will usually act to further convert the
precursor.

If the precursor has yet to be substantially fully converted, the precursor film is
next optionally but typically subjected to a converting means such that the precursor is
substantially fully converted. The entire film or selected regions of the precursor-film

35 may be exposed to a source of energy. The converting means can be an energy source

that may be the same as or different from any partial converting means previously
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( I pr Oﬁ§d RiPRE8 Is SBen less than the thickness of the unconverted precursor film. This change
- in thickness is an important feature of the invention, conferring useful properties to the

film of desired material. For example, the formation of extremely thin films is

advantageous with respect to maximizing capacitance, while at the same time the

formation of such thin films is challenging from a manufacturing standpoint. - The

30 process of the invention provides the capability to apply relatively thicker cast films,

conferring greater manufacturing ease, but also provides relatively thinner films of the

desired at least partially converted precursor material, conferring improved properties

to the film of the desired material. The shrinkage properties of the deposited film may

be controlled and tuned to target parameters by judicious manipulation of process

——

35  variagbles including: the selection of the precursor, the selection and quantity of the
solvent, the identity of precursor additives, the thickness of the precursor film as
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precursor formed by the present process serving as an etch resist layer. In the etching
step or steps, an etching means, such as plasma, reactive ion or wet etching solution,
contacts selected areas of the substrate through the pattern provided by the hard mask,
30 removing substrate in those desired areas only. Currently, conventionally-applied hard
masks of materials such as silicon dioxide and silicon nitride are used as protective
masks in electronics manufacturing processes employing etching.
A preferred embodiment of the invention envisions the at least partiaily
converted precursor or hard mask formed by the present process serving as an etch
35 resist layer. In the etching step or steps, an etching means, such as plasma, reactive ion
or wet etching solution, contacts selected areas of the substrate through the pattern
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pass i nt o ciésittedimentais appliadte at ldasitangtseleplsil pertiomefiinpepvstted prrekisagl ter t ai n
ot her subst rate rpi odedh kg step 2C of
Figure 2, %é f%lglr??%&%%_@gé%ﬁglaﬁga%g,mgt%héﬁg’?}l%{nght or %%1%%&# or heat

t r eat nent ,dewelypdseompositied, 1s ysed tojremgve aileast apertadndepiefd®PlBf  unconvert ed

precursor Jup b bl QUM AmB dhbdivelidd HRBYAEE RYePI1e Wakmithd Sitfiertd@prekiiesdt €p 2D,

a renovi ng nmeans, “~such as_ a devel oper. conp S|t|o§, ISl S, use .. renove at
t

dto.r
| east 1& pdrintaghthereby formmgradisrd mask fyibesybsiraty 19) Such p magk vert ed
precur sor Jaugforlckrtal e ing fletndia phbsinto/dsand efcheof e egbstawiike i ntact. A

converting nmeans, not 'shown, such as |ight _or thermal. or heat treatnent,
can then peaskgerblocking eepian ‘?}H?fcﬁ“g‘? e 6'%@ ﬁ@mﬁg? P?tgqawg RBHer t ed
precursor to suyligdrasitlyain steft20vEFigutd2ita potidliconyertihg rehys, fechnasrighaohar d
'he. converbsigl o Foalmeh 9 PeRBre i ve P RRB IR B & epsin
form ng a webiweree grdcarsdr htkforby faalyr@uwededyrecireordaprddt I sgpab,on. 1n
cont et i e P (e bl St
i | | ust r at eertion didgpregerably, substantially all, of the unconverted precursor layer 11, leaving
the partially converted precursor 12 intact. A converting means, not shown, such as
light or thermal or heat treatment, can then be used on at least a portion of the partially
25  converted precursor to substantially convert that portion, thereby forming a hard m.ask:
'I‘he:ﬁartial converting means can be the same as or different from the converting
means. Figure 2 demonstrates the economy of steps in forming a patterned hard mask
.by the process of the present invention.
In contrast, Figore 3 illustrates the far lengthier prior art method for forming a
30 pattemed hard mask. In step 3A, a substrate 200 is supplied as illustrated in Figu_re 2.
In step 3B, a hard mask layer 210 has been formed on the substrate. For example, the
hard mask layer may be 210 silicon oxide. In step 3C, a photoresist layer 220 is
applied atop hard mask layer 210. In step 3D, photoresist layer 220 is exposed to light
rays 230 through mask 235. Mask 235 comprises a transparent glass substrate 240
35  having regions 250 substantially opaque to the light rays, thus blocking part of the light
rays and forming a pattern on the exposed portion 222 of the photoresist layer. Instep
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In step 313, a hard mask |ayer 210 has been forned on the substrate. For
exanpl e, the hard nmask |ayer may be 210 silicon oxide. |n 3tlepCIC20Gh
’ photoreswmkgggg%r 220 is applied atop hard mask |ayer 210pctas&i®piz3D,

phot oresi st l'ayer 220 is exposed to light rays 230 through mask 235. Mask
235 conprises a transparent glass substrate 240 having regions 250
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mask and%h’ . ﬁ'%?p ing ions thrljoaﬁgh thatﬁ’patterned mask, than does the

proced$ ofpfwmwlﬁ@ént invention. Figure 4 illustrates a pr eferred
- enbodi ment  of g B USERGAFatd efsredRRboIthen® of fhalpréseat progesa applied toask usi ng
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3G descri Qﬁﬁeﬁﬁ@){&es d]Ibﬁh@@teﬁs“assﬁmﬁMﬂ&hthdiaﬁdﬁﬁﬂcc&hmgpm j sepsAC thrdught r at ed
n Fi
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being ill us [ aitiaf! udes a
transparer osnsogl%g?r;ﬁ?{%o‘i%%(lﬁgp g| ons 340 s antglgall opaque to
the parti a;bnmhngmemmsghgbia%s 3 hecing Hivstsaf hﬁﬁr@W%‘ﬂb%@Bé Bd to

parti al bls aa‘]?mé%é YN i ﬁégﬁ,gggmg@ﬁt@ﬁam acted to
formregi ons o ﬁ’g&u@% oﬁ{l/tsgrl?%d r eceu:??:)%a 350. 'In ste hﬁ
assenbl y lepsqusde @W@Mﬂvﬁﬁ&gmeéﬁ%v qriemef RIREHES §‘%§ll iquid

devel gger .comhbahSRlcha 315 i aFRAM QaitBlly cBhREtd TR Feadicd tb&&nbﬁg{bnrsem)ved by the
devel 0per or _renbvin rreans ex strat whi |l e t| ally
conver t ed PertEdiycenye @ef%ﬁgfbﬁlst'gﬁ (‘Pﬁé"edrqe?’dc ? %’l‘s t he
renovi Nng Weabeing pRARE (bt s]id%vr@tsﬁﬂ; 443 liquid dau@o;iern Substanizllymtomsiertesh) i s
precursor 310 has been removed by the developer or removing means, exposing
substrate 310, while partially converied precursor 350 which, being partially converted,
25  resists the removing means, remains. In step 4E, a converting means (not shown) is
applied to the partially converted precursor 350 to form substantially fully converted
precursor 360, i.e., a patterned hard mask. This conversion may be accomplished, e.g.,
by a blanket light exposure step or a thermal or heat annealing step. In each of steps 4C
and 4F, the conversion is preferably performed in the presence of oxygen if the
30 converted precursor 360 is to be a dielectric film, or in the presence of a reducing gas,
such as hydrogen, if the converted precursor 360 is to be a metallic film. In step 4F, an
etching means, here plasma efching chemistry 370 chosen such that it will etch the
substrate 300 but not hard mask layer 360, patterns substrate 300. This results in the
patterned features 390 defined as illustrated in step 4G.
35 Figure 5 illustrates a prior art method of forming a TSI in a photoresist, for
example, by the process commonly known as top silylatiqn imaging, In step SA, a
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demands, it suffers the disadvantages of requiring TSI reagent 460, requiring multiple
25 plasma treatment steps, and involving added cost and complexity in pattern transfer not
present in other conventional techniques.

In. contrast, Figure 6 illustrates a preferred embodiment of the present process
applied to TSI using a metal complex precursor to form a patterned thin top surface. In
step 6A a substrate 500, coated with pattern transfer layer 505, is provided. Pattern

30 transfer layer 505 may optionally comprise an organic film-forming resins including
photoresist, polyimide, PMMA, Novolac, epoxy, and other organic or related coatings
known to one in the art. In step 6B, a layer of precursor 510 has been formed on top of
substrate 500 and directly over pattern transfer layer 505. In this case, precursor 510
comprises a metal complex. In step 6C, precursor 510 is exposed to a partial

35 converting means, light rays 515 being illustrated here, directed through mask 520.
Mask 520 includes transparent substrate 530, exemplified as glass here, having regions
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pattern forned I n pattern tran r layer_ 5 h at_|east partially

conver t ed FYigeagenbrAbbo seme tigentbe meathed ofdtigwn § relais aflipfshe advaptages o
-1enovixig RaRsred BteniiNIRg tHR3Reth6IBMEguRlS, of the remaining pattern
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the desired pdiigwerddusmiess piy $EBe 7 2gf 1 laypeaiolt hod of
Figure 6 isSabspge.l Thishiethddidconhnyibnilly dnipdoyed wheashé Hesireq whetsids f ewer steps,
Fever plaspg, ke eth s IR 095 18%um. In step 7A a substrate 600 is provided. In step
7B, a release layer 605 has been coated atop substrate 600, and on top of release layer
30 605 a lifioff layer 610 has been applied. In step 7C, optional hard mask layer 620 has
been deposited on top of liftoff fayer 610. In step 7D, photoresist layer 630 has been
applied to the top of the complex stack composed of optional hard mask layer 620,
lifioff Iayer 610 and release layer 605. In step 7E, photoresist Iayer 630 is exposed to
light rays 645 through mask 635. Mask 635 includes a transparent glass substrate 640
35  having regions 650 substantially opague to the exposure means, thus blocking part of

the light rays and forming a pattern on the exposed portion 632 of the photoresist layer.

33



TSI -reagent At the sane tine, the nmethod of Figure 6 retail nz _EII _Ef %Lw
iYub &0

. advantages 25 conferred by enploying the nethod of Figure 5

(

i | lustratwegopodfesd or art nethod of depositing a patterned metalsol/aigs atop
a substrate. This method is conventionally enployed when the desired netal
Is difficult to etch, e.g., gold or platinum In step 7A a substrate 600
IS provideg. - I op ,
subst r at ee%llos(%%pn? ar?g?gnﬁmt%gﬁ ngefahg,es;ﬁ giggsez!l %ég%ervg%%e%gia%ﬁ%?fu?g (?‘I%at?/éer 610 has
been appl | €@osadpOrtigns 132 ip tha phedoresistlayan®3- | ayer 620 has been deposited
on top of 1iftqhfy; AUSPIEH ciliing LRAnIEDY 60 8% §fch't&>sﬁ h SpforlARarieen
applied to the top_of the co%ﬂ ex stack” conposed of optiona ard mask

| ayer 620, ma3klpxesoR0) ifpesers &lae atehiestentialye FOGOBY alge hawe gherefect of

B35 | e U e B O a0
Subst ant | FYAREEE e ls 8l Foser & fieh HouginliBo ok bRy aptroloses lavene
S L S ot i o o SRR R el
phot or esi st | ayer.. ; n step :
a remvi ndhmﬁ,m [?Btﬁ&i’ya?“%?y‘%??ﬁ%&ﬁh’#%‘%&&ﬁ%g QéISF B¥ve the
expﬁsed pﬁfnis@o&ﬂ;ic@!ﬁgigj thhﬁatolwﬁﬁltg,ede;sec,isats'h rl;hﬂi@’]ha%@mobéFﬁfrﬁﬂh lﬁthalkalsmi

et chi cheni st r. | sed tq.etch through . optiqn a sk. | gyer
620, 1 predint desfign, Al abEh P RR e R e Ry NS IR s Ee Besioeabt  of
5 er odi ng the plbirs tint arelregpontiblznfooétching nidviecknaldy inodll dbaitione sThd rebdlysf 630.
In step 7H.. pl.as et chi chem str 0 js Hsed to.etch throygh liftoff

| ayer 610%‘%%“'%@%%’8?@%Faggb%.steﬁﬁrﬁzhﬁﬁs#& p%??%ﬁle?'f‘ﬁhf?’s#@b to create
si dewal | s emypit¢yetl tacevep thef featabdsyof the stefhcawithidebimst matad 480 (e.s1 ggdd,7H, by

enpl oyi ng [ 5t ' | i |.¢c.mde, such
Chat shar SRR L e VAERBL T iR Oy b efbnf oo B SRRl poBE)

di r ectliSon empheyed e Kftoll, edhibyp sadvens teatoisnt alwdéhe femaiing reledse layoaé @ d

speci es i Hl]gy pﬂ?g | gp%% eﬁ[ﬂ?l ly in all
di rectiongl.ﬁoThe #5231%%@&%%rﬁgp a%k)ghaﬁ?gh‘?FfeE%P%gte In step 7H. In
step 71 alewpvlshindenlyhadesied paicsn of doped pratplic§Oopmbstraie60®aThises of the
surface Widdhdd@TipaRenb®hitkal G8Fosiforlis difiehld invalbia HMY QpOhliclqfigss r ed
metal). In step_.7J .a renovi ng means (nothi&ls(hom) as been 15 enployed to
lift of f, teyse of fucklayes oL REotoresist-ndyph thigklayers yequire Sphmearsidiapel ease | ayer
I605, 22%{) Hﬁ_ﬁlablewunﬁﬁﬂp%di&l’eh_ ﬁgmslkoﬁs@mh ﬁBQ;h(i.fj Exﬁbﬁ@ﬁr@.nlﬁadcﬁt&&d ,,ﬂﬂgtores: st
ayer : | eayes behin nly the.desired. pattern, of desjred neta
530 on S uEETAL 2 L8 BESRHRET i EpRH BRI D A B | s

di f fi cul t wonhixdheriwisy beethy caseeps and requiring the use of thick layers of
phot or esi st. P rs Ir re. t han 20 desi rabl e anmount
of phot or esi s?yfgﬁ]ﬁé%oﬁﬁéﬁﬁg ‘%c iﬁﬁgﬁfﬁ%@,g@g&lﬂﬁ? gia@ﬁetp[r%s ,tslfrﬂ‘éessrenoval
of the pheprlied$é bftoffproaeasing vsingemestalichfupbaxl pre@ysorite feot a patiertdd thkness t han
woul d,t h vggﬁg? [ , ol | e referred
enbodlzrgenf&po t £&§?2§£%$E¥%{%g§{?s§p Fi ed&%gg’f%fq‘ek’!ﬁ)#%b&é@i Z%Qtlﬁgl ng a
met al conpBPesubgirate %basbqgnmmdaﬁnﬁbap:%mﬂmﬁmdz@m@amaw ewgedver a
liftoff | ay@Nifickfa 08 8 4 ' tep 8B;

; substrat ﬁl%?oohas?étl;ggn cogtté%d@'{\’?\?{e%&%gﬁleg%eﬂ?g?g?ﬁ%gﬁz@?gﬁ%éargéél ayer 705
coat ed s case, precursor 720 comprises a metal complex. "In step 8D, precursor 720 is

exposed to a partial converting means, here light rays 745 are exemplified, directed

30 through mask 735. Mask 735 includes a transparent glass substrate 740 having regions
750 substantially opaque to the partial converting means. The portion of precursor 720
exposed to partial converting means 745 is at least partially converted or reacted to
form regions of partially converted precursor 732. In step 8E, the assembly has been
exposed to a removing means (not shown) such as a liquid developer. Substantially

35 unconverted precursor 720 has been removed by the developer or removing means,
exposing liftoff layer 710, while partially converted precursor 732 which, being
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may be subjected to further conversion after the removing means step 9D. The

30 inwardly-tapering sidewall profiles present in exposed regions 832, as illustrated in step
9D, are obtained by the appropriate control over the exposure and removing means
represented in steps 9C and 9D, respectively, e.g., as described in steps 8D, 8F and 8G
above. In step 9E, 2 film of the desired metal 870 is deposited by a depositing means
over the assembly. In step 9F, unwanted portions of desired metal 870 are removed

35 along with precursor 832 by a developing means, for example solvent or dry
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layer, patterned by at least partial conversion, and then developed by techniques such as

30 those discussed previously in other embodiments of the invention to yield patterned
layer 1010 as illustrated. For example, the pattemn development step can be performed
by, e.g., solvent or dry development process, as described above. A spin planarization
layer 10135 is then applied atop patterned layer 1010. The spin planarization layer 1015
may be any organic-based coating that can be spun on to the assembly. Instep 11C, a

35 second patterned layer 1020 has been deposited, patterned and developed as illustrated,
e.g., using techniques identical to those employed in the formation of patterned layer
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| ayer 1015 is then applied atop patterned | ayer 1010. The §pt]n

. planarization |layer 1015 may be any organic-based coati ng#£t ACTM0be spun
on to theypeseedl y. In step 11 C, a 35 second patterned | eyRUSLOBIhas been
deposited, patterned and devel oped as illustrated, e.g., using techniques
I dentical to those enployed in the formation of patterned |ayer 36 WO
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| ayer 100%30%38s e capy ,S%Q%?ﬁe@éf.mﬁ&f @5 OETi'ft CZIPX iﬂi’&géﬁposur e
limted tQedolddas Em.tmxampw, FlabRa ertlitisreroduse Binithd tha tinngiedsitbarent i r e
dielectric | r thickness. can he.used. tep 1 t yer 1020
and spin ﬂY‘&ﬁéS? E%&“FIGE tq s%?hf%%thﬁ%‘gf%&é@@‘? %%R%&kggésﬁ ggo%\slﬁg means,
such as treat mantstepf11H) pamaaatbiyyr M20hnd sginiplaaatization layer dA15have been
pl anarization | ayer 1015 is soluble an i V, ntially
10 del et ef?%ﬁge@XQE?m%ﬂn%ﬁ?g?s’ﬁ Clhtag%roeg u?v%ésgtggggn%fd}% Y‘);r]l‘ﬂsates gﬁi&a a
cont r ol | edvigitic spinglanaezation(iaydr 19hHisrsplubdeaid wkch Aeespich bave swbetantigllicheni stry
descri_hed ve. h bee e Ll .egi on of
i of cdBy i ARy s fone e B B B Ol B KT AR, « cdTBMARIED 07 P
remai ni ng mduns kmetshowh), diei adhe plesiha gshing@bemishy dhecribst abeye, bavbesad by
patterned ; : h ki 1fdedi@ptric
U5 | ayer PEBLYeq Brcnils e SR, B I Ric 1Ry 1005 IS SomtlollbaR

" danmascene simblineansly banexss dhteanining figkaessof dicketippyercl(tedn thgeatterd 10 nay

optional | It&gedr ' e\itikneas bediBRbely, 1t Iis a
further e%‘%o | n %%@%ﬁ%&@wgg?ﬁcﬁﬂﬁégovﬁgﬁof%ggbd Iaa\gler1 cO remai n
e

1
to be 18npllexesd00% imthepptiarn dprmes hyRatiseed dp5e ?Fﬂ‘eé’e"q can
pl anari zatyeQBzerdtled & B34 fAsHbn.t hat the process illustrated in Figure 11 is

superior to th rior _art thod i.llustrated i lgure 1 he former

i nvol ves nmany 1“51‘J eﬁﬂ%@%@ﬁ’iﬂéﬁﬂm tbeﬁ?ﬁlo‘feggrﬁﬁ?vgqﬁf?’?%@nﬁ ot or esi st
and BARC she®s); aktehatly itk aFuities endediniont of the ihantioethat thegatiamdd haysk s

enpl oyed i onventional process 25 Bigure 12 . ilLlussr s the conpl ex
met hod of IBFT‘EF%TIP@B?SW?&YS{@W??M%OB%;O Wiz COBDET SoROPILS 2351?0r formng a
pat t epped plamanizatidrant mask. In step 12A, a substrate 1200 is supplied as
illustrated in FH_gur I ; ' td : r 1205
has been for négls%ﬁl‘%&g%hftf%ﬁe@r%%%u&%ﬁ%ﬁgﬁ @{/‘é??rp Sa‘%tgeﬁ %ﬁ%gb ylél?%ﬁzm. In
one exanphesthod iustated iruBigutealfl as the fomes inyolyes agy foNFIIEOCeSH sEPBOPC, a
phot or esi %&fﬁiﬁé rﬁ@%@g phlétr?iges%t QRPB%R@ §t6pst BRI SHVREES BE RedPRP (R bdrasr Of

i mpl ant mas ‘step 12D, . photoresist layer 1220 is exposed to
li ght r ay<nd bawl maskssgplopedin sommsntionad professss. j ncl udes a transparent gl ass

subst bat e 1240 fiavkng iliedfathéstrsiianhictlod bf BRflanng iont BRilitesd 6y piier neans
(_1250, ?hus bl ocking part, of the Ijght rays aﬁ?fo m a ter n the
exposed p@Fttﬁl?Ihc’@g’Z f‘Eﬁm{‘&éPB‘FRS'{l‘?d' Qjgp : IPﬁ{egtlggv i‘f@?gth?gep ds
phot or esi ghppIRAis@ABustrated in Figure 2. In step 12B, an optional protective layer 1205 has
been formed on substrate 1200 followed by implant mask layer 1210. In one exainple,
implant mask layer 1210 is a silicon oxide. In step 12C, a photoresist layer 1220, is
30  applied to the substrate 1200 on top of implant mask layer 1210. In step 12D,
photoresist layer 1220 is exposed to light rays 1230 through mask 1235. Mask 1235
inchudes a transparent glass substrate 1240 having regions substantially opaque to the
exposure means 1250, thus blocking part of the light rays and forming a pattern on the
exposed portion 1222 of the photoresist layer. In step 12E, exposed photoresist regions
35 1222 have been developed away exposing implant mask layer 1210. In step 12F,
openings 1255 in implant mask layer 1210 have been formed by etching away the

7
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35 1222 have been devel oped away exposing inplant mask IayerﬁéZIO In step
. 12F, openings 1255 in inplant mask | ayer 1210 have been f ored bl 280&hi ng
away t he V8@ 091/ 95690 2 7 O CT 2004 PCT/ US01118413 unpr@C@dﬂ%ﬁ’lmstlons
of inplant mask layer 1210 with a suitable etching conmposition. In step
12G the remaining portion of the photoresist |ayer 1220 has been renoved.
In step lligrotutedpostices bfﬁﬂpliaﬁt qukdap&i 1200 math dediabE26hingcampimsitidro f or m

i mpl ant ed 70 di.rectl i In
opti onal siﬂe% %G lt%% ?[ﬂaélminﬁﬁ’f) %ﬁﬁ?(g?&m ngilfikﬁslhagts) @'B%E%mrlg%gvg% %Pd t he
substrat e stamé2AHeshbstrite 120§ s exposedrto uorgbamrpl%@tled:rd@gm foren oM antedht o doped
regions 12 r tr.C td

processes x?egaol# :]?(?mdjr{%ctﬁn RY (?&%If%rl%%n uﬁh@ %aér hed™ :En :éﬁ?l ér@jgﬁiland,

e.g., 3§ npl taetinpipnt mask Ialyrcloli’gﬁ hahhcemmoefﬁdl@di ﬂna§kbst1tatﬁammd@é, thersby pr ocess

of the pre 3 her
preferr gd éoﬁfﬁ%ﬁh%e%&dn?&[m%‘{an% (Pazs’g%w@%ces f%gb J’ﬂuk%?gs[)ﬁ{eg% ?‘ﬁg} an ion

i npl ant at | BigureatZdthatennvertiong! propesses reqmnq)mew stp]psefg)g foyoring & pRigerned patt er ned

I mpl ant rmﬁ.% I @t ifpl ant mask
et chi ng, .lmg{laesggh ?1’2%% ougtl?o?tz%gglgs%trh? 2 a%%\%%ﬁia?ﬁ, ﬂ;%.‘%%%ﬁ@ a

substrate }iIBG@SlO@ﬂlﬁRjﬁﬂeilb@WﬂWﬂst ep 13B, an optional protective |ayer 1312

has begn 15 f or pEGn@8stSHipatd Bl ifludiBA Adthed phafifdd QhbdiRehd e f3dchthas been
formed on top of protec lve layer 1312. In this case, precuyrsor 1310 is a

metal conpPesess ppplisddp fabsisating prvtop implantajing hard magiousipg & getal sempley
converti ngpz@&ﬁr@@rto%h@a phitédhdd fxiiint hiskk tehit ERSRGes ANSAHYRepPsdsodiged. Mask

1320 includes.a trans ent | ass s trate 0 ha regi ons 340
subst ant i af'} naalaauga% R R Lf?‘?ﬁﬁrepgh 311’88 aw\éeH%h%Wp%PﬁF% Sk 220
precursor slﬁ&@atexmﬁcbup@daarlﬁgab 1efapmbpﬁm@1pmmv&&y5r 1 312Mas|beast |
parti rte to form i a onverte
precur]sgor t’% q‘?fr@% lfg ﬁéayeﬁggﬁrﬁﬁﬁﬂﬁg‘ga RQ&{B 3‘%3 ﬁo af‘raem)w ng
means ( notprstmotm? lagerctias TtHis CHse, Qm:cdﬂmllép@ta a tebooraplerd Ipsteg 13€pr 1310
has been r [ ctive
| ayer 131 Q&\j\ﬂ%‘% 1@3{0&%15???@&5% era? pre élsg%rsng%gslﬁ%ﬁ%%%?’ﬁ,gd%;l ng
partially tbmmgbmaaki ISB@SNbslslfﬂmnphlﬁwat@mntglmewhme 1330 h&nélm 13E, a
convertin 46‘.5& @{%pt?] I 1

precursorq%@% 1 rms‘-m[})tﬂaﬁt al Eﬁ?ﬂ:ﬂ) conv rn%ée 3ri‘}éug ?Bs%%?l 1360. This
conver2i orprmysqsé?’lﬁe cengerﬂng)yleanfomﬁ@&@tlp@&j@m@ﬂwgﬁw@t ep or
a thermal cﬁr@@ﬁ:@éd'tﬂ%ﬁﬁ%oﬂs%f 51%1%.’[1 ehnik Rl r&ﬁﬁoﬁ%d%ﬁst&ﬂ‘@[ﬁ%@’er& on is

preferably perf ormed i n the presence of 30 f t he Converted
precur sor 25sebly hepb %eépeﬁeélt%er?m%msw%@ { oy RaghBeidt o reduci ng
gas, such @?elb)ﬁ&[ Qﬂﬁﬂnvertedtﬁﬂa:uesw\mo Bﬂs HeR eethGw b’f,&ﬁ@deﬁelépbr be a metal lic
film In Steﬁmé substrate%ﬁC IS tatlon neans,
such as afSRBKIDgIGHNS, £EXPEFnG Profelis %YST mW&JﬁBPQ‘%PﬁH PR PELEEOTi n t he
( subst 23t e.1350 whith, beiak p@ttaﬂybaﬁrerteﬁfmmwmhemﬁnw&g@hm Irpetiny. dratepd and a
t her mal | i nq ocess perf .0 conver | ant ed
regi ons 13@ '"“’i’i‘e?"‘ég % 0 gﬁ apﬁﬁ?(ﬂfg’tg B%l%l g VFﬁtgdB %cope of
t he proc esl§501to fdm substantillyi folly noivenied pteowsof 1360a Thisieonvarsimn may be
accomplished, e.g., by a blanket light exposure step or a thermal annealing step. In
each of steps 13C and 13E, the conversion is preferably performed in the presence of
30 oxygenifthe converted precursor 1360 is to be a dielectric film, or in the presence of a
reducing gas, such as hydrogen, if the converted precursor 1360 is to be a metallic film.
In step 13F, substrate 1300 is subjected to an implantation means, such as an ion beam
1370, in order to form implanted regions 1380 in the substrate. In optional step 13G,
the implant mask has been removed and a thermal annealing process performed in order

35 to convert implanted regions 1370 into doped regions 1390 in the substrate.
The broad scope of the process of the present invention allows for a wide range
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(01/95690 PCT/ USQ /18413
memory devices.

Yet another preferred embodiment of the invention envisions the formation of
gate dielectric materials at the front end of semiconductor manufacture, as advanced
silicon-based devices make a transition in the preferred gate dielectric material, from

30 silicon dioxide to new materials having a higher dielectric constant. The new higher
dielectric constant materials allow the gate dielectric to be made physicalty thick
relative to silicon dioxide for equivalent electrical properties. This greater physical
thickness can allow for greater ease of manufacture and minimized quantum tunneling
effects through the gate. That the process of this invention has major advantages over

35  other known processes in terms of lower temperatures and less stringent vacuum

processing requirements is highly significant when applied to front end of the line
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barri er er a I catl on or eri (0] ctln an
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opt i n2eed etirade materialstto bephced]evdrlgiatdtmnﬂetomamiﬂiﬂbmeyt lfing, af descoibed &5 an

i nductor ppgeg, thB%%zt%%WIﬁ}s nhﬁﬁmnd%gr%ﬁbffg&hs as are

ectric an erro ectri ments. O her

nmagnetic, prezoelectric,’ pyroe

possi bl e dppblﬁ%@nalmadyﬂ@genmbmmg henee thés pretesied embadionak ohthgr e Wi de and
35 vari ed;ng0En QFarhdtie! dd¥smiaghs! £6h aRRhd@idigith bidt 38 18 erth@h

dielectric constant materials for sem conduct or nuf acturing (transistor
gate staclk&fgéﬁwhﬁ’ftq $EPEt ruct ures, 40 WD 01/95690 2 7 OCT 2004

PCT/ Ugl/ 18413 ek ‘ip%hcaﬁﬂft? 6f nété M&ﬂ%ﬂ%ﬁg%@oﬁi&hs AotalBRdd foC

constant materi al m cr.oel ectroni S acka In capafltlve structures);

| ow t enpeateFistadpiumalion Therpagseve er Tayef applications for such
materials, both as the conducting and insulating layers that are mandated in FEOL

semiconductor processing. It is evident that several of these applications rely on the
formation of a film of the desired material that has a high dielectric constant (“high-k™)

30 for use as a capacitive material. In a similar fashion, films may be optimized so as to
optimize the film’s permeability (u) for use as an inductor material. Resistive elements
are siinilarly possible, as are magnetic, piezoelectric, pyroelectric and ferroeleciric

elements.
Other possible applications for the process of the present invention are wide and
35  varied. Some examples include: direct patterned deposition of high dielectric constant
materials for semiconductor manufacturing (transistor gate stack, capacitive structures,
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* based deposition of resistive materials for semiconductor manufacturing; non-vacuum
based deposition of resistive materials for microelectronics packaging; controlled
resistivity materials via mixed metal/oxide deposition; direct patterned deposition of
materials for inductor fabrication in semiconductor manufacturing (on-chip inductors);

30 direct paiterned deposition of materials for inductor fabrication for microelectronics
packaging (embedded inductors); low temperature deposition of materials for inductor
fabrication for semiconductor manufacturing; low temperature deposition of materials
for inductor fabrication for microelectronics packaging (embedded inductors); non-
vacuum based deposition of materials for inductor fabrication for semiconductor

35 manufacturing; non-vacuum based deposition of materials for inductor fabrication for
microelectronics packaging; direct patterned deposition of metal and oxide materials
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the processes mentioned above; gate electrode materials; flat panel displays; FeRAM;

direct-write materials; microfluidics; masks; and waveguides.

25 . Additional descriptions of processes for the fabrication of electronic materials

include those described in concurrentiy-filed U.S. Patent Application No.

09/ , entitled “Method of and Apparatus for Substrate Pretreatment”, the

disclosure of which is incorporated herein by express reference thereto.

30 Examples
The following examples further illustrate certain embodiments of the present

invention. These examples are provided solely for illustrative purposes and in no way
Iimit the scope of the present invention.
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35 WD 01/95690 2 7 OCT 2004 PCT/USO1118413 Exanple | Two élﬁ Tof
.different zirconiumcontaining precursors, Zr(acetylaceton tegﬁz (zgfi“%o
known asWAr §ise®) 4 and tetraki s(2,4-pent anedi onat 0) zi r conPUKUS8Ay184E3nd

Zr (car boxyl ate)4 were cast by dissolving themin a suitable solvent and
spin coating the solution onto the surface of a silicon wafer. Each was
subj ected to prol onged bl anket thermal treatnent, i.e., until there were
no further Chaqgﬁ in precursor filmthickness. Followng this treatnent,
the refradtfP¥ hdex of each sanple was neasured as a function of
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‘netal . Basedorences e themefratiye ‘?A‘?‘&IOI%FF?, {PheA°h of e gmiplesaBhich e %@g@m ate

t hat | t hesgedielifte ﬂﬁruheﬁﬁ@@w@péﬁtlidrﬁwtﬁﬁ pfeam'ﬁd;e ’!gief?_,fx@[@ﬁ); pﬁe?cﬂﬁbﬁﬂﬁw @dﬁr .

simlar reactjion conditians,, a u | a een reco ed that the film

Form A8 pramar BeciPaye 1ER spdutaleptote el A PSR A Moy ne

a result of the choice of precursor. Accordingly, each of these two
recursor s, was, di ssol ved, each solution was deposited on silicon chips b

p ?%@F“%%% p p y

spi n- coat the precursor |ayer on each of the coated chips was
subst anti al |y fliwd giffecany espiped pregugsomstwdrg giigallyipreparedght in a vacuum

Phot ol ysi t i Ao hat e \ | gands
was obser \?éj\é\&ﬁ-ll zﬁz(z h‘g@%ﬁgﬂgéﬁé‘% g ?g{gqu‘??@%ﬂhﬁs . ﬁﬁ@%a%%?%r %Shen
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each sanp ' s | ?émg\grggi' ) & dmbidle Ghihact i on
met hod. | {ﬂ%\/\%ga?%% fﬁ;“%%e?tﬁﬁgﬂem’%]ﬁodo (02C(.CH2) 4%%)%} ecursor yielded 43
2 7 OCT 268ech efpeige foms oithapeapras @1 fcombine with oxygen to form copper

oxide, however, the formation of the oxide may also occur as a result of the oxidation

of first~formed copper metal. Based on the chemical prior art, there is no reason to

25 postniate that these different precursors would provide different products under similar
reaction conditions, although it has been recognized that the film forming properties
and the efficiency of the reactions may vary widely as a result of the choice of
precursor.

Accordingly, each of these two precursors was dissolved, each solution was

30 deposited on silicon chips by spin-coating; and the precursor layer on each of the coated
chips was substantially fully converted by photolysis with light in a vacuum.
i’hotolysis was continued until no absorption associated with the ligands was observed
in the FTIR spectra of the films. The samples were then transferred to a firnace and
heated under nitrogen at 400°C. '

35 Subsequently, each sample was examined by the well-known wide-angle x-ray
diffraction method. It was found that the Cu,(OH,),(0,C(CH,),CH,), precursor yielded
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nore copper oxide after conversion while the (p.-(C2H5)2N 263 (N3) 2
_ precursor yielded nore crystalline netallic copper. Thesegz?ﬁ?l
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mask al i gilstofed i Exapples gnd bl d nirror. Due to the low intensity output

of thgynmask aligner in the deep W (about 0.38 mWcm), an exposure tine of
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measured usi.n rreas %if? liness of these. films were as
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| nc. %\lo g‘ﬁ?%‘b {hl %/\%tlsj‘{% gﬁ ﬁ@%ﬁn‘g’?@ﬂ@ﬁé‘% WPBA was spun
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was carri SuBSMIB-Bnn@kaﬂlgnwvaﬂeaaﬁon@@@l&mmw t]b:caﬂotbﬂc@vm@qssyoutputh _
i ncl udes Lhg. Lher o e & %%(ggrvlt BBt 38 ‘i"?oﬁhp)?ﬁ‘é%%ﬁ‘mmg% LRV Er st on

to Zr2 was carried out as ed above hy
20  was used because this was found to be the dose where additional exposure does not lead

to further thickness reduction. The thickness and refractive index a function of
wavelength for the resulting films were measured using VASE. The measured
thickness of these films were as follows:

25 -, Unconverted Zr(acac), Precursor 436 A
Thermally Converted 360 A
Extended Thermal Conversion 316 A
Photoconverted 330A

30 The precursor Z3(O(0)CCH,;), (drconium(IV) 2-ethyl hexanoate, from

Chemat Technology, Inc., Northridge, CA) was dissolved in hexanes and the solution
was spun onto silicon wafers at 1500 tpm for 30 seconds. The resulting unconverted
precursor had a thickness of 2335 A. Thermal conversion to ZrQ, was carried out on a
hotplate at 180°C for 3 bours. Extended thermal conversion was carried out on a

35  hotplate at 180°C for a total of 6 hours, which includes the thermal conversion time of
3 hours. Photochemical conversion to ZrQO, was carried out as described above for the
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2 7-0 CT 2004 WO 01/95690 PCTI USQ 18413 5 Zr ((acac) 2 precurspraexcgpy that,
_because of the | ow photosensitivity of the Zr(Q( O CC7HL5) precursor and
the | ow @xpawmdts i ntensity, an exposure tinme of about 30PODUREL/WAS used.
Agai n, the thickness and refractive index as a function of wavelength for
each resulting Ora was neasured using VASE. The neasured thickness of
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Zr (acac)4 converted by an extended thermal conversion is line 6. These
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refractive i nM&er(@g))‘G{pHe&cFre&irsdrhe sanpl 2335Mi ch are directly

related to the al. copmosition of the precur nd to the method by
which it was pr @&’hﬁ’}‘é@f‘%ﬁe 4 Al um num coat ed srffll{lcgn wafers were

spi n-coat ed w tHxiajeti ThemmilelonvéBion A of a precuer?Adesr gned to yield BST
after at | east rt [ aI nversion, in solution in 1j:;se?(}gnes The precursor
films ¥ BST dbydlssolwngB?g

Ti (bi Es(a. cetyl acet onat e) di (i sopr opoxi de)) 2.8 g barium 2-et hyl hexanoat e

d 5.6 P‘F‘%HX d) in 182
Er?gxanes gcorre(selltohongElg e?K ééh@ré%i’t{léﬂ ?gﬁg&g%%@ﬁl 1. I'rll'he ?
pr ecur sor pﬂantquhemmaﬁyetmetcdmﬁnerk&r@sﬂc themmalitspoeeriekis e mal  tr eat nent
or phot ol %gé(g)r RS %fﬁtgm?nﬁbﬁféﬂe ecth |1grgn€t§u )(j¢7 B.p H&é&eﬁﬁ&lhﬁat ed into

thin-film¢c r|c ropertres wer e neasured.. The

di el edtsr i @oumr@daﬁhn%tﬁc?ré‘;’ anexiendsd taerarl FeOVeTSIeT iSer ed

dramati cal %hédr@%t&enﬁelﬁemmeeﬁiohss 1i662 7 OCT 2004 WO

01/ 95690 ﬂg‘?[ USOl/ 1841 BST from Thermal Cpny IS Di el ectriG. Canstant
4. 66 These resulis demonstrate that there are s1 erences 1 ve

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.

20
Example 4 ‘

Aluminum-coated silicon wafers were spin-coated with approximately 7000 A
of a precursor designed to yield BST after at least partial conversion, in solution in
hexanes. The precursor films of BST were prepared by dissolving 3.7 g

25  Ti(bis(acetylacetonate)di(isopropoxide)), 2.8 g barium 2-ethylbexanoate and 5.6 g
2-ethylhexanoate (40% w/w in 2-ethylhexanoate acid) in 182 g hexanes, corresponding
to a Ba:Sr:Ti(IV) molar ratio of 1:0.8:1. The precursor films were converted into BST
films by either thermal treatment or photolytic treatment. The resulting thin BST films
were fabricated into thin-film capacitors and film electrical properties were measured.

30 The dielectric constant and average conductance value of each film differed
dramatically, as can be seen from the following results:

35
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Average Conductance 0.009992 S 5 BST from Photochemi cal Conget i@n 2004
~Dielectric Constant 27.26 Average Conductance 0.04311 S These results
denonst r gt@ot/dzado t here are significant differences in theperasorisgad 10
properties for each of the sanples which are directly related to the nethod
by which the converted precursor was prepared. Exanple 5 The choice of
solvent in, fOorper¥Rh Their RvEsi@ati ng of filmprecursors, is an 15

i mportant because it i.nfJ uence the optical qual,i of the film. For
i nstance, this exa@;%g%ﬁéﬁgﬁ% es that casting 61f6t.a filmconprising

precursors designed AQelge Coadvedrdced to BST yidiogeel §il ns of high opti cal
quality froma solution 1n each of MIBK and n-heptane, while "streaky"
films were formed froma solution of PGVEA Precursor solutions were forned
in each of thesBST H¥oaePholovkshisalVorketsiver 20 di ssol ving the precursors in

t he solvent or replagi SO r .all of the sol vent,i,n the precursor
solution with the dgjg’fe?gc@%gf’eﬁ‘ﬁ?t, Each sol ution vvgg'zgeposi ted onto an

al um num covered Si Asémpe Gpndpitanceoat i ng. Th&.0481ebs were spun at 1500 rpm
for 30 seconds. Spinning was followed by a bake on a hotplate at 110C for
2 mnutes to renove any renaining solvent. The precursor filnms were
converted to tHBhessrebalts dedbnsisiathatthetarare Sgaificapdifferapcek imtheglestriop t h a
220 am.cold mM Lo ' ' r S
exposdd  aroRbrblss Bhotfr hRLERTES Ynlth xRy holh WS i perbaey W MEDS
devel opnentonvertedgrosmborswayprepaseder f or med in which the unconverted,
unexposed portions of each precursor filmwere washed off by rinsing wth
~the sane solvent-used in spin-coating that sanple. Filmthicknesses before
30 conver ¥%mplé5 . e. | unconverted, immediately after conversion, and after

devel opnent  wefiR (Raslradlvéat iOfo¥ Akmpld, tAe 8piulcafing bf MuDprebir§drsdpth cal
quality, such as _those produced fr ml\/?l&;g B‘g?d ? he ta}e, h&(il]lca urface
whi ch 15s  dgwperanthergused gce thy gpia Auality of fhe, ar ins ded to
Ehow thi Is-etxbﬁpmra]iﬁcaﬁ&at_ebhg?%ﬁngbe@m%pmbﬁhmgwmmmm?md he 35 6
GVEA sol uti on 0 si gpi.fi,cant.. st reaki,ng, .. can .seen 0 re )
Ot he. _aionEeHed o e L iR Shbidepbrl St e P op iR B vash SEMIER | ¢
films. 46 aAdfh-KepTandDRHhil¥\C:tEehk PS5 OBk WEre KuibiE fidhd h3omtibh of BGMEAR5 30 35
Exanpl e 6 :

Precursor solutions were formed in each of these three solvents by either

20  dissolving the precursors in the solvent or replacing some or all of the solvent in the
precursor solution with the desired solvent. Bach solution was deposited onto an
aluminum-covered Si wafer by spin-coating. The wafers were spun at 1500 rpm for 30
seconds. Spinning was followed by a bake on a hotplate at 110°C for 2 minutes o
remove any remaining solvent. The precursor films were converted to the oxide is

25  using a Karl Suss MIB-3 mask aligner with a 220 nm cold mirror at an intensity of
about 1.2 mW/cm®. Bach wafer was exposed for 1.5 hours to ensure complete
conversion. After conversion, a development or removal step was performed in which
the unconverted, unexposed portions of each precursor film were washed off by rinsing
with the same solvent-used in spin-coating that sample. Film thicknesses before

30 conversion, i.e., unconverted, immediately after conversion, and after development
were measured ﬁsing VASE.

A precursor film of high optical quality, such as those produced from MIBK
and n-heptane, had a surface which is essentially featureless; therefore, no figures are
included to show this. In contrast, the BST precursor film spin-coated from the

35 PGMEA solution showed significant streaking, as can be seen from Figure 16. Of the
above solvents, MIBK produced the most uniform and reproducible films.
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I n an exanple of how thermal treatnent may be used to convg? GCPrAQyr sor
 film to an anorphous filmof desired material, a series of bare silicon
waf er s waw0 81493696 coated with a solution of precursor desi BREVSPELIFEF m BST
upon conversion. The wafers were subjected to at |east a parti al
conversion step by heating each on a hotplate at 160C for a total time of
120 m nut eBxdmplet erval s of 10 m nutes. After each conversion interval,

t he precursor ttern | ' 9&:#1:& nove
the wunconverte aﬁlr%xcum@%?fjﬁ#ﬁhgﬁg |0 tdéiérﬁor a \éﬂs{s&e]tfdrrcﬁ)%g%?g% Eéﬁﬂl{ﬁl me
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of filmre L oh NERE 17,
this time oo f bl n?%f‘%kﬁgapprg%mﬁg e on HhE s
conversi onwerd ssbjettedito eklpant A perital orityersinTution hwymg@yslwlwh@in@teﬂor t her mal
conver si onyggo PRGN intbRAB D10 Thinh s SRR RN b RerklofLT @
18. This f%Gé)u?'gfa}germnstrates t hat > m 1FEme required Sto S hot ochem cla 1y
print the inferyalithe presurser pationgeas é?ve@meﬂ@yemsmgnmﬂwomoﬁa@l f¢yremgpve the

experi mntu%ﬁﬁ%r%ﬁﬂeé&s&o ThisNBloWoe Fore ddtethdibatlon FARMBRS Mired tdr et r eat ment

wi t h phot ochem cal “conversion, wafers were subjected to a. .thernal
pr et r eat methermaAlly Ta T theoRlm, -enitphives subplantial ggjoust CERIBH A descri bed

phot OCWmd‘e%lﬂ &!&ﬁ%&hqmprﬁﬁooﬁéwﬁ@atthIacﬁxaqvnmhmh@iva@haehﬁmbdwwt results
are ustrated in Fi whi ch dehpnstrates that the time required

gure 1
for converd@PERIpHtelhHald n’é’@ﬁ?ﬁ%@ﬁ“ﬂﬁ%‘r‘ﬁ’ﬁl‘mﬁmﬂ ocheni cal conversion process,
i.e., about theA@]IﬂiIMEﬂnﬁBntm&ﬁﬁdﬁl&éﬂﬁ)ﬂﬁuﬁsﬁmﬁﬁg;ﬁfmﬁnﬁﬂ&oMOﬁ,edUCed to

~appr oxi mat utes from 30 to. 60 nut es. f or t.ochem cal
conver si orP ‘?5%‘@““ S{?H)‘Teégwfl’ © Fesuily ﬁrtelsg]?\“’%fn 1Pk qOh&P ﬁ"t‘)ﬁeection system
can be i npleaussiritys ﬁadﬂmiﬁm ﬁeqexred/m\pé:bmgemmﬂypmt therfityn veps lin tHetrangel by

I ncreasin merl r. t the abilit
o kedd t i 30a gt RS HEE B irghel fetdia o bl By | ’
t hi ckness doncemsases pré[tmhniﬂpmmqﬁlotwb@mmahwmersm wetsrrweretsybigetsddasi ng t he
thi ckness (Rl Brdi@atnddn: b 6 RMFY Blinuitlendi ol f@d&@@de%o?@us&%a& s
limted by requirenments ne for erntrans er steps

order to aﬂhbmphmauemmrsmnpro@@ﬂyre |Thﬁthawé/@8 twhmcﬂumrqsﬂlgwg has been
used 10 Pt aLRedR it attegﬁéﬁgt\gﬁl&hmﬁeﬁﬁsﬂﬁaﬁtﬁéh&%re?uﬁ%a%rdoﬁ%m Hy'¥e! €si st

top layer, t ed and then transterred to the substrate

usi ng 28n o ngﬂddb@@yvph@ﬁoc@nwﬂéyaveraﬁﬁpmﬁﬁ S+ MRPUhEheInnEEiRy tan

precur sor %ee@edt’ﬁ@oﬁﬁ%%tt@ Mas lﬁ@ﬂmduéém pProxiagelyReninad fdniso ed 6Gonpl ex
precursor can be used, wi th each | r e.g., spin-coated. The netal

conpl ex pro&@Eyes &or W‘ﬁé%@ﬁ‘ O%Ch etch mask while 47 5 10 15 20 25
30 35

Example 7

25 The resolution of an optical projection system can be improved by reducing the
wavelength of the imaging light and by increasing the numerical aperture of the lens
system. However, the ability to keep the image in focus throughout the resist decreases
as its thickmess increases. The depth of focus can be maintained by decreasing the
thickness of the resist film, however, the minimum resist thickness is limited by the

30 - ctch requirements needed for patiern transfer steps. In order to alleviate depth of focus
limitations, thin film imaging has been used to pattern only the top layer of the resist.
After imaging the resist top layer, the pattern is developed and then transferred to the
substrate using an etch process.

For a bilayer approach using metal complex precursors, a two stack film

35  comprising an underlayer and a metal complex precursor can be used, with each layer,

e.g., spin-coated. The metal complex precursor serves the need for an etch mask while
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WO 01/95690 2 7 OCT 2004 PCTIUS01118413 the underl ayer is uigd to transfer
_the pattern to the substrate by etching. Three different - Gy 2884 wer e
tested: RMMY9SPMOST and Novol ac. PHOST and Novol ac were h@?@smmw on t he
hotpl ate at 160C for 2 hours prior to spin-coating of the nmetal conplex
precursors. The netal conplex precursors used in the experinment were

desi gneg t@xeﬁ)ﬁ%éﬂf@gﬂ is Iﬁﬁd_tdli‘alkfd’ﬁfblpalﬁbﬂi @Xhﬂﬁlbéﬁat%}/ .etchiigs. Bﬂ"ﬁ‘eaﬂﬁ'@réﬁor was
prepared according to the cri.bed.in

precur sor Tia H’&F%‘as 5¢ Eﬁ&&%ﬁ?& 1351‘ I%@%‘Fﬁﬁld g"’é’? yl%eexanoat e
in 57(;1 g(h}aaaml cﬂﬂﬁehatiﬁk:jt@gt A e fbr?hgm@@mn(dé@n—@ez&higydfhh«m@dlte an]g 9.5
g Ti(bis(ace acet onat Xl tion of 327
g of addi t YOHEF™* PIFEREREs “ME g&ﬁt@& il xﬂjde? °§£ %?WF@%%?&% ol ar

rati o of 2ddsighed tSforibRST,FRAT mmmgunahbnadb (B135).t Hee ESTfpmoemormbl nati ons
used and whet he t he..unde [ ened to
be conpat i PfRear é’F‘Pﬁ%g {Qr lere(sl%rggef | ve %‘Latl bi | ng g‘ﬁes

Casti ng S@mmedmdrsmwmﬂbe EQHQHB@T@@NSMW@@@Od

Lo be. ot 2 pept) PR A BRE LT "ol ot he P ang

PHOST und e"fﬂ(la;(ecetmpetpmt)sh(zsemmudc)a é‘failqmﬁ tyuthr pddision of 32D awof addigpnalhe

nmet al a %ﬁw gﬁﬂry p ence of the
castlnlg)onpl}'vé%gfs %(%SE & (eﬁ% an E%#%%%???r% 1I%%e

conpat i bi | follpwists tabledistsahe diffaespb pembinpionspsyd apdiwhetierfhe updedaysr ard owed f or
pat t er ni ngymaRfduh op %uesr&&e&aﬁlé&fdbe@@mbe 8 The etch selectivity

bet ween the hard ked Novol ac and two netal conpl exes was determ ned by
nonitoring the thi ckness change upon etching. The sanpl es of hard baked
Novol ac and a TUlTy converted PZT or T1 Q2 repar ed to Exampl e 7,
48 2 7 OCT 2004 WodstAYSe90 PEACWEEY/ 184189 Eﬁc’gbﬁﬁﬁgﬁ e etching
chanbed® and etched with an oxygen plasma f P “SHE ¥e%r val s up to a
total of at | east econds. % sanpl e thicknesg,jpas neasured after
each etch interval’. e etch rate for each sanple was determ ned fromthe
sl ope of a plot oppmprckness versus etching tine.pd&rots of thickness
versus etching tine of hard 5 baked Novolac is shown in Figure 20 while the

uU

sanme plots are shd@BOBH Fi gure B3ITfor Poor
20 PHOST PZT Poor
Novolac BST Good
Novolac PZT - Good
Novolac Ti0, Good

25

Hard baked Novolac was found to be compatible with BST, PZT and TiO, precursors,
while the PMMA and PHOST underlayer materials tested dissolved during spin-
coating of the metal complex layer. PMMA and PHOST dissolved away in the
presence of the casting solvent hexanes used for the BST and PZT precursors. The
compatibility of hard baked Novolac with BST and PZT precursors allowed for

30 patterning and transfer of the pattern.
Example 8
The etch selectivity between the hard baked Novolac and two metal complexes
was determined by monitoring the thickness change upon etching. The samples of hard
35

baked Novolac and a fully converted PZT or TiO,, prepared according to Example 7,
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fully converted PZT and Ti 2. The following table lists the ZefpRCTii84

. slopes and correlation coefficients of the linear |east-squares lines. 10
15 20 250 0585¢dyer Bei ngSl ope of Thickness v. Correl at i oRCOYFYEH3413

Et chedEt ching Ti ne Pl ot Coefficient Hard Baked-76.30.999 Novol ac Fully
Converted.-0.1950.985 PZT Fully Converted-0.08660.992 Ti 02 The etch

sel ecti vi t wenabadet mtaihe edhingetminber asl dtchedfwithhan stygpr ptfsmalfer 3@s@eand i ve

comver t od TR iR hed R R0l RO BRI RS- RE N Re 208, Y

Novol ac andadhgttlyintasvale The dtch Tatedori each bauple 888 dtierined draph thesdletafid ty  of

TiQ2 is co r.ahl ' HH&I SI RS thi | td anple 9
E- Beam con rag?méﬁg%_st%ﬁ%lg% ) tsﬁh%glr)%ornetgm%&ag erm&ggglgﬁ%{?@pﬁgf%épeed of
t hese fat ebilgddNexplasdp suivwyind'igenci2@swigle thekime plotsare skheiwit i1 Figurs 2leforh

mat eri al t g £3s4 Sas ). Ofrmk REn S a &bt esdfgye! opnent,
t he hi ghest ocggﬁat ich thé f ralgﬁlon ggﬁﬂfll P%S?feétnm negeéa%lgéeroﬁand t he

| owest dosEorelatign eaeliicients ofibe lipear deasi-fquaresligdi ni ng reached a val ue of
about 1. The contrast for PZT and BST occurs at about the same range for

each, from abouwt—60-to-about 100 4CcnP One skilledin-the.art will

appreci ate that theyeeBaiggOf thesphHeSEMhickik8Rt i On 1S Caiflatlonm ted to that
whi ch i@ expresslggﬁ ACkdsed her eERcpM TiRcPigeles ext endePfGentd® 2 7 OCT
2004 WD 01/ 956 ' i i ts—*— A net hod
of form ng a hard HadiBaked a substrate-@8prising the st &#9%f 5 selecting
at | east one precurBovolamterial; forming a | ayer conprising the precursor
atop a substrate; _converting at |east a portion of the precursor |ayer;
devel opi ng the pFé@lﬁ%%Ymegyer t her ebsﬁ-*%ﬁ?m' ng a patter#98% the precursor

| ayer; and

15 Fully Converted -0.0866 ‘ 0.992
TiO,

The etch selectivity was determined from the ratio of the slope of the respective etch

2 rate plots. The etch selectivity between hard baked Novolac and fully converted PZT is
about 390:1. The etch selectivity between hard baked Novolac and fully converted
TiO, is about 880:1. The efch selectivity of TiO, is comparable with that of SiQ, under

the same conditions.

Example 9

B-Beam contrast of BST and PZT 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 gC/cIﬁz.

One skilled in the art will appreciate that the séopc of the present invention is
not limited to that which is cxpreésly disclosed herein but includes extensions.

25

30

35
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10 transferring the pattern to the substrate, whereby a photpriegirgt 20, not
.used in formng the pattern. 2. The method of claim1l, further conprising
devel opi we ®maspoan unconverted portion of the precursor FEYEPHHBEIR a

devel oper. 15 20 25 30 35 3. The nethod of claim2, wherein the devel oper
Is a liquid devel oper conprising at |east one al cohol and at |east one

ket one, wherein the total volune of TaklClains he al cohols present is greater
t han 50% the sum of the volunes of all of the alcohols present plus the
vol unes of T‘tllsfi]?’":? ket ones present in the liquid devel oper. 4. The

met hod of claim 3, wherein the at |east one al cohol is isopropyl alcohol,

the at |east ope keto i t i : i 0 of

i sopr opyl elal coh%ﬁ%%@tﬁ?@%@%?%@%?ﬁ%ﬁ ﬁyg?ﬁpgr e ttﬁe%]&?%g&nﬂ about 1:1
by volsume to | eskctilmat ledsoone g@cursoymateaflyme. 5. The met hod of claim 1,
further conprigd | . %Hgagy r Li@n  of the precursor

| ayer with a d?\c}%%ggg\ri%eg%%g%ﬁ 0 (glagtlﬁ%%%%tg’r ein the devel oper is
a liquid devel opevertiogptlesit agorizan ¢idhe pregwsomlaE@hol and at | east one

ket one, wher ei Hhhf‘% | the BFR8RBE 1akvé- gr eat er
t han 50% of therhegglﬁ%)%g%% VO %%gérﬁérg?ﬂoof t z:aﬁflaﬁlégic:ﬁlotlﬁsB egr eglten%( ;’)I us the
vol umes ofandl | of the ketones present in the |iquid devel oper. 7. The

met hoggof cl al Mo Bk Bakdif 1dind BStargRmeRK Al RlotdrsibisoRsiaud il cohol ,
the at |east one ketone i's nmethyl isobutyl ketone, and the ratio of

i sopropy| fermeisaéhenateryl isobutyl ketone is fromgreater than about 1:1 by
volunme to | ess than about 40:1 by 50 WO 01/9-5690 volune. 2 7 OCT 2004

PCT/ USO 1/ 18413 8. The t hod. o laim 1, .further. conprising selecting the
at | east dne pridweanghedo P@HMWW#WS Hﬁgé%'gmvﬁ&eét | east
one | i gangosRirestithéiplet@dbit lagergvidup dovelapesi sting of acac, carboxyl ato,

al koxy, azide, carbonyl, nitrato, amne, halide, nitro, and m xtures

theredf and at |east one netal selected fromthe group consisting of Li,

A, Si, B, VThemeihdd ofdainl\2, wikaecin@ue d&elopsr is aMjquit devlppeneompusingkh, Pd,
89, 10 S 1688 ong afton6l 4nd ; , Pb, Th, U,
80 e O g ongaftonlang At Motonb oyl volme Bl Gt

alcohols present is greater than 50% of the sum of the volumes of all of the alcohols
‘present plus the volumes of all of the ketones present in the liquid developer.

20
4, The method of claim 3, wherein the at least one alcohol is isopropyl alcohol, the
at least one ketone is methyl isobutyl ketone, and the ratio of isopropyl alcohol:methyl
isobutyl ketone is from greater than about 1:1 by volume to less than about 40:1 by
volume. '

25

5.5x.  The method of claim 1, firther comprising developing away a converted portion
of the precursor layer with a developer. )

6. The method of claim 5, wherein the developer is a liquid developer comprising

30 atleast one alcohol and at least one ketone, wherein the total volume of all of the 7
alcohols present is greater than 50% of the sum of the volumes of all of the alcohols
present plus the volumes of all of the ketones present in the liquid developer.

7. The method of claim 6, wherein the at least one alcobol is isopropyl alcohol, the

35  at least one keione is methyl isobutyl ketone, and the ratio of isopropyl alcohol:methyl
isobutyl ketone is from greater than about 1:1 by volume to less than about 40:1 by
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9. A nethod of formng a hard mask on a substrate, corrprisirr:ig t@g s@ﬁgs of :
. selecting at | east one precursor material; optionally, fornt EJ I) ctive
| ayer at WO ausadstrate; formng a |layer conprising the unBOREI YB3
precursor atop the protective layer; partially converting at |east a
portion of the unconverted precursor |ayer; substantially renoving at

| east a povélue. of the unconverted precursor |layer to forma pattern; and
formng a hard mask by converting at |east a portion of the partially
converted precursor layer. 10. The nethod of claim9, further conprising
partially 8onveThé mgthmﬁtdfcmilmarmhg;er cempifising selbanipdbc dtrloast bigprecuredrect r on

b d o) d
pat ter neq. e ATRRRL ot Suble sl ghe R bl el Oe? 2
to thes enecn@ﬁlsangmﬁmac,]@rbﬂyéatmeﬂho@ afidg lcatbongl, nftatd, honng bﬂrlpiq, gitrog
bst ant
subsCant | | R e By B B O MBEB AR AU UR g
f ormi ng t hdi, Aand Grabl, by, N Kee Cuj Kg, S13, &, b, Ao, e Rl Pdotie.ds, WelBsct ed from

and m xt ur g6 PrSRoar H IR Rep s T, AR, 01 FEST AP M ST mifRgT, "

sel ecti ng thewsoht | east one precursor material froma netal conplex
conprigj ng at |east one |ligand selected fromthe group consisting of acac,

carboxyl ato, al koxy, azjde, carbonyl, nitrato, am ne, hallde nltro and
m xtures ther eoh matiodef forning whvad mask pn snbiety comprsipg thegieps 9fconsi st i ng

of Li, Al, 51 231%@@ gp@gstw@egggca@gpgmfg,gm USOl /18413 Si, Ti, V, Cr, M, Fe,
'Ni, Co, Cu, zn, 57

;ﬁ Pd, %gar Sn 13a La Pr,
Sm Eu H, Ta, onnonﬂéy egnmar.a pr@ff»cﬂv ayqsﬁtopﬂqsub %, As, Ce, My, and
mxtures ther efetminglda tﬁdﬂiﬁiﬂi‘ﬁﬁlg&fle ﬁ@ddﬁva@cme@kgdiatbppa& betéttiva 1dyer;
substrate, conpri a&f]yg %e ste fqagt ect ]g%({ one (i)rrecursor
mat er ildl ; f or m AR %?mﬁlgﬁg |"’r’1@3 ‘beo Bﬂ?fﬂ’r"? e dBYeIat op a
substrate; parsubsthhtjallyasmerinerng laast 4 paton af thenbcanvertéd preeursordayarao t ed
precursoretl subsiantially renoving at |east a portion of the
unconvert 8‘%?@8&?%?“ ayer, 10 form ng a hard mask by converting at | east
a portion of tkferqmgtall:allrdmadohyemnwdingﬁté@atsmmbayéth,emrﬁﬂﬂﬁf@pmm@dat | east
one patteﬂ}&gn{ in the substrate by etching at least a portion of the
substrate’s an aIIy uncovered by the hard mask. 15 15. The net hod of

cl ai m204, further conprising selecting the at |east one precursor naterial

froma netgl Comllﬁems@apahﬁwgfuﬁha{(ox B} i B Do SHRE W dnfplrdyhe group

consi sting of acac, carboxylato azi'de, carbonyl, nitrato, am ne,
hali de, nisprEse selggied fom ligtisseleqtondsrmdfradiation. dop beash BTadation, 2nd| BELEES f r om

t he group (eQBsf thEduBH aPattbrined Mask comprising at least one portion substantially
transparent to the energy source.
25 :
11.  The method of claim 9, further comprising substantially removing at feast a
portion of the unconverted precursor layer by using a developer. |

12.  The method of claim 9, further comprising forming the hard mask by converting
30 with an energy source selected from. light, electron beam irradiation, ion beam
irradiation, thermal annealing, and mixtures thereof.

13.  The method of claim 9, ﬁ-lrther comprising selecting the at least one precursor

material from a metal complex comprising at least one ligand selected from the group
35 consisting of acac, carboxylato, alkoxy, azide, carbonyl, nitrato, amine, halide, nitro,

and mixtures thereof and at least one metal selected from the group consisting of Li, Al
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Si, Ti, V, &, M, Fe, Ni, Co, Cu, Zn, Sr, Y, Zr, Nb, M, ,ggq,zm Ag,
. In, Sn, Ba, 20 La, Pr, Sm Eu, H; Ta, W Re, Gs, Ir, Pt, “Au, Pb, Th, U,
Sh, As, W@ 01¥§¢%0and mi xtures thereof 16. A nethod of forRETESasEEr ned
thin top surface, conprising the steps of selecting at |east one precursor
material conprising a netal conplex; 25 formng a pattern transfer |ayer
at op a sulssTiaveCr,fanFe)MNiaCbagerZs Srp,i 4] Ny, MoeRunRbReiAg do, e Bar sor at op

the pattem tgansf V=] g i Okt f n Y cursor

[ aver o MeRe ShisuE o ek bt RdlR P U Ot gt B B B S O
subst ant i ahdryoft ransparent to the light, 30 thereby partially converting the
exposed portion; substantially renoving at | east a portion of the
unconverted precursor layer, thereby uncovering at |east one portion of

t he patt erld. t r dnsfetrod cifemying en wiched pattean th awbkirdly, conveing thg stepsloast a
portion of thes&%ﬁéﬂﬁzhll)! ‘EQﬁla‘élgrre&ﬁ'QornRit ersor layer, 35 etching the at
rted pr

| east partially con ursor “and uhcovered portion of the pattern
transfer | ayer fomting aBgyer comprigingthe ungenvesigd peacurseriatep atsubsirate;om t he

uncover ed 52 V0198690 5ud jos & pohich AMANBER R ook Kyt t o1 1

transfer |ayer, subst ant, enovi ng the remaining at l'east partially
converted precgubintially semoving a‘péﬁ%t apartiongfdhenqogyerted prEerEm Yt over i ng

at |eggt one p%ﬁlﬁiﬁga@%nﬁﬁgﬁéﬁya&ﬁwe&iﬁg atl [¥8stjoR@sh Of the @} Gonddtddher
conprising selecting the pattern transfer layer froma photoresist,

pol yi mi deProsarspy kwemynd net hacryl ate), Novol ac and epoxy. 18. The nethod of

f' ai m 16, }c!”t%&niﬁ?%h%b?@pé@ér&&iﬂe@ﬁnﬁﬁ%d@béﬁa;t@@ﬁ%cﬁiﬁgtd@1ea§9.iﬂgri s?a at
east one ligand selected fromthe group consistin acac, carboxyl at o,
al koxy, afpms’}l%&%%@?teﬁvbé@ﬂaﬂyaﬁws@dﬁ%'ﬁﬂﬁém , and mi xtures

t hereof and at |east one netal selected fromthe group consisting of Li,
Al, Si, Ti_ V, , Fe, .Ni Cu, Zn, Sr, .Y, Zr, No. M, Ru, Rb, Pd,
Ag, THS oS- i TR el oiilpinttg, Sigher Fonpdiing lectify the pt 199 obZpredipory,
Sb, As, Ceatdvia] franch mictl voreplek kemprting 26ledd ond\ligmidheitctdd fram wheygroppt t er ned
thin top surface qver L tof f [.,:1CONRLLSi . f .sel ecting
at | east 8%5]5%?1%@8?%3& gar%?@&"l%% c% F‘um‘sl‘lg’r?g% 5 %@%ﬁ%%ﬁ:ﬁﬁ {‘\a’%%ﬁ d%&'rl%ﬁ?’ng a
rel ease | aydmidtuep thereaflant mtlcest one mwial gelacied froof the lgronpreonsisiing oELLL dllease

| ayer; 20 - I eky; | &1 egurs.0 p the
| ror 1 1B A R, e A L P R S B8 er 't

| i ght 2@ hr baghr. Sm, Bat Hérkte W. s RscBnls Agi By B U, Shebs.dre Mg rapd gpixtures
subst anti glckaprt ransparent to the |ight,

16. A method of forming patterned thin top surface, comprising the steps of:
selecting at least one precursor material comprising a metal complex;
25 . forming a pattern transfer layer atop a substrate;
forming a layer comprising the vnconverted precursor atop the pattern transfer
layer;
exposing a portion of the unconverted precursor layer to light through a
patterned mask comprising at least one portion substantially transparent to the light,
30 thereby partially converting the exposed portion;
substantially removing at least a portion of the unconverted precursor layer,
thereby uncovering at least one portion of the pattern transfer layer;
forming a hard mask by converting at least a portion of the partially converted
precursor layer;
35 etching the at least partially converted precursor and uncovered portion of the
pattern transfer layer, thereby forming at least one eiched portion from the uncovered

52



t hereby partially converting the exposed portion; substanéiﬁll :23 vi ng at
.least a portion of the unconverted precursor |ayer, 25 thér tﬂﬁlh ering
at | east waeupwmoei on of the liftoff layer with the renmainircg/ysottisan of
the liftoff |ayer being covered by the partially converted precursor |ayer;
formng a hard mask by converting at |east a portion of the partially
converted pfices Hhsder lapdteind €xposing the at |east partially converted
precursor and ':Tg&‘unao eredﬁé& on aqf. 30 the qut,Off | ayer to a

ani sot ropi ¢ r entRASHYIARRFRTO & BsAnBgah estharAlSopyr Tyl RIREITSIHE R er ed
por ti on of addatiehd trafsFerliayen) tharasly ﬁlﬁcolv@@% atdest pas poroibn Of sithatee! ease | ayer
underlying the uncovered portion of the liftoff |ayer and exposing at | east
one portion of the substrate; exposing the at |east partially converted

pr ecursor%n_ﬂe @?ﬁ?'ﬂfe&@dlaﬁuaﬁmrlﬁdpﬁxrmnl Bitco niiﬁisiﬂg‘ﬁeﬁﬁcfmgmat@ﬁﬂtrﬁisféﬂﬁﬁrl _o][le ff
portion of .the rel ease er. . under ng the cov rtign of the lifto
Paver o afomedtRsross iy Hebmet g molpet el RorBls dtaatesnoo

PCTI USO / 18413 depositing a filmof nmetal atop the at | east one portion of
t he exposeg, su [ at d..at t | east ri.ially converted, precursor;
Substant: oty - 6 BeReath fhil, Mo loniRhle RRELDE omAANVGRIER o o

pr ecur sor ; coammiise ablegstiygicdigrindibdlgctadeivem ithggrohe comsndingiofgeat, chrbasylaparti al | y

converied , ' f, . : [ r by
Form nf o BEEDsRa85 caliiy ol ey Batiad Bled ais MRS pBiBlua lBEYY )
cl ai m 19, dngrmné¢telsciastadrirern thy grovpeansisting hELidtlabi, daihl @x M Fecild.se at

| east one I d y ngl, St 4 a | at o, -
Al Koxy 2y deit SLr A NBIM R KRR o S Bt 29, St BE 28 TE00TRY

t her eof arf@s,dt Pt.edwtPb, dheUnih.ds, ) Mgt el mpdwncs Herepfoup consi sting of Li,
A, Si, Ti, V, &, M, Fe, N Co, Cu, Zn, Sr, Y, Zr, Nb, M, Ru, Rh, Pd,
Ag, In, Sn, Ba, La, qFH Sm. Eu, H Ta V¥ Re, ©Cs, li, Pt, Au, Pb, Th, U,
Sb, AslS cel vy A mpibed of forminsprEerast thin topgurface et adiftodt lavergcomprgRBed t hi n
top surfachcsepyo |iftoff layer, conprising the steps of: selecting at

| east one precursor. material conprisi nc.é met al . cor’%Ie X folrnj ng a | ayer
conpri sing the 5 &t lPas] ops By matd comprising 2 meta] gaapplexse .~ 2o
partial |y convebiming aatleheddayeratogpardubstfaief t he unconverted precursor |ayer,

substantial ly rfgrnno.vi ng. 0trﬁ\j&eas oS ortiorf of the unconverted precursor
Ve Yo B

| ayer, thereby Pormedd PG WBewal | profiles in the partially

conver2oed pr ecUosung ajaydricompeisidg éhepoeongried preastor stop tholifioffiayet; t he
Substrate: 1 or BBokife BRGAIOITY Do SR bhabtiodl 1 BAR ight BRbddPR OF Lhe

partially conv precursor - ) :
patterned mask comprising af least one portion substantially transparent to the light,

thereby partially converfing the exposed portion;

substantially removing at least a portion of the unconverted precursor layer,
25 thereby uncovering at least one portion of the liftoff layer with the remaining portion of
the liftoff layer being covered by the partially converted precursor layer;
forming a hard mask by converting at least a portion of the partiaily converted
precursor layer;
exposing the at least partially converted precursor and the uncovered portion of
30 the liftoff layer to an anisotropic removing means, thereby substantially removing the
uncovered portion of the lifioff layer and at least one portion of the release layer
underlying the uncovered portion of the liftoff layer and exposing at least one portion
of the substrate;
exposing the at least partially converted precursor, the covered portion of the
35 lifioff layer and at least one portion of the release layer underlying the covered portion
of the liftoff layer fo an isofropic removing means;
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, ‘depositing a filmof netal atop the at |east one portie .exposed
. Substrate and atop the at |east partially converted precu-%l)oéﬁ %UE

subst ant V&0 P9s8NOVIi Ng the netal atop the at | east parti alPiOrAgsonvens ed
precursor, and 30 substantially renoving the remaining at | east partially
converted precursor, thereby formng a pattern of the netal atop the
substrate. 35 2(26 podifieg Wi IhOst Hétakdtap thedt leabilrichREiQOSMhE Skpdes Shigehieng t he

metal conpl C rjise. I eas e |ligand selected fromthe group
consi sting 25’8 ?E%? tgve qdotaf Ogm de, carbonyl, nitrato, am ne,

hal i de, nitro, ﬁubdtaﬂuaﬂweﬁﬁwiﬂgelhen:fetzaﬂd)pabe bilasdt patialy ephedrtcd @rantsd; from

t he. group c%83|sting of Li, A, Si, Ti, V, C, M, Fe, N, Co, 54 ~ ~.. X
l=tea ' 1/95690 10 15 2 7 O CT 2004 PCTIUSOL118413 Cu, Zn, Sr, Y, Zr,
Nb, I\/m Ru, Rh,suBstantidly temovitg, thBesmdising Bt leaSipartiatly, cobfrerteiopredtirsd®ethe Cs,
Ir, e A et hod
of form ném;inélla*p;’{] ?mgﬁgﬁﬁygeme%gg&%%&éac%ﬁ%ﬁ%ﬁ%%m%%?eps 5 of
sel ecti ng swbstts@ast one precursor material; optionally, fornmng a protective
| ayer atop the substrate; formng a |layer conprising the at |east one
unconverted precursor material atop the protective layer; formng a
partially Zibnvéfheeuelbodpfdnimﬁ%ﬂﬂéhm@mnfsmg ﬂe@yangﬂ%ﬂpelﬁl camplyx taconverti ng

at Ie ndi NS of |y
r enovi ng at Iieagtgﬂeg%gﬁl?l E@%@%ﬁ@{i% recgrsaéé%)g&g?{%% using a
devel oper ;alfewntsde. @afb@ﬂml,mi@ko 6911@‘?3 Aolde; pifep, gnd pgEresgh g t he

partiall'y GRenesll:RRctel Rink R YrodPidiisistiad 8f .0 AT] Qﬂﬁtvlﬁam%eNi,m ant ed
. region in the substrategﬁg{@nplant%g%[lons in at _least_a rtign of the

subst r at e Qs ahtY-#1 b b, R85 Bankds 1, Sm, By; ﬁF@iW@E\%f claim

23, furt haps, HPRIAE PRITRAT! SR A sy Ce OMgesdd Mkttt thepddfenergy 20 . source
selected fromli ght, electron beam i rradi ation, ion beamirradiation, and

m xt ul@s  t her eof through a patterned mask conprising at | east one portion
substanti @ily tA argpd dfbmiiag bhtcraskhiytopeurfce orh a iflodf Bpehesmpfisieg ai m 23,
further (%géc)rlmqr}g form ng the hard mask by 25 converting with an energy
source sel tomlight, -electron beamirradiation, ion beam

irradi ati on, t kseleotg @rembbnagrecane matriialcomprikmgeaafictal complex;

forming a layer comprising the unconverted precursor material atop a substrate;

20 partially converting at least a portion of the unconverted precursor layer;
substantially removing at least a portion of the unconverted precursor layer,
thereby forming inwardly-tapering sidewall profiles in the partially converted precursor
portion and exposing at least one portion of the substrate;
forming a hard mask by converting at least a portion of the partially converted
25  precursor layer;
depositing a film of metal atop the at least one portion of the exposed substrate
and atop the at least partially converted precursor;
substantially removing the metal atop the at least partially converted precursor;
and
30 substantially removing the remaining at least partially converted precm'sor
ﬂlcreby forming a pattern of the metal atop the substrate. ‘

22.  The method of claim 21, further comprising selecting the metal complex to

comprise at least one ligand selected from the group consisting of acac, carboxylato,
35 alkoxy, azide, carbonyl, nitrato, amine, hatide, nitro, and mixtures thereof and at least

one metal selected from the group consisting of Li, Al, Si, Ti, V, Cr, Mn, Fe, Ni, Co,
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30 35 26. The nethod of claim 23, further conprising inplantjng.iqns,y
. exposing the - uncovered substrate to an ion beam 27. . Tr?el?ngpﬁoz[][ﬁ‘f

cl ai m 23Wdarsémer conpri sing selecting the at | east one pPrEbUPEGB413Mat eri al
froma netal conplex conprising at |east one ligand selected fromthe group
consi sting of acac, carboxylato, alkoxy, azide, carbonyl, nitrato, am ne,

Pﬁl i de, ni@.{,@n?sﬁlm,zﬁmbym_ Rrjhmemﬁ%mdn’?m%@mﬁhmmﬁﬁg?%@mngrog
e group gons i ng, O , | | ; , e, N, , . Zn, Sr,
Y, zr, Nb,cgﬁvgf,ak’%&“’%ﬂ?:&"ﬁﬁl_ﬂ% %@Aﬁ ﬁg Mg, apd,mixipires u};@ofgm Eu, Hf, Ta, W Re,
Cs, Ir, Pt, Au, Pb, Th4U, Sh, As, Ce, My, and m xtures 55 2 7 OCT 2004 WO
01/ 95690 PRCTI USP1/ 1,84 her eof .. 28. nmet hod of m -dual mascene
ar chi t ect @SZ i Qleh?oé%l cgt‘cflﬁnglwfantegiorﬁgpp& ﬁéu?%r(e%{esfge[ggg%?g %essgﬁ%écti ng at

| east sone gfr ecursor material; formng the dielectric layer with a

characteristic S%pi ﬁﬁ%&ﬁ%ﬁ%ﬁgp&ﬁxgﬁéﬁé%}i . formng a | ayer conprising a
first unconverte(?cpr cursor atop e dieléctric layer; formng a partially
converted port iophiondlly, fiemfing s prgecigdsenr atopytbe sibstratsi ng a first 10 parti al

converting mf}s&@ﬁ@ﬁ%@%ﬁg@g&ﬂé e oIRGB A W AbRbREU" SOF

| ayer; substantma |"'east "a portion o rst unconverted
precur sor thegmtectivelaygpose at | east a portion of the dielectric |ayer-by

using g first reomyi Gh &F g? RAhET by the at
| east 1gart tally congggjt ed Ti rogltge%%dgj;dglrlsor tF]a ]ér, ora% ng a hard mask by
usi ng a f iceBYergameideadt pporticaef thpurgonyerted PracEearays®s of 15 the partially

converted firsiypiafisisPmbA\E st 1k PdiGorfoShl inBii8AEd %@&m& 1hpey atop
. the exposed portion of "the dielectric |ayer and atop the at | east

partiall yuéléﬁ\?éiet"@‘ep?lfarst precursor layer; formng a |layer conprising a

second unconveifs@ng heek $ak B Sdhvelbigsddildast Ppartiah o2 tleipartialigyenverd f or m ng
a partially converted portion of the second precursor layer by using a

second’ paPECHISOL 8¥6e A ng neans on at | east a portion of the unconverted
second precur $eimihgytleastoub shphahtedirégiot énbwisubstate hyciagilamingdond iaat of t he

second ungonvert ed cursaor . | r..to expose .at Jeast a portion of the
spin plan W?ﬁﬂngg%ﬂﬁ%ﬁ%f ﬁgj&% V%d?’gr%?/ﬁ‘ﬁ'é% ns to forma
second pattern uncovered by the at |east partially converted second
precur sor ,l,ayery f ' ﬁ"ﬂ?ﬁ ﬁEE?]? | . gg &ng | ans on
at | east %h’porggr]??&%qd}?%e par‘ﬂl ab:;% c@%ﬁ&%ﬁ%ﬁ%ﬁ%ﬁ . p_raégur;grlg.?%rggr,
form 2@ asoureasdlectebfrgmdight, ebectron baa irradjpléon, don bosm ifadiadionrdod muzyaes by
USING & thereof through a patterned mask comprising at least one portion substantially

transparent to the energy source.

25.  Themethod of claim 23, further comprising forming the hard mask by
25 converling with an energy sowrce selected from light, electron beam irradistion, ion
beam irradiation, thermal annealing, and mixtures thereof. =

26.  The method of claim 23, further comprising implanting ions by exposing the
- uncovered substrate to an ion beam. - '
27. - .The method of claim 23, further comprising selecting the at least one precursor
material from a metal complex comprising af least one ligand selected from the group
consisting of acac, carboxylaio, alkoxy, azide, carbonyl, nitrato, amine, halide, nitro,
and mixtures thereof and at least one metal selected from the group consisting of 14, Al,
35 Si, 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, Mg, and mixtures
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30 first etching neans on at |l east a portion of the diel e?/z @G#a}/ﬁ# and
he

. Its overlying spin planar zation |ayer substantially unc

second h¥W@o0m36% such that |ess' than the thickness of tReI/YSelBdtyx i c

| ayer in depth is renoved by the first etching neans; substantially
renoving the remaining at |east partially converted second precursor |ayer
and spin pihareaf.i zati on | ayer by using a third renovi ng neans, thereby 35
exposing the at |east partially converted first precursor layer, formng at
| east one first patterned region in the dielectric layer by using a 56 2 7
O CT 2004 248D 01A abdBhad MWMMwmcwtthﬂgl adiglestrovlayer, | east a
portion of | ayer substantially uncovered by the first hard
mask such ﬁq&[ﬁsﬁg&n@%%@ he thickness in depth of the dielectric layer is
renmoved by the sskctinglatieadtiongpresurser inpteridle first patterned region and that
substantially t &gl f this
renoved by the@ se E)th%&lgg lﬁ]ﬁ}r(]lg?rneans %\b?% he sg?%%]g&sgttgranégg!;%@l on,

t her eby uncoverfongingta lﬁwwﬂmﬂsﬁl@r&ﬁlﬁ#ﬂmﬂﬂ%dmﬂ%ﬁ@ thﬁdlel?&ff#bnal ly,
substanti Q%ﬂréf removing the remaining at |east partially converted first

precursor layer by using_.a fourth removing neans. 10 29. The net hod of
cl ai m 28, furt Hermisganardsllycosserded pasaon ifisyt peacurser [aygeby PR fitfe gr oup

consi §lyi Nhaphal bONRHif] Sbdd ¢ At APbriidh SF Belunbsnv¥REE Hrstprecuidor 625 30 35
30. The nethod of claim 28, further co r| Sj ng sel ect |vré%§éhe at st one

precursor nat sPbsrntallyFemowBEa leagan Ef"cﬁﬁ@r E;%md
sel ect ed ftb%ﬂp&é@x%&%orﬁ@m@mbmcﬁ @xqg 1@@:[ tm KR¥iys toazi de,

car bonyl itr am ne, ro, hereof and at | east
one rre%/al ’£ d’aﬁ?@fﬁl‘l"ﬂﬁe @égﬂﬂleééﬁﬁf?g{ Y&Pnﬁ?#edﬁm pepursqy layey, o v,

Fe, N, Co, QJfoﬁngSl’haIdfmaﬂfbyﬁhngMﬁrstBUnvdﬂm dansAm atlleast Hportda.of La, Pr,
Sm Ey, Hf, Ta Re 4 Pb, Th, U Sbh, As, Ce, My, and
m xt u:iés @%Bﬁﬂﬁ%ﬁﬂ%mfﬁw oY ai m 28, further conprising sel ecting

at |east one offotrhiagfaispht plawaritaSen byer mltthcwgpmdpsrthm drthadickotiiopi ¢
lasma co g1 %ncpgtof; NI Neas? gama]ly converted first precursor layer;
forming a layer comprising a second unconverted precursor atop the spin
planarization layer;

20 forming a partially converted portion of the second precursor layer by using a
second partial converting means on at least a portion of the unconverted second
precursor layer;

substantially removing at least a portion of the second unconverted precursor
layer to expose at least a portion of the spin planarization layer by using a second
25 removing means to form a second pattern uncovered by the at least pattialty converted -
second precursor layer; , R
forming a bard mask by using a second converting means on ai:_lg_%ast a portion
of the partially converted second precursor layer;
forming at Jeast one second patterned region in the dielectric layer by using a
30 first etching means on at least a portion of the dielectric layer and its overlying spin
planarization Iayer substantially uncovered by the second hard mask such that less than
the thickness of the dielectric layer in depth is removed by the first etching means;
substantially removing the remaining at least partially converted second
precursor layer and spin planarization layer by using a third removing means, thereby
35  exposing the at least partially converted first precursor layer;
forming at least one first patterned region in the dielectric layer by using a
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second etching means on at least a portion of the dielectric layer substantially
uncovered by the first hard mask such that less than the thickness in depth of the
dielectric layer is removed by the second etching means in the first patterned region and
that substantially the entire thickness of the dielectric layer in depth is removed by the
5 second etching means in the second patterned region, thereby uncovering at least a

portion of the substrate; and

optionally, substantially removing the remaining at least partially converted first
precutsor layer by using a fourth removing means,

10 29.  The method of claim 28, further comprising selecting the dielectric layer from
the group consisting of low-dielectric constant dielectric materials.

30.  Themethod of claim 28, further comprising selecting the at least one precursor
material from a metal complex comprising at least one ligand selected from the group
15 consisting of acac, carboxylato, alkoxy, azide, carbonyl, nitrato, amine, halide, nitro,
and mixtures thereof and at least one metal selected from the group consisting of Li, Al,
Si, Ti, V, Cr, Mn, Fe, Ni, Co, Cu, Zn, St, Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Tn, Sn, Ba,
La, Pr, Sm, Eu, Hf, Ta, W, Re, Os, Ir, Pt, Au, Pb, Th, U, Sb, As, Ce, Mg, and mixtures

thereof.

20
31.  Themethod of claim 28, further comprising selecting at least one of the first
and second etching means as an anisotropic plasma comprising oxygen.

25

30

35
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