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Hybrid methods often use light as the energy source wherein the light used initiates a
thermal rather than a photochemical reaction. These methods have the disadvantage that

30 they do not directly result in the formation of patterned films but result in the unselective
deposition of the films.

Additional disadvantages of the previously described deposition methods are that
they require the use of expensive equipment and many of them require high temperature
processing.

35 Because of the problems associated with possible contamination of clean room
facilities, a single chemical which may be used for different deposition methods is desirable.
Furthermore, the use of a single chemical for different deposition methods reduces the
product development expense to the supplier.

Metals, such as copper, may be used as a conductor in electronic circuits. Other

40 metal oxides, such as copper oxide, are ssmiconductors and have found use as a conductor

in electronic circuitry. Accordingly there is much interest in developing methods of
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photolytic conditions, leading to the loss of CO,. This fragmentation leaves the metal atoms

unbound.

Complexes disclosed by Chung et al. in J. Chem. Soc., Dalton Trans., 1997, p. 2825-

29, which is incorporated herein by reference, also comprise a pair of metal atoms bonded to

15 bidentate organic ligands. The most general form of these complexes has the following
formula.
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In an integrated circuit, the production of a high quality Si/SiO2 interface is crucial
to the performance of many electronics devices. For this reason deposition methods which
cause minimal substrate damage, are of interest and attracted great attention. As low
temperature deposition methods, Sol-Gel is one widely preferred method. However, in this

25 depositional processes the quality of the Si and of the Si/SiO2 interface has not been of
sufficient quality to be useful with integrated circuits without further processing.

Thin films can be easily deposited by the Sol-Gel method using techniques such as
dip, spin and spray coating. The first two methods have been used successfully in obtaining
thin film layers of optical quality. See Sol-Gel Science and Technology, 8, 1083,1997, for

30 process details. One of the most attractive features of the sol-gel method is that thin films
can be prepared without expensive equipment and high temperature processes. Surfaces

ranging from a few mm to many meters in size can be coated (by dip coating). In spite of
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can be prepared w thout expensive equi pnent and high tenperature processes.
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i nportant issue for optical coatings. OQther nethods to prepare thin filns
of Si 02 have been devel oped. These include sputtering and chem cal vapor
deposition (CVD), as described in Jpn. J. Appl. Phys, 36,1922, 1997. These
met hods have_phegdi gaolvani aaenat. he sgubsig;aie geaghhng 20 tenperatures

hi gh enough @eneb nduce surface diffusion. Thes& met hdds al so require high
vacuum condi tions, which nmakes the deposition expensive. Atnospheric
pressure CVD has attracted attention because it produces good quality Si02
films at | owrdeResk! ﬂh%rheraﬁﬂg’ﬁ_fo@éééfcﬁﬁpfo@ﬁ&'l‘f’&ﬂog@h@o@%n@l@l%ﬁédr begttlys, Jpn.
Appl . Phys, 36,1922, 1997. The filns were deposited from (SiH4d + 02)

m xt ur esicéandihg te Ohret k. s bem mpertadrby IhaGH.; Morigerho, i; EomiRgagh.; MdA,
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of silica gel films with exposure to water vapor that the water molecule acts as a catalyst.

15 The sol gel method needs technological development, especially in thickness control, a very
important issue for optical coatings.
Other methods to prepare thin films of SiO2 have been developed. These include
sputtering and chemical vapor deposition (CVD), as described in Jpn. J. Appl. Phys,
36,1922, 1997. These methods have the disadvantage of the substrate reaching
20 temperatures high enough to induce surface diffusion. These methods also require high
vacuum conditions, which makes the deposition expensive.
Atmospheric pressure CVD has attracted attention because it produces good quality
Si02 films at low deposition temperatures (350-400 °C), as described by Jpn. J. Appl. Phys,
36,1922, 1997. The films were deposited from (SiH4 + O2) mixtures in N2 carrier gas.
25 Martin, J.G.; O'Neal, H.E., Ring, M.A.; Roberts, D.A.; and Hochberg, A.X., in J.
Electrochem. Soc. 142, 3873, 1995 described approaches that have used tetracthoxysilane
(TEOS) as starting material. TEOS has gained wide interest because it forms films of

superior quality with high dielectric breakdown strength. Moreover, the conformal coverage
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(TECS) as starting material. TECS has gai ned wi de interest because it forns
films of superior quality with high dielectric breakdown strength.
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film performed advantageously at near ambient temperature.

One aspect of the present invention is directed to a photoresist-free method for
20 depositing films composed of a metal, such as copper, or its oxides from metal complexes.
More specifically, the method involves applying an amorphous film of a metal complex to a
substrate. The precursor material is coated onto the substrate and then developed by the
application of energy, advantageously in such a manner that a conductive pattern is formed
on the substrate. Alternatively, a pattern can be formed, and then the metal layer can be
25 built up by any other mechanism known in the art.

A second aspect is directed to a photoresist-free method of depositing films
composing dielectric material. Advantageously, the film is a dielectric film having
predetermined dielectric properties that will vary with the ultimate application of the film.

One particularly preferred dielectric material is Si/SiOH. The current invention

30 describes the use of metal complexes to form amorphous films, which can be converted to
films of silica, silicon dioxide, or both by a variety of methods. These films can be used to

prepare patterned films of silicon dioxide-containing materials by photolithographic
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One particularly preferred dielectric material is Si/Si OH The current
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the d1electric layer but in an amount allowing modification of exposed surfaces to provide a

catalytic template for growth of the next layer to be deposited thereon, for example less than
about 50 mole % of catalyst compared to the moles of primary metal(s), for example
between about 0.01 mole % to about 25 mole %, such as 15 mole %, compared to the moles

25 of primary metal(s) in the dielectric film. Higher concentrations within this range can often
be employed when the dielectric film comprises a dielectric film with a lower concentration
of catalytic materials overlaid by a dielectric film with a higher concentration of catalytic
materials. Another surface-active component may be an adhesion-promoting components
which are known to those of skill in the art, and depend both on the characteristics of the

30 dielectric layer as well as the characteristics of the subsequent layer. The dielectric film can
be made of a predetermined thickness, wherein the thickness can be the same or different on

the substrate. The thickness can range from a monolayer or sub-monolayer, which are often
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of catalytic materials overlaid by a dielectric filmwth a higher
concentration of catalytic materials. Another surface-active conponent may
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invention canTkeinyefibr @nfbRuddioerh &kiri&l oﬂdﬁlé@fﬁd la?erls aT?{BlSallyTMﬂb(ﬁﬂ ly,
silicon 10 dioxide has a dielectric constant of I‘OXI rrated\; 4, while

ADgh- k f dionile have dilating @nstantof approximatelydh wﬁmleatﬁr filranhaysr Gisdesre el y 10.

Hi gh-k d Ti 0 02
et al unboReEEot ooy s SR 8% R eimathals B AR LSO Chn um
oxi de ( Bgrniuhh Qﬁde GRS, SOk NS, ONOHRNMNTBLRIL, M thesm SdGho@gahal ni um

oxi de, can be used. One comon probl em associ at ed wi th the above-nentioned
hi gh- Ik 16tadived @uﬂe (EaSlt)Eng,hﬁthcﬂgyuijK/mdcgroap ¥ripetehoidese Sliythraaélﬂfnmfénimde ][
nor mal preparatj itions. exa i el ect ilmof a
met al oxPHESGA ?P G COHTOP ngﬁgﬁﬁwﬁ%%%%mve&?&@g M&’lghéi mi xture
é?er eof , dfef&frfegl &l thitt tﬂey@&empt de)hiRe frRhRY hn&&%b?ﬁapﬁi@%ﬁrraﬂ&l/@on@ﬁmﬁs.

Ival ent metal, such as cal ciunm (Ca) and/or strontium (Sr), and/or a
trival enFonm:mble ahighhk disletnimiilnuof 4 Abtp] oxddanti¢ither ¢Beoniumidr)or ha@mnhanum

(La), oxi to vary the electron 20 n conse | ectron
and hol el I'E‘LSP?‘H‘IESP oﬁélrﬁlﬁfure ggﬁe%pﬁlggﬂﬁip %Vz‘r@g’ et“‘rf"i’ g‘hﬁ?}%% %@V

| nvent i ogy ad E£9a1 ﬁtrﬁe ,sh&l 55%1%‘3'(@@%1%? str&ﬁ’tﬁﬁ@ Efrb |dﬁ§/dr'ﬂ%ﬁﬂﬁ1t¥r[etaﬁnd/ or Hf,
a doping oxygen erepby by anneal |ng ‘at a tenmperature in the
range of suoarapammmmhe(m{) d&dium G0, adé/(gr batha@ua (Lh), oxideltovhntheejecirani gh

dloel ectric constant and good _ barri Srhogro errthl g?xti S ggergaﬂyfomedbythe

affinity and consequently the electron an
method of this invention. To be a preferred dielectrics, these films include Zr and/or Hf, a

doping metal, and oxygen, whereby by annealing at a temperature in the range of
approximately 400 to 900 degrees C a thin film having a high dielectric constant and good
barrier properties is formed.

25 Preferably, the dielectric layers formed by the present invention are amorphous to
reduce leakage caused by grain boundaries.

In one embodiment, a dielectric precursor material, for example a silicon-containing

precursor material, is coated on to the substrate, for example by spin coating onto a surface.
Any coating method known to the art is possible. The dielectric precursor material may

30 include one or more primary metal-containing precursors, one or more surface-active metal
precursors, and/or one or more dielectric property-adjusting additive metal precursors. The

dielectric precursor material, for example the silicon-containing precursor material, is then



25 Preferably, the dielectric layers forned by the present invention are
anor phous to reduce | eakage caused by grain boundaries. In one enbodi nent,
a di el ectwoospswsur sor naterial, for exanple a silicon-comCaiusongles3

precursor material, is coated on to the substrate for exanple by spin
coating ont rf coatin d known to the art i ble.
The i cranptedbypiaiiSs i i g TReNiory A6 ool s b By

met al - C@é},‘i‘ﬁiaﬂbﬂ%tﬁf fvailab¥Eieneily. MHe h%tbrl SACEF R doUpolEd I%Eultsgﬁ%é” Sors,
and/ or one or nore ctric property-adjusting additive netal precursors.

The di miodmttnonc)f;fommnmdn sitredredipzide irf the expesep hed térevested ragtomsc @hisai ni ng
precur sor [ VWO 03/.031682 / US02/ 31683 . converted by
phot ol yw@”&m ePthstsﬂ?ép z%@mf Stheen 9iPxids 108 PTG #4 aprlicalionsy ¢ her mal

degr adaihQB, %g(ﬁaatlbﬁg i‘ﬂgluﬁet'hegﬂdaﬁt’gtl & GHEHAY maldif P&};{t?taﬁt émttot hi s

compound results 1n the or exanp e I con oxide in the
exposedindngdryconvert ed regions. ThIS nmet hod can be used to pattern thin

| ayers of si]icon diogxide for a varlety of applicati
appl i cat | ons{“VﬁEX’ bepad eFReCalnt erfhgdigreng fhe iaxgtion %@echgrc ftlmfoeﬁed

sem con n

ivent | oanitear SHTlokes R HE e RSt (SRR MG S RO BB £ e
gener al tu;d}otfeﬂbdstend’)karﬂu&tmnslhfnﬂ.g%msua/ﬂ’jﬂmegers;ahﬂ terms f, g, and h reflect
nmol ar fractiaons and, are usyally integers, - |V|IS a_primry netal

18el ect ed fronthifi@ REFRATY e SPISPd OBy %E’[quE&ﬁnSlttPtgaQﬁSHtﬁon BARE@Ri um
tantal UitkcoRfiind, Yilita %&Hhﬁi@ﬁﬁﬁhﬁ‘h&tﬂ%mﬁ fs&t'dfese e}e,l%?t}%gt outdt stltc%y' arly

silicon; i's a déconposa can have rsrupted by

phot ons of a Disslés@ipossile Hoaidghat (taln&IaVeborhhnﬂﬁdpt@ﬂb?@hhtoﬁzﬂdde the
primary netal (or in e iI,ibrium with a species that i s bonded on each end
to the ?ﬁedtt@mvn%mrgy, shandpd an eachiend te Hiergimary metal yor ipegailibtiyms a7’ R5a

Y1 Sl o tlsltg?t)e%gﬁ Sl ot O3 BB 0 b AP OAGRERLIen Y

18her ei nY'.iZ PR5§-ZFR Rf ef'- ewthewunmetwateﬁoetasdtdme m@?ﬁleﬁlaﬁtﬂcehhe renai ni ng
Z is Cor N and the various R5qeirou s are in pendentlg sel ected from a)

H, b) onderz,epd@lﬂy(i)e Nr QuersS. dseferablyi ughe £ enm indevenderilydietN.fQupr Co 8fherain bon
atoms, 1ol 09 L RbaSIATH L. 3H 800k o RARERSHinE A% BUEN. Gy kYl such

as CnHm oxys suc |c o1 &t 65~ “ooce: Hm
wher ei nydrio@s BF grtps eRthaégehdéntBneletiod abaid) H, M) 01e L) @af) Bedhpa bOIBnI Y

optionally be partially or fully substi tuted with hal ogens, preferably
f | uor i déoma#neteabdid feurteen carbon afoms, including for example straight, branched or
20 cyclic: alkyls such as C H,, alkoxys such as OCC_H,, and/or acidic moieties such as
OOCC,H,, wherein the groups containing one to about fourteen carbon atoms may
optionally be partially or fully substituted with halogens, preferably fluoride, and/or have
substituted thereon or containing therein oxygen, nitrogen, or sulfur, €) groups containing .
from one to about eight nitrogen atoms, including for example straight, branched, or cyclic
25 amines alkoxyamines, amines containing acidic moieties N3, cyanates such as CN and
NCO, nitrates/nitrites such as NO3 and NO2, nitroso groups, NCO, and/or f) halides
including for example CI, Br, I, and F. The term “a” reflects the number of R groups
attached to a particular Z' atom, i.e., typically zero for oxygen, one for nitrogen, and two for
carbon, though the number “a” may vary.
30 - X is an anion independently selected from the various a) H, b) OH, c) O, d) groups
containing from one to about fourteen carbon atoms, for example between one and four

carbon atoms, including for example straight, branched, or cyclic, and may include alkyls
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substituted thereon or containing therein oxygen, nitrogen, or sulfur, e)
groups containing fromone to about eight nitrogen atons, including for
exanpl e swopaBgbtes2 br anched, or cyclic 25 am nes, al koxyanmPogd]S0ABicRESs
contai ning acidic noieties, N3, cyanates such as CN and NCO,

nitrate &lggs %p% rf)

hal i desa{ ’Hr%] RJJ(?]J&?hl regﬁlgrrp eﬁ%l%u ]'Fé %1 %%Qrg%%@dg? {ects the
nunber ﬂkoﬂsgﬁﬂUQSOCG&HQ(ah&/@r héidia nﬂﬂétids(‘su&ﬁﬁs GOCT B wheréin thd gfbh Iy zero
for oxygen, one for nitrogen, and two for carbon, t hough t he nunber "a" may

vary. 3epntaining gngp aqﬂ%fpurme%h@bﬁ@myw@@p@dlyfbmm éfqriulﬂsous a) H b)
OH, c) &bﬁt%&)egr& WPRalo o% fya 1tlu0 one %rtqgab%utsﬁgﬁgcéf egegpﬁf LY %H%{ggm

for exa et ween

straig hﬂherehf @grgeﬂ dnd/6F m@mgén de aa@siprmyaulp othieelBlemiekidslstich & MPup)3hQ3)1 682
PCT/ USO02/ 31683 and aryls whi ch i ncl ude enbodi nents such as al kenyl s and

can be greppsceoaiaiaing @SOHOWPMO abgpieighy sitengen amm@fﬂnblymm}esmtmgm noi eti es

such as nﬁg " erein t1 Seiﬁagg LH[} c ﬁ(i)ntal oge h% about fourteen
car bon APBireFTHGE 361 GRS St HERchrd, Pr Sy tpipes aliuriies gmppess
hal ogengontadifb aéial tofetibd N, AanAden aQW@Nemaw@ol hitkhRY/nitARk 88dh /ATNO

containing 5 therein oxygen and/ or nitrogen, | ess preferably ot her

el ement andsoh nigosegréups, amHHC@) an%md&ubshdﬁ@mmc&u&ng@rf@@mpbr@ BD LaydlE. ei ght
i trogen at refera e.or itro at o | udi ng, for

1Qxarrpl e str llﬁr‘%lﬁlﬁﬁjgof oIyt t&%?&dfleia#ﬂgésgﬁ? &S84 °ﬁ‘8§ o 1%

containd le%b% ﬂué@'ﬁ%fe@a%l H@thex@é?é“ Ncgﬁ?alﬁ%‘SPL%oﬁ%sa&qeéﬂ%oLmo1et1es
nitrates/nitrites such as roso groups, and NCO, and/or f)

hal i desdiffecénedicony ahoﬂleexlarmb@nﬁbdmant of thissaspledt of 11 1ﬁ’mﬁmnal:ﬁ’l’;s 1 andi‘tg”’t he
forrrula.tlon M LgX al s on ugls o hre and equal s one
o Thr b teepEmafang the 3 Ik St TN ofd Gelsfent O FomiBenon “oast T
L noi etp@ferred 'Ifﬁq@feﬂ@@ﬁxcfdd@'&hadﬂ@x?@cc &% o a%fﬂi@ﬁio'i@ﬁ'b et Hmhbvﬁel%ﬁpﬁgt of
the invention, "f' iIs "g" or nore, and the at™least two of
16he L nadkextyi cesxcahemdld’c:{' maghb swsauﬁerdmmmmfommtedPrIebac pederted moibetlinesnti ncl ude
an allc r.an aci

oo Gl s espannol e itirpaon fsial Ir it HUS GESPrS dbadi X mojsles B‘ieéjf‘g?r:égéy o
embodi gtg R bndtheS 1RSAGH % Iﬁfefehla& elnBY& hpgfme%g@&%rtﬂe 1@&%5»91@%

and the X noieties are different one from ano I n anot prefe red
enbodi rfhitis o dthinereasipkihe X)fnoidmes nolndatt leasttohe of en aikokin OCl(gHI,,mam)r nor e,

o1 oty ABOBVRY RIS PHEICH REAJOST L i G eR e OBUTEN B Ut ed or
29N 20 suBstiflt ed.
In one embodiment of this broad aspect of the invention, the precursor material also

comprises surface-active precursor material of the formula, M’ X;, wherein the terms L,
X, f, g, and h are as described above, and M’ is a selected from surface-active precursor
material which may include catalytic material known to one of ordinary skill in the art to

25 provide catalytic sites for growth of additional layers, and include , for example gold,
platinum, palladium, ruthenium, rhodium, iridium, gold, copper, silver, iron, or mixtures
thereof. The catalytic surface-active precursor material may be added to the precursor
material in amounts in an amount insufficient to cause substantial leakage through the
dielectric layer but in an amount allowing modification of exposed surfaces to provide a

30 catalytic template for growth of the next layer to be deposited thereon, that is, less than
about 50 mole % of catalyst metal compared to the moles of primary metal(s), for example

between about 0.01 mole % to about 25 mole %, such as about 15 mole %, of catalyst metal
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I n one enbodi nent of this broad aspect of the invention, the precursor
material also conprises surface-active precursor material of the fornula,
M f Lgxh, wbeseswsihe terns L, X, f, g, and h are as descrchaozabwsr, and
M is a selected fromsurface-active precursor mnmaterial which may include

tal yti terial k t i, ordi i1l jnt 1.1 i d
ot al i P& BT SEPRBAGRER FOdr Sttt by dps form el difie ik v A g ) 6
gol d,  plalbRbiRe Hebdrash HaTrid1ys Qggécum)r thBQfh bR dnfdiéthetmthadhgroveopper ,

silver, 1ron, ore xtures thereof. The catalytic surface-active precursor
mat er i ahdtesionpie atdeant ¢fitht peecusecthrisdepositsanetanadnt that émprovesadhgsigm cahount
insufficient to cause substanti al akage through t g} ectric.|ayer but
in an aM®VHomRAARON L Feele %/1? E?a’%hoé}h£§m°§x o%fi a8 8?‘?%55?@8) rogﬁﬂbeélog' 30
atal yt| ! hd}8 JXEaE of BYEbxides. befide pesistedatipareon,
?hat is?lcqngogisﬁgtnﬁétaﬁﬂegglo&a% 5 erﬁfye % of catoalﬁ%stmrret al conpared to the noles
of pri maubateteic ddyles by a irwnokyangflserfadzedotive ageab cart bdpositesd en e swfadsolin 25
nole % such as about 15 nole % of catalyst nmetal -9 WO 03/031682
PCT/ USOdielre®dfilnper nol e of primary metal oxides or hydroxides or both that
form the di elegl s eh?%ﬂfmenlt bof ﬁﬂ?broﬁﬁ E{p@&%'f"ﬁ?et IV EntRIC Y Pt urdtRbiddrdl 1S a
posits nt that 1 np

precursor tha epos an elene roves adhesi on, the anount of

t he pregubsomptisaidicends bicperp-adjvetimnpretiradr matprial\of theaideslapM "daX,, vary
from about 0.001 nole %to about 25 nole % such s}i, aboujﬁgéﬁ nmol e. % of
18dhesi ofhsreit Bebemsd Retiag 39eM %ﬁ%dfiﬁﬁﬂ‘aﬁﬁiai?aw apd M s@gelpsted fomhiar oxi des.
Oten a bst anti al r ' A al-a% :
surface” S%Pﬁ?gn%gtréﬁ)ta %ggﬁle%és lgjrebg‘g%st?pgg Ogﬁﬁﬁﬁa@pgﬁgfngg{eé of Zditedi g ]éogf l;t}ecsz film
| N anot Betheatidiotnh, o ckdinsle kaloath, 3gpeinim, elurhingm, tantirniuom pr $dardipmecur sor
material also conprises dielectric property-adjusti ng ,aqr,ecdgiqu@?r‘hrmt erial
of the bomixihees thar¢afytihe diclertiinproppity-p@astingygcursor gatgrialds a Hihgr e as

descri bed above,. and M is a 0 ' | e ri,= val ent
net al s RREWHt @ht?ﬁéﬂ&al%%“%‘.tsr%e?‘g}a?&?‘ﬁ?‘”f‘ ?10 %ggfé)\r@hﬁ%ﬁ trl {eyrtﬁlé. e fo operties
8f the dighfiebeiviechiftol 000010 00 pRifGalIR o0 t60pniolasraf didlemtioproperty-

| ant hanum or scandium or mxtures thereof. The dielectric

pr oper t pdjadiingsadditiyes pecmokoyt prianasy metal pxidasierdiydrexideseor boilutat our theat er i al
in armura’i)ei c%gnﬁrally known to one of -ordinary skill in the art, for 15
exanmpl e WetHe ¥ rom 0. 01 to 0.9, preferably from0.1 to 0.6, moles of
dielectric pmgﬁlts}é;thél?fdéﬁisbf\ﬁlaﬁidi &1 tHeprepat invehioinap compriye dieleatticoxi des
or hydroxides or both that formthe dielectric layer. O course, the

pr ecur s propeayedjusting prechsonatsaiat andsyefhee-asHveRiEcHApatsalalvBicR 33y ¢

20 include catalytic material, adhesion-promoting material, or both.

In one embodiment of the invention, the precursor complexes of one embodiment of
the present invention are generally of the formula, ML X';, wherein the terms f, g, and h
reflect molar fractions and are usually integers, and:
25 - M is a primary metal selected from the group consisting of silicon, titanium,
zirconium, tantalum, barium, strontium, halfnium, or mixtures thereof, particularly silicon;
-L'is a decomposable ligand that is bonded on each end to the primary metal (or in
equilibrium with a species that is bonded on each end to the primary metal) for example of
the formula -O-CR’ -CR® -CR® -O-, wherein preferably both oxygen are bonded to the
30 primary metal, the various R’ groups are independently selected from a) H, b) OH, c) O, d)
groups containing from one to about fourteen carbon atoms, including for example straight,

branched, or cyclic: alkyls such as C,H,, alkoxys such as OCCH,, and/or acidic moieties
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property-adjusting precursor material and surface-active precursor materi al
which may 20 include catalytic material, adhesion-pronoting material, or
bot h. | n woe3mesisezli nrent of the invention, the precursor cecplEsSRE31685 one
enbodi nent of the present invention are gener ally of the formul a

M L' gX h, wh . f, d. h f f
usual ysuc.htaéer Yol bty Teygrods s53pinthe Jpere Eou Brdiem st SRTEHERG  oup
consi st |, l%ﬁb k}bﬁgﬁy o 12@ Héhtuted Wlﬁ%ldé@ils b?éi&lﬁi)l}}*ﬂuo@ﬂé' dhdor BveO Nt i UM

hal f ni u ures t particularly silicon; - L' is a
decorrposwdsheltéd theredn bhemntmmﬂgdhdeni b@twmczhroeamd % axyehe, lptrogmwrwtftlal (or in
equilibriumw th a spec¢ies _that i s each end t t he T net al )
for exahioms SfSoOYNsCopinng Fommpnedg E%W‘l cfrdmedpiy rau "illé/b th

xygen 0 dﬁiﬁ Raiahoehss are
?ndepeng%%glﬁg%gﬂggt%ﬁlrlggm%&@g%?a%@g ?ﬁlﬁ@s éﬁf 1gr%tﬁlps1 contai hing from
one to ghgidies b 4saEN a8A NGO mifraoSpitritecduch |amgIG3aund N pltewse graapg NGO,
branched, or cyclic: alkyls such as C'Hm % gg/s su‘ché%ls M., a d/ or
aci di ¢ eed/et ) delidesanchpliog feorsrgmpleiclr Brudoanddi s B¢ ieilc A E%m rein
the grouyps._caon i glﬁHP (A ToTy pnal ly be
parti al Rjggorupe fﬂﬁcﬁe@g‘bgp‘iﬁ%‘?g‘%?%ﬂ{eh %g@ﬂg&apref ga‘; a?}{ e?él{}g?’f??{tetb and/ or
have sghgidatisned thereon or containing therein between zero and 8 oxygen,
nitrogen, or sulfur at ons oups containing fro bout ei ght
18i t rogen at ons i§ #LIMieR H@W@?d)e@%élwcéﬁ@%ahﬁ us @rﬁh@n@é 8&? dg

am nes, al kox nes i such as
N and RERFNIE T 805 AFaRF TnEh B RofiS gﬁ%%l@%Fﬁ%gggﬁ%mmup? NGO
and/ or irbBRbiodRS mcnﬁhmgdfoa @xzﬁﬂple exagh, braﬂ:hedBdSI; cyklic,cmd n?ay ifitlede¢ dkyts " 2"

refl ects the nunber of q%s attached to a, carbon, nol culw the
nunber aadaWuvhas/ChH,deﬁwem 25 1 C Ha ot/ & geislimonggies s 9

i ndepend seI ect ed om the, var ) 1v@Eoups

cont ai nl‘“ﬁﬁ Hin B PupsSgT é%%o?et&at%glétﬁfﬂg% OcE!rbé) at&kg?ﬁ%' gg%@p?e bet ween one
@nd foukarfly QP&I@tsﬂﬁﬁlmﬂea@hﬂﬂhdMgeh@rprﬁ);ﬁ&w faroside adrglfdr, habe substimted or

cyclic, "and may include alkyls and aryls such as CnHrr%9 al kox such as

OCCnHm tlametmm cantactung thsrein peygessef onsitogepapgd less prafprablyjother ﬁém&l Sups

cont ai ni n t fourteen. caybon
parti al ISV gﬁggrtoﬂ’%? alwntgﬁi ogté%ggu é}ter a H%HIXS pﬁg&gblgnd/ or
have su fe@éjmtrBE@i{ Qc@ﬁhs Ohckisdbéahpld g, mmgxeﬂ c&wélwamnw ogen, and
| ess pre era Iy othér elenents such as sulfur, and e) roups contalnlng

¢

f r om onealltexyahines, agiigés containiog eeiditroeistiespNe Crangsysuch as CN and N
20 nitrates/nitrites such as NO, and NO,, nitroso groups, and NCO, and/or £) halides including

for example Cl, Br, I, and F.
Tn one embodiment of this aspect of the invention, “f” is 1 and “g” is two or more,
and at least one X' is preferably an alkyl C,H,, such as -C(CH,), or -CH, analkoxy
OCC,H,, such as -OCH,CH,, -OCH(CH,),, OCH,C(CH,),, and -OCH; or an acidic moiety
25 0,CC,H,, such as -O,CCH;, -0,CC(CH,),, O,CH(CHj),, and -O,CH, wherein the alkyl,
alkoxy, or acidic moiety may be substituted or un-substituted. In one preferred embodiment
of this aspect of the invention the term “g” is two or more, and the X! moieties are different
one from another.
Tn one embodiment of the invention, the precursor material also comprises surface-
30 active precursor material of the formula, M’ L X;, wherein the terms L, X, f, g, and h are as
described above, and M’ is a selected from surface-active precursor material which may

include catalytic material known to one of ordinary skill in the art to provide catalytic sites
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three or less nitrogen atons, including for exanple straight, branched, or
cyclic am nes, al koxyam nes, am nes containing acidic noieties, N3,
cyanat es Woob/0as8CN and NCO, 20 nitrates/nitrites such asPROASansi6eB2,
nitroso groups, and NCO, and/or f) halides including for exanmple C, Br,

I, and F. In on odinent of th aspect of t | nvent i "f 'is 1 and

"g" is f%ﬂ%‘hﬁgﬁw‘)%é&yﬁfs’ F‘%’é‘f’i@ﬁe?&lex‘?lgp &P@Pkﬁ’rﬂ;‘}ma}%%gﬁdf%| CnH, n,

such as_ 4 ) - ago1al AN steikid®s R Cie cat@tif CH3) 2,

ocHR O d—‘lﬁ%@r@“gﬁﬁ&ﬁ%ﬁl’ g‘?}ahég’?g?réﬂmi’e{d@ 35 QZCnHM . such as - 020CH31

- 02CC( GiizJade-abiEHiréiddor maerinl 13 @, addérbtogheprehersed tgferial inlakugts AN aci di ¢

noi ety may be substituted or, un-supstituted. |n one preferred enbodi nent

of thi samayrarsuficienido PW@ﬁ’tﬂ?WtHaﬂ'gal%P 0 hti‘*“s“’ﬁ)&?“ﬁ? F%@? #HY the x1
ietie r | rent. eabecideRblagf fof he

?lr)\vent [ %H?mﬁﬁgb%ingcrﬁgilg?mr@tiﬁe?g?égﬁé}g&%%%ﬁr}?ggg asurface- 51 agt I ve

pr ecur sgiowiRbefhe abxtdbydrhebé deposited thivtebh gt is, ibesrtkimatioué 5@ eobs%lofl X, f, g,

and h are as described above, and M is a %I cted fr sur f ce%- tive
pr ecur seatalysftnestalgomparedio thgmoles of B’a’é‘m@’d{lﬁf‘@% i r%%p]iegqelvm% o4 (Q'a(gne of
or di nar ki Il in rh, t | oyt | 1068y
PCT/ Usoéwgelé’ég ab?ugtrzgglri%\?vt/ﬁ Sof lli)g'aéé%Jlot(a }.e})%gﬁb?e: )éy%f%a?dlgsﬁdﬁleﬁa?]léeﬁ@g?ﬁ%@% exanpl e
gol d, phtdl byides Hetyldashiaes or bott thenfoumthe dieldetvimlayer.i di um gol d, copper,

silver, iron, or mxtures thereof. The catalytic s rface-activele%recursor
p

1faterial rmy Ihenecaehedimenttof shesinseniiogothe pracursPrmaieriabylse AREPTSEs 4ileCify unt

i nsufficient te cause subst I gl tah h -di i lcayer but
in an SPE?ﬁﬁﬁ%'f‘%&thwrﬁ%m%ﬁ #}%ﬂé%tolflt}% o@g@%p@s‘%}ﬂ S lﬁl#égeélgg%!ttgﬁ%rr%\% ,é’,gé/,a

cat al yt h§d h ersAesribed ab&repwhdMVIfis b Bledi@kfromatiefalehbamtordeipdirt extaher eon,

that is, |ess than about 50 nole % of catal yst netal _CfnPartEed g{g t he nol es
of pri mangwmtst erie(of prdinasy skilbimgheans & slies theamerprties fihe disfestg {18 fout 25

mole % such as about 15 nole 9% 0 y : e riary
netal of¥ 68*?1"‘”% 15%93?&3%’ a&‘f}mg%%fl%nhﬁ%%ﬁ#lbgrﬁcgﬁel fgffenéﬁ?%egt ag/og'r .10 In
19ne  enbagi e preperkPRj e Hréditsor higeral BadIEDIo thaprcimbr mbdakianpr i ses
dielectric property-adjusting precursor material of the formul a, IXI‘f LgXh,
wher ei natoants gemrgally, knowrf to age of ariinaiy sliill im et o esamplaksihcendrm f0lj s " a

elected fromdi - t d tri-val . " di

ok 1 el DR o KR mblss of iclRbisBEpR adi A ai@itOBFp R ndi ol nary

fﬁa”p' ?o?%ﬁh?%ﬂaetﬁltd)ﬁﬂésidﬁﬂydfﬂxiﬂgs RHBdth tian Fhanedidectac fydi.um  or i xt ures
ereor. e

dielectric property-adjusting precursor nmaterial is added
to the precufsdornmatuti¢omiponant films, precursor materials that contain the respective

20 metals, i.e., silicon, halfnium, zirconium, and/or aluminum, etc. as well as optionally metals
that alter dielectric properties such as calcium, strontium, aluminum, lanthanum, or
scandium, as well as optionally adhesion-promoting metals and/or catalytic metals, can be
admixed into a precursor solution in the amounts needed. Various metals may require
different ligands to have the desired solubility and photoreactivity needed for efficient

25 formation of the substrates.

The precursor is coated onto the substrate, converted (or partially converted),
developed by removing the unconverted material, and heat treated as needed. Some
stratification can occur within a film if different complexes have different activation
energies, if the source of conversion energies are tailored to take advantage of this

30 difference. Similarly, variations can likely occur laterally in the same manner. For
example, if the catalytic metal-containing precursors require higher activation energies to be

photoreactive than, for example, the primary dielectric metals, the deposition of the catalytic
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amounts generally known to one of ordinary skill in the art, for exanple
between from0.01 to 0.9, preferably fromO0.1 to 0.6, noles of dielectric
property-wojoassiosry additives per nole of primary netal oPCEASODS1683

hydr oxi des or both that formthe dielectric layer. To form multi conponent
films, precursor materials that contain the respective 20 m%tals, i.e.,

si | i cormetals|in ghefifm %nrhﬁcﬁ?ntxﬁlﬂeda%?@mi{}% HRfsyalerenergy (e e dgeirehy i onal 1y
netals _that alter dielectric properties such as calcium strontium

al umi ndf¥"°Pant hanum or scandium as well as optional | y adhesi on-pronoting

netal s and/ on daeteatbBllinteniBhat@nplenss dfehe mesenkimdrentidnoara generelly gfghe sol ut i on
in the anmounts neezded. Various netals may require different ligands to
have t hiormielei Meld' Xal wikareinfyg.md NaaetleesECti vity needed for efficient 25

ormati on of the substr ' i QedifiEpPasits, at e,
éonverted (or parwgflIpﬁ%%i%%‘{fgnaeﬁ??lgsc%%@g?eo\gg%gwﬁgﬁg%ﬁ% th% gnconverted
mat eri ahref; B8aén, tt@aitandorpaecsitm, Setnso is¢tlnding fiamtaling harem, occur wi t hin

afilmif different conpl exes have different activation energies, if the
sour ce sifontiomy bal§iiwn, emaigues thereolinarticiasly siliopake advant age of this 30

diff . Simlafl 4ati : [ t [
manner - For exanp 55 ek b bR TeGAL o s e RERIL po BBl e bBud o ST

hi gher A hiypl AdtaE AR Girksuscarbda andbphiogacinithebethaiiketbronte bgamdpie, t he
primary dielectric netals, the deposition of the catalyfi -12

Q iC WO
103/ 031 6BAeREUNIECRbSBERE Wited)dLD)IQH: DO, ) BiorpaFoNanEgHEeBORe P hput
control lLing the, act,i vat.i an.en Qv . i r eqi. on..
oo niarer R ELH Biae ere e R s o Ry Bl i e
f onnul ag i LAGXuWIE OTMH , arfil/oraRllidmalctied fichae GOCE HY, mhemimpthenary net al

that has™ah oxide with appropriate dielectric properties, .prefe 1?bl y
si | i congrotps eovitainingand toabauk fawiven parbpmatoms sy apsiopdnbe parHll Qﬁ# bari um

t ti hal frri i Xt th t] i i
bet o df RsiaEvic Bahects ety pnds 360 BSE RLGHRE taionidh Qnafofnd © £
1?r | mar ytﬂg%ﬁhetﬁﬁ%gz&é%@ $x§ 8¢ AltraBAl R sulfirlgs v) givupb eolteinmgdirdrbonat e

igand are pendent|y”Substituted with % H b) OH «c¢). 0, d) groups
cont ai nidwholt eightaritogen Abmsytinclhding forerrawalestaight. Mignchpdhar gHlisA™IBeS, exanpl e

straight, branched, .or cyclic: alkyls such a such as
OCCnH?n alkauyBRINGS, AT ﬁegt@w%acggl}}gﬁnoagtw%ﬁ% S Clcaarérglﬁ]lnil}%ﬁgdégr oups
contal n%}ﬂ&t&ﬂﬁtﬁtt& RAPPH NDR Uhd RE), FibRP BRSO NEOTRNRPT) ikl Shchaimelot i al |y

or full
example Cl, Br, I, and F.

20 In one embodiment, L* is a ligand of formula (R,NCR,’CO) wherein R and
R’ are independently selected from H, OH, O, C.H,, OCH,, O CH,A,B,, C;H,AB, and
halogens, wherein A and B are independently selected from main group elements and f, g, h,
n, m, X and y represent integers.
In one embodiment 1.2 is a ligand comprising substituted or unsubstituted
25 aminoalkan-2-olates, such as p-aminopropan-2-olate, diethylaminoethan-2-olate,
diethylaminobutan-2-olate, acetylacetonate, alkylacetylacetonates, or a mixture thereof;

X? is ) H, b) OH, ¢) groups containing from one to about fourteen carbon
atoms, for example between one and four carbon atoms, including for example straight,
branched, or cyclic, and may include alkoxys such as OCC,H,, and/or acidic moieties such

30 as -OOCC,H,, wherein the groups containing one to about fourteen carbon atoms may
| optionally be partially or fully substituted with halogens, preferably fluoride, and/or have

substituted thereon or containing therein oxygen and/or nitrogen, and d) groups containing
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substituted with hal ogens, preferably fluoride, and/or have substituted
thereon or containing 15 therein between zero and 8 oxygen, nitrogen, or
sul fur atwom3/oslsyr oups containing fromone to about ei giRCTAISOZ/BIER at ons,
i ncludi ng for exanple straight, branched, or cyclic am nes, allcoxyam nes,

am nes containing acidi ¢ noieties, cyapates such as CN a .
ni t r at SnhpRe forabeukeish MEosRRIARY Pﬂﬁ%r,agﬁ’i tﬁ% 8’6?65? i R@%}S’ Teladme ¢y

hal i des. i ncl uding.for e arfres ! fhnfnes, 26hihds eoneiEnpadticent , L2
is a Iisfﬁlé?ﬁng’?é %%@1%#@?@5%}@5 arﬁ\iv?g?eallknﬁ% andd R are ?%dependently
sel ect afoibi@NHoytdiesQuclOn-ON LANGOD, fitrGesnitiiBy sudrasiiepynd Me., #segens,
wherein A and are independently sel ected from nai roup el ement and f,
g, h, sgioups and NQE, yhewshr heband ¢ thepeimary mgt ﬁé’r%ﬁ Wétﬁta HE0ged A0 gand
onpri Si bst, tuted. or [ L3@ah4 mdestndt®s, such as

£ nobRaparnBs) HpEg of REpab CLBEE gk, ATLICARA R ek S

di et hy| QuE.RaEHRAN, NODaNe),, MOst(l, Be,d; BreNeOHaHKR| QCR yid0gi-BrwhasR ivr a

m xt ure thereof; X2 s a) H b) OH c) groups containing fromone to about
f our t eenCt & Gdhalkalt, e, orfhsteresyslenl e bet ween one and four carbon at ons,

i ncluding for exanple,.st.raj 1 i g thBYidldatude

al koxys such‘Z\§al’§l Odgﬁéﬁ%&h%%ﬁg%g%n@%eaig?@ﬁ éélél}%%&%%ﬁdgs “O0CCnHmM  wher ei n
the gr Oc’fb%taﬁpﬂi‘j@s'uﬁg REhtRRE ptdudbiuhay Bddntieed with iendiateotrs fitypreapsaronal |y be
partially or fully substituted with hal ogens, pref,ergaly flu r.ife and/ or

1have smbistinltaststaed indheothenembestimantsith adit drehraPeky thﬁﬁlbql"c??“% ¥¢ogen, and
d) groups containin =13 03/ 0316 =Tl e e to about
eight nit rog@rW%yﬁ?g?Odﬁpgqt\é\?ﬁ%PVcW?lgéa%% 'g@s ?%(?gﬁae}lla%?g%nsﬁ{,& i ncl udi ng

for exaypkgatst T8lo8hin vy #s Heds, i01s oE neessaty thas thesd preowpamnmatesals ben nes
containing acidic noieties, N3, cyanates such as, 6 CN and Ngo, )
ni t r at edibsoiltadiih esobenh T sagntmdy Ndptankiplly lsavs dyging iBe SR oG medane Hifer ei n

) hat | oeseran iy ipeie. deapeEe S, g0 iobvelh iy Todhl PR pafidlBhy O and/or
15 ndepeng&% Yo inﬁ%@&%ﬁ@d go%i‘tilé@ to INeQicld¥iBs laléRincBiding butmot iNjted, H, R OCR
G Is a

and Q2 ere to Cl4 al kyl, aryl, or het_erocycikg*;l As.in other
enbodi npatbsity, Shénlsand cuad rmsistenes, andihe likee Autines; gndingtisnlarly alkanolpaies, ¢

constant adjustin terjal. precursors may b i ! t Lefectric
film prbegrssh fo‘-‘?g tgg? 1°éﬂlly£§f%§tt%’fl agerim%i ﬁ%a%%%%%gfégﬁ%l\é\&dﬁ%r#g nggﬁd adj ust
the pr O%ﬁé. %\ﬁoﬁgetﬁéﬁglaﬂhﬁé 81 dichah@¥Bine have proven useful, though other

alkanolamines will also provide beneficial properties, depending on the ligands attached to

20 the various precursor materials.

These films, upon either thermal, photochemical or electron beam stimulus may be
converted to a metal or its oxides. By using either directed light or electron beams, this may

lead to a patterned metal or metal oxide film in a single step.

The invention includes a method for producing a patterned dielectric film on a
25 substrate comprising: depositing on the substrate a precursor film comprising a solvent and

a metal precursor complex of the formula below,
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I n many enbodi nents, the precursor mat
substrate. To obtain very thin filns,

precur sorwoaBesicst s be
substantially | eave during the step of
substrate. Advantageously,
enough to inpart desired proper

di ssolved in a sol vent.

erials are applied as a liquid to the
it is often necessary that these

The sol veRCTresy2/31683
applying the precursor on the

sonme solvent may renmain for a period |ong 15
ies to the dielectric |ayer,

i ncl udi ng but

not limted to porosity, shripk and cfack esi stance, and the liKke.

Am nes, and particularly al kan Ianines| haye been found to beneficially
affect shrinkage and cracki ng of R beﬁhd ring drying and curing.

Monoet hanol ani ne and di et hanol &m ne Shave prpven useful, though other

al kanolam nes will al so provid¢ benegficial properties, depending on the

| igands attached to 20 the va iap§'ﬁhecur53r materials. These filns, upon
either thermal, photochem cal el ectfon bedm stinulus may be convert ed

to a netal or its oxides.
this mmy |ead to a patterned netal
The i nvention includes a nethod for

By using eitiwer directed light or electron beans,

brol.

tal oxide filmin a single step.
cing a patterned dielectric film

on a 25 substrate conprising: depositing on the substrate a precursor film

conprising a solvent and a netal

-14 VWO QRidh3dbhmdla Q6dy 1Bl 6&8al Wdnding
| p which fornula does not

refl ect actual

precursor conplex of the fornula bel ow,

to theRistal@s botd oxygen @ Kligand mayn M |
bot h

to th t al
oxygen binddothegastal Meap sShpVApetoy %8’%&181’{%0”%%1]?6\?% ngﬁaﬁ}l%lﬁl OI%dr exanpl e,

a fornmul ation

Rl Rl SYBH S
-
C——cCH
i
R1/ \O
| NEE
M
\
-

s

%‘stcgﬁ@w%%&ﬁ% groups, such as the two shown below Rl Rl

R4
R
R1\1\C c’:/R1
R1\(|: \O
R O
1 \ n
M

where 1 is an integer from 1 to 4, the R;s are independently H, OH, or a group comprising

between 1 and 14 carbon atoms including for example alkyls, aryls, heterocycles, amines,

alkoxys, p is an integer from O to 4, the R,s are independently 2) H, b) OH, c) groups

containing from one to about fourteen carbon atoms, for example between one and four

carbon atoms, including for example straight, branched, or cyclic groups, and may include

alkoxys such as OCC_H,, and/or acidic moieties such as -OOCC_H,, wherein the groups

containing one to about fourteen carbon atoms may optionally be partially or fully

and/or have substituted thereon or containing
containing from one to about eight nitrogen

including for example substituted or

unsubstituted straight, branched, or cyclic amines, alkoxyamines, amines containing acidic

5
10
substituted with halogens, preferably fluoride,
therein oxygen and/or nitrogen, and d) groups
atoms, preferably three or less nitrogen atoms,
15

moieties Nj, cyanates such as CN and NCO, nitrates/nitrites such as NO; and NO,, nitroso
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Rl/ \Cl n R 1-10 \ \l "R2] [2] P where nis an integer from1l to 4, the
Rts are independently H OH or a group conprising 5 between 1 and 14

car bon atwos3iossBudi ng for exanple allcyls, aryls, hetero®gEluse/3mss nes,

al koxys, p is an integer fromO to 4, the R2s are independently a) H b)

) oo ST e ot R BB e S SR UL
br ancheghyl s Gifd iudti i for ARIER, BT 44T, ek prefusl A5 | and) of

aci di ¢ noi ett})es suc wherein the groups 10 contaihing one to
about f aiketoresuchashostyktetoBe;may optional |y be partially or fuI I y

substituted with hal ogens, preferably flu ige nd/ or ave |ttuted
t hereon or c@e¥RoSingiahpast P‘i’iog é%/?uﬁ%]%ﬂ %?W&Wd%?gne ?1 wﬁ’roﬁps
ggtsa:,]imfu?% il legle&?orﬁf)éﬁg‘lf otk H&bﬂfaﬁ&??@f&of # era&noﬂ{t%ﬁﬁfci’éﬁnb daligece or

ogen at ons or exanpl e substituted or unsubstituted
artdls ag16eald frofd the pﬁdcu&oﬁmmﬁlsx meldcoley ancirthst, thewkprssd portioaiofitheg

o i oS o Gl b B oYt Sk noo,
\émnS; glr : ]et h(ﬁgﬁ%op dhdven %ﬁ?eéﬁgée [ Youlo ‘?i'lrflj ﬁl&@fegﬁxﬁ e !iﬁm%%@tv@eﬁ'a%@qgm atom

es | or exa erern a

preferr €darﬁ?ab6@t>6 Soe Colfordltifﬁié aufficisnicth rmoxmb;thmzéhycahldhe e&tbosm*t@e ﬁlm,l east a
portion of the precursor filmto electromagneti Caiad”l ation an ion

1Beam athesthydoimaing 9B AMorRiouy l?é‘??ﬁ?%@tni eAMBTRERERIetal AXIgRS, Mttty 8 10%Hde, c?nr ent to
cause l ' gp‘]gdsﬂglg h%%%%kltflg 2AL, f@H&S&*skﬁPi?iﬂhféﬁmecul es such that the

exposed precuPs Mm1s not so e in a solvent, and

wher ei n t he frhlshéth6@ fag Fidiesn mudee thestap bf einavire atdegstikalf ef the eotvanitng
unexposed precursor film and heating the fil mto bet ween abo 150 C and
about 335®m theffibm paior torexpogingithe Bl tq Qleqiromngactis 1gdiatAp; h?néﬂl} e?Wem?:ar bon

in the f e&g]g B3 therebé}b@}%&l@‘g?&r%}@%(fﬁg fﬁ: enf JlleﬁlJvlela@hﬁﬁfHﬁf' si ng

nmet al or a co Ion thereof. I's recogni zed
13y thos%ugfbels(;@thénq@aﬁ({ge art that This net hod may further |ncI ude the step
of renmoving at |east half of the solvent fromthe fllmprl Xposi ng
the filmto €negreforedmabodimentivtthe srentiands where Mos Shabis2, & p @Wétg?

cut 11 cf 6hE 8 TRAFOBDGROREIR ey HnT Cotibridt bl o Nl for L TRAE N

Si, nis 2, and p is either 1 or 2, and wherein the atmosphere above the film comprises water

st rai ghtj

vapor when the film is heated to between about 150° C and about 300° C for a time
20 sufficient to remove substantially all the carbon in the film.

In yet another embodiment, the precursor film comprising a plurality of metal
precursors, such that there is a plurality of metal oxides/hydroxides in the dielectric film.
The added metals will typically also be in the form of oxides and/or hydroxides. This
includes metals used to dope dielectric layers.

25 Tn one very preferred embodiment R, is selected from the group consisting of CHj,
and C(CH,);.

The exposure may comprise exposure to electromagnetic energy through a mask, or
involve exposing the precursor film to a directed beam of electromagnetic radiation, heat, an
ion beam, an electron beam, wherein the beam has a dimension of about 50 xm or less,

30 preferably about 10 um or less, more preferably about 2 m or less, thereby forming a

dielectric pattern.
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One preferred enbodi nent of the invention is where Mis Si, nis 2, and p
is either 1 or 2, and wherein the atnosphere above the film conprises
oxygen. AwNOtoh®s1685 where Mis Si, nis 2, and p is eitherPCI/usn2/268and
wherein the atnosphere above the filmconprises water vapor when the film

[ heated to bet bout. 150 .C hout 300 C.f ti I ci ent
Lo remve suBcmaTORAe e e Begun f b ¢ reheranwe o redbatdefel | o
embod M LSS PIGHR S ik LBASERI oSl AiRhiydlisbbuefo kel | pr ecur sor s,

such th ereis’a plurality met al oxi des/ hydroxides in the dielectric
film The apde®@ embodimentithd R} qomiprises A OQIYR pwherein Reisfaoe ki€ alkides and/ or
hydr oxi des. This includes netals used to dope dielectric layers. 25 In one
very pr@‘b’bpfb@te@ﬁ%@i ment Rl is selected fromthe group consisting of CH3

and O CH3) 3. e GXROSHIE PP QNG AE CHRATH e URIGhSCHTOmAGNCL [ C ener gy

hrough a ma I nvol've ‘exposing the precursor filmto a directed beam
of el echmeprensiipekidielbatit ditm wiess diekntriciconstheariat keaste, 8 isTnZhdahlt wher ei n
the beam has a di nmension of about 50 Am or Iess,g%o r fsr hblx about 10 ,um
or | essor amixiusrtadreptapnd thgpserurser fifpnfiyther gqupripes ae§g7§]0 ﬂﬂa[r‘?g 9 dielectric

Patt er N it e Orh 3R [ L o Biele8t A5k 010 ABERIOBRERMNIed dravheat i ng t he

filmis ween abou and about 250 C, and the tine
i s between alppuinviftidH 4186 esnt@nplarbauictidd boprogucihp agatemabditlactintiilthe R2
conprises -(0CO-R3, wherein R3is a Cl to C alkyl, . aryl, .ar heterocycle.
18 I n t hen hisgbstiatedioginaising deasitipgamdbeisubaiate apREscafsar fifg BTIERE P film is
an anorpghous high-k dielectr] i ] e | R t | east
S 1o sehpett 3pd  Jipus oy bbbk ot ebliid ISR MAS ARlodTort
further ﬂfe%qp@ SRSistag ofSi, TAZr, B8, Bd, 8r, Hff ot mititutettheredf) &rieafligamd efitherol ar
rati o of between about 0.1 to about 0.6 of the noles, of M The invention

al so cofisramatd R,NERy’ GR), RoCPITCIH G 11y aanyFhire thereed wheew R pRdRt #Fm 10 on
oSG2 SRR L LIS (SR e e e RS
18her ei N MNLiisq BEMGRAASOPNIEmERS afd §¢Ph,GQ AE ixSdndnoreplesdit intdgers dd whaeinBa, Sr,
Hf, or a mxture thereof, L is a ligand of the fornula (RNCR2
R, { OO =(Gis(uapioR indapendeoniecisiod Eoet QBICHor SOR, N Ot Cp P N OF,
: zggggzgﬁ.%{d: H3S, eelxggstir?g atfléa?s{n a 'gbm%n%lpﬂ?enpq*eccﬁ‘rw'fhﬁhﬁ)%o @Yecﬂ’@ﬁlﬁgﬁéﬁc'%acﬁﬁf&n? are
heat, an ion beam, an electron beam, or a combination thereof in such that the exposed
portion of the precursor film is not soluble in a solvent, and wherein the film loses carbon as
20 a result of the exposure; removing unexposed precursor film from the substrate, and heating
the film to a temperature and for a time sufficient to remove substantially all the carbon in
the film, thereby forming an amorphous dielectric film comprising metal oxides, metal
hydroxides, or a combination thereof. In this method, one preferred embodiment has M be
Si, fis 1, L is either 1 or 2, and B is between 1 and 3, and wherein the atmosphere above the
25 film during heating comprises oxygen. In another embodiment, M is Si, and the atmosphere
above the film comprises water vapor when the film is heated to between about 150° C and
about 300° C for a time sufficient to remove substantially all the carbon in the film. In still
another embodiment, the precursor film comprises a plurality of metal precursors, such that
there is a plurality of metal oxides/hydroxides in the dielectric film. Of course, ina

30 preferred embodiment R and R’ are independently selected from the group consisting of

CH, and C(CH);.
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15 selected frommain group elenents and f, g, h, n, m x and y represent

I ntegers and wherein X is an anion independently selected from Q2CCH3, N3,
NCO NO3,wh@2/03882 |, CN, OH, H and CH3; exposing at | ea®CTaISpwsteBON Of
the precursor filmto electromagnetic radiation, heat, an ion beam an

el ectron bea or

a.conbination theregf jn such .that the S ortion
of the precuf %WVPlilt}%ar?We%ﬁﬁﬁﬁﬁ@q%?dﬁgﬂo\?}&ﬂpg ARRG° (Z?feéfeﬁ%?ch% i | Im

| oses ¢ it ti B RDRHALE a &R Flin WREHPESIREd splvesur sor
fil mfrgllrir?gﬁbe stt?gcgt gtsgl,%yg%?g%g%??ng t he fialpm to a terrpg?pat urge and for a

time sufid &t pteousemenneplexbftharfoinallh MB[X,, vheedyliopeleeied fripm the giepp
t hereby form ng _an_anorphaus dielectri.c film conprising.netal .oxjides, netal
hydr oxi @esistigg 0§56 d H@rniﬁ’i B b b MIKHrg HPEShE sdiset, EOBPEY R Fed

mbodi ”\%ﬁel}ogﬁcﬁaa{sﬂﬁcﬁates&iet lantin thh—?-%}]a?é,tdﬁ@ﬁylajmﬁfob&an@ﬂ@laﬁ is between 1 and

, and he at hosphere above the 25 filmduring heating conprises
oxygen. adetylaseiray; alknlaoetyestbnatds, os a Siixtusmitierebf Jaisrindgpicndentlysblocted t he fil m
conprises water vapor when the filmis_ hea t n ahaut 0 C and
about 360MAN; HCQ, NQneNQy i B, ér@Nf(éHrgnﬁvéeg@@gtﬁﬁ'ﬁz‘ﬁ?egﬂf a[Cﬁ Ocarbon in
the filp Lo still BP0 parklfy AIERYSARSnfibd MG BMRELEES 2
pl urali ?3)43?‘1@2’9%1 °r6%263§5§% g}ﬁ@&% t %%rﬁaﬁlhcgrngYs a 1pI urality gf net al
oxi des/ PydiconildEoulids, fhe adi dlregresdncirftéders; réhocingraskeastiapatidOoithe fadventd

enbodi rent R and R are independently selected fromth oup consj sting of
16H3 and fropoks pescurserfiing mwwﬂseklem/mﬁm%ﬁg%@%ﬁfﬁ%f ﬁﬁ‘gé}ﬁﬁ’?ﬂ?ﬁmﬁﬁ%

t | at t hod f . ' : ' ' | Ta¥ek
Cubst r aP R PEIResR s AREhEY A BRLELITICERTER 6 d bRl

conpri sigect siél tenthe crpsbe@poRtionl of Hesrecusat fitmriphetsonible hrea fodvemtylaad M LgXh,
wherein Mis selected fromthe group consisting of Si, Ti, Zr, Ta, Ba, Sr,

Hf, or aheroin thedilmHesesehrrbon qusing as p&eHH of BieFKPRSURE TeMOXIRENBEIoSEth- 2- ol at e,

di et hyl am noet han-.2- ol at di e ] - 2- I onat e,

al | cyl a@éﬂ}fs&ﬁgﬁ%ﬁrg%t ?sel?strg{em&j){('c%'hfagh gﬁ%ﬁ%ﬁ&%ﬁ@gﬁﬁﬁ%gﬁﬁ?eﬁ? y sel ected
ffsr om N3 g, feidnt NBmoNRubsEntial®y all the d@lhon@ritheHilndR the¥Hy fondingf-afonplene R is a
G to Cl14 alkyl, aryl, or heterocycle, which may be partially or fully

subst i t disdettsi¢ film perhprsing meta) axides.umetp] ydraxides; ofea combigationperiok epr esent

I ntegers; re I.n t least a.portio cursor
film convert]n{?ﬁﬁs %F&’Pga@? §5P 85 GP}OE{Higr.}P 8%%&&%@%%@%@1&%@?@% odglf g that
porti on g ORRh RES fRIFBAAEEOE bétadea bba 80N €aind abbut 200° G averen tted ect ron beam
or a conbination thereof such that the exposed portion of the preg}grsor

filmis temperstutedsesnptresulsinl sigmficans aenverdiay @ff the PFRSUISPT, PHIOHEPERHRSBR duri ng
2%5 aft esl | tto%ﬁec%rgr%agﬁ(e%gsf%igﬁor{, %QB)’An”%n%Q%,%Se?Qctmn beam, or a combination
thereof in and amount sufficient to remove a sufficient number of the n ligands. Ina
preferred embodiment, M is Si, and the atmosphere above the film comprises oxygen, water
vapor, or mixture thereof when the film is heated to remove substantially all the carbon in
the film. It is preferred that the exposure and subsequent removal of unconverted precursor
25 material by, for example, solvent wash, forms a pattern. One mechanism to achieve this is
wherein the exposure comprises exposure to electromagnetic energy through a mask,
thereby forming a dielectric pattern. Alternatively, the exposure involves exposing the
precursor film to a directed beam of electromagnetic radiation, heat, an ion beam, an
electron beam, thereby forming a dielectric pattern. Low temperature heating is beneficial,
30 so in one preferred embodiment the heating the film is to a temperature between about 150°

C and about 250° C, and wherein the time is between about 10 minutes and about 10 hours.
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precursor filmfromthe substrate, and heating the filmto a tenperature
and for atinme 15 sufficient to renove substantially all the carbon in the
film thewelwg/oswsm ng an anor phous dielectric film conpriPSTrEsonBtess

oxi des, netal hydroxides, or a conbination thereof. In this nmethod the step

?f rerm;/i ng 1521? sol ver,lt1 fr_a [ tgglbfey m A y&%;?{:%(dylea %%pOSirﬂ&mr%t ré&f' mto a

enperat ure plighkticlegyd gl pg ’ B WErE Rt the

t enper at,ure _dpe t e S Jd - i ithe duleste sor,
m Vgleé?JBgﬁe ?orﬁl?ﬁ g{ege%H'lpl t?lhﬂs%h%cj IR0 thi DY RIS HRIKiIR] wit

prior t Sing mto electronagnetic radiation, heat, an ion
beam aRnehRICST0 Teabics Fhd FheRirciheiavatsonfilm firdree ofmprises i, Se\nbe.daf o1 ci ent

to renove a sufficient number of the n [|i ds.. In eferre nmbodi ment
M is Siamiutaretthereof imes mlaraatio of ketyvgen ?hqugﬁgéﬂﬁb‘?‘gé% %Emﬁeﬁg'r vapor,
r m xture thereaof .when i].m Q hEFPIYE tadtby all the
arbon in tﬁgurfel ?Howlggheilgg%été gskécé}arﬁg@gﬁlgtléxposu?izgig‘%g@gﬂgbsgq%ent

removal ,eef 1USCION8s mtifstePsHhotslpdis.25 material by, for exanple, solvent wash,
forns a pattern. One nmechanismto achieve this i rein the exposure

wh
conpri ses exPigatershowsdhempnefanigrpeqteal ehpmegs nidhs %%o mask, thereby

compr i ses expigata sivysdhes ehieg | |
the " proCaRerI ek Gl PueChli 208 K 4 0. D An 2RRE ki L Roat

an ion BeafheRhe £u6eg.on beam thereby formng a dielectric pattern. Low
tenperature heating is beneficial, 30 so in one preferred engodi]{ﬁa?nt t he
1tieat i ng t he Figura 3 shows the ensinsbimageshowmpstisen diide lingg depostisd 0B §EigPo50 C,

and wherein t time,is, hetween about 10 m nutes and about 10 hours. -18
VO 03/ f@%@f@%@wr@%?}lﬁ%ﬁ ngdthy gh k dielectric filmenmbodinent, Mis
Ti, Zr, Ta, ‘e Qe idVeioH @stiissans usedieoiplexthef themtvasdcidaetopperand filmis

an anorphous high-k dielectric filmwth a diel ectri%H c_%{;s%anﬁ of at | east
5, and sities,ed forthBlnprerioh mey beiattivatest Phibernealygis. chagednartiges (e ase g, or

i Xt th f.i ' f..b 0. 1 o 6 of
he. ol Bectogh ) ghper ociraa kTl by s @ Qfatint (il BBRterit Oy

f Si(a PG 2. @i dasi/StO DG InkQr pafeitfngS ré@begihvetyol ysis. Figure 2
lghows t 1gﬁ%mnot gfr??%ﬁ)slpz)ee’ctral 1changtlas inptahe FTIR of Si (OQ2CCH3) 2(tbuacac) 2

during phot olAyissstep wilbde torprovide @ sullstraten dyRics] Almsmay PoReROMIFYCN0  hrs of

heating at 400C. 10 FEjgur.e 3. .shows. the optical i i L ld,60

di oxi dgVW%sS“H%’&S%Si tf@gsedﬂc@ii‘? P@BE,%’B .ais ﬁfimgiragﬁlélgﬁg%%g ?%wr g%é‘fah bbagng ginin

Wi dth. 6 € YRR B LerhiBYRRbOP BuflRSe it eyt iREtude oner regrmfeieon, of vametyadfs such
a

as copper . N
metallic conductors, dielectrics, and the like. The nature of the substrate is not critical for

20 the process although it may affect the method of deposition of the precursor film and the
solvent for the deposition, if one is used. The most commonly used substrate has been
silicon but is not limited thereto. These silicon substrates may have been coated with other
layers such as dielectric layers, photoresist or polyimide, metal oxides, thermal oxides,
conduction materials, insulating materials, ferroelectric materials, or other materials used in

25 the construction of electronic devices. These include single crystal wafers. A wide variety
of substrate materials may be coated by this process and the essence of this invention is not
limited to specific substrate materials.

The next step is providing a precursor.
For the deposition of metals, the precursor complexes of the present invention are
30 generally of the formula, M{L,X;, wherein M is selected from the group consisting of Ti, V,
Cr, Au, Mn, Fe, Co, Ni, Cu, Zn, Si, Sn, Li, Na, K, Ba, Sr, Mo, Ru, Pd, Pt, Re, Ir, and Os, L
is a ligand of the formula (R,NCR,’CO) wherein R and R’ are independently selected from
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silica, to formfilns which may be activated by thernolysis, charged
particles (such as electron beans), or photons to deposit conductive,

i.e., copwporo3esarmsni ning films or patterned 15 filns and diPerasn2/383i . e. ,
silica Si/SIiCH films or patterned filnms, respectively. Afirst step wll be

to provide a substrate. Typical filns e .deposi on..: [ ous

subst r Bt €5t mgﬁawymr%@mdﬁ greégg%%ggenﬂgﬁ Fﬁ&é %gms@%l;égédspgl ts, such
as CaF2, to ! HechBrs, sdr kag as ambh indepsnhdentty ude one or
nore of egﬁemscagﬁ?f?%t%vg’?@g%%&ofﬁépfn%?gﬁ% gonduct ors, di eldeégtri cs, and the
like. ThetodfromeNQNCOANOYDK,; 1,81 5 GtOR/HiCHal for 20 the process

although it may affect the nethod of depositipon of the pr il mand
the sol venAnfeempieokruphRiersar COmPIEEs "?‘iu#?s EI‘?C?GFMOI?PDEEF glggf%%ggrﬁr{/d used
SubSt 1 4t &) RS BES Dom Sk LGl Mitlavicbifhart Bk b eligandbieselesiyf con

subst r SElean RiCRI compleXes ILL othef |ayers such as dielectric
| ayer s gl 6paRsi-6late) diciplathinbethan-delatt, diothyleminobhieniPadlatsxmsethe likeonduct i on

terials, | at terial f | ect (i teri.al
ot o | Relstedbemplnx @it FecIotw U IEE bt £Io0etr DA oHRYE et SHIEE | ncl ude
by i 2553 su i i ol e e B T o 10

by thi e ce o Invention i's not limted to

speci f ing (3 HONORRUD)NBY) S whatei R Bhé Riaxd indepepdémslypetsotedifogn H, PFs&uHsor . For

t he deposSiti‘on of net aﬁs, t he_precursor couopl exes ﬁéqﬂ@he prte(i‘irnt 'Qi\ﬁenti on
1are 3@GERe O8], HyAJB, arkCfhAwl), avhergin gygnd 1agepe ySeleeled Be PR t he
group consisting of .Ti, V . i« N ani ad&itly Sn, Li, Na,
K, Ba, &%UpP %B‘,ne]%ﬁ angg, et ?nddgeprér%‘?nté%g%g,wg@%ssﬂaaﬂf%gﬁ of the formla

( R2NCR§' fzéQ)ed\ﬁ*a% R, NEoaR, Roa 18, B dap@Niev) §, aeChut €4 flkghsuch29 WO

03/ 031682 PCT/ US0Z/ 31683 “H, C. H_and OnHM, , By wherein A and B are

i ndeperCigptiGi tsdBHdt%kaﬁb@h@ﬁdDﬁ%ﬁ@é@fa%ﬁ@Hﬁn%@“&ﬁ%nmﬁ ¥, AHPXYANR  x and y
represent |nte ers, -a d X i.s an%jlison i ndependently selected from N31 NCO,
NCB, N@gntagging gye iq fougiegn cahongloriyn = Ay ey anml e of such precursor conpl exes
14 nclude din ‘é&ftl?cﬂfghQﬂrﬂR@éar 6pBt c@Rdvitibbidemaledandsidre exempifiedlinges wit h
sui tabl e bidentate |igands. Suitable |igands include; - ..

ani noprsoperexamplestte fordi emtydtiveicaprar Aayers: the present WyveRtiop 15 20} 1irBHer ©n- 2- ol at e,
and the |ike. Relat conpl. exes. ar i.56| L : idcmdd: Chem
Soc., [RPPFFORPRIFES. ‘f{lTlP ‘.?e mﬁ@%@-ﬁﬁaﬁéﬁﬁ&%ﬁﬁ%ﬁg%@ﬁé@sﬁ@n 1|c§!rclglcur sor
conpl exgsyare Aend ’aﬂ:g’y;lopfqi,mgzhpswshﬂ;i, M2 KRRNGR ¥6) R0 )P S PtvReAeiOs R and

R are 1hdépendently selected fromH, OH CnHm 10 OCnHm OCnHMXBy, and
CnHMXBynd sihdaraietals, ambimBtaesthersdépendent |y sel ected from mai n

20 In particular, the high-dielectric forming metals are also useful in this invention,

wn

wherein the processing conditions are adjusted to form the oxides thereof. With this
disclosure, one skilled in the art could determine the corresponding stoichiometry for the
particular metal and the general ligand formulations provided above.
Presently, preferred metal complexes for depositing a metal such as copper include
25 Cu,(u-Et,NCH,CH,0),(N;), Cu,(p-Et,NCH,CH,0),(NCO),, and Cu,(p-
Et,NCH,CH,0),(NO,),.
For depositing silica, singular and dinuclear silicon-containing complexes with
suitable plurality of ligands are preferred. Suitable ligands include for example: p-
aminopropan-2-olate, diethylaminoethan-2-olate, diethylaminobutan-2-olate,
30 acetylacetonate (acac), alkylacetylacetonates, i.e., terbutylacetylacetonate, and acetate in

combination with acetylacetonate and/or an alkylacetylacetonate such as
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group elenments and n, in, x and y represent integers, and X is an anion

I ndependently selected from N3, NCO N3, N2, d, Br, I, F, CN, OH, H, an
Cl to Clawelokybieszich as CH3, a C to 0114 al koxy such as @CHIISozs8dr an
am ne, al kanol am ne, or al koxyam ne containing one to fourteen car bon

atons. 15 Al though di nuc| ear,. copper c plex t.h. hi S are
exenpl itpoatylacsty %gtong@nihggé}gﬁp&capoOf@ ﬁ?ﬁ}w lclll{"/elté‘-,i t@%%&fé{ro %?121
pr esentsﬂ%ﬂ!lﬁgtdo ra'gg, d?gih& bR &eidiRs o MRRBIpERTP! exes. Ot her 5U| t abl e

net al s se t he present |nvent|on include: Ti, V, C, Au,
M, Fe, Co, Mie prGressedrof tHsi pressnt inventidiefacilifatBe f@matlmj of mihin peyer pi@ a Re Ir,

Gs and simlar netals, and mx;rres t her eof . rtlc% i the
hi gh- dissbsfeate freny apisrseraateal :1118 péchg%gcgpmsef,ﬁl ? gs PRVE 1% dn, wherein
%he pr ﬁg@g@%ﬁﬂ&%ﬁﬂn@ F?e[tgh Qﬁﬁt@% §, Anfred Mnbdifer Oféblﬂﬁﬁg IR hid t h

ure, one e art coul d deternmine the correspondi ng

stoic hlcgﬁﬁhlrahdfdiﬂdlélmc @.&ﬂilty,@nﬂ/ar phetbsensitindy.t Tle @en’fetb’&fthq Rraesdror mul at i ons
provid a

Dlioh asmolspplss ¢ Henbaent varalnop N KEIGLADER S| REgpckes of e FRa Nlih & et !
gjﬁl( czEt 2%%?5%?{% él(sN) Iﬁet R'/I"?;l%( -a iEhR %@n% NGBast 1, ey atd@@@@rlet I ng

and di nuc i ’i'con-cont ai ni ng conpl exes with suitable
pl ur al i gy¥aBle HehB@(US) & lizandshier, baslan Bikdenbhishlis gdeatt 11 arelenvisioned beitampl e:
g- am nopropan-2-ol ate, diethylam noethan-2-ol ate,
1di et hyliaméntresbut an- 2- ol at e, 30 acetyl acetonate (acac),

al kyl acetyl a@et ﬁ@t (glme'tgﬁ E&) Eal) (JJ ff@ﬁﬁéia@?f@xtnlg RakSe i8BHicAL Il My Yen

conbi nati on ace ona € ’an OI’ an a acetyl acet onate such as -20

WO 03/ Oﬁgﬁ%t E’L@Hskﬁﬁ% ﬁéx%&ﬁffeﬁeﬁf ‘bilér%]deatb% y]]r?»]aaNebDEaElé |F e[y e stingarwgdecan, of
course, be substituted thereon to change the ility, cov

ot her cidante whils othess way bhdiffesbpioxs aT‘H@rB @gtjgrggt B?le‘%/cﬁ% gé@fém?

| nvent | gn, £RGILLLALE A8 (A1 ABHLGN. Al Br Hthd AHE 2By b nate froma

precurs sor conpri ses nol ecul es speC|f|caIIy 5
1§esi gned, {God Ilﬂ@ﬂal f@ita)dﬁmbxﬁ ¢Por0igh mm gfoubshetalf for exarapla mlfom ISm ereamner

| t f t | d/ di el ect it
phot oseadiridey féwafnpe U aaithi Dyeiomblyech et BepREPEb I SRkt i cant
bl t |
vari al §thZYV\¢Te§§? %{?nﬁ #é’??] n? | )?OQP N Ro, (ﬁu kﬂePgl Of i asViRlaby a, Pr,

conpris L a’is an integer WAich is at

least 1g 1\‘,1ﬁ B, ’]!'aeWtRé)@ TrSPd, habbls, TH, GRISY, AS, LCe), a.mdMg @dﬂn&prefera@ly, e i s an
i nt eger ich i's at least 1, are envisioned by this
metal is selected such that the 'metal oxide film has a dielectric constant of at least about 3.

20 Particularly preferred are Si, Ti, Zr, Ta, Ba, Sr, Hf, or a mixture thereof.
If a plurality of ligands are used, all of the ligands may be identical, all may be
different, or some may be identical while others may be different. In any case, ligand L is

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

properties that:
25 1) it can be deposited in a stable or metastable amorphous film on a substrate,
2) upon absorbing energy, e.g., a photon of the required energy, the film can be

transformed into a different metal-containing material through a chemical reaction, and
4) any byproducts of the energy-induced chemical reaction should be removable, i.e.,
should be sufficiently volatile so as to be readily removable from the film.

30 To achieve the first two of these results, the complex should have a low polarity and
low intermolecular forces. As organic groups usually have low intermolecular forces,

ligands having organic groups at their outer peripheries tend to be satisfactory with respect
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10 invention. If a plurality of nmetals are used, all of the netal atons may
be identical, all may be different atons and/or have different val ences,
e.g., Bawaoow3feill) Fe(n), or sone may be identical whiPCe/usvizrs3 may be
different atons and/or have different val ences e.g., Ba2 Fe(111) Fe(M.

T ﬁ?m”?a%é‘%qa%s”%am? 1 S B SAR R R RIS B2,
exarrpl for exarrpl e Uor Th. Preferably, each
nmet al |n epenﬁeﬁl}o?&snglﬂgéc%%g&%r om Li, , Si, Ti, V, C, M, Fe, N,
Co, CU Zn $he déﬁosifed filkbof Mbstaﬁhallyﬁh‘;coi?d:rteAmechrsor $ramqgahoq_s@r ap}east Sm Eu,
Hf, Ta, W Mor e
pref er aﬁ%bﬁtan’élﬂb’ aIﬁ@iPBPusr STISCéqL%%@t ‘@crnglgﬁ:the W% C?IHBIeﬁgeya?F reg}ﬁt%/g %ilmhas a

i el ect [ | ¥Rl afheicopglerre Si,
gi , Wgtaﬁ%%&gn&aﬁ(s)i Ir)lle(?&&gl?étg%}e?éehtdtl ﬁlea} g%?: ° Féxalg gk‘}ﬁ’?l? lity of CI [ gands are
used ahiay@% nidde akyrginsigie byainge lighedtwhiel itseHHas twgobmorajstérbellsenenc or sone
may be identical while others may be different. and L is

chosen fumsher exasune ibhis @eempic %Mkhﬂ%n@ﬂteptﬁlééﬁlﬂ ﬁg%@ﬁﬁqog@pl% be for med
ﬁg? ag ? Z%qtygrggﬁ,@? %ﬁ%a&ls %c&tﬁ %ﬁaﬁgu%oe{éltdlﬁégnt%&raﬁ%?ﬁé rh8 2hSligbhf or

upon absorbi ng energy, e.g.,

a phot oghdpbs bmgalﬁapbmds 6Nk digandshaay bd mlewad mexmnphsiymubmumng 0 a
different netal -containing material through a.chem cal reaﬁt O@é\
1Qny by pratienstisoietiestanéo ehgangyhasede opimiasd bk aad topdiuHdht ¢ vabI e,

b ffici |.at,i sreadily renovable from
the fil ﬁi}ﬂg@q-}"dﬁé’& PRPEC fﬁé gls%%f%?m%ﬁo%g?ﬁgs%&roggsul ts, the conplex should
have a | ow pghakiabilitypefhn d:@thdsuseﬁmpwgn uéspectft@c@aalhzasomngymso bgr oups
usual |y have | ow i nternol ecul ar forces I i gands havin ani ¢ groups at

thei r oeblemcebby makingdke filanef a eorpples atudrhss Seveyal \mfif‘?{eﬁﬁgﬁé‘é § -21 WO

03/ 031682 [ US02/ 31683 tg@ th |
absor beff<den fen i Aapan S Frlel bl e AT ESnfricl ek BN 1 0
18hot o- i peiaerd th@@&abtl&{lofdﬂgmgpg@mmm hortthod mﬁullﬁfétoa'latmcﬂdell(jﬂ) sztlt:amt/er t ed

precursor i's anorphous or at |east substantla anor phous, ref ore,
make t h&NIES &ads tmipe erodnetjay ofr aewizdprgref ig08105s. c?lgﬁéiﬁmuqai BEqDSHies Pf §»snd< s) L

f h that th h
ﬁ;geeggaﬁg&t?@%{;s HE; K aaw& q%FE) cﬁ%le ﬁcﬁﬁmi g, t?%-\gr% &ﬁ%k’ Eé@erdfay e
st er eol QPRI f thé ﬁ[rfﬁmpf%r cr§staPAteon dffthd-cdrspleaizetie €ilid- et hyI hex anoate, the

resulting nmetal conpleX is
The complex must also be stable, or at least metastable, in the sense that it will not

20 rapidly and spontaneously decompose under process conditions. The stability of complexes
of a given metal may depend, for example, upon the oxidation state of the metal in the
complex. For instance, Ni(0) complexes are known to be unstable in air while Ni(Il)
complexes are air-stable. Consequently, a process for depositing Ni based films which
includes processing steps in an air atmosphere should include a Ni(II) complex in preference

25 to a Ni(0) complex.

Similarly, Si is meta-stable in air, and processing steps that provide oxygen and/or
water vapor to the silica can provide an Si-OH or silicon oxide compound that is an
excellent dielectric material.

Partial conversion and conversion result from a chemical reaction within the film

30 which changes the partially converted or converted regions into a desired converted material.
Ideally, at least one ligand should be reactive and be attached to the complex by a bond

which is cleaved when the complex is raised to an excited state by the influence of the
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asymmetri c because the conplex has several different stereoisoneric forns.
The size and shapes of organic portions of the |ligands nay be sel ected,
for exanpwe oby3webstituting 10 various nmoieties onto a |i gemdSbzaswss3 t o
optimze filmstability and to adjust the thickness of filmthat wll be

deposited by the selected film depositian pro s. .Jhe stability of an
anor phoRPRveitinggans ]?rééeﬁ%té}’ thegeaqtiye S5y 15 § Weﬁﬁetﬁ% the OPRIEE Mt hanced by

neki ng LI gfﬁp@ ; wftfS1 R lidht, @8 ftbspartadit ached
to eactﬁﬁrzr)g?%jf}ng%ag%a@t uc %ﬁ%&gﬁg@hﬁﬁg@g&ﬁ%&@,ggﬁ al iso‘_érlrleri gdfp ornms. For
15 exangn@ertingenda@aeid/anthe toSBitgin2aE2 Nia@hikewiicihplotoshemiea sip(shimthekel (11)
salt and K _NCS |eads to the production of a.nm xt uc&ﬁ of di s%ma%s. The

cheni capropess gEaienisit ishighlis preferalple tha the infsrapdiats PLoduehRIOdHeEsd WRFHPF £ o

igni ficantl 0 [ } &PMB dSsil ftedian

I nmpai rsreg{;]ti,vg%/%?% %zggg‘l%é?\d %%]ﬁ%%%ﬁ%%{;r@pﬁ%gg{afl?\&%ﬁ;&bﬁﬁm Thggggér%pr{egﬁnrmst al so
be st abigl voddtilabyproasd(sireAasimidxecanihave e cransre rédutive ligands] éndnot 20

rapi dl y and spontaneously deconpgse under process condjtions. Tgelz}st ability
of conpadsrategeatlyviinang iggpdreagye geprR Haever N&Féﬁﬁ&ﬁ%‘!s BESOme PARANS dat i on
state of the tal_in ' gt ' are known
to be unst abrlr erleﬁreaﬁeyer\%\ﬂﬁ%lfbﬁ]ﬁwsg&wlggﬁn%%@%s ar go%%#?asatl g%leg({)rp%g%sequent ly,
a procesguf.08ole BREhlEGr SNitabla setibh hieshadisnewhich elaydewpprabiegssi ng steps in
an air atnosphere should include a Nit(shlpl') caonpl ex in pref rgtgce .25.to a
10§ (0) cindpiiduallyirin tembipaticy, ageording fo the abyeatipmargias follgys: p@b outiog °ff eps
t hat praovide oxygen_.and/ or__wat€ | el ' n Si-CH
o si 1 BeobRR S B poaR e O et Rls SpirdE il A Ran R B AR

Par ti al neenYQNigh@bddidn BRI MeRBid@RpIEL &Ulnktablepie dotd Bréakehnd thacamainingi t hi n
the film30 which changes the partially converted qor converted regions into
a desi r pattsoafithe coreplexrspamtinepusly Heesannoge, (B absemption gha PhotgRARAYINEIRE be

o conpraer &t p feide Teichota FRRs By B st ol Rkl S 1 BRYSR 00
193/ 031682 BHM&iSQ4h#46i8 Ihe oAV BIhikIWhdTRafsMmainthp@tHd the thapleract i ve group
I's severed fromthe conplex in a photochem cal reaction ll nitiated by

li ght, supmmmd/ ;)ﬁs‘lpdabhgppfm(cmbwwpn_lf_é@ ph¢tgmay§b09ﬂ@ GPRR ?’&lna‘é:'énver'; i ng
means and/ or, e, convertin ans 0, .make su e s) in
the pr&edEd staig ingvhiph ?erf‘élitgﬁllgﬁﬁ%P %ﬁﬁ%‘?oﬁlﬂﬁg {%%;ts&ﬁ %é{ﬂeﬁo?%g rﬁé%?ét e
product ,pg g@%&%ginﬂiﬁﬁng BE R dofRldd RnBneHRIY c&c&ﬁ?@s’e@(ﬂ) hbsdtpsédte and

spont aneously convert to the desiréd new materi a ] i .
photon may place the complex in an intramolecular charge transfer excited state in which a

20 metal-to-ligand bond in the complex is unstable, the bond breaks and the remaining parts of
the complex spontaneously decompose, (¢) absorption of a photon may place at least one
ligand of the complex in a localized ligand excited state, a bond between the excited ligand
and the complex is unstable, the bond breaks and the remaining parts of the complex
spontaneously decompose, (£) absorption of a photon may place the complex in an

25 intramolecular charge transfer excited state such that at least one ligand of the complex is
unstable and decomposes, then the remaining parts of the complex are unstable and
spontaneously decompose, (g) absorption of a photon may place at least one ligand of the
complex in a localized ligand excited state wherein the excited ligand is unstable and
decomposes, then the remaining parts of the complex are unstable and spontaneously

30 decompose, and (h) absorption of a photon may place the complex in a metal-to-ligand
charge transfer excited state in which at least one ligand of the complex is unstable and

decomposes, then the remaining parts of the complex are unstable and spontaneously
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and vol atile byproduct(s). A conplex can have one or nore reactive |igands,
and advant ageously when one |igand reactive group is severed, other

| i gands bwomn®3sexst abl e. There are several mechani snms by Wwoiraisoz3ses t abl e
phot ochem cal reaction may occur. Some exanples of suitable reaction
mechani snms whi ch_may be, operahl e, 10 .i.ndividually or in conmQi nati.on,

accor di fgcomposeln iHEaad %?ﬁeﬁﬁ’g’oﬁ’se"?% fhigipyentiog)ts H%tstB P50 t?age b%%n may

pl ace the i L.gand to netal charge transfer excited state in
whi ch aﬂ)%%ggggﬁgmfﬁ%%ﬁgh%%nd in the netal conplex is unstable, the bond

breaks and t Bgemph®y Metabcomnplekss, aid fhhi nosatphé igapormaaents) are dessohpbse, (b)

absorption of a Photon nay pl ace the coqﬁlex gn %,netaJaEO-Li and charge

t r ansf ein B Peieat Npal 634, 2which isingamaratedohersty By deiBsREC IPHSIBHHRE conpl ex i s
nst abl he il I EQaRL e

gpontanggﬁ%T?1%@@g%%@§§£§¥%?83%g@?%@?%%ﬁggggggﬁ%%%ﬁkégge%Iacebiﬁgmionplex

in a d- grefaubly! @6 lighatsard selodiddction thegralip bansistiggnfladzoylacetonateh@lsodmpivex i s

unstabl e, the bond breaks and the renmaining parts of the conpl ex

spont anedlasky’ afesbhpiarediqng) a%%%@pﬁlﬂs@ﬁlhﬁﬂmged ASHItAGRIORS: If-ace the conpl ex

in an intranol ecul ar charge transfer excited state in which a 20

nmetal -to-ligand bond in the conplex is unstable, the bond breaks and the
remai ning parts of the conplex spo& anfously deconpose, (e) absorption of

a photon may place at |east one |igan f the conplex in a localized

| i gand excited state, a bond bet wden the Bxcited ligand and the conplex is

unst abl e he bond break nd i.ni ex

spontan@@% ev‘ﬁﬁ%ﬁn%%g@yéfé?n%%gﬁﬂ%ﬁgﬁﬁg%PQQQ%%%ﬁ%%ﬁﬁ%@ﬁﬁﬁgggithe conpl ex

in an 2ghsatdiaRetilladbtondlaege transfer excited state such that at |east

one ligand of the conplex is wunstable and deconposes, then the remaining

parts of the conplex are unstable and spontaneously deconpose, (Q)

absorption of a photon nay place atyleast one |igand of the conplex in a

| ocalized ligand excited state wherjgin the _excited ligand is unstable and

deconposes, then the renaini ng pag conpl ex are unstable and

spont aneously 30 deconpose, and (h) absorption of a photon may pl ace the

conplex in a netal-to-ligand charge transfer excited state in which at

| east one_ ligand of .t Co ex .is.unstable and deconposes, then the
M%nainiﬁﬁdﬁé%Pgn%fhﬂhgggﬂ é?nﬁ?%lﬁﬂstable and spont aneously -23 WO

03/ 031682 PCT/ US02/ 31683 deconpose. In its broad aspects, however, this
invention is not to be construed to he ligijted to these reaction
mechani snms. Exenpl ary net al conplexesN_Qg their netal and Iigand
conponents, are descri bed R’ S

and its anions, carboxylic acids, i.e.,

0

N

R OH
such as hexanoic acid where R = CH3(CH2)4, carboxylates, i.€.,
O

J

R (0}
such as hexanoate where R = CH3(CH2)4, pyridine and/or substituted pyridines, i.e.,
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in US. Patent No. 5,534,312 which is incorporated herein by reference in
its entirety. 5 Preferred netal conplex precursors include |igands which
nmeet the wbwsm3wsiteria. More preferably, the |igands ar@eczaiSerswss f rom
the group consisting of acetyl acetonate (al so knowmn as "acac" or

2, 4-pentanedi one) and its anions, substitut cetyl acetonate, i.e., OO

R R aavids hei N3amnunes, ©.ge &N BaBingh e g 41 ﬁg S§S,3-85_ hexanedi one) and
its anions, substituted acetonyl acetone, i.e., O R'----~ R O 10 and
its anions, dialkyldithiocarbamates, i.e., R SH R /S and its anions,

carboxylic acids, i.e., O RACH such as hexanoic acid where R = CH3(CH2) 4,
carboxyl ates, i.e., O RO such as hexanoate where R = CH3(CH2)4, pyridine
and/ or substituted pyridines, i.e., .Rs IN-24 WO 03/031682 PCT/ US02/ 31683
azide, i.e., N3-, amnes, e.g., R@ﬂq iam nes, e.g., H2NRNH2, arsines,
i.e., RJR R diarsines, i.e., g R BAs-R Asp R" R'/ \ R'"

diarsines, i.e.,

Rl Rlll
“As—R—As]
Rll d RI "

phosphines, i.e.,

rR' R
Diphosphines, i.e.,
RI\ / Rlll
P——R-—P\
R" / Rll "

5 arenes, i.e.,
©/R

hydroxy, i.e., OH-, alkoxy ligands, e.g., RO-, ligands such as (C,H,),NCH,CH,0-, alkyl
ligands, e.g., R-, aryl ligands, and mixtures thereof, where eachR, R, R",R", and R" is
independently selected from organic groups and, preferably, is independently selected from
C1 to C14 alkyl, alkenyl, aralkyl and aralkenyl groups.

10 As used herein, the term "alkyl" refers to a straight or branched hydrocarbon chain.

As used herein, the phrase straight chain or branched chain hydrocarbon chain means any

-25-



phosphines, i.e., R\l R. R Diphosphines, i.e., R R P_RP\ R~ Kull
5 arenes, i.e., R hydroxy, i.e., O4, alkoxy ligands, e.g., RO, Iligands
such as (WRHBPZNEH2CH2O0-, alkyl ligands, e.g., R, aryl [pcgamsds3i6and
mrturez t hereof, where each R R, R', R, and R... is independently
sel ected from organic groups and, preferably, is independently selected
from Gubstitgtedr ugsubytituted) qoyelipqarbo-eanfaiging 8%13%%%‘5]%18% m@r%li%@s.’ 10 As used

herein, .the te "al kyl " ref ' W, bo

chai " otheg i gty capp sl A EeRppt frliedPlont BB IR SR AR O

hydr oc agh@nn Hhspyl isB2a0pyiaAvbutyl 280-BG0360BU688r BETeB0RMRE GRS, feubst i t ut ed

or unsubstituted acyclic carbon-containing conpounds, jn qu;ng al kanes,
10

al kenesexample nthephds-octykdapoetyl, apny dseyl, gpéthedikentomis alky LERAAPIef or

xampl e t hyl ethyl . .n-propyl . i . - P d

Fert " butiets preay e oy 2B, hRAHEIE Benel ekl or SORARE and,

| S0- 0Ct ner AIRDMhe, fBEGMMp]S Mdhdpbsiel Alobtend, asuRbctelekbreune, ddcee axahplike. 5

et hyl ene,” propyl ene, propylyne, butylene, butadiene, pentene, n-hexene or
i s0- hexBimeordinaty skilbgseartisenidy fanidiar weth nasagrays straighthbey lnear, adduinched

i so- oct ene, d .and the Like. ' g i i
a1 o RRaebae St Ghocope o terpssROfvaLit"Hh aditbhy ih Bt 200 L0
whi ch a%:?u a8, 91sb BEntsia ARG 08 sUbBiuRAIS SEWhichdvie Bt dfe hydogeditérels, such

al kyl oups may al so contain various supstituents in ich one or nore
10y dr ogerephicedrsy b Surb@ionad greupeat apyinghfindendtionaligrefoup or an in-chain

funct i onal .. As .used hergi " " : A
or " br anched N9 ASSIRHbrRE el Ak ot T dsuRef A RidohBath 8lgE O
i “kageﬁhélﬁgfle%étf BRI AR BRAQHRIEIABE is ASabeRGarbdadBuble Hohe. Aemnsad

"aral ky refers to an al kyl group whrich is termnally substituted with at

I e?st o]tmem; ‘ghleltgmotqnakﬁ!' geferstie ar plkyl group sdichte tesminallyisubstibniad wadt keny|

refers o an
leastone%ryli

eg?glulp, e.g., benzyl. As used herein, the term "aralkenyl" refers to an alkenyl
15 group which is terminally substituted with at least one aryl group. As used herein, the term
"aryl" refers to a hydrocarbon ring bearing a system of conjugated double bonds, often
comprising at least six (pi) electrons. Examples of aryl groups include, but are not limited
to, phenyl, naphthyl, anisyl, toluyl, xylenyl and the like.
The term "functional group" in the context of the present invention broadly refers to
20 a moiety possessing in-chain, pendant and/or terminal functionality, as understood by those
persons of ordinary skill in the relevant art. As examples of in-chain functional groups may
be mentioned ethers, esters, amides, urethanes and their thio-derivatives, i.e., where at least
one oxygen atom is replaced by a sulfur atom. As examples of pendant and/or terminal
functional groups may be mentioned halogens, such as fluorine and chlorine, and
25 hydrogen-containing groups such as hydroxyl, amino, carboxyl, thio and amido, isocyanato,
cyano, epoxy, and ethylenically unsaturated groups such as allyl, acryloyl and methacryloyl,
and maleate and maleimido.
To enhance the desired photochemical characteristics, including the tendency of the
products of the photochemical reaction to spontaneously thermally decompose, ligands
30 comprising and/or selected from one or more of the following groups may be used alone or

in combination with the above-listed ligands: oxo, i.e.,02-, oxalato, i.e.,
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15 group which is termnally substituted with at | east one aryl group. As
used herein, the term "aryl" refers to a hydrocarbon ring bearing a system
of conj ugaDaedosisebl e bonds, often conprising at | east si®Craisp2/aieextrons.
Exanpl es of aryl groups include, but are not limted to, phenyl, naphthyl,
ani syl, toluyl, xylenyl and the like. The term "functional group” in the
context of the present invention broadly foers to 20 a noiety possessing

i n-chai n, pendant and/or term nalQ unctioml ity, as understood by those

persons of ordinary skill in the r t art. As exanples of in-chain
functional groups may be nentiofed et hePs, esters, am des, urethanes and
their thio-derivatives, i.e., where at | east one oxygen atomis repl aced

by a sulfur atom As exanpl es of pendant and/or term nal functional groups
may be nentioned hal ogens, such as fluorine and chlorine, and 25
hydr ogen- cont ai ni ng groups such as hydroxyl, am no, carboxyl, thio and

am do, } QY RRRbSn, hidRIRS:.c.SHQMhydaide, irt, T2, Bndoay, oyansidat, N eatbgndups such
as allyl, acryloyl and nethacryloyl, and naleate and nal ei m do. To enhance
t he deshitegi.phNO3chistitocis., NRAr. adtrates ies NO3, nitigta, i8» AP nEtogfdei»dYCof t he
product s of t he ﬁgptochenical reaction to spontaneously thermally
deconpo&®YleneGaReeI%o “Eonpri si ng and/ or sel ected fromone or nore of the
foll owi ng groups nay be used al one o ==k“ conbi nation with the above-Ilisted
| i gands: oxo, i.e.,02-, oxalato, i.e’ ;- =26 WO 03/031682 PCT/ US02/31683 2 O
O hali de, hydrogen, hydride, i.e., H, dihydride, i.e., H2, hydroxy, cyano,
i car bonyl nitrao i

i.e., CN\-., i.e.,. Nitrit0Q, o ays bollibrat e, 1. e,
oS, nr R, L, SQusisotipespylyi 1 Nes ol 19, HarP ardSSupolhbi g™ 1
R Rt W%%ﬂﬁh&anﬂ focarSAY1, wher® bAUhTC R0 indep&ndenticelectadifiom i . e., H20
azi des, carBonato, i.e., 5°CO3-2, amne, and thiocarbonyl  where each R
and R beeahivdepersdad; pryfesabily ds mdependamtloselpstaddiqm aliyb alisayl, pradoéasbl y, is
i ndependently sel ected from alk al | cen .ar al enyl groups.
el Sk s Tt S SR By s e 9
car boxy l:é'ﬁogi{l 3k kdRoky, SRabltEl Rideddddonyl GafrbaMtyito, dhine thalsgehraad theimni ne,
hal ogen an ﬁelr anions. 10 I n one enbodi ment, the precursor is used both
for di ebsiohs.i c | ayers and for
10 In one embodiment, the precursor is used both for dielectric layers and for
conductive layers, and the metal complex precursor is selected from those 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, Zr, Nb,
15 Mo, Ru, Rh, Pd, Ag, In, Sn, Ba, La, Pr, Sm, Eu, Hf, Ta, W, Re, Os, I, Pt, Au, Pb, Th, U, Sb,
As, Ce, Mg, and mixtures thereof.
The precursor may be applied to the substrate directly. Alternatively and preferably,
the precursor is dissolved in a solvent or solvents to form a precursor solution. This
facilitates its application to the substrate by a variety of means well known to those of
20 ordinary skill in the art, such as by spin or spray application of the solution to the substrate.
The solvent may be chosen based on several criteria, individually or in combination,
including the ability of the solvent to dissolve the precursor, the inertness of the solvent
relative to the precursor, the viscosity of the solvent, the solubility of oxygen or other

ambient or other gases in the solvent, the UV, visible, and/or infra-red absorption spectra of

25 the solvent, the absorption cross-section of the solvent with respect to electron and/or ion
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conductive layers, and the netal conplex precursor is selected fromthose
conprising at least one ligand selected fromthe group consisting of acac,
car boxyl awo0,03@8t68xy, azi de, carbonyl, nitrato, am ne, halPcadaisonstesd, and
m xtures thereof and at |east one netal selected fromthe group consisting
of Li, A, Si, Ti,. .V , , _Fe, Ni.. Cu, Zn, Y, Zr., No, 15 Mo, Ru,
Rn, pu, e the velinfigl e solent, Big abiiy of phe Solatl e iase bz, by . AL, o,
Th, U, %seqﬁtlg%méﬁ%llné@ﬁe BE &R sbREAGHHN redhit B ﬁ%;%és@{l%ef@wi#?&exﬁppl i ed

to the substrate directly. ternatively and preferabl e precursor is
di ssol vedlvent isorsabwhapurity of theseinent tvith frespastdo firequresescs ofsmkbtat jons.théThi s

e g e B s Rt S Sl
appl i Catsité’é“in%csuf)%uélﬁigpfohﬁgﬂ fign,t'cﬁ’l eﬁ%&?&hﬁ&ﬁﬁ‘coné{%m@&{sﬁ%ﬂ&rﬂﬁ%t chosen
ria, 1ndividual I hc

based on several crit y or 1n conblnation, udi ng the
abi | i t y solvetth Exsaipleentolventslirehnletiee ilkhanepy sachi aslaxandd) éhel ketortenestish af t he

solvent relative to th recursor, the_ vjscosity of the solvent, the
Sol ubi | PR asabiy betons COREET aadiu Sy otonsi MERCY P Hrray @iehshl - ¢ he
W, visible é@lgrédg{ac[@g?gtiﬁgg?orption spectra of 25 the solvent, the

absorption cross-section olvent with respect to electron and/or ion

- 27 WO 03/ 03 I8 2ofehirhifive 3he fcubdeniitthe sdlatiomhay bé virjedadvet hevidotaugnt , t he
ability of the solvent to diffuse through a  subsequent]y formed film the
Wurity” @nd oKy bsshosshibywne 1of pedippsy skifldn theartyidl ah moshmigingglapwie  sol vent

. | ; . _ |
ons, "+ Fabefipdidd sfth bitns Bokafs YD oI REREERIA Jpc B BIEIRPERS OB
i nf | uengenst@figad ivadiftioml Belighd br parSicle®Barknt) afe SippGRierye dfroeed fil m and

envi ronnment al, consi derations concerning the solvent. Exenplary solvents
i ncl ude a3PplEcaliPkanes, such as hexanes, the ketones, such as nmethyl isobutyl

mononet hyl ot Ky B Siae s Pl et Akt M RO B P,

Ishe sol ¢F iResRad fien walchasnemesdis predietabRdg@ne d118M¢h B WAE Fohes@mply one of
ordinary skill in the art with, at nost, mninmal routine experinentation,

such t hawo presupsprsgdiané Mlof each gopyistingrof sretaliN and pae plicvondj ferent ligandispies s
appr opr fard pigh belideted KRR Rl e et BR bR i SRR L b ur o
may have.ga thé getibheéfthe lipdnddenGeh @iffel HBmaEPEthe WBuldbe remoléeddRgi red film
which is not readily predictable by one skilled in the art. For exanpl e,
conversion of the precursor into a hard mask. In fact, the supposedly identical film products
20 of these two similar reactants may differ significantly in their properties. Examples of
properties which may be affected in this process include the dielectric constant and the
presence/absence of any secondary or tertiary structure in the film. Possible reasons for this
difference may relate to the rate of formation of the amorphous material and the ability of
the photo-ejected ligand to remove energy from the photo-produced film of desired material.
25 The presence of ligand fragments during an exposure process may also affect the film
forming process, influencing such phenomena as diffusion properties of the film, nucleation,
and crystal growth.
Further, the choice of the precursor in film formation and photochemical exposure
can substantially influence further reactivity of the film of the desired material with, for
30 example, gaseous constituents of the atmosphere in which the desired film is formed. This

could influence, for example, the rate of oxidation of the deposited film where either a high

or low rate could be an advantage depending upon the desired product. Additionally, it is
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two precursors M. and M.', each consisting of netal Mand one of two
different ligand sets L or L', mght be expected to formfilns of the

desi red mwDapioadésxwhi ch are identical because, e.g., the pomtisonsiess the

| i gands which differ fromeach other would be renoved during conversion of
the pre i t . Ldent i £ 1 m
oo Bl RS e PR D LB bR IRT PG T Bl ¢

their poanirhize Srazingaaml B8 sBfinkage 0peédsifRatihoCihe M ey B fubsthaithliyn this
process include the dielectric constant and the presence/ absence of any

secondainfluenced by theaghpiostaf pegcyrsers thatwiauld ptheywipebe sasndo yiekbigiantiqabresilfs s
differelpce ”?gﬁ ﬁelﬁ{eaﬁéo the rate of formation of the anorphous materi al
and t he”a¥95 §7 gf "% phot o-ej ected |ligand to renove energy fromthe
phot o- pr oducegbrhichindaitivde sle'dptionBlyesrbaht wil thtRefr &N & tHefprédugand
fragments during an exposure process may also affect the film formng
pr ocesssolutivhl Jdags mgy beiptesertidoroanyoa sexsra iof thespBewimgapasons:et contrelibe f i | m

nucl eati.on and crystal growh. Further, the_.chojce,of .the.precursor in
T m £ o RoseBR dRe i Paremem e derosisbalisor o5 A, 1oafd fy e Py RrdthEHt
furt heryfiRam! dorbdtViri filhli®ntd 4 BiRiral® HiGEfy RO VIEBSBIAithdddiftionf & 30
exanpl e, gaseous constituents of the atnosphere in"which the desired film

i s for nedancithsrateoffilin farfiatiemde aidfinpreyeeiing &lm ctackingduoring subseqigni on of t he
eposited fil ere ej r hi r laoaw rate. could be an advant age

16icponci FpoBtss At 1 defeslet it unlhy ofirantl birkeips of e 8hudh FB1D3) 091682
PCT/ US%A&%@&%mpaﬁm%ﬁa;f%g% n?ﬂ%?éréi%@@fi‘ tﬁg fﬁgc bof fe deiRePBEHAE OThdIARIvVEN©

q
heal ing ability of the pi ity to minimze crazing, and
t he shrarakhepen on tlsasiiferiadn additiod tot thesefdriteriansyplbyedsubent chopsiag kpuitabld | uenced

by the choi ce_of eqursors that would ot herwi se be seen to.vield i.dentical
sl t SOV o reRferhbE e e ESCHEY Oe e RssEY S b uesapedytseaitarty
present ,fitiffat Q&ﬁ%ﬁfa%ﬁ‘é{» adfo énﬁgﬁ%%gfsf}ﬂﬁ%ﬁﬁﬁfg §ititd. on. These maybe

present” tor any or several of t ow ng r apsrons: to control the
1phot osensi t i Vhdnatwt of tisdnbstcpte trt Which dpgsedueshr jr gplied oy nagrerificdlfprthe aid in

the ability to deposit niform defect-free filns onto suhstrate, to
modi fy PRESSS a@aygﬁ_ﬂwa chifis theopetbp At g%pasmela ﬂéﬂ@éfr?%sqréﬁ@ 4 fepyent
formati %P the! &Pgééﬁ’?ﬂ, R BHEY G, %b@t&étﬁ%e@&%ﬁﬁ%kﬁg btk gt B &Wﬁﬂ%le]sglt@;x posure

of the deposi I''m to nodity ot properties of the solution, and
to nodivkk ab Cak2ypemicentiusceysirfabes, prehpling dildonoéortypainklisemiahdodtersdesi r ed
material .. The additives .k are_chqsen on_these ériteria icliﬁii%(}dition t.o those
cri t er i BClBgnesiican grERarEwE g8d - Vaand H VA seaicongpcienss prigted pad/onlapiiated e t hat

26he PreghifYoad subfbutdl, GRMS RbraifitsU b PadiEs. SURSEARLFR, lo¥rahi€Subfrates

and printed circuit boards have been used extensively. Prior to its use in the present process,

the substrate may have been coated with single or multiple layers, such as dielectric layers,
photoresist, polyimide, metal oxides, thermal oxides, conductive materials, insulating
materials, ferroelectric materials or other materials used in the construction of electronic

25 devices. In cases where patterning is to be effected by an oxygen plasma, and the precursor
material is to be employed as a TSI agent, the underlying layer is likely to be organic in
nature, including but not limited to Novolac resin, poly(methyl methacrylate) ("PMMA"),
poly(methyl glutarimide) ("PMGI"), polyimide, and poly(p-hydroxystyrene) ("PHOST").

The synthetic approach of Pike et al. was used to form a preferred embodiment, that

30 is, the compounds SiR,(0,CCH3), , where R is independently acac, tbuacac (ter-butyl-acac).

The acetylacetonate derivative bis(acetylacetonate)diacetate silicon (IV) has been shown to

have the structure depicted below in the solid state. 'When in solution, the trans form of the
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particul ate contam nation so as to enhance its filmformng properties. 15
The nature of the substrate to which the precursor is applied is not
critical Wworoswbms2 process although it nay effect the nmet hedTafSodaweesiti on
of the precursor filmand the solvent for the deposition, if one is used.
Substr aég%@l&?ﬁéoﬁl@xﬁ%éé% s nguﬂﬂl{l eélll}imﬁlﬁg id St RL PO RbLSh @@C’f‘hé‘s CaF2,
sem con surfaces, 1ncluding stlicon, conpound sem con ors,

i ncl udingo of tik eotragseis oA theiadanst 1.6:1.0V TahdisbheiViativa refteniic eosested ighet ed
and/ or |l am nated 20 circuit board substrates, netals, ceram cs, and

gl assesdipgemasesnt phthercds fog@y ani ¢ substrates and printed circuit boards
have been used extensively. Prior to its use in the present process, the

substrate nay have been coated w single or nultiple layers, such as
dielectric layers, photoresist, polyimde, nmetal oxides, thermal oxides,
conductive materials, insulating erlals ferroelectric materials or
other materials used in the ¢ s n |m o el ectronic 25 devices. In cases
where patterning is to be eff §§ oXygen plasma, and the precursor
material is to be enployed as a t he underlying layer is likely
to be organic in nature, includlng but not limted to Novol ac resin,

pol y(net hyl nethacrylate) ("PMVA"YT\\ poly(nethyl glutarimde) ("PNG'O,

pol yi mi de, and pol y(p-hydroxystyrenelD ("PHOST"). The synthetic approach of
Pike et al. was used to forma preferred enbodinent, that 30 is, the
conpounds Si R2(2CCH3) 2, where R is independently acac, tbhuacac
(ter-butyl-acac). The acetyl acetonate derivative

bi s(acetyl acet onate)di acetate silicon (1V) has been shown to have the
8tructure depinyxsibcorbedniaining lighedegrhdatiles schmt—sm@ﬁﬁ icompteixus igefiyl foribist r ans

formof. th /031682 PCT/ USO2/ 3 ex isonerizes to the cis
f or m uniyen Ef‘lé’&u?%%eﬁﬁ?wj%g@&maﬁ% ylgé%ggg%c REBCUISARRS: ratio of cis to
trans is on the order of 1.6:1.0. This isomeri zatl on reflects the expected
hi gher di pole monment of t+he cis form O+ ,,,\0 CO/OO ~i 0 "ft 0O -405

Any silicon-containi ng Ii;ht-degragﬁble, gol vent - sol ubl e, conplex is useful
for this invention. A geperal formlilla forf a particularly preferred class
of precursors is: O C
HC/ \R1
(2)”
C
R1/ ~o

7],

where M is a metal, for example Ti, V, Cr, Au, Mn, Fe, Co, Ni, Cu, Zn, Si, Sn, Li,
Na, K, Ba, Sr, Mo, Ru, Pd, Pt, Re, Ir, Os, Zr, Ta, Ba, Sr, or Ha, with Si, Ti, Zr, Ta, Ba, Sr, or
Ha being preferred, and with the dielctric material metals Si, Ti, Zr, Si being particularly
10 preferred; R1 is independently H, OH, a group containing between 1 and 14 carbon atoms,
for example an alkyl, substituted alkyl, alkenyl, aryl, heteroaryl, cycloalkyl and heterocyclo,
preferably an alkyl, for example a methyl, ethyl, n and/or i propyl, or butyl group, with a
methyl and tert butyl groups being particularly preferred, or preferably an aromatic; and R2

is independently H, OH, a group containing between 1 and 14 carbon atoms, for example an
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fl HC-R (2 Il RRROn R2 p where Mis a nmetal, for exanple Ti, V, C,
Au, M, Fe, Co, Ni, Cu, Zn, Si, Sn, Li, Na, K Ba, Sr, M, Ru, Pd, Pt, Re,
lr, Cs, WO O03@316Bn, Sr, or Ha, with Si, Ti, Zr, Ta, Ba, SPCTArS02/s®sbei ng
preferred, and with the dielctric material metals Si, Ti, Zr, Si being
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subst i tpseebndd kvd 4. aryl, het er oaryl, cycl oal kyl and heterocycl o, preferably
an al kyl, for exanple a nethyl, ethyl n and/or i propyl, or butyl group,
with a net h@th&hnhftt@emsmﬁwecu@mm tisaisafplfar examplathey preferred, or
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and 4. (kB¢ CEZO)H@?/QS?P&MHOY@OI%&%E §P£ Ey@iaynﬁﬁw‘ﬂﬁ qh 'délecté&&as@t%( oMtBufehe

Si ( Et 2NCH2 2 conplex may be uSeful. In sone e nbodi nents, it is
pr ef er rtbd amorphloas' ehaacpennfethev teyulaﬂg fhecimsayr alsmmabmag)rq: msshemagoawrtéﬁhl S

s ct ed cas cont eto anor s ch ract er of
Wesui o1 Sl and FievieSviRg Siar 52 bbb i provingde PR o RoER R BV oo and
may pretﬁgagecﬁlrsgpkl ng of the filmon drying to renove soI vent and on
conversion of the precursor. The next step is formng a | ayer of precursor
mat eri al on Theenebtsp isfoeminga lagerof preousopmeteuiabon thishibstatarpha si ng t he

conplex is deposited to a subst ate S|n wel.l known in the art,
such asaYPRPUSPTEGYSSoY OfPIYIng %?sdeBPSI%eHé’“g‘éi‘)Bléqurfﬁﬁ HSH8 of a

precur sgEmbid W RAcWHH &8 oA siRHBS §FiR bR alpSdepBEivoRr PRIpRIEAJ G RBbLAGY

substrates and
15 of a precursor film and choice of substrate is very broad although optimal substrates and

deposition method are expected to vary from precursor to precursor.

Films may be deposited by spin coating onto a substrate surface. In this process a
substrate made to spin normally by being mounted onto a spinning chuck. A solution of
precursor, dissolved in a suitable solvent system, is dispensed onto the substrate either while

20 or prior to spinning the substrate. The precursor is deposited as an even film by this process.
The thickness of the film can be controlled by altering both the precursor solution and the
spinning rate of the substrate. In the spin coating process it may be advantageous to
chemically modify the substrate surface prior to coating in such a way to optimize the spin
coating process. Spin coating has the advantage that it is a low cost method to deposit films.

25 In one preferred embodiment the film is deposited on the surface by spin coating the
molecule from a solvent. In this procedure, the precursor is dissolved in a solvent to form a
precursor solution. The substrate surface is then put on a surface which can be spun. The
substrate may be held in place with a vacuum chuck, such as present in a commercial spin
coater (e.g., from Headway or Laurell Corporation). The precursor solution is dispensed

30 onto the surface of the substrate either before commencing spinning or while the substrate is
spinning. The substrate is then allowed to spin, resulting in the deposition of a thin film of

the precursor on the surface. The film thickness obtained in this process can be varied by
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deposition nmethod are expected to vary from precursor to precursor. Filns
may be deposited by spin coating onto a substrate surface. In this process
a substraDa3eEe2to spin normally by bei ng nounted onto &CIpisan3reg3 chuck.
A solution of precursor, dissolved in a suitable solvent system is
di spen : t ' [ | sSpifaning. t he
subt r arg epan BEaa AL bt bkl dtnebhellesBiinthe R THPRRAS. e
t hi cknessgabié filthethtispimspest tney bocHangdd @dingthasgigfiing@rdeeédd t he precursor

solution and the spinning rate of the substrate. In the spin coating
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coating.the nolecule froma solvent. In this procedure, the precursor is
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(e.g., shrfaewiecfdway ioe 2BUR thiclpy etical inferom &y, PFAGI Tensath Yhiraed | S

di spensed 30 onto the surface of the substrate either before comrencing

spi nni KETBY) s VhravipdetsViisikle d6-Vi®) Spegfresappigwertused tooernfiamdh presemee al | owed
0 spi | ] i he deposition of a thin filmof the precursor on
1(% he su?’ 5%ew%%ispr%a%ehi ckness obtained in this process can be varied by
-31 WO 03/ 0346 §imBP ety dRoH IR by éthot EthB@ hdwhiftoIRbR skl itihd abthe

concentration of the precursor in the solvent. To obtain a suitable film
t he spiitcledingduingtlindertiogepfaylon conging.ivip spiting enpppratioe ssethdds andearxanpl e
thin anar.ﬁgou%fi | ms of the conpl exes were deposited by spin coating onto
silicon gF flés The conpl ex Si(acac)2(2CCH3)2 was dissolved in 5

chl or of or m Uhigy, ¥ prob@Bor¥e8issali el 16 aabR&nPRioPIto _(aﬂy&@aﬁoﬁo%%ueitraftﬂe
sol ution was di spensed onto a silicon chip spinning at 3000-rpm The

1550l ventApplisghde seleehnts mslhidegcetane, dimethylsnifxidd, dinpéthylaeetooidp) 2x on t he
substrate. The opti,gal .qual i thin filmleft on the  surface was found to
be. 273 HATRPERID, oL apisiier dmePyers e e s liR e rated
(FTIR) dedid aldun®\in@kiek o 6 N@o&%‘uﬂn@heé%ﬁ%kiﬁé{rﬁ@¥1ec¥¥feﬁ?o &?ﬁ'fgrtttﬁ’e confirm

the presence 10 of the filmon the surface. II'ms may al so be forned
by ot hgrecnesoh asigsefwloftanche badsent swiil hivedch polart dvaramtar, Miktueésidisolgentbate not

limted,.to, spray.on coatin i.p coating, evaporation nmethoeds and vari ous
i nki ng oﬁrgqq%edxgs_e%ﬁ n ’rc}xe process gf thgs 1gven?1on. Jilge s§ect on of the amount o? so?vent an

20 of the coating protocol, i.e., the spin parameters, allows a wide range of thicknesses of

precursor to be deposited. Additives, which can also optionally act as solvents but that are
often less volatile, may be included, for example, to improve the quality of the resultant film
by preventing cracking or to enhance another film property. Examples of such additives
include, but are not limited to, alkanolamines such as monoethanolamine and
25 diethanolamine. One skilled in the art could determine other suitable additives to suit the
particular purpose.
In one embodiment the solvent is substantially removed by evaporation. Evaporation
may be facilitated by vacuum, heat, or a combination thereof.
The precursor film is then exposed to energy in an amount sufficient to convert at
30 least a fraction of the precursor. By convert it is meant that the ligands change, for example

by losing a CO2, to become a different compound. This different compound has a different,
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Usual Iy, the precursor is dissolved in a solvent prior to application onto
a substrate. 15 Applicable solvents include acetone, dinethylsulfoxide,

di et hyl awetoanse2 2- mnet hoxyet hanol, chloroform and the PICiTRES02/24883 sol vent
that can dissolve the precursor in the desired amount, and that can be
evapor at i less ner y.than.is . n convert t.he ursor, is
doeful enedholBtE 3R yahEreen Tn e WATEeS SEPSmesh OREEHSoNE SouRHE BTA cof vent s
are ofpgaypse useful in the process of this invention. The selection of

t he armunt of solvent and 20 of the coating protocol, i.e., the spin
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preferre recursor conver ern. It has been

found t piadtoRhig Rdduicedthic réqumdmyodnee fige dechdepa Gom vrdtites. hEL thiseaserthor for a
gi ven energy i nput. For exanple, in the exanples described herein, conplete
conver siherMalEnepgy WasCOBBIDAIAREP WACPIVEEMTAdEW e T dhmaybe desitablesingtangy pos ur e

toli ghg &]%x%nmgi)ﬁnpﬁefa {rga{ﬁn:]e 1'It8 R o%%s’g Qr}fi%tﬁ] 8l AR to'jbgﬁ'teirooener gy,

for exanp usi ng nore ocuse eams is one nethod t

1seduce @B@tﬁ%&fbr& hﬁ@aﬂeﬁ'cbﬁdﬂﬂbh Vebmblriaﬁ@lspff%ﬁ&@?@ﬂiay 1ﬁallndbelfﬁvs@os ed to a
gi ven | evel of energy over the entire fl|% and to additional energy in the

f or m of light(ratteraed liglte Aidfuse hwt/mﬁ@,med heltt diffasahagtiplepleemboany, diffusegedtfibnr t han
50% c_onger SI %&eg?g?lt/%% %Ifb ’d1 Se h%wqoﬁbg%vgétﬁghkgyer that is resistant

to bein arn precursors, it was found that
heating a pr ?ﬁélﬁglﬁrdo%@n&%ces@aﬁ@ﬂlah@w& difetbet througlpheieky Bosexaeglec Hdt t he

requi red exposure tinme to under a few minutes. In this case the
is not necessary to pattern the material, a flood exposure (diffuse light) may be used.

20 Alternatively, if patterning is desired, a direct writing approach may be used. In a common -
implementation of the direct writing process, a laser beam is directed in a serial fashion over
the surface, resulting in exposure only of the areas where the beam was directed.
Alternatively, near field optical systems allow selective exposure of some areas of the
surface.

25 The energy needed to convert may be thermal energy, electromagnetic energy,
charged particle beam, i.e., electron or ion beam, or a combination thereof. In one
embodiment his film is then exposed to electromagnetic radiation or electron or ion beams.
This exposure results in the conversion of the exposed areas from the precursor material to
the desired amorphous film of the metallic (i.e., silicon-containing, in one embodiment)

30 material.

The film is then exposed to a source of irradiation. Typically, the film may be

exposed to light directed through an optical mask used to define a pattern on the surface.
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thermal energy was contributing to the conversion. However, it may be
desirable in many enbodinents to limt heat treatnent to below 300 C, say
from abouwoO13031682 t 0 about 300 15 C, both before and aft@CTasovarss: on.
Conbi nations of energy may include diffuse |light/patterned light, diffuse
heat/ patterned |ight, diffuse he t/eI ectron beam ffu e he t/.ion, heam
di f f use Thearask epasists BRIHSRATEN LA l@éatfsf’é’ﬂg Te§H Se ni‘apfé‘ ipeiudergt,
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el ect r orondy the expdsed rgsien ofthe 8dBi nati on thereof. In one enbodiment his film
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silicon-containing, in one enbodinent) 30 material. The film.s then
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ashion to cause reaction to occur t he exposed region of the film
Exposur ewhith tipen ¢xposvigite hlrtlm)gdizrs@tﬂfoﬂéélﬂﬂ Q?Qd*P n a chenmical reaction within

Ry e e,

2 m crong,@k. rRSRatuft thé RRGaPAEHHiSEHIS R conditions used to coat the material and
the identity of the precursor molecule. Particularly preferred for most semiconductor

20 processes are those materials which are amorphous. An important result is that these films
have sufficient molecular motion and disorder that photodecomposition may be relatively
efficient and that high definition optical lithography is possible.

Normally, the atmosphere used for the exposure is air. It may, for a variety of

reasons, be preferable to change the composition of the atmosphere present during exposure.

25 One reason is to increase the transmission of the exposing light, if short wavelength light is
used, because it may be attenuated by air. It may also be desirable to change the
composition of the atmosphere to alter the composition or properties of the product film.
For example, in air or oxygen-containing atmospheres, the exposure of a deposited metal in
many cases results in the formation of the metal oxide. By changing the humidity of the

30 atmosphere, the amount of water in the film may be changed. Water vapor is an important
part of forming dielectric films, structures, or combinations thereof. In some embodiments,

a nitrogen atmosphere may be beneficial.
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Exposure may al so be carried out with ion or electron beans. These are
normally directed in a serial wite process. The ion or electron beamis
di rect ed wotos/ostse2 precursor film causing a reaction to pPCodlsor3teBe
product filmin the exposed areas. The nature of the exposure systens for

ion and el ectron beaps .is _such that these are normally. done within a 15
vacuum The @é%ﬁmpggﬁﬁ%p%ﬂﬁwtﬁloﬁrt%%8’3’5’3??8)9?‘15(‘?@Béﬁaa‘?lﬁ‘él {fﬁg%hontvyﬂgo%%m tions,
be the gi%(’ﬂlll tm%ﬁ&f‘wﬂﬂﬁ@s ESRORMIENntR SiventsStharthd rRbrsbPisisenmletileomigde. The
films forned 1A this process may be anorphous, crystalline or |iquid
crystal cage expaduss of thitherfaed torseitaifle sdteentewdl icave aipaitama of Unghotopkensealdi t i ons

used to coat the material _and the ide.n{jity of the precursor nol ecule.
Par t i culbapdugt ¢frthe sgactien poePEUISOERREHAUUCt or 20 processes are those

terials which ar (A Smaf M AR hd pleBusOkInisNgBR thiy M
?;ve sufficient molecu aér?llg tl%?ﬁglsédn%:éggdr%%r\’%t hatpghot odec_orrpositi}}on maybe
rel ati veind spedifié abeiisomp drdabate paitgined af foritfied sijrtailaysrs, thenho grizpingl | s
possi bl e. Normally, the atnpsphere used ,{,or t,He e@)é)su.re ig ar,. It my,
for a varedcsipy thsfremagningmaterighisspayssied i slica,0xfs AERYGAXIdE B%%%??P?‘iyﬁﬁ Bt the
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of wat erjedsihdddolit hemmaybe changed. Water vapor is an inportant part of
formng dielectric films, structures, or conbinations thereof. In sone
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by ther ' .
heat treatment is kept to a minimum, given processing constraints such as time, to not

20 encourage migration of atoms, in particular metals, through existing layers and/or the newly
deposited layer.

In another, less preferred method, silicon-containing precursors can be employed
which are not themselves readily subject to degradation by actinic energy. In such an
embodiment, radical generators may need to be employed to catalyze the photo-degradation.

25 There is no limitation with respect to a compound which is capable of generating a radical as
it is irradiated by actinic radiation and also to a compound which is capable of generating an
acid as it is irradiated by actinic radiation as long as they are capable of generating a radical
or an acid. These compounds can be admixed with a polymerizable silicon material which
is a film precursor. The polymerization of the polymerizable precursor then forms a silicon-

30 containing polymeric film upon exposure to energy, for example light or an electron beam.
Polysiloxanes, such as those disclosed in United States Patent 5,962,581 which is

incorporated by reference, may be useful for this embodiment. This film can be converted to
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After conversion, the unconverted precursor can be renoved by, for exanple,
10 washing wth solvent. The resulting converted silicon-containing film
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is meth |l ess preferred because there is a significant amunt of
or gani c attey er thaldopbditietchtridfdat. treat nent nust drive off. Higher
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film containing between 0.1%to about ) )

the amounts needed. It is realized that various metals may require different ligands to have
20 the desired solubility and photoreactivity needed for efficient formation of the substrates. It

is recognized that some stratification can occur within a film if different complexes have

different activation energies, if the source of conversion energies are tailored to take

advantage of this difference. Similarly, variations can likely occur laterally in the same

manner. Then, the precursor is coated onto the substrate, converted (or partially converted),
25 developed by removing the unconverted material, and heat treated as needed.

Advantageously, a positive film is formed from the converted material. A negative

film, that is, a film where the converted portion is removed by washing, is less preferred,

because the alkali solvents required to remove silica may introduce metal ions to the

substrate, and because there may be undesired silica precipitation from the alkali.
30 EXAMPLE 1

Thin amorphous films of the complexes were deposited by spin coating onto silicon

substrates. The complex Si(acac),(0,CCH,), was dissolved in chloroform. This solution
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50% of a second netal oxide, and optionally between about 0.1%to | ess than
50% of a third, fourth, fifth, etc., netals or netal oxides. This allows
one of orwpDmawyie8kill in the art to formdielectric fil mPCrhesn2/arees
specifically tailored to a particul ar task for exanple to have 10

particul ar chem cal and/or dielectr] c ert| e ave n rea
adhesi oWag %P%?‘P?é?d %§brédr%°fe %ufe%{t ?@F‘F@bﬁ[&al écogt‘f Pn%n E%d the

i ke. ;3(56 hé)gol de%? ?%gra?@d%a@ﬁﬁ'%g%%gﬁﬁo{té i of c%ﬁﬂ*ﬂ’dak@n the films,

especi a pat erne can using this invention. All that
isr equmrt@ﬁate s Thavptigl qualitytidhifiiy lefobn thetsatfacdwas fonnditmbel273mm Beclob¥cur sor

ol ecul epiidel mtesnvRrF oRbyrie Testsorpriairaieq AT, ot Oliefinld PSR RN o
form the allo. ot d e ignsdadl slecs és%ﬁ&thhéQilJ%n&t&HéﬂrﬁHét'CO”Donent fil s,

SFECUI’S aln e respective netals, i.e., silicon,

hal fai um al PA& FTIR spictrum 6fAhe ﬁenaxdmaceﬂiedntrheaampbomssthaneprmhtoa541n t he
anounts needed. It is realized that various npetals nmay require ‘g‘ie f er ent

i gands nmdightifs ope minwted s sacend SREFINaS Feoardedn HOICHITRCESE Mot 15ho3EbtEd f or

Ctrac £ Prs SRR Bo O VA Rpinaidhe ) e IRERRNAREEL, PACC

di f f er eglechsltdhvadsan tIRNETIR @fingthe pitgolgsis exgerivient areshowied m Bgeredi.es ar e
tailored to take advantage of this difference, Slmlarléél grlatlons can
10 kel y dwuly, tihatVéQT@thrybanﬁlS@H@tosfbﬁﬁgm@ﬁﬁﬁ%fﬁasemélﬁensﬂﬁb(és pretioidle i s coat ed

onto the, su te d by
r enovi n§1H Slﬁ‘n g}?ﬁ?@?‘? e‘;%et"éﬁf Qﬁﬁ (fl }ﬁ%tg¥ é&g?sacﬁéeégﬁaﬁg%
Advant aggQusddy .A180 RO sl diat®nfdf ttte fofmaftibhmfd tﬁmnﬂly tsabmmeanechate wakdourgl . A

negative film that is, a filmwhere the converted ion is renoved by
washi ng Theﬁgtuesadlpate:‘pﬁmemnpfm&m%@eﬂlﬁén@l%%dqﬂ ﬁ@mﬁg required to renove

silica may | t al eCRUSBel Nere may be
undesi r ed SI g‘ﬁ?’&ﬁ@@gﬁ% e‘fVF(gFﬂ é]rﬁ %@ﬁﬂm ﬂ@b IﬁQA E Eg%‘ll n amor phous
§1ns Offor’hﬁﬁoﬁ%frgi B¥SiShoMRs & SheFDG TR iDh sPtdnanatitinge expestediabsarption
substrates. The conplex Si(acac)2(R2CCH3)2 was dissolved in chloroform

Thi s solband afiSiO236 ~WIBHEMOB 1682 PCT/ US02/ 31683 was spin coated on Si. A
drop of the | ution S ensed onto a,si i iAol
3000- r pm Thi?lgétl’(}c%"r‘?tféa’é‘t}ﬁg ’tséﬁanlng AN e&h%?%ﬁ%ﬂéé@ig I r%B &#ﬁg%@&cag(rlrpl ex
on the %&E@t fitai Tét 298 ) O b0ByAdl ¢ ¥8%6hi Ahédt kdbdngdnt oPthid ampteet 2808 Chas
found to té% m G( ’by% Op}[JI cal interferonetry. Fourier Transform
| nf r ar edol FANR yle.klmd auatbm/ﬁr@l fdin oficsinipbeitipniQy. )
20 EXAMPLE 2

A precursor Cu,(u-Et,NCH,CH,0),(N,), was deposited on a substrate. The Cu,(p-

Et,NCH,CH,0),(N;), film was then photolyzed with ultraviolet light (254 nm) in a nitrogen

atmosphere. The progress of the reaction was monitored by Fourier transform infrared
spectroscopy. Following exhaustive photolysis, the conductivity of the film was measured.
25 The films were found to have a conductivity of 1.8 pQcm. The films were examined and

found to consist of copper.

Alternatively, a similar precursor film exposed in air resulted in the formation
of copper oxide. This oxide film could be reduced by hydrogen or any other suitable
reductant at elevated temperatures to yield copper films.

30 EXAMPLE 3
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5 Spectroscopy were used to confirmthe presence of the filmon the
surface. The FTIR spectrumof the filmwas recorded. The sanple was then
exposed twoOa343168n | i ght for one mnute. A second spectr uPCEAS02/21583 ded.
The process was repeated for several irradiation tines until no vibration

band due t e | T (R the FTIR
during e PRy EREHEs HER RIS Boiplsed bl Ron PREFENGREARR AR I, i he
vi br at | Oa,(FBMSCHIGLID),(INTD)), viadéfosHaliocREA alfllm, MRNSInt Wadphatoly@sdiot of the

photol ysis. A proportional decay of the carboxyl ate bands and
acet y| alvemarrenduginiedoppidasediler ved. Al so no indication of the formation of

a thermal ly stabl.e interneda fou i e indica t.hat upon
phot ol ysi s the 0%5813 o%wn‘,ggﬁn%%{)pﬁggpﬁ%aﬁﬁbg% \gasotfeggggegi; is

§bser veshdtslyHdomkdhghaQRehrdph§ On G The ktitERtAIROWANEsd® Wil MBUARM OIS - O Si
bonds in the film This is in agreenent with the expected absorption band

of Si 022 eappetl 08Ee pattern rarhaingd orf hesutfanerred in this nmanner was anal ysed by
Auger el ect rmﬁ%roscopy and found to contain Si (22%, 0 (50% and C
28% A heat fl of this sanple at 200 C for 3 hours yielded a carbon
free film OfT%gﬂé@&hﬁ‘é SNERANLE P whaX A de!‘:edzto'@hﬂ"y%&{lﬁ%wsis of the

Cu2( g- Et 2NCH2 O 2(N3)2 was deposited on a subStrate. The Cu2(-

Et 2NCH2erQ)laehdytdratacompdex, RER,GHL) A0y gd i tAn amharplaonisdiletwas ght (254 nu)

i i t h . .Th f.th ti i db
Wour i er IRt HTRIT SPSHRe.o JACHO 828 BOIBERT SlioAtFr e A VA BBt of ys. s,
the congidehdswbpié o8l %Qgcgfthé mo\eaffsig’ewt aredukifariZed IPFEES. TRUHuto have

a conductivity of 11? 2cm The fil'mse were exam ned and~ found to consi st
of coppiows e mronationicaleyrease is intensity of thecabsemptioh bhmisexpostel with dier resul t ed
in the formation f c r oxide. This oxide filmc be reduced by

hydr og ey ?/(]Jpﬁéfn'gﬁ‘g‘ﬁéffgl%tyfiarcgiﬂ%?tgﬁﬁteé’tgmé‘{se(\]/g%%gg{éﬁrﬁ()e?%q%res to yield
copper Jy is. SPhEPNDL 1882 i of
two pr e%t?lrt('gslgsrlz glérrpos edglgg Ogt’gltz ﬁwgﬂ%%{“ggzNm%%{%g%%@ggﬁﬁmﬁpﬁwﬁ vk

18u2( 9- BrizNGidREHREYENGE) Detyirsetdngo bendsd The résmitnmdichted thmt dgunphbidipsisvas

phot ol y forma con | n. angt her enbodi nent,

ed to ctiye copper based film
o Ti I mibE %eﬂﬂs-aﬁ? N@ﬂ?@ﬁf&#’?(‘!\l& Sl 4 hiresegs fesulhtn a film of good quality;

which is excellent in surface flatness and free from cracking associated with the volume
shrinkage.

Advantageously, in many embodiiments the substrate does not require pretreatment
20 with, for example, binding agents or flattening agents.

Advantageously, the use of precursors with single Si atom readily form an
amorphous film upon development. This is in contrast to, for example, crosslinked
polysiloxanes which may form a more crystalline structure.

No indication of thermally stable intermediate are detected. Also, in a similar way

25 like the acetylacetonate complex of Example 1, the growth of a wide vibration band is seen
in the range 1241 to 1000 cm-1, with a peak at 1039 cm-1. The band is associated with the
deformation vibration of Si-O-Si bonds of the silica network.

The surface formed in this manner was analyzed by Auger electron spectroscopy and
found to contain Si (20%), O (48%) and C (32%). A heat treatment of this sample at 200° C

30 for 3 hours yielded a carbon free film of composition SiO,.

EXAMPLE 5

-38-



5 photolyzed through a |ithography mask. The resultant filmwas rinsed with
ethyl acetate and a copper oxide pattern renmai ned on the surface. EXAMPLE 4
The proceworg/oafe8EXAMPLE 1 was foll owed to study the phot ecygise2/afes: he

terbutyl acetyl acetonate conpl ex, Si (02C2H3)2(02C11H19)2. An anor phous film

was 10 deposited on a silicon substrate. The_fil m was Ehotol zed .for
several ti nelhepatieving of silieon dipwide pisactess en silisap sdsiae Wﬁ%p?ﬂﬁﬁﬂﬁfiysi s
experiment are sunmar i | ' : o tgni c
decr eas‘g“?%tﬁf‘ RTEHE O{VW% Sglgél?oq %o}%g@lgsﬁlgdg g&rg glggﬁlgt%%‘ﬁer%ﬁtf‘cﬁg%%% '

car box Wh@ﬁ@}i)cfsﬂtf&pplﬁﬂés%) TiP6Hb thet/ the hydtAeasionabe@ba) @bmplek glitatacy (BACHDH16 cm)
upon photolysis.” The FTIR bands of the al kyl groups ar§e§%®% seeipg to

decay an achiwoframetoleiongvas spi epated ontesilé e PILFRGC 48 dhat e

RN PGS abl! PALC3he ol (it BRoRER kY The makBid KEAGHS, Aag Dol no
whi ch i bloBatiight!r A A& Kduad BstRtelNgs fHeaBaskvarranavdd angd tassiticomt ed

with the vol une shrinkage. Advantageously, in many enbodiinpents the
subst r attap dinss! o titherpliroformpr A1l teaummsnesed2oeaivassolyvdy nshlarpiosn, 5avgE ag

agents or flattening agents. Advant.agequsly, the use of precursors with
singl e @tteaiwﬁwﬂm%ﬂf%ffgm%ﬁem&%%%ﬁ?m fil mupon devel opnent. This is in
contrast to, 7f OfcsEHROR ahieFdd e shitdedoryP Mtk JinkO¥ BN L SO Wit wimetay béiagm a nor e
crystalline structure. No indication of thermally stable_internediate are

10et ect eehsilpbmduced Bhesk rkpaimanashowed the Repabiity af patiprapesilipeh HordsPRex of
Exanple .1, the growth of a. w de vibratign band js i e range 1241
to 100081%91113119\/1%? ﬁﬁ‘%’éﬁ?&n’&\é\f Ep4on Bfsing STiieR aﬁ%x%“f@fai%%%% 8{“%(1 with the

def ormati on ibigpi iy of Si-O Si bonds of the silica network. The surface
formed in thi's manner was anal yzed by Auger el ectron slgectroscopy and

found to contain % afd@Béembodittdta mhndure of SafL-ENGHEHIQe@bheAd of t hi s
sanple at 200 C 30 for 3 hour iel.ded a. carbon free, fil osition
500, MR darsiotspsEbbcib st Mes Pharl i et 4 TP ST | con
i oxi de kL UbSh#dd vas performed using the precursors

lgf m@&“@hﬁﬂ%@g&?&%{thféﬁb{pgon corrp%ﬁg%\g were successful in the

deposi ti on pThcesskillddindheart wilt apprémate et yhaaons tathe apensadgscilbadpl ex,

Si (acac) 2(02 CCH3) 2, ) ) . .
( %neghodology n)qay occur without departing from the scope of the invention.
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in a chloroformsolution was spin coated on a silicon chip at a spin speed
of 3000 rpm A 5 photolithography nmask was then clanped onto the film The
mask/ t hi rwbioBswer up was exposed to 254 WV light. After BCRASNY3GR3
photol ysis the mask was renoved and the silicon chip rinsed off with
chloroform Al the unexposed area was soluble in chloroform |eaving a
pattern on the silicon surface aslggaaLéﬂﬂﬁlgure 3. The resol ution achieved
was Sat'SfaC&@g% th I|nes of 2 x 50 mcronmeters being 10 easily
produced. Th 3&%% Sfefit showed the capability of patterning silicon
dioxide on silicon chip by a photochem cal reaction using silicon
acetyl acetonate conpl exes. EXAMPLE 6 In another enbodi nent, a m xture of
Qu2( g- Et 2NCH2CH2O)12( N3 emathed fommodrarsrnatiemegkdicleeide g o aPFIaG | m  Thi s
mat eri al was .photol yzed, leading to a film 15 whose conplex was that of a
@opper ﬁWQHPﬁﬁgOX|de Those skilled in the art will appreciate that
war i ations o the ol nses it RiBaleh T dRprsReW solvehbid 2 siear ti ng
romthe scope of the invention. -39 03/ 031682 PCT/ US02/ 31683 THE
@LAl VB Wreaetrspscahpleredthedorniulda. A net hod for produci ng a patterned
dielectric filmon a substrate 2 conprising: 3 depositing on the substrate
a precursor filmconprising a solvent and a netal 4 precursor conplex of
the formula O01 HC-R1L (2 I I RCOI n MR2 5 where n is an integer

fromlto 4, the Ris are |mﬁependently H, OH7]or a group 6 conprising
bet ween 1 and 14 carbon atgns, p is aqllnteger fromO to 4, the R2s are
C
HC/ \R1
@) “
C
R1/ \o

7],

5 where 1 is an integer from 1 to 4, the R;s are independently H, OH, or a group

6 comprising between 1 and 14 carbon atoms, p is an integer from 0 to 4, the Rys are

7 4 independently H, OH, a group comprising between 1 and 14 carbon atoms, a group

8 comprising between one and eight nitrogen atoms, or a halogen, and M is a metal selected

9 from the group consisting of Si, Ti, Zr, Ta, Ba, Sr, Hf, or a mixture thereof;
10 exposing at least a portion of the precursor film to electromagnetic radiation,
11 heat, an ion beam, an electron beam, or a combination thereof in an amount sufficient to
12 cause ligands to break from the precursor complex molecules such that the exposed portion
13 of the precursor film is not soluble in a solvent, and wherein the film loses carbon as a result
14 of the exposure;
15 removing unexposed precursor film; and
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7 independently H, OH, a group conprising between 1 and 14 carbon atons, a
group 8 conprising between one and eight nitrogen atons, or a hal ogen, and
Mis a newalo3seieezted 9 fromthe group consisting of Si, PCIr/USE2/3168R, Ba,
Sr, Hf, or a mxture thereof; 10 exposi ng at least a portion of the
precursor filmto elect a' .~ .11 he A am an
18] ectron beam or DgEtEg ‘?ﬁ@??e@f“t‘fvﬁ 81“ %dla%aﬁ%wgg%fglfgﬁoae%%gto 12 cause
1‘7' ga“ds s&@ Eﬁf@%eﬁabﬁ?@kﬁﬂaenﬂﬂgﬁélr e lcabB A e TR, Qfekdbg Foranial ati Bidborphdas exposed
tion % he precursor Imis not soluble in a solvent, and wherein
118he fi | dielcotiesfilnachoprisisg metabexities, ntetal diydroniles gy esomyinatign thenenfi n
unexposed precursor film and -40 WO 03/031682 PCT/US02/ 31683 16 heating
the filmto between about 150 C and about 350 C for a tinme 17 sufficient to
nenove substantiably akf, H&l 8 R FRAmI NfukRer ﬁlbiul?ﬁngttﬁ@it%bbff feRoRriptht deast

anor phous 18 dielectric m conprising nmetal oXides, netal hydroxides, or
a conbi half bbthetsbb/reat)fromiheZﬁlnﬂ'pmontetehwmg the [fdmrte Elefsmmﬁgretlp mﬂlumnng t he

step of renoving at st half of the solyent fro the ior to
8xposi njeatyan ipp| oate? n®% # copbigRign %ﬁre"%‘n g] ‘iuéﬁ] B‘été?n an
| ectro fefolns of in and amount sufficient to 4
‘raem)ve pen?&%ﬁ%u?éﬂ?nnum%epgf f n&sﬁ gands. 1 3. The nethod of claim1l

wherein Mis Si, nis 2, andplseltherlor 2, 2 and wherein the

at rmsphere above the f| I mcorrprl ses oxygen The t hod. of . cl al
vherein Mis Si, Zhe ge¢had of, sc?"éint]h\é( erfm(j:M 15 51, 3115, ’ts«??thert]h

3 bt wodh Bl ntl%%ﬁa&ghé?e‘ﬁﬁouﬁhé%@n%@%%ﬁsa PBRelCulticient to © eﬂﬁi‘teed °

substantially all the 4 carbon in the film 1 5. The nethod of claiml
wherein the precursor filmconprises a 2 plurality of netal Ptglecurs

duch that there i ¢ a plmﬁmqﬂt%ﬂQﬁcm’r@t]a?"h%fﬁll’(jwslﬁﬁyﬂ‘rlﬁ%a%i@splsr? fel or

group oEuherel i g esbis b e A lisds YAEERRD et %@ﬁ#ﬁ?%@%e%ﬁ“ef "

t3he exp@stween @B&RHISSGSE @POSHrIOL C fof atinecsurbciagre rémoersmbsiyntidilyailighe a
mask, thereby formng a dielectric pattern. 1 8. The method of claim1l
vher ei n cahen exhesilie i nvol ves exposing the

1 5. The method of claim 1 wherein the precursor film comprises a

2 plurality of metal precursors, such that there is a plurality of metal oxides/hydroxides in the
3 dielectric film.

1 6. The method of claim 1 wherein R, is selected from the group

2 consisting of CH; and C(CH,)s.

1 7. The method of claim 1 wherein the exposure comprises exposure to
2 electromagnetic energy through a mask, thereby forming a dielectric pattern.

1 8. The method of claim 1 wherein the exposure involves exposing the
2 precursor film to a directed beam of electromagnetic radiation, heat, an ion beam, an

3 electron beam, wherein the beam has a dimension of about 10 um or less, thereby forming a
4 dielectric pattern.
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2 precursor filmto a directed beam of el ectromagnetic radiation, heat, an
ion beam an 3 electron beam wherein the beam has a di nensi on of about 10
,umor | ewe,03088Eby formng a 4 dielectric pattern. -41PODU38Z/868682

PCT/ US02/ 31683 1 9. The nethod of claim1 wherein the heating the filmis

to a 2 tenperature between agbout. 150 C and. about 250 C.. and wherein the

time is between 3 aboﬁﬁei@%%ﬁci@mahgﬁﬁrﬁ%ﬁeﬁ@at% esf.ih’ildtﬁ.a The nethod of
laim1 é@(&%&hf& &ab%eﬂqy&%énd 632 568¢, WaaiiRidin 1% e ishedwbeh to C9

ZI | cyl, tar ) orﬁeﬁgteerocyc e. 1 11. The nethod of claim 1 wherein Mis Ti,

Z4r, Ta, abbut 10rmiautesxbdeleou? 16 henmof , wherein the dielectric filmis an

anor phous high-k dielectric filmwith a dielectric 3 constant of at |east

5, and wherein the precursor filmfurther conprises Ca, Sr, A, Sc, La, or
a mxture thereqfy in ]E%glll ] el HERN tesQdotrRabErdrefd. 6 Of

ﬁhe nol es of M lq?Z. ﬁr@re o(g{?%c?éﬂﬁl?lo uce:lll%ngwg gttgf;!negd(di el edtri crefi | m on

@ subst RgtiLa C2 t6 Q9lky) drdl, oShed@powid.i ng on the substrate an precursor film

conprising a solvent and a 4 netal precursor conplex of the formula
M LgXh, wherein Mis selected fromthe group 5 consisting of Si, Ti, Zr,

a, Ba, Sr, H, or,a m LS. | : 6
(HRzNCRz' 00 ). (- NRCRY &ét";ﬁ{e?‘%éd(q‘%?@%i @%@mﬂf‘w 8, HilS:d Rﬁ%?;{}eg i xtur e
% t her egferedtheheich MaatldiraniinRs arendrpitepdigehtickcti fin withardiefediic O, Br,

I, H OH CnHm 8 OCnH 2CnHMm OC'H, nAXBy, A 02CnH. AxBy, WH By and
vher ei n cpnstantof ablepsid, and werspiarthe prepyrsaiefilay fusthey m%aréﬁﬂﬁlea c, Hm

" ana ot e PR T TR o ebecimobf 1 1450 Her d mRiierMg "5 T

hal ogens, wherein f, g, h, n, in, x and y represent integers; 12 exposing
at least a portion of the precursor filmto el ectronmagnetic radiation, 13
Heat, an ion beamlZan &) msthodifonpadycing 2 paitanes diglertsis HNeMRSUbSHat& uch t hat
'%e exposed .14 portion of the precursor filmis not soluble in a sol vent,

d wheP8PR™H& filmloses carbon as 15 a result of the exposure; and 16
renovi ng unexposedicpbsifiny Sitthe sibsitaty Apredigscriiist doatpeisingrwkolvenhamt a ng t he
filmto a tenperature and for a tinme sufficient to renove 18 substantially
& |t he notalqwecursortchmpfex| of thet foemuleyMilo G Wherein Mabsslastdsiremdhegorpc il m

5 consisting of Si, Ti, Zr, Ta, Bé, Sr, Hf, or a mixture thereof, L is a ligand of the formula
6 (R,NCR,’CO-), (-NRCR,’CO-), R-(CO)=CH-CR’0O-, -(OCR)-CH-CR’O-, or a mixture
7 thereof, wherein each R and R’ are independently selected from F, Cl, Br, I, H, OH, C H,,
8 OC,H,, O,C.H,, OC,H,AB, 0,C;H,AB, and C,H,A,B, and wherein X is an anion
9 independently selected from C H,,, OC.H, O,CH, A OCH_AB, O,C;H AB, CH,AB,
10 N,, NCO, NO,, NO,, Cl, Br, I, F, CN, OH, and H, wherein A and B are independently
11 selected from N, O, S, and halogens, wherein f, g, h, n, m, x and y represent integers;
12 exposing at least a portion of the precursor film to electromagnetic radiation,
13 heat, an ion beam, an electron beam, or a combination thereof in such that the exposed
14 portion of the precursor film is not soluble in a solvent, and wherein the film loses carbon as
15 aresult of the exposure; and
16 removing unexposed precursor film from the substrate, and
17 heating the film to a temperature and for a time sufficient to remove
18 substantially all the carbon in the film, thereby forming an amorphous dielectric film
19 comprising metal oxides, metal hydroxides, or a combination thereof.
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19 conprising netal oxides, nmetal hydroxi des, or a conbination thereof. -42
WO 03/031682 PCT/ US02/31683 1 13. The nmethod of claim 12 wherein Mis Si, f
is 1, L iwosswses21 or 2, and 2 B is between 1 and 3, an@CRUsSOE31883 he

at nosphere above the filmduring heating conprises 3 oxygen. 1 14. The

met hod of claim 12 wher IS d wher h { ve the
£i 1 mconprises watlér vE{E em?éld’ftc:l?émfaﬁi ‘?rgmﬁéaﬁéldﬂsal’gul?&%{ (Héj?ngO C
nd 3 r Béttinglcbypakds t he
gar bon I%ﬁ?%ihtw%?ﬁll%nﬁ? @M}'ﬁgnmt%od gﬁergag?‘;r%%%ﬁﬁnhgtﬁgﬁén thegpr egur sor film
gonpri sesygen? plurality of netal precursors, such that there is a plurality
of netal oxides/hydroxides in the 3 dielectric film 1 16. The nethod of
claiml1l wherein Rand R are independently selected 2 fromthe group

onsi sting of H, a ARth I heRe thelafinSpE&AS 1
i? A et hod for ?r_gduglﬂng a pacfftc(lar nemﬁéergfé@td?%% %’é% on a subs(%r%ate 2
Qonpri subie tBe ABARSMpliRG vaitertvaposwhart ﬁmtf’ﬂemas peataiiodetwden abvosiokfdy Gy a
solvent and a netal 4 precursor conple ahhe for Ia Mﬁg ) vvherel n M
Bs sel egb@d 30P0fm fona tigedupicéan 49 TG su St?ﬁt‘ Vauﬁec 4t Hf, or
a mxture thereof, at least one L is a |ligand conpri si ng g 6

am nopr opan- 2- ol at e, diethyl am noet han-2-ol ate, diethyl am nobutan-2-ol ate,

1 acetyl acet onat e,15al kyﬂhamudcweﬂmﬁrmherem the pliel&mrsmeﬁ]n“rhecvmmﬁs,es Xis

i ndependent|y selected 8 from NCO, CN, OH. H and
eH3 andpbeditR Oﬁn@t@ brecioR, Gichilba! Chers ion ahu@uty Of&?l?tﬁf waﬁea—ﬁladéce%@vav the ¢

nd h rgp i nt egers; 10 renoving at |east a portion of the sol vent
romth ‘%?c 'r film 11 converting at |east a portion of the precursor
filmby exposing that portion to 12 electronmagnetic radiation, heat, an
ion beam an electron beam or a conbination_thereof 13 sug fyha{e tge
dxposed portion ofl6 he Thearsihabof dlainnd wheics Rapd Bpeke indepgndentlyesriectedng

erein,. 14 _the filmlpses on re and
T enodony s sapb s fRER GRS M e AR ShG B leaor R (BRI
03/ 031682 PCT/ US02/ 31683 16 heating the filmto a tenperature and for a
time sufficient to renove

1 17. A method for producing a patterned dielectric film on a substrate
2 cdmprising:
3 depositing on the substrate a precursor film comprising a solvent and a metal
4 precursor complex of the formula M{L,X;, wherein M is selected from the group consisting
5 of Si, Ti, Zr, Ta, Ba, Sr, Hf, or a mixture thereof, at least one L is a ligand comprising -
6 aminopropan-2-olate, diethylaminoethan-2-olate, diethylaminobutan-2-olate,
7 acetylacetonate, alkylacetylacetonates, or a mixture thereof, X is independently selected
8 from N, NCO, NO,, NO,, Cl, Br, I, CN, OH, H and CH; and 0,C-R where Ris a C1 to C14
9 alkyl, aryl, or heterocycle, f, g, and h represent integers;
10 removing at least a portion of the solvent from the precursor film;
11 converting at least a portion of the precursor film by exposing that portion to
12 electromagnetic radiation, heat, an ion beam, an electron beam, or a combination thereof
13 such that the exposed portion of the precursor film is not soluble in a solvent, and wherein
14 the film loses carbon during as a result of the exposure; and
15 removing unexposed precursor film from the substrate, and
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17 substantially all the carbon in the film thereby form ng an anorphous
dielectric film 18 conprising netal oxides, netal hydroxides, or a

conbi nat iwp oBlareenf. 1 18. The method of claim 17 wherei nPChAIS8Y/&B8DF
removing the solvent 2 fromthe filmconprises exposing the filmto a

nperature of between gbquyt 80 C and 3 ut ..200 . rein the
iérrperature does rk?@g?%gﬁlqﬂmitﬂ adpIgney fuﬁ%?ﬂaé)’&ﬁyg}e;iugklw%ﬁe@i%eprecursor,
Pf i or t QuBSRASIRNGIIHHE cdrbbiMnttRe ﬁhﬁ%&&ﬁ?wﬁﬁh@ﬁ afbphbyiicliest f1an i on beam
an 5 electron beam or a conbination thereot in and anmount sufficient to
t&nove aosifising meetl oxddesumbal hydroxides, or hicgahthstion the@of. The met hod of claim
17 wherein Mis Si, and wherein the atnosphere 2 above the filmconprises
oxygen, water vapor, or mxture thereof when the filmis heated to 3
renove substantial{gy al{ydhen6abPasin 17 Wherdd Hstch of femd1fg HRIOARNOT Clai m
1§ wherein Mis Ti, Zr, Ta HP or a1 meturre 2 tﬁe eofe,:mv\he?r’rei n thre1
di el ect rfr@m fthd filnh soraprisesexpmismgsthé fityh 1k a tingpeeattirei of bbiwteen wbout 88° i aidect ric 3
constant of at | t 5, d wherein th or, fi . i
G s put B0° G ahamin e (smAPRRGR dogTE BoILhSGHIFBIAPIYSPB OB oDt ween
apout 0. bou i@ dadi d3pdf; dycing a
pLgtterné%e%?%ﬁ%ritgB??qggﬁggﬁggﬂghﬁglf %C'E%{A tlcicl)ar%lt)dr%ilos’l ng: 7@&%@% ng at
| fast ongediforddhmpor aredmelihationfthesoBinraat ainoconquiffoient dorpemeveragudficiel® | east
one ligand selected.froamthe group consisting of substituted or
ubsubst i Bumbey odtheadligands et onat e, acet onyl acet one, di al kyl di t hi ocar bamat e,
carboxylic acids, carboxylates, 10 pyridine, azide, am ne, diam ne,
arsi ne, diarsine, phosphine, diphosphine, arene, hydroxy, 11 al koxy, alkyl,
aryl, oxo, oxal ato19.hal Titemethydooglaim 1hywdietedeM @iShyaadivlesrein jienamosgrchony| |
nitro, 12 nitrito, nitrate, nitrato, nitrasyl, ethylene, acetylene
tAi ocyartboue thesHneasasranPBECRAUGET YRPOB A FERBEhereal when theitteds Bewgd to
car boxyl at o X t her r}%i at | east one nmetal 14 selected from
t%e gr ourﬁmgg?l%ﬁ%{a@ﬁﬁﬁgwﬁ}e,&%ﬁq&}@ a, Ba, Sr, Hf, or a mxture thereof,
wherein 15 the netal conplex is photodegradable; 16 formng a | ayer

conprising the unconverted precursor atop the substrate; -44 \\D 03/031682
PCT/ US02/ 31683  172Gar t Tha mgthed afeleim dg whergin Msis T, ol ik opp mixare

upconvert ed. PLBRHS o diaVahs ol sShPahaRbhRA At irBKRg fth WifiopdicRoRRr L on

ayer m'a pattern; an
3 constant of at least 5, and wherein the precursor film further comprises Ca, Sr, Al, Sc, La, or
4 a mixture thereof in an molar ratio of between about 0.1 to about 0.6 of the moles of M.
5 21. A method for producing a patterned dielectric film on a substrate
6 comprising:
7 selecting at least one precursor material from a metal complex comprising at
8 least one ligand selected from the group consisting of substituted or unsubstituted
9 acetylacetonate, acetonylacetone, dialkyldithiocarbamate, carboxylic acids, carboxylates,
10 pyridine, azide, amine, diamine, arsine, diarsine, phosphine, diphosphine, arene, hydroxy,
11 alkoxy, alkyl, aryl, oxo, oxalato, halide, hydrogen, hydride, dihydride, cyano, carbonyl, nitro,
12 nitrito, nitrate, nitrato, nitrosyl, ethylene, acetylenes, thiocyanato, isothiocyanato, aquo,
13 carbonato, amine, thiocarbonyl, carboxylato, and mixtures thereof and at least one metal
14 selected from the group consisting of Si, Ti, Zr, Ta, Ba, Sr, Hf, or a mixture thereof, wherein
15 the metal complex is photodegradable;
16 ‘ forming a layer comprising the unconverted precursor atop the substrate;
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20 converting at least a portion of the partially converted precursor |ayer
to form 21 a dielectric film wherein the dielectric filmis substantially
anor phouswbasg/oarssaver age 22 diel ectric constant of at | ea®CTalsousie®s 23 24
22. The nmethod of claim 21 wherein the ligand is selected fromacac, 25

Ko d
T or os ¢ her eof - FeidY) ShatRE A Biivs it tes AR G ietiBoor dhleh "exposi ng
ke converted 27 qubeabtifBiremdyRig a2 basbai@eiioOnas uhnertépleblrds1ajdr i

envi ronnment under conditions of 28 tenperature and pressure such that the
portion Brmuapstiemnoed t ed precursor |ayer forms nmetal 29 oxides, netal

droxides, or a mxture t 21V\/n rein
?gyer conprising tiAVEHIES E%Fﬁé‘d’or%? ?Jfrtg?:m’rgﬁﬁm‘é?rﬁlﬁrt?‘;@ egﬁrﬁgrtlp)ﬁréo ?clﬁ-?’t her
gpnpr i segdidfkchc! Ma) hardine didectBe fiftn TR uBSEntAK MRPMSIsHs 8n RRdrhgr ned
dielectric filmon a substrate 33 conprising: 34 depositing on the
2Ubst r at delgeirigcondiard of af lehstrbai®: i sing a first netal precursor 35 conpl ex
g$ the formula MLgXh, wherein: 36 Mis selected fromthe group consisting
Si, Ti, Zr, Ta, Ba, Sr, H, or a 37 mxture thereof, 38 at |east one L
b§ a phot o- deconpogabl erﬁétﬂ@ﬂﬂgd%?cfaﬁﬁzi %e}a@thengagdﬁe%c@a%n%gca% R5aY' -
wherein at |least one Y 1Is selected fromN nd 1s bonded to an M Z'
25 40 i noelpeaythtntallsox N azideCearboulyl) tigrateSamgineipdide,r witrd nuobdpeindiend thgresél ect ed
froma) H b) OH c¢) O, 41 d) groups containing fromone to about fourteen
carbon atons, e) groups containing from 42 one to about eight nitrogen
ons, and f) haliges, ppd,e and
%{Z at | east one leigg |ndepentg8%"??§/ﬁgre?ecte ?@g%ﬁfﬁﬁgﬁ%ﬁs%ﬁﬂgcﬁe%wd)
20bst i t ytrechirsetJayer amawgas{donam@joﬁmm{ datdingrenvronRECmiden coaflitipneoap s
ggnt ai n| n from o to abouia ht -45 03/031682 PCT/ US02/ 31683 46
trogerf® rﬁasuFFawc 3&%9%?1% p1 the conyertrd pregurser kayier orpemrElent
%gnt egerso)gggg fﬁefa? it xidds bpgﬁg%r%)gﬁgyggen one and fourteen 48 exposi ng at
east a portion o? t% precursor mto el ectromagnetic radi at i on, heat,
an 49 ion beam an electron beam or a conbination thereof in such t hat

t he exposed portion of the
30 24, The method of claim 21 wherein layer comprising the unconverted

31 precursor atop the substrate further comprises an alkanolamine.

32 25. A method for producing a patterned dielectric film on a substrate

33 comprising:

34 depositing on the substrate an precursor film comprising a first metal precursor

35 complex of the formula M{L,X;, wherein: |

36 M is selected from the group consisting of Si, Ti, Zr, Ta, Ba, Sr, Hf, or a

37 mixture thereof,

38 at least one L is a photo-decomposable ligand of the formula -Y'-Z'R3 -Z'R’ -
39 Z'R® -Y'-, wherein at least one Y is selected from N or O and is bonded to an M, Z! is

40 independently N or C, and the R® groups are independently selected from a) H, b) OH, ¢) O,
41 d) groups containing from one to about fourteen carbon atoms, €) groups containing from

42 one to about eight nitrogen atoms, and f) halides, and “a” is an integer between zero and

43 two, and

44 at least one X is independently selected from a) H, b) OH, c) O, d) substituted
45 or unsubstituted C H,, OCC H,, or O,CCH,, e) groups containing from one to about eight
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50 precursor filmis not soluble in a solvent, and wherein the film]loses

carbon as a result of the 51 exposure; 52 renovi ng unexposed precursor

filmfronwOha/o3wBstrate, and 53 heating the filmto a tenperatsorgedhd for a

tinme suffi cient to forman anorphous 54 dielectric film conprising netal
qxi des, ination _th reo The, et hod of
aim 25 V\/n rneé%sil %zﬁ?l % éx%l ??Ig%gT ﬁ’,ﬁ’%#’,x éresgﬁ 1r%t§%%s ?ﬁdnbsr

m7xt ure mlf@reﬁ@émeme\mﬁrfeume@he precursor fi I m conprises a diel ectrl c
property 57 adjusting netal precursor conplex of the formula MfL'gX h,

#her ei n t he npipesipget Isagr portiorwef the prackisor filen wr@@quomgnﬁm rdiationdiealean 0. 01

0.9, a_s clL dfromcal tI’OIIU al um nu anum
sgandl um{xIn(;bregm %‘chrso q:}%mé%ac%rp {%%81}?8 Sugfgthe?g) ot 8° n@%‘rfﬂ%@%bl e
kogand, pweursdr LGS hoPRBuble i1Sa SEVER! £ Wieash Be film RheFdrbdh) asth reshllt of the
substituted or 61 unsubstituted CnHm OCCnHmM or Q2CC' Hm e) groups

ébnt ai nlﬁ@oﬁmm;m one to about eight 62 nitrogen atoms, and f) halides

f, t t h be 63 th
meor ai e Htedesd proclar Bk Rome PRl atll D ool sor compl ex

3nd n is an 6featifs BRSHINPRIABRPRARe | aﬁkﬂfofr@%&ees%ﬁrﬁa&% 18 fornd ReaBipheRs of claim
25 wherein therﬁprecursor filmconprises a 66 surface-active catalytic

pt ecur sodicleatrisrilml coofprising rhetahonidges, etal hydrogddes, 067 combinatinn Meteofs a
selected fromgold, platinum palladium ruthenium 68 rhodium iridium
copper, silver, iron or mxtures thereof, at least one L' is a photo 69
ggconposabl e |igang anghahelRasi RN ZKW&ré@Mﬁts%ﬁc{eﬁ%n@)ﬁ b, ’pa) HEabr,C) O,
d) substituted or 70 unsubstituted CnHm OCCnhnHmM or e) 'groups
6ont ai ni HE dr eonxmnethereod zod twheirgh theAfrenirtor didracoatpoises a dmtbcfrjc frapdriges

e or alivdioeainlprediooneoPRick i Prmthar il sRE Nopin edels St oSl ox
89d n i sy if %egﬂ%cﬁag&g fﬁlﬁtlg‘ﬁ%e 8.0376 0loNP i€ G RelcARE fr%fi} SHGBm! Bfntlde

anount of M tri c iI'mis an anbunt Insufficient to /5 cause
§9bst antalmtnmmall:aglmmlh'r cscaglldlmin,e)rdmemmestthereoﬂ f leaddohe L3 isaplatwunt al | owi ng

o i of SERPessbla AR, P 1! SPechis e TR B © OB O GHABIIS Rt
&7 | ayer, i lnydeeas) t@@ctrbe OI0CTE 2B AR Rl R aNaT ist o1 Nt he

mole ratio o to™Mis" to ut 25 %

62 nitrogen atoms, and f) hahdes whereln f, g, h, n, m, x and y represent integers which can be
63 the same or different than the integers in the first metal precursor complex and n is an

64 integer between one and fourteen.

65 27. The method of claim 25 wherein the precursor film comprises a

66 surface-active catalytic precursor material of the formula, M 1° X,

67 wherein M’ is a selected from gold, platinum, palladium, ruthenium,

68 rhodium, iridium, copper, silver, iron, or mixtures thereof, at least one L’ is a photo-

69 decomposable ligand, and at least one X is selected from a) H, b) OH, c) O, d) substituted or
70 unsubstituted C;H,, OCC,H,, or O,CCH,, e) groups containing from one to about eight

71 nitrogen atoms, and f) halides wherein f, g, h, n, m, x and y represent integers which can be
72 the same or different than the integers in the first metal precursor complex and n is an

73 integer between one and fourteen, and

74 such that the amount of M’ in the dielectric film is an amount insufficient to
75 cause substantial leakage through the dielectric film but is an amount allowing modification
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80 29. The nmethod of claim25 wherein each X is independently selected 81
froma) H b) OH c¢) O, d) substituted or unsubstituted ChHm OCC'H,,,, or
Q2CC,; , Hmwe)o3/08@s8yr oups contai ning fromone to about ei ghtPCRitSIDgEB3 at ons,
and f) halides. 83 30. A nethod for producing a patterned dielectric film
06 a subsfdxpbsed sBAERHPR recursor
filmconpri gl ng: 86 a fi rez%le%gt{%%%?g ﬁdrvg%epegcé?ﬂgtﬁl apﬁﬂ%}éi{%@% or %\ﬂaa Lth,
WhAer ei n kysrdo beflepasitad thefeoir om t he group consisting of Si, Ti, Zr, Ta, Ba,
Sr, Hf, or a mxture thereof, at least one L is 88 a decorrposabl e ligand
t hat deconposes when exposed to a first energy, and at |least one Xis 89
7edependent | y sel ed : t L £
unsubsti t ut ed ChH?nZ:g 90 %ﬂeﬁ%dﬂfC%é%g‘w&%)eé&heg%%éLsﬂg)[(%:ooélttlgl ni rk\glsf romone to
ZDout ei byfveaniabpuig@Al & traboub$%.) 91 hal i des wherein f, g, h, n, in, x
and y represent integers and n is an integer between one and 92 fourteen,;
93 a dielectric property-adjusting netal precursor material of the fornula
8 ML gX h, whergjn i trontiu | um num
| ant hanum 95 scanZ?iJl umw%érﬁsnﬁggtgrkg%ﬁ?ger eolghgg% ﬁl%gplfﬁ%’r?gd?flﬂynéleate&l
8kconposfuhe) Hj @)a(aH thas ddmbstitpted @8 un@lesmfaea cezqgo@e:@ Hg oi\ aecond gnergy,
gé]d at | east one, selected from a) o, 97" substi tuted
unsub@?‘fptsd’f”étﬁl mmﬂﬁbo‘grelgb?@@‘?ﬂ?ﬁ afé}’flsg :hahfimt aining fromone to
98 about eight nitrogen atons, and f) halides, wherein f, g, h, n, in, x
and y represent integers 99 whi ch can be the sane or dlfferent t han the
8htegers in the fi30st e heethaal foe prodasing @ Pittéreddidicb e Mn &n Afubshgger
tween one .and fourteen; and 101 a solvent; 102 exposing at |east a
% rti on GFPEFEEpr ecur sor filmto elect romagnetl c radiation, heat, an 103

gpn beam an 4 ?L(l)ent 1 @%}H%St&'feﬁbégmg} oc(rérﬂgglgir?eof t her eby provi di ng

energy suffic an L in the exposed portion

8F the precursor faifirst meIw@tirsOOn ML WF §f formdid M@ﬁ( 3/ WBEEEA i is sefected
/ US02/ 31683 105 nmaterial to an intermediate that®i's not soluble Iin a

evel opi ISt congistng\pbPie Th ZrnBa, B2 B, HiDer 4 mbduredherbof) atlsashonekd t  of
e exp ¢ Qse recur sqr mfromthe substrate by
g(:82nt act 93%5t 8%18% gﬁgﬁ%%ﬁo F?ﬁ‘%b SRR g(%%ﬁ fJ]ﬁ%} cogieyetid at i35t ongK Keat i ng
&he fil Imdeperaieh@yrpﬁécaédlfr&nad) 4,19 0H cf OT8) $ilbiitutdd@Funbibstiffiéd @y anor phous

90 OCCH,, or O,CC_H,, e) groups containing from one to about eight nitrogen atoms, and f)
91 halides wherein f, g, h, n, m, x and y represent integers and n is an integer between one and
92 fourteen;
93 a dielectric property-adjusting metal precursor material of the formula
94 M”{L’ X", wherein M” is a selected from calcium, strontium, aluminum, lanthanum,
95 scandium, or mixtures thereof, at least one L’ is a decomposable ligand that decomposes
96 when exposed to a second energy, and at least one X is selected from a) H, b) OH, ¢) O, d)
97 substituted or unsubstituted C H,, OCCH,, or O,CC,H,,, €) groups containing from one to
98 about eight nitrogen atoms, and f) halides, wherein f, g, h, n, m, x and y represent integers
99 which can be the same or different than the integers in the first metal precursor complex and
100 n is an integer between one and fourteen; and
101 a solvent;
102 exposing at least a portion of the precursor film to electromagnetic radiation, heat, an
103 ion beam, an electron beam, or a combination thereof, thereby providing energy sufficient to
104 decompose an L and an L in the exposed portion of the precursor film, converting precursor
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110 dielectric filmconprising oxides, hydroxides, or a conbination of

oxi des and hydroxides of 111 Mand M, such that the nole ratio of M to M
in the diwbaswsies2 fil mis between 0.01 to 0.9. 112 31. TireTrsSphiadsdf cl ai m
30 wherein the first energy is different than the 113 second energy, and
1088 eNer Bliekif 1Ba8hlfiflodifhe tE iCHRISEBOARE e Pllofthe SO e ERHRALINT firh N 3
114 manner to result 1 n unequal mole ratios o to In dfferent vol unmes
166 t he dlos¢saatboncashlbsull dfithe &dsdi2; A net hod for producing a patterned
dielectric filmon a substrate 117 cqnprising: 118 depositing on th
dbstrat e an FPOVIREHIXPOSemPELSHECF Sl fomythe subsratedhy oo a&rmg)ﬂ@éwwei onpl ex

the f Mn%] 2@% in Mis 120 selected fromthe group consisting
1?? Si, T, r?déyg,ﬂ)é%so r, I%’E#@ or a mxture thereof, at least 121 one L is
l@9deconposabl ieeatihg drecfilhhiat a @aperanes esd b eninexqudBeientito feeni b ahopheusgy, and
at least 122 gne X is,independently selected froma c). 0, d)

: H b) OH
40bst i t utiglcisie fimecamarising eddesphydeeides, excrembingionpicrsidasiind Bydrgxidapef
1ggntai ni ?panfdrl\ﬁmsﬁ@ﬁ" tﬁa?tl%t}ﬁéi'l% éﬁicg MALd l(/lolgefﬁ'e {ﬁtef%%c ﬁlgnczif;' b%&geeg)()(ﬁ%) 'OQES
erein T, g, h 'n,In, x and y represent Thiegers and n I's an 1 nteger
between 125 one and fourteen; and 126 a surface-active netal precursor
conplex of the fornula M'fL' gX h, wherein 127 M'' is a selected from

1481 d, plati num pabl-adi Ghe methodedrlaim 39 meraimihe; firsiengrgy ie égfseent thepghei | ver

m xtu r eof t | t. one.d ' . h -deco sable |ligand that
138 o oo seond GEHERana Ble cnEAR s BAGided 1d s BRABH FoAERITIRS R rdr AR o ¢
198l ect edmbsirditeestit ituneghial hidle @aticd)of MO M uh FiffdretitedhDieswIsnElbdtited C' HM
OCCnHmM or Q2CC"Hm e€e) groups containing fromone to 131 about eight

1dft r ogenfitr-ons, and f) halides, wherein f, g, h, n, in. x and y represent
integers 132 which can be the same or different than the integers in the
first metal precursor conplex and 133 n is an integer between one and
1figurteen; -48 WO 037 031A8Reth6d {d7Pedtudihb BPattdiddd BB Hlndbn b 8@sstra@ POrtion
of the precursor filmto electromagnetic radiation, heat, an 135 ion beam
13A el ect ¢apiprisegn or a combi nation thereof, thereby providing energy

ffici 136 d L and an.L' in th d porti f th
W¥ecur sor f119PEMARE GRG0 T0NGL L0 37 PR S UGl MG o an | nt er medi ate

1hbat is not sol ubl @ﬁfs'ﬂrrﬁ:téi?l’&hfk@i Bdnsiet ¥EMk fordlida Mﬂﬁgﬁ,'@vhe%f'ﬁl\/t Re film

| oses carbon as a result of the exposure; 139 renovi “unexposed precursor
1201 m f r oselacted feomp ther groep bynsisting af 81, Ay 4rhEa, Bre8pddfe dr a mixture thereof, at least

121 one L is a decomposable ligand that decomposes when exposed to a first energy, and at least
122 one X is independently selected from a) H, b) OH, c) O, d) substituted or unsubstituted

123 CH,, OCCH,, or O,CC H,, ¢) groups containing from one to about eight nitrogen atoms,
124 - and f) halides wherein £, g, h, n, m, x and y represent integers and n is an integer between
125 one and fourteen; and

126 a surface-active metal precursor complex of the formula ML’ X"}, wherein
127 M’ is a selected from gold, platinum, palladium, ruthenium, rhodium, iridium, copper,

128 silver, or mixtures thereof, at least one L’ is a photo-decomposable ligand that decomposes
129 when exposed to a second energy, and at least one X is selected from a) H, b) OH, ¢) O, d)
130 substituted or unsubstituted C H,, OCC H,, or O,CC H,, ) groups containing from one to
131 about eight nitrogen atoms, and f) halides, wherein f, g, h, n, m, x and y represent integers
132 which can be the same or different than the integers in the first metal precursor complex and
133 nis an integer between one and fourteen;
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140 filmto a devel opi ng solvent, and 141 heating the filmto a tenperature
and for atinme sufficient to forman anorphous 142 dielectric film

conpri si NyOmsiodies2 hydr oxi des, or a conbi nati on of oxi desPamdsShysirexi des of
143 Mand M', such that the anbunt of M' in the dielectric filmis an

unt i nsuffi.gci : b I : .
B act 110 1 PR o Rastibrfiah 5P pELAG! ) (o ARKRABM AU Bt
186r f acesionbeirhgardéledtant tdam, bi b tombinpicamheeos tioatnl providideedhietogtsafficdnt g owt h
gf a nexé 146 | ayer éo be. deposited theregn. 147 33. The nmethod of claim
135 wher efis5ompese 91 k andar Lgin the cypasedpriion of the prerirsor fimead sprvegting gy, and

e ener i I fhd o) e rfil.min a
1375 rannieolr BN oh b AedAPARNE nBOLIAE P4 Ao PN S WG
188r f ace it filthdosds ehidoh s 6 reshi@f flid expésneg) i n anot her portion of the
dielectric film 151 34. The nethod of claim 32 wherein the precursor film
188r t her conpriFeymgunexposed Presstset Blnp frepethe yubstiptedtyi aegtastingthe pnexnosedr
1rmteri alf1 totahcfevfeﬁfpfpgsaoh[z\élrﬁ La'ngX' h, wherein 153 M is a selected from

nt 1 uny

calcium Stro um nudm | ant hanum scandium or m xtures 154 thereof,

141 | east one Heatihg tie filacorpespblatirt igblod a titdd sudiREenme $as Wahopkpased to a
third 155 energy, and at |least one X is selected froma) H b) OH, ‘(a:,% 0,
148 substdielgeten fidn compuising axidasdhydisddesnesg capdinatin efrox@iesandhydrexidgy olups

{ERorai n Ve S i APy L B PR BB Pl dioie’ are or

1458 di f f @usdubttantialikabditRaeihsthé BieleB@iclfilinShut IRAPAMOIR GUEHBIz BAIRELHnANd N
is an integer between 59 one and fourteen, wherein the nol'e ratio of M

149 M i n eftexpesgd surfages of therdielpcttip dln ite provide acatalpiie teimphaté Hrigeawibef adedt and
6. -4 0 31682, PCT/ US02/ 31683 161 35. The nethod of claim 34
1\%ﬂerei nglfl}\%gt?%g?pogﬁ%% 1998 different than the 162 third energy, and the
energy is provided to the exposed portion of the precursor filmin a 163
manner to result in a larger nole ratio of M to Mis one exposed portion
lddmpared to a 1643Fecohet wribod eficlpior 32 whereircthe3Bst cibgynedifibbnothanltied m 32

erein L is -0 CRhaCR5aCR5a0 16 erein the R5 gr.oups are ;
L depencfgﬁ?q%fngﬁayeﬁ@efe%rﬁy ey pfﬂ‘,’lﬁs to@f eXyos ,pﬂﬁtloﬁr"g(‘}ﬁs&%*?soé Slndn &i ng
159 om onenipepdEtulf RUW LERR FA K f@ﬁ@ to
about 168 gi ght l%\i trogen gtfogén%,%g%@??oﬁ%ﬁ%%@@?@gg&g%@fa@%gﬁtg&{lﬂé of

189 ai m 3Ailwhbareimanmthdr pagionarf thuf dieledric lfflins a bet a

151 34.  The method of claim 32 wherein the precursor film further comprises
152 a dielectric property-adjusting metal precursor material of the formula M”L’ X’,, wherein
153 M” is a selected from calcium, strontium, aluminum, lanthanum, scandium, or mixtures
154 thereof, at least one L’ is a decomposable ligand that decomposes when exposed to a third
155 energy, and at least one X is selected from a) H, b) OH, c) O, d) substituted or unsubstituted
156 CH,, OCC.H,, or O,CC H,, €) groups containing from one to about eight nitrogen atoms,
157 and f) halides, wherein £, g, h, n, m, x and y represent integers which can be the same or

158 different than the integers in the first metal precursor complex and n is an integer between
159 one and fourteen, wherein the mole ratio of M to M in at least a portion of the dielectric
160 film is between 0.1 and 0.6.
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170 di ketonate ligand, a ligand of fornmula (RZNCR2' CO wherein R and R are
I ndependently 171 selected fromH OH 0, ChHm OCnHm O C' HMAXBy,
CnHMAXBY , wand/osimBngens, wherein A 172 and B are i ndependentrlusozzicext ed

frommain group elenents and f, g, h, n, X and y 173 represent N
IF?;:ggr Sl??ﬁoﬁgr | isgl]ﬁgn?&‘kb]gﬁlggtoggﬁgﬂb%nsu st ﬁﬁlg%edg ffEer&I_t - oqg% ;sl, > e
lé2et y| acthirdentrgy, a‘rm&hablkf;tgﬁrsquwmmd)hﬁie)q&sed)poraonbﬁﬂmrmedlﬂsar éih in a50
163 manner to result in a larger mole ratio of M” to M is one exposed portion compared to a
164 second exposed portion.

165 36.  The method of claim 32 wherein L is -O-CR’,-CR’ -CR’,-O-,

166 wherein the R’ groups are independently selected from a) H, b) OH, c) O, d) groups

167 containing from one to about fourteen carbon atoms, €) groups containing from one to about
168 eight nitrogen atoms, and f) halides.

169 37. The method of claim 32 wherein at least on of L or L’is a beta-

170 diketonate ligand, a ligand of formula (R,NCR,’CO) wherein R and R’ are independently
171 selected from H, OH, O, C H,, OCH,,, O CH,A,B,, C H A B,, and halogens, wherein A
172 and B are independently selected from main group elements and f, g, h,n, m, x and y

173 represent integers.

174 38. The method of claim 32 wherein at least on of L or L’is a ligand
175 comprising substituted or unsubstituted aminoalkan-2-olates, acetylacetonate,

176 alkylacetylacetonates, or a mixture thereof.
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