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Thus, new high dielectric constant materials are needed to extend device
25  performance. Such materials need to demonstrate high permittivity, barrier
height to prevent tunneling, stability in direct contact with silicon, and good
interface quality and film morphology. Furthermore, such materials must be
compatible with the gate material, electrodes, semiconductor processing
temperatures, and operating conditions.
30 High quality thin oxide films of metals, such as ZrO,, HfO,, Al,O,, and
YSZ deposited on semiconductor wafers have recently gained interest for use in

memories (e.g., dynamic random access memory (DRAM) devices, static
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metal oxide on silicon without creating an interfacial silicon oxide layer.
However, undesirable chlorine residues can also be formed. Furthermore,
zirconium and hafnium alkyls are generally unstable and not commercially
available. They would also likely leave carbon in the resultant films.
Despite these continual improvements in semiconductor dielectric layers,
there remains a need for a vapor deposition process utilizing sufficiently volatile
metal precursor compounds that can form a thin, high quality oxide layer,

particularly on a semiconductor substrate using a vapor deposition process.
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In a preferred embodiment of the invention, a method is provided that
includes: providing a substrate (preferably, a semiconductor substrate or
substrate assembly) within a deposition chamber; providing at least one alcohol
of the formula R(OH), wherein R is an organic group and r is 1 to 3; providing at
least one metal-containing precursor compound of the formula

M'(NR"),(NRR?), (Formula I), M’R*, (Formula II), or Lewis Base adducts of
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The methods of the present invention can utilize a chemical vapor
deposition (CVD) process, which can be pulsed, or an atomic layer deposition

30 (ALD) process (a self-limiting vapor deposition process that includes a plurality
of deposition cycles, typically with purging between the cycles). Preferably, the
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precursor) compounds are vaporized and directed to one or more surfaces of a
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deposition chamber. These precursor compounds form (e.g., by reacting or
30  decomposing) a non-volatile, thin, uniform, metal oxide layer on the surface(s)

of the substrate. For the purposes of this invention, the term "vapor deposition
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alternating pulses of precursor compound(s), reaction gas(es), and purge (i.e.,
inert carrier) gas.
"Chemisorption” as used herein refers to the chemical adsorption of
vaporized reactive precursor compounds on the surface of a substrate. The

30  adsorbed species are irreversibly bound to the substrate surface as a result of

relatively strong binding forces characterized by high adsorption energies (e.g.,
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one or nore alcohols of the formula R(OH)r wherein r
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The present invention provides methods of forming a metal oxide layer

25  on a substrate (preferably a semiconductor substrate or substrate assembly)
using one or more alcohols of the formula R(OH), wherein r is 1 to 3
(preferably, 1) and one or more metal-containing precursor compounds of the
formulas M'(NR"),(NR’R?), (Formula I), M’R* (Formula II), or Lewis Base
adducts of Formula II. In Formulas I and II: M' and M? are each independently

30  any metal (main group, transition metal, lanthanide); each of R!, R?, and R® is

independently hydrogen or an organic group; w is 0 to 4 (preferably, 0 to 2); z is
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or prafereblgliif flerapatasepiiasd.s, the nmetal oxide |ayer can

be int formof, alloys, solid solutions, or
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sebg- dwadhmﬁwmat&wbsugedum senticoislhib i catstruas@aiichas dynamic

random access memory (DRAM) devices and static random access memory
(SRAM) devices, for example.

Substrates other than semiconductor substrates or substrate assemblies
can be used in methods of the present invention. These include, for example,
fibers, wires, etc. If the substrate is a semiconductor substrate or substrate
assembly, the layers can be formed directly on the lowest semiconductor surface
of the substrate, or they can be formed on any of a variety of the layers (i.e.,

surfaces) as in a patterned wafer, for example.
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LaGdPTi, ZNdHf, N&jl Ta, Tind SEfandtdf moldprefded giddp of meﬁh’l‘sﬁfo@M‘2 isY,

nmore preferred group of metals for M2 is Y,
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cont ai ni ng precursor conpoun

M ¢RAninENRRRET céripounds af the fomﬂad\MRNR §JONRARA) AFotnila I)

or SrEPER i PitiREr i i Ponentle it higsncon i e S

" Op#HhKly Gh OktRnicl ot €Ak used herein, the term "organic group" is used
for the purpose of this invention to mean a hydrocarbon group that is classified
as an aliphatic group, cyclic group, or combination of aliphatic and cyclic groups
(e.g., alkaryl and aralkyl groups). In the context of the present invention,
suitable organic groups for precursor compounds of this invention are those that
do not interfere with the formation of a metal oxide layer using vapor deposition
techniques. In the context of the present invention, the term "aliphatic group”

means a saturated or unsaturated linear or branched hydrocarbon group. This
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cyclic groups (e.g., alkaryl and aral kyl groups). In
the context of the present invention, suitable
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subsj %MJ% 25 with no %@B}FHWO% f?’uci Stéﬂ)r%g 3 gxa%n (A uaéhe

t hat ot soO a or sub’s ion of na
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ijbe.a chem 20 substitu t he descr. bed
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gr D]D}BSS ‘aikybeteap” sontendad tonradludeuiog bintyyend spen\ihemesatunated
hydrocarbon alkyl substituents, such as methyl, ethyl, propyl, t-butyl, and the
like, but also alkyl substituents bearing further substituents known in the art,
such as hydroxy, alkoxy, alkylsulfonyl, halogen atoms, cyano, nitro, amino,
carboxyl, etc. Thus, "alkyl group" includes ether groups, haloalkyls, nitroalkyls,

carboxyalkyls, hydroxyalkyls, sulfoalkyls, etc. On the other hand, the phrase

"alkyl moiety" is limited to the inclusion of only pure open chain saturated

10
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or substituent, only an unsubstituted chem cal
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even re pre era
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Phe. car Eoueriatferbdingile! it Yarbod a6tk op i 1 BROEK BPA Greca

pr ecniaigorg prenvpsou dokspoans hee qﬂibaﬁlﬂ}t tepdedibst br dubstéttied vith

ato eferred al cohol s include ethanol, isopropyl
élﬁﬁ%‘? UQTIRG O YRSt PRUNGIIOBENA1PTHR, BT STOYPRICODIAIING fach

9' ¥o&ls. MRS 'Eﬁylméh aﬁhﬁ%randlsﬂyl‘ﬁféﬁtlﬁhfé SRR ERATEN tHeREope

carbon atoms of the R groups of the netal - containin
pr eﬁlﬁ@rgmla b 0 rrp ounbBer the eompoirsiy af Formmdp L AdENRY),(MR’R?),, R,

o B b eh Brerg Pl LTS R B PRV B ot

SI bteb@tsaobo&iponﬁ@s iaods tdukR{dtethflaRBn@itAEEmar € Wit hin
of Formula |I. For the cogg)c;unds of Fornmul a

laménog hgfpium, and
2 P AAEAIAIL S EP T R EOTP S s

t etitlak bel@diermallyydvaﬂabie froti doardessuch23 Strem Chemical Co., or they
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For the compounds of Formula II, M°R*_ and Lewis Base adducts
thereof, each R* is preferably hydrogen or a (C1-C4) organic group. Preferably,
the compounds of Formula II do not include compounds in which all R* groups
are methyl (particularly when M? is aluminum). Examples of suitable precursor
compounds include AlH;, AlMe;, AlHMe,, ZnEt, and AIH;NMe,. Such

compounds are either commercially available from sources such as Sigma-
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can be one or more of the following: aliphatic hydrocarbons or unsaturated
hydrocarbons (C3-C20, and preferably C5-C10, cyclic, branched, or linear),
aromatic hydrocarbons (C5-C20, and preferably C5-C10), halogenated
hydrocarbons, silylated hydrocarbons such as alkylsilanes, alkylsilicates, ethers,

polyethers, thioethers, esters, lactones, ammonia, amides, amines (aliphatic or

aromatic, primary, secondary, or tertiary), polyamines, nitriles, cyanates,

isocyanates, thiocyanates, silicone oils, alcohols, or compounds containing
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vapByserde ayeid okpgepreostaminativh ofithe layert(e.gc axidation gfsili¢on to

desired,. Addjti.onally, an inert carrier gas can be
USZ%%II%@r%%)%Sg)'steps in an ALD process. The inert

carri er Tgadepositionprécss for $idh atkreor & AapbedepdsiBbil process.
copsi sting .of nitrogen, heli unéﬁar on, and. )
price i thefsempronguierdndustry

in ' i 1 ' A

AR o ARTH SUSL AP OIS SRyt

| ayethin déep chetactd end other ofeaings e Shaeablapar depsition (CVD) and
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carrier 5
doRei af eacgnstiRe kA bE) a5 g ensdigleavatien Biegesers oten
fg@ﬁlﬁmy&f-{d 3fn Phin! EthANGS ukiforfh, me® odfiel BREQIbIS il L)

layers onto semiconductor substrates. Using either vapor deposition process,
typically one or more precursor compounds are vaporized in a deposition
chamber and optionally combined with one or more reaction gases to form a
metal oxide layer onto a substrate. It will be readily apparent to one skilled in
the art that the vapor deposition process may be enhanced by employing various
related techniques such as plasma assistance, photo assistance, laser assistance,

as well as other techniques.
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wel I as other techniques. 13 WO 2004/ 020690

PCT/ US26hemaabyaper deppsitian(&IVID)dee beqxsnsivahi ysed dor the

di . £ referablv.has a .thickness in
100 EHPERLE of AR bR AVEE BIR e LRRA e SOk or

pr efeeeaiigbhechie of itbbbikinenprofidé highiyadoaforisi sl Nigly ghalits

in the range of about 30 A to about 80 A In nost
v aﬂt?ﬂecaécg‘éﬁfﬁ ?forﬁﬁaw% dasd processig tgpese Urhsolesiseshpreeanrs)

ar . i h e L eduC]
B g S S L T S U
e tentaioiigdehdatedenbsttdoavaitk optional tdaetiqr gstd ael/@findrhéSrier

i nvention, np reaction gas i s needed because_t he
15 a1 &1 Pnpﬁ’ Wcaigeﬁﬂocecwgew%egrp@%wm TRCPRIAGE With
Hoy&¥&dn gRrdsshizh® SulBRaR Surfads 2. iE%02r).
and I\I2.O]rl %agésget' used | fat% %esi r gg f é%]wgfnayglgq% gv’a'%%?Ct“ )
depbe pinglgrlepdibn ¢rade iy eBowed tosrestived yntil sheddesved thivkness®f

pr E0N.0 tal oxide layers, such as dielectric
Ia{ﬁlgﬁé’%trilsna%glee%e ‘onduct or processing because of its

abi I'i t yTypicfrOVDGRodeb@h lo¥ndz SIRT AHIBY pridbrsbi @impstialis &y
dielectric |layers at relatively fast processing tines.
20 Th¥apeatigychapibeti thgare Wﬁ%@n shecproeqss eharelepr avhgrein the

th ' [ . Sigl ] i ni ng
a E%gtsefghgggg%?ogt% 1tgl }1&%{&8 i ghg r é%thag%d pgf gééggsoa}an d/ or
i nesrhpaends heertydibaliyasieced ih bubblérg phd htat€dAo preppesure at which

vapori zed. precur sors arg .contacted with .
ey vaporize, and the vaporized liquid precursor compound is then transported

by an inert carrier gas passing over the bubbler or through the liquid precursor
25  compound. The vapors are then swept through a gas line to the deposition
chamber for depositing a layer on substrate surface(s) therein. Many techniques
have been developed to precisely control this process. For example, the amount
of precursor material transported to the deposition chamber can be precisely
controlled by the temperature of the reservoir containing the precursor
30 compound and by the flow of an inert carrier gas bubbled through or passed over

the reservoir.
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t hi ckness of the layer is achieved. Typical CVD
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subgchspecaupduade (sthe tivetr a@imer ghiisypreferbly ahoes0.00ht0er to
bee qibgloped to precisely control this process. For
exahple, 'he anount of precursor material transported
to the deposition chanber can be precisely controlled
by the tenperature of the reservoir containing the

pr ecur s 8evVaal medifedtinas ah thekyVP meodesoandathambeiis pey possible, for
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descri bed herein are particularly suitable for _
c héﬁ?%a}on\ﬂgg&%l%%g%%ll rroldoypl) reasters ereapyoither ghemical vapor

te I h ' fer. . .
TRk SUE SRS ok, R i
abadD gieGsserdun grepree fletnid bélpwi but dves nainggorofslpdbaid 200C

to. .about 5Q0C. The deposition chanber pressure is
or BHEPIEHS O RF PP EH Tarciap SOt Adt. Grigalion & . the
ab@elosflioh thiRkhest & @Pehentoh fHRTekposliRELRA! sl AhofRES YIS

of 'precursor conpounds in the 1nert carrfg¢ gas Is
pr &theghappsif-limdiing @igossed oy greater desdibbelowd torr. Sever al

nodi fi cat, t he CVD process.and chanbers are
possibIgﬁbgggugggIg%%ﬁ%Fgggﬁggﬂﬁdngﬁ 8??%3§%%§sure
c héepositjon\teqaisr, SR AS aldepdbitidnUNaRbesskilghle GH@FEStrade
vagon depositi on (LPCV | asma enhanced chemn cal

va

grenagiep a5y 4 tom rfaggﬁajlpg {SennpERle, ©f).@dlegosikion chamber
{ cEFubE sy e Bl ha STpONTRM AcPBRP RGN Jye.
i s(Senta Clara, Ca\), ¢l Didpdsition sksanber avatabht widetligi aiatle Bedig@a}ion
b ugf ristn frgl%t N(r)\i/ lcl)Sr, ?rlljcs l(élan%\c/)gei, %A). However, any deposition chamber
suitable for performing CVD may be used.
Alternatively, and preferably, the vapor deposition process employed in
the methods of the present invention is a multi-cycle ALD process. Such a
process is advantageous (particularly over a CVD process) in that in provides for
optimum control of atomic-level thickness and uniformity to the deposited layer
(e.g., dielectric layer) and to expose the metal precursor compounds to lower
volatilization and reaction temperatures to minimize degradation. Typically, in

an ALD process, each reactant is pulsed sequentially onto a suitable substrate,
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which is self-limting (discussed in greater detail

bel ow). A typical CVD process may be carried out in a
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| ageses. (Seed/ehkendliiet el ' Grovaly of $rlaRg andBekifh Sdbint Figms by
. vl ati | I
B R R S
TypO€&I999)). in an ALD process, each reactant is pul sed

sequentially onto a suitable substrate, = 15 WO
2004/ 02069DiIcBCHDgrenssy nodevexpesipg an initjal subgdrspeia fitsh

te . (L€ .

abon DA REe Rl 5 ey B cb ot DL S ARl

t helrenpis@pton bftha spetidsrontdUE spvshrates SEeoretioal Bt tieuch

conditions the filmgrowh is typically self-limting
15 P SfemisGiind s peliuiive: Opt daniiracat pigeonmeliayednok

UPoh theddhtifd- &2 pREQLiRfMI sﬁﬂ@ﬁate.dl‘ﬁi?){ﬂ%rtvbd?ﬂ‘s, Q%Qﬁfa"i‘t%d %gnoga fer.

stops), insuring not only excellent conformali

al BrpcHeajlyoehanzipqrptien mighti npf apcwi eryalppertioss ofthe substrate.

ac thickness control. .Due.to.. alternate dosin

of PR ISe PR BuRt BT bt S FR  B8 Bt of
detheipi@eh@inventdpO Tn plAAS SpplRAGIIsOMSroly £ sWHRRAHSN da¥urated
elimnated, in contrast to the CVD process that is

20 ¢ apopglayernasie Lablend suestansioly satprstedgnondhayep iseng tlaas w11

of PGP S BT g SRR o Toiss R fr

Depmsilgyeon, " El ectrochem cal and Solid-State Letters,
2(10):504-. 506 (1999)). A typical D process incl udes
exposi ?Fge Bt PRectssat bt B et fregubitialy and a second ehemcal

species (e.g., a different precursor compound of Formula I or a precursor

)

25  compound of Formula II) is provided to react with the first monolayer of the
first species. The second species is then purged and the steps are repeated with
exposure of the second species monolayer to the first species. In some cases, the
two monolayers may be of the same species. As an option, the second species
can react with the first species, but not chemisorb additional material thereto.

30  That is, the second species can cleave some portion of the chemisorbed first

species, altering such monolayer without forming another monolayer thereon.
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chem cal species (e.g., a precursor conpound of
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no 0; N species. -ln sonme.cases, the

10 7By {2t 0 BlogiR TS, 2 BB Ges p b
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altering such nonol ayer w thout form ng anot her
nonol ay &lLD Bsexfieodescribéd W0 KDOUMBRRGROCess, in that a finite number

PCT/ US2003/ 026794 Al so, . hi.rd species or re may
15 b oL TS S8t o uieelticS SpisBabe Bist s ety (@it hosbicgaipnds.
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Optionally,” the second species (or [
subdlElmeting Qrae alldithednitet nuinees of sites oneaubstore gadonded

o st Pt T o R i S it R g Thetet
S Usdcted afre@iytiontde IR kiRyRbstittd, HAW B, bt RkssARndiod4 8dn be
|l owering 5 pressure to bel ow the depositi on@iﬁ[essure

20 ¢ ovwgdueéltlﬁ@ Propwintuch bpeding andirendgredh R ot ephit imitingg
th t ' ' of
caneTARmEbEd IRAl o EAREhRR, £ SRR T6 T R RN Bl
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by@tOB‘r%‘dHQIFEUI?Q“ sorb and reduces the concentration

of a contRektidBesRRAHAINdiOtEY &P %@E@flﬂaltagsén@greﬁqlig kddgnd

anot her species. The contacting species may
25  precursor (i.e., second species) during chemisorption of the first precursor since

insignificant amounts of the second precursor might be present. According to the
knowledge and the preferences of those with ordinary skill in the art, a
determination can be made as to the tolerable amount of second precursor and
process conditions selected to achieve the substantial absence of the second

30  precursor.
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second species or precursor compound can occur at substantially the same

25  temperature as chemisorption of the first precursor or, less preferably, at a

substantially different temperature. Clearly, some small variation in temperature,
as judged by those of ordinary skill, can occur but still be a substantially same
temperature by providing a reaction rate statistically the same as would occur at

the temperature of the first precursor chemisorption. Chemisorption and

30  subsequent reactions could instead occur at exactly the same temperature.
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or Hewarsy. s fompoyndpRetsuiiphle fan G YD abee?uaegw%Lanr¢caquoys-
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t epreenmon) sechaf conftendtionstf cpmecurds anightmtbe suitblofor CVD,

15 neisiah B pube ot i ST BIR Bie P Bt et might e
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process, the pressure inside the deposition chanber is
k eglilled indho ait, igenaisingrhighly gabplsse teactve preguredreshaiweyer,

abﬁer. (%’?lg ﬁ%@ﬁ%@%é’m%\%{lﬁ e)(()l'st:liattl\‘(,)ﬁr %%D ac;%l%fékgal l'y, the

deposi er 1 s parge rt carrier gas

after t ter kypOform eGP salirate) B nfedlisy ploods chess
i ntroduced into the chanber and/or reacted for each

20 cyepiionalty perforaed i gy incthe derasition chamben 1§ @ niigogen atmosphere
in e ]
aue} ROEERE dboLhi® ot AR, e BIAG VAR GRTR ) Bt
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DSR2 i DD et U U0 PERCES et 11
t NBreBASH1P HBSR 606 IAoAE7MALT 1Mok lafh&Sing 95RA8 isPeferably
25  performed for a time period of about 0.5 minute to about 60 minutes and more
preferably for a time period of about 1 minute to about 10 minutes. One skilled
in the art will recognize that such temperatures and time periods may vary. For
example, furnace anneals and rapid thermal annealing may be used, and further,
such anneals may be performed in one or more annealing steps.
30 As stated above, the use of the complexes and methods of forming films

of the present invention are beneficial for a wide variety of thin film applications
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premat urely on undesired surfaces, producing poor
films, and/or yielding poor 10 step coverage or

wordvenies® yi el di ng non-uni form deposition. FOPCHUS2003/026794
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aq%oiuc:ﬁt ' 053) 19 WD 2004/ 020690 PCT/ US2003/ 026794 in
SNEUGOr st ructures, particul arly those using

hi gh di €lapsditor Gom%élﬁiﬁmclﬁﬁés £RBIPARCit& Ut trode 26, which

applications include capacitors such as pl anar cells,
t ri@s bRen previded prd patterppg yleanadedidiNamplasy stpterials include

) I ( , 0 e
G b Rfdopl BES e PL 18, Ry, RGN, KHEE, i copacitr
stcheibetdc tpozs hqxwldechsven/éilrsit ca13a01t61t dbdrogtR6cThe matenals of
nsi st or. devi ces. cr fjc exanpl e of ere_a

ai B Beepe et cqnsh efleﬂﬂ 0B eAPAG QT sliglerdric (et
| VBRI if ﬁrs?ca%@&ﬁﬁ'eié&fro@@% Ichebd PslysiF&RITRs@¥ce of the
capaci tor constructions

polysilicon is cleaned by an in situ HF dip prior to deposition of the dielectric

material. An exemplary thickness for layer 28 in accordance with 256 Mb
integration is 100 Angstroms.

A diffusion barrier layer 30 is provided over dielectric layer 28.
Diffusion barrier layer 30 includes conductive materials such as TiN, TaN, metal
silicide, or metal silicide-nitride, and can be provided by CVD, for example,

using conditions well known to those of skill in the art. After formation of
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are described with reference to Figures 1-3. Referring
to Figure 1, a sem conductor wafer fragnent 10

WO paka2ie30 a capacitor construction 25 fornmed bRCT/ES2003/026794

met hod of the present invention. Wafer fragnment 10
i ncludes a substrate 12 10 having a conductive

ar C%rq%}geﬂ) Ro s%@ox’}cfl%%?&{@%letcﬁgﬁeegfls fi tJ\%F Barkiér ﬁg\% 30

m)nocryst all'ine silicon.
toresnipdic ditglsirﬂ;t&lh ofGapdcitpi 28| $econd capapiarsidueit B2 atre

| BPSG ded bstrate, 12 th
BoRAS ptnragiane s oot ABEHPRALGYhr e Y PEeTYn ar ea
&gacn%r CRBEM L 6V ﬁlld‘@érleicb&ldlr?g@}r fnbiu'dé foF QRIS BRERHNEy

material 20 and oxide | ayer 18 havi ng been
Jsipad aaliymédom_ SDﬁﬁlsmdmmer Nagtee BY atef@@blmpgdwnb@amynents

ui tabhl e | ve Jat
Rl SPRL TR A Gelsdlis RulEiy 2R inteecuBiS T, for
&Sanpld, @ﬁ}%eﬁ%%es o BsNMbAREntRINGE dlexRide 38, i@absh pl ug
20, and electrically connected to node 14 through

widegjrably foom s, vdrctc wibsipndicansty roducedls eapasitasce pF st
&ﬁg&&)lr ??gD%ﬁ? (tJr{ Qﬂ’ﬁeleg erg{g. %E)%lzisé%r%?ﬁt aﬁﬁgoﬁ I ?Milg&g

rne over no nmat er |
frdjmlmmlﬁ elmndmsz tw@blyectﬁlmp@@r p®l ysilicon, Pt, Ir, Rh,

Ru, RuQ2, capaci t or | Iectrlc Iayer 28
is pr &g%a lﬁ%ér.ateﬁ ap gl tereafp\aeﬁm@dlrgwé@? PSARACHET The

%Hg%t?n&dttﬁhs 19 nuallEalP dll%gfﬁ ufenlvfd?zts ibQEh GAfeRSyHY ?@?pg%&bnate

e capacitor ectric layer 28. Pre
with fliffes¢ncenimdrhated byehestffiode’. Wafentbhguest IPaliydiudes@on,

f f.the 2 lysili [ l N
EpptllaeShnenon ox Aol Bup Foforsf il SRt Aan
PRURInf a AR X@@k@dﬂetﬁ@éﬁﬁx@ﬁ@&ﬁ&lé 2bawe Hicl&tridlayer 28,
accordance with 256 Mo integration is 100 Angstrons.

ther fhian beoveeh dialdctic lamre% B¢ spepndregpaciferelediegde 32.

SRR D0n oB Sonbl cqntdo i 0w RAT o filse Ml Oove

with sifblesitcdie Figre et al  sil i CI de-nitride, and can be
provi ded by CVD, for exanp usi ng .conditiqgns we| |
knowin Figire A diustiates gt anotch alﬁmata\ietemb&ritré?n%aﬁw%ﬁr of

04402069 ﬁ%pﬁ% I
éﬂxgt\é}@gﬁg g“apam t%?lge ect g%sf %%g?lsﬁ%?do\?ﬁnéél gérg# g’rvyll%gr
disfgrancSMbeing indioptcd bg theosvfix Ue'tdrdy dmﬂ“erenqaamndrais. Wafer

econd i for electrode 32. c i ncl ude
oo 406 PEfudeSh sfvfion Sremidon a0k bylSe dictand second
éa%géi’foq b d&18nd 3 31 s&speamﬁf: bl @k BhektdrAlle cdbodmnst can
accordingly include, for exanple, conductively doped

Howswir] Wefonfragiérit b diffaya fromewaterregmen 106 Figuzss? in that
RARY ?rgérfcienc[q% PGSR a second barrier layer 40 in addition to the barrier
layer 30. Barrier layer 40 is provided between first capacitor electrode 26 and
dielectric layer 28, whereas barrier layer 30 is between second capacitor
electrode 32 and dielectric layer 28. Barrier layer 40 can be formed by methods
identical to those discussed above with reference to Figure 1 for formation of the

barrier layer 30.

21



5 (e.g., oxygen) fromdiffusing fromdielectric
material 28 into electrode 32. If, for exanple,

w@200gemegd f f uses into a silicon-containing el eBCT/O8M03/026794
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32, it can wundesirably form Si02, which wll
significantly reduce the capacitance of capacitor 25.

Di f f usjQfe BAbbdiflentsRY Bigudés Lathaba@ieplagseate shofvhumion
of silicon frommetal electrode 32 to.dielectric

\dasceibe@8s beie dismat éayzrs separgierfeane Sre3pagiiop plegirpdes. Itisto

of a c
?’F 3&&??@ 8$ é‘oi"eﬁ%r\’/ e e n er I‘i“g}ge cf! a\H/\A%I&dlr1 ]g&acr? rk} ?{i)%}v:%gltﬁ%é&d@
Whil Bartladcbetiging a6 smmpbmtaidedemy, Hehmdemfobd )to fretude\Atifeest a
fragment 10a i ncludes a capacl g ct| on %tgaf
dortioarafile gapasiarhelcelendst r ot "gﬁ" ota

gréactlt %QC@ € a‘g ﬁ{& coll@l)’c%% %Qf’i‘lep g&ﬁﬁﬂeﬁiﬂgﬂ

ectric layer 15 rather than
bet ween sysielethatrdan beayet to3Brian vgmmnosﬁa@amop@ﬂses

el ectrode 32 B | a
dwlpﬁaspmpp@ﬁ%é peaipmi Eyaroodin e ol Bt isnt iwvertions

sﬁg %ufe% Fihg WY Rerk indTh @i a8 eﬁclbbéd&&bbﬁd@%sﬁi@h chamber
ano ternati Ve enbodi nent of a capacito

ckin@si:nrwh:th evaciuikmay berereated usingibp gure il 2@1@ baeking pwgp

\Aﬂg &{eég HH{/JI lﬂagggﬁﬂl g(a se%l {)n%ﬁgfaf Flfbrsgﬁﬂeg gru ?}g)rstg te

%Eé?ﬁblfe%ﬁﬁg?ﬂimbne@qn lcﬁ&hbléfelsl oa A:amtant wmigahstpaetiret is

havin first and second g)éél to%eegr ate 26d
mtablashedrfelswéﬁfat@éﬂ?/ wl@ph ?%Valf}’ fegen 0Cess use

GRS ey HOIRHEE, o BLREL BUARcha Reslshl 1o

%@Mcﬁ@h&ﬂ@t‘e ae6se ﬁmudteﬂaﬂth@rknbw;lmeﬂd@ismrﬁ heatiigithon t o
the barrier 25 I aﬁgr 30. Barrier layer 40 is provided
batbgiae nRy alsp ¢d-or electrode 26 and dielectric

llayer 23§ gNE Ct 5 ,%éﬁrﬁél%xﬂ Vigds ¥ (k% ka%mm%aﬁmnd

capamtor e 32 and dielectric |ayer
Bawetiresr dompenndihdamethe) frsrstared nyvessalh beds Thedmurm

{ GmESRAS SF SRS a0 B P ed ok 57 6yl St
29%4%3@%9 @ﬁ&lnl?eq:ﬁ/l b’%gﬁ)@ 3foP ¢oadle, dnfinél’ﬂ Earﬁei)guél lr(ﬁﬁnAseazzﬁon

ures 1-3, barri er I%yers are shown

deasch0beay lwupph«nbalanghil%lﬁ gsdipadeg. sf%slé%raanvég@r %%%‘h@hmh
ap Cé&}?r?aﬁlﬁza%t ﬁe g% S-caldder | g? a{/%f gﬁg b @gﬁﬂlﬁﬁ%ﬁg}g line 176 as’

arrier an |1

c ﬁé&l@&t JA¥ 6hovad, @I seelbsof vaihks 480185 arerafiengl nd dloseduas hequired.
enbodi nent s, be understood to include at |east a

The following examples are offered to further illustrate the various
specific and preferred embodiments and techniques. It should be understood,
however, that many variations and modifications may be made while remaining
within the scope of the present invention, so the scope of the invention is not
intended to be limited by the examples. Unless specified otherwise, all

percentages shown in the examples are percentages by weight.
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portion of the capacitorr electrodes. In particular
enbodi nents an entirety of a 5 capacitor el ectrode
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system that can be used to perform vapor deposition
processes (chem cal vapor deposition or atom c |ayer
deposition) of the pres@gXAMPIE#tion is shown in
Figure 4. The 1?T%stem i ncl udes .an eg&;] osed vapor

depomile § oRulsedbepical YaporiDepgsinem o5 e uum nay be
Create S| &%m@\ : ' 114.
One or %@%ﬂ%ﬁ@g glts%?]ié e. g%lgglgﬁ @%n%ﬁ{g?g&ﬁ

spiRaiaat eslves utlsbesdmptter coagsktotpulseshe valeesppen in saqeentiah
chanber 110. A constant nomni nal tenperatuy.e. |

eBERT i SHEdCTBIONS $RRISCIAdEO ?ﬁ%ﬂ#ﬁ%ﬂéﬂdﬂ%ﬁ@mﬁ (Strem
déH&ngmgggﬂg‘%g&n AVIAS 83§ isepRppy! alsdHos [Géeeal Liendi®y, be

heat e npl'e, by an efectrical resistance _
hRatippary] BJ). SPhevdubstiete wes & silicen valr having depespolesiticpn as

kno nmet hods of . heat | he 15 t e may al so be
ud ‘Fq\f’ﬂiﬁa?n et magl"?:}P%dc%%_e?b glfg%t&?égﬁosgg)ﬁrlpounds 160

(e. 9., muchefdaaivergda st dcondpasss STNMepaiws-aandpulse
ether) are stored in vessels 162. The precursor

cofipenrapid akooboly agshrseparated f adejsarnd BITgS Fal 8@ 9dI13 Tes
164 and 166 to the it '
ey
14Rhsmhelemedpfer igas) usinggly d messikiv emtrodledéalvnsilegm, of ghe

Citppioes! desboltsaayelst S0Seiph AIoLI BRI Ad 1076184750 A
nﬁﬁ(ﬂ?\gas &zaiﬁ%m\’\'ﬁh Bin’ 83 dtSRe Loty Blahfiin 48P 0kfen ®h&d on x-ray
AnaCrosed q d.

opene as require 25 The follow n
esheptlearoarspectfdseomyd XRS) bualydig and hhdise deteetablaautyagen ous

SRotPe BamURaEStBoRasR ORI R h g A dpbhe
aﬁgdﬂééﬂifﬁm&s%om. be made while remaining wthin
t

e scope of the present invention, so the scope of
the invention is not intended to be limted by the

exanpl nhl ess_s i fi. wi se, all 30
péﬁ%ﬂﬁ%&oﬁ%%eﬁ)%?ﬂ%ﬁg&gﬂgfé& are percentages by
vei ght . A cR2nWE c7QRE4A#AQRAERSHBETH/ iBARN34 026 E&41p ERAVPLES

Exanpl e 1. Pul sed Chem cal Vapor Deposition of. Ti O2 Aal
c iraeseaticorlves Hndes sPEIPRESH CAMERLC PHSEIhG YRR ©5 ORELINSETIEH

Wi E e PSMITREL G o ¥ MBR U8 Hthe CRIRM: SbnGRRE HHNIR, P tRen

t RENVET ves open 1 n sequential manner. Two reservoirs

c @heatdaNdviburyyoric Murhard isauromil aledhdl (Geiver2) Ghergicale m
Parsippany, NJ). The Hf(NMe,), precursor was heated to 40 °C while the
isopropyl alcohol remained at ambient. The substrate was a silicon wafer having
doped poly-silicon as a top layer and was maintained at 215 °C for the
deposition.

Each cycle involved a 2-second pulse of Hf(NMe,), and a 1-second pulse

of isopropyl alcohol, each separated by a 5-second purge with argon and a 5-
second pump down under dynamic vacuum. The precursors were introduced

without helium carrier gas, using only a mass flow controller downstream of the

isopropyl alcohol reservoir set at 25 scem. After 400 cycles a HfO, film 250 A
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5 Chem cal, Newburyport, MA) and isopropyl al cohol
(General Chem cal, Parsippany, NJ). The substrate was
wa@2@iloeem waf er havi ng doped poly-silicon as PEI/US®03/026794
| ayer and was mai ntained at 220 C for the deposition.
Each cycle invol ved a 5-second pul se of Ti(Nwe2)4 and

gthﬁ:k&@@%@huméﬂ Skhe filin dc}ﬁﬁume@lpyﬂy bdfnmhodéndlcg@gén B@ga patedy
y a 5-second purge wi argon con
dehwioclasien sEgRRseRY ST Mal e a\a{] g%ﬂ‘i‘%@frt%ct s Bitogtn of
| h B lo;snolelN
n%é@%%%ﬁé%%?@ﬂ%&er 2& %/#thfrfggﬁng&n t'’he rerl?(lapr opyl Sfpfous
afikohal baea femval as-depositt], 151(1 afeca® 00N G mpidibernea) praesssa
Ti O2 f|In11750 ilm
cGrkiaivnder WHpseny ’ELH?‘B H‘ %’Qﬁ/ﬁ@%e@igg ggﬁén X- 1 ay
5 photoelectron spectroscopy (XPS) anal ysis, and had no
detectabl e nitrogen or 15 carbon. X-ray diffraction

anal ysiBheaompiae flistlosurevefahe gateris, patent deeuneenys gad

LRSI PR PR e eB oK R TS e THA Gurey Ao ach

s M ndividub By iR ofpored. Sericid nvddificationy Ehﬁhzﬂﬁafratmnv & thiss
under conputer control to pulse the valves o

st vl bovemeepparmico hoBe Folied D b an Setedt epattiig from

anh
10 scc? ! a%@[&bw ﬂnﬁalcvls\%%%% é‘b él‘]giﬂcﬁ% ﬁﬁ%%?@é‘élﬁtgarﬁ a;[ is invention
Clsamt ﬁﬂénded Rabs Ay imitdd py theHBustfatiMve@pddipreatsandor

was heated to 40 C while t r coho
4 éwp Hessehforinsrenend #ags b’%flmafeg a{:\&%lﬂ&‘)i‘mefl‘&?&ﬁe Rsfegfed
| | edB0 the Wasited
|neégggggHQQMm%%%S?%gQﬁggggg%??gﬁﬂ%ggch cycl e
i nn]glbgy&hle claiaset trth lpndis es GflloMs( NMe2) 4 and a 1- second
pul se of isopropyl alcohol, each separated by a
5-second purge with argon and a 5- second punp down
under dynam ¢ vacuum The precursors were introduced
30 wthout heliumcarrier gas, using only a mass fl ow
control |l er downstream of the isopropyl alcoho
reservoir set at 25 sccm After 400 cycles a H 02 film
250 A 23 WD 2004/ 020690 PCT/ US2003/026794 thick was
obt ai ned. The film contai ned only hafnium and oxygen
based on x-ray photoel ectron spectroscopy (XPS)
anal ysis, and had no detectable nitrogen or carbon
within the H 02 layer. X-ray diffraction analysis
reveal ed an anorphous film had been forned
as-deposited, but after a 600 C rapid thermal process
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(RTP) under nitrogen for | mn the filmwas
crystalline H 02. 5 The conpl ete disclosures of the

herein are incorporated by reference in their entirety
as if each were individually incorporated. Various
MWHhf s CGldihedgs:and alterations to this invention\MII
becone apparent to those skilled in the t hout
depAmrgthef phmasufectenng aapeondHEioL Byqtire s W&P

PN %ﬁgiigg It should be understood that this invention
IS tended to be unduly Iimted by the

i |1 ust pasvidiag asbmitonduiter sabsiratesasnbbieate ggsembbi t h

Bféiéﬂtpi”qd%?%%?wEiéaﬂ&oiﬁb?a%ynﬁ%@#ﬁéwéc By
%aﬁle |agar|lmg(mjed to belimted only by the

forth herein as follows. 24 WO 2004/ 020690
PCT/ uszm@@ﬂmg@v Bast opp anetdl sowialiipgBrepErsoricompoNpd pbe of

chmg PRI BTp AT, GORMUERr ARy BRI T R T B

S a1 I EoAmEI8 M Whereir ovi di ng at | east one al cohol of
the formula RIOH)r wherein Ris an 5 organic group

and r is M @@‘SM “ a5y epgh dndegendentle g setglne
tal -
W (NR 5 v Rt LT et FaBRBHEt thydrin ok 1R i

Lewnup;, Base adducts of Formula Il, wherein: ML and M2
are each ind dently a netal; 10 R1, R2, R3, and R4
are each ?ﬂag %adently hydr ogen or an organi c group;
wis 0 to,41¢728.SIto8;, gislto5and 15w, z, and gq are
dependent on the oxi dation states of the netals and
cont act i ngit hto raedur sor conpounds to forma neta

oxi de | ayer on .one

semi condu® Gragd iue Fl‘f‘ReélH%}t 0&3@ s?}flg?%éonasé%téﬁ efthe el 24 and
vapor depestihi e REQERS Sompounds to form a metal ox1de layer on one

or more surfaces of the semiconductor substrate or substrate assembly using a

vapor deposition process.

2. The method of claim 1 wherein the semiconductor substrate or substrate

assembly is a silicon wafer.

3. The method of claim 1 wherein the metal oxide layer is a dielectric layer.

4. The method of claim 3 wherein the metal oxide dielectric layer comprises two

or more different metals.

5. The method of claim 4 wherein the two or more different metals are in the

form of alloys, solid solutions, or nanolaminates.

6. The method of claim 1 wherein M' and M? are each independently selected

25
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20 2. The nethod of claim 1 wherein the sem conduct or
substrate or substrate assenbly is a silicon wafer.
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is adielectric layer. 25 4. The nethod of claim3
wherein the nmetal oxide dielectric |layer conprises two
ofronmthe grtivbfof meemtls cwtsmtisg 05Graipe 3pbthOd7.03, ¢4,anchtide
vaer in the two or nore different netals are in the
2Btdes | oys, solid sol utions, or nanol aninates. 30
6. The nethod of claiml1l wherein M and M2 are each
i ndependently selected 25 WO 2004/ 020690
P@Tﬂb@mdm_f@m 6 Wheypinty ealgirMu We@cmgﬁapeglde@bsseéqct%

ﬁo‘f‘h e %g%%o 54 '%eftg% f’%{isf#lgg \Nﬁ er e T ’ang%kg rlﬁefhlgglc o,

i galependently selected fromthe gr oup of netals
consisting of Y, La, Pr, Nd, Gd, Ti, Zr, Hf, Nb, Ta,
Al, 5 and Si. 8 The nethod of claim1l wherein the

MRt gh,e glgéﬂf@ éfxgxagﬁl ﬁ;ﬁﬁer@mttﬁé g}é&g 8% deﬁ Iiﬂééta thRRnésstoP about

about wherel n each

i SOiAndepemcBbly a (C 1-C 10) or ganl c group. 10. The
met hod of claim1l wherein R, R2, R3, and R4 are each
i ndependently hydrogen or a (Cl-C6) organic group. 15

1 § T-Bla ?néﬁ%cf‘&%leﬁfn ClvBé@inleakih Rﬁ@ ilepbrid®ntly & (C 1205-1 U}joéam%

The met hod of claim 1 wherein
3grcﬁﬁ» 13 The nmet hod of claim 1l wherein the net aI
oxi de | ayer conprises one netal. 14. The nethod of
claim1l wherein the netal oxide |ayer conprises

anat a8 melhddof chimliSwhéeintr 'NRE FOf arntblRUdra eddhrihdépeadently
sem conductor structure, the method conpri si ng:

ph@dﬁoaﬁfhgria(géﬁ@@ma@t%w&ubst rate or substrate
assenbly wthin a deposition chanber;

11. The method of claim 1 wherein w is 0 to 2 and z is 2 to 6.
12. The method of claim 1 wherein q is 2 to 3.
13. The method of claim 1 wherein the metal oxide layer comprises one metal.

14. The method of claim 1 wherein the metal oxide layer comprises anatase

TiO,.

15. A method of manufacturing a semiconductor structure, the method
comprising:

providing a semiconductor substrate or substrate assembly within a
deposition chamber;

providing at least one alcohol of the formula R(OH), wherein R is an
organic group and ris 1 to 3;

providing at least one metal-containing precursor compound of the
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providing at |east one al cohol of the forrmula R(CH)r
wherein Ris an 30 organic group and r is 1 to 3;

conpound of the 26 W) 2004/020690 PCT/ US2003/ 026794
formula M (NR )WNR2R3)Z (Fornula 1), MR4q (Formul a

| formuter ME@VR '3, (BRERY) Adfdumtls I MRSy @atmaulk I), aslemds BaseM
an each. i ndependently a netal; R, R2, R3, and
Rﬂg%h%(grfeﬂn}iqg{eﬂ&%%ﬁtly hydr ogen or an organic
group; 5 wWi'siQl 8% are &dchlih@Pendeily 8 rhdtal; 5; and w, z, and
q are dependent on the oxidation states of the netals;
vapori zi n§'tRieRpraad B ewsreagh mdopendentohydsogenes pa orgeais
precursor 10 conpounds; and directing the vaporized
plgfeo 8t sor conmpounds to the sem conductor substrate or
substratewagoashly to forma nmetal oxide dielectric

| ayer on one or nore surfaces of the seni conductor
substrat ezétl ¥ubstrate assenbly. 15 16. The method of

claim 15 ' e precursor conpounds are vapori zed
in the pﬁgggﬁdc%%P an inert carrier gas. 17. The

met hod of wekadna glére deygemdent ol thaoxidMorestaeseaiche metals;

i ndependent | %/1 selected fromthe group of. n;t al s

consi st YAR§Tigne thepseurapr cpmpgungs toorm ¥apogized PReglsgle 20
| 2BhPaidesmd 18. The nethod of claim 15 wherein

vapori zing and directing the precursor conpounds is
acconp! disdvtidg thsi vagonzedhgeduesir compownds ép i seminpnductor

process. 25 19. The hed of claim,18. rein the

P ShERR: arsBbdrte Rl b oD B i tafbr b%ne or
S Whsit EAER 25 S@BF BEMicbBdRRABLbSHAR G sabaReudss6aBlg,  20.
The nmet hod of claim 18 wherein the sem conduct or

substrate or substrate assenbly is in a deposition

chanmber having a pressure of about 0.1 torr to about .
3061 @he spathodxof claim 15 wherein the precursor compounds are vaporized in

the presence of an inert carrier gas.

17. The method of claim 15 wherein M and M? are each independently selected
from the group of metals consisting of Groups 3, 4, 5, 6, 7, 13, 14, and the

lanthanides.

18. The method of claim 15 wherein vaporizing and directing the precursor

compounds is accomplished using a chemical vapor deposition process.

19. The method of claim 18 wherein the temperature of the semiconductor

substrate or substrate assembly is about 100°C to about 600°C.
20. The method of claim 18 wherein the semiconductor substrate or substrate

assembly is in a deposition chamber having a pressure of about 0.1 torr to about

10 torr.
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WD 2004/ 020690 PCT/ US2003/ 026794 21. The et hod of
claim 18 wherein vaporizing and directing the

| ayer deposition process conprising a plurality of
deposi tion cycles. 22. The nmethod of claim21 wherein
daii e tlethodtadvlaiml 18ywelrereie paparizingandrditceting the préversor

net al - co tainin%.la er.is f rrr.egb al t er nat el . .

| ROPBANTER iy 2GR e oo an L e dehasoR prasss comprising
daRMgrhfity OF deYdslifon cfdles.The nmethod of claim 21 wherein
the tenperature of "the sem conductor substrate or

substrate assenbly is about 25C to about 400C. 10 24.

T tho f ai m.21. wherei.n e '

saps P ee sl oLt OB e YRAGRIERTAME A an grocess
C higdieal-bantaifihgdayRf BSothedl B alahaiiély 13dbducing thoprabasdr

1 torr. 15 25. The nethod of claim 15 wherein the
nepapowdsaduringeash deppsitiossgclgne netal .  26. A net hod
of formng a netal oxide |ayer on a substrate, the

met hod conprising: providing a substrate; 20

pr28y iTik meptladd dfedstn 2nehakinahotemperative of thersenacoR( @iy

wherein Ris an organi.c group and.r | to 3;
pr8YSTRS Y 4 St’faé“a%sﬁer%ﬁﬁ lﬁ%‘?goé‘lt Eg ﬁ’t"aﬁbﬂ]‘tn‘gm%?ec ur sor
conpound of the formula M (NR )WNR2R3)Z (Fornula 1),

M2R4q (Formula Il), or Lewis Base adducts of Fornmula
| 124. \ithe mexitimd ¢fS:ldin 24ruhdvBingheseszicondupige pehstiatetor gukstrate

| R . d R4 h ind d
O BIPAASp GRP T g B §f FRRANEIL! Mo tp apgye
8;183@¢.9g is | to 5 and w, z, and g are dependent on

the oxidation states of the netals; and 28 WO
2004/ 020690 PCT/ US2003/ 026794 contacting the

PrRC YRR Mt RUNRNS & OO h&mTRi 8Lid@¥ydfed i fes BRe b,

26. A method of forming a metal oxide layer on a substrate, the method
comprising:
providing a substrate;
providing at least one alcohol of the formula R(OH), wherein R is an
organic group and ris 1 to 3;
providing at least one metal-containing precursor compound of the
formula M'(NR?),,(NR’R®), (Formula I), M’R*, (Formula I), or Lewis Base
adducts of Formula II, wherein:
M! and M? are each independently a metal;
R!, R? R® and R* are each independently hydrogen or an organic
group;
w is 0 to 4;
zis1t0 8;
qis 1 to5; and

w, z, and q are dependent on the oxidation states of the metals; and
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substrate using a vapor deposition process. 27. The
met hod of claim 26 wherein the substrate is a silicon

are each independently selected fromthe group of
nmetals consisting of Goups 3, 4, 5 6, 7, 13, 14, and
t he | acdnthing @ pré@ursoFlcempetiisdo ffrmed mictal o8idefeyeeomthe
M and M2, are each independently selected 10 fromthe
o PBRRF T ISR Y ROE GRS TR RPGE- ) La, Pr, N, Gd, Ti,
Zr, Hf, Nbo, Ta, Al, and Si. 30. The nethod of claim
26 wherein the netal oxide |ayer has a _thickness of
aBdu{Thg methadofgtrim263@hetein the [bstratpts sliepaavafer.cl ai m
26 wherein each Ris independently a (C 1-C 10)
organic group. 32. The nethod of claim 26 wherein R,

R23. R3e nitfitbdRA chilim Zawherbinddpatiddhbde eactlPiddepahidogBrsetcted
a (C 1-C6) organic group. 33. The nethod of claim 26
wiemeths afpupsofgnetals opsiging of Sroupss 8; 9. 034, 15Hé- sk thed

of L m.26 wherein qis 2 to 3. 25 35. The net hod of
cll%nﬁirlr]&édgchMher ein the netal oxide conprises one netal.
36. The nethod of claim 26 wherein the netal oxide

| ayer_conprises anatase Ti02. 30,37. t hod o

f o i kg etk of clag Wh%{slérﬁﬁwdiv% 6 e TReP e ettt
2 REAGHRRQRS 92694 d, GAITPY, 78, FHI Nb, Ta, Al,
p%o%ﬁ%ﬁféﬁﬁ%%ﬁgﬁé pr ovigll(lii(?%’gﬁ’[g\?l\I I’g’g’st one gl cohol
ofantide fornmula R(OH)r wherein Ris an organic group

and r is | to 3; providing at |east one
nmet al - cont ai ni ng precursor conpound of the 5 fornula

M 30NR bk WM ANRAERSY) FaifF 28 Whérdin! the mBIRALIdE Egermdsan thicknesglof

Lewi s Base adducts of Fornula I, wherein:
about 30 A to about 80 A.

31. The method of claim 26 wherein each R is independently a (C1-C10) organic

group.

32. The method of claim 26 wherein R!, R?, R®, and R* are each independently
hydrogen or a (C1-C6) organic group.

33. The method of claim 26 wherein wis 0 to 2 and zis 2 to 6.
34. The method of claim 26 wherein q is 2 to 3.
35. The method of claim 26 wherein the metal oxide comprises one metal.

36. The method of claim 26 wherein the metal oxide layer comprises anatase

Ti0,.
37. A method of forming a metal oxide layer on a substrate, the method

29



M and MZ are each independently a netal; R, R2, R3,
and R4 are each independently hydrogen or an organic

wWQ@r@u02062® W sOto4; zislto8; gislto5;and w, PeT/UsIVA3/0R6794
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are dependent on the oxidation states of the netals;
vapori zing the precursor conpounds to form vapori zed
pcemprisog: 15 conpounds; and directing the vaporized
precursor conpounds to the substrate to forma netal
oxi de I%f%‘rd“%a"i‘ﬂ’étr%tﬁbstrate. 38. The method of claim

37 wher giQidvaPanéAt i Ahoflbf 186 Forfthld ngmf,eméf&m is &9
conpounds i s acconplished using a chem cal vapor

depgssictgrowp grdocied 0 339. The net hod of claim 37 wherein

{2t o, ond d : - .
ne ot POl GG Pl P RLEE Bra o SORAMINT de
C Q@iﬁ[dlﬁmg\IR?w(NR}R@L {(Roym@fa mgnﬁs‘%]mo@mmmm esLevdib Base
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The net ho claim 37 wherein the netal oxide |ayer
c oafuctsed ogmalafbivdereing1. A met hod of manufacturing a

menory deyj 1 onprising: 30
provi di ngx}écaglgg\tslt %giegéﬁé‘e%ﬂr%gd%@g?a% ectrode

t hereon; B GRA, & npdR* dreesh inteperalentin by drogert dreanfayganid a
R(OH)r wherein Ris an 30 WD 2004/ 020690

PEIPU52003/ 026794 organic group and r is 1 to 3;

provi di ngaf gigast one netal - contai ni ng precursor
conmpound of the “fornula M (NR )WNR2R3)Z (Fornula 1),
M2R4q (Fornul& 81), or Lewis Base adducts of Fornula
1, wherein: 1I}/I and, M2 are each independently a netal;
5 R, R, 931" 4Re"% are each i ndependent!|y hydrogen

or an or gaf)izCandii MéRlep¥desit ¢h the ofidation states of the metals;
vaporizing the precursor compounds to form vaporized precursor
compounds; and
directing the vaporized precursor compounds to the substrate to form a

metal oxide layer on the substrate.

38. The method of claim 37 wherein vaporizing and directing the precursor

compounds is accomplished using a chemical vapor deposition process.

39. The method of claim 37 wherein vaporizing and directing the precursor
compounds is accomplished using an atomic layer deposition process comprising

a plurality of deposition cycles.

40. The method of claim 37 wherein the metal oxide layer comprises one metal.
41. A method of manufacturing a memory device structure, the method
comprising:

providing a substrate having a first electrode thereon;

providing at least one alcohol of the formula R(OH), wherein R is an
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zisl to8;, gislto5;and 10 w, z, and g are dependent
on the oxidation states of the netals; vaporizing the

w@e@ae®er conpounds to form vaporized precur SBET/US2003/026794
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conmpounds; directing the vaporized precursor conpounds
to the substrate to forma netal oxide dielectric

| ayrganiogrouhend i isst tosd;ect rode of the substrate; and 15
form ng cond, el ectrode on the dielectric |ayer.
42. ' The PRERFIBE bieast 08P A oaRIeEIE ProgsoN commguathet the
di foaetlh M RIR PeERd

using a crggme)cgqﬁﬁégg(g%%%%& ti oﬁ%lgérrgggigp%g%@%%ﬁ
meaddets of Femailadlawheisr: ei n vapori zi ng and directing

the precungo | i shed using an
atomc | ay}grgncﬁielglgg?eﬁ% l%e%eé’g ?yn% Y%P’si ng a

plural i ty ROf RGOS R Odre €XH ifio eﬂ&ent Exhelda@&gamc
claim4l wherein the netal oxide die ectrlc | ayer

cdPtl:ses 25 two or nore different nmetals. 45. The
met hod of clal mA4 wherein the two or nore different
netals are in thé formof alloys, solid solutions, or
nanol am natiged.to 80 46. The net hod of claim41l wherein

t he net al O.XI de _di e Aectri c layer conprises one or
more of zMA08! ﬁﬁoﬁn Ta, 03, Al, 03, Ti02, and an oxi de

of a lant han 81  artlicBOARAOA { t‘i&@%ﬁ%gué’gtfa%é§%991%’r9§8394

47. A vapor depo I'tioh apparatus conp

deposi t veporizingibe prdaamon@nwwndssm)rfatm vppxmzted pmedrsor

t herein; ds: ON€ or nore vessel s conprising one or nore
al 881'[1’8}1% of the formula R(OHr wherein Ris an

or gani CdgEsip (R Paporizéd greb@sct:coRpdundsAB ehsubSRAtE 1o fo
vessel s_conprising one or nore precursor compounds o

ngtalfqg;pc}ﬁglgleqvp(: me; e Mmg)ekc@rpdcﬁ aiibg shbstraivR Rad)
F I f F la I,
‘mii o o s QlephfYBr B AGEREE Yy "L heral | R

R2, R3, and R4 are each independently hydrogen or an
or%ar:}_l roT, wis 0 to 4;
he metho f claim 41 wherein vaporizing and directing the precursor

compounds is accomplished using a chemical vapor deposition process.
43. The method of claim 41 wherein vaporizing and directing the precursor
compounds is accomplished using an atomic layer deposition process comprising

a plurality of deposition cycles.

44. The method of claim 41 wherein the metal oxide dielectric layer comprises

two or more different metals.

45. The method of claim 44 wherein the two or more different metals are in the

form of alloys, solid solutions, or nanolaminates.

46. The method of claim 41 wherein the metal oxide dielectric layer comprises

one or more of ZrO,, HfO,, Ta,0,, Al,O,, TiO,, and an oxide of a lanthanide.
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zis1to8 qgis1to5and w 2z, and q are
dependent on the oxidation states of the netals. 15

a silicon wafer. 49. The apparatus of claim47 further
conprising one or nore sources of an inert carrier
gas for transferring the precursors to the vapor
d %)'ozi \;aggrnde%%giggg rappa%gcus?’ gomprising:
a vapor deposition chamber having a substrate positioned therein;
one or more vessels comprising one or more alcohols of the formula
R(OH), wherein R is an organic group and r is 1 to 3; and
one or more vessels comprising one or more precursor compounds of the
formula M'(NR"),(NR?R?), (Formula I), M’R*, (Formula II), or Lewis Base
adducts of Formula II, wherein:
M’ and M? are each independently a metal;
R, R?, R?, and R* are each independently hydrogen or an organic
group;
wis0to4;
zis1to08;
qis 1to5; and

w, z, and q are dependent on the oxidation states of the metals.
48. The apparatus of claim 47 wherein the substrate is a silicon wafer.

49. The apparatus of claim 47 further comprising one or more sources of an inert

carrier gas for transferring the precursors to the vapor deposition chamber.
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