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1]1Léon ?1 e., doped polysilicon) has generally been the substrate of choice, and

silicon dioxide (SiO,) has frequently been used as the dielectric material with
silicon to construct microelectronic devices. However, when the SiO, layer is
thinned to 1 nm (i.e., a thickness of only 4 or 5 molecules), as is desired in the
newest micro devices, the layer no longer effectively performs as an insulator
due to the tunneling current running through it.

Thus, new high dielectric constant materials are needed to extend device
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.
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chemical approach to ALD of thin oxide films. In this approach, a metal
alkoxide, serving as both a metal source and an oxygen source, reacts with
another metal compound such as a metal chloride or metal alkyl to deposit a
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.
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In another embodiment of the present invention, a method includes:
providing a substrate (preferably, a semiconductor substrate or substrate
30 assembly) within a deposition chamber; providing at least one precursor

compound of the formula M' (0),(OR"), (Formula I) and at least one precursor
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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 compound" as used herein refers to a metal-containing
compound capable of forming, either alone or with other precursor compounds,
25 ametal oxide layer on a substrate in a vapor deposition process.
"Deposition process” and "vapor deposition process" as used herein refer
to a process in which a metal oxide layer is formed on one or more surfaces of a
substrate (e.g., a doped polysilicon wafer) from vaporized precursor
compound(s). Specifically, one or more metal-containing precursor compounds
30 are vaporized and directed to one or more surfaces of a heated substrate (e.g.,

semiconductor substrate or substrate assembly) placed in a deposition chamber.
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term "atomic layer deposition" as used herein is also meant to include the related
terms "atomic layer epitaxy" (ALE), molecular beam epitaxy (MBE), gas source
MBE, organometallic MBE, and chemical beam epitaxy when performed with
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
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
25 OF THE INVENTION
The present invention provides methods of forming a metal oxide layer
(preferably, a mixed metal oxide layer) on a substrate (preferably a
semiconductor substrate or substrate assembly) using one or more precursor
compounds of the formula M' (0),(OR"), (Formula I) with one or more metal
30  precursor compounds of the formula M}(NR?) (NR’R), (Formula IT). In

Formulas I and II: M' and M? are each independently any metal (main group,



(preferably, a m xed netal oxide |ayer) on a substrate

(preferably a sem conductor substrate or substrate
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the formula Mg(O X(OR )y (Fornula I) with one or nore
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tantalumnitride, tantal umsilicon-nitride
ruthenium oxide, titanium nitride, tantalum nitride, tantalum-silicon- nitride,
25  silicon dioxide, aluminum, gallium arsenide, glass, etc., and other existing or to-
be-developed materials used in semiconductor constructions, such as dynamic
random access memory (DRAM) devices and static random access memory
(SRAM) devices, for example.
Substrates other than semiconductor substrates or substrate assemblies
30 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
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etc., and other existing or to- be-devel oped materials
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saturated of unsaturated linear or branched
groups, for example. The term "alkyl group" means a saturated linear or

25  branched monovalent hydrocarbon group including, for example, methyl, ethyl,

n-propyl, isopropyl, t-butyl, amyl, heptyl, and the like. The term "alkenyl
group” means an unsaturated, linear or branched monovalent hydrocarbon group
with one or more olefinically unsaturated groups (i.e., carbon-carbon double
bonds), such as a vinyl group. The term "alkynyl group" means an unsaturated,

30 linear or branched monovalent hydrocarbon group with one or more carbon-

carbon triple bonds. The term "cyclic group” means a closed ring hydrocarbon
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For all the precursor compounds of this invention, each R is
independently and preferably hydrogen or an organic group, more preferably a
(C1-C10) organic group, even more preferably a (C1-C8) organic group, even
more preferably a (C1-C6) organic group, and even more preferably a "lower"

30 (i.e., C1-C4) organic group. Even more preferably, each of these organic

10



car boxyl, etc. Thus, "al kyl group” includes ether
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the phrase "alkyl noiety” is limted to the inclusion
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to form a precursor composition. The precursor compounds may be liquids or
solids at room temperature (preferably, they are liquids at the vaporization

25  temperature). Typically, they are liquids sufficiently volatile to be employed
using known vapor deposition techniques. However, as solids they may also be
sufficiently volatile that they can be vaporized or sublimed from the solid state
using known vapor deposition techniques. If they are less volatile solids, they
are preferably sufficiently soluble in an organic solvent or have melting points

30  below their decomposition temperatures such that they can be used in flash

vaporization, bubbling, microdroplet formation techniques, etc. Herein,
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30 steps inan ALD process. The inert carrier gas is typically selected from the

group consisting of nitrogen, helium, argon, and combinations thereof. In the
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25  provides the oxygen to the film formed. However, oxidizing gases, such as O,,
0,, H,0, H,0,, and N,O can be used if desired.

Chemical vapor deposition (CVD) has been extensively used for the
preparation of metal oxide layers, such as dielectric layers, in semiconductor
processing because of its ability to provide highly conformal and high quality

30  dielectric layers at relatively fast processing times. The desired precursor

compounds are vaporized and then introduced into a deposition chamber
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ov j .
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t oof wud &S tbiabout T haorefppefexiblyasithé raggaof abpat 2@)IC to

S L o el e S BB
eX g8R)sRion P& s@ER¢bout 0.1 torr to about 10 torr. The partial pressure of
precursor compounds in the inert carrier gas is preferably about 0.001 torr to

25 about 10 torr.

Several modifications of the CVD process and chambers are possible, for
example, using atmospheric pressure chemical vapor deposition, low pressure
chemical vapor deposition (LPCVD), plasma enhanced chemical vapor
deposition (PECVD), hot wall or cold wall reactors or any other chemical vapor

30  deposition technique. Furthermore, pulsed CVD can be used, which is similar to

ALD (discussed in greater detail below) but does not rigorously avoid
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ALRBHRE 85 Sing KRB p?ecursor compounds and/or reaction gases, detrimental
vapor-phase reactions are inherently eliminated, in contrast to the CVD process
25  thatis carried out by continuous coreaction of the precursors and/or reaction
gases. (See Vehkamiki et al, "Growth of SrTiO, and BaTiO, Thin Films by
Atomic Layer Deposition,” Electrochemical and Solid-State Letters, 2(10):504-
506 (1999)).
A typical ALD process includes exposing an initial substrate to a first
30  chemical species (e.g., a precursor compound of Formula I) to accomplish

chemisorption of the species onto the substrate. Theoretically, the
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conpound of Formula | or a precursor
gases include N,, Ar, He, etc. Purging may instead include contacting the

25  substrate and/or monolayer with any substance that allows chemisorption by-
products to desorb and reduces the concentration of a contacting species
preparatory to introducing another species. The contacting species may be
reduced to some suitable concentration or partial pressure known to those skilled
in the art based on the specifications for the product of a particular deposition

30  process.
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the product of a particular deposition 30 process. 16

WOpz0@4$1020689 PCT/ US2003/ 026789 ALD is often

describ as, a selfzlimtin rocess, in that a.finit
nunber  orvebBat B ALDH S L aBlEBRES Sopts By oo efes
fi a@lcon®REEER thdl¥epositioh ¢hanbe adach enels depokigaeeythin metal
species mght only bond to the first species and thus
nagxidf ayep@isually less|thay enegonatgyes sugh) thgfthe growth rte en
nu 7
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the substrate. However, pracess conditiqns can be
aPreRmAIANeA ) ASTHSH e UuciEt Orforl IR PP <DRgE FOmRpaynds
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25 mge%cttir?gatr}]le Ui&misorbed precursor compound(s) with the other co-reactive
precursor compound(s). The pulse duration of precursor compound(s) and inert
carrier gas(es) is sufficient to saturate the substrate surface. Typically, the pulse
duration is from about 0.1 to about 5 seconds, preferably from about 0.2 to about
1 second.
30 In comparison to the predominantly thermally driven CVD, ALD is

predominantly chemically driven. Accordingly, ALD is often conducted at
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t hebstapipl ?EX:E‘ fceé"é‘&%‘ﬁ‘%rat‘HFe@Gfﬂiﬁbrso@Sﬁﬁ’g‘Hﬁa{‘§t§ fP’?ﬁ%mpefature’
pubsg dgé{f thEE of orﬂﬁnﬁlﬁf%kﬁpEm?@émPHﬂ%lﬂ)bembbtﬁﬁ‘iﬂly same
carrier gas(es) is sufficient to saturate the
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15 Pr e¢lRBdwRaNicavidnd bR ihtead doy@ it Mty Abd sante temperature
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reactive compound may react in the gas phase generating particulates, depositing
25  prematurely on undesired surfaces, producing poor films, and/or yielding poor
step coverage or otherwise yielding non-uniform deposition. For at least such
reason, a highly reactive compound might be considered not suitable for CVD.
However, some compounds not suitable for CVD are superior ALD precursors.
For example, if the first precursor is gas phase reactive with the second
30  precursor, such a combination of compounds might not be suitable for CVD,

although they could be used in ALD. In the CVD context, concern might also
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25 © haa IrlT’ltg od o? e pr}Iester} %\e/enntl%tnn%z&h er {ragment 10 includes a substrate 12

having a conductive diffusion area 14 formed therein. Substrate 12 can include,
for example, monocrystalline silicon. An insulating layer 16, typically
borophosphosilicate glass (BPSG), is provided over substrate 12, with a contact
opening 18 provided therein to diffusion area 14. A conductive material 20 fills
30  contact opening 18, with material 20 and oxide layer 18 having been planarized

as shown. Material 20 might be any suitable conductive material, such as, for
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tenperature is nore preferably about 400C to about

750C, and nost preferably about 600C to about 700C.
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ef ntegratiop InLI0ApEStigEi ces. A specific exanpl e of where

a di el eq{ giefsioAbGfrick Fa Eff(f'ﬁ rQGEQ Slep gleiéatrw‘lﬁyer@@es ent

invention is a capacito struction. Exenplary
c ap#tiisioarbarrtem $dyetidd inchsles eorgluckesanatoeals \andlfasr'ENeif@i;:metal

to. ures 1- eferrin to i gure cond t or
o 0105, of et Silig ey Mg iing S bt By BBt bk GRiriRe o
15 f %ﬁ?fg%oaultI&?“@lln@baﬁ% fHosd HEKRI BSBObrt] mf@nrdrmamv\af er

fragnment 10 includes a substrate 12 having a

c Ovratiertlayee 36 £ Seasndenpacitn elegtrods Freig fommeadedver baubslayert3$
12 can incl ud for exanp nocr [ 1D con.

Ao Rl v Frinard B RTBLRY, SRGR FasRb Sl Bt 1 E41

gl iasimdé EnStahctions siphitut it ﬁﬂ)s@&@éus%&bﬂiowat@aﬂcﬂmg e tlsta

contact openi 18 provided therein to diffusion area

14cap;wt9@ ﬁlye@@ciev% aad ean ageordmefy melidgdorexmple. copdustingly

20 do \%%)nggﬁﬁ:&{ : B{{ﬁ%%n%éﬁnéﬁéﬁfl‘é@%%raﬁ? E%%hﬁ%o&%gﬁ]ents

pl anar as s erra m g any
S Ufetga ixggen) ficbuc diffueingdiont diglectreundterdd 2 8finto elec@rodB2. If, for

2004/ 020689 PCT/US2003/ 026789 ex t.upgsten or
S GRVEE MBS 00 § STRPR OGRS i9KE damb e Uct i on
25uﬂd%51fﬂ'bﬂyfo%cg1@ %1!:}9‘)(/91' S]éﬁﬁ@&ﬁl X%d{g:e 26k ca%ﬁgtance of
electrically confiect ed to Rode 1 hr ough pl ug 20.
capacitor 25. Diffusion barrier layer 30 can also prevent diffusion of silicon
25  from metal electrode 32 to dielectric layer 28.
Figure 2 illustrates an alternative embodiment of a capacitor
construction. Like numerals from Figure 1 have been utilized where appropriate,
with differences indicated by the suffix "a". Wafer fragment 10a includes a
capacitor construction 25a differing from the construction 25 of Figure 2 in

30  provision of a barrier layer 30a between first electrode 26 and dielectric layer 28,

rather than between dielectric layer 28 and second capacitor electrode 32.

20



Capaci tor construction 25 includes a first capacitor
el ectrode 26, which has been provided and patterned

wored/onwde 20. Exanplary materials include 5 PCT/US2003/026789
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conductively doped polysilicon, Pt, Ir, Rh, Ru, RuQ2,
lrQ2, Rh@2. A capacitor dielectric Iayer 28 is
priartigeldyesa@n can nstude gpestiucdensdfienticaldgdhase dispresed above
resent invention can be used to
P§§§$‘ﬁ%%%§t301$%r?dlelectrlc | ayer 28. Preferably,

if fir StFlgiﬂ@aelllﬁsQﬁteebf&cﬁnbﬂﬂﬁal?tﬁnatweleuﬂﬁammit y6h bapacitor
a surface of .the palysilicon is cleaned by an in S|tl1l
HFeaastuGiono Likegungsals fremoliigere 1t aie utilizadaiher? apprapriate, wit

Mefigticites b%ﬂlg‘%ﬁ&ggéﬁk%tﬂe@hﬁjﬁp@%r b9 ﬁlf{fé?é’rﬁ uﬁi%rdlé" Wafer

accordance wt integratioh iIs trons.
A flagrfians lwmimh.rdlea'; & rapaaiy@rcodfiructiop 26k hai‘edg thceﬁrst and second

di el |
ook g, o TR remmriset o B CR SeSrbed SR meat o
Si Hb&e\c&e,wﬁer ﬂ%@ém 30b u&feel@ﬂ&htwdfeieframt ¢@Bf PRure 2 in that

provi ded for exanple, 15 using conditions well
k needer fr@grmm;é @b ofclgles |seqond tbaerieatayer 44 Hleﬁddftwﬁaﬁhe(hﬁiﬂeffr

rri r er 30 a
f ora¥re€§ eﬁé?‘yre é?lﬁ %lr ?g%ggtalt %n IE%‘ 1eorcegenC grt()?%% [ on
of dielapreic Ilzty@f 285whebes %aﬁlee &yacia Qrbeﬁ{f&ﬁtsé@ﬁhd capacitan
i ncl ude constructions sinmlar to those di scussed above

r eqjeqitoda d2 epe diclactic lages 28 c Bagier dayse #9 6%*)02@11“5%3/ pgHhods
acfaQﬁ %ap It){o eQﬁécﬂgs%&aP e \? r@ncqu % \f?oﬁ‘mﬁzgion of the

dope yS| i con usi o arrler
prmﬁﬁaabﬁy3prevents conponents (e g., oxygen) from

dlfoSI fro i el ect rial, 28 into el ectrode
e 0 e oo OLES R | g e e, et & Showr and
S' éés&%&d%@ %Eﬁg@ﬁﬁﬁcﬂla%§ EQfetSRomithe gé}ﬂcnd%rk‘lj&:‘&bﬁébllb’ls to

form S O2, whi significantly reduce t
c apawideshmd, bcﬁwe\@aphailth@barﬂsr laysirs f:amsmolndcbmnduemvel raytenals

ol W PR AR IR BB hERAEhe SigelERR g R TELES

i I potibi of @18 caphcitbir @lcdftbdese he?mamaieaﬁbdaﬁmen@ apagtirt§rof a
construction. Like nunerals omFigure 1 have been

ut ¢appeitod clgpiepde epprdpdd eonductivigy blaﬁleél Fremalsals.
di cat f
el udedt 23tk B8 S0 ded & perdtinlapdy A8URADn probBsgs

t hghemivak vapot deposi?ibn of atoiriefagerZeiptsiBOn)fale sricgemt divedtion is
o SRR ol e T RS AYHAFIOBEE VBB CioBi BB ehEber
0 SRR BT s 680 82 9 i
I ntl4udencommsdore sobstrates 1116 éng.| scaicorsluttoo sebstiates s gibgtrate
abe(l)s\s/eemblies) are positioned in chamber 110. A constant nominal temperature is
established for substrate 116, which can vary depending on the process used.
Substrate 116 may be heated, for example, by an electrical resistance heater 118
on which substrate 116 is mounted. Other known methods of heating the
substrate may also be utilized.

In this process, precursor compoﬁnds 160 (e.g., a refractory metal

precursor compound and an ether) are stored in vessels 162. The precursor
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with reference to Figure 1. Figure 3 illustrates yet
anot her alternative enbodi nent of a capacitor
wa@eogeasss i on. Li ke nunerals from Figure 1 arePOr/ub2a®06789
where appropriate, with differences being indicated
by the suffix "b" or by different numerals. Wafer 5
f repgrRonnds arepapasized gad Separaigin fsd alonedlyiss d Pt and b6 todhe
h i . i > | .
3 epD b Bt 116 0 AP Py E R I Porired 166 Zflrion
Hogas\1&0 mayakanpifliedgibenptlirle 138 adindded s Aflsop mpwefeagas 174, which

fra nt. 10 of Figure 2 .int wafer fra nt ..l
| i Pl e zawges s BT it saay O mey perunlied Mone fige FPbas
bagdet&d. A 86%n, 3QeriBITVhREs | 80685 48 obnedraAMicRREY as required.
between first capacitor electrode 26 and 10 dielectric

5 layer 28, whereas barrier layer 30 is between second
capacitor electrode 32 and dielectric |ayer 28.
Barrier |ayer 40 can be formed by nethods identical

t 0 t hosahdifsitaising exahsleSarsiofidradab Eiirtiee lusaateitgeviobs

for formation of the  barrier layer 30. In the

entiseifiGend gregrad egihodimantsand tighriagies Brshpuld beindgrgtood.,

S 0 . . .

o AP el BT RGBS o O RS py hfle remining
10 undehintthostopdofshe presetittiatentibe, soahe scope bfitherisventinn is not

UG IOHbGeE DHBC GHBRET JdaeroTFHEr Oy P ells: o
PO RicRE sHo IRARAGIIEs £ BEEERSRS by Weidha! ti cul ar

enbodi nents an entirety of a capacitor electrode can

i ncl ude conductive barrier |layer nmaterials. 20 A

system that can be used to perform vapor deposition

processes (chem cal vapor deposition or atom c |ayer
15 deposition) of the presengXAMBDEIi on is shown in

Figure 4. The system includes an encl osed vapor
de%mnlﬁ dn Aderaieewer Bagpsition afkHERDY. vacuum may be

created ' [ 4.

o or b Bldifbel UF A eRUARoR o AT REGE A\ By with

s ufigiumatie salo¢s widostompraerXonaskteplse glss) vaves opes it seqnadial

in chanber 110. A constant noninal tenperature. i

esPAMIT s h¥@ rFSFYoiisserpasted e 1, chambete e igNMe), and
20 ﬂglgtﬁggj(@?[éw ($thEn PhemRSE Né%ﬁﬁrypoﬁypﬁ&)r AR shbLrafd@¥ade

P‘exanmpl e, by an el ectrical’ resistance
hesaliem waf8r haymgnhiipeth pslybslicoatas aldplaysr anduvisechin@iredat 150
k B%tyods.of heating the substrate may al so be
ut i1 192 81 9Bt hi s process, precursor conpounds 160

(e.9., FEaRtyAReinRbNedBisdecord Rt SHAOCPAYNHam4l588cond

ether) are stored in vessels 162. The precursor 21
pulse of Ti(NMe,),, each separated by a 10-second purge with argon and a 20-

25  second pump down under dynamic vacuum. The precursors were introduced

with helium carrier gas, using mass flow controllers set at 5 sccm. After 400
cycles a (Hf,Ti)O, film 180 A thick was obtained. The film was nearly 50/50
Hf/Ti based on x-ray photoelectron spectroscopy (XPS) analysis, and had no
detectable nitrogen or carbon.

30

The complete disclosures of the patents, patent documents, and
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WO 2004/ 020689 PCT/ US2003/ 026789 conpounds are
vapori zed and separately fed along lines 164 and 166
WO eoo4lozo6steposi ti on chanmber 110 using, for exaP@l/@S$2008/026789
inert carrier gas 168. A reaction gas 170 nay be
supplied along line 172 as needed. Al so, a purge gas
1 pnbliggtionh citédshensin ere inpryperated tygeferance inetheir entitetyeds ifeach

168, may .he .suppli ed al | ine.l76.a .
snoite kg BBapSief, Ja%out MGalieds 85 spR ARG RHny 18 s
clingadion svill ®adbnicsppareht bhthodeaskiizdiin theexewith®@s dapting from
offered to further illustrate the various _specific .
aribe proge end airieefiybigiimentian o Hghewd haugdrsgtood thagthayimyention
u Jinkiat bald .
o prnRAtkd 1o BEAEHEL ek P SR R 0 v |

5 t hexamplepsetdbrth herepr aslahdt sucly emtnpies, and @ntbodingantypare pfesented
the invention is not, intended to be.limted, by the.
B ExeiRple O e RoBPoHB G eRtonien S5 e iR
Shﬁ%by helcNBmEXATHHIE RerBinSsHSNGRNt ages by wei ght. 15
EXAVPLE Exanple 1. Atom c Layer Deposition of
(Hf, Ti)O2 A chanmber of configuration shown in Figure 4
was set up with pneunmatic val ves under conputer
control to pul se the valves open in sequentia
manner. Two reservoirs connected to the chanber
contained Ti (NMe2)4 and 20 H (OC(CH3)3)4 (Strem
Chem cal, Newburyport, MA). The substrate was a
silicon wafer having doped poly-silicon as a top | ayer
and was mai ntained at 150 C for the deposition. Each
cycl e involved a 5-second pul se of Hf (OC(CH3)3)4 and a
5-second pul se of Ti(Nwe2)4, each separated by a
10-second purge with argon and a 20- 25 second punp
down under dynam ¢ vacuum The precursors were
i ntroduced with heliumcarrier gas, using nass flow
controllers set at 5 sccm After 400 cycles a
(HF, Ti)®2 film 180 A thick was obtained. The filmwas
nearly 50/50 Hf/Ti based on x-ray photoel ectron
spectroscopy (XPS) analysis, and had no detectable
nitrogen or carbon. 30 The conpl ete di sclosures of the
pat ents, patent docunents, and 22 WD 2004/ 020689
PCT/ US2003/ 026789
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publications cited herein are incorporated by
reference in their entirety as if each were

w0 pabiso2@sal |y i ncorporated. Various nodi fi catipeEUS2A3/026789
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alterations to this invention will becone apparent to
those skilled in the art wthout departing from the
scWpat lagdaimsidds:t of this invention. It should be

antic gl SRl Y bR e Mleninl; BEHEALT 2
examprBigset forth herein and that such exanpl es and
enbodi nents _are presented by way oL exanple only with
the scofEodding BscicoBAMGtRPuPFats HfetstirteassemRlY; ed

only by ol ai ' L5 M 1
D00/ oy BEage e ERuRRS pisSall At Bt ToloAla M EB)IOR",
A (Fetrhald Ipdndra ieaktasieypréqugsoa cempowwind et formskar uct ur e,

t he, nel, 3 i si.ng: ovi di ng a sem conduct or
sD@éﬁﬁ%giﬁgﬂ%gﬁg§v?%?gDa@@aWBry; provi di ng at | east
one precurngoinERPRRWAGh fidepéiflch@y el M (O X(OR )y 5
(Formula I) and at | east one precursor conpound of the
formula N RRR vardNRaae pzch indenendently|hydrogpe preamerganic
anq M% are each independently a netal; R, R2, R3, and
RS each i ndependently hydrogen or an organic
group; 10 xXisitsto@®;t0 4, y is 1 to 8 wis Oto 4, z
islto 8, gis 1or 2; and 15 x, y, z, and w are
dependent %# ltR&; oxi dation states of M and M2; and
cont act i ng,thg4.ecursor conpounds to forma netal

oxi de | ayer on orie or nore surfaces of the

sem conducd Brl te8bstrate or substrate assenbly using a
vapor deposjtion process. 20 2. The nethod of claim1
wher ei n t HEISdefH uctor substrate or substrate

X, ¥, z, and w are dependent on the oxidation states of M' and M?;
and
contacting the precursor compounds to form a metal oxide 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.
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assenbly is a silicon wafer. 3. The nethod of claim1
wherein the netal oxide layer is a dielectric |ayer.

WQ2004/0206B net hod of claim3 wherein the nmet al PORUSIH03/026789
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di el ectric layer conprises two or nore different
metals. 5. The nmethod of claim4 wherein the two or
nmore different metals are in the 30 formof alloys,

o i sol ut | .

) TS BB 38R SRR R r o MR SRRy
antiorivEheagreup af metalctopsistiensf Groaps 801, 606, 1,18m4, ed dieoup
of tals consisting of Goups 3, 4, 5 6, 7, 13, 14,
an@"awdes- ant hani des. 5 7. The method of claim 6
wherein M and M2 are each i ndependently sel ected
fromthe group of netals consisting of Y, La, Pr, Nd,
Gd]. The mEthod K claty 6 Wimrei®M' andMP 2k each, inddpendratlyselected

) T 55 e T e i . PO (R B G

claigmail wherein R, R2, R3, and R4 are each
i ndependently hydrogen or a (C 1-C6) organic group.
15 10. The nethod of claim1 wherein x is 0 to 2 and y

I S8 Z’Tﬁe Ialgthod 0% ﬁlaTth év%&egg quﬁ?rgetgi @Lﬁg llagm% gltlﬂc esgc' ofoabout

mhmglt@ammmSﬁétal oxi de conprises two or rmre 20
different netals. 13. The nethod of claim1l wherein M
and M2 are the sane netal. 14. A nmethod of

ma@ U RSB Sf Blaft 'i‘xﬁ%%fh‘ ®0.9¢2, RE ra‘ﬁgtli‘ lafts edchl Eqdépérﬂféﬂtly

5 conprising: provi 'sem conduct or substrate or
sdbsirm@hwra:{@da{@:ﬂ)y)rgmtdgmum deposi ti on chanber;
providing at |east one precursor conpound of the
formula Mq(OX(OR )y (Formula |I) and at | east one

pr ﬁs:umeofhetﬁeamp&aﬁh PhvheREn &k & Y RaPy N 2) W NR3R4) Z

(Formula I'l), wherein:

11. The method of claim 1 whereinwis0to 2 and zis 2 to 6.

12. The method of claim 1 wherein the metal oxide comprises two or more

different metals.
13. The method of claim 1 wherein M! and M? are the same metal.

14. 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 precursor compound of the formula M' (0),(OR"),
(Formula I) and at least one precursor compound of the formula
M?*(NR?) (NR’R%), (Formula II), wherein:

M' and M? are each independently a metal;
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we2awh/o2wsependent | y hydrogen or an organic
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M and M2 are each independently a netal; 25 WO
2004/ 020689 PCT/ US2003/026789 R, R2, R3, and R4 are

xisOto4; yis |l to8 wsQo4;, 5zis | to8; qis |
or 2; and xﬂmg ,Z;, and_w are dependent on the oxidation
states of Wb RARY, mmd RY are gash inflengneenslylydrages oF an organic
08£§8¢nds to formvaporized precursor conpounds; and
1 I'Tecting the vaporized precursor conpounds to the
sem conduct Bro tolybstrate or substrate assenbly to form
a netal oxide dielectric |ayer on one or nore
surfaces of!StlH8 8semi conductor substrate or substrate
assenbly. 1% o{we nethod of claim 14 wherein the
precursor conpounds are vaporized in 15 the presence
of an inerzisdar8;er gas. 16. The nethod of claim 14
wherein M _and g% are each i ndependently sel ected
fromthe dtBup™ aW@tals consi sting of Groups 3, 4, 5,

6, 7, 13, x4, zand v i@ depéidehiasn te dxiddfonlstated BEMMTBRANIA;

of claim 14 wherein vaporizing and direct[ng t he
pr ecur s YRPOIEMH S PERSUrseT errepeinds Khivamygperized PEISEFROE al

va [.kion process. 18. The nethod of claim 17
wH%%é%ﬂsgﬁéhéenperature of the sem conductor 25

subst r atdirectingstib shpaaized pesanbi gonpuatioistthd @bficémivatoput
600C. 19. The nethod of claim 17 wherejn the
s ethbeEe arsubstrag Besepbbetoderma g mtal oxide diddedtipjayer an ¢ng of

d i & : ' .1 torr
CeRER 0N g, A E .o ),

wher ei n vapori zing and directing the precursor 26

15. The method of claim 14 wherein the precursor compounds are vaporized in

the presence of an inert carrier gas.

16. The method of claim 14 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.

17. The method of claim 14 wherein vaporizing and directing the precursor

compounds is accomplished using a chemical vapor deposition process.

18. The method of claim 17 wherein the temperature of the semiconductor

substrate or substrate assembly is about 100°C to about 600°C.

19. The method of claim 17 wherein the semiconductor substrate or substrate
assembly is in a deposition chamber having a pressure of about 0.1 torr to about

10 torr.

20. The method of claim 14 wherein vaporizing and directing the precursor

26
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WD 2004/ 020689 PCT/ US2003/ 026789 conpounds is
acconpl i shed using an atom c | ayer deposition process

w@owpi2esng a plurality of deposition cycles. RAT/UY1963/026789
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met hod of claim 20 wherein during the atom c |ayer
deposition process the netal-containing |ayer is .
f ofomnPupgs islaceamplished using aratominlgyerdeppsiéenproesss somprising

co ri each deposition cycle. 22. The mnet hod
o TRRS ok A £ AT

Fe tenperature of the
sem conductor substrate or substrate assenbly is
about 25C to_about 400C. 10 23. The nethod of c¢l.aim 20
wher efhe mefbod ahelaghdt wbeeinsdise ths dopiic yg«depagidon process

a .
SrAETRL gl SR Ehety hahel g bR
c| @mmpobddsvderieg eachhdepositiadl cyokei de conprises two or nore
15 different netals. 25. The nethod of claim14
wherein M and M2 are the sane nmetal. 26. A method of

f oFami THE AetiBd 8f c1kh 96 whatBI the fendpebatlie! dtahsentibshdiBbhod
20 conprising: providing a substrate; providing at

| embstraiper prbsgate sssembbhip 6bewd 287C thebaup ARTCa

Mg(OX(OR )y (Formula I) and at | east one precursor
conpound of the formula M(NR2) WNR3R4)Z (Fornul a
1123, THeanethod oP8ailh 2@ ndlervth the eerpizohducisi8pestceddrl syibdrate
netal; R, R2, R3, and R4 are each inde endentl%/
hyssaall ibin adepesitjam Fhambgr Beying  pressuge pgabeut 197 fogr tp abgut
811030 Wis 0 to 4; zis | to 8, 27 WD 2004/020689

PCII'} 52003/ 026789 q is 1 or 2; and X, y, z, and w are
dependent on the oxidation states of M and M2; and

24. The method of claim 14 wherein the metal oxide comprises two or more

different metals.
25. The method of claim 14 wherein M' and M? are the same metal.

26. A method of forming a metal oxide layer on a substrate, the method
comprising:
providing a substrate;
providing at least one precursor compound of the formula M' (0),(OR"),
(Formula I) and at least one precursor compound of the formula
M2(NR?), (NR’R*), (Formula II), wherein:
M' and M? are each independently a metal;
R!, R% R?, and R* are each independently hydrogen or an organic
group;
xis0to4;
yis 1to8;
wis0to 4;

zis1to§;

27



contacting the precursor conpounds to forma netal

oxi de layer on the substrate using a vapor deposition
wWEe@eeswsd 5 27. The nethod of claim26 wherei nPCTES2003/026789

substrate is a silicon wafer. 28. The nmethod of claim

26 wherein the netal oxide layer is a dielectric

| ayer. 101B9.orRzendret hod of clai m26 wherein M and

MR ' - £ 2,
ot al o conping SO HephdR SE GRS POUR B
t hand | ant hani des. 30. The nethod of claim29 wherein

M and M2 are each independently selected 15 fromthe
gr oup ofcoﬂté?%’lgs'gﬁ BIFSHSPY ?ﬂjnl%?fun‘}‘,!toﬁgfm Bymetalpxidgjayefion rt]he

Zr gubkiate h@n% I@apéidef)oﬁﬁ‘&l ﬁ'loites’s?’.l- The nmethod of claim

26 wherein The nmetal oxide |ayer has a thickness of
5 about 30 A to about 80 A 20 32. The nethod of claim

26 rein, R and R4 ar ach independently
it o elpS of i it BF s M a3 SRR REREST o1

of claim 26 wherein the nmetal oxide |ayer conprises

two or 25 nore djifferent netals. 34. The method of

cl 2. niteaneihed ef dlai 2¢nderwimn the aeta] @xidgleyenis adiclegmic layer.
met hod of formng a netal oxide |ayer on a substrate,
the nethod 30 conprising: providing a substrate; 28

10 W22 0PHe 2668 6f aiht 2ISABeR4DRIG 260 M prostich imdgpaidehepsdlected

one precursor conpound, of the forpula M g(O X(OR,)y
( ng?rﬁﬁheagrp)lp aﬁ@eglﬁ)s qoe%?%%&w% ks or 0o Shéokﬂa an#het he
Ol AthRAdedB(NR2) WNR3R4) Z (Formula I'l1), wherein: M

f
and M2 are each independently a netal; R, R2, R3, and
R4 are each independently hydrogen or an organic 5

g r?d‘ pfhexrlng’t E)c? f)‘rf claim 29 wlhertelon I@I;' and M? are each independently selected
15  from the group of metals consisting of Y, La, Pr, Nd, Gd, Ti, Zr, Hf, Nb, Ta, Si,
and Al.

31. The method of claim 26 wherein the metal oxide layer has a thickness of
about 30 A to about 80 A,

20
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 the metal oxide layer comprises two or

25  more different metals.
34. The method of claim 26 wherein M' and M? are the same metal.
35. A method of forming a metal oxide layer on a substrate, the method
30  comprising:

providing a substrate;

28



wis Oto4, zis 1to8 10qis 1 or 2; and x, Y,
z, and w are dependent on the oxidation states of M

wan@40R689 vapori zi ng the precursor conpounds tBCT/O8IM03/026789
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vapori zed precursor conpounds; and directing the
vapori zed precursor conpounds to the substrate to
a 15 n@reyidiggialleasiape presurseheomapmyed of the foggula M, @(0) {(OR! )y

”e FaRugf %@At%a@?e%&{}ﬁé&lr%r\é% 51'.1&:1 MRé‘gﬂmglar ecting

precu sor ds 1s acconplis Ing a
chMﬁNihzl)w(N&SR‘f) d“@pmslatll)owhp'cmc ess. 20 37. The net hod

of cl ai m 35,wh I n vapo nd dlrectlngthe
precur sor Mc@ﬂ‘%&ﬁﬁﬁ%ech %fi? %ﬁérlf Wlsing an atonic
| ayer depogri R2OR°, RRPRESHR eﬁmae Béhtl kdgerlof by
deposi tion cyc’l es. 38. The net hp?g of ygjlygldrgesg V\hg%fg?lﬁ

t hgronpst aI OXI de conprises two or nore 25 different
nmet al s. Sd’] A{Tethod of claim35 wherein M and M2
are the sa’ﬁe nStal . 30 40. A method of manufacturi ng a
menory devy izd %tg; uct ure conprising: providing a
substrate having a first el ectrode thereon; 29 WO
2004/ 020689 1PE19 452003/ 026789 providing at | east one
precursor conpgynd of the formula Mg(OX(OR )y
(Formul a I%: an ét | east one precursor conpound of the
formul a (sNRir)ZA(ahRSR4)Z (Formul a II) wherein: M

and M2 are each nde a nmet , R2 , d
R4 are eachd ﬁn”é‘ﬂe‘ﬁ 4@9 ige HX@@ﬁ%staﬁea aﬁvﬁaan% M
group; )Vaﬁglﬂf}g the)bréc%rs?or tOmBound¥hs frRAapodzddrdekQr 8

10 g is 2; and x, y, z, and w are depen ent on
theompauaid$ |aod states of M and M;

directing the vaporized precursor compounds to the substrate to form a

metal oxide layer on the substrate.

36. The method of claim 35 wherein vaporizing and directing the precursor

compounds is accomplished using a chemical vapor deposition process.

37. The method of claim 35 wherein vaporizing and directing the precursor
compounds is accomplished using an atomic layer deposition process comprising
a plurality of deposition cycles.

38. The method of claim 35 wherein the metal oxide comprises two or more
different metals.

39. The method of claim 35 wherein M' and M? are the same metal.

40. A method of manufacturing a memory device structure comprising:

providing a substrate having a first electrode thereon;

29



vapori zing the precursor conpounds to form vapori zed
precursor conpounds; directing the vaporized

w@r@a0e®sy conpounds to the substrate to formBCT/152003/026789
netal oxide dielectric layer on the first electrode of
the substrate; and form ng a second el ectrode on
di el ect rpirccvthag &t least pne Prrsurset ersapaynd of HiedpmaulaMd a(é))x(OR )y

R B R LY BRGNS RESEI i3 spIROUNdS T

usi ng em cal vapor déposition
pr RCEHEY), (RB°R3, (F‘BhﬂulﬁEI)h@Hereﬁl cl ai m 40 wherein
vapori zing and directing the cursor conpounds is
acconplis mH%Vh@“%ﬁwgPEWP@1CB %? M§8Yosi ti on pr ocess

conpri si ngr! @2 RULR RY Xre%clﬁ‘ﬁ@&%‘n&érﬁ% Hz)élf‘ﬂggﬁ or %50@

The met hod 6f cl &im 42 wherein are
5 megrabp; 44. The net hod of claim40 wherein the netal
oxi de dle|eCQ{IC | ayer conprises two or nore
di fferent AP 30 45. The nethod of claim 44
wherein thejstiwggor nore different netals are in the
30 WD 2004/ 020689 PCT/ US2003/ 026789 form of all oys,
solid soIUWF%%§>¢or nanol am nates. 46. The nethod of
cl ai m 40 W@ the netal oxide dielectric |ayer
conpri ses one of nore of ZrQ2, Hf 2, Ta203, A1203,
10 T' 02, and @i lwfidandf a Ianthanlde 5 47. A vapor
deposi ti on apparatus conprjising; a vaPor deposi ti on

chanmber ha¥¥ng a&dsvnﬁr@tqea%@ebfdm tEﬂF gridatiomupies at Moaad N

nore ve I r r
Compound b AREHR TSRy COHp AR R EEH A preoursor
ancbngpoands; nore vessel s conprising one or nore one
recursor co unds .10 of the fornul
DR, RIS VAT PO copaBtiato th substyaiggo frm a
15 eaGbtal HEl8PERERR ¥y éi‘ ofBRhéizst Heetrdd@ of B> suﬁﬁﬂatg‘lmar €

each |ndependently drogen or an organic group; X is
0 to 4; forming a second electrode on the dielectric layer.

41. The method of claim 40 wherein vaporizing and directing the precursor

compounds is accomplished using a chemical vapor deposition process.

20
42. The method of claim 40 wherein vaporizing and directing the precursor
compounds is accomplished using an atomic layer deposition process comprising
a plurality of deposition cycles.

25
43. The method of claim 42 wherein M' and M? are the same metal.
44. The method of claim 40 wherein the metal oxide dielectric layer comprises
two or more different metals.

30

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

30



15y isl to8 wis Oto4 zis1to8 qgis 1or
2;and x, y, z, and w are dependent on the oxidation
waet@um068d M and M2. 20 48. The apparat us of PCl/asrmd 26789
wherein the substrate is a silicon wafer. 49. The
apparatus of claim47 further conprising one or nore
sooFmed abpysasplidreytions.or mpeglaginatesor transferring the
precursors to the vapor deposition chanber. 25 31

46. The method of claim 40 wherein the metal oxide dielectric layer comprises

one or more of ZrO,, HfO,, Ta,0,, Al,O,, TiO,, and an oxide of a lanthanide.

5  47. A vapor deposition apparatus comprising:
a vapor deposition chamber having a substrate positioned therein;
one or more vessels comprising one or more precursor compounds of the
formula M’ (0),(OR"), (Formula I); and
one or more vessels comprising one or more one precursor compounds
10 of the formula M*(NR?),(NR’R*), (Formula II), wherein:
M! and M? are each independently a metal;
R', R% R’ and R* are each independently hydrogen or an organic
group;
xis0to 4,
15 yis1to8;
wis 0 to 4;
zis1to8;
qis 1 or2; and
X, ¥, z, and w are dependent on the oxidation states of M' and M?.
20

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.

25
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