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SYSTEMS AND METHODS FOR FORM NG METAL OXIDES USING 5
METAL ORGANO- AM NES AND METAL ORGANO- OXI DES FI ELD OF
THE I NVENTI ON Thi s invention relates to nmethods of
formng a netal oxide |layer on a substrate using one

‘WOoo4mresy precur sor conpounds that i ncl udecnuosomozemr e

10 organo-anm ne precursor compounds (e.g., alkylam ne
or al kylim no-al kyl am ne precursor conpounds) wth
one or nore organo-oxide precursor conpounds (e.g.,

al koxi de or oxo-al koxi de) precursor conpounds during a
vapor deposition process. The precursor conpounds and
net hods are particularly suitable for the fornmation
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construct mcroel ectroni c devices. when the
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materials are needéd to extend device performance.
SHEYMR¥Feri al s need to demonstrate high permittivity,
barrier height to prevent tunneling, stability in
direct contact with silicon, and good 30 interface
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used in integrated circuit technology are approaching their performance limits.

Silicon (i.e., doped polysilicon) has generally been the substrate of choice, and
silicon dioxide (Si0,) has frequently been used as the dielectric material with
silicon to construct microelectronic devices. However, when the SiO, layer is
thir_med to 1 nm (i.c., 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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thin oxide filnms of netals, such as ZrQ2, Hf02, A1203,
and YSZ deposited on sem conduct or wafers have

recently gained interest for use in nenories (e.g.,
dynam ¢ random access nenory (DRAM devices, static
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menory (FERAM devices). These materials have high
dielectric constants_and therefore_are 5 a trgﬁive as
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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 alse be formed. Furthermore,

zirconium and hafnivm alkyls are generally unstable and not commercially

available. They would also likely leave carbon in the resultant films.
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the resultant filns. 2 28 February 2007 Despite

t hese continual inprovenments in sem conductor
dielectric layers, there remains a need for a vapor
deposition process utilizing sufficiently volatile
met al precursor conpounds that can forma thin, high
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providing at |east one precursor conpound of the

formula M q( O %{fRHB1hky fﬂ?]ﬂﬁ\ﬁ%ﬂﬁ?ﬁnd at | east one
e

precursor conpound of t or mul a (NR2YWNR R4) z
( ForAropdrding | o, awfiest easpect, Mthegnds MRavided & hmethadreofa mamifadtyring a

each, R is independently an organic group; R2, R, and
Se’ﬁﬁorgllu‘émre%‘@ﬁt ehrglgﬂ"g gﬁ?%ﬂ’mﬂ'ﬁdr ogen or an organic
gr Oﬁéfb'svidiﬁgh%erﬁicbﬂdlgztor)suliaﬁrate dreulistraterassenilyt o 4;, Z is
| to 8 qgqis | or 2; and x, y, z,.and w are nt
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process, erein vapor deposition process is an
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R?, R®, and R* are each independently hydrogen or an organic group;
xis0to 4;
yis1to8;
wis 0 to 4;
zis 1to §;
~qislor2;and
X, v, z, and w are dependent on the oxidation states of M! and M?;
and
contacting the precursor compounds to form a metal oxide Iaye_r on one or
moré surfaces of the semiconductor substrate or substrate assembly using a vapor
deposition process,
wherein the vapor deposition process is an atomic layer deposition process

comprising a plurality of deposition cycles.




According to a second aspect, there is provi d&&February 2007
met hod of manufacturing a sem conductor structure,

the nethod conprising: providing a seni conductor

substrate or substrate assenbly within. a deposition
chanber; providing at | east one precursor conpound of

t he Awgprdinga tdVlag éOpnd @Reyty thqré-ds mubaddd) a amehat of estifacturing a

s R R RS REi A% 1) * v ei n: M and v

are thevigiaga selidhdu@@bitatd &r subsieipendanblyyvitin a
organic group; RZ, R, and R are each' i ndependently
agyberin organi c group; xisOto4; yis | to 8;

w sO oy 7 : j : 1

Ao G idingblebdng pftclSordipating BPlle frpitle K (BAIOK),

(Papoild Biangd at keest pne precesor coammpond dftht dorirolaMi@RA.i(WEIRY),
rec rﬁor conpounds; and directing the vaporized

@%@Eﬁr b8 ounds to the sem conductor substrate or
substr at e ppsHAME Melig flemAalet al oxide dielectric

| ayer on one or nore surfaces of the sem conductor
subst r at e eagh Rl éndepersicatdsamerggnic gieapei n vapori zi ng

and directh he,precursor co n [ 0 I: .
usi ng an gt’:}%f %mf%y%l? © JHBQ?HGPQ%‘%MC é)ggn @%ﬁ‘p&?@?@% gp,
pluralityxefodeposition cycles. According to a third
aspect, there is provided a nethod of form ng a netal
oxi de | ay#is 1 8n8;a substrate, the method conpri sing:
provi di ng a.gypgtrate; pr oviding at |east one

precursor conpouhd of the formula Mq(Ox(OR )y

(Formul a £})s htodB;at | east one precursor conmpound of the
formula M(NRRYWNR R'), (Formula Il), wherein: M

and M ar@ithef a8 nmetal ;' 3a .

X, ¥, Z, and w are dependent on the oxidation states of M' and M?;

vaporizing the precursor compounds to form vaporized precursor
‘compounds; and
directing the vaporized precursor compounds to the semiconductor substrate
or substrate assembly to form a metal oxide dielectric layer on one or more surfaces
of the semiconductor substrate or substrate assembly,
wherein vaporizing and directing the precursor compounds is accomplished

using an atomic layer deposition process comprising a plurality of deposition cycles.

According t.o a third aspect, there is provided a method of forming a metal oxide layer

ona subs;tratc, the method comprising:
providing a substrate;

providing at least one preéursor compound of the formula M',(0),(OR"),
(Formula I) and at least one precursor compound of the formula M¥NR?),(NR’R?),
(Formula IT), wherein:

- M and M? are the same metal; -
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group; R2, R, and R are each independently hydrogen

or an organic group; XxisOto4; yislto8;, wisQo4;, z

isl to8 qis 1or 2; and x, y, z, and w are

dependent on the oxidation states of M and M2; and
contacting the precursor conpounds to forma net al

oxi de | ayer¢RR R i€ind&iéagédttad odgdnitdgraupiapor deposition
"process, wherein the vapor deposition process is an
atoni ¢ | ayelR’, #épandiRiapneash dedependep rQgeR@r 4N Organic group;
plurality of. ctfto%siti on cycles. According to a fourth
aspect, thefbEHYE provi de a nethod of forming a netal

oxi de | ayeryisanod®;substrate, the method conpri sing:
providing a substrate; providing at |east one

precursor cEadinY of the fornula Mq(O, (OR)y,

(Formul a I)ﬂ%qqy t | east one precursor conpound of the
formula M ( - a(NR'R')Z (Formula I'l1), wherein: M

and M2 are §Rd @@rendretal ; each R is independently an

organic group; R2, R, and R' are eagh.independentl.y .,
hydrogen or%&nZSnganhite dgpaadpat on "s@‘gﬁffonﬁtag)stogg? and'M?;
WOtod4; zis | to8; gislor2;and x, y, z, and w
are dependent on the oxidation states of M and M;
“vapor | @ntagtitgthe preeospscompomgotoniisn pandtd opidgdgsst Pz S
prgcurson [ofo) oHndS'.and
ubstrate using a vapor deposition process,
wherein the vapor deposition process is an atomic layer deposition process

comprising a plurality of deposition cycles.

According to a fourth aspect, there is provide 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 M?*(NR3)(NR'RY),
(Formula Ii), wherein:
M' and M? are the same metal;
each R! is independently an organic group;
R, R?, and R? are each independently hydrogen or an organic group;
xis0 tb 4;
yislto8;
wis 0 to4;
zis1to§;
gis1or2; and
X, v, z, and w are dependent on the oxidation states of M’ and Mz;
vaporizing the precursor compc;ur_lds to form vaporized precursor

compounds; and
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conpounds to the substrate to forma netal oxide
| ayer on the substrate, wherein vaporizing and
directing the precursor conpounds is acconplished
using an atomic |ayer deposition process conprising a
pl ur al ﬂ!@ﬁrt]lug Wﬁt@d}gﬁ@&dﬁ:ﬁﬁpg&?% ﬂiemfgbﬁrafd totfbrm a metal
a t here i.s vide a nethod of manufacturing a
n@ﬁggzwﬁ€¥1 gsu 1§Ppﬁ%ture conprising: providing a
S u bstr ﬁh@eiﬂw&pﬂﬁzﬁg bhd 8fre@ing Gt 4o %Brﬁﬁ&md@ ﬁsoé’dcgﬂnﬂﬂshed

| east one precursor conpound of the tormula
M‘%ﬂ@%@%‘% lgyer deppsiigraptoyesa nomptisihgapluraiteopdepositisorycles.
conmpound of the formula Mz(NR2) WNR3R4) ~ (Formul a
1), wherein: M and MZ are the same netal; each R is

I ndependmptal HthalpLt, ieié & 1B69d mBRod &F mﬁﬁ@ac%né%%&ﬁﬁﬁdewce
i ndependent|y hydrogen or an organic group; XIsQ o4,

SUryetyrg CQBRSISE: * i SOt 04; zislto8; .q is | or 2; and x,
Y, m&;}% g\ﬁ’s A Fraf SRS Ig,ﬂgge rspaeé%%e% dation states of

M an ; vaporiz préecursor conmpounds to form

vaperdvididg pr least bﬂ@precﬁ:@ﬂmﬁpﬂmnd df the €érintugn MHEO),(OR"),

vaporj zed precursor conpounds to the substra
(F%ﬂwg@t% Iafd Bheept opv Bregwses ompeyad ofthe formufa MoNRs D&B?%de
(FEmuld®), bt:ate; and formng a second el ectrode on

t he dlelectrlc | ayer, wherein vaporizing and directing
the pr ecM‘andhfmpdwsdmemetdg:conpl i shed using an

atom c | ayer de ition process co r|S|ngapIuraIity
of depos?%/ G’éisﬁ cndent %rb?"&?‘ﬁ@gf a sixth aspect,
there i SRer;Vé.lﬁﬁ@" dFe LAIROhdGRAGS ghg&‘rogﬁp ALt anlc group;
conmprising: ~a vapor deposition aV|n

subst r at ®igdki4;i oned therein; one or nore vessel S
conpri si pg PR&.0r nore precursor conpounds of the

wis 0 to 4;

zis 1to 8;

qislor2;and

X, Y, 2, and w are dependent on the oxidation states of M' and M?%;
vaporizing the precursor compounds to form vaporized precursor
- compounds;
directing the vaporized precursor compounds to the substrate to form a metal
oxide dielectric layer on the first electrode of the substrate; and

forming a second electrode on the dielectric layer,
wherein vaporizing and directing the precursor compounds is accomplished

using an atomic layer deposition process comprising a plurality of deposition cycles.

Aécording to a sixth aspect, there is provided a vapor deposition apparatus comprisine:

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

3c .




formula Mg(Ox(OR )y (Formula |); and 3c - -28February 2007
--------- 28 February 2007 one or nore vessels

conpri sing one or nore one precursor compounds of the
formula M(NR2) WNR3R), (Forrmula I1), wherein: M and

M2 are the same netal; each R is independently an

Or gani gnetrQbidte vERels %mpﬁﬁﬁ Bfle 8f RoRAGR prodieRe E&fﬁﬁ&dn)ds of the

V\}/dro en or an organic roug) xisOto4; y is | 8;
M(NB]WQ\IRRE(EOWMQ wherei@: and x, v, z, and w
are depend 5 XI da states of M and M,
wher ei n thgﬂf/alg%M 3I§p Hlearg?par atus can vapori ze
and direct dabieRbmﬁ@é;ﬁﬁdentmﬁmgumﬁgMﬁp ng an atomc

| ayer deposition pr@cess conpri Sj ng cFrl urality of
deposi ti on RyB/-@gd R3gre each independently hydrogenpns apopgagic group;

2007 Disclgsggerein are nethods of vapor depositing
a netal oxi de Iayér on a substrate. These vapor
deposi ti on yistthods may involve form ng the |ayer by
conbi ni ng one or ere met al or gano-oxi de precursor
conpounds ("t‘élsg0 al koxi des or oxo-al koxi des) with one
or nore rretzqgl%gano am ne: precursor 10 conpounds
(e.g., al kylanines or al kylin nes-al kyl ani nes).

Si gni fi cantgliy ] or Bpamet hods di scl osed herein do not
_require the use of water or a strong oxidizer, thus
reduci ng (ang # ypd walrd gepandentiomthe oxidatipn etatesmsﬁ Mifand M?,

produ0|n undesirable interfacial oxid
bet vedHieRibthg dapordlephiton anagiotis CP%%I?O%&“E fizect the precursor

SoRPoUAS Bsind @ Y
Payer Ty%‘f‘%‘a? O R s %"8%8? PRTPEE LRy of

demsisisionicyeles. ayer .
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The met hods di scl osed herein involve form ng 28 Rebradry 2007

oxi de | ayer on a substrate (preferably, a

sem conduct or substrate or substrate assenbly for use

i n manufacturing a sem conductor structure). Such

met hods can include: providing a substrate; providing

at | eaB)ischEﬁl IR Bie SAdthddo 1P @ defostting af RdtaNx@edByer on a substrate.

ME%% y (Formula |) and at |east one precursor

rf‘fﬂ’"ilﬂ‘g‘ Pehods may inveivrimigeNRsRRYer by For mul a 1) ;
2BAGARY Sfetdr RGreldal BighfoiR prec AERM Bt Rndsqe g f OF M a
met al oxi de | ayer on one or rmr e surtaces of t he
s tlb@tides proxpslkgidas) With ene or OB ElicmInpATBIEREIGCUIOR |
F%rﬁﬂéluﬁﬁ e aﬂﬂld{ﬂmesM al@"igml\g-al@yﬁmﬁ@gh&gﬁﬂ@agﬁf‘ gently a

R are each | nde endentl
Bﬁéﬁ‘clfﬁ %grrnbﬁbg%reamg%faa Bsc of waker pritigng v i si t 08:
V\/bﬁ@itz&“thﬁé é&dcrag (e&tl %}pféﬁlﬁ a%‘i@?ﬁg)/th@ r@ﬂ%’x‘?&f%mdﬁ’&x&%d ent on
M and I\& I n anot her

he oxidation statés o

ewlsarah’émtel&mt rideaverdhstireen the desirpdmetalpxidedanies and the

| QpLERES Sind oxRiiANY dlileP By s Hitd & Eabhys @
sem conduc(% or?%sﬁubst r{I?Se o%ﬁbtso?réytwe%go gsserrbl y)
wereferahlyathe s ds a diddesticdayiber ; providing at | east one
precur sqhe ﬁ@&i@@slﬂmloeéd Hehtn 8198 ERmMe 9 6 a1 O5HE ) ¥

(Formula I) and at | east one precursor 3e 28 February

207 on yey b P idhoe PomeusErD sytopRTa Substptsmeblof t he
for whd ipmMRANRZh Y NRSBnduthiofiitthR). | duch mé@ReY dag ifdflabhe

precur sor conpounds to form vaporized precursor
CRIRYIBIn8 & substsate) Poviding g4 lpagt ang erecwrags gpmposad eftkecdommuydy
cwpgl{mks ERmbulEET) S TehR b ar&ufs&rashﬁodmm mﬂ&
2tr| ' ayef on one or nore surfaces of th
MENR@NR R‘Da{Fcrr@whﬂl) aad eonggaing the prmursamrrwndaioe each
' f&ﬂﬁ R ﬁﬁgﬂa&h{lﬁaﬁr &ﬁ;n@ l:)r mge sunges oBﬁle sﬂ&gratgus: aevaS&C h
i ndependent drogen or ‘an organi cmgrou;) Xis O
tdﬁp@xtl%mﬂcpsa"t bl@nmrlﬁsﬂgnd)ll*t M’ and M? yreeath indergndentlias | or
N[l %2 4 ﬁﬁ)‘?ﬂg I on
grtn %t?eg ?}f Ri amg% aﬂé‘&cl‘l‘inﬁé 0S€ Fugén cﬁg? Iéﬂlé%“ [ %b'gja!rkret hod
of Ot rfimb touds g 4n@m§ rtryS deyi ox2; snd otz w Fhe
p&%t%ﬁ‘ﬁleoﬁ Lﬁbﬂgm{e?&ﬁ)f"aﬂhﬂﬁ a substrate having a
electro ereon; providing at |east one
precursor conpound of the formula 10 Mg(O,(OR)y

F at | ne d of th
o ol Ak RS R e ITY o, 11
pr ecupwvidingerpstateprefaablyo p semivaudutir zduitrge ercsulvssr@ﬂe
GRURBHY ithing dbBSlibd FarhflF; YARARS £ St BREGHLRG conpounds

compourld of the formula M' (0),(OR"), (Fprrnuia 1) and at least one precursor
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to the substrate to forma netal oxide diel ec2§ February 2007
| ayer on the first electrode of the substrate; and
form ng a second el ectrode on the dielectric layer. In
Formulas | 15 and Il: M and M2 are each independently
a netal; R, R2, R3, and R* are each independently
g%dro en or an organic group; x is 0O to 4; s% isl to
OBL 0 to 4 z is | to 8 qis | or CHUSHFORTE
z, and w are dependent on the oxidation states of M
afdhpblhd ofhe ﬁm?ihl%@/lz?ﬂ@fj (Ih'l@f{%' @oﬁﬁlﬁBVﬁB&{m@@ﬂ}OSI tion
apparatus that includ a ‘vapor 0 deposition
cmwerrcowawnﬁgtoéomrrzad RS qompads; epkdirtie thsne or

mbalzx@&é&ks%r coﬁﬂjﬂiﬁ{dls & (RsuB iRt folRb ﬁmeﬁf@(i‘dérd&%mc
conpounds o formula Mq ormila 1);

AT e GF mﬁﬁﬁﬁf%&%m&%ﬁrmi’@ﬁgﬂ%?‘@d& NwndMyne
PLEGH $18¢pendeIVROBASISR'OR?, R @nd RY A8 Hach Me@é\&‘a):m;y, (NR3R),

(Formul a II) In Fornulas I. and LL: M2 are each
i e ol e eTRPICEIoND: 150 thd; v ifd to §ow is %Wd* r-z*Salrt%&é’d&h 25
| ndepgacent! aﬁd wm&gaﬂeﬁronaﬁo%gaﬂlsﬁmgmmnd ¥is O to

4, | Ito iIs O0to 4 1.to 8§
and” x, Digloszd algo eray aemaég%ﬁfﬁ@awgswn%%ma%&aé‘?%?ﬁmﬁe The
%&B@cﬁcaﬁfmcld%%%@ing 4 BfstiBRe RRsS di scl Osed herein Can

utilize a_chemnical deposi tion
vititeleeteadp thereony providing aglﬁa%w'ea’?f‘ahf??f CP'H%‘F“ ﬁ‘)é*&oém aon 30
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PO CRREA G R o SR D SRR, o
| BycRisn clabethhHheSsubffate RGHGHRES thERMN& or more vessels
comprising one or more precurser compounds of the formula M' (0) (OR"),
(Formu!a I); and one or more vessels comprising one or more one precursor
compounds of the formula M*(NR?),(NR’R"), (Formula I). In Formulas I and
II: M' and M? are each independently a metal; R, R?, R?, and R* are each
independently hydrogen or an organic group; x is0to4;yis 1o 8; wisOto4;z
is1to08;qis1or2; andx,y, z, and w are dependent on the oxidation states of
M‘mﬁhﬁ.

The methods disclosed herein can utilize a chemical vapor
deposition {CVD) process, which can Be pulsed, or an atomic layer deposition
(ALD) process (a self-limiting vapor deposition process that includes a plurality
of deposiﬁon cycles, typically with purging between the cycles). Preferably, the
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Vispirs feecpaivgs.di rected to one or rmr e surfaces of a
heat e ubstra sem cto ubst rate, or
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"Precursor compound™ as used herein refers to a metal-containing
compound capable of fonnin'g, either alone or with other precursoer compounds,
a metal 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 (¢.g., 2 doped polysiticon wafer) from vaporized precursor

compound(s). . Specifically, one or more metal-containing prectirsor compounds

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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%?oléelzsg, tl%]c longer duration multi-cycle ALD process allows for improved

control of layer thickness by self-limiting layer growth and fninimizing

detrimental gas phase reactions by separation of the reaction components. The

25  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.c.,
inert carrier) gas.

30 "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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suitable for use in the method of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
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 onc or more metal
precursor compounds of the formula M2(NR?), (NR’RY), (Formula II). In

Formulas I and [1: M' and M? are each independently any metal (main group,
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ruthenium oxide, titanium nitride, tantalum nitride, tantalom-silicon-nitride,

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
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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These include, for exanple, fibers, wres, etc. If

the substrate is a sem conductor substrate or
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groups, for example. The term "alkyl group” means a saturated linear or

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 viny! group. The term "alkyny! group" means an unsaturated,

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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etdiiod moieyUis Simitkdbio delidcision ofdrly m@d dpyh chain saturated
hydrocarbon alkyl substituents, such as methyl, ethyl, propyl, t-butyl, and the
like.

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"

(i.e., C1-C4) organic group. Even more preferably, each of these organic
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car boxyal kyl s, hydroxyal kyl s, sul foal kyl s, et28 Féruari@007
ot her hand, the phrase "alkyl npbiety" is limted to

the inclusion of only pure open chain saturated

hydr ocar bon al kyl substituents, such as nethyl, ethyl,
propyl, t-butyl, and the 25 |ike. For all the

whemiesor conmpounds of this invention, eagfsiRslssise
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i ndependently and preferably hydrogen or an organic
group, nore preferably a (Cl-Cl0) organic group, even
n@r@%&se'f dd proyp. Mestpretepbly oraginerzanicrey 5, an©EERC nor e
Py, 3 pf ef@ralgf:lmgﬁ})]n%&am c group and even nore

wer

preferabl@¥ 0 gani ¢ group
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0} RPN HONR SEXamRles pf swt HECHRPsenRaydsdeclude o i t hi n

t heraBis@PRoxiddh hdﬁﬂﬁlﬁ”btbtﬂikishsopﬁﬁéxy} NEniGH, Wﬁﬁﬂﬂ&ﬂfb&yﬂ:or mul a
)Y,. eac pr.efer

M 9 (OR
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raki s(i.so 0X itanium and pent a( et ony) 10
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-avai | ayr the borAybusda 6F E@Sul UIC RE(NRS), (NRERFR, 1Y mmﬁm‘ R they

can be a u3|n standard te hn ues .g., by
|°%°8waqf<?%h%§a<8$ g careup; Examnlrs of sut Prm@orconpounds
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S By Gy ool HaGRE | nl ude
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t et di met |
TR P N
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conmmer ci adb%mma/ Lab,l e from sources such as Strem

CRTRSkogflin @’S}‘ 43hn be prepar ed

Various precursor compounds can be used in various combinations,
optionally with one or more organic solvents (particularly for CVD processes),
to form a precursor composition. The precursor compounds may be liquids or
solids at room temperature (preferably, they are liquids at the vaporization
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
below their decomposition temperatures such that they can be used in flash

vaporization, bubbling, microdroplet formation techniques, etc. Herein,
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usi ng standard techni ques (e.g., by reacting 2fFdiruary 2007
chlorides with the 20 corresponding |ithiumdialkyl

am des). Various precursor conpounds can be used in

vari ous conbi nations, optionally with one or nore
organi c solvents (particularly for CVD processes), to

wd Rlid@sPr ecur sor conposi tion. The precupspPisHRiResnds

may be liquids or solids at roomtenperature
(preferably, they are liquids at the vaporization 25
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d@blyemerr@dn&meisrweﬁnmg aBMbME rafmdeataﬁnkh(@hphaﬂwr phase
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and pr ﬁuabl¥ %; é hal ogenat ed rocar bons,
si |yl at% EnaPrEfErARY BQfepPUgE 848 |tag§,r}p§qy {fj gunimize
abokiydtioh bf tﬁaitmarateﬁ{fybleﬂ@,mhcon) to its oxide (typically silicon

dioxide). That oxidizing process can also cause detrimental oxidation to other

substrates such as metal electrodes or nitride barriers. Also, as is known in the

art some layers can be pervious fo oxidizing gases and cause detrimental

oxidation of a layer below the top substrate layer.

- The precursor compounds can be vaporized in the presence of an inert
carrier gas if desired. Additionally, an inert carrier gas can be used in purging
steps in an ALD process. The inert carrier gas is typically selected from the

group consisting of nitrogen, helium, argon, and combinations thereof. In the

12




15 pol yethers, thioethers, esters, |actones, Zhhebhmary 2007
am des, amnes (aliphatic or aromatic, primary,
secondary, or tertiary), polyamnes, nitriles,

cyanates, isocyanates, thiocyanates, silicone oils,

al cohol s, or conpounds contai ning conbinations of any

woofoodibgsabove or nmi xtures of one or nore pptutignabave.
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The conpounds are al so generally conpatible with each
other, so that mxtures of 20 variable quantities of
t IFENIEH 8 BETentaBYFRENG nlsneR) cRIrie 296 isione batgees noyinterfere
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I ner carrier ,gas IS 1.Ca sSel e e romtne rou
c GBI e i g, SRRE ! oxidf Gelergpiylileciney ©
C Qaybrs Bidth bedriiContilbor Qdbtratds NUSiREeithdrdaps? dbyRbiistagyce007 WO
2004/ 020689 PCT/ US2003/ 026,789 cont ext gf t.he present

i AXPSALY BY OF e PRREYrIor eomnopnds arg yaponizeddp adeppsiiongoes not

| Rhapibbine optwinilly cbiibinddavitihé S im@é rebdidn BREAD f@xade
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o S e o 4ot WD vt onsr ke 1
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coqt%p1na1|on f the !g%Fr (e. .,,OX|d?t|on,of silicon
t &lANIPIRnIghes el as ppsERiaRlsAnces PhAASHaNG 1asF 3RS Se es s
fafwﬂhkﬁﬂkngﬁnhwgn is a vapor depositifn proceszh
Vapor .(eposi.ti on processes ar.e ner ayored in
‘he seﬂa‘*?'aﬁ&X&&%ﬁﬂ%ﬂﬁ&&@ﬁvmc&ﬁyég? ge%ﬁﬂ@éﬁ%*@
C atjhekhiésh inltiie fagpe @DabGKI 19 Ao ﬁbﬂudﬂ)g . glri]ﬁryp@faﬁf;@,rtnml layers
even W I N dee ontacts an er eni n
Hickneshbt BBl S5 BEF 78 e oty a0 RRCARPU P Ay o
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Q forn1Lhin,,continTous uni f orm

ﬁ@%ﬁ%‘%ﬁf%%@%ﬁ%@?@% S refeipiiceipr gas at elevated

- temperatures to form the metal oxide layer. However, in the practice of this
invention, no such reaction gas is needed because the precursor of Formula I

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

compounds are vaporized and then introduced into a deposition chamber
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vapor deposition process, typically one or nore
precursor conpounds are vaporized in a deposition
chanber and optionally conbined with one or nore
reaction gases to forma netal oxide |layer onto a

woslastwat e. It wll be readily apparent peroiessikidel ed
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in 15 the art that the vapor deposition process nmay be
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| t d
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t ur or mul a
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Se | esire OSITI1 On
ot @ w i et e PR S R e T,

oi:om;mtmi Tox vaporslarytinswers tebugh & ghilink &ﬂhd’deﬁositﬁyer S, i n
' bec abl|lt

se 0 oceSS|n
> SR PR o h e R o7 Rt SR b it Mg igipnidhs
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contain ated substrate ti pnal action
C S DU i P ROV B aaperrean Rt s Bivbloa ARSuR B ERety
pﬂmmﬁ&&xrvaporlzed precursors are contacted with
reacti s(es) a e substrate surfac o forma
oo R Bl i iR Foron e R %s D T on
C partienlatlg sulable fue cheimivat@ipbri deptsmum t(l‘\!'D)t e dmssiltroad
the |

| RrpSRERE Bt obids YR s oS RO E 8 e Ateosy
v aﬁdmut 260°C omnabotucadAe), moierpadfermiyem slepargabfadodt 2Q0TCitd e

5!%%%8 (,C tﬁlngeposﬁll\@n crhamger pressurc is preferably maintained at a

dCPOSltIOIl pressure of about 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

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
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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( depesitimpestrdlly sgpDdhsmringheh aild exadlepnbnformality but also

good large area uniformity plus simple and accurate thickness control. Due to

alternate dosing of the precursor compounds and/or reaction gases, detrimental
vapor-phase reactions are inherently eliminated, in contrast to the CVD process
that is carried out by continuous coreaction of the precursors and/or reaction
gases. (See Vehkamiki et al, "Growth of SrTiQ, 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
chemical species (e.g., a precursor compound of Formula 1) to accomplish

chemisqrptidn of the species onto the substrate. Theoretically, the
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A typical CVD process may be carried out in a2&Febmasal007
vapor deposition reactor, such as a deposition

chanber avail abl e under the trade 5 designation of

7000 from CGenus, Inc. (Sunnyvale, CA), a deposition
chanber avail able under the trade designati on of 5000

wol20@meeepl i ed Materials, Inc. (Santa O afgys266dhic®r a

deposi ti on chanber avail abl e under the trade

. designatjon of Prismfrom Novelus, Inc. (San Jose,
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species contacting the substrate andfor chemisorbed species. Examples of carrier

gases include N,, Ar, He, etc. Purging may instead include contacting the
substrate and/or menolayer 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

process.
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nmonol ayer that is uniformy one atom or nol ecul e thick
on the entire exposed initial substrate. In other

words, a saturated nonolayer. Practically,

chem sorption m ght not occur on all portions of the

w(sgob)ﬁ(tzlfgaj e. Neverthel ess, such an inper pegis0RRRYyer
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is still a nonolayer in the context of the present
invention. In many applications, nerel
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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.

In comparison to the predominantly thermally driven CVD, ALD is

predominantly chemically driven. Accordingly, ALD is often conducted at
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PCTI US2003/ 026789 ALD is often descri bed as a
self-limting process, in that a finite nunber of

sites exist on a substrate to which the first species
may form chem cal bonds. The second species m ght

wodayzde®dnd to the first species and thuspapys:@lsasde
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self-limting. Once all of the finite nunber of sites
on a substrate are bonded ~with a first species, the
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The reactivity of a precursor compound can significantly influence the

process parameters in ALD. Under typical CVD process conditions, a highly

reactive compound may react in the gas phase generating particulates, depositing

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 precursots.

For example, if the first precursor is gas phase reactive with the second
- 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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carrier gas(es) is sufficient to saturate the28February 2007
substrate surface. Typically, the pulse duration is
fromabout 0.1 to about 5 seconds, preferably from

about 0.2 to about | second. 30 In conparison to the
predom nantly thermally driven CVD, ALD is
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i and dlea(mbetLlEWiﬂtherence to Figures 1-3. Referring to Figure 1, a

semiconductor wafer fragment 10 includes a capacitor construction 25 formed by

a method of the present invention. Wafer fragment 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
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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conditions, a highly reactive conpound nay react in
the gas phase generating particul ates, depositing 25
prematurely on undesired surfaces, producing poor
films, and/or yielding poor step coverage or
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capacitor 25. Diffusion barrier layer 30 can also prevent diffusion of silicon

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
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.
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delta cell, multi-fingered, or cylindrical cokBEdbmnery 2007
stacked capacitors), as well as 20 field effect

transi stor devices. A specific exanple of where a
dielectric layer is fornmed according to the present
invention is a capacitor construction. Exenplary

woCaRAedo0r constructions are described pittslBhRFgNCE
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to Figures 1-3. Referring to Figure 1, a sem conductor
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Rohrridriag#2 30 r 02, RhQ2. A capacitor dielectric layer 28

IS provided er first capa tor electrode 26, The
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f @idtibkd B beiapdstincOlayet sepafitd fidnttht Sp&itoPdectroddt. €t Rit@bI Y,
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shown m%lgure %\{a systzncl) Encl?légsrm Lls:losed vapor deposition chamber
110, in which a vacuum may be created using turbo pump 112 and backing pump
114. One or more substrates 116 (e.g., semiconductor substrates or substrate
assemblies) 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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15 using conditions well known to those of ski8 Februsry 2007
the art. After formation of barrier layer 30, a

second capacitor electrode 32 is fornmed over barrier

| ayer 30 to conplete construction of capacitor 25.
Second capacitor electrode 32 can include
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di ffusing fromdie

regardi ng the first capacitor electrode 26, and can
accordingly include, for exanp conductively 20
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30 can al so prevent diffusion of silicon 25 from net al
electrode 32 to dielectric |ayer 28. Figure 2
illustrates an alternative enbodi nent of a capacitor
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Barrier |ayer 30a can include constructions identical
to those discussed above wth reference to Figure 1.
Figure 3 illustrates yet another alternative
enbodi ment of a capacigxMmpIigonstruction. Li ke nuneral s
fromFigure | are utiliz e appropriate, wth
e LR DS O B he out F1 -+ b or by
differ arehamwmmalf@urama;fsﬁdsmﬂnﬂrrga@m sétupkrith ncl udes a

ca acitor, constructi on 25p @ he fi st and second
| e

Hpteplves ugfe coppuley congsl to p WFRPR™ INSEQueEpl £ st
dmsmﬂ lree reseivoiel cdmidtted to iRWRMSYer confairRd TINRR)RAE | Qo

QPG Bk e, Sner 30 bbb vee? | ayer 40

i §licdel Giafet WuYing Goged PolipSiliEdn@s a tob Riy&riand Gas Bdfithinelat Iy er 40
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16 197 B¢ dsPPYHOR- | ayer 28, whereas barrier layer 30 is

bet we eBach eRR1AvobRPAS-sdcOid pulse of H{OC(CH,),), and a 5-second

- pulse of Ti(NMe,),, each separated by a 10-second purge with argon and a 20-

second pump down under dynamic vacuum. The precursors were introduced

with helium carrier gas, using mass flow controllers set at 5 scem. After 400

cycles a (Hf, T)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.
The bomplete disclosures of the patents, patent documents, and
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el ectrode 32 and dielectric |ayer 28. Barri er2d Bgpewar 007
can be forned by nethods identical to those di scussed
above with reference to Figure 1 for formation of the
barrier layer 30. In the enbodi ments of Figures 1-3,
the barrier |layers are shown and 15 descri bed as being
wodbh@obopeet | ayers separate fromthe capacpéffisaosinzsise
electrodes. It is to be understood, however, that the
barrier layers can include conductive materials and
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can vary depending on the process used. Substrate 116
may be heated, for exanple, by an electrica
resi stance heater 118 on which substrate 116 is
mount ed. Ot her known net hods of heating the substrate
may al so be utilized. 30 In this process, precursor
compounds 160 (e.g., a refractory netal precursor
compound and an ether) are stored in vessels 162. The
precursor 21 28 February 2007 WO 2004/ 020689
PCT/ US2003/ 026789 conpounds are vapori zed and
separately fed along |lines 164 and 166 to the
deposi ti on chanber 110 using, for exanple, an inert
carrier gas 168. A reaction gas 170 nay be supplied
along line 172 as needed. Also, a purge gas 174, which
is often the same as the inert carrier gas 168, nmay be
supplied along line 176 as needed. As shown, a series
of val ves 180-185 are opened and cl osed as required.
5 The foll ow ng exanples are offered to further
illustrate the various
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speci fic and preferred enbodi nents and techni g8 Esbruary 2007
shoul d be understood, however, that many vari ations

and nodifications nay be nade while renaining 10

wi thin the scope of the present invention, so the \
scope of the invention is not intended to be limted

by the exanples. Unless specified otherw se, all
perLagis:ages shown in the exanpl es are percentages by

‘wei ght.. 15 EXAMPLE Exanple 1. Atonmic Layer Deposition

of (Hf, Ti)O2 A chanber of configuration shown'in

Fi JUR §némdPSE BStufuihd D senRREHRBLoL StriYdthré Sthe URMRY comprising:
conputer control to pulse the valves open in

s equenpiosidingmsemsicondhgtor sestricor sebsteterrseamadyit o t he

hanb nt ai ned. Ti (NMe2) 4 d 20 '
(St r enbreR eSS GRS Bt compayt Shibe BRI LOyQR Yy
S{HokHOR IYR{E4t 16R3VIRNGrEQRSS cBRbYuid 4fithe formtlaaVIF(IR?), ANRIRY),

¥
and was maintained at 150 C for .the deposition. Each
c{formauladlowherdina 5- second pul se of Hf (OC(CH3)3)4 and a

5-second pMI, zsmed_%zt%é&léllgg%ggm @aai_ch separated by a

10- second purge argon and a' 20- 25 second punp

down gndeg &maﬁ};ﬁir}amdmtlyﬁhﬁrmgrnagrs wer e O

i ntroduce t eliumcarrier gas S| ng nmass ow .
controller slgsB?, aad RS asqeach 1wepgmeg@bﬁy%93qnégag Organic group;
(HF, Ti)o2 fg%gsrw,qo A thick was obtained. The filmwas
nearly 50/ /' Ti based on x-ray photoel ectron
spectroscopyis(Xe8) anal ysi's, and had no detectable
nitrogen or carbopn. 30 The conpl ete discl osures of the
patents, pdl Bt ®dbcuments, and 22 28 February 2007 ,

WO 20041020689 +£gT/ US2003/ 026789 publications cited
herein are I ncorporated by reference in their entirety
as if eachqisdrar2; sl vi dual | y i ncorporated. Various

dificati d.alt t] t Q. thi.g. i L &0 W 2.
becor. appdy e A % 415 SaPRPR et PSR o thd b
daparting from the scope and spirit of this

invention. It should be understood that this i nventi on
i s notontaetingthe presutser eavensupds forfpima @ mgfaliqyide layer on one or

idds | ¥Rne el £kt _

RS RO PR RS S  oor
- degsdtitingiocess, B

' wherein the vapor deposition process is an atomic layer deposition process

comprising a plurality of deposition cycles.

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

assembly is a silicon wafer.
3. The méth@d‘ of claim 1 wherein the metal oxide layer is a dielectric layer.
4, The method of claim 1 wherein M* and M2 are selected from the group of

. metals consisting of Groups 3, 4, 5,6, 7, 13, 14, and the lanthanides.

2%




by way of exanple only with the scope of the Zhlenuarga007
intended to be l[imted only by the clains set forth
herein as follows. 23 28 February 2007 CLAIMS: 1. A

nmet hod of manufacturing a sem conductor structure, the
met hod conprising: providing a sem conductor

substrate or substrate assenbly; providing at | east

ONF IHRGHERAT o PR RHerefn NiNgnd 0P Mdlsaledled (rodn thOBrolip of
(Formula I) and_at | east one precursor conpound of " the

f aRetals sonmtNRES W Nm:#mNd(@éﬁmZxaHﬂI)lb T 8i, enchAlM ~and
M2 are the sane a netal; each R is independently an
organi c group; R2, RS, and R are each i ndependent |y

' h}6d I e mettiodasT cliifiawkeréin QhPinetaKodide Ryé&rhad a thickrsd oftabout

; °WIStO4 zislto8 qis1lor 2, and X, y, z,
@u'dfgb‘éﬂdent on the oxidation states of M and

I\/Q; and contacting the precursor conpounds to forma

met al oxide |ayer on one or nore surfaces of the

s&mi Fhadhettodrof slzhﬁ tirveliegein kachUi'sik Exﬁlepe:ﬂﬁﬁt@‘m{(yl gs) sgardic

process wherein the va
@B%‘& e 3%0%? a{ﬁ'seaah indepsndentiytpdrossa eagm -619) organic
PER@ESS conprising a plurality of deposition cycles.
2; e method of claim| wherein the seniconductor
substrate or substrate assenbly is a siIicOn waf er .

' i BRA0pr Bhink) Mt X BEE Patd s TR o xi ot

vvhereln M and M2 are selected fromthe group of
nmetal s consisting of Goups 3, 4, S 6, 7, 13, 14, and
t e Themethad .@glamghwheremwm0t02andz132t06 :

10. A method of manufacturing a semiconductor structure, ihe method
comprising:
providing a semiconductor substrate or substrate assembly withina
deposition chamber; _
providing at least one precursor compound of the formula M'(0) (OR"),
{(Formula I) and at least oné precursor compound of the formula M*(NR?),(NR’R?),
(Formula II), wherein:
M! and M? are the same metal;
each R' is independently an organic group;
R% R, and R* are each independently hydrogen or an organic ,gfoup;
xis O to 4; -
yislto§;
wis0to4;
zis1to §;
qislorZand |
- X, 5, 2z, and w are. dependent on the oxidation states of M* and M2

vaponzzng the precursor compounds to form Vaponzed precursor

25




28 February 2007 5. The nethod of claim4 whd Eehwuawy 2007
and M2 are selected fromthe group of netals

consisting of Y, La, Pr, Nd, Gd, Ti, Zr, Hf, Nb, Ta,

Si, and Al. 6. The nethod of claim| wherein the netal
oxi de | ayer has a thickness of about 30 A to about 80
A. 7. The method of claim| wherein each R is

%ﬁm%%hy a (Cl-C6) organic group, and R2, R3,

are each independently hydrogen or a (Cl-C6)

or gani directing the. vagoriZei prevetsoo dormpouwndaiathe saMewmsllumox substrate
of cla

R RGeS o et oo dplsRie i Spoputrtse spices

NSMHE SenhidbildBtoRsiRIFhE 8P SifiRle a’dchitty,ur e, the nethod
conprising: providing a sem conductor substrate or

subst r‘ﬁh@elas&mﬂﬂlqg mdtdmenh% thd @paswispr mmmhadﬂoe accompilshed
v, precur sor

PSR L A0 o o POR oPfcRS) s o S diiifcigpesvetes

precur sor conpound of the formula M(NR2),,, (NR Ra),

(Formula I'1), wherein: M and M2 are the sane netal;

64¢ h TRe niethoddeRan d 6 RiHeYeil theQfr8siidos canpsids B%,vaﬁ%nzea 36l the
R are each _i ndependent|y hydrogen or an organi c group;

wrsepepf apdner| aiggas.wi sGto4, z is | to 8, qis 1 or
2; and x, y, z, and w are dependent on the oxidation

~ states of M and M2, vaporizing the precursor
d@np@hessthod of claim YapbeiciieM' phé 0 80 seletted Fboni therguéupy/of

2007 co oun and recting. the vaporlzed precur sor
B EATEETRG OF GiouBbh b onubtIe 146 dbd Heduhanides.

13. The'mcthod of claim I wherein during the atomic layer deposition process the
metal-containing layer is formed by alternately infroducing the precursor

compounds during each deposition cycle.

14. The method of claim 1 wherein the temperature of the semiconductor substrate

or substrate assembly is about 25°C to about 400°C.

15. The method of claim 1 wherein the semiconductor substrate or substrate
assembly is in a deposition chamber having a pressure of about 10 torr to about 1

torr.

16. A method of forming a metal oxide layer on a su-bstrate,'-the method
- comprising: ' |
providing a substrate; _
providing at least one precursor compound of the formula M'q(O)x(OR )y
(Formula) and at least one precursor compound of the fomlula M’ (NRY,(NR’RY),
(Formula II), wherein: '

-~ M and M? are the same metal :
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or substrate assenbly to forma netal oxide d2&Feugtary@007
| ayer on one or nore surfaces of the sem conductor
substrate or substrate assenbly, wherein vaporizing
and directing the precursor conpounds is acconplished
using an atom c | ayer deposition process conprising a
plurality of deposition cycles. 11. The nethod of
clai m 10 whaeeRhistigepRh®aYy a0 broaRidRaipds are vapori zed
in the presence of an inert carriéer gas.. 12.. The
met hod of d¥aRand Rikerearihindepeadentlythydroges of ancargani¢ grop;
t he group of. rpat als consisting of Goups 3, 4, 5, 6,
7, 13, 14, xaﬁg ?ﬁe | ant hani des. 13. The net hod of
claim | wherigilnoguri ng the atomc |ayer deposition
process the _net al - cont ai ni ng layer is formed by
al t er nat el yWisfttodduci ng t he precursor conpounds
during each. §3|§_)(9§J'ti on cycle. 14. The nethod of claim
-1 wherein the tenperature of the sem conductor
substrate qdslsubsdndate assenbly is about 25C to about
400C. 15. The nethod of claim 1 wherei.n the ,
seni conduc ¥, % ALY derspdcat g thegridation stalen P{M and M’y
ggposi tion chanber having a pressure of about 10" torn
to about I torn. 16. A nethod of formng a netal
oxi de chrtgetingdhe presurbmtooaipeyndshe foret dwoetal eddplaysiondhe
pr.ovi ding a substrat.e; providing at |east one
SrafubheRomtidmouion B mi'a Mol Ox(OR)y
( For mMyh@redn th8RepdkidepS8iin R0QsPIsR6 WiHHE 15RPRYYSHoRbroceR
formula MZ(NRZ)YWNR R4)x.” (Formula Il), wherein:” M
sempNsing p pluraiidy abdapostiombycles. 26 28 February 2007 each
R is independently an organic group; R2, R3, and R
‘are each i ndependently hydrogen or. an organi c group;
- x¥.sOTrednethod 6f ¢laiiD ] Bivhedin the Sulis@atd is a gilicch wifer. 8;

18. The method of claim 16 wherein the metal oxide layer is a dielectric layer.

19. The method of claim 16 wherein M' and M2 are selected from the group of
metals consisting of Groups 3, 4, 5, 6, 7, 13, 14, and the lanthanides.

20. The method Qf claim 19 wherein M' and M? are selected from the group of
metals consisting of Y, La, Pr, Nd, Gd, Ti, Zr, HIf, Nb, Ta, Si, and Al

21. The method of claim 16 wherein the metal oxide layer has a thickness of about

30 A to about 80 A.
22.  ‘The method of claim 16 wherein each R is independently a (C1-C6) organic

- group, and R R3, and R? are each independently hydro gen or a (C1-C6) (_)rganic :
group. |
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qisi or 2; and x, y, z, and w are dependent2®hetrbary 2007
oxi dation states of M and M2; and contacting the
precursor conmpounds to forma netal oxide |ayer on the
substrate using a vapor deposition process, wherein
t he vapor deposition process is an atomc |ayer
deposition process conprising a plurality of
deposi tion cycles. 17. The method of claim 16 wherein
t Rg- stimethed ef fosmimegi metelovkidedyar onpgubstrate, thehglobf
ck&hgﬁ&g.mherein the netal oxide layer is a dielectric
| ayet. 9. The nethod of claim 16 wherein M and M
are sepeeidiak § Bebsirhdee group of netals consisting of
Goups 3,.4, 5 6, 7, 13, 14, and the | anthani es.gﬁﬁ.
The nePRiiRg atdeast pacieor spmparndefdhaformpla MeQdOR),
f i St By, 4
A AP e o ikl SOl i i Pl AN, DR,
c(Fiulk@Dyvhereinn t he nmetal oxi de | ayer has a thickness
of about 30,A to abQ%t 80 A. 22. The nethod of claim
16 wher ei n ¥a@Rd M’ arg FAYepBEEently a (Cl -C6) organic
group, and 2§ - ] endent |y
hydr ogen oré%hI%%%%%?ﬁgggggﬁg%ﬁ%?guggﬁg7 28 February
2007 23. MARyEfad Rifard exchindgpendertlphydragaier lan prganicrgreup;
substrate, the, nethod conprising: providing a
substrate: HFR&®PF ng at | east one precursor conpound
of the fornpisg tygg(O x(OR )y (Fornula 1) and at | east
one precursor conpound of the formul a
M2(NR2) , W NRBF® t0A4; (Fornula 11), wherein: M and MZ
~are the sagﬁsqqﬁgl; each R is independently an

or gani ¢ gr oup; ’ R3, and R' ‘are each independently
hydrogen orgian @2gasd ¢ group; xisOto4; y is | to 8;

X, ¥, z, and w are dependent on the oxidation states of M’ and M?;
vaporizing the precursor com’p(;unds to form vaporized precursor
compounds; and -
directing the vaporized precﬁrsbr compounds to the substrate to form a metal
oxide layer on the substrate, |
wherein vaporizing and directing the precursor compounds is accomplished

using an atomic layer deposition process comprising a plurality of deposition cycles.

'24. A method of manufacturing a memory device structure comprising:
providiﬁg a substrate having a first eiectrod_e thereon;
providing at least one precursor compound of the formula M‘q(O)x(OR'),
.. (Formula I).and at least one precursor compound of the formula M(NR?),(NR’R"),
(Formula IT), wherein: ' |
M and M? aré the same mietal;
each R! is independently an organic group; ‘
R R and R* aré each independently hydrogen or an organic group;
XisQto 4, | ' |
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wisGto4; zisl to8; gis 1 or 2; and x, y,2%FetamatyR007
are dependent on the oxidation states of M and M;
vapori zing the precursor conmpounds to form vapori zed
precursor conpounds; and directing the vaporized
precursor conpounds to the substrate to forma neta
oxi de | ayer on the substrate, wherein vaporizing and
directing the pr cursor conpounds is acconpli shed
using an atbhilct %%yer deposition process conprising a
plurality of jdgppgition cycles. 24. A nethod of

manuf acturing a nenory device structure conprising:
provi di ng awsudet®; ate having a first el ectrode

“t her eon; proyidi —at | east one precursor conpound of
t he fornul a3 ¥ 2§ )y (Formula I) and at | east
one precur s@@,%ﬂawmfﬁ eﬂcﬂ%ﬁt dPhB Yk RafidH el MOMRARIMR,
(Formul a II) wher ei n: and MZ are the sanme netal;
each Rfappgzma&@pvemw cgmapumisge firm potiped (RACUIRE,  and
) %@§m§§0h i ndependent |y hydrogen or an organic group;
XES 528 o i 28 February 2007 vy is

to 8; direolingdtht Qapbirized ptedutsbPedtnpdind$ tdthe dubsaB t& forkh a metal
z, .and w are dependent on the oxidation states of M

aﬁfadq\@electvakﬁm o thg firitlgstrede pE e sulstpsums to form

th
Vapor (EaoRR SERhS oo STAPHASRIAE B8, 03, S 1o form
a met avherex vaierding aad directingthe preearsbheorhpouatls Blaecimplibhed

of .the substrate, . s
using an aton%c ayer Sepogllgon process comprising a plurality of deposition cycles.

25.  The method of claim 24 wherein the metal oxide dielectric layer is selected
from the group consisting of ZrQ,, HfO,, Ta,0;, Al,05, TiO,, and an oxide of a

lanthanide.

26. 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‘Q(O),_‘(OR‘)J, (Formula I); and
one or more vessels comprising one or more one precursor compounds of the
formula M3(NR?), (NR®RY), (Formula IT), wherein:
M' and M? are the same metal;
 eachR'is independenﬂy an organic group;
| R% R®, and R are each 1ndependently hydrogen or an organic group;
- xisOto4; '
yisi1t08;
wis Oto4;
.zis 1.t0 8;

-gis ) or2; and
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form ng a second el ectrode on the dielectric P&fdruary 2007
wherei n vaporizing and directing the precursor
compounds is acconplished wusing an atom c |ayer
deposition process conprising a plurality of

- deposition cycles. 25. The nethod of claim 24 wherein
the nmetal oxide dielectric layer is selected fromthe
group consi stin f Zree, H 2, Ta2(3,. A1203, Ji,X2,.. -
and an ox dedh T & IFeRRE o 5 OXROAiaR SRR a8 ML AH &
appar aftidfeis HRaps dPosifio FRPAFandERR YhpdiPR 0 AXB& the precursor
havi ng. a substrate positioned therei'n; one or nore
weBwenls usig ah giomgjc dayver depositive pracesswonprisingrpderliy obf
the .formula Mq(Ox(OR )y (Formula 1); and one or
&%P%“W%§§%k§ conpri sing one or nore one precursor
conpounds of the formula M(NR2),,,(NWR )z (Formul a
[1), wherein: M _and M2 are the sanme netal; each R is
i2d e peninpatatip of wlasmggriviergn thapubsimte iR sikigon vRferar e

each i ndependently hydrogen or an organi c group;
Xis&o4; yisl to8 wsQo4, zisl. to8; gqis |
@B-.le’heBa'margﬁls_-of g}aim-zé-furﬂ?]erziimﬁghﬁgl any/ o210k _90u1];c¢s ofzan igert
and w are dependent on the oxidation states of M an
FRTier 08 é?fémﬁ%ﬁ@l&%ﬁ Brecusps e thegnpersisrpsition chagpber.
vaporize and-direct the precursor conpounds using an
atom c | ayer deposition process conprising a plurality
of deposition cycles. 27. The apparatus of claim 26
wherein the substrate is a silicon wafer. 28. The
apparatus of claim26 further conprising one or nore
sources of an inert «carrier gas for transferring the
precursors to the vapor deposition chanber. 30
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