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The continuous shrinkage of microelectronic devices such as capacitors
and gates over the years has led to a situation where the materials traditionally
used in integrated circuit technology are approaching their performance limits.

25  Silicon (i.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

30  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
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alkoxide, serving as both a metal source and an oxygen source, reacts with
25  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.
30 Despite these continual improvements in semiconductor dielectric layers,

there remains a need for a vapor deposition process utilizing sufficiently volatile
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and at least one precursor compound of the formula M(NR'R"),, wherein R, R,
and R" are each independently an organic group and M is zirconium or hafnium;
and contacting the precursor compounds to form a metal-containing layer

25  (preferably a dielectric layer) on one or more surfaces of the substrate using a
vapor deposition process.

Preferably, a method of the present invention involves: providing a

substrate (preferably a semiconductor substrate or substrate assembly such as a
silicon wafer) within a deposition chamber; providing at least one silicon

30  precursor compound having the formula Si(OR), and at least one precursor

compound of the formula M(NR'R"),, wherein R, R', and R" are each
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25  metal oxides, silicon oxides, and combinations thereof. For certain
embodiments, the metal-containing layer can include a solid solution that
includes, for example, zirconium oxide, hafnium oxide, and silicon oxides.
The present invention also provides a vapor deposition apparatus that
includes: a vapor deposition chamber having a substrate positioned therein; one

30  or more vessels comprising one or more silicon precursor compounds having the

formula Si(OR),; and one or more vessels comprising one or more one precursor
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and HfSiO,, respectively, but for this invention the terms "zirconium silicate"
and "hafnium silicate” are meant to also include other stoichiometric reaction

25  products of SiO,, ZrO, and HfO, having the general formulas Zr,Si, O, and
HIf,Si,0,, respectively, wherein ¢ =2 (a + b), which is meant to also include SiO,
stabilized zirconium oxide and/or hafnium oxide. Metal-containing layers
containing mixed zirconium/hafnium silicates of the general formula
Zr Hf Si.0,, wherein d =2 (a + b + ¢), are also contemplated to be included

30  within the scope of this invention.
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alternately pulses these materials into the deposition chamber, but does not
25  rigorously avoid intermixing of the precursor and reaction gas streams, as is
typically done in atomic layer deposition or ALD (discussed in greater detail
below).
"Atomic layer deposition" (ALD) as used herein refers to a vapor
deposition process in which numerous consecutive deposition cycles are
30  conducted in a deposition chamber. Typically, during each cycle the metal

precursor is chemisorbed to the substrate surface; excess precursor is purged out;
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25  typically separated by an inert carrier gas purge. Each precursor compound co-

reaction adds a new atomic layer to previously deposited layers to form a
cumulative solid layer. The cycle is repeated, typically for several hundred
times, to gradually form the desired layer thickness. It should be understood that

ALD can alternately utilize one precursor compound, which is chemisorbed, and

30  one reaction gas, which reacts with the chemisorbed species.



(See "The Condensed Chem cal Dictionary", 10th

edition, revised by G G Haw ey, published by Van
wOl@b0z0e81 Rei nhol d Co., New York, 225 (1981)).Pdies2003/027152

techni que of ALD is based on the principle of the
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by s TPprai Slicats leD R AR oE e Pkl =
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of B PresuiaE R is et PR sl MARETDs S B, Ky @R
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The pr esdhe layamsemtlilon fgmedican be iptha dersn of metgl-peniginiag films,
ayen. (prefe . i ' r ' Lljcate
1 2 Sy B L B oAU B 3L
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silicon precursor conpounds,_ of the formyla Si( 4
and halmamgrangsHiconi(s-8e Al Qertabiliged Zirconipm; %ﬁiep%‘m%um
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pendentl'y an organic group and Mis
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28 © iansertnpc%nzlgcrtgr] S%E)strrg%é 81! su (s)t?atttg Llsr]c,ie%glyf.' iAnrgfss!uitable semiconductor
material is contemplated, such as for example, conductively doped polysilicon
(for this invention simply referred to as "silicon"). A substrate assembly may
also contain a layer that includes platinum, iridium, rhodium, ruthenium,
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



15 which is used herein to refer to zirconium

silicate, hafniumsilicate, or zirconium hafnium
waRdosot6e1 as well as solid solutions of oxi deBCD1S2003/027152

zirconium hafnium and silicon (e.g., SIQ2

stabilized zirconi um oxi de and/or hafnium oxide).
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SubSOER TR SabinF 520 T en) (Epht L 39 goans a satrated or
ass gidahitatell iBedraY 8fckdihydfochAolBEodp. MBS fe¥medudddgo

| owest sem conductor surface of thé substrate, or

t hegneoapabralkyls atienydrandrmjkyoy] groves; fategamplet Ade teryetadkyl
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1 Espu oo it e A EERE LR s SHOLRS
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i nvention to’nean a on grou
cl ags. fdadsnagriam doubleltehdg, gchapa virgy gloup. dhe tgym "atkynyl

o REP R oty Guppr Seckeioogiplse Fighotogeon eroup

Pr e$8ilonk Y Bidkd SFbokBirbPrRIOBARR! ThOTPMPEydR drbfip" means a
precursor conpounds of this invention are ¥hose t'hat

do elosed mughydsoarhunt groumhthat i chassifiedas f aliyclic group, aromatic
{neef: E{;?ﬁlég(grtshaeltqr}{)]gyghlé gyo%%. e [[]ecllmv'%ﬁg}[clig ?gpo%%l" trrlle%ﬂs a cyclic
hydrocarbon group having properties resembling those of aliphatic groups. The

25  term "aromatic group" or "aryl group" means a mono- or polynuclear aromatic
hydrocarbon group. The term "heterocyclic group” means a closed ring
hydrocarbon in which one or more of the atoms in the ring is an element other
than carbon (e.g., nitrogen, oxygen, sulfur, etc.).

As a means of simplifying the discussion and the recitation of certain

30  terminology used throughout this application, the terms "group" and "moiety"

are used to differentiate between chemical species that allow for substitution or



context of the present invention, the term"aliphatic

group" neans a saturated or unsaturated |inear or
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term nol og@pused t hroughout this application
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I?etgﬁ n chem cal species that allow for substitution
2004/ 020691 PCT/ US2003/ 027152 that may be

subst i t uFegdalait@ prévaser thapodds bothis@vahtidyWRii©kn organic group
substitution or mpy not be so substitut ed. Thus, when

t he (Rreferab @@a@&ani%me@aa Rreferrbbics ((leCA Oafierheronp (preferably,
b I
t he o Ay B biet M QRAREIRR, AR TR A B 5. iRy
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|| arb l. th
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substituent, only an wunsubstituted chem cal nmateri al
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opett R i BavtiFiab B ey Gr bl BGH SRt Blamiay
SUC o2& pieBiribly a (€1 JGG)alkﬂrgi’M (préfeﬂ&bllyy hn al®0mbRE)), and most
25  preferably a "lower" (i.e., C1-C4) alkyl group (preferably, an alkyl moiety --
methyl, ethyl, n-propyl, isopropyl, or butyl). Preferably, all of the R groups are
the same. A compound represented by the formula Si(OR), has two commonly
used equivalent names: either tetraorganoxysilane (e.g., tetraalkoxysilane) or
tetraorgano orthosilicate (e.g., tetraalkyl orthosilicate). Examples of suitable
30  silicon precursor compounds include tetramethyl orthosilicate, tetraethyl

orthosilicate, tetrapropyl orthosilicate, tetrabutyl orthosilicate, tetrakis(2-

10
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substituents known in the art, 10 such as hydroxy,
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The zirconium and hafnium dialkylamide compounds can be prepared
25  using standard techniques. For example, zirconium and hafnium chlorides can
be reacted with lithium dialkylamides. Alternatively, such compounds are
commercially available. For example, tetrakis(dimethylamino) zirconium and
tetrakis(dimentylamino)hafnium are available from Strem Chemical Co.
Various precursor compounds can be used in various combinations,

30  optionally with one or more organic solvents (particularly for CVD processes),

to form a precursor composition. The precursor compounds may be liquids or

11
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crude reaction product. Preferably, the silicon
wW@e@ae®or conpound i s tetrai sopropoxysilane oPCT/US2003/027152

tetraet hoxysil ane. For the zirconium precursor
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composi ti I . I GLL
1100 2005 Svas e CEBbLSRERSY BicaRh rdquithis: £EvD

t enpeocesshiean feqomefoz madst pf theHeljowing: kliphstid$ydtocabens or
2O R T R4l b BB O 58 g o
knolifearp BRSm AR MG &Idchi®ond @S0OROURA préfeMBNATL5-C28), BilokdSited
t heﬁydr;ggargcl)nsé?sﬂt})l?ated hydrocarbons such as alkylsilanes, alkylsilicates, ethers,

polyethers, thioethers, esters, lactones, ammonia, amides, amines (aliphatic or
aromatic, primary, secondary, or tertiary), polyamines, nitriles, cyanates,

25  isocyanates, thiocyanates, silicone oils, alcohols, or compounds containing
combinations of any of the above or mixtures of one or more of the above. The
compounds are also generally compatible with each other, so that mixtures of
variable quantities of the precursor compounds will not interact to significantly
change their physical properties.

30 For this invention, preferably no reaction gas is employed to minimize

oxidation of the substrate (typically silicon) to its oxide (typically silicon
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sufficiently volatile that they can be vaporized or

sublined fromthe solid state using known vapor
walepesttehon techni ques. If they are | ess vol at PCBUS2003/027152
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2004/ 020984 fiRslA}D288R 42y, hallelectric layer) formed preferably has a
25  thickness in the'range of about 10 A to about 500 A. More preferably, the
thickness of the metal-containing layer is in the range of about 30 A to about 80
A.
In most vapor deposition processes, the precursor compound(s) are
typically reacted with an oxidizing or reducing reaction gas (e.g., water vapor,
30  oxygen or ammonia) at elevated temperatures to form the metal-containing

layer. However, in the practice of this invention, no such reaction gas is needed
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25  controlled by the temperature of the reservoir containing the precursor
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Preferred embodiments of the precursor compounds described herein are
particularly suitable for chemical vapor deposition (CVD). The deposition
30  temperature at the substrate surface is preferably held at a temperature in a range

of about 100°C to about 600°C, more preferably in the range of about 200°C to
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(e.g., dielectric layer) and to expose the metal precursor compounds to lower
25  volatilization and reaction temperatures to minimize degradation. Typically, in
an ALD process, each reactant is pulsed sequentially onto a suitable substrate,
typically at deposition temperatures of about 25°C to about 400°C (preferably
about 150°C to about 300°C), which is generally lower than presently used in
CVD processes. Under such conditions the film growth is typically self-limiting
30  (i.e., when the reactive sites on a surface are used up in an ALD process, the

deposition generally stops), insuring not only excellent conformality but also
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o "&o monolayers may be of the same species. As an option, the second species
can react with the first species, but not chemisorb additional material thereto.
25  Thatis, the second species can cleave some portion of the chemisorbed first
species, altering such monolayer without forming another monolayer thereon.
Also, a third species or more may be successively chemisorbed (or reacted) and
purged just as described for the first and second species. Optionally, the second
species (or third or subsequent) can include at least one reaction gas if desired.
30 Purging may involve a variety of techniques including, but not limited to,

contacting the substrate and/or monolayer with a carrier gas and/or lowering
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25 Thus, during the ALD process, numerous consecutive deposition cycles
are conducted in the deposition chamber, each cycle depositing a very thin
metal-containing layer (usually less than one monolayer such that the growth
rate on average is from about 0.2 to about 3.0 Angstroms per cycle), until a layer
of the desired thickness is built up on the substrate of interest. The layer

30  deposition is accomplished by alternately introducing (i.e., by pulsing) silicon

precursor compound(s) and zirconium/hafnium precursor compound(s) (i.e.,
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the temperature of the first precursor chemisorption. Chemisorption and
25  subsequent reactions could instead occur at exactly the same temperature.

For a typical ALD process, the pressure inside the deposition chamber is
kept at about 10 torr to about 1 torr, preferably about 10 torr to about 0.1 torr.
Typically, the deposition chamber is purged with an inert carrier gas after the
vaporized precursor compound(s) have been introduced into the chamber and/or

30 reacted for each cycle. The inert carrier gas(es) can also be introduced with the

vaporized precursor compound(s) during each cycle.
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such anneals may be performed in one or more annealing steps.

As stated above, the use of the complexes and methods of forming films
25  of the present invention are beneficial for a wide variety of thin film applications
in semiconductor structures, particularly those using high dielectric materials.
For example, such applications include capacitors such as planar cells, trench
cells (e.g., double sidewall trench capacitors), stacked cells (e.g., crown, V-cell,
delta cell, multi-fingered, or cylindrical container stacked capacitors), as well as

30 field effect transistor devices.
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The following examples are offered to further illustrate the various

25  specific and preferred embodiments and techniques. It should be understood,
however, that many variations and modifications may be made while remaining
within the scope of the present invention, so the scope of the invention is not
intended to be limited by the examples. Unless specified otherwise, all
percentages shown in the examples are percentages by weight.

30

EXAMPLES
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After layer formation on the substrate, an annealing
process can be optionally perforned in situ in the
waepestehon chanber in a nitrogen atnosphere BEI/U82003/027152
oxi di zi ng atnosphere. Preferably, the annealing
tenperature is within the range of about 400C to about
1008gamplarlt i Synttesis pf iétra'sopm@;xysiﬂvameaﬁﬁ@éJIH(GIjL)ZL

tenperature i S nore f.er abl 4OOC 0 about
e o R R e R T b R iR i G DR ORE e ves
The cRRpQPNIRI0ORE! @Ednﬁ&ldﬂoﬁs Rb?)%ﬁﬂ%‘l’éo\hol eRvig arRsded Rhteat of

time period of about 5 mnu to about 60 m nutes

and23®pem2g dpﬁeérﬁ@pd\ by i’xafld?lsqhet Andyper iTdyngh malbelisiligon
m_ n ettr%cllilgngg (‘Z)a%]tl U%E a- A(?aﬁc 50' i\f Fwealk?e t\{}f) v@a{s ad. ed

recogni enpera ures an peri‘o

5ray sho@lyio the Ellcoﬁ(%laiﬂ'@lhblenf uhipasturaonaal 5 aithte pem(ﬁi by syringe.
ther mal anneal |O§gh used, and further,  such
§

ann&Ariag Hgrepdi %W%S phithe flasloformed an shHision; ang
Steﬁ}?(ghebfﬁ}eﬁtt@g?&t above, the use of the conpl exes and

formng filnse 25 of the present invention
are beneAften s'azindﬁngr atambiiche comdifi@isyfon?4 hdnurg, the tantents of the
n semco

{ t t t
ng %8@?@9@%@%@? nﬁﬂ%f vt et iy b sging of theaipper layer

1607 wRxAaRlsterrea s h fﬁﬁ@édrﬁﬁ&tb@ ﬂ?a bﬁl&f)ﬁé’eﬁdﬁﬁlﬂ)ﬁ&htaﬁﬁﬁaﬁ@ Clthe
as planar cells, trench (e.g., double sidewall

tre mhroq»ab@lcmhorb rv@): remw\wdlfmdn d@l rbactl()e mjx{urgbydistilling at 78°C

I ti-f | |
Son b wanoBhe b stts e Ao RS P i the SRRy, by-
ef f ?ﬁidu&ﬂg@ﬁdzg%h@hloﬁay lo6EWas 1htdr &AM 8260 IFollowing alcohol
CT/ US2003/ 152 A specific exanple of where a

rret and Bohreamonahghe epde rqaémmnmd@@ orad idisdilled at H “prveighamt the
1% |n¥ E%ph%glrgmg lrgcoggr e S[ulﬂied Isea(‘%on r&?ﬁ ﬁg(ﬁéﬁgﬁﬁg%,%hoge

i con-based es or

Ref gufifyrigd ﬂdﬁﬂtlfeatﬁirgwﬁfvehﬁed upmgt(}ﬂ'MSdmaEﬁts e structure
66 1s shown over substrate 50 and gate dielectric 54.
This includes a gate polysilicon filmb56, a barrier

o BN honl sty fas o o

I ng cap (e.g., silicon
d| oxi de Using sn |Aldbproaedsr pxda)rsoramdapgunﬂas&aiﬁhiumaﬁmeﬂsdaﬁﬁde,

2 b PEUE s P S BBy N0 P Bepbbhalon pr osesses
( chedasabropdRilafe FS‘?[?)@H&THQZ‘] » @Je%"&lf‘erﬁa@éﬁ? E)uﬂé‘cpﬁfr'_lzbo efdles

of the present invention 1S own in Figure 2.
sys uréﬁaudnmsutdesciambeh@qmgm\a&pimon Gulprtraie With a coralapesr

10 110 a_vacuu ated u tur
ou nﬁOTR%Seg ﬁ)g,h gg(g] é]n%sdroms oF ané’peH pofysﬁlco % ¢’ layer oP
(Hf,S1)O, was deposited, containing 25 atom % Hf, 10 atom % Si and oxygen.
25  X-ray diffraction analysis (XRD) showed the layer to be amorphous, as
measured immediately after the ALD process was completed and also after a

750°C /1 minute anneal in oxygen.
The complete disclosures of the patents, patent documents, and

30  publications cited herein are incorporated by reference in their entirety as if each

were individually incorporated. Various modifications and alterations to this
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punp 114. One or nore substrates 116 (e.g.,

sem conduct or substrates or substrate assenblies) are
weemihwned i n chanber 110. A constant nom nal PCT/US2003/027152

tenperature is established for substrate 116, which

can vary depending on the process used. Substrate 116

mayinventieawdbbecbme apparantite thdsy skilediretht nitodthobbdeparting from

resistance heater .118. on whi ch substr at 16, 1S ... . .

o SROPNSP 96 S HEEHS I SROURbaS Pror bibis ayegtion

MBY jsBHof hidiRiel b bé &&fly lithitd b tHRIA68ESive BIBEHMRRESs and

conpounds 160 (e.g., a silicon precursor conpound)

ar eexampleiset forthdesein end 8t suchexpmples eadembotipsoisdse ar e

vaporized., and separately. fe | ong |l i-nes. 16 nd 1

! o Birablitppliey SRORREICy 196 e Rige o BRipt SR M kA o be

AN {ipged o8B by thE cldans kb fortither€ings Fsllbvgas 170 may be

supplied along Iline 172 as needed. Al so, a purge gas

174, which is often the same as the inert carrier gas

168, may be supplied along line 176 as needed. As

shown, a series of valves 180-185 are opened and

cl osed as required. The follow ng exanples are offered

to further illustrate the various 25 specific and

preferred enbodi nents and techni ques. It should be

under st ood, however, that nmany variations and

nodi fications may be made while remaining wthin the

scope of the present invention, so the scope of the

invention is not intended to be [imted by the

exanpl es. Unless specified otherwi se, all percentages

shown in the exanpl es are percentages by weight. 30

EXAMPLES 20 WD 2004/ 020691 PCT/ US2003/ 027152 Exanpl e

1. Synthesis of Tetraisopropoxysilane, Si[OCH(CH3)2]4

A dry argon-purged flask equi pped with stirrer and

thernoneter was charged with 100 nL of anhydrous

i sopropyl al cohol (having a water content of 230 ppm

as determ ned by Karl Fischer Analysis). Then 25 nL of

silicon tetrachloride (available from Sigma-Aldrich

Co., MIwaukee, W) was added 5 slowy to the al coho

at anbient tenperature over a 25 minute period by

syringe. During the reaction the contents of the

flask fornmed an enul sion and exotherned to 35C

22



After standing at anbient conditions for 24 hours, the
contents of the flask had fornmed two | ayers. The

wo owef2déayer al ong with sonme of the upper | ayePCT/Li82003/027152
were transferred to a flask connected to a one-piece
di stillation apparatus. The isopropyl al cohol was
r enitetl Isf Clabmddils: r eacti on m xture by distilling at 78C
and_ at mospheri.c pressure usin n._argon purqge. i ng
© he  arSPEPa 0T BRMBSTRE atEL PG GEaRo R B e
was ciamtigRo:f rom t he system Follow ng al cohol and HC

removal , the crude reaction product was distilled at
166C wi tirovidingteesetBcandgeinr pubsigate oo substraigassentidy;

purified reacti roduct ,  Si [ OCH( CH3) 2] 4., wh

U ty BT e DlroRde PPt PRl il M formuia
fNaRYORY, arfdd MakEong. préuddbr Cotpy@id dRROfrinbIMAIR'R"),,

(Hf, Si )2 Using an ALD process, precursaor conpounds

haf WheieimR Rt agd Bivpigeach pdepmdsiptorm apauic grupapd M is
Chepi.cal . Part, MA), and

t et ?%?@E%ng@%& ’aaﬁg, Si [ OCH(CH3) 2] 4, were

al t er nat@hnyacing gedrécirso? 00mpywaidsso formt omatatieqasiningdayer on

chanber cont ai hi ng silicon substrate with a to .
| ay B8R OBACUEACBO! %mwpg@wewtbéﬁa’fﬁ ofgBtjate assembly using
100! ¥k 3r3ﬁBosit'ﬁ) céysl ayer of  (Hf,Si )R was
ed,

deposi contalning 25 atom % Hf, 10 atom % Si and
oxygen. 25 X-ray diffraction analysis (XRD) showed the

I b hous, . d. i i at el t
eI LhS pRoECE 8 CindPi 06 Sk T ot B Faple
I'1l pisembB BARARLn WAfEXYgen. The conpl ete disclosures

of the patents, patent docunents, and 30 publications
cited herein are incorporated by reference in their

nt i,r as, i f ch re. i.ndividual ly.incorparat.ed.
1Far Podt i of R e ety g BB Gy meta
2004110208 HMetACki ddS2BMWATdR 2andl ddvEbidti0As Wetdof.beconme

apparent to those skilled in the art w thout departing
from the scope and spirit of this invention. It

shoyl - 1O S ' ' :

it dndia PSSR AR ideioi il b RbiniR lofct s
enbanconunh sileae, kafaipl shicaetzircomitin-edni@hnsidente, oh admbinations
uc ex?rrpl es and enbodi nents are presented by way of

2xa @lonly with the scope of the invention intended

to be 5 1limted only by the clains set forth herein

as follows. 22
5. The method of claim 3 wherein the metal-containing layer comprises a solid

solution comprising zirconium oxides, hafnium oxides, and silicon oxides.

25 6. The method of claim 1 wherein the metal-containing layer has a thickness of

about 30 A to about 80 A.

7. A method of manufacturing a semiconductor structure, the method
comprising:
30 providing a semiconductor substrate or substrate assembly within a

deposition chamber;
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WD 2004/ 020691 PCT/ US2003/ 027152 What Is Cained Is:
1. A nmethod of manufacturing a sem conductor

W@ 2omowse, the nethod conprising: providi ng BCT/US2003/027152
sem conduct or substrate or substrate assenbly;
providing at |east one silicon precursor conpound
havi ng t heovidimgailleast 6neSiili€R) pte@msbr abmipewrst hayieg the formula
precu r c ound of the formula R.R' £in
R < RO, o G Cnere bt Rersaintuit Py Da ot an R Sup
and wietdin RZ RI, @88 RU B Ogach i depeifenB an 6@2hRGhd1itardd ¥ is
precursor conpounds to forma netal -containing |ayer
on ZBpenighn oxbaBiwn; f aces of the seni conductor

substrat . [ r
deposi ti g%%%rz %%2@%5 I%E&Sﬁ%%%l ﬁ%%t%of? 19% |Vél-lor1h fgﬁﬁeglrnes?rn
5 he cempbaaiRgdael or substrate or substrate assenbly is
a silicon wafer. 15 3. The nethod of claim1l wherein

the net afirecsne dhevapgrired pcwEepnsompaundsdp e segyigqndyetes

et g @htdGSubstiatd i ﬁfm to5- Q0 '
t hereof. 4. %Be ne%ﬁ%g&gftgc al ?nﬁlg a&ﬁé@é@%ﬁg@cmc layer on
met &he oombai svirfaged alythe sanainmrdustes sulsiraeanisubbstisid dssatedy.
hafniumsilicate, zirconiumhafniumsilicate, or

conbinations 20 thereof. 5. The nethod of claim3
erei.n the tal -containing | ayer conprises a solid_.
Wor i n&%ﬁ? Sl3g 2 mhers HEPQL COTRAURS AReaperézed in the

and padsbh & D FEeSrTida8: The method of claim1
wherein the nmetal -containing |ayer has a thickness of

about 30 A to about 80 A 7. A nethod of manufacturing

a sem.conduct pr. st.ructure he t hod. .co i sing: 30
0SSR SR R B B SRR e

ass @BRipYisod thdthlsiBcatcteReRil bxids, SH1ROP Bkidex And€dmbinations
2004/ 020691 PCT/ US2003/ 027152 providing at | east one

18 | fthesepripr ecur sor conmpound having the fornula Si (OR) 4
and at | east one precursor conpound of the formula
MNR R') 4,

10. The method of claim 9 wherein the metal-containing dielectric layer

comprises zirconium silicate, hafnium silicate, zirconium-hafnium silicate, or
combinations thereof.

20
11. The method of claim 10 wherein the metal-containing dielectric layer
comprises a solid solution comprising zirconium oxides, hafhium oxides, and

silicon oxides.

25 12. The method of claim 7 wherein vaporizing and directing the precursor

compounds is accomplished using a chemical vapor deposition process.
13. The method of claim 12 wherein the temperature of the semiconductor

substrate or substrate assembly is about 100°C to about 600°C.
30
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wherein RR R, and R' are each independently an
organic group and Mis zirconium or hafnium

WO apen2@dng t he precursor conpounds to form vapor/ugmds/027152
precursor 5 compounds; and directing the vaporized

precursor conpounds to the sem conductor substrate or
subdth dhe methesihdf] gJaimol X whereia theseaticoshictor silrsgrate or substrate

di el ectric. l.ayer on. one or nore surfaces.of

e SEhRi iR S Eop S e ity SPESEET eyt 0 gorgto abour
The 10méd0d of claim7 wherein the precursor conpounds
are vaporized in the presence of an inert carrier

gas. 9. The nethod of claim7 wherein the

met gls- g@p tn?étl'i‘dd’](% Gl 'P&IL&JC&I \!a?&%in% ﬁg&‘ﬁﬁ&&ﬁg t}[;reeﬁr@éursor
silicates, netal oxides, silicon oxides, an
§onteompburalsds acdconiphislieelafsingl). atdhie 18w degbsitfongiratdss 9

wher ei n t he ﬁt ai C%gt aining djelectric |ayer
conSPIPEENG B RAYAIY AL SPRISEMEYCESf ni um si | i cat e,
zirconiumhafniumsilicate, or conbinations thereof.

20 11. The nethod of claim 10 wherein the
met dl6- dbmnEitimdef adbiml Bcwvhdrein|dayieg thecasompid l8ps dapssitiandprocess

2oL LSS 18 LB LS00 BT ALD R e
19herghpoMRROfIHIG R A RitlB&yEIRY t he precursor

conmpounds is acconplished using a chem cal vapor
deposition process. 13. The nmethod of claim 12 wherein

t he ;t,e [ r . sem.copnductor . _substrate or

t onar T TRE Yo ait 3 B IR e Blany 07 Hltafooducsor
WO 200si/a2816bstAT 4558019 3¢ b 22°C tbéabolt0oTet hod of
claim 12 wherein the sem conductor substrate or

substrate assenbly is in a deposition chanber having

1 %h Pngs SIE;(E) gmegl?o%% St the se%g&{ducﬂ)g S I%Etg‘(leroé g?llnsﬁrate

e net m erern vapori zing an

t he apseenbly Bsan a dbpesitiquochanhbet Isavagcopiebsushethbost TG tait to about
at oqitgrrl ayer deposition process

19. The method of claim 15 further comprising a step of annealing the formed
20  metal-containing layer at a temperature of about 400°C to about 750°C.

20. A method of forming a metal-containing layer on a substrate, the method
comprising:
providing a substrate;

25 providing at least one silicon precursor compound having the formula
Si(OR), and at least one precursor compound of the formula M(NR'R"),,
wherein R, R, and R" are each independently an organic group and M is
zirconium or hafnium; and

contacting the precursor compounds to form a metal-containing layer on

30  the substrate using a vapor deposition process.
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conprising a plurality of deposition cycles. 16. The

nmet hod of claim 15 wherein during the atomc | ayer
wale@astdshon process the netal -containing | ayePCT/BS2003/027152

fornmed by alternately introducing the precursor 10

conmpounds during each deposition cycle. 17. The met hod

of 21.aThe ifethoderf elaim 20O eviteesip d’reahetabccuftaining layer comprises metal

sem conductor. substrate o str te assenbly is

2 bo B ISBEE AL gl SHisom Oxides. i CoRBIREORBCHP | i m 15

wherein the sem conductor substrate or substrate

assenbly is in a deposition chanber having a pressure

of aBolhe m@thpdiodichrim @0attsaein R Rf, and R" pge eathéndepenvdsdtlpp
clahg%%% rther conpr|5|ng a step of annealing the
for %ﬂ contalnlng | ayer at a tenperature of
sbout 400C to about 750C. 20. A nethod of formng a
netal-containig& | ayer on a substrate, the nethod

conmgdi $he glet}p@l icliiR g2 avhsues R igselectod figpoiie gravg cqpsisting of

I h
f or M PP R L BURE KO Rk BEh,
of fddepémiemly sclddiddRrdh ke group emismnge,of Riethy aek Rhylar e

each i ndependently an organic group and Mis
zi rconium or hafnium and contacting the precursor

16 OMBRURS 1iefh JdUFN Bm B Ltk SR i L e b AN cgﬁgogiv% &he

substrate usi ng a vapor eposi t1 on process

20046 DoRPGTIANMSOOBAdIRKYSPane21. The net hod of claim
20 wherein the netal -containing | ayer conprises neta
silicates, netal oxides, silicon oxides, and

conbknatineisd bh ﬁfrﬁﬁﬁé a 1Bétal-EORaiABIcaFkr Oh aGhiBdtiie %e method
wherein R R, and are each independently a (C

1- Cswapnyhgnnlety 5 23. The nmethod of claim22

erein sel e fromthe group consisting of
t hyl, $“§ymg%$%p%% i sopropyl, and butyl, and R

and R' apevriashat 1¢d§d@m@t@iﬂtﬂracumlr egmpdmfdrmdghﬁe (31790,01 61
conS|st|ng of methyl and ethyl. 10 24. The_ nethod of
cl aiStiOFD. anrbatdeagt @Ir?d)rgqurm&ﬁlrwp@tdﬁfstb? fraMRIRIES):»

wherein R, R', and R" are each independently an organic group and M is
zirconium or hafnium; and
20 vaporizing the precursor compounds to form vaporized precursor
compounds; and
directing the vaporized precursor compounds to the substrate to form a

metal-containing layer on the substrate.

25  26. The method of claim 25 wherein vaporizing and directing the precursor

compounds is accomplished using a chemical vapor deposition process.
27. The method of claim 25 wherein vaporizing and directing the precursor

compounds is accomplished using an atomic layer deposition process

30 comprising a plurality of deposition cycles.
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tetrai sopropoxysil ane or tetraethoxysilane. 25. A
nmet hod of formng a netal -containing |ayer on a
waege@mbe, the nethod conprising: 15 provi di PQI/ES2003/027152

substrate; providing at |east one silicon precursor
conpound having the fornula Si(OR)4 and at |east one
pr e@&r somethodpbdmaduidétutihg a hremmry dewWtdNRRtYrd, the wiethodi n

and R' are each independently an organic group
andcwfnpgsmgl rconi um or hafnium and 20 vaporizing the

precurs ro‘?ﬂﬁ?%)é‘ﬂﬂ)‘étrﬁt@ hﬁﬂhﬁ‘a‘ﬁi"ﬂ%‘lécﬁ%@e thefloH! SOf
conmpounds; and directin e vaporized precursor

conpounderovisling leaghener %h@ntmecfwampmdahavmmfmm@

e N0, A AURR Ao stiond i ollEp Al RLIRAED.

§ onpdigruiis R R', and RMptd SI0R thdefériliently Sh6igheia lor d M is
deposi ti.on process. 27. The method of claim25 wherein
vapé?rF%%‘@O&ﬁaf%‘imectl ng the precursor conpounds is

30 conpr | APEHE APp LR kol RTE HEP R EPLRREASEE

200460poahtE; PCT/ US2003/ 027152 28. A rret hod of

manuf act msm)r devi ce struct t he et hod
conpri si?ﬁﬁe gg WPAY eéipgg%giqrgp@pﬂ Sﬁ@th& SPP?"E%IG"O form a
16! ealaoit. &Gt iRk %’cﬂ'bd@oﬁ% ?&teoﬁﬁ silicon
precur sor conpound having the tfornu (OR)4 and at

| east onforpmeasesond dowtpmiﬁrwdthﬁ dicketricdayenl a M NR R') 4,

5 wherein RR R, and R' are each independently an
organic group and Mis zirconiumor hafnium

vapopi Zhs thettiRl FCREMAIBONh G ARRRMER e hidida Uag)ﬁéﬁéﬂ%@r.
precursor conpounds; directing the vaporize

precursor conpounds to the substrate to f or ma 10
lgluglgﬁ r g?‘% %lelﬂﬁ%ﬁi orarlnmnge‘g}flels rlgond t%%@&e %al?? ‘he
di el ectric | ayer.
31. The method of claim 28 wherein the precursor compounds comprise at least
one compound of the formula Hf(NR'R"), and at least one compound of the
formula Zr(NR'R"),, wherein R, R', and R" are each independently an organic

20 group.

32. The method of claim 31 wherein vaporizing and directing the precursor

compounds is accomplished using a chemical vapor deposition process.
25 33. The method of claim 31 wherein vaporizing and directing the precursor
compounds is accomplished using an atomic layer deposition process

comprising a plurality of deposition cycles.

34. A vapor deposition apparatus comprising:

30 a vapor deposition chamber having a substrate positioned therein;
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29. The nethod of claim 28 wherein the dielectric

forns a capacitor layer. 15 30. The nethod of claim
wQombzwei n the dielectric forns a gate. 31. TPer/Dsiohder7152

of claim 28 wherein the precursor conpounds conprise

at |least one conpound of the fornmula Hf (NR R')4 and

at | east omner mompessets cofnprikimg ohe onmioze AR Yrdor compounds

wher ei.n a ' are each independently an

org ﬁFEgﬁ§d§épgﬁ§%d§%’ﬁae met hod of claim 31 wherein
vapori zi g ¢itfordivegelsi OBﬁlp_HBﬁlF RIh8 GHIDAY oneGREARIEBmpSunds of
acconpl i shed USI%E a chem cal vapor deposition

pr odestormpls MANR Rk, ywearbiodR.d¥, aniddR rarg ¢acdhtindesiendently an
vapar i zi Lf:ect cursor compounds is
accgﬁ%ﬁ?@%%%pﬁgfkgggﬁ&gﬁ%ﬁighﬁééér deposi tion process

gonprising a plurality of deposition cycles. 34. A
vapqr. deposition apparatus conprising: 30 a vapor
depadsi tihg APRAsAHDEY Clar 3 hyherem s substrateds 3 silicen a@ler.
therein; 27 WO 2004/ 020691 PCT/ US2003/ 027152 one or
nore vessel s conprising one or nore silicon precursor
conpéuitis appraatun gf ¢lhien 3o furthlencdfrist)doneanrtn@egowtesaiian
vessel s conpri Sing ope.or. nore one precursor conpounds
of RECHIG 3P iow%ﬂﬁé%ﬁﬂ)g@e RISEYIEPS t&?hewaporaﬁ*ﬂmﬂﬁ% laamber.
1@ach independently an organic group and Mis
zirconiumor hafnium 5 35. The apparatus of claim 34
wherein the substrate is a silicon wafer. 36. The
apparatus of claim34 further conprising one or nore
sources of an inert carrier gas for transferring the
precursors to the vapor deposition chanber. 10 28
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