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substrate using one or nore silicon precursor

conpounds and one or nore zirconium and/ or 10 hafnium

precur sor conpounds during a vapor deposition process.

The precursor conpounds and methods are particularly

suitable for the formation of a nmetal silicate .

dielectric layer, particularly a zirconi um and/ or

hafniumsilicate dielectric |ayer, onto a
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Il el i i . [ t .
bl et r oddinverilonfitS i EMRALLER B ine Wbich oA BBl O sing

t he opebt mptedibcopapeairdod comipedids@dd hne bimmivteadidniunoand/or
each other by a dielectric material. The continugus
18y hafesye PECURSPEpQIBPQRAS BiRg 28anog depasition pracess. The precursor

cap @&hf)%lﬁivsmag@ gnet@ﬁ;ed@ ArePrfic lisl'ﬁ(t %ﬁztgf)l% f&atﬁf }fc&-ﬂlattign %f a metal
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performance limts. 25-Silicon (i.e., doped
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choice, and silicon dioxide (SiQ ) has frequently
been used as the dielectric material with silicon to
1Zonstruct mi cr oel BACKGRQUHE,OTSIE BSVENTIONwWhen t he
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and good-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 {o construct microelectronic devices. However, when the SiQ, 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



interface quality and fil m norphol ogy. Furthernore,
such materials nust be conpatible wth the gat28February 2007
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operating conditions. High quality dielectric
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c o-precgsses dnfapm lnpas.taspesialiyididlegirie tayessp based omzowoaism and
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| ntngdidlakéralal bRafien, BhdBighdRcalth Splttdring. ApdPd§iosRnt O
devel op wat er- and oxygen-free vapor depoSition
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They would also I'ikely l'eave carbon in the resultant
fi IAtkoxidB aBd¥piger Sohrees" SCHNGEA288: IS8 (3000 B ddsaribe a

P Th RGPy SO P IS g B 2 RS
vokRokide, sefving as both-ametal source and an oxygen source, reacts with
another metal compound such as a metal chioride or metal alkyl to deposit a
metal oxide on silicon without creating an interfacial silicon oxide layer.
However, undesirable chlorine résidues can also be formed. 'Furthermore,
zirconium and hafnium alkyls are generally unstable and not commercially
available. They would also likely leave carben in the resultant films.
Despite these continual improvements in semiconductor dielectric layers,

there remains a need for a vapor deposition process utilizing sufficiently volatile

O



28 February 2007 netal precursor conpounds that can
forma thin, high quality zirconiumsilicate a8 February 2007
hafnium silicate (or SiO stabilized zirconi um oxide

and/ or haf nium oxi de) layer, particularly on a

s e mngtahprectisor sorysdunds thatisinfgra avhinohighiemaliytzieanium silicate
process.. SUMVARY OF THE. | NTION I n.the f.irst aspect;
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provi ding a sem conductor substrate or subsirate.
asskABEsy: providing at | east one silicon precursor:

conpound having the formula Si(OR4 and at |east. one
precursor conpound of the formula M NRR')4, wherein,

R R, and IR' aresuaMVMARYOPETHE MNVENTION gani ¢ group

and Mis zirconiumor hafnium and contacting the

pr ecUndbe fiesd apneatn dsere b ifrovidedaa mesthald - of andrafacfurigg lassgmiconductor
n Qr re surfaces of the senm conductor

Ssu%hsjﬁg{kg?réletg:ggg%nﬁ% &t e assenbl y using a vapor

depogirbVidihgd &G68enduclordubRARdor AFRESE asdciIP 1S
provided a nethod of manufacturing a sem conduct or

- st r udrayiding i deaskonorilicumprerusenconpand diavigg she formula

SEOREYHIE IR SHRELEME, Alprdhd S BRI, " ©
whaewr R R', anh RO dreceaoh ¥ndegendently ahbegaic SohpPRad MeRd at

|,easf one precursaor compound of the formula M NR R") 4,
Zipcepmm of hainir; apdy R' are each i ndependent!ly an
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vapori zi ng precur sor *conpou
prec nicre surfamspd trdemiestdiudior sabstiag: éiabsene assembly using
precur,sor_ conpounds to the sem conductor substrate or
&YARSF ASRASTIONIARGASS- t 0 form a met al - cont ai ni ng

di el ectric layer on one or nore surfaces of the

sem conduct or substrate or substrate assenbly. 3 28
February 2007 1In a third aspect, there is provided a

met h r.o t.al -.eont ai pi | ayer on a .
substh 2 ?sécfo@l? ﬁgéergr% tﬂ?eg%ﬁ Cpgérvﬁéri?%sél nmgﬁlocri] f nihh actiring a senucondgctor
structure, the method comprising:

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

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

vap_oriziing the precursor compounds to form vaporized precursor
compounds; and . '

directing the vaporized p_recursor_éompounds to the semiconductor
substrate or substrate assembly to form a metal-containing dielectric la)}er_ on

. one or more sutfaces of the semiconductor substrate or substrate assembly.



providing a substrate; providing at |east one silicon
precursor conpound having the fornula Si(OR)4 addeatary 2007
| east one precursor conpound of the formula M NR R

)4, wherein R, R, and Ware each independently an

or ganiG B e&%rMst?ow&édraqg&h mﬂ?g J‘ﬁl&m-coﬁﬁﬂ'rmg layer ona
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aircb:ﬁﬁﬂmrhzﬁnmnmudm or hafnium and vaporr zing the
precur sor co ounds to formva |~ze recursor

conpoTHAIRSIINg Hhe RIFFUIRAri GRgrRoHBds, aantal eadipiR g layer on
ARRBUPAS uliflg b REpot'iR rma- netal -containing
| ayer on ?1e suggot}r a?é’glﬁ? p%&fgst(’)th aspect, there is

< provi ded a met hod of manufacturing a mam)ry devi ce
strug t hod conpri si

ubs o G elReb BN pERRt o il oPFibing s hegpiging over on
aatibstretasthe meRoddnipgigingPr ecur sor conpound havi ng the
formula .. Si(OR)4 and at | east one precursor compound

of t HEOYigHan bR R ) 4, ~wherein It, R, and R' are
each ArpGiaRpnA tdhe%h L sl &Hﬁmﬁﬂ&i hMrhg the formula
Zi rconr um or n| um vapori zi ng tne precur

SIGGBamdsatmsrmpmapm @aq:opneoﬂma‘mnuiam@m'w,,,
rect Y or| regcur.sor ounds t
%’h%‘?t“r%ﬂg‘ tftsie? fle ezch Pﬂxarla co%rormmf M
Ar@pivn? dehAhivhl ubstrate; and form ng a second
el ectrode on the ielectric layer. 3a 28 February

2007 vaphzihg Sedrémrsircoampeundetonfotrh vdsorided\paganrsor
c%%)o%in&si_ggda net al - cont ai ni ng | ayer on a

directing the vaporized precursor compounds to the substrate to form a
metal~conta1mng layer on the substrate.

In a fifth aspect, there is provided a method of manufacturing a memory device

structure, the method comprising;
‘providing a substrate having a first electrode thereon;

providing at least one silicon precursor compound havihg the formula
Si(OR), and at least one precursor compound of the formula M@NRR"),,
wherein R, R, and R" are each independently an organic grorip and M is
zircomivm or hafhium;

vaporizing the precursor compounds to form vaporized precursor
compounds; ' |

directing the vaporized precursor compounds to the substrate to form a
dielectric layer on the first electrode of the substrate; and |

forming a second electrode on the dielectric layer.

3a



substrate. These vapor deposition nethods can involve
formng the | ayer by conbi ning one or nore zi rcb&FebruaryZOO?
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compound of the formula M(NR'R"),, wherein R, R’, and R" are each
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Anot her preferred method invol ves manufacturing a
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Wor%@{%ggg providing a substrate (preferably agc %52003?%132
sem conductor substrate or substrate assenbly such as _
| f \Y i .
or pAERTal ooked i LBy fnd M [ 95eoBh G B viiicing te
hasré@rsol Bemborindslta fisrf Gﬁ)oﬁzahﬁreaﬁrsblea&ﬂpcﬂmds,mnd du‘estmg the

compound of the fornul a %F 'ﬁh wher | n R
N S R ﬁemeﬂ@woyﬁr g astrats 18 Bﬂ%ﬂ&l% CMWMB |
: Z' Ir_}%y%] %gf f@ﬁf@lé&%c )ﬁ?@lz I?h %hP8r hidte Rirfickd §Pﬂhe substrate. e

or m vapor precursor conpounds;
d| recti nfgmthma" prefened nrmththamlvwnamafapnungla memaryp detiee

ubst rate o f.orma referaply a dielectric
51 Pl AEe iR Pespetpd il b Y o SRl Gy o
fo rs@inf&néuéﬁﬁﬁib@h‘% Qf buii@teQRsdniRy JhéH £ $ili€on W¥RF)-having a
Preferably, the dielectric forms a capacitor |ayer,

aI tfhreipigeizadg ghezedns prividing 8t ksast 9ne Brélcormeecn@ph eeispamd having

| h
e ghETorRalt kS Ao AL R ot x R Gt Rt
at UMR'RA),ewheleROR] RY ot R( &*e@hclpfr@@pérﬁieﬁﬂy an orgamc group and

self-lim t| ng vapor dep03| tion process that incl udes
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OXi SI|I on oxid Ina sixth
as mAiI:D) prévese(a slfpinnmngedper deqpsition] ppmssst uh@hnalpﬂeﬂ aplysality

t hat. ,i ncl udes deposi t.i op cha
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having the formula Si(OR)4; and one or nore vessels

COW‘WOD gompeumsis can be abiematglydotieduned into2glepesition ehamber
g %a 1/0 0691 PCTI US2003/ 027152 conpounds of m)
t h&UHRS FRf “wherein R R and R' are each -

| Ih n gepenmbéﬂalﬁen%emxﬁs HeaHBaREshtMnirf 14)drean indlademetal
af ni um
silicates (e.g., zirconium silicate, hafnium silicate, zirconium-hafnium silicate),

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.

In a sixth aspect, there is provided a vapor deposition apparatus that
includes: a vapor deposition chamber having a substrate positioned therein; one
30  ormore vessels comprising one or more silicon precursor compounds having the

formula Si(OR),; and one or more vessels comprising one or more one precursor



In a seventh aspect, there is provided a device

corrgri sing: a substrate; a gate dielectric ' |ay2$ Feuary 2007
WPV at e, wherein the gate diel ectric conmBCTAER003/027152
haniumsilicate;,and a titaniumnitride gate on the

gate dielectric |ayer._ "Sem conductor substrate" or
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assenbl y, "gGbsHdR ct &%ﬁ%&"ﬁﬁeﬁﬁasﬂﬁ)! a848¥81yP S8 Nised herein refers
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pri ?3%10% substaats fos thepreenrsgrroppoprgdsaf this inyention psing a
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depithe sahibyndibier fidwplrg such de Mseder1ayenn "digleétrivi Ia¥er, il
Hf Si, 4, res&gct i"visl y, but for this inventjon the terns
- zi r cfugtYSiaYsIe at e term dlayer insypemgnpyscuitie thedern YBLAT

to . : j i j~C i "
0o 3, 8 355 Sh A AR PR P gl e
f or heingldgddysisfomdinttechiiol Sigbé¥side efpattondukior tedbaokign, such
c = 2é§.+ 31?' which is neant to also include Si Q2

st aBF FY985 99 B8%i um oxi de and/or haf ni um oxi de.

. Met al - conppi O b-ay a0 ' . :
zi rconi urr?ﬁ:lzla\f al u#?és}i [ g‘%‘%‘gg&% ??%e{ébqge@r%fegl(orf%l}n&qagmgahlgh
Zr aBicksShr@Cnstahieronitainidg primdrily zirbonkura silicatecandl @ hafnium

cont | ated. t o .included wthin the scope of this .
i nv tg (or g162 stak?)?hzeg zircomum oxide and/ox haﬁlmrrf) oxide). Zirconium

and hafiium silicates can be depicted by the simple condensed formulas ZrSiO,

and HfSiO,, respectively, but for this invention the terms “zirconium silicate™
and "hafnivm silicate™ are meant to also include other stoichiometric reaction
| products of §i0,, ZrO, and HfO, having the general formulas Zr 5i, O, and
Hf,Si,0,, respectively, wherein ¢ =2 (a + b), which is meant to also include SiO,
stabilized zirconium oxide and/or hafninm oxide. Metal-containing layers
containing mixed zirconium/hafnium silicates of the general formula
Zr Hf,8i .0y, wherein d = 2 (a + b + ¢), are also contemplated to be included

within the scope of this invention.
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"Precursor conmpound” as used herein refers to a2& February 2007
wozicegmnésam hafnium - or silicon conpound, forPEXBSILBI27152

capable of form ng, either alone or with other

precursor conmpounds, a netal-containing |ayer on a

subst r atBre¢wrs@ coapound tapesd hewim pfos®sszircbhim, hafnium, or
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y, during each cycle the netal
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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intro |1 O reactli ve CcoO ound one oOr
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2035 §Sdnolsyelaf fe tﬂix}% ré&ﬁrﬁy‘?%l@éu?éi ych@ﬁ]uéo %1| i a fme or
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surfaces of a substrate. Each sequential introduction of a reactive compound
' (e.g., One OF INOTe Precursor compounds and one or more reaction gases) is
25  ‘typically éeparated by an inert carrier gas j)urge. Each precursor compound co-

' reaction adds a new atomic.layer 1o 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 altemately uti.lize one precursor compound, which is chemisorbed, and

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



times, to gradually formthe desired | ayer thickness.
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se tr or subst nat
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as Aironisaipfhiim mxaake cdslwal ¥s sioigedipiohy 6 &,mmrbfz(ré@mum
this |nvent|on srnply referred to as "silicon")

suf@fhibme aBd SHEeN (¢-5e510- slabyized araemivm axideandion 9fmum
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enfum oxide, titaniumnitri Tan al'um
t ant al uriflsd dubstoate on whickethe 2%etalidontaming layet Wdormed is preferably
alum num gal | i L.igr arseni de, glass, etc

ot her
20¢xiaepHgPRSHCion sutisat ey sbabal waeabla rﬁgrwg%ﬂr semiconductor
SehReRAUS EQitenPR]IT HichiaQ®sr ex3Hile, 28ndBIBYy Yoped polysilicon

(for this invention simply referred to as "silicon"). A substrate assembly may
also contain a layer that includes platinum, iridium, rhodium, ruthenium,
'r‘ut.henium oxide, titanium nitride, tantalum nitride, tantalum-silicon-nitride,
25 sﬂicon 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 statlc random access memory
(SRAM) devices, for example.
| Substrates other than semiconductor substrates or substrate assemblies
30  can be used in methods of the present invention. These include, for example,

fibers, wires, etc. If the substrate is a semiconductor substrate or substrate
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n-propyl, isopropyl, t- but%l , anyl, heptyl, an
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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 throughbut this application, the terms "group” and "moiety"

are used to differentiate between chemical species that atlow for substitution or
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“preferably a "lower" (i.e., C1-C4) alkyl group (preferably, an alkyl mdiety -
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 comumonly
| used equivalent names: either tetraorganoxysilane (é.g., tetraalkoxysilane) or
tetraorgano orthosilicate (e-g., tetraalkyl orthosilicate). Examplés of suitable
si_.]icon precursor compounds include tetramethyl orthosilicate, tetraethyl

orthosilicate, tetrapropyl orthosilicate, tetrabutyl orthosilicate, tetrakis(2-
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SI(OR)4, Ris preferably a (C1-C8)al kyl
group, (preferably, an alkyl npiety), nore pref 28 Abbhryary 2007
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optimized reactivity with tetraalkoxysilanes, for example.

The zirconium and hafnium dialkylamide compounds can be prepared
25  wusing standard techniqizes. For example, zirconiom and hafnium chlorides can
be reacted with lithium dialkylamides. Alterhatively, such compouhds are
commercially available. For er:ample, tetrakis(dimethylamino) zirconium and
B 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

1l



advant ages (conpared to other zirconium and hafnium -
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5 ? ptair@mfe:rgblyvsmf?ciaﬁlg/ glslulm e an b@i&sdﬁfxﬂ@'fﬁe&e melting points

riicylar or . rocesses to forma precursor

cgﬂﬁ@f fefie RO CRH B bR thetFam e st Ancllashr
11 : . 3 2152
so Ivi%ggrlf%t}%#’?b%bt eft ?%]F ﬁaﬂ‘%@&?ﬁg&%‘é er abeﬁﬁél%ég’éesga/rl%?gﬂ’
| i cyaperszedtpreduesoy epopowsisintay bearsed eitherrabine of ppliazllyyyith

they ate liquids sufficiently volati]e to.be_enpl,oyed .
usi _50%?8%39%*3%0%&&%&%0 ¥f%‘_?£‘ﬂﬂ‘i‘ 8 OPYRIREY B¥ih Ypporized
10 SOlshRentHiskcdlByY iAlss@. A8 usédlléélrbﬁ;', @lﬂidid" R4S d ®nithAlor a neat

they can be vaporized or sublinmed fromthe solid state
us ilyiddadignid &l pom tapperituicoor 4 sdidrt gomes tenferatireythatmaelts at i

l e latile saolids, they,5 are preferabl .
st et e RS o A Yo G G ol JERG Feaifp gomplte
MelsblBDitP 6f the SolidBhtANay ARIW FHGRFRRRIEE106] $dHIDSS Rhb a8 there
such that they can be used in flash vaporization,
bubb? suffjcicnt anpemt epthetsolid daliveret by termpapiesolvent into the vapor
Her el n, ' .SOr _conpounds .Na e,.used .

15 JF B toy URBRED S BRRIREHRON pr R R NS B alfitifusga in
of depdsition) fleauitabmblL ebRGMRdH0® bf il én Wapdr peiérbidd may also be
vapori zed, 10, solvent nolecules, if used. As used
heCehsidereq psaingrt CRERERS-t 0 a sol ution or a neat |iquid
(a l'iqui , 4 i .
{onper ap e S0y hAP el EAGHEIG: Bl Ry @irub O fora VD
As pursesh) bar bt one Sranduetaf de' folloedng: caliphetichyderocnbgiseaire

20§ iRl E5 o T Gl ad HrrBrabY) £ L OeBriFie chrapghed, or
anpHedr), aforh&R Haldcartdal (@5, Ryd %%Fer@:g% ggi.cgle %,giéﬁn?@gﬁted

into the vapor "15 phase for chem
pr bydseedrheps, silylaod nedrocabons sush ak slkybsdandspalkylsilicates, ethers,

de ition,.the total ar _concentration of saglyent,
VB bt mideliens dyRtn Blobls. BineRavrbden st faihatic or
C akrohfitic JEmary R cedary Hr SertinAy, ﬁug;a:ﬁiﬂbé, altirs Gankibd s
application (particularly for a D

5 1socyanates, 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 cher, 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

oxidé_ztion of the substrate (typically silicon) to its oxide (typically silicon
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process) can be one or nore of the foll ow ng:

al i phati c hydrocarbons or 20 unsaturated hydr oc2$ Bebmsary 2007

“{qCS- C20, and prefierably C5-C10, cyclic, branched, or _
HE4PI0OL,  orat i ¢ hydr ocar bons (C5- C20, and prifEPE$a9p3/027152

C5- C10), hal ogenated hydrocarbons, silylated

hydr acar.bons, sych as, al.kyl sil anes, al kyl gilicates,

et nefERaR s cite RuS S prehiiee: codurctpd providiedespuree of
anmToBYiR theadliy @ Sandafie SifiSoh & fopaht GesHled HipTRElGe layer.
primary, secondary, or tertiary), polyam nes, .

ni tril es, Thepipereqs compoundsapdaaperizedtin teyaesnesof an inert

il ' . d t ai,ni . .
ot ek et S0iion il SR RS R BRI BB B jrpupping
nor estéfs it he AADDpRcesEh The GRTPOUTIESza8 iStyplcally S2O2ERH b the
\c,?_orrpatl ble with each other, so that m xtures of

ar | AIBYR CHHES Of Bidrogen. tigkiugms aignsd copthistinastbaraof. In the
not  doitek 8fthe g&géﬁtQHtJnh%ﬁnéﬂ Mert CRAHAP ga% 3 %h% Fh%p AS5dsGRk interfere
“properties. 30 For this Ihvention, pFetérably no
r eacwitbthedesnadtenenfitiicoyet]-tantainivigihyer. Whdthtatdons imthe phsence

substrate (typically silicon). to its oxide (typical]y

o1 1 efangs bangbh 5 on ey R GPORAodb R Bbl ond i the abdence of
PCT/ . ay L orthosil i

pre cdljlr% %@ﬁﬁ)ﬁﬁg Q% %iglgl}eng tltb ﬁ ETE%S?%J@ @gg 5%2@%% %%ﬂi&n fo
8xy derm ailigon Rwxide).i con to formthe desired netal

silicate J,ayer. .The precursor conpounds can bpe .,

Vapor | 2ed HERPRRNN BREREdoG s ARG 3 aRrdgportian process.
desivagr désiditionqRédesdes a_i@géd%@eﬂfer faArbd & the 3emicBRdRSor industry
used in purging steps in an ALD process. The inert

car rdug o geprocess (qpabiity (o guckdy peyide wighlylkenformaldayers even

consgj:s:l 0 ' e hel i.u on.,.and .

c ooy h Arflonfleld A ner \pehtiE., EhRital fB5s denggition (CVD) and
151 esedthicilayee dépozitionqdALIIMEITE tOE W ipoR def@itidnSprof@sdsiien

does nqt interfere wth the formation of the

met SMRSYed e Hraythin gartinype; ypiforgometalsontaiaing (preferebly

of avinar . . ! T
o PG e bl SRR Ao a0 ey PR oo
OXYy georesy, itpicallyane on mofe preeulsayemiionngs areompedtdddn aof
silicon.to .10.formsilicgn di oxi ge)_. The deposition
pr o SERSeg chapber 1qoafly pambmgd vath opggs srqre FrRetion gases to

207 0G6%S a mHARBhtalBRORE | i
favored in the sem c%?%ﬂu(%?%? ik ndué&t@?;{/%}gggﬁetrég{l?hf}eQ/ arent to one
pr ockiled imibalart thatythe vapmuwidepositignr motebs nivydiel ephamet by mal

e S o el 4 BRI B9 25 SRS A SFEe YR
d e |toa§di§t£19:6, lafSr RbsiRhste] MOWYR RO btHEEREREhQN Processes
orten

e

The final layer (preferably, a dieleciric 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%ontaining 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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enpl oyed to formthin, continuous, uniform

metal -containing (preferably dielectric) |ayer328Belroary 2007
wozemvzesyduct or substrates. Using either vapor PCT/US2003/027152

deposition process, typically one or nore precursor

conmpounds are vaporized in a deposition chanber and

optas dradiligorcpetirse domipphnd{s)eprovidethesauesotfi cxygeaseded in the

20 forma netal -contai ning Jayer, gnto a .substrate, .|t

i EPBPRRHOR Pt i o gmg et SRkl hafum

t hfredulsor ¢BRPbuKIRHAS ifdtnPihe REOSKIRH AHWorMRARHAINGCALE 1BYer (ie.,
enpl oyi ng various ‘rel ated techni ques such as plasm

as slogisadicing gshydiolyzingsiosteagiont is hegded). sdewevennwddizing gases,
wel t her chni S. L | ayer (preferably,
1 e e O Fa e e Whsbd P8 o0 L7 55

5t hi ckneGhdniicilNapsiadtpesidbn EUVDY hadbdntetenbivgly o0@fod the
More preferably, the_ _thickness of the

e tPEFRAERS o1 Andtd-qomiaining dayess, suek assidectds layisuin 30 A

to _ A o
t ns2abhdddor foceeialbEbalse 0Pl SR PR hBEE AR ormal and
an high ghatity dietectricdayess aigelatiady ifan pgassdsg tmes. VElicedesired
vapor, 30 oxyga or amron%a) t el evated tenperatures

t o PRRSURIOF KEMRRYIS AR YAPTRshad thy intradyged gt a depostien

Pr ki Qntdifihs o ' i \dfor i
e e S Sl
PCTEhinfs2 @850 2vd §picat CMIkpoctiscuapopized presarsoxsanponntabied with
rovi de the source of ox n needed jn the vapor.
e STOn SR EVAL L S RHENF FEREE T & [EHE & daeie e
anamersidpad Bégdditiol cfaL iSsllowedty QUAER urki® HeleBid d"Brickness of
zirconi um and/or hafniumsilicate layer (i.e., no

oxithi layergs echibyad ol yzi ng co-reactant is needed).
However , 0Xi fi-zJ ases sych as 02, 03, H20O and.

15 0001 AR Gy PhoPeaastspatly dniian piegtrepngspporidsn
deRapériz8on chiPberk Gt BRABpAAlea FEdnY Ble)pri&Rs chafibdr Rherein the
preparati on of netal-containing |ayers, such as

g | depesitionsurfage ps wafen is oested ofelrenple diguidarpengsor
b L T L

pr desgsaipogzé,iant she veborigeBliquidi prepugotic@aposdip then dengiceted
5 vagori zed and then iIntroduced into a depaqgsition, 10
20 ¢ h Bye8 ANEHFATHET 38 GassigeyeE thecknbbler g thrapgihyths hapishppecursor

re @Sltng ¢ a?ﬁ‘egva?ﬂfy £E tHeBSWept @%Jréggf Lﬁ&@@ﬁl@% tHeHePosition

typic D process, vaporized p sors are
c ochasbardonid¢gositing adayen on galsstrasy suafact(sptherdist Mahg techniques

sutface to forma |ayer (e.qg., dielectric layer). The
Si ﬁ?@Yeeb‘?fé‘&?é’FlPP fogRy T i e raeesss e uBP gy famount
t hef frehfsBHmalthB iR oEd to the deposition chamber can be precisely

25  controlled by the ternperature of the reservoir containing the precursor

compound and by the fiow of an inert carrier gas bubbled through or passed over
the reservoir.
Preferred embodiments of the precursor compounds described herein are
particularly suitable for chemical vapor depositioﬁ (CVD). The deposition
30  temperature at the substrate surface is preferably held at a temperéture in arange

- of about 100°C to about 600°C, more preferably in the range of about 200°C to
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the layer is achieved. 15 Typical CVD processes
general Iy enpl oy precursor conpounds in vapori2&Féewnary 2007
chanbers that are separated fromthe process chanbe

nber
WREPI2A6% he deposition surface or wafer is | SEI(WEFI03N2TIS2
For exanple, |liquid precursor conpounds are typically

|l aced i bhl er.s and heated to a tenperature .at.
- oot 00 36 iebraton e her RrEisurs 5 EEFIP AL epintained ot a

Pr e GepSsMiot IR 6F abSuil () € Rort fAERROT§ Rifdr. 2PhdPardd]l pré8rke of
carrier gas passing over the bubbler or through'the

| i qipresupRos eempermds gothp dugrticarmitiegas appretrahhe ahave A.0\derr to
thr%g't“ R 19as line to the deposition chanber for
depositing a’ |l ayer on substrate surface(s) therein.

Many t eciSeverabmodifiexttons @€ thed€VEl peshs ad fli@thesLAr¥ possible, for
control this process. For exanple, the anount of

Pr e CERBBle. Wep@AtmesPharigmspRRiecdemical 1o dpesitiqnefpw pressure
cha %ﬂ&fucﬁ%&? at o@ﬁi’oﬁgtyc%f@%rﬁg Ehidcly %}feﬁﬁcai vapor

tenperature-o € reservoi ontal ning the precursor
c onopwsiti@an@BOV DY hof walhonéold wallrreddiors ar aiyestherachemical vapor

bubbl ed.t hrough or _passed over, t reservoir. .. .. . .

Pr o CEPGSIEPTLegYRe TREREHTGRPY) 570 bp Hifikslbich is similar to
des i i tH ' Foresd

o RilsABAER!f gitafr APHe i B oSt lich BRbulG aveld

10 e mpaemmnitiing aftpetcussos alvbteacinet gagisfreanas. | Alsprfef pulatd ¢VD, the

held at..a t erature | range of out 100C to
hboPPRsitRe BHBPES i depepdut onine SrmeSis Got 61 et bR
t 0 whAlch’B sER MY (BRALsed Werldi4 (1Rl bw).

PCTI US2003/ 027152 about 500C. The deposition chanber

pr essur e A bypipabC¥ Darogesganaytbei camiedqut an a gegsaisalivapar

: - Of { L1t . £, 10 t. . T,
par PR FigHreBiH busp o5 BoliBaf CEd ek e e e
16ar dedgn4iie of 7000 Gber @&, RROGunfy Rk, G/0Na Heposat@iidhaiber
ton. Several nodifications of the CVD Kr ocess and
chaftdlableyndepBisediagde desigrptionnf §080HPm Applieddviaterials, Inc.
ot o CtE il RCRE S Bt Y BP AV AR AB R prad Slbsignation
enhafiEgsmdiveniNoabluy, dpan(San &pe sCA).OHo W)y, depositioa chamber

or col |1 reactors _or any other chem cal vapor
depﬁ‘é‘?%l%ﬁ’rﬁ’é{‘fﬂ‘ﬁ?la%@QW H??fr'e., pul sed CVD can be
2¢sed, wWhighniadivelyd@refefabliliR | &lﬁsﬁo%ﬁﬂmgﬂti%rsg elployed in

detail below) buf’ does not Tigorous avoi
i nt 8rermgthods off the present swventing iy emultaoyclgAS Dsproessss Such a

i B e LT R oo o

optimum contro] of atomic-level thickness and uniformity to the deposited layer
{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 sunitable 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 presenily 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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which is self-limting (discussed in greater detail
bel ow). A typrcal CVD process may be carried ou28 Febraary 2007
wochemi2oal vapor deposition reactor, such as aCT/US2003/027152

deposi ti on chanber avail abl e under the trade 15

desi gnation of 7000 from Genus, Inc. (Sunnyvale, CA),

a gemblirde oen wlifomnéy pha;vﬁmbhkzhd autwdate thiblendss astgrol. Due to

desj natlon of 5000 from Applied Materials, Inc.

(saﬁ?raafe 97:Be ofiky pregurser &%‘ﬁB%‘i‘f%qS@H OREGHEEON gapgH dgtsjraental

U n qgﬂor—?i‘ﬁset kQQﬁ)ﬂg G 1%@'&1‘113%1111%’1&% aﬁ'@oﬁﬁ‘éﬁﬁ&ﬁﬁé@@ﬁ rocess
Jose, any deposition chanb gr

s u ﬂtaaisl carriegk o by fcmutmuogs CuEaatimy didhasrechirs@® and/or reaction

er g %ﬁﬁ‘% %‘i%‘ﬂgjf‘ﬁ? a]? @rﬁ&ﬁﬁﬁﬁ a) gag"@?&ﬁ%tﬂﬂ% by
5 | NWGthicaThytSDépditidn! ™ El¢6tréthfhnleaP hRF SSifd-Statc etters, 2(10):504-

process i S advantageous (particularly over a QD
pr 68@6P9)n that in provides for opti mum control of

atom c-l,e kn up formty.to. th i

| ayer 1¥§ ca]t’gpél%%ie?? Elr&ﬁ’ély p O3HE %‘dmg%%%gg%%ggatﬁ?&
rremﬁmmﬂespw]sqre gc,mmmmeé@sdr@wﬁfpoaﬁd)\w lag¢dohplisht | on
and reaction tenperatures to mnimze degradation.

Ty phesniserption gf tha rspcmy Qe tesubstede hTheosettcally. the pul sed

10 GEPAETROBHOY LARRA omiilel RSB e sl Sl ik

( pmﬂmr@hk@/expabammtihs Bibstratealiosthe306x@}, a salirated mtonolayer.,
l.ower than presently used in

genper al | pro esses

Un @Pﬁgq]fyh chemisprptigmighidot pecyr gp 6“&’9“?‘%1510? e

S eibydrHEldsh Wloidh frhoditeot WOGRRI S LARE LohBISbt ‘Fﬁh@ Qoxﬁ'ext of
surface are use udjln an process, eposi

getteratdeyt imverp®h, In nsuy iapplicationg mﬂlqrelg)acsabﬁmnﬁally saturated

conf or ebruar 2007

I
15 SomePoBYTRb RS0 by e sl Bt 11 Gonglaget 1 one that il
ungﬁlpymd ¥ ddlokedlh f@%‘eﬁhﬂi“t%fgal% YA ahilof pRpeics 9€§1feﬁlf0r

to alternate dosing o he précursor conpounds
an&ﬂcbrlalreeactl on gases, detri nment al vapor- phase
reacti r.e i nherentl eI|mn trast
the. VDT R et etk Bl 1D A ThE sl 287 plfHag Bemica
CogRaieh (@p., aliffdent RIRGHS Fs0R o Ps e Gl 2iRdn V@R 6 £afnium
( See Vehkanaki et al, "Gowh of SrTi 3 and BaTi C3
20 Thpqqcm}sq)rrﬁpnmpugd)qﬁ @m\@de_cbtyéﬁacgg@@ghg ity monolayer of the first

oFFeb o0 Seeia Boftienis it Pt ol lcie 4 bt
anexmsﬁneaif tisegesdriddpecieo nionblay&tto thoffk edci@P &S b@fic cases, the

(e a silicon _precursor conpound) to acconplish
c hE?Yﬁ WERYeysRmeY be ok thesepicanednt. dh s dmeopiignsthe apeond species

Th@a‘i’l&@ﬁét Gl de Species, but not chemisorb additional material thereto.

25  That is, 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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10 chem sorption forns a nonolayer that is uniformy
one atom or nol-ecule thick on the entire expos2fiFebruary 2007

Nt ubstrate. In other words, a saturate 3
Wﬂgﬂ%@éﬁé’ . Practically, chem sorption m ght %8?’“&8%"84”2"32

on all portions of the substrate. Nevertheless, such

an inperfect. nonolayer..is still. a nol ayer ip .the

corPERTG P ldTE U BEBHFOR RTERES T ragroentotiohofa
appifeert comsetinFahe bybstate4Ra of Bhdrisbibes @ﬁ&éd;ﬁs%t Bghrdfies of carrier
nmonol ayer may be suitable. A substantjally saturated

none#say cluds NanArtThaeton Rurging may|instead igclydel egriagting dhe

| TS ! , e

o o P PobiSerlit oS R ARG SRS
t hepdhst tallotnshdrederes tist chesmtasibn of peciaesingespgcies a

different siljcon precursor corrquéi‘nd or a zirconi umtbor
haf RrepaRatorytontedrang apathes SBEESS: | RefoatACHRE SRESICS B e

Wt g Bg bishiik sTREQ @é&ﬁ:’énﬂ&tic{rjﬂﬁ r?%hﬁiﬁ Ere%E’LﬁE kBSwn i "hose skilled

second species Is then purged a steps are

r epiathe drivviasdd orethp spasifecatibng foe thequodiact ®f e padisular deposition

nonol ayer t he first species. sone cases, .the. .
twoPHEES! ay T 5B AessbN ¢ Aie ot moccoman 4 finit
0Pt h@bel dT8itEESR8DnSRGEe tRRich PRCHirstbebick Ry b Ehemical
species, but not chem sorb additional materi al

18 hebends. TixGseThrad spesies nightamipbendstodbé Best epasiesiand s may also
SO .ion of~the i sorbed first., specieas
> 1B St binftine? opdara e SRRt e GhE bifpete are bonded

NONGAiB st SpeEies) he fifdt Sucied villioftén HIBEBd RISt dtheiof thelTRst
be successively chem sorbed (or reacted) and purged

j usspegies absadyilipaded withthesubsirae. Bewews dgreess peirditiens can be
tional. - i i -
o b RRLRALL R oL ShontBiinE 3ph Sindel WD £t selttimitipe.

1slesiaceastdingly, ALY hidg alsd)entonipdsy @ spediey foijnpafther than one
t echni ques inc)] udi ng, but pot 1] m'tiﬁed_to, contactin
t hemopplayerat @ tappIPFaskaRe PR tecifp IRmaing lay e meyg than one

and L] . 28 February 2007 WD.2004/ 020691
PCT%%@ZWSE@% Qk'pressure to bel ow the deposition

pr essur e The desxtibed mdtidcindicetes thet "sobstaftiahalsercs” of the second
contacting.the sulstrate .and/aqr chem.sorbed ecies. .
ExaRiSPUSOGH-Se §75008 5P 2 égﬂ%@re&aéor_ﬁl,ﬂ?n A the 8 Fpeor since
2fPUT SsTdehi ANt ANSLARES 1hB GLatE prQRERSE hibhk B iReseht! Pebif to the
and/ or- nonol ayer with any substance that all ows

chelnasdedgd and the preferentiestof those withandinaryskilbintbe artt he
concentr.at,ion of, a cont act,i species 5 epar,at or

ot PR ey broapadeisd5 e 1R Bt s Pt Bnd
MY pRRess cBA#iEIBHs teiQI® atHicheeSubsania abainc®bf e second
partial pressure known to those skilled in the art

basP®CiROLhe specifications for the product of a
opar ticul %ug,ed?x%‘?n'gtthg 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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process. ALD is often described as a self-limting

process, in.that a finite nunmber of sites exi s8 bebraary 2007
wosubs00asie to which the first species may for nechesiwsb2ris:

10 bonds. The second species mght only bond to the

first species and thus may also be self-limting.
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process, nunerous consecutive depositign cycles re

c orends ksgween thp ghermiserhied PESUESRE RPFEPO kg fhq wnderlying
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15 hieeinegadsfy. Eﬁ%lp%f)ﬂﬁeéﬁf’%w tsowsTatye &S kpt withdy therange of
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introducing (i.e., by pulsing) silicon precursor .
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S BHRHBE Sk s dbed B Ebhngthe, Siitusereasiiop of the
Zi k6 Yptdiad gt pietutior lckinp s d@hSockud Atsabsthttiallg ARG sdnkedn
chanber contai ning a sem conduct or substrate,

20 c hégmpasatyrens chemiserpiton efdhe fies presursey of) lass pecfershiy) aher

s Dl Al Serdpl aRAE TIARE Sl Bk RESURR thtemperature, i
COat pRipkd B thivse 6f618iary sldllpemnsbeay) but B beul shbstantizlyi sahe M>

of precursor conpound(s) .and inert. carrier 5 gas(es)
i s teppparataredyt prowiding afeastion Iate salisdically desype g8 would occur at

Ty ‘ﬂinect%'}nlpgranlrg SR itt 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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duration is fromabout 0.1 to about 5 seconds,
preferably fromabout 0.2 to about 1 second. |28 February 2007
on to the predomnantly thermally driven CV

ompar | D
“&L@%%ﬁﬁ% edomi nant |y chemically driven. Accoridiiga3/0271s:

ALD is often conducted at 10 nuch | ower tenperatures

than CVD,,During, t ALD process he substrate

t enper at E'P%rqagh\agi %teaa]?rﬁ%go.&tcoglpp C@Pﬁ%}ticanﬁy influence the
suf furede@bdriinétO th AL Uhddrtypibdl VD phsRskScoRditivee)k kibkly
chem sor bed precursor caonmpound(s) and the underlyin .
subdeachve canpiunpd anathrgagtdn H% @haﬁe@@m@@ Parigulates,idgpositing

re e i .S . 3.
0 AR ROTRYS sy e o RGPl 3victing por
pr ecwpsoverdge aauthawissisiling hophedloln depssitionb Storat kast such
tenperature is kept wwthin the range of _about, C.t
dbout2saBFAIEY £33ty FYMBHIBG ighble sasidprsdmod @me%?e for &VD.

Whi ghyveved, s%ﬁg g&ﬂk)h%ndfs%‘ﬁ? Euil-BRYPCYIERE ls?{péfﬁﬁ" ATIH ggyﬁ}sprs.

processes. , irst species or .!° precur
c onpFoun exkoyde,dfithei ferslr prechrsdr it pisphasmpeactove with th8sedade

e e S RS O AR GRS

chemmoudth@reorld bdasedith A IPI BOHE BVD Sdntedt ESthcern might also
preferably, "at a substantially different tenperature.

10 egxisyregeding stivking ovafficiemtsomdi snifecsrmpebility peknows to those

j ud hose of ordinary skill . can. occur but .still
B L R e R T o G
r eagiitieOsr Horueh Séfield WotRll dxist ithe IAMB c@gextoul d occur at
the tenperature of the first precursor chem sorption.

Cheni sor phitesriayen foramition 99 dl i @ivstrate Ananoprlingaupepss can be
I ns Fo?ﬁ?n%%%%fo%ec? éiasq}ul i tﬁepge B8 ihn Eﬁagiiﬂ%é ﬁi % éﬁroééﬂ raﬁrfi‘osphere

typi ca rocess, the pressure in
12 ep@s bkidﬁlﬂrflg,‘itﬁmbﬂﬁb I er%SPrelfdi‘gﬂyﬂhe ahwaligé.&'m}:tgmltﬁreti@ wathiruthe
ton, prefer about ' "ton to about 0.1 topn. )
Ty piriigelo) ave A0t st AOR Emibartioubrbaiss ALA b apealing
i ner I
comimbablilcTs nfiRe pRiet a1y aBBu ABACHd Akft PECEL el most
and/peaferdblyrabavtt (@@°Cdo abaw [T00YC| Ehe dimealinpeoperatio is preferably
as(e C al so be introduc wth th vapor.i zed
O PRt tra B eciod bt Ot forpouti@P Gm A& and more
zﬁeb&)k’b%ﬁéb@(i&za t;M@p%QQ&@Ml mite #930R3 10 7 ihatks T hlﬁe skilled

c
reactivity o precursor conpound can significantly
i nf linjthecet willgecqenizedbat sych temnesatures and\ibe peridds may vary. For

By oG pat R o e,
par sididnat4ls mad SRGeohhE inrRIBR i€ himealing! feps 1 ed

surfaces, producing poor filnms, and/or yieldi n% oqr
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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'step coverage or otherw se yielding non-uniform

deposition. For at |east such 5 reason, ..a. hi ghl 8 February 2007
WOrmeuea0ess conpound m ght be consi dered not suir@bBUSR2003027152

CvD. However, sone conpounds not suitable for CVD are

superior ALD precursors. For exanple, if the first

pr ecur sArspecifig asanpla o€ whemct metl-eodthiningdayee dametd according

precyrsor, such a conbjpati .of co unds .m ght . not

b 6 U pase IreAntumronts Pe FRedghi he e Qe B B Sy

AL Bichfl bhit fotéS of BBV Hetal GARE E RRfH ATho R kS Figﬁeretl)ﬂl-aﬁiétt&tned

regardi ng sticking coefficients and surface nobility,
as ghiestmctur Gehis showi o¥erssubstratel S0 and gate diclecinigh®#h This ng

hi ghl as- phase..reacgtivV recur sor however ittle
or TR B GREBT PRI 8 Per g G hgieasdortd

5 Af pBlystiRYE), a hitidIBE 198r 60 itsafitimgRap 62(&g., silicandioridevg
process can be optionally perforned in situ in the .
depgBispr nridohandsidewall wapirs 6B o 8- silisers giesids or s#icgp nitride).

Conper st Somanghian s ubfE TRt yahotsp g besssy o
10QeHemifa vhpcrWepoditioddi #omAllByert depoditigalfititgpresent invention

tenperature is nore preferably about 400C to abouyt
75@Cshosmdn Fignre 2pFls system Jchudesan eusdresed yapgy slgposyigeprchamber

Th -] e i i £
10 AR STy AREh Ak B bieniBh BB bk putRL 48R badiihe °
angumprid 42 Oneree ssre blhbystifates 126 (¢.g% sqeicombhetfr sabminateslor L)

mnute to about 10 mnutes,, One skillJed in the art
wi Frbstigteassrmllieshare pgéf@ﬁﬂ?@ﬁ%@@?ﬁ& {.J'sﬂ b GORFRE BRI d's
MaYe MG Yturei9 Eftflﬁgﬁ% k‘(ﬁ"bmﬁé{fa@@f%, WGP BPHadRRARg on the

t her annea y be used, and further, “such
anpeadess weay. Bebgtmte Ditmedy behented, dor axomplea by eaklenigical

steps. As . stat aboye, t se. of the exes and

15 e FFRRIRICE REREh it Wﬁ%ﬂg%%fl Thaepic mhf‘ P fpRtbods
ar @ Renfkitrd albsfirae nfayMistevemailiRly of thin film
applications in sem conductor structures,

part i culmathisyprotesseremirsey chingpurilsditfde-gi. & SHEOB PresuEsor

e BRI gl e o Bk Ty The pREHHOP o RARL BBtk

t I @fig Bepagdiél iféd%ilﬁﬁ% lifidsarggeadqeklts tedePositicn etiuber 110 using,
V-cell, delta cell, nmulti-fingered, or_cylindric

|
20 ¢ o heraxaBIple; £B dNeECaEmgr 95 | 69.9) réagtiongas 179gnaysbe wpéﬁad along

ef t ISk orn . devi . :
o0 35 BSRIRA DIICH 58 et 374 BRI ok £ Bige Kohe inert
wheagiea gaEl63] mag beaupplivg diecngdine Binsheedodo rAl shgwnt @ series of :)
the present invention would be usefyl is as a gate

[ gates or nove
di é’ﬂgfé% 18183 ang apengdeand dosed @5 Frayarsd g |

metal 9FhERtoRHEL e R ol reit8 Yhrthel ilnABRIhE YRGS

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 inventidn, so the scbpe 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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gate structure 66 is shown over substrate 50 and gate
dielectric 54. This includes a gate polysilicon8Febrrary 2007
6, a barrier filmb58 (e.g., ni t r ogen- doped-5
“ﬂb@‘%’??‘ﬁ“%’on) a metallic layer 60, insulating REHUSR3/027152
(e.qg., S|I|con dioxide or silicon nitride), and
si de silicaon diogxide or silicon

nitr B"é‘j‘P eqa%% %?rP F%‘Falé‘iéi’ﬁ“%yﬁ@@& OB B vapor -
deposi ti gQgpf &g&% ed ﬁQQ\n%tfﬁ]h)eM ! PP ﬁl%xt%[f rﬁéte:l' was

atom c | ayer dep o I on resent I nven
sh omﬁhargedﬁmgul(ﬁ) IﬁL O'flaahﬁirsﬁsampmpj'l atbeholathading bk osee content of

ey SRR METFRER R Tt Rietyiand reazk mig iR
14 @&MHdﬁlﬁﬁaxﬁﬁﬁ%drﬁtSi@nﬂ%ﬁ&r@e MRk tu@afds added

substrates or substrate assenblies) are positi
chanHevlytedhe deahohat mblenﬁmnpenatur@ emy @24t mingtel period by synnge

est HRsL & n_ var
de gﬁgﬁ%ﬁg z}%ﬁoﬁ bro oce ]tg%ﬂaséfé q%elﬁ‘ﬁé’oﬂé’?dbe
heatmﬂlehﬁedw@?pll e, by an el ectrical 15 resistance

heater 118 on which substrate 116 is nounted. O her
known netHistandipg pbampiegt eanditions o124t hourm {heagosteniseof the

I d
10 o 5 PG Sy BOSEHTRR o oo o

O l\ﬂes swérs irhberrdthio gl ek wonnectebiopR e distiliaNeH h %}ﬁﬂatus The
and sehg P)ﬁtﬁgiﬁﬁ fed along, lines 164 _and 166 to t .
depdSHP Apas remgved fiap thoreaction widdus by digiling af 18°C

car [ faphdatored i aGhL 0 1085 pbAR. TRRTEHIRIRS, by

along Iline 172 as nee purgergas
whi aiodust bydregent dbdaom@‘@sa;sasmeated ivend theaysierar Fghswitfgtlcohol

ot 1998 FigFmo G, B negdion rofiSp R ol 150 ga viout the

15eq Lﬂrgcﬁﬁburg ® redveP WeHirAied TRl cBien BfRIue ?ﬁb@i{(g‘?h)_h, whose

further illTustrate the various 25 specific an

pr efR¥FibeRdddptfioation wasnerifietbsingGEMS talsimoul d be
under st ood, however, that nmany variations and

modi fi cat i ons may be nade while renmaining wthin the

S CofExanipld heAmnes &ayer D Itidﬁfhf(HPSi)O? scope of the
|nvent|on i'S not |nten to be Ili ed by the

exanpl esYsigap ALLR pecess, @aﬂcatmews@ndahafmmdmhﬂgmde

h I ht. 30
280 DAY, PSR Soncas IRGERAL S VMY AL O
@ ZOO%t&mmoRﬁﬂahﬁﬂmmﬂi@gh, were alternately pulsed for 200 cycles

into a deposition chamber containing a silicon substrate with a top layer

composed of 1500 Angstroms of p-doped polysilicon. A 350 A layer of

(HES1)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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Exanpl e 1. Synthesis of Tetrai sopropoxysil ane,
Si[OCH(CH3) 2]'4 _ A dry argon-purged flask equi pp&Bebruary 2007
WOWop4i0286d1r rer and thernoneter was charged w twcTiOS2o03/027152
of anhydrous isopropyl alcohol (having a water content '
of 230 ppm as determ ned by Karl Fischer Analysis).
ThanvéSomiwib hewinhd appareitt ¢4 thashisloledin thawmaiwithoheddparing from

Si -Aldrich.Co., M. K dded 5. sl ow, .
©o MR aoR? e et BirUhoR e H R esiood s thisiyeation
perik a6t iRnd@M to HMYInduUIhIE bP e iIBRHR00 e BEdiERAIsSRHS

of the fl ask forneq an emnul si on and exothe(ned to
35@xanples petoriin Henein and thatiueh exaoplds anderabddiments are

ho t cont ent s the .flask had.fornmed..two
oty SRR R e Sl ity o CRPE B v erib Tgnied o be
51 ayipnitedldhlyy thelclamsiser ol Hefeimad fofldlwsconnected to a
one-pi ece distillation apparatus. The isopropyl

al cohol was renoved fromthe reaction m xture by
distilling at 78C and atnospheric pressure using an
argon purge. During the distillation, by- product
hydrogen chl oride gas was vented fromthe system

Fol  owi ng al cohol and HC renoval, the crude reaction
product was distilled at 166C wi thout the 15 argon
purge to recover the purified reaction product,
Si[OCH(CH3) j4, whose purity and identification was
verified using GCM5 analysis. Exanple 2. Atom c Layer
Deposition of (Hf,Si)O2 Using an ALD process,

precursor conpounds hafni um di net hyl am de, 20

Hf (N(CH3)2] )4 (Strem Chenicals, Newbury Port, M), and
tetrai'sopropoxysilane, Si[OCH(CH3)2]41 were
alternately pul sed for 200 cycles into a deposition
chanber containing a silicon substrate with a top

| ayer conposed of 1500 Angstrons of p-doped
polysilicon. A 350 A layer of (Hf,Si)02 was
deposited; containing 25 atom % Hf, 10 atom % Si and
oxygen. 25 X-ray diffraction analysis (XRD) showed the
| ayer to be anorphous, as neasured imediately after
the ALD process was conpl eted and al so after a 750C
/'1 m nute anneal in oxygen. The conpl ete disclosures
of the patents, patent docunents, and 30 publications
cited herein are incorporated by reference in their
entirety as if each were individually incorporated.
Various nodifications and alterations to this 21 28 e
February 2007 WD 2004/ 020691 PCTI US2003/ 027152 i)




invention will becone apparent to those skilled in the
art without departing from the scope and spiri 28 Bébruary 2007
this invention: It should be understood that this

WORURMSA s not intended to be unduly |init &GTHF2403Q27152
illustrative enbodi nents and exanples set forth

her e| n and th%é1 such exanpl es and enbodi nents are

pre Fof exanple only with the scope of the

' nvqntA Hﬁﬂtdato?%%@fécanﬁ% ge&dﬁﬂrfdﬁé’tof’ﬂdﬁhﬁ¥ thd'freftlod M8

set forth herein as February 2007

WO 26@141‘1@121@691 PCT/ US2003/ 027152 V\hat Is Clained Is: -

1. A nethod manuf ac urin em ¢ ctor
S oot o B TRARER e Ertes SRR ny:
sem condpfhvilingathiedst @ﬁ@mﬁémﬁp&’@&hﬁ@t@nﬂféﬁﬂTHAﬁmg the formula

providing at |east one silicon precursor COHF{KNR' .
AaviSi@Raend afrlpast ane mew@ommd af thedaraquly R )4,

pre%ﬂe?e?ﬁgc%%%kdgg% atcplq%‘; g’e é‘ ?':X%}N%?Ec?%af 1'c gr oup

and zieoiunzérhafhimdpa@d  haf ni um and contacti ng the
precur sor corrpounds to forma taI -containing |a i’
bn ono. EATIARNGE LR PIEGRTESY COMIONBISRPEB AdRALsPHaiSE layer on
sub

Goponk B Bl B HES SALE oHIRBMRIcfor LS of SBéBp Roembly wsing
1the asapordepdsiibwpraeadysst rat e or substrate assenbly is
a silicon wafer. 15 3. The nethod of claim1l1l wherein
the netal -containing | ayer conprises netal silicates,
et gl ﬁ%'xﬂ&ﬁocﬁé}f ol I‘“@é#éilx?ﬁme sBREon@iRbINAbLEAS or substrate
t her eof od of claim3 wherein the
met abseudziywamhxg)m\agfer conprises zirconiumsilicate,
hafniumsilicate, zirconiumhafniumsilicate, or
conbi nations 20 thereof. 0 5. The nmethod of claim3
18hereiThethghsEbAdiaime N isdiefdin thel rﬁatsr c&@ma $%r amﬁ@Imes metal
sol ution conprising zirconi um oxi des, ni um oxi d
and sicates omelgkoxddes, sifisom oxitpe aﬂépmbmémmtb@rﬁ@ﬁ
wherein the netal -containing |ayer has a thickness of

4. The method of claim 3 wherein the metal-containing layer comprises
zirconium silicate, hafnium silicate, zirconium-hafnium silicate, or combinations

20  thereof.

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;



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

a sem conductor structure, the nethod conpri si2fyFebd@ary 2007
WwWOpoeni20éomg a sem conduct or substrate or subst patreus2003/027152

assenbly within a deposition chanber; 23 1 28

February 2007 WO 2004/020691 PCT/ US2003/ 027152

provi di mpgoading etlsestone sdichn pogusoe comsend hevipg thrdformula

coriRYy 50 leBMishe pichrset epoyt of Ggrarh MOVERY.o 0
R' ‘alieidtC R'| A ReRe eaiH Mdefen@EEB nCorgirid Broap dnd/M &

zi rconi um or_ haf ni um vapori zi ng the precursor
c org¥suRE: echafiypms vapor i zed precursor 5 conpounds;

d di ' ' d h
cem condiktbind 8F pRRROLEGRABLEEN Kl SORRANI Sl ror
5a nehglouvads)taad ni ng dielectric |ayer on one or nore

surfaces, of . the sem conductor substrate or substrate
assenbl {iregtingihe gaporized precHrser epmpousdsiozthe sarpiepadycter
pr [ 0tk f
B SR L MBREUD SR 3RAR n R Foldifing HefB Ay on
t heonger alore enfaenofithe dermicondudtar dubyteate oxcaubgirdts assemblial
silicates, netal oxides, silicon oxides, and

conbi nations 15 thereof. 10. The nethod of claim?9

10 i sneod Bl SYAera e rheinsir TP e vaporized i the
Zi rﬁ&@h&%m&?ﬁg%%%ﬁat e, or conbinations thereof.

20°11. The ne aim 10 wherein the
nmetal -containing dielectric |ayer conprises a solid

solutj,on ¢ rksing,zirconi,um oxj des,. haf ni um_oxi des,

and” e Al ol duEL7 Shreps themeraleaniiiamg dicleciic jayer

Wh b fipRisdARen] SlicHle2Rtl ok Ik, MSconMids Smdcdfifbinations

conpounds i s acconplished using a chem cal vapor
15deplgseef on process.

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 e
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



&

13. The nmethod of claim 12 wherein the tenperature of
the sem conductor substrate or substrate asseni8 Fehrsary 2007
about 100C to about 600C. 30 24 - ----- R

WO 20040026681 Febr uary 2007 WO 2004/ 020691 PCT/US2003/027152

PCT/ US2003/ 027152 14. The nethod of claim 12 wherein

the sem.conduct or .subsfrate. or substrat enbl y

i o B oo b Ry Sppetdivhs SRR b

t or MskeAnPRUL a dtBodifdh chhinbed R&VIAEH Eﬂ:ﬁs@é oEAIu0.1 torr to about
wherei n vaporizing and directing the precursor 5
conmpdieds i s acconplished using an atomic | ayer
deposition process conprising a plurality of

deposition cycles. 16. The nethod of claim 15 wherein

dur i 15y THeen@hehbLclhiay Pivheeposiborioing pnd dessingtthe precursor
netal -containing layer_is formed, by alternatel

Pnt rSEPOPRdY is ecomnbishedsesing an dtemiroard depesit 2556
depqsi.t.j . . : of claim 15 wherein
theoct%clraﬁ r%@%%yﬁé%gpﬂ%ﬁgggﬁ?n&g%g%btor substrate or
substrate assenbly is about 25C to about 400C 15 18.

The thod q laim1 erein the sem conductor ..

Subst cbte resthod e b WHEEE Birirbin® AAGC Bt leppritigp process
charfieheRR%bMAdinthdafs S dmel b? RAtthattAntr8fudit BB PHcursdr
ton. 19. The nethod of claim15 further conprising a

18t e roufpoandse diniingyeach depasitiadcyc0 net al - cont ai ni ng

| ayer at a tenperature of about 400C to about 750C.

20. A nethod of formng a netal -containing | ayer on a

substr. AR .mdthed SESIAN] S BRI the fanpaRatad dfitheisefniconductor
substrate; 25 providing at |east one silicon precursor

c onpbsiththendubgirat asspoblyuis abowi2otRInabovg 489°G.east  one
precursor conpound of the formula MNR R')4, wherein
R, R, and R' are each independently an organi c group
13nd M. i The Méth6dof a0 5 Whbrindik sanitoadrt@cibsignté tesubstrate

precursor. conpounds to form a netal -contai.njng |ayer
on a56embls ssiptadepasition ghampes %ﬁ‘élﬁ% A PERspgsiof F‘%‘?’r’%dpog‘&%". about
25

1 torr.

19. The method of claim 15 further comprising a step of annealing the formed
20  meial-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, énd 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.

25



28 February 2007 WD 2004/ 020691 PCT/ US2003/ 027152 21.

The net hod of claim 20 wherein the netal -cont ai B8 Repruary 2007
w0 zge0206mnpri ses netal silicates, nmetal oxi deBCT/US2003/027152

silicon oxides, and conbinati ons thereof 22. The

met hod of claim?20 wherein RR R, and R' are each

I ndgpeTdemethnd af claimt 2 C8yleldiy themetal-yontainidg.layeh eomptides thetal

of cl.aim?22 wherein Ris selected fromth rQup

o or Sl grecH X oo Sriph 2kl COPURRAONT Bthobpyl . and

butyl, and R and R' are each independently sel ected

fromthe group consisting of methyl and ethyl. 10 24.
The2dveThonietiod of glaim 28 whisesie Rp R, aed R"|are eavhpadepemdsotly a ‘

co u S, tetrai sopropoxysilane or

te?@é{sg@%moé%i 25. A nethod of forming a

gret al -containing |ayer on a substrate, the nethod
cog%pirisi ng: 15 providing a _substrate; providing at

| eadt. Bhemsthod ob slage 82 vrhserin Rofpelaeiad frepi thg erqywe consisting of

of PRIS} st pRRRMopht A5 REIE A RTHIPR? o QHRPUTT
eacindéepradpsticeidcled fivin GeQRoNE c@isisting @i ehellyl and ethyl.

zi rconium or hafnium and 20 vaporizing the precursor
compounds to form vaporized precursor conpounds; and

i rectiion j

logubisig rate %%S?}){)?Pnﬁgﬁ 45 %@%ﬁﬁeﬁaﬁ@ﬂﬁ?ng Z:)(;ltélgo on the '
SubstraiadgErop@iysilfne okharasttoxgsllant. cl ai m 25 wherein \)
vapori zing and directing the precursor conpounds is

acconpl i shed using a chem cal vapor deposition

Pr OBLSK metlod Jmnﬂﬁgmﬂe@ﬁc&hﬁh A2veBR 2 S&LBs 4R é:lﬁiﬁtﬁgd

and directing the precursor conpounds is acconplishe
usicegnmmsiEg:om ¢ | ayer deposition process 30 conpri sing
plurality of deposition cycles. 26 28 February 2007
1500 2004/R5OHERE TS 003/ 027152 28. A method of

manuf ac tgiéviamgat [EASn¥ siRh prechisor ebHpSund IRidERhE Ritmula
c0 rrSp:ECl)Is{l)ttna%d 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
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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providing a substrate having a first el ectrode
thereon; providing at |east one silicon precurs?$February 2007
conmpound having the formula Si(OR)4 and at |east one
WO 8492961 conpound of the fornmula M NR R') 4, PCHMET2893027152
R, R’ and R' are each independently an organic group
and M i s zj rconi um or hafnium vaporizing the

pr ectft-sOmeibedheiperutaciuneg HIGEOBK derdes shruetRun; dhymethod .
Conpﬂ}ﬁqﬂ%%ﬂséj' recting the vaporized precursor conpounds
to the su rate to forma 10 dielectric |ayer on the
first el grovidug achibtitnte bavinyd & fitse eleatnodel thergdmg a second
el ectrode on.t he fh el ectrJ c layer. 29. The net hod

f
cl ai m 28 RIREAIER! {oad ofe SIleeR PTecurser FRmpPvRd 5‘3‘6#“8 ahe formula
| ay eSl{ORgz%naQﬁ ]eﬁ%n%&é&%o?ﬂo%ﬁhﬁ‘c&%hégﬁﬁ? ")4,
e netho claim 28

dielectric forns a gate
vwherwhereintid, Ior sl R sue cadnipdeprddentlyrmurdrganiagronpasd M sne
conpgoun g:Of thaghfornula Hf (NR R')4 and at | east one
conpdund"ot “MBbrmula zr (NR R')4, wherein R R,

. and R' anap&dghe HeGeaende bhyodids 8 SRR va oﬁ&écq{reéiﬁsor
32. The nethod of claim 31 erein vaporizing and -
di re‘anilﬁ?gmfl?ne precursor conpounds |s acconpl i shed

using a |on GeSS 2 3, .The
nmet hod o?j ﬂ%{;ﬁﬂ‘ig%%% & F g pe%lslr éo?cf %ﬁodth‘a P‘?@i‘?ﬁf& t%orm a
he diclectic$ofer oﬂdmwm&woaeaﬁmrmbsﬁwdn&lsi ng an
atom c | ayer, deposition process _conmprising a

pl ural i t?‘)‘@?m@éﬁﬁ@iﬂ@lelfﬁﬁe%v%ﬁle dfectric {aypor deposi ti on
apparatus conprising: 30 a vapor deposition chanber
having a substrate positioned therein; 27 28 February
200729. dite methowb vclvias 28 hWhemhnthe ididlagrio fems a capdcitor layer.
silicon precursor conpounds having the formula

Si (OR)4; and one or nore vessels corrprl Si ng one or

TR T oly T YT apaaiﬁpﬁ@wne% @k dﬁéi B%M RR (N
)4i wherein R, R and are each in epen ently an
organic group and Mi s zirconiumor hafnium 35. The

D0 Rl B M GES T N UL L L SN e
CONfreSoRGoMREoDthe FBHES HINIER")P hndt 1644 bhe 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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carrier gas for transferring the precursors to the

vapor deposition chanber. 37. A devise conpri si#yFebraary 2007

substrate; a gate dielectric layer on the substrate,: :

wherein the gate dielectric conprises hafnium.

silicate; and a titaniumnitride gate on the gate

dielectric layer. 38. The device of claim37 wherein

t he @be @r dierbevsssdle compasing aneqort Mprsksiisen pfecursbo gempounds

A. ut . 39. .The device of claim37 further

hggﬁgpﬁélHﬁmggﬁgﬁgﬁﬁwpysiIicon filmbetween the gate

dielectric layer and the titaniumnitride gate. 40.

The device of claim 37 further conprising a barrier

| aye P EE NOEHVESHAs gamprisigg one of FI0EC PRE/RICCYAQF ¢arepounds of the
i i &b AT te. o4l h | € j 3

i EMIRIRA O e B 1P R S Gl B St oBlodel B Wi grouy

apbM/Bizirceinm othafiifea. devi ce of claim 37 further
conprising an insulating cap on the gate dielectric

| ayer. 28 28 February 2007 43. The device of claim42

wher e . , ] . R Coxi de

AR S AR S T R S

wherein the substrate is a sem conductor substrate or

' ubstyate assenply. ... The device of claim43 whergin,
3?-he_ _ PSR CoFrnAa abe GFPS§HS 0G0 MAUE SBHRFS OF 4 tnert
catriet fdsGBPrNRERFing 4R prd@sdieM the vaior dbfdsilicbMBBEL N
t he Sem conductor substrate conprises conductively
doped polysilicon. 47. The device of claim 37 wherein
3_J}he %ia(%e%.dicel ectlrig: | ayer is deposited by a vapor
epo Wi 8?188535‘. 48. The device of claim 37 wherein
the yagsrageposi tion process conprises providing at

| east one silicon precursor conmpound having the )
f or nalgateslicleriyie layar aay the|spbsifate; yeheprin dhig gxe dickenbde pemprises

hgﬁ-ﬁ‘%ﬁ’lgﬁ &E'&ﬁl a MNRR')4 wherein R R, and R' are
eac

I ndependently an organic group and Mis hafnium
49. dhieandler nitedopate baitho gafe dlekcwiclaydae vapor
deposition process is a chem cal

38. The de\}ice of claim 37 wherein the gate dielectric layer has a thickness of
about 30 A to about 80 A.

39.  The device of claim 37 further comprising a gate polysilicon film between the
gate dielectric layer and the titanium nifride gate.

‘40.  The device of claim 37 further comprising a barrier layer between the gate

dielectric layer and the titanium nitride gate.

41, The device of claim 40 wherein the barrier layer comprises nitrogen-doped

polysilicon.

42.  The device of claim 37 further comprising an insulating cap on the gate

_.dieleciric layer.
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vapor deposition process. 50. The device of claim47
wherein the vapor deposition-process is an at on?&February 2007
| ayer deposition process conprising a plurality of
deposition cycles. 51. The device of claim 37 wherein

the device forns at |least a portion of a field effect

transi stor device. 29 ) _ o
43.  The device of claim 42 wherein the insulating cap comprises silicon dioxide or

silicon nitride.

44, The device of claim 37 wherein the substrate is a semiconductor substrate or

substrate assembly.

45. The device of claim 43 wherein the semiconductor substrate or substrate

assembily is a silicon wafer.

46.  The device of claim 44 wherein the semiconductor substrate comprises

conductively doped polysilicon.

47.  The device of claim 37 wherein the gate dielectric layer is deposited by a

vapor deposition process.

48.  The device of claim 37 wherein the vapor deposition process comprises
providing at least one silicon precursor compound having the formula Si{OR), and at
least one precursor compound of the formula M(NR'R")s wherein R, R', and R" are

each independently an organic group and M is hafnium.

49.  The device of claim 47 whercin the vapor deposition process is a chemicatl

vapor deposition process.

50.  The device of claim 47 wherein the vapor deposition process is an atomic

layer deposition process comprising a plurality of depoSi_tion cycles.

51. The device of claim 37 wherein the device forms at least a portion of a field

effect transistor device.
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