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NEW GROUP V METAL CONTAI NIl NG PRECURSCRS AND THEI R USE
FOR METAL CONTAI NI NG FI LM DEPGSI TI ON The i nventi on

WO ed@mles9b 0 a new cl ass or chéni cal conmpounds POOEPT®T/M61216

use in netal containing filmdeposition. Wth the
shrink of the critical dinmensions of the future

NENEGROUPTY (MVPRL TONTRARING PRECORSORECAND THEIR USE FOR METAL
materials, in parthﬂNINTépﬁ_ﬂ HE‘JBQH'I(N\IOb' um are

requi red. For instance acknow edged t hat
dual nmetal gate will be required along to high
di el ectric constant (high k) rraterialsfor t he CMOS

t i .
gat € Sﬁ"ﬁeqﬁ&fenggn‘f: Ee'f%ts %1 (A h%1a or! c IR &l cblﬁﬁ(luﬁﬁs nlﬁg%n{] 1%9 in metal

to achieve a age us a
dcvrmltlng:féihnlqtpwsemuced devi ces povver consunption. To do

e ompounil e gy SR Eremd G b R PR O s, e
frﬁbdl&%fgﬁwenaﬁ’dﬂﬁls ~i4 pﬁﬂcﬁlﬂﬁaﬂm @aﬁ\Eoblu-ﬁli'l Qre requlred For instance,
reqwrerrents or a suitable netal ate nmater|

jeanwrlhpakgowlprerd that duelpgrak sajcad]! be irfiﬂiutrﬁ;ﬂ dangip é@h G}e@cmc constant

(}h@l\l‘l@\ﬁ%ﬁe’nah torl e @@@g @i kihcle &ﬂ@%@talbﬁ{eqy\ﬁnﬁ)a@culg%qd%a & achieve
conpounds sui tabl e work function (which is

a0k Vi mﬂSﬁO}d abitagot e plovanidipitigrllyl rediicedriatiecs i neweh eonsumption.
%tdgl SO bﬁg %getafl élﬁt pr{)#gg L&]{%keessli]a?glh _tt('; an%p e(%t%ﬁ)ugds% dlffferent work

gat e oxli de,
ﬁmbmmt fypictlly. ~5GO\O fp pMOfegaad anclodt i for nRIAS| danss Thareduirements for a

articular Tantal ym based terials such as T
REebb e et Gl B R el MR R B o oo B @er, it is
daidtady M GAERA PN tfsringteal cEhohRY, itable RGriPfARIH tWiBsh if Bfastically
netal gate ap[)l i cation. TaCN has_been suggested as a

atficted by eddifiema! slerpants inthrometoldiaredr e tthegmal w8 s en thadigh-k cate

B}Qdé" afeRiof ¥n tl%elﬁ%lgﬁ 9nd gtElQ %’e@ecyvﬂﬁ tG:i“&upc‘ﬁD el Qbrﬁﬁmﬁl% lﬁﬂﬁs, and in
are used as electrodes (in the ‘case of pure netal or

natigilar fiapelugehascdameterdls sch gs pngHuk chrlider Bangalym silieidg dgatalum

%{E&g%ﬂn%g% Tai (1)1%11;1 g%{ga@n% de, 4%1%%' p@&%s%%/%};o?k‘r&y %)? %}eiﬁﬁ g%?tr ehgatlon.
deqo $it beom SU%E&EdT&SZ@ItE&)ﬂijM@S)ﬂN}al fCNnw@R -flnctiary esissestimated to

5 ({}es group V netal containing filnms find al so
gpﬁ ation in back-end-of-the-1line

Besides, group V metal containing films are used as electrodes (in the case of pure
metal or metal nitride), and also as high-k layers (in the case of oxide) in the
Metal-Insulator-Metal structures (DRAM...). For example, TaN may be used for electrodes
deposition, and Ta,Os and TaOsNy for high-k layers.

Besides, group V metal containing films find also application in back-end-of-the-line
(BEOL) layers of modern semiconductor devices as metal diffusion barriers. In particular, pure
group V metals are targeted, such as Ta on TaN for copper diffusion. Nitrogen incorporation
also helps reducing the copper diffusion. Tantalum films are currently deposited using a
sputtering deposition method, so as to achieve a low-k/TaN-Ta/Cu patterned structure. With the
shrinkage of the chip dimensions, sputtering will quickly become inadequate for conformal
depositions.

The main industrial options to enable the deposition of such thin films with reasonable
throughput and acceptable purity are vapor phase deposition techniques, such as

MOCVD (Metal-organic Chemical Vapor Deposition) or ALD (Atomic Layer Deposition). For
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(BEQL) | ayers of nodern sem conductor devices as netal
diffusion barriers. In particgular, pure group V netals

wer@shasrget ed, such as Ta on TaN for copper di PEDEPDIN7061216

Ni t rogen incorporation also hel ps reducing the copper
di ffusion. Tantalumfilns are currently deposited
using a sputtering. deposition thod, so as ta% achj eve

SR R R ANPEneSiyiee I dnecarp et dered g apsuitgle method to form
& rHl{ihSaQﬁf&ﬁlalt ffs aBidRd ir M QipBicatiSRU Whel higkiadd With a relevant
qui c becone | nade%uate for conformal depositions.

IS eLrpd, Metalrmg@tclraméhal P EranPEndsreagiicd for esuepesssct i on

of suc

e cops TR Wt D 885030 CBHBRN . s
tadkgivguesiolleusch as MOCVD ( Met al - or gani ¢ Chemi cal
\F/gﬂo:]sﬁel g%sucfb\tsgl)a{ltail’ym Fﬂentaigmon%m'l% #‘e &V%\lﬂeg’g f}%/ldS fy ll’lVﬁ I?gatf(ﬂ i}wh as
gisdISEdRINESls, 268, 188 By iHaahlaet vie tHoodvdr, Q;01ﬁ16 bycpiohwd‘geg&}htyd during the
conf.qr mal fil ms needed for BEOL ap e>:at| ons,

dgegimpragesiiste 2 Hel ey 5ht Caﬁr%uﬁir%?c neage r?}‘rgB%Fﬁ? that can be
adEmbad1 e FRAMPIHRERS. M&ecfv@ﬂ'@l bed nfl@ﬁmssfm 31591?%1%%&&1 to the

Many Group V precursors have been considere 0 enab
ol ylegieipd giranictins. [Ekdhpplers wasrtddelo dindapw gmpainiobeying sufficient

HQLHQ}?&(%%%&@&HJ@ % {t’gg&@?qo chloride, Tad 5, have

been nvest | such as disclosed in US

6, 268, A&Sleﬁ;s feel g pentetthady: Tantelowe (PEIT) asowlelyyuspd atli ddssribed.
ener at.ed t he depo 0 ro h as HO

PV EIeD e 1 o kR R i P eRLRT SRR RUTE PRl gyt

bantflahd ifmantsadh Lo nith@esf lcd&alldesp reapemiti@s, sikbid@owrich ad used in
or Finpurities are hig detrinmental to the final

BTy jag glpetigpes ad vhigly ShO}ﬂtd NPCOPRBOY 5P EVaRHIERCE &iclt o

find new CoFmOURARCIDARY hiehpidtbihbg kP HT M8 88ddb hdv¥ bBtintroduced,
wi thout containing O, F, or Br atons. Al koxides such

as pentwingt Hey«(@hnt ainsiead( PET 2@ WikFdDy Yededitangas thereby
r d i
ERRLh e o o HEHhe TR g RYRECIAPREE SOy docs
contlaw mersgllé ideprsitisucin jstionlat, r axges, freeambial@sride or carbide cannot
bZO nitrides, suicides which are used in particul ar
T%ctrodes and which shoul d not contain oxygen even
at tr aus-A-6968,398 USisdosts 3d&hef 4ipetiveib@S®Bh ale use for instance of

Ta orc%)ecn(%ﬂg)g E, hO\XF’)CEV-!C-I' \%lt}t( le sakr)n%r}ldmsltatrl](?nvaes dPsslgsned IhQrte ;l?o%lej ced,

WO 02/20870 discloses the use of tert-butylimido(tris(diethylamido)Tantalum,
TBTDET, for the deposition of Ta,Os US-A-6,593,484, US 2004/0219784 disclose a method
of deposition of Tantalum nitride films by sequential injection of TBTDET or TAIMATA and
other N source. However, their use to deposit Ta, TaC, TaSi films is not possible as they contain
nitrogen which is always present in the deposited films.

US-A-6,379,748 discloses Ta(Me;SiCp).H;, which is a biscyclopentadienyl Ta
hydride which is a solid having a low volatility.

Today, there still exist the need for metal organic precursors having a high volatility in
order to be in liquid state at room temperature (or close to room temperature) and having a high
versatility, i.e. suitable for various applications in the semi-conductor manufacture such as

metal gates, electrodes and/or high-k layer in Metal-Insulator-Metal structures for

DRAM and/or copper diffusion barriers, or the like in TFT-LCD applications.
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e.g. by using TaMe3(OEt)2 instead of Ta(Oet)5 (PET).
Vol atility was thereby significantly inproved w thout

wa@bdsotipg the nelting point. "However, TaMe3( CBtj/RPTO®E61216

not allow versatile deposition: in particular, oxygen
free nmetal nitride or carbide cannot be obtain.

US- A- 6, 368, 398 di scl oses anot her inprovenent with the

use for instance of Ta[]OC(O C(CH 3)3]5, however wth

the sane limtation as disclosed here above. WO

02/ 20870 di scl oses the use of , N

t er t - boesprding tela first ¢naodineent (e Ayvewion Tdiesa¢ umethqizfdeppsiting metal

1 | L - A 4 :
SO 1O B AR e AR S e Ay e 0o
Tantalumnitride filnms by seRuential injection of
TBTDET or TAI MATA and ot herMkgource. However, their
use to deposit Ta, T 4 s not possible as
they contain nitrogen ways present in the
deposited filnms. US-A-6, 3 j/di scl oses Ta(Me
Si Cp) 2H3, which is a bisc adi enyl Ta hydride
which is a solid havin54a | Q ility. Today, there
still exist the need for organi c precursors

having a high volatility /n der to be in liquid
or\clgse to room

state at roomtenperatu {
t enperat ure) and haviRg qQ,ig yeR&atiIity, i.e.

sui table for various applleati%ns in the

sem - conduct or manufacture such as netal gates,

el ectrodes and/or high-k layer in

Met al - I nsul at or - Metal structures for DRAM and/ ofl?)
copper diffusion barriers, or the like in TFT-LCD
appl i cations. According to a first enbodi nent, the
pirafélistfPanla@at es to a nethod of depositing neta
containing filnms using at |east one conpound as a
metal precursor of the formula (Ra): (la) or of the
formula (Ib): (Ib) Formulas (I nd (Ib) wherein, M
is a group V netal selec

(Ib)

Formulas (Ia) and (Ib) wherein,

M is a group V metal selected from Tantalum (Ta), Niobium (Nb) and Vanadium (V), Ry, R,, R3,
R4, Rs, Rg and R5; which may be identical or different, are independently chosen from Hydrogen
atom, linear or branched alkyl groups having from one to four carbon atoms, linear or branched
alkoxy groups having from one to four carbon atoms, linear or branched alkylamide groups
having from one to four carbon atoms, linear or branched alkylsilylamide groups having from
one to four carbon atoms;

either R';, R, R'; and R's; which may be identical or different, are independently chosen from
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R4, R5, R and R7; which may be identical or different,
are i ndependently chosen from Hydrogen atom |inear or

whrasohedo al kyl groups having 'fromone to fourpCBEERPDN7/061216

atons, |linear or branched al koxy groups having from
one to four carbon atorrs I i near or branched
al kyl am de groups havi frorrbqone to four_ca

r
Hydhgen afommy, flgar g bragehed @ @%ET%HPR VI oM tef Ogrcefgﬁgawms linear or

Bl@ﬂdh@(g alﬁé@?ﬂﬁfﬁ? hatv%gffﬂ)‘ﬁ{ orfedh BRIP cAbAMBomsE lifddLSr tRinkhedRliGlamide
: may be identical or different, are

gﬁqa@pl@ﬁ@é rftOiTyor@Hesf@ﬁ cmbemar,@mwgélﬁeaapb hyanqhicsh gy lsigflamide’groups
H{V%%B%ﬁfjm@tg%lm aLeuRs,avi ng fromone to four carbon

I near or r anched al koxy groups having from
oither R@ R‘@ ovhich amdydre identiwb pr dhffctelar ar@ mdmeadﬁmhse chosen from Hydrogen
| k havi m one
at hnﬁ%r o) %Igg ?J gl%%l [E0YPS, )ﬂgs O yqnghql 8%r carl ;(l)gn at%m?1 gm?ar &rqbranched
ﬁlk@m QOHs havihdftom @as Rofouat0H0R; atddhst hgar 51’ lbrancﬁ%(ﬂalky&hmdé‘l groups
may be identjcal or different I ndependent | y

BS54 1ROGRAORE BictT| Oh%failc%e)f} allprl-abylepmids gfﬁupwavmg from

BFQY Ror &@%!nragmfs LAMROAR! mqoge@uéf refredcROR oRS BB (=) BEARIKYT imino
branched al koxy tgroups having fromone to four carbon
(4]

aowprsaving; frpgmme de B?@Fh?h@@mél( m de groups having
from OR, cof'(ﬂ rﬁf uf ﬁ?s? Sps Qt %dﬁ {hgqment(i)({n Efa?e@qg]%dmethod of

al kyl si avin omone to four carbon
dftpomnmuietﬂc@ltamg fRmlising g edzﬂmnnd diphredsraruda (Bnoox the germulo (Ib) as

T fouf Badhe Lol Bitu S0 R B BT 5F, Qb P in iauia
37 Qelt10®NS liduiefolm Bt empeRtuad, @bich ehaRes MRV o) ea51er

depositing_ a nmetal contai ni r}%}ofl | musing a conpound of
t he foffRIFENY o) seernd Pprtichar qrehoffigieat (e mvelg@na@?tpsn@oa method of

a0YBng NAMAI e&tﬁnﬂ%ﬁﬁﬂ R Q@(’)tﬁ‘ﬂouh@(\/ﬁl{e oI (2 oA HRforkla (1b) as
about 35C, i.e be inliquid formor close to

He¢fopad ehore hpieg a Y@@mrqselﬁpblghqr@mé 1 Tigrviat HOfake grdetteidp so, the man
gﬁ!{l)éggl?{t% %1? QI?& Slect ﬁi% [;J-H %J OQGCQESSSCEI%%Q %?E%lgﬁ%{#le%ﬁlavmg a lower

e I'nven ates to
ohefpodé weiply aad/wﬁhqsb hmrgtaa;trmtmg Wﬁidhﬁndmsésngvaedjompmoﬂamlanforces.

(e S Pt SRS b SR . .

RO Gnd R vitfidherhayt 2 idkhtisdd or Hiffereifdre Sidepdn@shtly Bhds&efréth Hydrogen
shal | select the appropriate nolecules in the group of
Aipmelingpiey brache gkl grofRe havis) Ty pis IUENHFDRRMMSY t hose

havi ng Qrdld Yat i patRiENh SRS il QWRSRALIRS 6 (b), R, RY, RY,
nmol ecul ar forces.
and R';, which may be identical or different, are independently chosen from Hydrogen atom,

linear or branched alkyl groups having from one to four carbon atoms.

According to a fifth particular embodiment, in the formula (Ia) or (Ib), M is Tantalum.

According to a sixth particular embodiment, in the formula (Ia), Ry, R3, R4, and R;, each
represent an Hydrogen atom.

According to a seventh particular embodiment, in the formula (Ib), R,, R3, R4, R5, Rg
and R4, each represent an Hydrogen atom.

According to an eight particular embodiment, in the formula (Ia) or (Ib), R; is chosen
from ethyl, isopropyl or tert-butyl.

According to an ninth particular embodiment, in the formula (Ia) or (Ib), R';, R, R,

and R4 each represent a methyl group.
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According to a third particular enbodi nent, in the
formula (la) or (Ib), R, R2_ R3, R4, R5, R and R7;

wobkiosh4gmay be identical or di Pferent, are i ndependert/Y61216

chosen from Hydrogen atom |inear or branched al kyl
groups having fromone to four carbon atonms. According
to a fourth particul ar enbodi.nent, in_the formula (la

or (|éy<z°f<f:i?s et ppgtarzgembosmant. (b iy (Blor ) K B e
wHRAta ¢ B idticAliof et Rt arc BI&chRABPEIGE Hohym&hA SLMethsQMnd R's
Hydrogen atom |inear or branched al kyl groups having
frddin tegrhor eepfestnt AEEOHNPATOhe 2 taEbWyldingg g £ iBwh

partic ' [ ] la (la) or (Ib), M

is Tantﬂ{%fﬁﬁ3 %%%ggggpﬁ?%uéarteglbyﬁgféf rygart i cul ar

enbodi nent, in the formula (la), R2, R3, R4, and R5,

each represent an Hydrogen atom_,According to a

seventh particul ar enbodi nent, ipn the formula (1b),

R2, R3, R4, R5, R and R7, eac Qresent an Hydrogen
atom According to an eight \‘, ar enbodi ment, in

the formula (la) or (Ib), Ri 'sen from et hyl,

i sopropyl or tert-butyl. Acco to an ninth

particul ar enbodinment, in the fgarnula (la) or (Ib),

Ri, R2, R3, and R4 each re ent a nethyl

group. According to a tentthf/t’ ar enbodi nent, in

the forrmula (la) or (Ib),NIe I gnd\ R"ge Which may be
identical or different, are inglepenrdently chosen from

met hyl or methoxy, and R 3 and R 4 together represent

an oxo group (=0) or a tert-butyl imno group

(=N-tBu). Exanpl es of such ticular enbodi ments are
:According to a eleventh i ar, the conmpounds of

the formulas (la) or (I1b)\d#s dgfi ned herein before are

selected fromthe foll ow ompounds:
g‘ ) |t 7K s(net hy) Tantal um

(1 sopr opyl - Cycl opent adi"
(1, 5-diisopropyl -pentadi enyl)atetraki s(nethyl)
Tantalum (1, 3-di-tert-but cl opent adi enyl )
tetraki s(nethyl) Tantalu Et\hy} - Cycl opent adi enyl )
tetraki s(methyl) TantaMamy, [ . Me
(1 sopropyl - Cycl opent adi enyIP) tet’raki s( et hyl)
Vanadi um

t-Bu t-Bu

Me{e/T a\M\Me
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wola@siowamwo Accor di ng t o anot he

(1 sopropyl - Cycl opent adi enyl ) tetrakis(nmethyl) N obium

(1,3-di-tert-buty|-cyclopent?dienyl) tetraki s(nmethyl)
enbodi nent, thePCT/EP2007/061216

invention related to conpounds having the

characteristic to contain only one cycl opent adi enyl

ring and 4 alkyl am de |igand, a|d conpounds havi ng

the formula : Wiere: Mis a grplip V netal sel ected

from Tantal um (Ta), Niobi um (K} _and Vanadi um (V),

Each R is independently selg fromthe group

consisting of linear or bra ed/ /al kyl groups havi ng

fromone to four carbon atons i near or branched

al koxy groups having from onet\w four carbon atons,

i near or branched alkylanigébb yps having from one

to four carbon atons, lin or branched

al kyl silyl am de groups MeVi ng/ fromone to four carbon

atons; Each R are independemt |y selected fromthe

group consisting of Hydrogen atom |I|inear or branched

al kyl groups having fromone to four carbon atons,

bRl 0% cRvaRChHatuRl KREYMBS RS RIS hﬁpdﬁ(mss defined herein

four carbon atoms, |inear or branched al kyl ani de

Befefapsrchavicaigd f fism ohe fdlopsgr compemds: at(samopyl-Crganeniggionyl)

Eﬁag H@ﬂ,ﬁ%éﬂﬁﬁﬂw yl am de groups having fromone to

our ‘car bon ators; Exanpl es of such particul ar
éﬂb@@pmemﬂpaﬂ@hﬁwhcmdhﬂgwmwbﬁmoﬂhar enbodi nent, the
tl & qtn glfr[y adlen lftg is mig[ﬁ 1 anta .the

one C clopentadlenyl

(Hﬂm}G@ﬂdmﬁmﬁk&ﬁh&m&@enhmgﬂnﬂmhmﬁ|d conpounds havi ng
the fornul a: roup. V netal selected from

e opy b dopgytadi Wﬁ Eﬁtfalﬂf@ir&yl? Xﬁlaadvah adium (V), Each R
tI%pk@?p@%@ﬁﬁdl%yﬁ eétﬁﬁs(ﬁféthiﬂj ®ibiae group consisting of

| i near or branched gr oups haV|ng fromone to
ﬂéhﬁt@&bﬁ%ﬁW@bﬁwﬁmqwﬂﬁwﬁh%mﬁ hebied- al koxy groups
having fromone to four carbon atons, |inear or

branched al kyl am de groups havi ng fron1one to four
Gagopbimg tationtte ethbadeant, dre ipeativo hddedtb kyrhigiuhgs| hanmglthe characteristic

rc%H B orr} y\{)an gyc]iopen err1§l rsn?g a];g Y 5&%1%&%0 [ﬁgand Sgl% compounds having the
formula :
Q O ’
R/ N N \R N Y \R
[ .
R R R R
Where:

M is a group V metal selected from Tantalum (Ta), Niobium (Nb) and Vanadium (V),
Each R is independently selected from the group consisting of linear or branched alkyl

groups having from one to four carbon atoms, linear or branched alkoxy groups having from one
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The conpounds of the fornmula (la) or (Ib) alone or in
adm xture, are used to deposite filnms of various

W@ oorpsd7e ons (as di scl osed hérei n after) usi NBCHRP2007/061216

wel | - known deposition nethod using vapor phase

deposition, such as MOCVD (Metal Organic Chem cal

Vapor Depositign), ALD (atom c .| ayer deposition) and
BriywiorHer aapolic] YrPrHhs M@éﬁ%ﬂﬁ Yinsitelos (e four carbon
SORANGEH o LRSS INAPRMiFH SRRS KavRB rof ond$o B @8-In (WS,

These new groop V netal precursors are thus useful for

pure nBcAIR qigindpnepdenty pedested diapmtherdrep, copsitting @é Hadiggayr atom,
PAMEL 551 SRR AA00 i E1 8 BELE 050 Bl o
tioeps/hakieg frém onehie fobt Arion etoms dintd er prrehelratkythntidergpepalaymg from

is in the range of 150, to0.4 . I. referably 200

bF tdseophlo5 dper Seb o CaRnR G B R Yok gne o fou
adibbntdienspr ef erred pressure is in the range of 0.1 Torr
to 500 Torr, nore preferably from1 Torr to | OOTorr.

In the CVD process, the preferred tenperature is in

t he rapgen sl o8QLRRFartiQilaf ORBSImERLR: preferably from

3000C to 5000C, the preferred pressure is in the range
of 0.1 Torr to 500Torr, preferably from1 Torr to 100
Torr and the prefgrred carrier gas is selected from

N2, He, Ar, H2, “u preferably Ar or N2. The

preferred N2 casidter flowis in the 30-200 seem

range, prefer 1‘( 30 to 100 seem In the PECVD

process, the p fed tenperature is in the range of
3000C tmgoooc, 133 pr efl\grqabl y from 3000C to 5000C,

the preferre ,pL'EasuNa/l n the range of Ol Torr to
500Torr rably tYompgdorr to | OOTorr, the
preferr%:zﬂ[\br dNs_js selected fromN2, He, Ar, H2,
nore pre ﬁabl;{ A" |or €and the preferred N2 cani ster
flowis inthel\/ﬁé| 00 seemrange, preferably 50 to

100 seem H or M icals are produced by a renote

pl asma system and used as co-reactant. In these above
nmenti oned uses, any of the conpound of the fornula

(la) or of the Fodyul a (I'b) as defined above, can be
used al one or ' xture with one or several other
conpounds of t\Ne|sgid fornmulas (la) or (Ib) and/or
with any|eappropriate addpki ve which are useful when
deposi t 1 ng e\ etl@—goatai ning filmas provided

her eaf f\g—ACcof d\ng T o Il i r st

Me— | | —~Me
Me Me
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w@odos4d7omer t han or equal to

particul ar enmbodi rent the invention relates to a use

as defined above of such an §dn1xture having a nelting
about 35C, i.e. BtEEP200®061216

inliquid formor close to liquid format room

tenperature, which nmakes their delivery easier, and or

havi ng a vapor pressure higher than 1 Torr at 1000C.

Various films can be obtained on a substrate by using

M?(%r(ﬁﬁ 'dﬁ(ﬁl%f SmblR%AN, BRInRRIA rahave corﬁg’\gﬁhds% vifg {hE bﬁ’a@&:terlstlc
car bi suicides, nitro-silicides

[oecoptain rvﬁba ope cxshopertadiqnglering amb Ry lamid I&Wrﬁatd@@é@mﬂ% kypring the
fopudi fferent metals M and M2 (MIM2OXxNy) . The

Invention also relates to a process for depositing a
group V netal containing filmon a substrate

conprising the steps of: introducing a substrate into

a reactor, - preferably heating the substrate at a

t enperature above 1500C, feed

formula (la) or of the fornulaﬁg 7 .
herein before or of a m xture of \§

thereof in the vapor phase into the[te

optional ly feeding at |east one sedgphd precursor in
vapor phase into the reactor ting a film
containing at |east one of salgggﬁpu

tal. If pure
netal needs to be deposited on

ditscl osed
onpounds

uF¥ace of the

substrate, then no second precursor injection i#b

needed. However, if a filmof nitride, carbide,
€ide, nitro- SI|ICIde nitrides or

li ke | M inseguyV merbiclesie ﬁ%ﬁ@@@&mﬁ@c@w@w (NB) a@é W Plefﬁlmn V),
FRY, R 11{@{;&13%57 YeledtdF¥nfind grotllt' @01@1@@%%%@%? Qle&ﬁrﬁzﬁedt 2912/ I\r_groups

obtain the final desired conposition of the f
paveizdronedic tefawicahbsatamns hMaleor bReked abretyhardtpy hﬂvam freen one to four

carbS at(pngsefhgerag %rd b 3 e 0({1 dlk aml uré*rs()%és asvmSI 1{{1}% i) Sl 8t0ms
preferred second precur A a
Nid3r or branched alkylsilylamide groups havmg from one to four carbon atoms.

The compounds of the formula (Ia) or (Ib) alone or in admixture, are used to deposite
films of various compositions (as disclosed herein after) using any well-known deposition
method using vapor phase deposition, such as MOCVD (Metal Organic Chemical Vapor
Deposition), ALD (atomic layer deposition) and any other deposition method such as PECVD
(plasma enhanced chemical vapor deposition) or as pulsed CVD. These new groop V metal
precursors are thus useful for pure metal, metallic oxide, oxynitride, nitride and/or silicide film
deposition to make electrodes and/or high k layers, and/or copper diffusion barrier layers and the
like. In the ALD process the preferred temperature is in the range of 150 to 400°C, more
preferably 200 to 350°C, the preferred pulse duration in ALD is 1s and the preferred pressure is
in the range of 0.1 Torr to 500 Torr, more preferably from 1 Torr to 100Torr.

In the CVD process, the preferred temperature is in the range of 300°C to 700°C, more
preferably from 300°C to 500°C, the preferred pressure is in the range of 0.1 Torr to 500Torr,
preferably from 1 Torr to 100 Torr and the preferred carrier gas is selected from N2, He, Ar, H2,
more preferably Ar or N2. The preferred N2 canister flow is in the 30-200 sccm range,
preferably 50 to 100 sccm.

In the PECVD process, the preferred temperature is in the range of 300°C to 700°C,
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w@r@Bong7ed oxygen source if O

TaO preferred oxygen source if O 3TaSiN. preferred
second precursor is TSA and @HB, Tri DMAS and NH3 TaO

3 TaHf O pref er r pdI/ERPIONG1216
precursor is TEMAH TaC. precursor can be used al one,
C2H4 can al so be used to enhance C content. The

process according to the invention may be summari zed
Q@@oﬁrsfﬁrﬁ@-‘/t @naﬁ%ﬂg? 40" Hlege%me&%%ufm 1 gngnge of 0.1Torr to

SRR freRtablytite VRROK 1186 drO thePheérRA cRSW B isHelcSOUT6E N2, He,
Is realized by introducing a carrier gas into a heated

ébﬁparrw&erpr@f@ﬁ I3iAdion 2 tané ths prcderred W2rgsnigter Boyisdethe e 200 scem
Fa??é g}e@e%bb!' 5 Bﬁ@& Ed’cﬁlb hy Iﬂﬁ{afaﬁféal@gre r(;dﬁ%%ﬁf%tr%(? Bﬁsma system
ase

to get the said netal source in i qui
anﬁwai%aosumknmlent vapor pressure The carrier gas

Klgno?ﬁl %el eg% ?nn{)lheg rﬁses,rﬁréy gtt 1;%8 C?Tel?ogfl(li Cf%rmH?a (I% dr of the
fornstile @by @s dcfimed wané, @i bé Asedbink ©F mmmakmﬁ Oﬂdth(ﬁleQif sév@radother

m xture of themin the container. The contajner can
DTG e oo RBES ) B (b HRAGY A K SPTHOR G A4 hich are
§5qul whl GepodinRs & n%!fdl |cbﬁ§in1'n? i Gs %E(deéﬁ IhkreSrRRSA&SIdindeh8ta first

the tenperature of the container can be adjusted to
E@ﬁ@ﬂ%lembh@mam’mhmmvmwrp Feladqirte @rus appdnfingdegbove pf such an admixture

gé(‘;&%ce Hife 0 éﬁ ﬁkﬂ&h& QETRATLTENG ; 5@%@5&@@;@% orclose 0

TState 1o a Vaporizer
liguidl &porat zech teilfipefama:l, ovhivk tnadkesstheir délvelaneaber, andxechavinga vapor

sol vent E 3% source can be m xed to anot her
W@Wﬁpqg%ﬁ? %lﬁﬁﬁémmgb m xture of metal sources can

bem Xxewatidhs filns0dad 88 bbtihedond dbitfae WfushHE |t1\ngﬁ1$cursa_1|§ @essAbdd here
metal source can be mxed to a stabilizer.

PRr fuck s nritrides. Bibidee filicidqe piFroxflicidps .ﬂﬂtSPad a@@as (518 oMeOy),
BxynRAgS (90,0¢ E@fm nitMAGY Bonh fwo BEGARHRGESE, 48 M (M'MON,).

substrate. The substrate can be heated to a sufficient
t enper &haipeention altotrelptes to Aeragess ifqr depopitingny groupsVififefa faagpining film

rc&%J&&&&gcaﬂ@g ggﬁﬂg%§bfed physi cal state and

conposition mperature range from 1500C to
6000C. - Prigfodnaiy ysubtertd ieopecatonre is | ower or equal to
4500C. The ure in the reaction ch er .o

control | BEFTBS Bk A G SRRy SRt 5 ng i1 m

at suffi et a@b@pduid bBhEforntyP (18)8dr oPthe EStitile (Ibmgi@cfoge@mbrem
Im Torr to ICIWorr or hé?her Accordi ng to_anot
enbodi merPefors ¢ 4f miyas pi s@id gpmypoynds dhergod iy he SaRAT é’éase dnto the

a react ar}gactor’

- optionally feeding at least one second precursor in vapor phase into the reactor;

- depositing a film containing at least one of said group V metal.

If pure metal needs to be deposited onto the surface of the substrate, then no second
precursor injection is needed.

However, if a film of nitride, carbide, silicide, nitro-silicide, oxyde, oxynitrides or the
like is needed, then such second precursor injection may be necessary, providing the adequate
species to obtain the final desired composition of the film.

TaN: preferred reactants are NH3, N2H4, methylhydrazine
TaSi: preferred second precursor is SiH4,
TaSiN: preferred second precursor is TSA and NH3, TriDMAS and NH3

TaO: preferred oxygen source if O3
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species prior to the introduction of the mxture into
the reaction chanber. I n another enbodi nent of the

WO pawosfosd7eom, the netal source may be m xed to aPCEHER10aT061216

species in the reaction chanber. According to a
further enbodiment, Phe netal source and the reactant
species are int roduced si mul taneously (chem cal vapor
deposition), sequentially (atom c |ayer deposition) or
TaSidd Pryfer€ed Eebin@dcir@is Tnei &3, (rionasexdampl e is to i ntroduce

Tao: F,Qf@neﬁrg{ygh o§r9eq{(ge and the other netal source together
n one I’se and % en in a separate pul se [nodified

TaHRy R seeoyd BV S SEY IR on] ; anot her exanple is to
TaC: prwnmanchulzeelsegxlyrggm@c@mlsphﬂmmeyha&nﬁccﬂl@ti ntroduce the
net al sources by pul se (pul sed-chem cal vapor

(rj:ghg € process accgrduelg tQ theI mSvF]r? clgsm%y ﬁﬁgnmsmﬁgzeg accogimﬁ{c]) dlagr el geg he

r ehmcerpayceﬂ\rtbmeternl@dlmaéle m?flzeflﬁra?fﬂs eyt faetaaé’ef&ﬂf)ose t hese
reahz&ip;?(htr@lﬁclriglatcﬁlef g6l ine alhautel) ehine cdnhaging thé sad medkoret | on | nt o

souch I? chﬁa%lI 1& ﬁﬁer&l}%ﬁ%@ Et a té%ﬁ)@rgﬁrg b113Gin dé @ ga- tl'Ie ISIJiJ 14'113%[

od] men t ar get ed net al bsedfllm
sourceClB Il.wugil pﬂge wygﬁesht%meghv(gwr gl §55lf he carréer(rﬁis can be sele O U t

withot lipritatient fraomArnfiet &4 Nz opxixgees o themglhggaid W‘?‘-S?H“’F ehde, the

mixted ©@Edvad br tSPQRk Bzl $63d dr tol afil kOl tharin @ y@@iRer STBUIT Ce Whi ch

contaiige§ca§ %l ines%}:lcgge hi S’Hﬁnﬂ%m% 8 H:Prm&@&@d’ il%%osggﬁflgﬁp ( 02)

en rad Instance O or OH), for instance
the afg@lﬁ &nzifen t’fafﬁlgf ‘%“Pfréﬁbfféhepff"é%’ﬁ’a““ B (“d?)‘fml ‘Rb N2O,
amourGPrecunsrivgbiiede ( H2O) and H2O2 or any m xture thereof;
Acly %&Idam:g wtt]‘panos}te} elml')od!%eltt uﬁetsh@rﬁetaem&dd feBRiquid wherein t he

toa quonzeg where it is vaéaonzec{ ﬂ‘e sal n{etal sO rrTc]e gag [;'e mz?)liegl1 tl% a sgla\‘/%n% glgzgalp 4 ;‘:’ ggh ??} e

e or
metal foeraeccermqtnlxsdp@wt@smthrr&d@e geidipreng Befel &8 68 Yvhi ch i s
selected from but not Iimted to, nitrogen (N2),
amoni a, hydrazi ne and al kyl derivatives, N containing
radicals (for instance N, NH NH2 ), NO N2O NQO2,
amnes. |If the targeted netal based film contains
carbon, such as for exanple without linmtation netal
carbide or metal carbo-nitride, the reactant species

i ncl ude a carbon source

SUBSTITUTE SHEET (RULE 26)
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wo 20payd7eme, i sobutyl ene,

which is selected from but not Iimted to, nethane,
et hane, propane, butane, ethylene propyl ene,

ca 41 the t ar get edP@BER2007/061216
based fil m contains silicon, such as for exanple netal
suicide, silico-nitride, silicate,
SI|ICO carbo-nitride ihe react ant s$e0|es shal |

el eSOy ertor p apHuIE gfisobeninRcid et spuseercar b mpse! fofestabilizer.

gr oup TRIRpbrEtdshetd dorce BitiatteSin@biicedlibioYEnaiiorRRMASr where it
BDEAS, TDEAS, TDMVAS, TEMAS, (SiH3)3N, (Si H3)20,

ts:cplstaqtcyii 0 A ybetrateliTae W&t%ecan be hegioryq fliRient WMEPTRFFo obtain the
%é'si éd 11% sufﬁméﬁ( %Wl"?‘fa oIy "G Gﬁggglcalasta% Anﬁ%gllnposmon Typical

refer
‘pm@f:retuwbhlgge 8io(o@H T BY)°C3Praferablyitimgenpeaatec Slldﬂxe(r NRGRA Wx450°C.

ﬁ{\éh ressure n tﬁei reacﬁg L L egaﬂs W?rglpedgh(ﬂ)(%lal%fhe desue(P ?ﬁﬁzcor?tammg film at

HON ¢
bufneaﬁ grobzﬂﬁtﬁ&h’ﬁﬁin@[ preséae | mge po@flan abir yo mwahc/le&lgher
Si H(N 3, BTBAS Si (NHt BDEAS Si H2( NEt 2) 2)
and m f Fing tp ﬁ%ﬂﬂ%Fm ofRent. 4 1@%‘%98@6 f9 1, thegpeta S"ur"e 0 area"tam

%Je&@srffm {ovRd Mir&RBiR JF Rk KIBRI MO the IRLHARANBEIENT | Oned
I containing sources, may be replaced by simlar Ge

cont ai Hianghembedizent jof the évepiiop.chqymetalispires may e mixgd to a reactant
ﬂﬁﬁghnﬁgqg%&nhgmﬂggther nmetal source to deposit a

ti-metal containing film prior to their
intr odamor@rrg fort frthdrembediventothe aiedatiyaurceoandt the reactant species are

T R A N P S
ot 48 lcomhBiasioa Micredpeat eSnipk it Reintr@med the methaifre and B lothiet metal
is also paossible to introduce the first, metal source,

BOREFC SR A PASe arslpryeend & sappiatepls bagificd plapicdayer feposition];

hfehef Samble o MABATRESxyEd BohiiRDRBHR Yo iH SRR thehetMABREEs by pulse
deposi tion sequentially (atom c |ayer deposition) or

enipeddemicnbrpeicpdiiionof (one exanple is to introduce
the fi 15 alg@% lel%q EIRI%d Qhet Ilggctﬁl?gﬁ%glgs &t leaﬁf%’%&ﬁ%elocaﬁzed

t oget her ne pu se a oxygen I'n a sepafate
femoatilyf fred thd omttonl chyeber de plosnpbenthsse apatds ento exdicayl lecforg their

ﬁ@P%FEQggy ]B%Xg%a%ggntlnuously and to introduce the

Upul sed- cheni cal vapor
deposi Ab(mﬁi)mg to a further embodiment, wherein the targeted metal based film contains

oxygen, such as for example, without limitation metal, oxide or metal oxy-nitride, the reactant
species shall include an oxygen source which is selected from the group comprising oxygen (Oy),
oxygen radicals (for instance O or OH), for instance generated by a remote plasma, ozone (Os),
NO, N,O, NO,, moisture (H,O) and H,O, or any mixture thereof;

According to still a further embodiment, wherein the targeted metal based film
contains nitrogen, such as for example metal nitride or metal carbo-nitride, the reactant species
include a nitrogen source which is selected from, but not limited to, nitrogen (N,), ammonia,
hydrazine and alkyl derivatives, N-containing radicals (for instance N, NH, NH,), NO, N,O,
NO,, amines.

If the targeted metal based film contains carbon, such as for example without
limitation metal carbide or metal carbo-nitride, the reactant species include a carbon source
which is selected from, but not limited to, methane, ethane, propane, butane, ethylene, propylene,

t-butylene, isobutylene, CCly.
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The second netal source shall be selected fromthe
group conprising | anthani de d rare-earth netal
waeomsoe706c, Y, La, Ce, Pr, ., Gd. . .) sourcCPCEHEBRI0@E61216
rare earth diketonates Ln(-OC(R 1)-C(R 2)-C(R
3) O)( OCR4)-CRY5)- C(R6) O)(-OCRT7)- C(R
each Rl js independently
c1 06 £f 1%%6‘]%“&‘?1 {baé‘fdt Breopaiga s wonb?ﬂﬁﬂ Ehey e@.mple metal silicide

GUEI Aife, sBich¥ CliRIBeRtLdHitBAY helioddRnd @éilém)n(cﬁ;ﬁgﬁ) silicon source

(where each Rlis I ndependently H or a Cl-C6 carbon

Whlﬁh it selegtedHeom the grewy comprigipg hillel SbHs.yale THIDMARBRMAS, BDEAS,
N X t o]

AEEAEN AL SR, Mo L, MBS e

é@ﬂam@t eugbilhmeo ma t *ﬂs)xgmbnﬁp SHAORS)-i, ng sibnolt ﬂl(@i),I@R )ax (preferably

di net h drid |

D QG B b DT el Pite S LR 5 Bt x i
aoihrisl @iveech 0daP enrlestl IR/ akt @depandeiityd8 o€ ardaars @ainrthain, either
e| t her | | near ranched or cyclic, preferably AR

ranchio ot FrF o PRETPSATHENTE Sy Meak BAP S ATLHAHB,
BEBAK( NBZ(RE)Q%) Yandl Vm&ﬁﬁesxthéréofc <3ty rtar%e%h RBH Ween1t@nAREy Jontain
Rland R2 are independently H or a Cl-C6 carbon chain,
eemmaium, The abovetmentierisd b1 spnieiiek iseyreesnemayribg trejlassd by similar Ge
E&%ﬁggsour‘ggge ot hernetal source can alternatively be a
tungsten, nol ybdenum source. The other netal source
can alternatively be a hafnium zirconium or tltanl um
sour ce,_such or ot cont .
metal SOUFREs P"S%t["ﬁéi Ry 4, ™ ?F%Odlacﬁc? sa“8t§ﬁft TFR| ?108“’{" %sdsmsﬂ 2
S0RChes. cohhdige 601 dprive ttél th&o it uctian idd tﬂ&r Fa’i&tio‘ﬁe&hyimbﬁ or to

a djval ent netal source (preferably
spulnealyriptpeeypie thegeaciiohshempert §e N?ﬁ S%ﬂ%.%%@% dogether

HRIFH R CAMRLJARGN TRESRISPEEWES. The reactants can

be introduced sinultaneousl chemi cal vapor

deposi Bitahiy alsepageielata iatredycq the bl wethlageee, dhepesond melal source and
Y,

BOSRIBLARK 90,KS680L pATRl s B RNt gogsion

siqudnkiellyf (atomid layef Heppsiton| bb@nyasmbheétion dbrdoéfopt pxabpieds @ introduce

| t adi | t adi |
e e PR B o I T Y PRy eparte
NG dMadmic TatElcpstolE 4notiler (e;taﬁfp?ecfp )ol\{ﬁt‘ﬂoduce oxygen continuously
Ta(t Bu2Cp) I\/E4 Ta( Et 5C5) Me4, Ta(i Pr5Ch)

sl tR/AGyEe e Meky E{U{ﬁﬁ)bEtpﬂlse épaksm )C&V&porﬁsms@e@p) Et 4,

The second metal source shall be selected from the group comprising lanthanide and

rare-earth metal source (Sc, Y, La, Ce, Pr, Nd, Gd...) source such as rare carth diketonates

Ln(-0-C(R")-C(R?)-C(R*)-0-)(-0-C(RH-C(R’)-C(R%)-0-)(-0-C(R")-C(R}-C(R’)-0-), where
cach R' is independently H or a C1-C6 carbon chain, either linear, branched or cyclic), a
cyclopentadienyl Ln(R'Cp)(R*Cp)(R*Cp) (where cach R is independently H or a C1-C6 carbon
chain, cither linear, branched or cyclic), Ln(NR'R*)(NR’R*)(NR’R®) and mixtures thereof. The
second metal source can alternatively be an aluminum source, selected from the group consisting
of trimethyl aluminum, dimethyl aluminum hydride, an alkoxyalane AIR',(OR )5 (where x is
comprised between 0 and 3; R' and R* are independently H or a C1-C6 carbon chain, either
linear, branched or cyclic; preferably AIR'R*OR), most preferably AlMe,(QiPr)), an
amidoalane AIR'(NR R”);., (Where X is comprised between 0 and 3; R' and R? are independently

H or a C1-C6 carbon chain, either linear, branched or cyclic) and mixtures thereof. The other
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Ta(Me2Cp) Et 4, Ta(Et 2Cp) Et 4, Ta(i Pr2Cp) Et 4,
Ta(t Bu2Cp) Et 4, Ta(Et5C5) Et 4, Ta(i Pr5C5) Et 4,

WG afve@TYME2EL 2, Ta( Et Cp) Me2EE2, Ta(i Pr Cp) Me2EP@I/EP2007/061216

Ta(t BuCp) Me2Et 2, Ta( Me2Cp) Me2Et 2, Ta( Et 2Cp) Me2Et 2,
Ta( 1 Pr2Cp) Me2Et 2 Ta(t Bu2Cp) I\/E2Et 2, Ta(Et5C5) I\/E‘2Et 2,
Tl {—:stor 22 Wt%g;thvely%%h{g}%@%g )TT'\\V/E? -Il-lgn( S'\(/)EI%E )"l(hlgl%tth'\e/rbl)néeltal source can

Ilfb@ﬁa )bel\lgtlhfﬁ)hﬂn ;%M%%CEQ (tl't\ﬁtlﬁfp)séurce such as M(OR'); or other
Ta( Et 2Cp) (Net M) 4, Ta ( NEt Me) 4,

a;]h@mc&@@@}l(nggtep@ﬂago@rcesp ( ) s pentaining these species. The second

T RS 1 LSRN L 5 e o

Tt (nbit 12xGR) fNIvi2)) BadikeFafaicPo2@p) ot Nve@indhg these species.

Ta(tB NMVe2) 4, Ta(Et NMVe2) 4, ) ..
TZE i Plr%%)r%aﬂ%%gc&“ bﬁggﬁ% % ( EPh@?gie"uS%((E‘F@‘ja& NigPY) geposition),
J@ﬁénﬁﬁl@% tomNiet1ay2} deposti@dnt BL/RbINEIoA)Kereof a( Me2Cp) ((NEt 2) 4,

Ta( Et 2Cp) ( NEt 2) 4, Ta( i Pr2Cp) ( NEt 2) 4,

Ta(t Bu2Cp) ( NEt 2) 4, Ta( Et 5C5) ( NEt 2) 4,

Eﬁa(lh@& 5%%&%@2&5} corﬁggd}{a@) (Ove) 4, Ta(Et Cp) (Qve) 4,
) (Ove) 4, Ta(Me2Cp) (OMe) 4,

Weﬂie?@sllét@i\ﬂém of fhapne@r@tap)f(la (FagrtIBLER Bpfne Olvsyint before (cp

REPEREEPRRAT G R P o) e Rt s gy g v
Ng&gi(wgml\/bj”[a(mm;pﬁplf/[ﬂ@p) WE‘;ZCNID/E@ Bu Zaélz’wll\\l/[m , Ta(tBu,Cp)Me,,
(%ﬁb%%r it Vi ARG e o R oy @R Bt TTATuCp .,

@58, Er4Et, It4Plr2(€ﬂi}) Bta, T‘!Q(Hu £0) Eltaﬂﬁtscs)Eu Ta(iPrsCs)Et,
No( Et 5C5) Et 4, Nb(i Pr5C5)Et4, Nb(Me ZBB
WSVEF@RM%? ﬁaﬁEtCRB\(RFZW d?ﬁilﬁ/&@/[@ BN G@}M?@z BrpMe:Cp)Me:Et,
2Et By 2 Me
mﬁi%gﬁé ﬁ{b %a(l tté)@é[t 25 és |\/E2 Qdﬂw% Cp) 2[%&]%%(:5)1\/[62]3@,

Nb(t BU2Cp) Ne2Et 2, Pr 5C5) Me2
R VEEINGp R4, Wh@t@p)l\(lmt NeMMe&b)(IEEt@by( NEt REELp)(NEtMe),,

ﬁ%@\i@@ﬁ%ﬁ @aﬁﬁ}{&w&@ﬁ%z (ﬂgﬁ@gz)%ﬁ)@ﬁbkﬁ)br Ta(Et,Cp)(NetMe)s,

ZEYDr(ONBINWEY1),,, - NI (tEBILICE) B (/! Mt ONIONTIERM S5 JTla B (VBONE (ML),

“bdw' %ﬁﬁ%&%ﬁ : ﬁéﬁ@y“)%h”ﬁ&?% BuCH) (RREDR: Kb,

Nb O (“Nll\\l/ké(zr E(ELEt Et 5%:)34”[83&6 )Z)NM%QP) by B (NMe)s

@% SFN@Q‘Q? TWGSWG&ETB‘(W@%)(NE@“ Ta(Eth)gNEtz)A; Ta(iPrCp)(NEty)a,
Ta(tBuCp)(NEt,)a, Ta(Me,Cp)(NEt,)s, Ta(Et,Cp)(NEt,)s, Ta(iPr,Cp)(NEt,)s,
Ta(tBu,Cp)(NEt,)s, Ta(EtsCs)(NEt,)4, Ta(iPrsCs)(NEt,)s, Ta(MeCp)(OMe)a,
Ta(EtCp)(OMe)y, Ta(iPrCp)(OMe),, Ta(tBuCp)(OMe), Ta(Me,Cp)(OMe)a,
Ta(Et,Cp)(OMe)y, Ta(iPr,Cp)(OMe)s, Ta(tBu,Cp)(OMe),, Ta(EtsCs)(OMe)y,

Ta(iPrsCs)(OMe)s, Nb(MeCp)Mes, Nb(EtCp)Mes, Nb(iPrCp)Mes, Nb(tBuCp)Mey,
Nb(Me,Cp)Mes, Nb(Et,Cp)Mey, Nb(iPr,Cp)Mey, Nb(tBu,Cp)Mey, Nb(Et;Cs)Mey,
Nb(iPrsCs)Mes, Nb(MeCp)Ets, Nb(EtCp)Ets, Nb(iPrCp)Ets, Nb(tBuCp)Ety, Nb(Me,Cp)Et,,
Nb(Et,Cp)Ets,  Nb(iPr,Cp)Ets,  Nb(tBu,Cp)Ets, Nb(EtsCs5)Ety,  Nb(iPrsCs)Ety,
Nb(MeCp)Me,Et,, Nb(EtCp)Me:Et,, Nb(iPrCp)Me;Et,, Nb(tBuCp)MeEt,,
Nb(Me,Cp)Me,Et,, Nb(Et,Cp)Me,Et,, Nb(iPr,Cp)Me,Et,, Nb(tBu,Cp)Me,Et,,
Nb(EtsCs)Me;Et,, Nb(iPrsCs)Me,Et,, Nb(MeEtCp)Mey, Nb(MeCp)(NEtMe)s,,
Nb(EtCp)(NEtMe)s, Nb(iPrCp)(NEtMe)s, Nb(tBuCp)(NEtMe)s, Nb(Me,Cp)(NEtMe)y,
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No( Et Cp) (NEt 2)4, Nb(iPrCp)(NEt 2)4, Nb(tBuCp) (NEt
2)4, Nb(Me 2Cp) (NEt2) 4, Nb(Ef 2Cp) (NEt2) 4, Nb(i Pr

wQa s ONEDR) 4, Nb(tBu 2Cp) (NEt 2) 4, Nb(Et 5C5) ( NetREH2007/061216

No(i Pr 5C5) (NEt2)4, Nb(MeCp) (OMVE) 4, Nb(EtCp)(OMe) 4,
No( 1 PrCp) (OVE) 4, Nb(tBuCp)(OVE) 4, Nb(Me 2Cp) (OMe) 4,

DBt i op o S B ) DL B4 gy e,
e), V! MITP B " el
ngr@cpsh@tm ( Eiem) Zqoé%m M, r@@@lﬁmw@ UCRbNBrch) (M),

Med4, V(E 4, V(IPr2 t Bu 2Cp E‘%
EPETBMNE): V(N I))@Mezw( tﬁp)@M% et OBy 1:Cp)(NMe)s

VelBr Sk v« ARGl eREER B v G o SR

NP RCpINVE) 2 Et 2 NM(IEC@@TIE@4 2Et 2Xb(FUCPI(SPERNMNe 2 ENR(Me;Cp)(NEt)s,

VetBL RN o SoaitRET e str o (efEls) heocface conen.

MBGIHE@WEM%Z Et 2 NoWIMGBIGYVE 4, NMEMEGIOMEL Me)NiPrCp)(OMe),,

%@6%)2%% ¢ MezICQF;)E%I)QQ)E E @?%@Q((Sl\glg? ) g\lb(1Pr2Cp)(OMe)4,

M() Eiﬁ@ t Mgt (Y V(MeCp)Me4 V(Eth)Me4,
( NEt Me) 4, V Pr 5C5 Et I\/E 4 g\{[\@ éu

2 G4NM€B2§M>MW( icp)) p)l\%x mpc&p Byau.Cp)Mes,

Ve RESEY ( NRER M@%@&%ﬁ MGl BN foucoe.

V(%CP)E@MEV(EZM)EtM ( E(IEQW)IHEt Y()tEthME]MPI‘ CYENENEtR2) H(iPrsCs)Ety,

B 5 e T ORAS, MRS covess

V(EtﬂﬁM(zNW@)sz)%E@ W@B%)Mémz V(‘E(E@Q})(\QZ\B) ‘A(lPrscs)MezEtz,

| Pr Cp V(tB Ovke

Ve e@VE) 4 5B Ove) Y HGRANISISH) ( OV} HCPIONERMO),
vg L EEMLGYE) 4N RGO R v,

?PZI@P ,EQ‘([@M Pr Y(\VESCZ)GEE@/W e 2V(1Prl\@9)l®'§ﬂ\é¢)4 TaCVd¢GrgNMe)s,

0

tb@ént e 1;1%& (ﬁfh%%%tﬁcggg@egﬁ %@@N@[Q m(%!z@l% (oM.,
vapPr.CpxNiges:, at EtHuOW(NYIe.).00s ¢ c mV (Hik& ) (DiMes)s ur eV(lPrs(tfsb(eIMez)4

t ai i t e Pr
SO Py D B e YRt BB MBbaleRd vt Epoven,
V(RRINEL LD ey (Pultpi(NELE, V8tBu,Cp)(NEt)s, V(EtsCs)(NEt), V(iPrsCs)(NEty),
V(MeCp)(OMe)s, V(EtCp)(OMe)s, V(iPrCp)(OMe)s, V(tBuCp)(OMe)s, V(Me,Cp)(OMe)y,
V(Et,Cp)(OMe)s, V(iPr,Cp)(OMe)s, V(tBu,Cp)(OMe)y, V(EtsCs)(OMe)s, V(iPrsCs)(OMe)y,
V(@iPrCp)(=0)(OMze),, V(iPrCp)(=0)(OEt),, Ta(iPrCp)(=NtBu)Me,, Ta(iPrCp)2(=NiPr)Me,

Example 2: MOCVD of TaC using Ta(iPrCp)Mey

Ta(iPrCp)Me, is stored into a container. The container is heated at 90°C and N, is used as
carrier gas at a flow of 100sccm. The pressure in the container is controlled at 50Torr.
Ta(iPrCp)Me, is mixed to a Hy/N, gas mixture into the reaction chamber. The substrate is
heated at 450°C. The pressure inside the reactor is set at 20Torr. A film of Tantalum carbide is
obtained.

To increase the carbon content, C,H, can be simultaneously introduced in the reaction chamber.

Similar experiments can be performed with Nb and V analogs.
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heated at 4500C. The pressure inside the reactor is

set at 20Torr. A filmof Tantal um carbide is obtained.
wdooosnes7e@se t he carbon content, C2H4 can be PCTI/EP2007/061216

simul taneously introduced in the reaction chanber.

Sim|lar experiments can be performed with Nbo and V

anal ogs. Exar{pl e 3 . MOCVD of TaSi using Ta(iPrCp)Me4

Examplg SNQCVP piTady pring TAHrGPMeont ai ner. The

EAMEBH MG, i StorB® Blies ciaiRP Ofhc AR fhaiNe: i heddied 92@@ &1 NI Blused as

gas at a flow of 100sccm The pressure in the
evntragapat 2 fove ohd 0Qpqne dlhgtpreere i theTegniameCyy) pgatrgliqdsat S0Torr.

TR BRSO AR B LRASRLR T o

heaed 3UF09°C. ASE dessuteansidedlst reawtiocdhamberis sesatd 8ToratA fil@a Tantalum
g 1m otf. Téant alumsuicide is obtained. Simlar

&x l(éerlf ﬁ%ar‘ﬂles'can be perforned with Nb and V anal ogs.

Exanpd@erfnentsMal M edornlea 24 Ntsand ahalopPr Cp) Me4

Ta(iPrCp)Me 4 is stored into a container. The

container is heated at 900C and N2 is used as carrier

gasmAt 420 6f 14,6086 a(ﬂﬂ}@%m@.ssure_ inthe
contarner is controlled at 50Torr. Ta(iPrCp)Me 4 is

PGP e anstapd Mo g aentaioxrt Theecoptaine i heatedei HT(opnd Ny is used as
hagbsr - i )

CRATORE o S UPHIGARE e, Jasketh Bl dnb 1" Mfugled ot S0Tor

BafBErCpMdE: isTiaixtdtouam OxXIN dgas insxtotet iatio nisdrea@omichamber. The substrate is

B P e ARG A st

axiad b ebtaitfd. pr ecursor Ta(i PrCp)Me 4 is stored into a

contai ner. The container is heated at 900C and N2 is

DT geerimgnis cap bypesforpedyvith NRgng Y 4nejegt c m

Tet raki s(et hyl net hyl am no) Haf num TEMAH, is stored in

anot her contai ner, heated at 900C and a N2 carrier is

Examplel Sy MOSMhof i{Ta Oz asina d 2 Br{imMe eandganoth@Oklé precurfpre

Eﬁ(?ﬁ@@i\/?m 'isnstg}g& HltOCQ QUL B! C%l’l'[%]?lglt i% %gylt&fjat@boégr?(f)ﬁzr is used as
ot h precursors are sinmultaneously fed into the

raaatdaon chanbeQ0smOTEiKisgaly Imgthgtlamieo)Hsfnum, TEMAH, is stored in

e Rt DR HEPN: Bitioc orid Bt SRR aginer o
1 fVScohe altel @bsure in both containers is controlled at 50Torr. Both precursors are
simultaneously fed into the reaction chamber. A O,/N, gas mixture is simultaneously introduced
into the reaction chamber. The substrate is heated at 450°C. The pressure inside the reaction
chamber is set at 20Torr. A film of Tantalum hafnium oxide is obtained.

Similar experiments can be performed with Nb and V analogs.

Example 6: ALD of HfTaOx using Ta(iPrCp)Me, and another Hf precursor

Ta(iPrCp)Me, is stored into a container. The container is heated at 90°C and N2 is used as
carrier gas at a flow of 100sccm. Tetrakis(ethylmethylamino)Hafoum, TEMAH, is stored in
another container, heated at 90°C and a N, carrier is passed through this second container at
100sccm. The pressure in both containers is controlled at S50Torr. Os is used as oxygen source.
The substrate is heated at 300°C. The precursors are sequentially introduced into the reaction
chamber: during the first step a pulse of Ta(iPrCp)Me, is introduced during 2s, followed by a 2s

N, purge. A pulse of Os is then introduced into the reaction chamber during 2s, followed by a 2s
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chanber is set at 20Torr. A film of Tantal um hafnium
oxide is obtained. Simlar e erl ments can be

w@eslBongvead wi th Nb and V anal Exanpl e 6: AbOr/apP2007/061216

Hf TaOx using Ta(i PrCp) M4 and anot her Hf precursor

Ta(i PrCp)Me 4 is stored into a cont ai ner. The

container is_heated at 900C a I\E is.used as carrj
c

BTagurgq Aputse i~ WAW&I&WOdUCC 1nt0 reaction chamber during ZSeI[OHOWGd
Tt vl pafoat Ayh1sedr oy bsaidn Aadotiafcd Wi thd FebNOn chatnbst RiBE2d. The first

anot her container, heated at 900C and a N2 carrier is
Hersis dan dene agrgh | 0leydessaansriarmesd hiamme fHim of Bmidemnhafye oxide is
%Sﬁeﬁure in both containers is controlled at 50Torr.

I'S used as oxygen source. The substrate is heated
amiBOOPEimeTverap beuiogmxdsviti™Nd adGuenlopgal |y i ntroduced
into the reaction chanber: during the first step a
pul se of Ta(iPrCp)Me 4 is introduced during 2s,

EedthglvedSybyhesis 36TNPrppMge. A pul se of B is then
i ntroduced into the reaction chanber

d 2s, .
FHITTOREL: ByPraasd i’ inr-gaC b hopt perarest by AR P2l over TaCls
2(?}&@9@@[@3 it m&ap&%gemaaﬁé ef¥fiofs Bmtaelr fp§jéﬁ |Tﬁ©12D2[§3, Ta(lPGC)Me4 is

purge. A pulse o
lmllf/d@t?eed bv rikcorepdiion oé 4&YlE oFer ClaRts @) Cliyler. ﬂﬂpg r@elﬁngh@mpound is

Plhilff’gh V\Z;d?sﬂ AA@PI m(ﬁ%P ?toag%ﬂ in l;e%é/b@é géngJ (I%gfﬁgﬁtrdo(ff%ﬂiment

antal um harnium o
plottaiortedisedSn thelsemicepaoriindesttys can be perforned with Nb
and V anal ogs. Exanple 7: Synthesis of Ta(iPrCp)Me 4
Ta(iPrCp)Me 4 is prepared in 3 steps. Tad 2Me3 is

BkAHRAE SdSyktheﬁlblﬁfTﬁ:‘(ﬂﬁisz)I\/[Qf Li Me over Tad 5.
Ta(| Pr Cp) d i.s then pre are the reaction

Biseprly- B&%C%l%%@ A2eath hle?f‘sls flpyikyjadged £ 78°C 108
ARp&LBE I P13 (3311 L BES in%l)% tol-deﬁéa Tﬁé/ RhctibA iR CR)iednMBowed to

The resul ting compound is purified by distillation

eAd ateoniterareratye & fiather §2h. T@as%’amﬁeplweeqf&t Bu2€ omdpéilrhid

QJllgﬁth \E/%/sﬁédégﬁh ng%ﬁ{ahé éﬁdtdg\/ P e u!mP Yﬁré“a?7 éle%jép? r'\‘/ngfAO r
Sal-Bul@nMot is?hBuBEEEBEY b Badtibp 4L dve; 6BoRo))YadlA.

toluene is slowy added at - 78C to a suspensi on of
TaCl5 (6,3 1 g, 17,6 nmmol) in toluene. The reaction

E’k&&hl#dE 6. % tﬁegiegf hgy\@ﬁi)(ﬁpler eact at roomtenperature

or _fur | ow preC| pitate of

AtsoBURCHY- ‘B@ZNVH3§1M63 (4 42 g, 17,6 mmol) in toluene is slowly added at — 78°C to a
suspension of TaCl5 (6,31 g, 17,6 mmol) in toluene. The reaction mixture is then allowed to
react at room temperature for further 12h. The yellow precipitate of (¢-Bu2Cp)TaCl4 is
collected washed with pentane and dried under vacuum. Yield 7,61 g, 86%.

Ta(z-Bu2Cp)Me4 is then obtained by the reaction of LiNMe, (commercially available) over
(-Bu2Cp)TaCl4.

Example 10: Thermal gravimetric analysis of Ta(tBu,Cp)Me,

A sample of 35.445mg of Ta(tBu,Cp)Me, was placed in a crucible in a thermal gravimetric
apparatus. Temperature was raised at 10°C/min under reduced pressure condition. Mass loss
and sample heat flow were measured by thermal gravimetric analysis and differential scanning

calorimetry. TGA curve is shown in Figure.1.
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conmpounds thereof in the vapor phase into the reactor;
Optionally a second conpound, of the fornmula (la) or of

wo b@sheoroul a (1 b), or a secont m xture of sai dPCT/EP2007/061216

conmpounds thereof in vapor phase into the reactor;
Depositing a filmcontaining at | east one of said
conpound of the fornmula (la) orof the formula (IDb),
onto said substrate; Formulas (la) and (I1b) wherein, M
is a group V netal sel ectqe Amgsn Tantal um (Ta),

Ni obi um (Nb) and Vanadium(V), R, R2, R3, R4, R5, R
and R7; which may be identical or dlfferent are

' ”depe[‘d%ﬂpé’faﬁ%&’s%@& Joﬁggﬂn'a%g QUSRuRtRM |inear or
branched al’kyl groups Vi ng ron1one ‘o four carbon
atoms, |inear or branched al Ryxy groups having from

one to four carbon atons, |iAQar or branched
al kyl am de groups haviRng 6 four carbon
atons, |inear or branched i/l yl am de groups

' Bt ons; either Ri, R 2,
cal or different, are

ogertsatom | inear or

romone to four carbon
ﬁbx\groups havi ng from
ar

branched al kyl groups haV|n
atons, |inear or branched

one to four carbon atonsg ' branched

al kyl ami de groups haviR\g m dne R'@ four carbon atons
or linear or branched al k{izi anlde groups havi ng
fromone to four carbon atons; or Ri, R 2, whi@g ma
be identical or different, are independently ch 3

br sy @RgEs): atom |inear or branched al kyl groups
having fromone to four carbon atons, |inear or
branched al koxy groups having fromone to four carbon
atons, |inear or branched algylan1de gr oups havi ng
fromone to four carbon atomlor |inear or branched

al kyl silyl am de group% havj omgpne to four carbon
atons; and R 3 and R %7 esent an oxo group
(=0) or alkyl imno grou fromone to four
carbon atons (=N-R) 2 Rg al containing film
deposi tion, of at Ieas of the fornmula
(la) or (Ib), accordin 5to CNa|n1I14WMere|n

AN

(Ib)
as metal precursors in a process for depositing a group V metal containing film on a substrate
comprising the steps of:
- Introducing a susbtrate into a reactor;
- Preferably heating the substrate at a temperature above 150°C;
- Feeding a compound of the formula (Ia) or of the formula (Ib), or a mixture of said
compounds thereof in the vapor phase into the reactor;
- Optionally a second compound of the formula (Ia) or of the formula (Ib), or a
second mixture of said compounds thereof in vapor phase into the reactor;

- Depositing a film containing at least one of said compound of the formula (Ia) or
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R, R, R3, R4, R5, R and R7; which may be identi cal
or different, are independent]y chosen from Hydrogen

watra@sj4ddmear or branched al k groups havi ng PCODEPN®061216

to four carbon atonms. 3 - Use, in netal containing
film depositi on of at |east one conpound of the
formJIa(I E%Ig) accordlngto Caiml or to Caim
2, V\,hereloﬁ f‘i’rmu (B). qutogaid sHbstrEe  whi ch may be

Felantal eaf anaiosivhdr@hent . are independently chosen from
Hydrogen atom |inear or branched al kyl groups having

f r om oMes ¢ groppV mehiclsstsd e rhgntalym(Tayghiobing (Mekaafl Vanadium (V),
cont ai i Ry 'i;{”gd qg%h Ri. h%ayaote A BASH ?r Weréht %QJEH@éﬁEl{ﬂienﬂy

of the fornul according'to one o aim 1
Glosénnfr@y Hyuregami altanZmea%r bﬁdlc,hedaadkiyl I@ﬁ)llpehayhlgrfwm fs@em fouamrbon
glé%r eQr artbra hsdla X ha 1n %r ont %ar{b n at lincar or
BosTETon, raehed alke 5&“’“8% Cohpoiln oF AOFE e ©
()Ilabc)h,ed au@mnﬁhengoﬁ;@ @Rig Offont] oae i) JfodrOaaﬁﬂoal aiond, [nbuereei banched
R4, R5, R and R7 %uch represent an Hydrogen

%H%‘?H agnide greups having fgqmypnete, FuEeahoRGOMs| m deposi tion, of

at | eagheORe 109 m%ﬁckpfwhﬁdﬂ%efy%'emﬁéﬁédl%} dfferead, Bde independently
accordi ng n% to one of Jaiml to aim5b, wherein R is
B

_@h@é@éﬁ)m ‘#P@PI@WH hrl@bprr@whedo%lkytl gmpq)]@wy]g from oneugg)fur carbon
g SR D6 SR Wl 3 8O o

brendBbdialy Bmidaipeoups makhg frolR ¢he tR f&yr carbdn Rtofhseadmear or branched
h r in metal containing
R RSt PE hvas o B iR atshBounct of Che
forml & Rll,ak ,,0Whi€H ay bacla@meulra)g dif&r@lﬂ er®findepeaiidmil ch@en from
d ai m 6, rein Ri and ch may be identical
Vdrageﬁlfam Hleear ‘Hrb@nf’l“r?dé‘&é]r%ﬂ‘éﬁf W%ﬁ@%ﬁw 19 Toph cARPIYPIY finear or

Bﬁﬁ(!’l‘l@d(éﬂkoﬁ%%u% BavidroR dhet@B8E !Sh%onra?o%seﬁ&glt ordHhaneed alkylamide

group (=0) or a tert-butyl imno grou =N-t Bu

Pleusf gl ing o oneaador rrddon @logs v dipgar o @n@pé ﬁka@mﬂg groups
%ﬁr@qﬁﬁ(g&% E%Jl (%arb-gﬁgltoﬁlls Ul R and R tog?(ther e rets%n; 1’)1 oxo group (=0) or

i1 sopropyl -pentadi enyl’) tetr
dlayitialng group having from one to four carbon atoms (=N-R)

2 — Use, in metal containing film deposition, of at least one compound of the formula

(Ia) or (Ib), according to Claim 1, wherein
Ry, Ry, R3, Ry, Rs, Rg and Ry; which may be identical or different, are independently chosen
from Hydrogen atom, linear or branched alkyl groups having from one to four carbon atoms.

3 — Use, in metal containing film deposition, of at least one compound of the formula
(Ia) or (Ib), according to Claim 1 or to Claim 2, wherein R';, R, R'3, and R's, which may be
identical or different, are independently chosen from Hydrogen atom, linear or branched alkyl
groups having from one to four carbon atoms.

4 — Use, in metal containing film deposition, of at least one a compound of the formula
(Ia), according to one of Claim 1 to Claim 3, wherein R,, R3, R4, and R;, each represent an
Hydrogen atom.

5 — Use, in metal containing film deposition, of at least one compound of the formula
(Ib), according to one of Claim 1 to Claim 3, wherein R,, Rs, Ry, R5, Rg and R, each represent
an Hydrogen atom.

6 — Use, in metal containing film deposition, of at least one compound of the formula
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wqgasusakaroy (| sopropyl - Cycl ope

(1,3-di-tert-butyl -cycl opentadi enyl) tetrakis(nethyl)
Tant al um (EthyI-CycIopentad%enyl) tetraki s(nethyl)
adi enyl) PCT/EP2007/061216
tetraki s(nmethyl) Vanadi um
(1 sopropyl - Cycl opent adi enyl ) tetrakis(nmethyl) N obium

,3-di-terf-butyl-c clopentadle yl) tetrakis(net
&Ms rlg}rrccwmg tw&w&&é&e r%?laﬁ%ad@rerer% ik F%Jr?nvﬂr%tlsﬂpmpyl
gp@ﬁ@h?lng filmon a substrate conprising the steps

ntroduci ng a susbtrate into a reactor;
Pr ef ef abls¢ ihegta) qqgtamé fids Bepopifieneofaz comppendisd g fermela (1a) or (Ib),
e i R O in SRR A R Breplefhy Elnean
Gloap-m 9, or a mxture of said conpounds thereof in the
vapor ,p a seco
conpotind o rREr Pt Bhossion oF of P piseefpERFRE e ggmute
diyse (165 edoidihganencof Clini 1 Alaitnt, GhébiiRY ,an(DR‘z,avh&ﬁ@IQﬂy@e 1dent1ca1
nrxture of sai d conmpounds thereof in vapor ghase I nt

pih ditfersnle pigr indepengsahyt shagrnafrgm methyb gt ekieRy 24 ﬁze%r@tRorPe%ether
%r&@r%%wgdop& alt@ bl &rdub AN-@8u)0f the formul a

onto said substrate. 11- A process for
depos?tﬂﬁgﬁﬁOWE%PWﬁyﬁmhon a substrate, according to

react st PRI ECT SR TR ReT b A LRG0 57 i,

react ant group” consi sting of NH3,
N2H4, (et-tisbiryid-aeitalgngln d:traing(mmhxlb Uangalgrhyer eof . 12 - A

proces sitin ubstrate,
accor d ﬁ% gg%ﬁﬁ ]fﬁggﬁe@ﬁngﬁi{ t@ﬁf?ﬁ%f“&onpr|3|ng
the st (emhyqxtyé1q&dramgn>a)rtema(mdﬂgrn)a1ran@unf;ont ai ni ng
precursor preferably Si g;ocess for

deposr(Wﬁ&mél@%@WNmFH?ﬁp“%ﬁhﬁn§@b% puad ™ according to
one of prarpmé&rotpgatgl@yrmea&ls(&eﬂhpmrobﬁﬁrmr i sing the
step O eedi ng a cont al ni n% precur sor and a

r eact afit3-di-tert-butyl-cyclopentadienyl) tetrakis(methyl) Niobium.

10 — A process for depositing a group V metal containing film on a substrate comprising
the steps of:

- Introducing a susbtrate into a reactor;

- Preferably heating the substrate at a temperature above 150°C;

- Feeding a compound of the formula (Ia) or of the formula (Ib) as disclosed in one
of Claim 1 to Claim 9, or a mixture of said compounds thereof in the vapor phase
into the reactor;

- Optionally a second compound of the formula (Ia) or of the formula (Ib) as
disclosed in one of Claim 1 to Claim 9, or a second mixture of said compounds
thereof in vapor phase into the reactor;

- Depositing a film containing at least one of said compound of the formula (Ia) or
of the formula (Ib), onto said substrate.

11— A process for depositing a TaN layer on a substrate, according to Claim 10, further
comprising the step of injecting a reactant selected from the group consisting of NHj, NoH,,
methylhydrazine and any mixture thereof.

12 — A process for depositing a TaSi layer on a substrate, according to Claim 10 or

Claim 11, further comprising the step of feeding an additional Si containing precursor,



10

15

20

25

wa ndsneme, according to one

preferably trisilylamne and NH3 and/or Tri DMAS and
NH3. 14 - A process for depo%iti ng a TaO | ayer on a

f daim10 to C PCTVERR)N7/061216
further conprising the step of injecting an oxygen
conprising reactant, preferably O3. 15 - A process for
dego%iti-ng a TaHf O | ayer on a substrate according to
BiTETa0Y Blai m 10 to Caim 14, further conprising the
step of _iAnr&es BiG1cAk it ¥ ARRINCIRYER bh & kitGtrdt€ a&doRiMg 180k FTlaim
Haf ni um cont ai ni ng_precursor, preferably TEMAH 16 - A
B vddym Iofurthis sergprisingghesstepaticedipet Siuentgingigtysacyrgerand a reactant,

@gﬁ%ﬂitﬂﬁl Eagﬁ%rh‘ﬁd R, %ﬁérrﬁin}@_xé Oudi@l. m 15, further

nprisin e step I njecting the Tantal um
pr ecutsoA padconsdorgicp@didg  iTad &ybryonianpasgbicrgeadisaoponof Claim 10
pr ggur spr ch as C2H4 when nor.e t.han about 30% vol .
81 CEAP blon PLhSBHBE I FhETuShIUrTRY TayRiem FoTIRIE reactant

pefmouno.. wherein the fornula (la) is: Wiere: Mis a

group .V netal selected from Tantal um (Ta), N obium )
(Nb)  &hdAPaefati fbricpayyting Eéfeﬁf%%r/g PRt arrerdps o one of Claim
selorabigth4f femiBRpSIRURe G iStdiRE aPbxykeb\@AMpri®thg reactant and an
branched al kyl groups having fromone to four carbon
Hefdin coanfaierpreskirspl RisEerdly ﬁg\%ﬁy groups having from

one to f I 4 Tk | .

ol eyl o BYFor S ER A B AT vy L3 4 s RpEREIR s o gne of Claims 10
wt Otmm 15 figther oomipisangcthe dtcal dyingcting| i Thatafpmo ppesursor alone or
havi ng f.rom one to four carbop .atqgnms; Each R ar

iR AT ¥ Super St e rEt o dRa paiur G uy. of carbon
yneéde@nhadepsited layeear or branched al kyl groups havi ng
fromone to four carbon atons, |inear or branched

al koxy groups having fromone to four carbon atons,

| i near 1 o ARG Yhakk Yilcatinig: @) eups having from one

to four carbon atoms, |inear or branched
al kyl si | [R'anmi de groups having fromone to fourcarbon
at ons; the formula : (b) .

$ R $ R
R M _R R M _R
R/N /'\ N—p R/N /'\ N—g

R R o R R
Where:

M is a group V metal selected from Tantalum (Ta), Niobium (Nb) and Vanadium (V),

Each R is independently selected from the group consisting of linear or branched alkyl
groups having from one to four carbon atoms, linear or branched alkoxy groups having from one
to four carbon atoms, linear or branched alkylamide groups having from one to four carbon
atoms, linear or branched alkylsilylamide groups having from one to four carbon atoms;

Each R’ are independently selected from the group consisting of Hydrogen atom,
linear or branched alkyl groups having from one to four carbon atoms, linear or branched alkoxy
groups having from one to four carbon atoms, linear or branched alkylamide groups having from

one to four carbon atoms, linear or branched alkylsilylamide groups having from one to four
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VWhere: Mis a group V netal selected from Tantal um
(Ta), N obium (Nb) and Vanadium (V), Each Ris

wO0 pabspesrdent | y sel ected from %Qhe group consi st POYEPI007/061216

i near or branched al kyl groups having fromone to
four carbon atons, |inear or branched al koxy groups
having fromone to four carbon atons, |inear or

lojd >al kyl ami de groups having fromone to four
carbon atons, |inear or branched al kyl silylam de

grou having fromone to four carbon atons. 18 - The
prdm ngig conpounds: Ta(Me2Cp) Me4, Ta( Et 2Cp) Me4,

Ta(i Pr2Cp) Me4, Ta(tBu2Cp) Me4, Ta(Me2Cp) Et 4,

Ta( Et 2Cp) Et 4, Ta(i Pr2Cp) Et 4, Ta(tBuZCp) Et 4,

Ta(Me2Cp) Me2Et 2, Ta( Et 2) p 2, ~Ta( | Pr2Cp) Me2Et 2,
Ta(t Bu2Cp) Me2Et 2 Nb( Me \
2Cp) Me4, Nb(t Bu2Cp) Me4, N ) Et4, No(Et 2Cp) Et 4,
No(i Pr 2Cp)Et4, Nb(tBu 2Cp [/ Nb( Me2Cp) Me2Et 2, Nb( Et
2Cp) Me2Et 2, No( | Pr2Cp) Me2Et 2\ Nb(t Bu 2Cp) Me2Et 2,

Nbo( MeEt Cp) Me 4, V(Me2Cp) Et 2Cp) Me4,

V(i Pr2Cp) Me4, V(tBu2Cp) M/V}\ )Et4, V(Et2Cp)Et4,

V(i Pr2Cp) Et4, V(tBu2Cp) )MezEtz

V( Et 2Cp) Me2Et 2, V(| Pr2Cp) Me Et V(t Bu2Cp) Me2Et 2, 19 -
The foll owi ng conpounds: Ta( l\/bCp)(NEbi\/E) 4,

Ta(Et Cp) (NEt Me) 4, Ta(i PrCp) (NEtMe) 4, Ta(tBuCp)
PNEEME) 4, Ta( Me2Cp) ( NEt Me) 4, Ta( Et 2Cp) ( NEt Me) 4,

Ta( 1 PrRiGp) gt Wiajedh] seloafetl Buid Qantalimnt(™p) Miobila((NeGad Vhiddium (V),

2)4, Ta( Nl\/b 2)4, T P ( Nwve
%t%ltPBﬁ ?ﬁfgle?%ﬁféi ! ﬁzlectgﬁaf(%@e'gl)o%l%@@y@g o%(w@f OBy groups
Tauiafratal (aRdon Fabd BRatamiibdkogTa ga\&dgem)l{g%tn one to four
2)4 Ta( Et Cp) ( NEt 2)4 Ta(i Pr Cp) ( NEt

TalpanBi@ys) dingy opbranch elkxblzlwy ErNEphaying @Im)fetmaa@ym atoms,

T&Q%I\i‘g (b%%ﬁég) %ﬁ;ﬁ/abrsnﬁélgl%ﬁg?%)%pﬁ'ﬁ %)%e o fé}h &-ﬁ%&%&a Me)

Nb ( Me 2Cp Yhd\etidvehgicontdous2Cp) ( NEt Me) 4, No(i Pr
SRR S (B RN Aecom.
TR EL.BpB0) ( NMEEH &) Edb (MeBGRp(INIVE 2) Fa(Me,Cp)MesEty, Ta(Et,Cp)MeEt,
Ta(iPr,Cp)Me;Et,, Ta(tBu,Cp)MeEt,, Nb(MeCp)Mes, Nb(Et,Cp)Mes, Nb(iPr.Cp)Mes,
Nb(tBu,Cp)Mey, Nb(Me,Cp)Ets, Nb(Et,Cp)Ety, Nb(iPr,Cp)Et;, Nb(tBu,Cp)Et,,
Nb(Me,Cp)MeEt,, Nb(Et,Cp)Me,Et,, Nb(iPr,Cp)Me,Et,, Nb(tBu,Cp)Me,Et,,
Nb(MeEtCp)Mes, V(Me.Cp)Mes, V(EL,Cp)Mes, V(iPr,Cp)Mes, V(tBuCp)Mes, V(Me,Cp)Ety,
V(ELCp)Ety,  V(Pr,Cp)Ets,  V(tBuwCp)Ets, V(MeCp)Me:Et,,  V(Et,Cp)MeEt,,
V(@iPr,Cp)Me;Et,, V(1Bu,Cp)Me,Et,,

19 — The following compounds:

Ta(MeCp)(NEtMe)4, Ta(EtCp)(NEtMe)s, Ta(iPrCp)(NEtMe)., Ta(tBuCp)(NEtMe),,
Ta(Me,Cp)(NEtMe)s, Ta(Et,Cp)(NEtMe)s, Ta(iPr,Cp)(NEtMe)s, Ta(tBu,Cp)(NEtMe),,
Ta(MeCp)(NMe)s, Ta(EtCp)(NMey)s, Ta(iPrCp)(NMe,)s, Ta(tBuCp)(NMe,)s,
Ta(Me,Cp)(NMe,)4, Ta(Et,Cp)(NMe,)s, Ta(iPr.Cp)(NMe,)s, Ta(tBu,Cp)(NMe,)s,
Ta(MeCp)(NEt,)4, Ta(EtCp)(NEt,)s, Ta(iPrCp)(NEt,)s, Ta(tBuCp)(NEt,)s, Ta(MeCp)(NEt,)s,
Ta(Et,Cp)(NEt,)s, Ta(iPr,Cp)(NEt,)s, Ta(tBu,Cp)(NEt,)s, Nb(EtCp)(NEtMe)a,
Nb(APrCp)(NEtMe)s, Nb(tBuCp)(NEtMe)s, Nb(Me,Cp)(NEtMe)s, Nb(Et,Cp)(NEtMe)y,
Nb(iPr,Cp)(NEtMe)s, Nb(tBu,Cp)(NEtMe)y, Nb(MeCp)(NMe,)s, Nb(EtCp)(NMey)s,
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Nb( Et 2Cp) (NMe2) 4, No(i Pr2Cp) ( NMe2) 4,

Nb(t Bu2Cp) (NVE2) 4, Nb(MeCp) (NEt 2)4, No(EtCp) (NEt 2)4,
wolbqosionGe) (NEt 2) 4, Nb(tBuCp){NEt 2)4, PCT/EP2007/061216
Nb( Me2Cp) (NEt 2) 4, No(Et 2Cp) (NEt2) , Nb(i Pr2Cp) ( NEt 2) 4,

Nb(t Bu2Cp) (NEt 2) 4, V(MeCp) (NEt Me) 4, V(Et Cp) ( NEt Me) 4,

VbR G AbRSRbY( NN NN ) B v
RO e SIS A B (R bcore
Vg@@@ﬁﬁ‘%t&wba ANBORERESE) Nwefié@ﬁu((}vl(t\@a Cp) ( R?lb@é?z@p)(NEtz»,

VPUBERA) PRy T e By bS] et oo
V(B ROBMNEL 2) VA iPrifBERED) ( NEYB)@p)(2BtMe) The V(diclCpMNEgMe).,
VRTRRIEER T ey 1 VRIS ) (BTN ) (LMo
LS 0GRS RO, N BB bt 1
VR BB e ond oM VX H EL ) VRS, Vciprepnny,
V(tBuCp)(NEty)s, VIMe:Cp)(NEt)s, V(ELCP)(NEt ), V(iPro2Cp)(NEL )4, V(tBuCp)(NEt)s,

20 — The following compounds:

Ta(Me,Cp)(OMe)s, Ta(Et,Cp)(OMe)s, Ta(iPr2Cp)(OMe)s, Ta(tBu,Cp)(OMe)y,
Nb(Me,Cp)(OMe),, Nb(Et,Cp)(OMe)s,, Nb(iPr,Cp)(OMe),, Nb(tBu,Cp)(OMe)s,,
V(Me,Cp)(OMe),, V(ELCp)(OMe)s, V(iPr.Cp)(OMe)s, V(t1Bu,Cp)(OMe),.



