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20 work function, high conductivity). O particular
interest is therefore the formation of a transition
netal - containing film("Msi N'), which can be either
wolRbAlogd tride, a netal siligzide or a netal petiEp®0Li008196
nitride. Forming a netallic filmtypically involves
feeding the rel evant chem cals including a netal

source, a silicon source, and a 25 nitrogen source
(collectively referred to.herein as the "precursors")

in the proper relative amobunts to a deposition device
wherein a substrate is held at an el evat ed

tenperature. The precursors are fed to a deposition
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Nitrogen and/or silicon-based compounds have been found very effective

for that purpose. Thus, it is desirable to develop new processes of

depositing metallic films with the required electrical properties (adequate
20  work function, high conductivity).

Of particular interest is therefore the formation of a transition metal-
containing film (“MSIN”), which can be either a metal niiride, a metal silicide
or a metal silicon nitride. Forming a metallic film typically involves feeding
the relevant chemicals including a metal source, a silicon source, and a

25 nitrogen source (collectively referred to herein as the “precursors”) in the
proper relative amounts to a deposition device wherein a substrate is held
at an elevated temperature. The precursors are fed o a depdsition



be self-termnated to allow a well-controll ed process
and therefore organic precursors mght raise sone
i ssues such as chem cal stability of the precursor
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control. The use of netal halides has been therefore
extensively studied. 25 US -B-6, 139, 922 di scl oses
thermal & plasma CVD of Ta, TaN, TaSi and TaSi N usi ng
fluorine-containing precursor. Exanples disclose
PECVD using TaF5 with N2/ H2 plasma and thermal CVD
using TaF5 with NH3. US -B-6, 200, 893di scl oses a
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When Atomic Layer Deposition (ALD) is used, the reactions should

be self-terminated to allow a well-controlled process and therefore organic
precursors might raise some issues such as chemical stability of the
precursor itself, reactivity for nitridation and carbon cbntent control. The use
of metal halides has been therefore extensively studied. 4

US -B-6,139,922 discloses thermal & plasma CVD of Ta, TaN, TaSi and
TaSIiN using fluorine-containing precursor. Examples disclose PECVD
using TaFs with No/Hz plasma and thermal CVD using TaFs with NH3.

US -B-6,200,8903  discloses a multi-step ALD process (3 steps for
nitridation) of TaN using TaCls with Nz/H; radicals or with NH/NH; radicals.



25TaCl5 is a dinmer, has a fair vapor pressure
(0.3Ton- at 100C) but is solid and air sensitive, and
therefore difficult to stably deliver and handl e.
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physi cal properties of a filmare affected by the
ratio of the netal (M to silicon (Si) and to
nitrogen ratio, or MSi/N It is desirable to be able
to control the MSi/Nratio over a broad range.
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25 TaCl5 is a dimer, has a fair vapor pressure (0.3Torr at 100°C) but is
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solid and air sensitive, and therefore difficult to stably deliver and handle.

It is known for the man skilled in the art that the physical properties
of a film are affected by the ratio of the metal (M) to silicon (Si) and to
nitrogen ratio, or M/Si/N. It is desirable to be able fo control the M/Si/N ratio



Summar y The present disclosure is directed to
met hods and conpositions that satisfy the need to
forma thin filmwith excellent electrical properties
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form ng steps to assure uni form coverage and hi gh
conformality. The new chem stry proposed provides the
benefit of optimumfilmcharacteristics by ALD, CVD
or pul sed CVD node' deposition. Furthernore, the
present disclosure provides a filmthat mnimzes
chlorine or other halogen content and all ows the
optinization of the carbon content, both of which can
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t o F@MEe.di scl osure, there is provided a nethod for
forrri ng a transition netal containing filmonto a
sanpl e, conprising the steps of: introducing a
sarrpl e Soime prodesResi useoa siisaRteuIce pEsHTSeg ssi silicon source
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affecting the total amount of nitrogen being fed to the deposition chamber.
Furthermore, the ratio of M/Si/N that can be fed is limited by the
composition of the nitrogen in the silicon source precursor. Thus a change
in the desired M/Si/N ratio may mean a need for chalnging the precursor
solution being fed to the process.

Introducing a precursor having direct Ta-C bond or Ta-N(-C) o-bond
may also generate problems with the control of the film composition, as
carbon in very large amount can be introduced. The carbon content with
such precursors is frequently higher than nitrogen content. As a result,
another parameter should be controlled, which makes difficult the tuning of
the desired properties (work functio'n, threshold voltage, conductivity...).
Nevertheless, carbon can have desirable effects on these properties, and it
is desirable to be able to control the amount incorporated in the film.

For the foregoing reasons, it is desirable to form a film of the final
desired corﬁposition in a single forming step. Furthermore, the film should
minimize chlorine or any other halide content and optimize the carbon
content in the molecular structure. It may be also desirable to use a metal
source that is free of metal-carbon bonds or nitrogen-carbon bonds so the



delivering at |east one precursor vapor fromthe at
| east one precursor source to the chanber, and -
formng a netallic filmof the desired final
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ect, there is provided a nmethod for formng a
transition netal containing filmonto a sanple,

conprising the steps of: - introducing a sanple into
a deposition chanber; heating said sanple up to a
desired tenperature, providing a liquid or

solid transition netal source conprising a chemn cal
compound of the formula: MKm O MXm ABn Wherein:Mis
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Summary - _
The present disclosure is directed to methods and compositions that

satisfy the need to form a thin film with excellent electrical properties and
high conformaity. It avoids using mulfiple forming steps to assure uniform
coverage and high conformality. The new chemlstry proposed prowdes the
benefit of optimum film characteristics by ALD, CVD or pulsed CVD mode’
deposition. Furthermore, the present disclosure prowdes a film that

minimizes chlorine or other halogen content and allows the optimlzation of
the carbon content, both of which ¢an degrade the electrical properties of
the fitm. In addition, the disclosure provides the ability to control the M/Si/N
ratio in the fi Ims over a broad range without changmg precursor solutions.

' Acéording to the disclosure, there is provided a method for forming a

transition metal containing film onto a sample, comprising the steps of:
- infroducing a sample into a deposmon chamber
- heating said sample up fo a desired temperature
- providing a liquid or solid transition metal source;
- providing at least one precursor source, said precursor(s)
source(s) being selected from the group essentially consisting
of a silicon soufce, a carbon source, a nifrogen source, and/or

a reducing source;
-vaporizing satd transition metal to form a vaporized transut;on

metal source ;
- delivering said transition metal vapor to the chamber,
- delivering at least one precursor vapor from the at least one:

precursor sottrce to the chamber; and



Ais selected fromthe group consisting of 0, S, and

N; B is a hydrocarbon chain conprising

bet ween one and si xteen carbon atons, said chain

bei ng linear, branched, or a cycle; and n is_a nunb

OO Qra/$368 bonded to A, proliding at |east PCFHEP2005 05196
precursor source, said-precursor(s) source(s) being
selected fromthe group consisting of a silicon

source conprising a nolecular structure term nated by

at least one silyl (SiH3) ligand, preferably
trisilylamne N(SiH3)3, silane H(Si H3), disilane
(SiH3)2, trisilane SiH2(Si H3)2; a carbon source; a

ni trogen source; and/or a reducing source;

vapori zi ng S?c%rﬂrﬁ%amtgmeﬁmﬁmb desirdcoiral aoppsition ewto
transition ource; - delivering said transition

met al vapor skl gameplehanber ; -

delivering at | east one precursor vapor fromthe at

| east one precursor source to the chanber; and

- Rocoriling ta avBishhépect, fthem iefprovidedda gnethed farrfaiming a transition
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MXem :
Or o
: MXm, AB;,
Wherein: M is a transition metal selected from the group

consisting of early transition metals: Ta, Nb, Mo, W, Hf;
: X is a halogen, preferably Cl; ,
m is the oxidation state of the transition metal;

A is selected from the group consisting of O, S, and

N; . :
B is a hydrocarbon chain comprising between one
and sixteen carbon atoms, said chain being linear, branched, or a

cycle; and o
‘n is @ number of groups B bonded fo A;
- providing at least one precursor source, said precursor(s)
source(s) be:ng selected from the group consisting of a silicon source comprising
a molecular structure terminated by at least one silyl (SiH;) ligand, preferably
trisilylamine N(SiH3)s, silane H(SiH;), disilane (SiHs),, trisilane SiHx(SiH3).; a
carbon source; a nitrogen source; and/or a reducing source;,
- vaporizing said fransition metal to form a vaporized transition

metal source;,

- delivering said transition metal vapor to the chamb,er;
- - delivering at least one precursor vapor from the at least one
precursor source to the chamber; and
- forming a metallic film of the desired final composition onto said
sample by precisely controlling the flow rates of each of the precursors

~ independently.



O the adduct MXrn, ABn 10 Werein:Mis a transition
metal X is an halogen, preferably d mis the

oxi dation state of the transition netal A is selected
fromthe group consisting gh O, S and N 15B is a

hydr ogen or hydrocarbon chain conprising between one
and si xteen carbon atons, said chain being |inear,
branched or a cycle, n is the nunber of groups B
bonded to A. According to various enbodi ments of the
disclosure: 20 - Mis a transition metal preferably
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Or
the adduct MXn, AB;
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Wherein: - M is a transition metal

15

20

25

‘X is an halogen, preferably Cl

m is the oxidation state of the transition metal

A is selected from the group consisting of O, Sand N

B is a hydrogen or hydrocarbon chain comprising between
one and sixteen carbon atoms, said chain being linear, branched or a
cyole, | : | o
n is the number of groups B bonded fo A.

According to various embodiments of the disclosure:

- M is a transition metal preferably an eardy transition metal and most
preferably selected from the group consisting of Ta, Nb, Mo, W, Hf..- -
the silicon source comprises a molécular structure, terminated b)f at least
one silyl (SiHs) ligand such as trsilylamine, disilane or irisilane.
and/or ' | _
- the nitrogen source is a molecule or radical of the formula NHy with
x being equal to or lower than 3 or compris'i'ng a molecular structure
terminated by at ieast- one silyl figand, such as tisilylamine,
hexamethyldlsﬂazane (also named bls(tnmethylsﬂy{)amme)

and/or
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25- the nitrogen source is a nolecule or radical of

the formula NH x with x being equal to or |ower than

3 or conprising a nolecular structure term nated by

at least one silyl ligand, such as trisilylanipne,
wesamomobgs di si | azane (al so néned ~ PCT/EP2005/008196
bi s(trinmethylsilypamne). and/or - the reducing

source is a nolecule or radical of the formula Hx

with x is equal to or lower than 2. and/or - the
carbon source conprises conprises a C1-Cl1 6 linear, 5
branched or cyclic hydrocarbon. Preferably, the
step of formng a netallic filmshall be conpl eted by
using an atom c | ayer deposition process wherein the
precursof, f tdraadival iof teotbreath H, with
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vapor pHeserdiid to@seriRasieid eiPEOCEF%?fe*ﬁS‘glsy%’eﬁ%p dsed

coor dinat ed ibSprulsdel &P eoslandtiorowitih @ liquid

ovél! #’8:'&?6%8% gfﬁpﬁibﬁ%%ea?i_]source .and theﬁisi'l-i .o%&- desired
[

SOghaee hiatal, préwuradrSifor atheo deaasitien e%fsiﬁws v &t
over a wde r e W i j at
o R R hecaPph PEHEe KoY Bro@rris REMcRAY idtle
DI Q&MP&RIIES dbeNe 15° C tossupplyathenpioness, as irevapgrowithout the

hase nitrogen precursor j's not [ 2 ' :
shromsed-ofl DR BRI eI G Bt BOaG by vanoyizer.
| ST it 18 Qirof BRd Hualiiggstoblams csssodibtes!, with Gaving to
MN'ratTo can be easily varied oyer, a wi de range "
Wi taputizéhavion gracoirsary  (Fevinglak GRNENING ATREYTERL ain a siicon
recal jbrate the S I N lidticktoifeed th
Fuicontaion ereqlft] GCE7Bunde B emier YR RONGRE! Idid to-feed the

pr afiRhAanmeAar oaddiiish, Hthé vgpor phass, siliponcwecursor is preferably
dramatically reduci

20 ot coordindted fo & metal, gltl]f?w_ing independent control over feeding of the

metal source and the silicon source. Thus, the MiSi ratio can be easily
varied over a wide range without having fo mix new precursor solutions and.
recalibrate the process to the new precursor mixture. In a similar manner,
the vapor phase nitrogen precursor is not coordinated fo a metal aliowing

25 independent control over feeding of the metal source and the silicon source.

Thus, the M/N ratio can be easily varied over a wide range without having to
mix new precursor solufions and recalibrate the process to the new
precursor mixture. Furthermore, the vapor phase silicon precursor is
preferably carbon and halogen free, hence dramatically reducing the



undesirabl e effects of carbon and hal ogens in-the
film Finally, the current nethod according to the
di scl osure produces a filmof the desired final

conposition in a single step, The netal Sou;“%ﬁ*}*’&i"?"’%ﬁ%

wptocadoiss a | i quid precursor9 or a liquid pr

solution. The liquid phase precursor is injected into
a systemthat vaporizes it into a gas phase (form ng

a vaporized transition netal source). The vaporized
precursor gas phase enters the deposition chanber
wher e deposition occurs at an devthed tenperature.

The netal source is preferably essentially consisting
of a netal bonded to 4 to 6 halogens. It is io Sf t
wel | .bonded IHaiddeyts 'im ¢het filat. Emdltbfc eeturen
f oM ﬂﬁj?ﬁj agﬁe gﬁ%f%to??%l%fbgﬁkﬂa Ildqw d_or ﬁ ﬁ% d‘%n ' ow
e e Mbniingﬁbehméuaccloelre pesicees afilmsofihe AR =RiTR' a

el enent. such as, s oxygen, nitrogen and is
boﬁﬂ@@oﬁﬁoﬁubﬁﬁmgéﬁﬁgg al kyl groups. The adduct. can
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;hiol?.ﬁr:gg u‘lr'r?eolzqu(l:daghabs% pdrgrlzurgc?rrlg fjn;eecftéee {fitd ¥ &l tefil thiE¥apeYizes
it into a gas phase (formmg a vaporized transition metal source). The
vaponzed precursor gas phase enters the deposmon chamber where
deposition occurs at an elevated temperature. The metal source is
preferably essentially consisting of a metal bonded 1o 4 to 6 halogens Itis

as well bonded with an electncally *neutral molecule” forming an adduct o
forma liquid or a solid of low melting point. The neutral molecule is formed
with an element such as sulphur, oxygen, nitrogen and is bonded to two or
three alkyl groups. The adduct can decompose a ternperature which is high
enough so that the precursor can. be’ delivered effectlvely either by a
-bubbler or a liquid injection system. li can decompose at low temperature
so that the elements included in the neutral moleoule may- not be
mcorporated into the film. The neutral molecule itself needs o be stable at
high enough temperature Furthermore, the adduct is usually a monomer
while the metal halide is usually a dimer, whlch results in a mgmﬁcant
improvement of the vapor pressure.

"The family of adducts is exemplified by the adduct TaCls,SEf, which
decomposes at about 200 C info TaCls and SEf, SEtz being stable up fo
temperature of at least 600 C. ' |

TaCls,SEt, is a monomer while TaCls is a dimer, which results in a

sianificant improvement of the vapor pressure.

The silicon source of a film of the current disclosure is injected into
the deposition chamber effectively preferably concurrent with the vaporized
metal precursor. The- silicon source is preferably in the vapor phase at
process feed conditions. That is, the silicon source preferably flows from



15 bubbler or a liquid injection system It can
deconpose at | ow tenperature so that the el enents
included in the neutral nolecule nay not be
woea7peigd ed into the film Toe neutral nol epub@r2005/008196
itself needs to be stable at high enough tenperature.
Furthernore, the adduct is usually a nononer while

the netal halide is usually a dinmer, which results in

a significant 20 inprovenent of the vapor pressure.

The fam |y of adducts is exenplified by the adduct
TaCl 5, SEt 2, whi ch deconposes at about 200 Cinto

TaCl5 and SEt2, SEt2 being stable up to tenperature

of t

Tacfte GRS oghiher fkREh ST IrafuERBETERA KO system as
[ rrm vaEorerithauft théexeedptor bep wemrmed orTiwighayit| usig asccametegas

filmof. the current di cted .l nto
syt 41 i nay BerPedla RIS i SpiPLERE # fided o
COrypih efenidie t Ascur@BOfidw efleaRirainentse d’éheﬁéréblyThI@e silicon
silicon source is preferably in the va phase %

Spr SOUES Hees nebraNaIRb i !tsmalecv@r SHHELLER |anotoa 6F chlorine
Pr &fiictbhHofbPVandifoP Meposition metals. More preferably, the silicon

source does not contain any atom in its molecular structure of carbon. Most
preferred silicon sources that are carbon and chlorine free are, without
fimitation, the following compounds or mixtures of the following compounds:

10



the source container through the feed nmeasurenent and
control systemas a vapor w thout the need to be
vaporized or without using a carrier gas. However, an
w8k 06iAgs My be used to dil ufe the silicon pEikpiessn0s196
If needed to obtain even nore accurate flow
nmeasurenents. Preferably, the silicon 5 source does
not contain in its nolecular structure any atom of
chlori ne and/ or hal ogen, and/or deposition netals.
More preferably, the silicon source does not contain
any atomin its nolecular structure of carbon. Mst
preferred silicon sources that are carbon and

chl ori ne,f W thout limtation, the foll ow ng
dd' St

conpound 'es of the follomnng conpounds: 10
1) Trisilylam ne; 1 A A - Si /S Ns. 2
| LPT-H ,f N\ J/' X
/’ \ f”" \
8
H | H
H
2) Disilylamine;
H
/_81
&

5 3} Silylamine;




[ 3) Silylamne; 4) Tris(disilyl)amne; 5)

Am nodi si | yl am ne; HH: 56) Tetrasilyldiamne, also
called tetrasilyl hydrazi ne; and
WO 2007/000186 | 12 PCT/EP2005/008196

4) Tris{disilyl)amine;

‘H
H\“s!l If,,
H»" ”‘;\. f \Slf" \
'“\\ ,_/' ‘\
I
}[/SI\

5) Aminodisilylamine;
Hm ..»" . /}r
f \\ / \

EF”"'—EJ‘

e —

5 6) Tetrasilyldiamine, also called tetrasilylhydrazine; and



7) Disilane derivatives, wherein any H bonded to N
may be replaced with a Si H2-Si H3. 5 8) Trisilane
and its derivatives. The nitrogen cont ai ni ng

Wgog,mm bal so be injected i ntpSt he depositi Opc f&gﬁ?ﬁ@sm
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ncurrently with the vaporized netal source an
silicon | o source. Preferred oxygen containi ng gases
and nitrogen containing gases are free of carbon
and/ or chlorine in their nol ecul af structures.
The reacti-on of the different precursors in the
deposition chanber (reactor) |leads to the formation
of a filmon the silicon substrate. The conposition
of the filmcan be precisely controlled by precisely
controlling 15 the flow rates of each of the

precur qur g.énaﬂgpaém%ﬁ%y M@%[ﬁ higy Iy Bt%ﬂéd"tb' RY P be

ratio of flow rates). The feed rates of the silicon
and et al repiagesksitha SitinSiendent |y control | abl e,
thus the MSi and MN ratios of the resulting film
can be control | edgpver a yrde range wthout changing
t he conposition o the metpl source_or the silicon
source. 20It g_wég_ﬁ be desiabl e _tq.f ntroduce an
hydrogen sour her at ‘gny ti during the
deposition or durtng t he st - treafﬁent step to
reduce the chlori e conteﬂ@ |ncorpor§ied inthe film
or to inmprove the filmquality. Brief Description of
the Drawings 25FIG 1 is a flow chart of a Prior Art

met hod for form n% a MSiNfilm
8) Trisilane and its derivatives.

The nitrogen containing gas may also be injected into the deposition
chamber concurrently with the vaporized metal source and the siIicoh
source. Preferred oxygen containing gases and nitrogen containing gases
are free of carbon-and/or ¢hlorine in their molecular structures.

The reaction of the different precursors in the deposition chamber
(reactor) leads to the formation of a film on the silicon substrate. The
composition of the film can be precisely controlled by precisely controlling
the flow rates of each of the precursors independently (and this by
controlling the ratio of flow rates). The feed rates of the silicon and metal
sources are independently controllable, thus the M/Si and M/N ratios of the
resulting film can be controlled over a wide range without changing the
composition of the metal sourée or the silicon source.

it might be desirable to introduce an hydrogen source either at any
time during the deposition or during the post-treatment step to reduce the
chiorine content incorporated in the film or to improve the film quality.

Brief Description of the Drawings
FIG. 1 is a flow chart of a Prior Art method for forming a MSIN film.



FIG 2 is a flowchart of the steps of the nmethod for
formng a MGiNfilm FIG 3 is a flowchart of the
steps of the nmethod for forming a MCfilm FIG 4 is
art of the steps of,the nmethod for
w@'@@ﬁ(fﬁ? FI G is a flow chart of the stepfsjﬁrg?lotﬂ%%@l%
nmet hod for formng a MBINCfilm FIG 6 is a flow
chart of the steps of the method for formng a Msi C
10film FIG 7 is a structural drawi ng of the CVD
tool used in Exanple 1 of this invention.
Figure 8 is a structural drawing of the CVD tool used
in Exanple 2 of this invention.

FIG. 2 is a flow chart of the steps of the method for forming a MSIN

film.
FIG. 3 is a flow chart of the steps of the method for forming a MC
film.
5 FIG. 4 is a flow chart of the steps of the method for forming a MNC
film.
FIG. 5 is a flow chart of the steps of the methoed for forming a MSINC
film.
FIG. 6 is a flow chart of the steps of the method for forming a MSIiC
10 film.

FIG. 7 is a structural drawihg of the CVD tool used in Example 1 of
this invention. |

Figure 8 is a structural drawing of the CVD tool used in Example 2 of
this invention.
15 Figure 9 is a structural drawi‘ng of the CVD tool used in Examples 3

and the following ones of this invention.

Reference symbols

1 silicon wafer _
20 11 deposition (CVD) chamber
- 12 pump
183 adsorber 21 liquid
container
22 He gas
25 23 liquid mass flow controller
24 L mass flow controller
25 e vaporizer
31 cylinder 32 mass
flow controller '
30 33 N2 gas

41 Additional gas



15Figure 9 is a structural draw ng of the CVD tool
used in Exanples 3 and the follow ng ones of this
i nvention. Reference synbols 1silicon wafer

W%Q! gﬁggiti on (CVD) chanber1312punp 13adsorlg@5~,%%2005,008196

10

16

20

25

30

contal ner 22He gas 2523liqu
24mass flow control |l er 25vaporizer 31lcylinder32 fl ow
controller

mass flow controll er

42 e - mass flow controller

43 " vivenns bubbler

51 bubbler

52 e nitrogen source

53 e pressure regulator

5 . mass flow controller

b5 two-ways by-pass system

B8 e flow control system

V3 . actuated valve

V4 actuated valve

Vb actuated valve
Examples:

Referring to the transition metal-containing film depositionr
method of Fig. 1-6, the vaporizing step 1 comprises vaporizing a metal
source to form a vaporized metal source. The metal source of one
preferred embodiment is a precursor solution in liquid phase, preferably a
dialkylamino, an alkoxy, and/or an inorganic compound of hafnium (Hf),
zirconiu.m (Zr), titanium (Ti), niobium (Nb), tantalum (Ta), molybdenum,
(Mo), tungsten (W) or any other transition metal (M). Preparing and
vaporizing ‘the liquid phase metal precursor solution is carried out in
cofnniérc_ia!ly available equipment under appropriate conditions known to

the man skilled in the art.

During the feed step 2 a silicon source, a nitrogen source, a carbon
source, and a hydrogen source (collectively referred to as the precursors
sources) are fed to a deposition chamber where a substrate (on which
deposition is needed) is placed at an elevated temperature. The deposition
chamber is typically maintained between about 300°C to about 900°C.
Preferably the surface of the work piece in the deposition chamber will be
between about 500°C to about 600°C. The feeding of the precursors is



3033N2 gas 41Additional gas liquid mass 42mass flow
control | er 43bubbl er 51bubbl er 52nitrogen source
553pressure regul ator 54mass flow controller

W@?@%ﬁé@%s by- pass system S%I ow control sYys$E8br00s/008196

d val ve

effectively concurrent (atomic layer deposition involves high-speed

sequential pulses of feed materials).

During the feed step 2 of the transition metal-containing film
5 deposition method of Fig. 1-6, the silicon source is controllably injected into
the deposition chamber effectively concurrent with the vaporized metal
source and the other precursors or silicon fim components. In one
preferred embodiment, a silicon source is in the vapor phase at process
feed conditions. That is, the silicon source of one preferred embodiment
10 has a vapor pressure of greater than approximately 50 torr at 20°C,
sufficient to exist in the vapor phase in the feed control system without the
need for vaporization or bubbler equipment in the delivery system. Trisilane
and frisilylamine, two preferred silicon sources, may be stored as a liquid,
but have sufficient vapor pressure (greater than 200 torr vapor pressure at
15 25° C) to be in the vapor phase in the delivery system without the need to
use a vaporizer or bubbler system. Because the silicon source is in the
vapor phase, its flow rate can be accurately measured and controfled with
conventional devices know in the art, and is not affected by déposits ina
vaporizer or swings in feed conditions during vaporization of the silicon or
20  metal source. '
Preferably, the silicon source is absent carbon or chlorine in the
molecular-structure. )
Preferably, the hydrogen and nifrogen gases are fed into the
deposition chamber concurrently with the silicon source. Furthermore, the
25  vaporized metal source is also fed concurrently in the feed step 2. Various
preferred embodiments of the MSINC method use nitrogen sources that are
free of carbon and/or chiorine in their molecular structures. It is not required
that the nitrogen source, the silicon source or the carbon source be fed as

a separate stream. The nitrogen source can be the same as the silicon



10V4act uat ed val ve V5actuated val ve Exanpl es:
15Referring to the transition nmetal-containing film
deposition nmethod of Fig. 1-6, the vaporizing step 1

wolidosgs vaporizing a net al1|éource to formP@TrEonaamGsws
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vaporized netal source. The retal source of

preferred enbodi nent is a precursor solutlon |n
liquid phase, preferably a dial kyl am no, an al koxy,
and/ or an inorgani c conpound of hafnium (Hf), 20
zirconium (Zr), titanium (Ti), niobium (Nb), tantal um
(Ta), nolybdenum (M), tungsten (W or any other
transition netal (M. Preparing and vaporizing the
l'iquid phase netal precursor solution is carried out

i reogiorenErcingl Icarhonaispiisiee ERRLINIRRGRN §RHEE 8hpshmralered
Co@ﬂ%&d l?'l% ?Qogﬁrn{o%é hﬁ'hga'?rft@eln' Q8urca bhearﬁtﬁer 3§eferred

a Si on source, a nitrogen
smmlnmjrmantrartbmrylemuec dheanitiogerhyelirog) isrfed @ndcepntrolled with
Ilectrvel refekmggﬁ1 as the precursors sources)

VIGES kPBWH QEpES der where a substrate (on
V\/ﬂl ch deeafdpossion la‘ﬁdﬂ@@dﬁ:@ of [:B'ealrraoredn tite depceirb&mad:rmdnber

tenperature The d osjtiaqn 30

o I afopeEUR AT st tren e 250 Einiag o of the Heated

Prs‘ﬁfc%h%?l'b)étréi% pftﬁé @or%né E%pV\S) rdnd B@%@Téweﬁnb@drment of a
deposi ti on anbe bet ween about 500C to

attransr’tm(m:etalFb@talsm fﬁgﬁ r@fa tentalyn siliges epdboniride film formed
by feeding a tantalum metal using a mixture of a metal source (such as

TaCls, SEt,), trisilylamine and/or an amine.

The composition of the fransition metal-containing fim can be
controlled by varying the flow of each of the dielectric precursors
independently during the feeding step 2. Particularly, the feed rate of the
silicon source and the metal source are independently controliable because
the silicon source does not contain any deposition metal. Thus, the silicon
source feed rate can be varied independently of the metal source feed rate
to affect the desired metal (M) to silicon {Si), to nitrogen and to carbon
ratio. Similarly, the metal source feed rate can be varied without affecting
the silicon source feed rate, also changing the M/Si/N ratio. Because the
feed rate of the siiicon, the nitrogen, the carbon and metal sources are

| indébéndenﬂy controllable, the M/SI/N/C ratio of the resulting film is
controllable over a wrde range without changing the composition of the
metal source or the silicon source.

Although the present invention has been described in considerable
detail with reference to certain preferred versions thereof, other versions
are possible. For example, one or several sources can be omitted in order
to obtain tantalum, tantalum silicide, tantalum silicon nitride (of Figure 2),
tantalum carbide (Figure 3}, tantalum nitride, tantalum carbonitride (Figure
4), tantalum silicon carbide (of figure 6).... The composition and method



effectively concurrent (atom c |ayer deposition
i nvol ves hi gh-speed sequential pul ses of feed
materials). During the feed step 2 of the transition

“@p%@Mmﬁgptaining filmb5s depOﬁgtlon met hod o&cﬁmgﬂmymmum
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silicon source is controllably injected into
the deposition chanber effectively concurrent with
the vaporized netal source and the other precursors
or silicon filmconponents. In one preferred
enbodi nent, a silicon source is in the vapor phase at
process feed conditions. That is, the silicon source
of one preferred enbodi nent 10 has a vapor pressure

of greater than approxi mat rr_.at, 20C,
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PRassions lconfdima haicin.CHie htestisrubhtied wppiasty Bdtcaoover all
controlled with, conventlogg deV|ce%"know

in the art,
arfgodi§cafiansaraasivalaniyy age RIGmalives \'/‘SpWh'?e%heorSp'r& and
S ﬁHH?E on of the
SY%G?)%%# f(@?é fS‘ggrr‘net a &s%ﬁ{é?ewb%péﬁg%%: %ﬁ%l y, the
silicon source is absent carbon or chlorine in the
nol ecul ar structure. Preferably, the hydrogen and
nitrogen gases are fed into the deposition chanber
concurrently with the silicon source. Furthernore,
the 25 vaporized netal source is also fed
concurrently in the feed step 2. Various preferred
enbodi nents of the MSI NC net hod use nitrogen sources
that are free of carbon and/or chlorine in their
nol ecul ar structures. It is not required that the
ni trogen source, the silicon source or the carbon
source be fed as



a separate stream The nitrogen source can be the
sane as the silicon source or the carbon source. The
nitrogen source of one preferred enbodi nent is

Wag%g@h(ﬁ% The nitrogen sour ce{QOf anot her pr e?@f/ﬁﬁiﬁosmasws
enpo e1s

rment is trisilylamne. The nitrogen sourc

fed and controlled with devices known to one skilled
in the art. 5The deposition and reaction of
precursors in the deposition chanber |lead to the
formation of the transition nmetal -containing filmon
the heated silicon substrate during the form ng step
3. One preferred enbodi nent of a transition

netal -containing filmis tant al um silicon
carbonitride filmformed é§mF &8i ng a tantal um net al
using a mxture of a metal source (such as |oTaCl 5,
SEb@mples pEiheynventins aiadessribed belgw with referenceyig the
conposition of the transition netal-containing film

" calmawimmgsontrol | ed by varying the flow of each of the
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dielectric precursors independently during the
f eedinge dtep 2. Particularly, the feed rate of the
silicon source and the netal source are independently

COMHi$ ekdrableg:oneerisIRe brichtors bf tantatura Gllicor nitddss filest
contain any deposition netal. Thus, the silicon

sotHcevheRel Lt Baan@kiie diushatenan danlre 7. o Fidige 7, a
nmetal source feed rate to affect the desired neta
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source feed rate can be varie
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of the silicon, the._qitrag t. rbo
o GuPEgRRY b 7 pulBh d2nc i BBte! BReEBE ™ € b kit
ratio of the resulting fi | S-cQn [l able oyer a . .
win?é‘féwg\‘ﬁﬂspem qig l %@ﬁg‘f‘@# hEA b i 50Tt Pha lauid
metal source or the silicon source. Although. the
pregstaien Al.ehitrqgenhgas feeh i SHFAIsBdSeHCe Aesisgesehias the
25 detail with reference to certain preferred i
v eagiarrgast foe teoT aCliSile. The $86kSEL B thedisiuigl eontaippr 21 is
exanpl e, one or several sources can be omtted in
orpiltied towt dbliqiid foentbyl then nitregaragasnusden piegayret 2dhtiabugh a
silicon nitride (of Figure 2), tantal um carbide
( Higoidr mass, fiovarbatroliern23 randereathes dheivapenzeor2i wihdee it is
(Figure

vaporized and mixed if necessary with nitrogen from the nitrogen source

22 (or any other inert gas from any source) through the MFC 24. Nitrogen
from nitrogen source 33 is also transported through a mass flow controller
into the CVD chamber 11 along with trisitylamine (TSA) étored in a cylinder
31, and through mass flow controller 32 and with an additional gas 41
(hydrogen gas, a reducing source) fed through the pressure regulator 43

and the mass flow controlier 42.



4), tantalumsilicon carbide (of figure 6).... The
conposition and nethod may be practiced in a process
ot her than chenical vapor deposition or atom c | ayer

ng%ﬁ?(‘)_@io@iggn. I n addi tion, thezodeposi tion of %’f)ﬁ%gﬂ)&wﬁ
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be acconplished at™a variety of ternperature
and conditions. Furthernore, the invention nay
include a variety of metal, silicon, carbon and
nitrogen 5 sources known in the art. Therefore, the
spirit and scope of the appended cl ains should not be
limted to the description of one of the preferred
versi ons contained herein. The intention of the
applicants is to cover all nodifications,
equi valTéin §imssltaatalemneicoperitride fimsgrvege: pipAuesr under the
spirit and scope of -the invention as defined by the
afpkovdad cohditions using ttexdesuribed MM {sIcks of t he
invention are described below with reference to the
drRresange.= BxanpbmpérdiuiEhs $083GnTa®s,8&hdtownzate Fed.5 com, N2
fabrication of tantalumsilicon nitride films. The

. : el h _

Yk} RS (=0 SoRt AL foale  L5bEM. I, How rate = 10
i ntroduced into a CVD chanber 11 and the desired film
| SscbRY, RBGIoWafe EN@08sdrhace of the silicon wafer 1.
The CVD chanber 11 is evacuated by a punp 12. The
nmetal precursor, in this case tantalumlo
pentachl ori de, diethyl sulfur adduct TaCl5,SEt2, is
stored in a liquid container 21. Nitrogen gas from
t Hexample @gen source 22 is used as the carrier gas for
the TaCl5, SEt2. The TaCl5,SEt2 in the liquid
c oftimexanp2onsens|the faksigatiom of tagtalemisican pitrige, Bims.
nitrogen gas under pressure 22 through a liquid nmass
f IThe CVDL ool Lerd R3thinexareplelis dlustretedap drigurer8. Zon Wgwe 8,
it is 15 vaporized and m xed if necessary with
Nithe @afie déviest fLoRifiguRYBbeap the sarhd nLaterizalyredéences. The
inert gas fromany source) through the M-C 24.

Ni i ithik AS@InHe U GRustated i IFRduré ANBPPIGLRS S, a
th(?\é]ggﬁeghréﬁ%némfﬂlﬁ%w conftﬂ?ol ler int olt E(?%VD chan‘ger

LB S ST 8 i
R B ol A 998t mod o
4'tﬁe asﬂtqfa}:g of H%Ssslliggno\\f(fva a7 it l:I"If"llel(f\?D Z%:%amber 11 is evacuated by a
pump 12. The metal precursor, in this case tantalum pentachloride, diethyl
sulfur adduct TaCls,SEt, is stored in a liquid container 21. Nifrogen gas
from the nhitrogen source 22 is used as the carrier gas for the TaCls,SEt.
The TaCls,SEt; in the liquid container 21 is pulled out in liquid form by the
nitrogen gas under pressure 22 through a needle valve, a liquid mass fiow

controller 23 and reaches the vaporizer 25 where it is vaporized and mixed

if necessary with nitrogen from the nitrogen source 22 (or any other inert



Thin filnms of tantalumsilicon nitride filnms were
produced under the follow ng conditions using the
described CVD tool. Pressure = 1 torr, tenperature =

w?%?ogmtml@g 51SEt2 flow rate 540.5 ccm N2 Pg’r/fEbﬂ)\ﬁémﬂswa
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vaporizer) = 20 sccm TSAflowrate = 5 sccm
H2 flowrate = 10 5 SCCM N2 flow rate = 100sccm .
Exanpl e 2 This exanpl e concerns the fabrication of
tantalumsilicon nitride filnms. The CVD tool used in
this exanple is illustrated in Figure 8. On Figure 8,
10 the sane devices as on figure 7 bear the sane
nunerical references. The CVD tool used in this

exanple|S|IIustrted Fi, gur . Jn Fiqu Y-S
o gasamamesourcehaandia it £ SrishdrEid Ristdd in o
that is provided with heating neans_2 over jt -
ciaybndersd b iscaisa Fansansted daiaugh 4 MaRs flaw capfreller MFG) Adnto
surface of the silicon wafer 1. The CVD chanber 11 is
evthe LAY Bdcimmber1 $1 mlong with arhedditioaal gasedbr(@armonia gas, a
this case tantal um pentachl oride, diethyl sulfur
adtitregerT sGuse SR throwgls ther controllablel Vajué d3cant thenmass flow
21. Nitrogen gas fromthe nitrogen source 22 is used
ascdrivelieesz.i er gas for the TaCl 5, SEt 2. The TaCl 5, SEt 2
inthe liquid container 21 is pulled out in liquid

f or m byrHif girhé bf eaRAUBRSIIcEI Altridy ABsLWers rodoted ander the
needl e valve, a liquid mass flow 20 controller 23 and

r %ﬁnﬂﬁﬁg@&ﬁd‘ﬁaﬁé’ ULiRE! fthe?éeé!é}%a ¢VDksolvapori zed and

m Xe necessary W th n| t rogen fromthe nitrogen

e%gw%tzhgo kﬂg@r’t}éﬂﬁhﬁﬁﬁ re! %{do°cY ée}%?'rr’SA W BRY'CE5 com,

throug ISI| am n stored |n a
cylinder 31 is also transported t hrough a_nass ?&l)sccm

cohSA dloweiiate FEEScoD. Nhidlomnate vz dseethdiz fow mterrg
with an additional gas 41 (anmonia gas, a nitrogen
source) fed through the controllable value 43 and the
mass flow 5controller 42. Thin filns of
tantalumsilicon nitride filns were produced under
the followi ng conditions using the described CVD

t oé’)'(&imple 3

This example concems the fabrication of tantalum silicon nitride films.

The CVD tool used in this .example is illustrated in Figure 9. In Figure 9, a
silicon wafeﬂ is introduced into a CVD chamber 11 that is provided with
heating m'eans_ 2 over its circumference and the desired film is formed onto
the surface of the silicon wafer 1. The CVD chamber 11 is evacuated by a
pump 12. The metal precursor, in this case tantalum pentachloride, diethyl
sulfur adduct TaCls,SEt,, is stored in a liquid container 51. TaCls,SEt:
vapor is fed to the CVD chamber 11 by bubbling nitrogen from the nitrogen
source 52, said nitrogen flowing through the pressure regulatbr 53, the

MFC 54, the two ways by-pass system 53, then through the liquid source



Pressure = 1 torr, tenperature = 500C, TaCl5, SEt 2
flowrate = 0.5 ccm TSA flowrate = 5 seem NH3 fl ow
rate = 20 sccm N2 flow rate = 100sccm 10 Exanple 3

wo io&m%mgpl e concerns the f i cati on of ta@kﬁ}iEngS/wSl%

5

10

15

20

silircon nitride filnms. The tool used int

exanple is illustrated in Figure 9. In Figure 9, a 15
silicon wafer 1 is introduced into a CVD chanber 11
that is provided with heating neans 2 over its
circunference and the desired filmis fornmed onto the
surface of the silicon wafer 1. The CVD chanber 11 is
evacuated by a punp 12. The metal precursor, in this

case _tantal um pentachl ori de, di et.%l sul fur f%g{dut%t
TaZd.sheemixtureof sefalRreryrsgr pRgar regen & thep fed to the reactor
TaCl5, SEt 2 20 vapor is fed to the CVD chanber 11 by '
buthivughgthei conigkaystesrae: hrisiviamige AT 3pLFoEdH a gynger 31,
nitrogen flow ng through the pressure regul ator 53,

t his f#RICtTough hpassdlomayeonbpligrads. syt éwfigenalt gap, such as
through the liquid source 51. The m xture of netal

pr smmonia gas) d¥ds fed througin thesmeke flofvegntrollarH. r eact or

t hrough the control system 56. Trisilylam ne (TSA)

st or ed Tantaiugy lstiiaderniditle films ecrd hprodigiedmasderf thmwfollowing
controller 32. An additional gas, such as anmoni a

gasonditbrisusiftheieaumbed B¥DMBE fl ow control ler 42.
5Tantalum silicon nitride filnms were produced under

the follow ng conditions using the described CVD
tool. MODE 3-1 Pressure = 1 torr, tenperature =
4MepE 8 5, SEt 2 flowrate = 0.5 sccm

Pressure = 1 torr, temperature = 470°C, TaCls,SEf; flow rate = 0.5 scem,

TSA flow rate = 4 sccm, NH3 flow rate = 5 sccm, N2 flow rate = 100sccm .

Using this set of c-onditions,- tantalum silicon nitride with component ratios
-of Ta/Si = 4:1 and Ta/N = 1:1 was obtained at a film-formation rate of 10
A/min.

Mode 3-2

Pressure = 1 torr, temperature = 550°C, TaCls,SEt, flow fate = (0.5 scem,

TSA flow rate = 5 sccm, NH3 flow rate = 0 sccm, N2 flow rate = 100 sccm.

This mode was the same as 1-1, with the exception that in this case no

ammonia was flown.
Using this set of conditions, tantalum silicon nitride with component ratios

of Ta/Si = 6:1 and Ta/N = 2.6:1 was obtained at a film-formation rate of 15

A/min.



ro TSA flowrate = 4 sccm NH3 flowrate =5 scan, N2
flowrate = 100sccm. Using this set of conditions,
tantalumsilicon nitride with conponent ratios of

wﬁ?fms)impmsd' 1 and Ta/N = 1: 1A>er3ﬁsnobt ai ned at ?gmlpmosmm%
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ormation rate of 10 . Mode 3-2
Pressure = 1 torr, tenperature = 550C, TaCl 5, SEt 2
flowrate = 0.5 scorn, TSA flowrate = 5 sccm NH3
flowrate = 0 scorn, N2 flowrate = 100 sccm This
node was the sanme as 1-1, with the exception that in
this case no ammonia was flown. - Using this set of
conditions, tantalumsilicon nitride with conponent
ratios 20 of Ta/Si = 6:1 and Ta/N = 2.6:1 was
obtained at a filmformation rate of 15 km n.
Exanpl e 4 This exanple concerns the fabrication of
S|E>49<H%m9&oped titaniumnitride films. 5 The CVD t ool
used in this exanple is illustrated in Figure 9. The
mdthis  qeawls songens thei fabsigation jaf avilicarrdanadadianbim d@tﬂde
TiCl4, is held in a bubbler 51 and TiCl 4 vapor is fed
t dilhbie CVD chanber 11 as described in exanple 3.
Trisilylamne (TSA) is held in the cylinder 31, and
t e TOD ool tusadsipahisedxample is illustrated in Figure 9. The metal

precursor, in this case titanium tetrachloride TiClg, is held in a bubbler 51

and TiCls vapor is fed to the CVD chamber 11 as described in example 3.

Trisilylamine (TSA) is held in the cylinder 31, and this TSA is transported
through the mass flow controller 32 into the CVD chamber 11. The offgas
from the CVD chamber is exhausted through an abatement system

. (adsorber) 13. Silicon-doped titanium nitride films were produced under the
following conditions using the described CVD tool.

Mode 4-1

" Pressure = 1 torr, femperature = 625°C, TiClg flow rate = 5 sccm, TSA flow

rate = 4 scem, Np flow rate = 20 sccm, time = 15 minutes,

According to AES anaiyéis, the resulting film was titanium nitride with the
stoichiometric composition that contained trace amounts of silicon. This film
was about 4000 A thick. The ﬁlm-formatioﬁ rate was approximately 270
Afmin.

Mode 4-2



t hrough the mass flow controller 32 into the CVD
chanber 11. The offgas 10 fromthe CVD chanber is
exhausted through an abatenment system (adsorber) 13.

W§iﬁ|84g’(rf‘°8‘ﬂtﬁ‘gorped titani um ni trig;le films were p%eg}ﬁggngsmsﬂﬁ
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e follow ng conditions using the descri
CVvD tool. Mde 4-1 Pressure = 1 torr,
tenperature = 625C, TiCl4 flowrate = 5 sccm TSA
flow 15 rate = 4 sccm N2 flowrate = 20 sccm tine =
15 m nutes. According to AES analysis, the resulting
filmwas titaniumnitride with the stoichionetric
conposition that contained trace anounts of silicon.
This filmwas about 4000 A thick. ,Th]g_.e fil mI_orrirati on
r &resswie A dpiaski teEtRErgturerd 29 0nin (thisg "Woﬁ"é’“ﬁ-‘@‘ emperature
Pressure = 1 torr, tenperature = 550C (this .
f ivkias Subsharttiabiy laweergbam the prigv=art inpiaraetion te)pergiies using
than the prior-art filmformation tenperatures using

Tiﬁ@imﬁ@r\gi% Gty fakOW 5 8dcn, “TSA FI6@TateSA Sdopy NAfldw Fate
rn,

4 sc owrate = 20 sccm tinme = 15 mnutes. 5
According to AES analysis, the resulting filmwas
t it Ahbegmalime =dtb wWinues-he st oi chi ometric conposition
that contained trace anmounts of silicon. This film,
waccatting t@#ENanalysik, thenestlting:fiorwes Higniun nilridg gvith the
approximately 19 A/mn. to Exanple 5: tantal um
sigkoichidmetrid compbsitorethatmdrdained dmcasmdunts albsilicoat This film
of tantalumsilicon nitride filns.

was about 290 A thick. The film-formation rate was approximately 19

Asmin.

Example 5: tantalum silicide films
This example concerns the fabrication of tantalum silicon nitride films.
The CVD tool used in this example is illustrated in Figure 9. In Figure 9, a
silicon wafer 1 is introduced info a CVD chamber 11 that is provided and
the desired film is formed onto the surface of the si!icdn wafer 1. The CVD
chamber 11 is evacuated by a pump 12. The metal precursor, in this case
tantalum pentachlbride, diethyl sulfur adduct TaCls,SEf;, is stored in a
" liquid container 51. TaCls,SEt, vapor is fed to the CVD éhamber 11 by
bubbling nitrogen from the nitrogen source 52, said nitrogen flowing
through the pressure regulator 53, the MFC 54, the two ways by-pass
system 55, then through the liquid source 51. The mixture of metal
precursor andfor nifrogen is then fed to the reactor through the control

system 56. Trisilane stored in a cylinder 31, is fed through mass flow



The CVD tool used in this exanple is illustrated in
Figure 9. In Figure 9, a silicon wafer 1 is
i ntroduced into a CVD chanber 11 that is provided and

Wé?ﬁ,/}agﬁéﬁr ed filmis fornmed %t o the surf acepé‘fmf’ﬂ@séooswa
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con wafer 1. The CVD 15°chanber 11 is evacuate
by a punp 12. The netal precursor, in this case
tant al um pent achl ori de, diethyl sulfur adduct
TaCl5,SEt2, is stored in a liquid container 51.
TaCl 5, SEt 2 vapor is fed to the CVD chanber 11 by
bubbling nitrogen fromthe nitrogen source 52, said
nitrogen flow ng through the pressure regul ator 53,
the MFC 54, the two ways by-pass 20 system 55, the51 .
t hoptrghertdte An gdidosgagen f_arﬁrﬁgnﬁg%tﬁpgrogpn@gygqe LA1is
precursor and/or nitrogen is then fed to the reactor
t Hed thghugihdhe orassdlovssantioles$2. Trisil ane stored in a
cylinder 31, is fed through mass flow controller 32.
An addiTentabah giisgn indride dilms rivereg arodused rungten the following
source), 41 is fed through the nmass flow controller
4Zonditions udingttaé desaidedoevDriodlr i de fil ms were
produced under the follow ng conditions using the
desesdiltet: QB efthperatute e5580°€, TaCli, SFL,, flave rater=a015 sccm,
= 430C, TaCl5,SEt2 flowrate = 0.5 seem Trisilane

flow, = = f _
BRSBTS N A = 5B P

tantalumsilicon nitride with conponent ratios of
Tafc&m.= 4:5 and Ta/N = 4:1 was obtained at a
filmformation rate of 10 10 A/ m n. Exanple 6:

Dapgsd tHi9Re0bf bandidbnantanthiupoiliced ndé withecordorEne ratios
CVD tool used in this exanple is illustrated in

Fi 9= 48 JFHOPYR P 4. Pwak | dbésiRedvat arfild-fofmation rate of 10
irﬁ?%ﬁlceé'?r?to a CVD chanber 11 that is provided and

t m%?sired filmis fornmed onto the surface of the
silicon wafer 1. The CVD

Example 6: Depo.sition of tantalum silicon carbenitride.

The CVD tool used in this example is illustrated in Figure 9. In Figure-g, a
silicon wafer 1 is introduced into a CVD chamber 11 that is provided and
fhe desired film is formed onto the surface of the silicon wafer 1. The CVD
chamber 11 is evacuated by a pump 12. The metal precursdr,'in this case
tantalum pentachloride, diethyl sulfur adduct TaCls,SEty, is stored 1i"n a
liquid container 51. TaCls,SEt, Vapor is fed to the CVD chamber 11 by
bubbling nitrogen from the nitrogen sou.rce 52, said nitrogen flowing
through the pressure regulator 53, the MFC 54, the two ways by-pass

system 55, then through the liquid source 51. The mixiure of metal



chanber 11 is evacuated by a punp 12. The net al
precursor, in this case tantal um pentachl ori de,
di et hyl sul fur adduct TaCl5,SEt2, is stored in a 20

Wé\%ﬁ“ Em nt ai ner 51. TaCl5, $fgt2 vapor is fegctppdolSoosios
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11 by bubbling nitrogen fromthe nitrogen
source 52 sald nitrogen flow ng through the pressure
regul ator 53, the MFC 54, the two ways by-pass system
55, then through the liquid source 51. The m xture of
metal precursor and/or nitrogen is then fed to the
reactor through the control system 56. Trisilane
stored in a cylinder 31, is fed through mass fl ow
controller 32. An additional gas, here
ONBFRIERR, PRMPR SITaaa) i then h%s’r fob then Fepctar, fheggh the control

source), 41 is fed through the mass flow controll

4zystem 56. TAnsianestored dore 6Yingsh i3y isided IRRGapass ow

produced under the follow ng conditions using the

desotrioherd 32VD Aro @ldditienek g@s e here renomethglapine : (MMA)Y gas

430C, TaCl5,SEt2 flowrate = 0.5 sccm Trisilane flow

r gterbonarectiogdivisolitaa) 4hiefed traughmthednassofiow doptroller

120 Using this set of conditions, tantalum

siga.con nitride with conponent ratios of Ta/Si =

1:4, Ta/N = 2:1, Ta/C = 2:1 was obtai ned. Exanple 7:

Deposi triamigh bl eaHAthesI filisdevere produced under the
following conditions using the described CVD tool:

Pressure = 1 torr, temperature = 430°C, TaCls,SEt, flow rate = 0.5 sccm,

Trisilane flow rate = 5 scocm, MMA flow rate = 5 sccm, N2 flow rate = 120

scem.
Using this set of conditions, tantalum silicon nitride with component

ratios of Ta/Si = 1:4,Ta/N = 2:1, Ta/C = 2:1 was obtained.

Example 7: Deposmon of tantalum carbonitride.

The CVD tool used in this example is illustrated in Figure 9. In F|gure 9,a
silicon wafer 1 is introduced into a CVD chamber 11 that is provided and
the desired film is formed onto the surface of the silicon wafer 1. The CVD
chamber 11 is evacuaied by a pump 12. The metal precursdr, in this case
tantalum pentachioride, diethyl sulfur adduct TaCls,SEtz, is stored in a
liquid container 51. TaCls,SEt> vapor is fed to the CVD chamber 11 by
bubbling nitrogen from the nitrogen source 52, said nitrogen flowing

through the pressure regulator 53, the MFC 54, the two ways by-pass



15 The CVD tool used in this exanple is illustrated
in Figure 9. In Figure 9, a silicon wafer 1 is
i ntroduced into a CVD chanber 11 that is provided and

ng?ﬁfﬁ%‘ﬁ% ed filmis forned ozqit o the Surfacep@)}mﬂbﬁsmosl%
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con wafer 1. The CVD chanmber 11 is evacuated by a
punp 12. The nmetal precursor, in this case tantalum
pentachl ori de, diethyl sulfur adduct TaCl5,SEt2, is
stored in a 20 liquid container 51. TaCl5, SEt2 vapor
is fed to the CVD chanber 11 by bubbling nitrogen
fromthe nitrogen source 52, said nitrogen flow ng
t hrough the pressure regulator 53, the MC 54, the
two ways_by-pass system 55, then through the liqujd .
s ystasn 235, 160 MrRuah her hGHi 10U At s e ARefiuge of metal
nitrogen is then fed to the reactor through the
C UTEEWs0k Rediom resogany i Hanfast b e ir@aqorcgwlﬂﬁib thes gontrol
is fed through mass flow controller 32. An additiona
gaystdne 5. nblydroggehystarednin @ Mylindeyadl,sis(fedrtbswghnmass flow
nitrogen source), 41 is fed through the mass fl ow
c aintroliée3242.An  additiohahtgalsy recar monemethymniing ndiMA) egas

~produced under the follow ng conditions using the

dqegmioheshdRobenlsoufegssuiie fed throwgl , theanpsy fivwraniroller
600C, TaCl5,SEt2 flowrate = 0.5 sccm 10 H2 fl ow

rgge = 5 sccm MVA flowrate = 5 seem N2 flowrate =
200 seem

Tantalum carbonitride films were produced under the following
conditions using the described CVD tool:

Pressure = 5 torr, temperature = 600°C, TaCls,SEt, flow rate = 0.5 sccm,

H, flow rate = 5 sccm, MMA flow rate = 5 sccm, N2 flow rate = 200 scom.

Using this set of conditions, tantalum silicon nitride with component

ratios of Ta/N = 1:1, Ta/C = 4:1 was obtained.

Example 8: Atomic Layer Deposition of tantalum siliconr nitride films
~ This exahple concerns the fabrication of tantalum silicon nitride films.

The deposition tool used in this example is illustrated in-Figure 9. In Figure
9, a silicon wafer 1 is introduced into a deposition chamber 11 that is
provided with heating means 2 over its circhmference and the desired film
is formed onto the surface of the silicon wafer 1. The deposition chamber
11 is evacuated by a pump 12. The metal precursor, in fhis case tantalum
pentachloride, diethyl sulfur adduct TaCls,SEts, is stored in a [iquid

container 51. TaCls,SEt; vapor is fed to the deposition chamber 11 by



Using this set of conditions, tantalumsilicon
nitride with conponent ratios of Ta/N= 1:1, Ta/C =
4:1 was obtained. Exanple 8. Atonic Layer Deposition

WBEO(B%%I@& umsilicon nitri d;e 48i Ims 15 This e¥@%i>ﬁ)05/008196
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concerns the fabrication o antalumsilicon nitride
films. The deposition tool used in this exanple is
illustrated in Figure 9. In Figure 9, a silicon wafer

1 is introduced into a deposition chanber 11 that is
provided with heating nmeans 2 over its circunference
and the desired filmis forned onto the surface of

the silicon wafer 1. The deposition chanber 20 11 is
evacuated by a punp 12. The netal rggursor, N th'hs .
cs@é’bﬂ%ﬁht'Ht*’%ﬁ’rpécfﬂ"ﬁcmeoPlt@@?”d?‘é'frﬁgI SR NiEREeR; flowing
TaCl 5, SEt2, is stored in a liquid container 51.
TdlichigBHEhe presswre eeguiaiot §3¢ Hie Mifos14 i1BR tWeawBYEs byipass
by bubbling nitrogen fromthe nitrogen_source 52,

s alydieni t 55 gthenf Hoalgly thar igwith sdwsceprdds sThe mixilie aefometal
53, the MFC 54, the two ways by-pass system 55, then

t hpreelgbott Badior qifrogespis thenbted &héhanirsadior thsbughethe control
precursor and/or nitrogen is then fed to the reactor

t hfyateah sd)esauehntially Snt@datedn b, treeglepositian | ghamber 11 by
i ntroduced into the deposition chanber 11 by

?%&%ﬂﬂ?{&bﬁﬁ@ NeetAt8uael Uaivrd VB2l Teisiamibel ETSA) stotetein a

ored”in a cylinder 31, is fed through nmass

H ’ : . N
q ec&ﬁfgl?e?r% 1:1 C?% E it n%hzgugﬁ ﬁ%}%@ HobAddrtrolBE 82! nti@lyantrb8uced

openi ng/ cl osi hg the actuated

B e e A

sequent.i.al |y introduced . nt h Ir ol :

7 setBnhagech LG Pbi Beha bl BY a5 Wrblof RS fow
silicon nitride fil wer raoduced ynder..th

£ gorgllerg*2onedaraly sl Atz e, feRption Sagmpe, 11 by
tool. Pressure = 1 torr, tenperature = 400C,
Tapesinggglosing the pefuated valvesVdcem 15 TSA flow rate =

1 sccm N2 flowrate = 200 sccm Using this .

s efansélunositican oivide filos: wererprefyeetbundgrithe delloying conditions
conponent ratios of Ta/N= 1:1, Ta/Si = 1:8 was -
ohtsigntbe. described deposition tool.

Pressure = 1 tforr, temperature = 400°C, TaCls,SEt, flow rate = 0.25 scem,
TSA flow rate = 1 scom, No flow rate = 200 sccm.

Using thié set of conditions, tantalum silicon nitride with component

ratios of Ta/N = 1:1, Ta/Si = 1:8 was obtained.



29 CLAIMS 1. A nethod for formng a transition netal
containing filmonto a sanple, conprising the steps

of :  introducing a sanple into a deposition chanber;
- heating said sanple up to a desired tenperature;
providing a liquid or solig,transition netal source .

conprising a chem cal conpolnd of the fornmula: MXm O
MXm ABn Wherein:Mis a transition netal selected
fromthe group consisting gfmgar!y transition nmetals:
Ta, Nb, M, W Hf; Xis gen, preferably d; m
1. hsm(tag?'n%d%rl f%?an%na oy |on°Fne a ecotn{a%“ﬁb filn? Bn{l4 "s'liample,"ccjmprising
the steps of: :
- introducing a sample into a deposition chamber;
- heating said samplie up to a desired temperature;
- providing a liquid or solid transition metal source comprising a chemical
compound of the formula:

MXm

Or -

MXm, ABn :

Wherein: M is a transition metal selected from the group consisting of
early transition metals: Ta, Nb, Mo, W, Hf;

X is a halogen, preferably CI;

m is the oxidation state of the transition metal;

A is selected from the group consisting of O, S, and N;

B is a hydrocarbon chain comprising between one and
sixteen carbon atoms, said chain being linear, branched, or a cycle; and

n is a number of groups B bonded to A;

- providing at least one precursor source, said precursor(s) source(s)
being selected from the group consisting of a silicon source comprising a molecular
structure terminated by at least one silyl (SiHs) ligand, preferably trisilylamine N(SiH3)s,
silane H(SiH3), disilane (SiH3)., trisilane SiH2(SiHs)2; @ carbon source; a nitrogen
source; and/or a reducing source;

- vaporizing said transition metal to form a vaporized transition metal
source; _ :

- delivering said transition metal vapor to the chamber;

- - delivering at least one precursor vapor from the at least one precursor
source to the chamber; and

- forming a metallic film of the desired final composition onto said sampie
by precisely controlling the flow rates of each of the precursors independently.



Ais selected fromthe group consisting of 0, S, and
N; B is a hydrocarbon chain conprising
bet ween one and si xteen carbon atons, said chain
bei ng linear, branched, or a cycle; :and nis a nunber
of groups B bonded to A 30 provi di ng at

| east one precursor source; said precursor(s)
source(s) bei ng selected fromthe group conS|st|ng of

3 Sil Tﬁ ag‘& ‘é‘éc tbsdiaﬂ& f Hﬁ Blfee is a
molec Ig 8 t i or
comp r| S' jags ac\tﬁ ferably
tris lyi hg;(ﬁl&g}py ane 59 5 m g me)

HN(S' 7 7 ng said transition netal to form a vapori zed
transition netal source; - delivering said transition
det al Tha th@q)apqa@dmdmp of claims 1 or'2, whereig8aid, E@GURHY
sourceds al reolgt:ul@rcé radigalnfdbe farapdn H wheTaing l&ﬁquelafgtor veer than 2.
precursor source to the chanber; and
#or m Te meteochhtcardingl tnooe dflclalln)esll toed] whemaih said carbon source
comprisesnGi-Cil 6nineat, dramsche:dsorrgytlic hydrpcarbos éty the rdactdr| preferably

an orgarfie ahlinwy mesteseferatsipeforeimdthgamires wirmethylamine,
monoplrcﬁrfiﬁiﬁiﬁéenﬂy 30 2. The nmethod according to
.claim1l, wherein said nitrogen source is a nolecule

gr raghoa ﬁ’c.f)d é@@or&ﬁl T lopeNriclaiis R 1 D iHGeif @4/ fobfing a

metalhf film 8 IS§Y @é@é m@rér?‘é ié EéVé} @Eﬁ%ﬂfioﬁ' g#dgr%ﬂ-ﬁerem the

‘precur SI am n Igy Hexamec%/hyl di silazane (al so

kl%)l S th I SI I é\ll Sl fises a
I é}"z u q@grgg AP gl L6 Borpori

: pur = ‘? S |1r carbon,
preferably arhergegawnm%lane BE ﬁ Mg@r?q% %g- gﬁ@gﬁé‘ §|
SiHa(NEkean SHNEL)s.




4. The method according to one of clains 1 to 3,
wherein said carbon source conprises a Cl-Cl16 |i near,
branched or cyclic hydrocarbon into the reactor,
preferably an organic am ne, nost preferably
nmononet hyl am ne, di net hyl agj ne, nonopropyl am ne.

5. The nethod according to’one of clains 1 to 4,
wherein said formng a netallic filn1step i's

90"73'? & SeA94RAY 1BonE I %p%bf-éﬁeaﬂrfeﬁﬁﬁﬁﬁa
metall;%;ﬂﬁﬁ ﬁ H’HEZ (rrme irnsé) %n%;]r to : gﬂ?lé}%vbéh I2)50 and 650
C,andp Pfﬁ/ﬁ%‘ﬂf&fﬂ“%%%m%%ﬁ Re50 cuI ar

structure including two or three elenents anong
silicon, nitrogen and carbon, preferably an organic
am nosi | ane such as Si H2(NMe2) 2, Si H(Nve2) 3,

Si (NWe2)4, SiH2(NEt2)2, Si(NEt2)4. 31 7.The method
according to one of clains 1 to 5 wherein said
formng a netallic filmstep is perfornmed in a
tenperature range conprised between 250 and 650 C
and a pressure range conprised between 0.01 to 1000
Torr.



