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nitride or titaniumnitride) between the underlying
lowk dielectric |ayer and the copper lines used as a
barrier to prevent copper poisoning of |owk
dielectrics. It is expected that this type of film
will be enployed as well as a netal electrode in
conbination with high-k dielectric thin filmin CMOS
as it is already used as a top or bottom el ectrode for
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forms either a gate electrode or a barrier layer. Typical processes for
growth of metallic films include chemical vapor deposition, pulse chemical
vapor deposition and atomic layer deposition processes. As integrated
circuit devices sizes shrink, the use of metal-based dielectric films raises
issues relative to the compatibility of the use of these materials and
polycrystalline silicon (poly-Si), so far used as a gate electrode. A new
class of metal-based gate electrodes is today considered to overcome
issues such as depletion, cross-contamination...

The application of metal silicon nitrides as a barrier layer sandwiched
between a Cu interconnect or electrode and a low-k dielectric film is
another example of the application of compounds that contain metal and
silicon. The metal nitrides have a good conductivity and can also effectively
prevent contamination of low-k dielectric film by Cu. Moreover, the low
resistance of the barrier I—ayer is an advantage from the standpoint of

decreasing RC delay.
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resi stance of the barrier layer is an advantage from
the standpoi nt of decreasing RC delay. Metal silicon
nitride filns have heretofore been forned, for

exanpl e, by CVD using amonia and netal halide (e.g.,
Ti CU, TaCls). This approach, however, requires a high
thermal budget and a high process tenperature (>
6500C) and is not corrpati ble with back-end- of-I i ne
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and ammonia is advantageous in terms of improving the barrier properties.
SiH4, however, is a high pressure pyrophoric gas and SiH4 leaks pose a
substantial risk of causing damage. When, on the other hand,
dialkylaminosilane Si(NR{R2)4 is used as the silicon source in place of

silane, one must deal with the strong potential of the incorporation of large
amounts of carbon into the film and an increased barrier layer resistance.
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
work function, high conductivity).

Of particular interest is therefore the formation of a transition metal-
containing film (“MSiN”"), which can be either a metal nitride, 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
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 to a deposition
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formation of a transition netal containing film

("Msi N'), which can be either a netal nitride, a netal

suicide or a netal silicon nitride. Formng a netallic

filmtypically involves feeding the relevant chem cal s

including a netal source, a silicon source, and a

nitrogen source (collectively referred to herein as

t he precursors ) in the proper relative anounts to a
era
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PoseRals. STHeY Phétal b¥urke! fUhE forming process is typically a liquid
precursor or a liquid precursor solution containing the desired metal in a
solvent. Similarly, the silicon sources available today typically use a liquid
precursor which may have a low vapor pressure. Different means of
delivering the low vapor pressure silicon compound have been developed
that may include vaporizers, or dilution of the precursor in an appropriate
solvent.

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 content control. The use
of metal halides has been therefore extensively studied.

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

US -B-6,200,893  discloses a multi-step ALD process (3 steps for
nitridation) of TaN using TaCls with N2/H, radicals or with NH/NH. radicals.
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precursor which may have a | ow vapor pressure.

D fferent means of delivering the | ow vapor pressure
silicon conmpound have been devel oped that may i ncl ude
vaporizers, or dilution of the precursor in an
appropriate solvent. Wien Atomi c Layer Deposition
(ALD) is used, the reactions should be self-term nated
to allow a well-controll ed process and therefore
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US-B-6,706,115 discloses thermal ALD of TaN using TaXs (X=Cl, Br, 1) with
NRyHs.x including ammonia, wherein tantalum nitride thin layers having low
resistivity are obtained with a substrate temperature between 350 and

500°C.

The various documents cited hereabove relate to forming dielectric
films: however, all the processes disclosed in these documents suffer from
certain drawbacks:

Tantalum halides are known to be powders at ambient conditions.
Among them, TaFs has the highest vapor pressure. However, the fluorine
contained in this precursor is too aggressive to the layer underneath,
especially in the case of high-k dielectrics.

TaCls is a dimer, has a fair vapor pressure (0.3Torr at 100°C) but is
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 to control the M/Si/N ratio



(0.1-5.0Wcm 2) is used for the deposition. US-B-
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post-treatnment of the filmw th hydrogen containing
radicals created by the RF plasma. US -B-6,41 0, 433

di scl oses the use of thermal CVD of tantalumnitride
using TaCl5 with NH3/H2 gas in deposition range of 300

to 500C. US-B-6,706,1 15 discloses thermal ALD of TaN
using TaX5 (X=Cl1 Br, 1) with NRcH3-x i ncluding

ammoni a, wherein tantalumnitride thin | ayers having

low resistivity are obtainped wth supstrate
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hal i des are known to be powders at anbi ent conditions.
Anong them TaF5 has the hi ghest vapor pressure.
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too aggressive to the |ayer underneath, especially in

t lbscc asrtatfinghisghekadiosiné of the sitrogen thaitds 40 diendeposites. The

ARehlpm 2BRou e 16 el isdpBbgs chaths riteqf gdielfing Siicon

debiMey pRdrdtrTebe ratel chandeRans thexl ansuriTet thinitt@ger fed to

the art that the physical properties of a filmare

athiedrredess, (dur toalhieo nisfogehe capteined iy the siligare prequsser). It

arr]r‘fialle% it difficult to control the film composition during the deposition
process because the silicon feed rate cannot be changed without also
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 changing the precursor
solution being fed to the process.

Introducing a precursor having direct Ta-C bond or Ta-N(-C) c—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 function, 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 composition 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



nitrogen ratio, or MSi/N It is desirable to be able
to control the MSi/N ratioover a broad range. Thus,
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silicon feed independently to achi eve the w dest
possible MSi/N ratio range. Sone processes use a
silicon source precursor said silicon source also
cont aining some anmount of the nitrogen that is to be
deposited. The problem encountered is that changes in
the nitrogen-containing silicon source precursor feed
rate changes the total anmount of the nitrogen fed to

the process (du o the nitrogen contained in the
sepriamSoncered: it HliComentriy s AUt Selrtectid the meta
t ' GARP Bk lih@hetdlenig chhf )0Si tion process
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wi t hout also affecting the total amount of nitrogen

bgqr}lg fed to the deposition chanber. Furthernore, the
r MAYM Si /N that can be fed is linmted by the
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precursor. Thus a change in the desired MSi/N ratio
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function, threshold voltage, conductjvjty.. .), .
the carbon content, both of whl%ﬁ can earacJeV’lcheye[eczrlcal properties of
the film. In addition, the invention provides the ability to control the M/Si/N

ratio in the films over a broad range without changing precursor solutions.

According to the invention, there is provided a method for forming a

transition metal containing film onto a sample, comprising the steps of:

- introducing a sample into a deposition chamber

- heating said sample up to 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 source, a 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
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foregoing reasons, it is desirable to forma film of
the final desired conposition in a single formng
step. Furthernore, the filmshould m nimze chlorine
or any other halide content and optim ze the carbon
content in the nolecular structure. It may be al so
desirable to use a netal source that is free of

nmet al - carbon bonds or nitrogen-carbon bonds so

t hecarbon spurce feed, the siljcon soyrce the ..

ni trogen so HB”%@J“?‘?@'Q@%‘P#%S&&E dBg! feypppsition onto
i ndependen F'%Cm ol l ed. Summary The present

i nvention %ém [ re%t ed to nmethods and conpositions that

satisfy the need to forma thin filmw th excell ent
el ectrical properties and high conformality. It avoids
using multiple form ng steps to assure uniform

cover agecapfinghdB grefrid@ihbbilimeritethRawetd) @fngition source
proposed provides the benefit of optimumfilm

c lcamygrises iaseharsichl compoumVpf the fonmeld CVD node

deposi tjon. Furthernore, the present invention
provides™a filmthat mnimzes chlorine or other
hghjogen content and allows the optim zation of the
carbon content, both of which can degrade the

el ect r itRpdguetddXi 8B8nof the film In addition, the

i nvention provides the ability to control the MSi/N
ratio in the filnms over a broad range w t hout changi ng

PNVEROeHQr SOoMItd @fainsitionanegiahg to the invention, there
Is provided a pethod for formrtl)gb transition netal
cont ai ni ng f i ¥hhalogesapfsfera S(bri sing the steps

of: m is the oxidation state of the transition metal
A is selected from the group consisting of O, S and N
B is a hydrogen or hydrocarbon chain comprising between
one and sixteen carbon atoms, said chain being linear, branched or a
cycle,
n is the number of groups B bonded to A.
According to various embodiments of the invention:
- M is a transition metal preferably an early transition metal and most
preferably selected from the group consisting of Ta, Nb, Mo, W, Hf..- -
the silicon source comprises a molecular structure terminated by at least
one silyl (SiH3) ligand such as trisilylamine, disilane or trisilane.
and/or
- the nitrogen source is a molecule or radical of the formula NHy with
X being equal to or lower than 3 or comprising a molecular structure
terminated by at least one silyl ligand, such as trisilylamine,
hexamethyldisilazane (also named bis(trimethylsilyl)amine).

and/or



- introducing a sanple into a deposition chanber -
heating said sanple up to a desired tenperature; -
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providing at |east one precursor source, said
precursor(s) source(s) being selected fromthe group
essentially consisting of a silicon source, a carbon
source, a nitrogen source, and/or a reducing source;
-vaporizing said transition nmetal to forma vapori zed
transition nmetal source ; - delivering said transition
nmetal vapor to the chanber, - delivering at |east one

ot he- dhBRHING RBUTGER A MpSELle CETRIBar o1 fiecoridla P wih
desi Eggaiforﬁlloﬁem'%ﬂi' on onto said sanple. According
to a odi

erred e ment, the netal transition source
cangfdrses a chemi cal corrpound of the formula MXm O

t he addugt MXm ABn Werein: Mis a transitio X
o an Rafltsy bR RIS ORPTRERS ORPTBRE dard 7 Lt i dinear
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Preferably, the step of forming a metallic film shall be completed by
using an atomic layer deposition process wherein the precursors are

preferably sequentially introduced into the reactor.

According to an embodiment, the process of the invention is based
on the use of a vapor phase silicon precursor in conjunction with a liquid
phase metal precursor for the deposition of films of the desired
stoichiometry. The vapor phase silicon precursor is sufficiently volatile at
temperatures above 15° C to supply the process as a vapor without the
need of bubbling a carrier gas through a liquid or heating it in a vaporizer.
This eliminates the control and quality problems associated with having to
vaporize two precursors (a metal containing precursor and a silicon
containing precursor) or to bubble a carrier gas through a liquid to feed the
silicon source. In addition, the vapor phase silicon precursor is preferably
not coordinated to a metal, allowing independent control over feeding of the
metal source and the silicon source. Thus, the M/Si ratio can be easily
varied over a wide range without having to 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 to a metal allowing
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 solutions 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
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B is a hydrogen or hydrocarbon chain conprising
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I inear, branched or a cycle, n is the nunber of groups
B bonded to A. According to various enbodi nents of the
invention: - Mis a transition netal preferably an
early transition nmetal and nost preferably sel ected
fromthe group consisting of Ta, Nb, Mo, W Hf..- the
silicon source conprises a nolecular structure
terninated by at Ieast one silyl (SiHs) ligand such as
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deposition occurs at an elevated temperature. The metal source is
preferably essentially consisting of a metal bonded to 4 to 6 halogens. It is
as well bonded with an electrically “neutral molecule” forming an adduct to
form a 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 temperature which is high
enough so that the precursor can be delivered effectively either by a
bubbler or a liquid injection system. It can decompose at low temperature
so that the elements included in the neutral molecule may not be
incorporated into the film. The neutral molecule itself needs to be stable at
high enough temperature. Furthermore, the adduct is usually a monomer
while the metal halide is usually a dimer, which results in a significant
improvement of the vapor pressure.
The family of adducts is exemplified by the adduct TaCls,SEt;, which
decomposes at about 200 C into TaCls and SEt,, SEt; being stable up to
temperature of at least 600 C.
TaCls,SEt, is a monomer while TaCls; is a dimer, which results in a
significant improvement of the vapor pressure.
The silicon source of a film of the current invention 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



using an atom c | ayer deposition process wherein the
precursors are preferably sequentially introduced into
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of the invention is based on the use of a vapor phase
silicon precursor in conjunction wth a |liquid phase
nmetal precursor for the deposition of filnms of the
desired stoichionetry. The vapor phase silicon
precursor is sufficiently volatile at tenperatures
above 15 C to supply the process as a vapor w thout
the need of bubbling a carrier gas through a liquid or
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having to m x new precursor solutions and recalibrate

the process-to the new precursor m xture. Furthernore,

t he vapor phase silicon precursor is



preferably carbon and hal ogen free, hence dramatically
reduci ng theundesirable effects of carbon and hal ogens

wo poovloen186 | m  Finally, the curtent nethod accopdi/RR20D®008196

the invention produces a filmof the desired fina
conposition in a single step. The netal source is
typically a liquid precursor or a liquid precursor
solution. The liquid phase precursor is injected into
a systemthat vaporizes it into a gas phase (formng a
vaporized transition netal source). The vaporized
precursor gas phase enters the deposition chamber

wher e p gccurs at an el evated tenperature.
The ne?@ ?§8Uﬂ%®"F’ preferably essentlally consi sting

of a net al dyto 6 ﬁ@logens Is as well
bonded with gﬁx? tr| neut r al nDIecuIe form ng
an adduct to fo gqbﬁygr a solid of low nelting
poi nt. The neubfal Leﬁurbxls formed with an el enent
such as sul phl#it, oxyHen, nitHogen and is bonded to two
or three al kyl groupg. The adduct can deconpose a
tenperature which is!high enough so that the precursor
can be delivered e;} bﬁ%vely either by a bubbler or a
l'iquid injectiongyste It can deconpose at | ow
tenperature so that fhe elenents included in the
neutral nol ecul e may not be incorporated into the
fil m THeDislytansihepol ecul e itself needs to be stable
at high enough tenperature. Furthernore, the adduct is
usually a nmongner V#dile the nmetal halide is usually a
di mer, which- sub{s in a significant inprovenent of

t he vapor pressugge. The fanIy of adducts is
exenplified by,fhe duct aCls SEt2, which

3) Silylamine;




deconposes at about 200 C into TaCU and SEt , SEt2
being stable up to tenperature of at |east 600 C. TaC
W®EH02/00E8@ nononmer while TaCls12s a di ner, whiBECI/EP2005/008196
results in a significant inprovenent of the vapor
pressure. The silicon source of a filmof the current
invention is injected into the deposition chanber
effectively preferably concurrent with the vaporized
nmetal precursor. The silicon source is preferably in
t he vapor phase at process feed conditions. That is,
the silicon source preferably flows fronthe source
contain rTyggg @%ahﬁe feed neasurenent and contro
system das % P®out the need to be vaporized or
wi thout using a carrier gas. However, an inert gas may
be used to dilute _the silicon mxture if needed to
obt ai n even noye éFcurate fl ow nmeasur nts.
Preferably, tﬁguﬁi i con source does not] cobtain in its
nmol ecul ar structugg any m of. chlorlgi and/or

hal ogen, and/ or dbpbsLtbo net&igs re\preferably

the silicon souflce doeBinot cont -any adomin its

nol ecul ar structurelgf émhhpn,gWB referred silicon
r

sources that are carbon and: hIorln free are, w thout
l[imtation, the foll ow ng copppounds or m xtures of the
fol |l owi ng conpounds 1) Tri &u\an1ne HI HH2)
Di silyl am ne; 3) S|Iylan1nf}p) Wris(disilyl)am ne; 5)
Am nodi si | yl am ne;

H

H
5) Aminodisilylamine;
\ ./’ ‘ -”H\
/ \\ / \

8i.

| "
H
5 6) Tetrasilyldiamine, also called tetrasilylhydrazine; and
H H H H
S Mo



Hy ;NHG6) Tetrasilyldiamne, also called
tetrasilyl hydrazi ne; and7) Disilane derivatives,

wok@rednsany H bonded to N maylde repl aced w t PCHEP2005/008196
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SiH2-SiH3. HHH8) Trisilane and its derivatives. The
nitrogen containing gas may al so be injected into the
deposition chanber concurrently with the vapori zed
netal source and the silicon source. Preferred oxygen
cont ai ni ng gases and nitrogen contai ni ng gases are
free of carbon and/or chlorine in their nol ecul ar
structures. The reaction of the different precursors
in the deposition chanber (reactor) |eads to the
formation of a filmon the silicon substrate. The

conposiz)i Disilthet Rrivatives; afhBeeiRT 8AY SPI Yook %! RA Yy be
precisely controlling the flow rates of each of the

pr ecur sor EeRlaeRG BB BiN-Bithd t his by control ling the
ratio of flowrates). The feed rates of the silicon

and netal sources gre [ ndeq_Endent ly c rol |l abl e, thus

the MSi and MN ratios of fhe resulting filmcan be
controll ed ovel{[ a Wde ran Wi t hout/c’:hangi ng the
%ﬂrce or %he silicon source.

conposi tion ofPthellnetal s

It mght be desi raIJI e to inkroduce a}t\hydrogen sour ce
ei ther at any timeHduring tHe depositiHEn or during the
post-treatnment step to reduce the

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 silicon
source. Preferred oxygen containing gases and nitrogen containing gases
are free of carbon and/or chlorine 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 source 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

chlorine 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.



chlorine content incorporated in the filmor to
inprove the filmaquality. Brief Description of the

woe@nomgss FI G 1 is a flow chat4 of a Prior ArPCTEP1V0£008196
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for forming a MGiNfilmFIG 2 is a flowchart of the
steps of the nethod for forming a MBiNfilm FIG 3 is

a flow chart of the steps of the nethod for formng a
MCfilm FIG 4 is a flowchart of the steps of the
method for formng a MNCfilm FIG 5 is a flow chart

of the steps of the nethod for formng a MSiNC film

FIG 6 is a flow chart of the steps of the nethod for
formn MEi C film FI is a structural draw ng of
the OV ICod 1S BawiGhaska eesf%pﬁtmﬁ: §gthod der ming a MSIN
Figgyyre 8 is a structural draw ng of the CVD tool used

in anple 2 of this invention. Figure 9 is a

st ruct &, Jisaaifiogy oharttdidh&\diep®of thes enethod Exafgrivésg 3 MC
a the followi ng ones of this invention. Reference

33 ols 1 silicon wafer 11 deposition (CVD) chanber

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 method for forming a MSINC
film.

FIG. 6 is a flow chart of the steps of the method for forming a MSIC
film.

FIG. 7 is a structural drawing 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.

Figure 9 is a structural drawing of the CVD tool used in Examples 3

and the following ones of this invention.

Reference symbols

1 e silicon wafer

11 deposition (CVD) chamber

12 pump

13 adsorber 21 liquid
container

22 He gas

23 liquid mass flow controller

24 mass flow controller

25 L vaporizer

31 cylinder 32 mass
flow controller

33 N2 gas

41 L Additional gas



1122 ppuumpp 13 adsorber 2 1 liquid container 22 He
gas 2 3 liquid mass flow controller 24 mass fl ow

weonoaliBer 2 5 vaporizer 3 116yl inder 32 nassPET/BR2005/008196
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controller 33 N2 gas 4 1 Additional gas42 mass fl ow
controller 43 bubbler 5 1 bubbler 52 nitrogen source
53 pressure regulator 54 nmass flow controller 55

t wo- ways by-pass system 56 flow control system V3
actuated val ve V4 actuated val ve V5 actuated val ve

42 ... mass flow controller

43 bubbler

51 bubbler

52 nitrogen source

B3 pressure regulator

b4 mass flow controller

55 two-ways by-pass system

56 @ s flow control system

V3 actuated valve

V4 actuated valve

V5 actuated valve
Examples:

Referring to the transition metal-containing film deposition
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),
zirconium (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
commercially 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



Exanpl es: Referring to the transition netal -containing
filmdeposition nmethod of Fig. 1-6, the vapori zing

W@ @p/odo18ONpri ses vapori zi ng a6netal source t oPEDEP2085/008196
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vapori zed netal source. The netal source of one

preferred enbodi nent is a precursor solution in liquid
phase, preferably a dial kyl am no, an al koxy, and/or an

i norgani ¢ conpound of hafnium (H), zirconium (Zr),
titanium (Ti), niobium (Nb), tantalum (Ta),

nol ybdenum (Md), tungsten (W or any other transition
neta: (M. Preparing and vaporizing the |iquid phase

nmetal  precursor solution is carried

CBHagMI PonGUETatP By, BHah IShRRIOT fMSiHGsa; bigh-speed

fﬁg@%@??um@m%@d efi®B).skilled in the art. During

tep 2 a silicon source, a nitrogen source, a
car bon source, and a hydr ogen source (collectively

referred to as t CUrSors ces). are

deposi ﬁué'ﬁ c%& g l@f’r ?ES'%'BH Wﬂtﬁlﬁcor&a'ﬁmg film

d@%@élﬁbl‘?%é‘tﬁﬁ?ﬂ@@ﬂ-BStH@ sﬁﬁt%h 86ureB i€ cerabisbly injected into
erature deposi tion chamber is typically

nmmtcblpnerﬂlobecmbeat&ﬁﬂcﬂwﬂof@ﬁwrliﬁb’tbWlt@dbeolaporlzed metal

GERUEEL Aot I bl Riodto’r \Blico B cbfhutbpss. m one

appaferre8 Atbodinserite adsiiébrpbotite iBr BCthesvasor phase at process’
i Seffectively concurrent (atom c |ayer deposition

i feesl gerditipg- Thakis, ébQLﬁélmqnaSOLﬂﬁﬁs‘éfso%ﬁP pretegred embodiment

RS R ook 3140 ufhehlebrageidt o 20

t Baffisidnit ¢0RxRD i ¢ige vapoophasy inathleyfeed] caritretl 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
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 controlled with
conventional devices know in the art, and is not affected by deposits in a
vaporizer or swings in feed conditions during vaporization of the silicon or
metal source.

Preferably, the silicon source is absent carbon or chlorine in the
molecular structure.

Preferably, the hydrogen and nitrogen gases are fed into the
deposition chamber concurrently with the silicon source. Furthermore, the
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 chlorine 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



t he deposition chanber effectively concurrent with the
vapori zed netal source and the other precursors or

w@edo7oansd i | m conponents. I n dfie preferred enbPdi/RRI005/008196
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a silicon source is in the vapor phase at process feed
conditions. That is, the silicon source of one
preferred enbodi nent has a vapor pressure of greater
than approximately 50 torr at 200C, sufficient to
exi st in the vapor phase in the feed control system

wi t hout the need for vaporization or bubbler equi pnment
in the delivery system Trisilane and trisilylam ne,

e Pt sllion s, ok SRETELS o
t Rah ehPrik ‘éflﬂg&aiﬁr ePRA RitRlgeR® sblrde® d&Fe dndtidre é)rctafgrred

vapor phase 1'n elivery sysStemw thout the nee
usenbodimpnt iszdsilydaminegobTee nityegemsolBeeds $ed ahd controlech with

source iis in the v r se, . its flowrate can b
a@@MPQ?é‘P?wﬁéas%eegg'%ﬁjdr?‘ggﬁt%l led wi ¥vh convent i oﬁal
devi ceshenMdsitionghdrdactidAbfipteffsor ihahbiégasition chamber

deposits in'a vaporizer or swings in feed conditions
digdadhtp theptarmadion e the transitisin metal-eontaipingl fdowere éhe heated

cngn aubBtate g ERGH el g, 3% e lRLoS{iment of a

hydhegion rAe@|-BbhtaRdRg fitnsea tantildradilicahdrbenitride film formed
deposi ti on chanmber concurrently with the silicon

s byrfeedinguattastakimnemetal cusiag & Mmidureref 4 medalr seurce (such as

oS SRR e BN P2 o B agen

sour ceThehabnosition of the transition metal-containing film 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 controllable 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 silicon, the nitrogen, the carbon and metal sources are
independently controllable, the M/Si/N/C ratio of the resulting film is
controllable over a wide 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



free of carbon and/or chlorine in their nolecul ar
structures. It is not required that the nitrogen

waomroen18¢ he silicon source or8t he carbon sourPeT/BR20D& 8196
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as a separate stream The nitrogen source can be the

sanme as the siliconsource or the carbon source. The

ni trogen source of one preferred enbodinent is

amoni a. The nitrogen source of another preferred

enbodi nent is trisilylam ne. The nitrogen source is

fed and controlled with devices known to one skilled

in the art. The deposition and reaction of precursors

in the depositiaon chanber |ead to tq? formation of the

{ M Pe; BIRCHEeaII0 B Mrare G| tABroTeBIcRLAPRA" SioPPEBiRN or
S i . e f \e " I @

o AB3hicaFe UG, ol SIAGH] (66 BRpASHEN DA AIC Mins gan be
t astampiisised atarvacietyboftempetature lamdf econdiibrisy Fedhikrmpre, the

T TS by ol e T (A e
C%HBg,\e‘eist kiR in 1 akt! TRSHOR) tﬁgts?fr'rt% s¢dpensf thel dppended

can controlled by varying t | ow of each of the
diclHimst shaoulgrreiube dinitéch de pdaddaseriptivnr phgnenef the raterred

step.2. Parti.cularly. f .ra LLis

< SaRidhs, cantaae Hendin e LR hE 4R Apefeys' S8 cover all
Coidiftatise davalontst md iditenfitiveeufaithgl adtthimcthe spirit and
contain any deposition nmetal. Thus, the silicon source

f sedpe of &heiaveption asdefined byjba@vpendedclaims. met al

source feed rate to affect the desired netal (M to
silicon (Si), to nitrogen and to carbon ratio.

Simlarly, the netal source feed rate can be varied

wi t hout affecting the silicon source feed rate, also
changing the MSi/N ratio. Because the



feed rate of the silicon, the nitrogen, the carbon and
nmetal sources are independently controllable, the

wOL@7HIS ratio of the resultil®g fil mis contredt/aPR10685/008196
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over a wide range w thout changi ng the conposition of
the nmetal source or the silicon source. Although the
present invention has been described in considerable
detail with reference to certain preferred versions

t hereof, other versions are possible. For exanple, one
or several sources can be omtted in order to obtain
tantalum tantalum suicide, tantalumsilicon nitride
(of Figure 2), tantalun1cq$b|dq Figure 3), tantalum
nitride, tantal um carbonitT8P F igure 4), tantal um
silicon carbide (of figure 6) The conp03|t|on and
nEaoHIes Of)theplna@w%are ﬂe%mb@éct@%wwﬂbfe ereage to the
chem cal vapor deposition or atom c | ayer deposition.

| draglisigsi on, the deposition of dielectric filns can be
acconplished at a variety of tenperature and
cE@higlens. Furthernore, the invention may include a
variety of netal, silicon carbon and nitrogen sources

W‘f@ek&ng c;ernsT ﬂﬁ:}ﬂ §tloﬁ 8 a?t@élﬁtﬁ sifi€sh ﬁi‘l?r‘?d@fll?ﬁs

t he appende alrrs not lTmted to

55610140 T eé%‘?@ ée'%ﬁﬁfﬁffggﬁf @S$§Jﬂ?%9 i 7.

all nodificatiagns, equjvalents, and al ter natiyv ) )
f silicoRgvater fi i iptedugad info AER shamper e aﬂ%@ﬁtqi%wed film
as defined by the appended cl ai ns. Exanpl es Exanpl es of

t e formeshontonther surfsec of thedsiiedrowalen h. The &\éRgehamper 11 is

t he draw ngs. Exanple 1
evacuated by a pump 12. The metal precursor, in this case tantalum
pentachloride, diethyl sulfur adduct TaCls,SEty, is stored in a liquid
container 21. Nitrogen gas from the nitrogen source 22 is used as the
carrier gas for the TaCls,SEt,. The TaCls,SEf; in the liquid container 21 is
pulied out in liquid form by the nitrogen gas under pressure 22 through a
liguid mass flow 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 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 trisilylamine (TSA) stored 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 controller 42.



Thi s exanpl e concerns the fabrication of tantal um
silicon nitride filnms. The CVD tool used in this

wex@mobwEsé s illustrated in Fi@dre 7. |n Fi gur ePGT/EP2005/008196
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silicon wafer 1 is introduced into a CVD chanmber 11

and the desired filmis fornmed onto the surface of the
silicon wafer 1. The CVD chanber 11 is evacuated by a
punp 12. The netal precursor, in this case tantal um

pent achl ori de, diethyl sulfur adduct TaC's.SEta, is
stored in a liquid container 21. Nitrogen gas fromthe
nitrogen source 22 is used as the carrier gas for the
TaCl s1gEt .. The_Ta SEt2 in.the Liguid container 2

e bul Bt Bl oh mating st e i Weeg SR g nider the
pressure 22 through a liquid mass flow controller 23
afellovéag readitines usiverthg«lesgabeagh &ND tqoli s vapori zed and

m xed if necessary with nitrogen fromthe nitrogen
sPuessurd2= { dorraieynmarburei=né00° ¢ akaCls,Shtaflpwsate ed).5 ccm, Ny
t hrough the MFC 24. Nitrogen fromnitrogen source 33

o e (RTRREIRGE SO, TSRO Rt PSP, i 16 g = 10

stored in a cylinder 31, and through mass flow

;gg{;rﬁgwlzgt[w;?atégdmég&ﬁn addi tional gas 4 1 (hydrogen

uci ng source) fed through the pressure
regul ator 43 and the mass flow controller 42. Thin
films of tantalumsilicon nitride filnms were produced
under the follow ng conditions using the described CVD
texamdté@ssure = 1 torr, tenperature = 6000C, TaC 5
1SEt2 flowrate = 0.5 ccm N2 flow rate (vapori zer)=

ggginseg%nﬁ%ﬁtvéﬂrcgmg @%ﬁ@g%t?ncﬁ?m tahfalfinoWidd Sitfdelfims.
The CVD tool used in this example is illustrated in Figure 8. On Figure 8,
the same devices as on figure 7 bear the same numerical references. The
CVD tool used in this example is illustrated in Figure 7. In Figure 8, a
silicon wafer 1 is introduced into a CVD chamber 11 that is provided with
heating means 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 21. Nitrogen gas
from the nitrogen 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 flow

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



Exanpl e 2 This exanpl e concerns the fabrication of
tantalumsilicon nitride filns. The CVD tool used in

wa biog/oensspl e is illustrated i2d Figure 8. On FPQUER2085/008196

10

15

20

the sane devices as on figure 7 bear the sane

nuneri cal references. The CVD tool used in this
exanple is illustrated in Figure 7. In Figure 8, a
silicon wafer 1 is introduced into a CVD chamber 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 chanmber 11 is

evac ted 12, e ecursor, A his .
o928 T Wmﬁﬁ?ﬁyﬂvgm HoE WIS 34 Bt est%aits’tored ina
TaCl 5 SEt2 is stored in a liguid container

Nyt I8s2l5e diansherted ihregeh aHase élomcqrgqu@éelVlEQ) 32 into
the carrier gas for the TaCl5 SEt2. The TaCl5,SEt2 in

t liee IC\4DI charobemiidealong witls grubtidiionat gaa 41 aiaﬂnmcfrti;a rgas, a
by the nitrogen gas under pressure 22 through a needle

v @litvéger sblkpel) detralimughaveceurtraliabiy valdeadBl aheabbenass flow
the vaporizer 25 where it is vaporized and mxed if

NeGREDAEY4M th nitrogen fromthe nitrogen source 22
(or any ot er i nertgas from any source) t hrough the

al st P e 8t bR ieonEh B gl B rPdfqdipeer te

32|ntothe CVDchanbr 1 al on th an additi onal

gdalloning sepditions yising thefescHy @ﬂq%\zﬂart%%l) fed t hrough

the controll able value 43 and the nmass flow controll er
APregsime £i1 torrofempearature s S007Cor akils, PELeflow rate #ep.& ccm,
produced under the follow ng conditions using the

desgA BG4 at’D 5%em, NH3 flow rate = 20 sccm, No flow rate = 100scem

Example 3

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 into a CVD chamber 11 that is provided with
heating means 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 regulator 53, the

MFC 54, the two ways by-pass system 55, then through the liquid source



Pressure = 1 torr, tenperature = 5000C, TaCl5 1SEt2
flowrate = 0.5 ccm TSA flowrate =5 seem NH3 fl ow

WO 210¢/060180 seem N2 flow rate 22 | OOsccm Exanpl BCBEF905008196
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exanpl e concerns the fabrication of tantalumsilicon
nitride films. The CVD tool used in this exanple is
illustrated in Figure 9. In Figure 9, a silicon wafer
1 is introduced into a CVD chanber 11 that is provided
with heating nmeans 2 over its circunference and the
desired filmis formed onto the surface of the silicon
wafer 1. The CVD chanber 11 is evacuated by a punp 12.

T tal, precyrso in this cgse tantal.u

oot 201 BEE ol msteh précutimer il OsE s Pendert 1o the reactor
stored in a liquid container 51. TaCl5 7SEt2 vapor s

f daraughtthe contrat sysieer 561 Tuisilyaptne A§SH) siargdrinfa evlinder 31,
the nitrogen source 52, said nitrogen flow ng through

t e fedefiwoughr emskaflow BGntrolles 82C ¥ additionad gas,ssuch as
by- pass system 55, then through the |iquid source5 1.

Thagnifonialggs, A1 igEeakhidUghUheahass dloarcantiollepan. i s t hen
fed to the reactor through the control system 56.

Trisil yl*eﬁ'ﬂélﬂﬂ? (sTiedh AlAEE Filfng SgrgFé/Aerrgggéec?%nqe?gt‘;ggdfollowing

t hrough nmass 11 ow controller It1ona

h [ LWSnf.ed th h th fl
creor SIS beisabed VPR nit ride 11 m were

produced under the follow ng conditions using the
described CVD tool. MODE 3-1 Pressure = 1 torr,
tenperature = 4700C, TaC 5, SEt2 flowrate = 0.5 seem
TMODBSrate = 4 seem NH3 flowrate = 5 seem N2
flowrate = 1 O0sccm .

Pressure = 1 torr, temperature = 470°C, TaCls,SEt; flow rate = 0.5 sccm,

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

Using this set of conditions, 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 rate = 0.5 sccm,

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.



Using this set of conditions, tantalumsilicon nitride
Wi th conponent ratios of Ta/Si = 4:1 and Ta/N=1: 1

wor®7obmsé ned at a fil mfornma2B8on rate of 10 APCI/AP2005/008196

10

15

20

Mode 3-2 Pressure = 1 torr, tenperature = 5500C,

TaCl s1SEt2 flow rate = 0.5 seem TSA flowrate = 5

seem NH3 flowrate = 0 seem N2 flowrate = 100 seem
This node was the sane as 1-1 , with the exception

that in this case no ammonia was flown. Using this set

of conditions, tantalumsilicon nitride with conponent
ratios of Ta/Si = 6:1 and Ta/N = 2.6:1 was obtai ned at
afilmformation rate of 15 A/m n. Exanple 4 This

exanpl e concerns the fabrication of silicon-doped
titaniumnitride filnms. The CVD tool used in this
eﬁéﬂﬁﬁllﬁ&ei"fs illustrated in Figure 9. The netal

precursor, in this case titaniumtetrachloride Tid 4,

i Thielexample donseins the fabdcatia@u ofapiicon-doped titaniune nitride
CVD chanber 11 as described in exanple 3.

Tfiims.l ylam ne (TSA) is held in the cylinder 3 1, and

this TSA is transported through the mass fl ow

c r i Jait &M I i

f?@rbﬁ te{\hllcg)e E%/%Qucéhégrr@egmigs exh@gg?ggusttfwértgﬂdﬁhgﬁgg%g?grpgnp etal
system (adsorber) 13. Silicon-doped_titaniumnitride

f Preaurses én phis raseditanyer tetrrchiedeiGly, tsopeidtingnbubbler 51
usi ng the descri bed CVD tool.

and TiClg 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, temperature = 625°C, TiCl4 flow rate = 5 sccm, TSA flow

rate = 4 sccm, N2 flow rate = 20 sccm, time = 15 minutes.

According to AES analysis, 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-formation rate was approximately 270
Almin.

Mode 4-2



Mode 4-1 Pressure = 1 torr, tenperature = 625C, Cl 4
flowrate =5 seem TSAflowrate = 4 seem N2 fl ow

WO 210¢/060180 seem tine = 15 m @4tes. Accordi ng PCI/BES05/008196
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anal ysis, the resulting filmwas titaniumnitride with
the stoichiometric conposition that contained trace
amounts of silicon. This filmwas about 4000 A thick.
The filmformation rate was approximately 270 A/ m n.
Mode 4-2Pressure = 1 torr, tenperature = 5500C (this
filmformation tenperature was substantially | ower
than the prior-art filmformtion tenperatures using

sEipeue 1/ o TatenibisieCe s Pl (%l b

Accor di to AES analysis, the resultin fllmwas
t ears anttallvd@wax thantihé riiasrarh fisré@rmationgtepraraiuses using
that contai ned trace amounts of silicon. This filmwas

a'TRH%/ | 4‘1@!‘1 chKN ratBe: 5idchd, OI"SWthb@ﬁrd%é‘E% \$esm, & flow rate

appr ox tely 19 Am n. Exanple 5. tantal um sui Ci
films This exanple concerns the fabrication of

t arkGascomslirnecohd minuiede fil nms. The CVD tool used in
this exanple is illustrated in Figure 9. In Figure 9,

aAgtordheg tES ahalysid, the adugléiflgifiltnowas Gédhiahantdde With the
that is provided and the desired filmis fornmed onto

L BRiSHbARER ecgmbegméh lthéﬁ%n\\ﬁh@a trace BHRoGYR SFRaiBA! Thik film

i s evacuat ed punp 1 e nmetal precursor, in

tl\?\/'a% 483Gt 290 A thick. The film-formation rate was approximately 19

A/min.

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 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 evacuated by a pump 12. The metal precursor, in this case
tantalum pentachloride, diethyl sulfur adduct TaCls,SEt,, is stored in a
liguid 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
system 55, then through the liquid source 51. The mixture 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 flow



tantal um pentachl ori de, diethyl sulfur adduct
TaCls1SEt2, is stored in a liquid container 51. TaCl5
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nitrogen fromthe nitrogen source 52, said nitrogen
flowi ng through the pressure regulator 53, the MFC 54,
the two ways by-pass system 55, then through the
liquid source 51. The m xture of netal precursor
and/or nitrogen is then fed to the reactor through the
control system56. Trisilane stored in a cylinder 3 1,
is fed through nmass flowcontroller 32. An additiona

gas as ,(nitrogen soutce 4.1 is fed .

Goptghen a2 ARl s ha Ao gk (dliied spfitty, 41 s
n|tr| de filnms were produced under the follow ng
cdedithrough theimgss Alewresdelleed2.cvD t ool : Pressure = 1
torr, tenperature = 4300C, TaCl5 1SEt2 flowrate = 0.5
seem TrEnsaluemailicoawnitides fiimS wermprotidcedd anmdeatthe=folowing
seem N2 flow rate = 120 seem Using this set of

C%ﬁd&lbﬁﬁ%sﬁgameadiéﬁﬁr@bli'@\mt@cblt ride with conponent

ratios of Ta/'Si = 4:5 and Ta/N = 4:1 was obtalned at a

fi At r -Eégi ,ﬂsaq i
f#rggn@%l ur%@l? tg%ﬁegétyé%mtrl?é g@ t oo use ?ﬁccm
this exanple is illustrated in Figure 9. In Fi 9,

a Tisilane flowaraie =1 5i scamt Nbiguswd ratet © Sasevn, L\ha rfat[el— 120
that is provided and the desired filmis formed onto

the surface of the silicon wafer 1. The CVD chanber 11

j $C 8§1acuat ed by a punp 12. The netal precursor, in

this cas
Using thls set of conditions, tantalum silicon nitride with component ratios

of Ta/Si = 4:5 and Ta/N = 4:1 was obtained at a film-formation rate of 10

A/min.

Example 6: Deposition of tantalum silicon carbonitride.

The CVD tool used in this example is illustrated in Figure 9. In Figure 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 evacuated by a pump 12. The metal precursor, in this case
tantalum pentachloride, diethyl sulfur adduct TaCls,SEtz, is stored in a
liguid 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

system 55, then through the liquid source 51. The mixture of metal
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TaCls1SEt , is stored in a liquid container 51. TaCl5
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nitrogen fromthe nitrogen source 52, said nitrogen
flowi ng through the pressure regulator 53, the MFC 54,
the two ways by-pass system 55, then through the
liquid source 51. The mi xture of netal precursor and/or
nitrogen is then fed to the reactor through the
control system56. Trisilane stored in a cylinder 3 1,
is fed through nmass flow controller 32. An additi onal

APHeGUSH SDUREC)TORER & e T B04Re (RACHAC F‘C?”Lquwhe control

controller 42. Tantalumsilicon carbonjtri de fi

wsystesn dfuc ddisilaaerstoras irpia sWinggr cdhdist ﬁeénﬂﬂreggh gnese flow
described CVD tool: Pressure = 1 torr, tenperature =
43000182 B2s 1 Sk 2additionalagas~ heré meanme‘tlnylairiim gMNM AW gas
rate = 5 seem MVA flowrate =5 seem N2 flowrate =

128ameanandJpitryenhssureel, #f is astftiroagh . theidlsuidw controller
silicon nitride with conponent ratios of Ta/Si =

1 Ta/N = 2:1 , Ta/C = 2:1 was obtained. Exanple 7:
Deposi tion of tantal um car bonitri de The CVD tool used

o o s T taNMeylicort taIBERETR, bl | MRS Proshell B the

11 that is provided and the desired filmis forned
orfellowing ConARiRRE Using e AF3cribed GMP&ROl  The QVD
chanber 11 is evacuated by a punp 12. The net al
piRresswer= i tort, Hespesateire = 430°C, TaCls,SEt, flow rate = 0.5 scem,

Trisilane flow rate = 5 sccm, 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: Deposition of tantalum carbonitride.

The CVD tool used in this example is illustrated in Figure 9. In Figure 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 evacuated by a pump 12. The metal precursor, in this case
tantalum pentachloride, diethyl sulfur adduct TaCls,SEty, 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



tantal um pentachl ori de, diethyl sulfur adduct TaCl5
1SEt2, is stored in a liquid container 51. TaCl5 1SEt2
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nitrogen fromthe nitrogen source 52, said nitrogen
flowi ng through the pressure regulator 53, the MFC 54,
the two ways by-passsystem 55, then through the liquid
source 51. The m xture of netal precursor and/or
nitrogen is then fed to the reactor through the
control system 56. Hydrogen stored in a cylinder 3 1,
is fed through nmass fl ow control l er 32. An additional

A R R R o f@#?ﬁeqﬁ&sgﬁlgﬁ%ﬁv of meta

controller 42. Tant al um car bon| t ride fil s

pipseciear @ndir nireges| isothiengfaso friithe dﬁgct%ﬂhg)l{%the control
described CVD tool: Pressure = 5 torr, tenperature =
6:98Eem B6Cl HydrvGeri Istwed ainea :cyﬂnﬁelsaém's f& through anass flow
5 seem MVA flowrate = 5 seem N2 flowrate = 200

seeftrolist 132. t hAR &Qditiehalc 9ag] the@@Smoh@ﬁi@hwmrmél(mA) gas
nitride vvlth corrponent ratios of Ta/N= 1. 1 ,

Of(&?r\g% a m SI Coggtﬂ?.tgk Ied’E1§ fgdﬁéﬂrﬁzH@?ygﬁ(eapﬁ%‘%sﬂ&h%ntroller
cqgncC

erns the fabrication of tantal umsilicon nitride
fi . The deposition tool used in this exanple is
illustrated in Flgureg In Figure 9, a silicon wafe

1 is inansalugesarbertrideqdipsi wese piosvsed md%ahe.@"owmg
provided with heating neans 2 over its circunference

arcondhiendemsingthef déseribed fGVDddolont o t he surface of the
silicon wafer 1. The deposition chanber

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 sccm.

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 silicon nitride films

This example 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 circumference 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 this case tantalum
pentachloride, diethyl sulfur adduct TaCls,SEtp, is stored in a liquid

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



11 is evacuated by a punp 12. The netal precursor, in
this case tantal um pentachl oride, diethyl sulfur

W@owaoo013@Cl 5 1SEt 2, is store@8 n a |iquid cone@i/RP2005008196
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1. TaCl5 1SEt2 vapor is fed to the deposition chanber
11 bybubbling nitrogen fromthe nitrogen source 52,
said nitrogen flow ng through the pressure regul ator
53, the MFC 54, the two ways by-pass system 55, then
through the liquid source 5 1. The m xture of netal
precursor and/or nitrogen is then fed to the reactor

t hrough the control system 56, sequentially introduced

|nt hed 05|t r 11 by openi,ng/cl osin

Bubhliig: VEPOEn\ESr e RGPgRN Sy HRap2s S ROgh Towing
cyI I nder 31 'S fed t hrough mass flow controller 32
s deyoughi thel preasur@dal@@tornﬁé thee MieG o84 then twaaweys byipass
by openi ng/cl osing the actuated val ve V3. An
adgstenorgd, deen 4hirougbnéhe riquid ssoumse, 5t.alhie nfieire of metal
t hrough the mass flow controller 42, sequentially

| D& QHEEE AntIBroniteg e eBOchi =5 WW%aétbrﬁhrough the control
openi ng/ cl osing the actuated val ve V4. Tantal um

owt‘éﬂ? 54 téé(ﬁft?rftialll n%ﬂﬁcﬁqgg)gscr .UCE%?S C}Hf‘ne chamber 11 by

oW ng [ on usin eposi tion
t =14t 000 :
 SPepingSRsig: @&aetU%%e%é/@ﬁa”p?é GRS ITSATgeired in 2
N2 flowrate = 2 eem Usmgthls set of conditions,

t shiindarnd ki Is.f@@ﬁhrmughl massflow eualse 32, saaveRtialy inEpduced
=1: 1, Ta/Si = 1:8 was obtained. CLAIMS 1. A nethod

“f amtofthe deppsitidr aemanbeod 1wt apeniogtclosing ghé iactnaded valve V3.

sanpl e, conprising the steps of:
An additional gas 41, none in this case, can be fed through the mass flow

controller 42, sequentially introduced into the deposition chamber 11 by
opening/closing the actuated valve V4.

Tantalum silicon nitride films were produced under the following conditions
using the described deposition tool.

Pressure = 1 torr, temperature = 400°C, TaCls,SEt; flow rate = 0.25 sccm,

TSA flow rate = 1 sccm, N2 flow rate = 200 sccm.

Using this set of conditions, tantalum silicon nitride with component

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



- introducing a sanple into a deposition chanber -
heating said sanple up to a desired tenperature; -

w@e@viodileg a |iquid or solid transition netal BOUER®)5/008196
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providing at |east one precursor source, said
precursor(s) source(s) being selected fromthe group
essentially consisting of a silicon source, a carbon
source, a nitrogen source, and/or a reducing source;
-vaporizing said transition netal to forma vapori zed
transition nmetal source ; - livering said transition
nmetal vapor to the chanber, - delivering at |east one

precursor vapor fromthe aj,|l one precursor source
to the chanber; and - for tallic filmof the
desired final conposition onto said sanple. 2. A
met hod according to claim , wherein the netal
t LaAgnethod fenfarming arttarisdion metal eantadning ditip suiviel agsanaple,
formul a. : tl\r{D(mtOr (m ABn Wherein: Mis a transition
nePHIPTRNGGPRRF Bhen, preferably d
- introducing a sample into a deposition chamber
- heating said sample up to 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 source, a 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 sample.
2. A method according to claim1, wherein the metal transition

source comprises a chemical compound of the formula :

MXm
Or
MXn, ABp
Wherein: M is a transition metal

X is an 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.



mis the oxidation state of the transition netal Ais
sel ected fromthe group consisting of O S and NBis
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carbon atons, said chain being linear, branched or a
cycle.n is a nunber of groups B bonded to A 3. The
met hod of claim2, wherein Mis a transition netal.
Preferably an early transition netal and nost
preferably sel ected fron1th roup conS|st|ng of early
transition netals: Ta, N@ 4. The net hod
according to one of clalnB lto 3 mherein sai d

ilicon sour i se |_ar ryuct ur e
Cerm nated b &6 e B eloUR §BerEbalb AT ana
preferahly tTHesirhethadl o clirki IZB)\/aieréirJ aneisHa Sirafition metall.
disilane (SiH3)2, trisilane S|H2(S| )2 5. The net hod

adsfemhly am egHi tamsition mstal ang mosm@f@rablss gelgcted from the

F SroaP SBrERHAg Br b5 PR B e, FATNBENS WAl 5 o
conpri s4.ng ahwhrthddacedrding tor ené @fmlzﬂﬂiseﬁi tby3, aﬁhereln said

| east one silyl ligand, preferably trisilylanin
N(S‘;iiqC[E') sour ﬁ%)@&ﬁﬁrﬁ‘?ﬁcﬁ mq|%‘ilﬂﬂ'é3f('é¢t§@ Hemigated by at least one

ace} (HPRY ferth pferbRNg Flsifinghe SR, Siand Al Rfsiane
sc(SlHﬁz,itBS|mnmthle1§(8|ld3)Qr radi cal of the formula Hx
wher ei equal l.ower than_2. 7.

e eor ity T Bt paTrEMG to,08s SfselaigisnT daid) WheTBim said
f]ggt:r arf%gﬁfdesﬁsa InSteciteCor tGHI ofttheNoRediP NHEYWith & being

equal to or lower than 3 or comprising a molecular structure terminated by
at least one silyl ligand, preferably trisilylamine  N(SiH3)s,
hexamethyldisilazane (also named bis(trimethylsilyl)amine) HN(Si(CHs)3)2

6. The method according to one claims 1 to 5, wherein said
reducing source is a molecule or radical of the formula Hy wherein x is
equal to or lower than 2.

7. The method according to one of claims 1 to 6, wherein said
carbon source comprises a C1-C16 linear, branched or cyclic hydrocarbon
into the reactor, preferably an organic amine, most preferably
monomethylamine, dimethylamine, monopropylamine.

8. The method according to one of claims 1 to 7, wherein said
forming a metallic film step is completed by using an atomic layer
deposition process wherein the precursors are preferably sequentially
introduced.

9. The method according to one of claims 1 to 3, wherein said
source comprises a molecular structure including two or three elements

among silicon, nitrogen and carbon, preferably an organic aminosilane

such as SiHx(NMe2)2, SiH(NMe2)3, Si(NMe2)s  SiHx(NEt2)2, SiH(NEt2)3,

Si(NEt2)4



into the reactor, preferably an organic am ne, nost

pref erabl y nononet hyl am ne, di net hyl am ne,
worewopewapsy | am ne. 8. The nethod accordi ng to oPEI/BP2005/008196

claims 1 to 7, wherein said formng a netallic film

step is conpleted by using an atom c | ayer deposition

process wherein the precursors are preferably

sequentially introduced. 9. The nethod according to

one of clainms 1 to 3, wherei 1said source conprises a

nol ecul ar structure including two or three el enents

anong silicon, nitrogen and carbon, preferably an

or gani m : [ ; :

S (ool st FTEfod dEbeRibctd BheME s S fifeii said
mefbimitigas awtdilio §irh stepis pdrfarhmaidnie d tdmpé&atwbatags ceomplised
formng a netallic filmstep is perforned.in a

t IRSWRER %00 qnchBel CoMPF 3 REPSSHE eeMRtigeh Batween @1 to
a fyopspirre range conprised between 0.01 to 1000 Torr.



