
WO 2010/055423PCT/182009/008067 TELLURIUM PRECURSORS FOR FILM DEPOSITION
Background 5 Field of the Invention       This invention relates generally
to the field of semiconductor, photovoltaic, flat panel or LCD-TFT device
fabrication. toBackground of the Invention          Phase change materials
are used in standard bulk silicon technologies to form the memory elements
of nonvolatile memory devices. Phase change materials exhibit at least two
different states, one being amorphous and the other(s) crystalline. The
amorphous state is characterized by the absence of 15crystallinity or the
lack of long range order, as opposed to crystallized states, which are
characterized by a long range order. Accordingly, the order in a unit cell,
which is repeated a large number of times, is representative of the whole
material. 20Each memory cell in a nonvolatile memory device may be
considered as a variable resistor that reversibly changes between higher
and lower resistivity states corresponding to the amorphous state and the
crystalline state of the phase change material, The states can be
identified because each state can be characterized by a conductivity
difference of several orders of 25magnitude. In these devices, the phase
changes of the memory element are performed by direct heating of the phase
change material with high programming currents. Conventionally, bipolar
transistors are used to deliver high programming currents by directly
heating the phase change material. The high current produces direct heating
of the phase change material, which can 30cause the phase change material
to degrade over repeated programming operations, thereby reducing memory
device performance.  WO 20101055423PCT/1B2009/008067 2 



Among the materials of practical use today, most contain germanium. Of
those materials, the most extensively studied material is Ge2Sb2Te5. While
the deposition can be conventionally performed by plasma vapor deposition
(PVD) techniques such as sputtering, chemical vapor deposition (CVD) and
5atomic layer deposition (ALD) and related techniques including pulse-CVD,
remote plasma CVD, plasma assisted CVD, plasma enhanced ALD, a variety of
materials are now being studied in order to overcome the challenges of
deposition in complex structures, including those consisting of trenches.
The use of Ge(tBu)4, Sb(iPr)3 and Te(iPr)2 has been reported, for instance.
The use toof such molecules for the deposition of
germanium-antimony-tellurium (GST) material raises some difficulties,
however. For example, many germanium containing precursors are
insufficiently thermally stable for a reproducible process. Although there
have been significant advancements in the art, there is continuing interest
in the design and use of precursor compounds with 15improved stability.
Consequently, there exists a need for tellurium containing precursors which
are stable enough to allow deposition at low temperatures. 20Brief Summary
The invention provides novel methods and compositions for the deposition of
tellurium containing films, or germanium antimony telluride ("GST") films
on a substrate. In an embodiment, a method for depositing a 25 tellurium or
GST type film on a substrate comprises providing a reactor, and at least
one substrate disposed in the reactor. A tellurium containing precursor is
provided, where the precursor has one of the following general formulas:
(X1R1R2R3)Te(XR4R5R6)(I) (-(R1R2X)riTe-)y(11a)
30(-(RIR2X),,Te(XR3R4),,-)y(11b) (-(R1R2X),-,Te(XR3R4)")Te-)y(11c)
Te(XNR1CR2R3CR4R5NR6)(III)  -Te(XNR1CR2=CR3NR4)(IV) wherein each of R1_6.
is independently selected from among: H, a C1-C6 alkyl, a Cl-C6 alkoxy, a
01-06 alkylsilyl, a C1-C6 perfluorocarbon, a 01-06 alkylsiloxy, a 01-06
alkylamino, an alkylsilylamino, and an aminoamido; X is carbon, silicon or
germanium; n and m are integers selected from 0, 1, and 2; in formulas (Ha)
and (11b), y is an integer selected from 2, 3 and 4; in formula (11c), y is
an integer selected from 1, 2 and 3. The tellurium containing precursor is
introduced into the reactor. The reactor is maintained at a temperature of
at least 100C, and at least pad of the precursor is deposited onto the
substrate to 



10form a tellurium containing film.        In an embodiment, a tellurium
precursor comprises a precursor with one of the following general formulas:
(XRIR2R3)Te(XR4Fi5R6)(I) 15(-( R2X)nTe-)y(11a) KRIR2X),,Te(XR3R4)m-)y(11b)
(-(RiR2X)nTe(XR3R4)m)Te-)y(11c) Te(XNR1CR2R3CR4R5NR6)(111)
Te(XNRICR2=CR3NR4)(IV) 20wherein each of R1-6 is independently selected
from among: H, a Cl-C6 alkyl, a C1-C6 alkoxy, a 01-06 alkylsilyl, a 01-06
perfluorocarbon, a C1-C6 alkylsiloxy, a 01-06 alkylamino, an
alkylsilyiamino, and an aminoamido; Xis carbon, silicon or germanium; n and
m are integers selected from 0, 1, and 2; in formulas (Ha) and (11b), y is
an integer selected from 2, 3 and 4; in formula (11c), 25y is an integer
selected from 1, 2 and 3.        Other embodiments of the current invention
may include, without limitation, one or more of the following features:
maintaining the reactor at a temperature between about 100C and about 500C;
and preferably between about 150C and about 30350C;  WO
2010/055423PCT/IB2009/008067 4 maintaining the reactor at a pressure
between about 1 Pa and about 105 Pa, and preferably between about 25 Pa and
about 103 Pa; introducing at least one reducing gas into the reactor,
wherein the 



5reducing gas is at least one of: hydrogen; ammonia; silane, disilane;
trisilane; hydrogen radicals; and mixtures thereof: the tellurium precursor
and the reducing gas are introduced into the chamber either substantially
simultaneously or sequentially; the tellurium precursor and the reducing
gas are introduced into tothe chamber substantially simultaneously and the
chamber is configured for chemical vapor deposition;  the tellurium
precursor and the reducing gas are introduced into the chamber sequentially
and the chamber is configured for atomic layer deposition; 15a tellurium
containing thin film coated substrate; introducing at least one germanium
containing precursor and at least one antimony containing precursor; and
depositing at least part of the germanium and antimony containing
precursors onto the substrate to form a germanium, tellurium and antimony
(GST) 20containing film; and the telluium precursor is at least one of:
Te(GeMes)2: Te(GeEta)2i Te(GeiPr3)2i Te(GetBu3)2; Te(GetBuMe2)2i
Te(SiMe3)2; Te(SiEt3)2; Te(SliPr3)2; Te(SitBu3)2; Te(SitBuMe2)2;
Te(Ge(SiMe3)3)2; Te(Si(SiMe3)3)2; Te(GeMe3)(Si(SiMe3)3), 25Te(Ge(SiMe3)3)2;
((GeMe2)Te-)3; ((GeEt2)Te-)3; ((GeMeEt)Te-)3; ((GeiPr2)Te-)4;
((SiMe2)Te-)3; ((SiEt2)Te-)3; ((SiMeEt)Te-)3; ((SiiPr2)Te-)4
gGeMe2)2Te(GeMe2)2Te-); ((GeMe2)3Te-)2; ((SiMe2)3Te-)2i
CH2CH2GeMe2TeGeMe2-; SiMe2SIMe2GeMe2TeGeMe2-; Te(GeNtBuCH2CH2Nteu);
30Te(GeNtBuCH=CHNtBu); Te((GeNtBuCH(CH3)CH(CH3)NtBu); Te(SiNtBuCH2CH2NtBu);
Te(SiNtBuCH=CHNtBu); and Te((SiNtBuCH(OH3)CH(CH3)NtBu).  WO
2010/055423PCT/F112009/008067 5       The foregoing has outlined rather
broadly the features and technical advantages of the present invention in
order that the detailed description of the 



invention that follows may be better understood. Additional features and
advantages of the invention will be described hereinafter that form the
subject of the claims of the invention. It should be appreciated by those
skilled in the art that the conception and the specific embodiments
disclosed may be readily utilized as a basis for modifying or designing
other structures for carrying out the same purposes of the present
invention. It should also be realized by those skilled in the art that such
equivalent constructions do not depart from the spirit toand scope of the
invention as set forth in the appended claims. Notation and Nomenclature
Certain terms are used throughout the following description and claims 15to
refer to various components and constituents. This document does not intend
to distinguish between components that differ in name but not function.
As used herein, the term "alkyl group" refers to saturated functional
groups containing exclusively carbon and hydrogen atoms. Further, the term
20"alkyl group" may refer to linear, branched, or cyclic alkyl croups.
Examples of linear alkyl groups include without limitation, methyl groups,
ethyl groups, propyl groups, butyl groups, etc. Examples of branched alkyls
groups include without limitation, t-butyl. Examples of cyclic alkyl groups
include without limitation, cyclopropyl groups, cyclopentyl groups,
cyclohexyl groups, etc. 25        As used herein, the abbreviation, "Me,"
refers to a methyl group; the abbreviation, "Et," refers to an ethyl group;
the abbreviation, "tBu," refers to a tertiary butyl group; the abbreviation
"iPr" refers to an isopropyl group. 30As used herein, the term
"independently" when used in the context of describing R groups should be
understood to denote that the subject R group is not only independently
selected relative to other R groups bearing different  WO
20101055423PCT/1B2009/008067 6 subscripts or superscripts, but is also
independently selected relative to any additional species of that same R
group. For example in the formula MRI, (NR2R3)(4,), where x is 2 or 3, the
two or three R1 groups may, but need not be identical to each other or to
R2 or to R3. Further, it should be understood that unless specifically
stated otherwise, values of R groups are independent of each other when
used in different formulas. Brief Description of the Drawings ioFor a
further understanding of the nature and objects for the present 



invention, reference should be made to the following detailed description,
taken in conjunction with the accompanying drawings, in which like elements
are given the same or analogous reference numbers and wherein: Figure 1
illustrates a thermo-gravimetric analysis of several tellurium precursors,
according to embodiments of the current invention. Description of Preferred
Embodiments Generally, embodiments of the current invention relate to
methods and 20compositions for the deposition of tellurium and GST type
films on a substrate. In an embodiment, the tellurium precursor comprises a
precursor with one of the following general formulas:
(XRIR2R3)Te(XR4R5R.6)(I) (-(RiR2X)nTe-)y(11a) 25(-(Ri
R2X),,Te(XR3Ri)m-)y(11b) (-(RiR2X)nTe(XR3R4)m)Te-)y(11c)
Te(XNR1CR2R3GR4R5NR6)(111) Te(XNRICR2=CR3NIR4)(IV) wherein each of R15 is
independently selected from among: H, a 01-06 alkyl, a 3001-06 alkoxy, a
01!-06 alkylsilyl, a 01-06 perfluorocarbon, a 01-06 alkylsiloxy, a 01-06
alkylamino, an alkylsilylamino, and an arninoarrtido; Xis carbon, silicon
or germanium: n and m are integers selected from 0, 1, and 2; in  WO
2010/055423PCT/1B2009/008067 7 formulas (11a) and (11b), y is an integer
selected from 2, 3 and 4; in formula (11c), y is an integer selected from
1, 2 and 3. 



In embodiments where tellurium precursor has the general formula (I), 5the
precursors are linear and can be shown schematically as: RI N R2--X -Te-X
RS p3/ (1).        Examples of precursors covered by formula (I) include,
but are not limited to: Te(GeMe3)2; Te(GeEt3)2; Te(GeiPr3)2; Te(GetBu3)2;
Te(GetBuMe2)2; Te(SiMe3)2; Te(SiEt3)2; Te(SiiPr3)2; Te(SitBu3)2
Te(SitBuMe2)2; 10Te(Ge(SiMe3)3)2; Te(Si(SiMe3)3)2; Te(GeMe3)(Si(SiMe3)3);
and Te(Ge(SiMe3)3)2.           In embodiments where the tellurium precursor
has the general formula (11a), the precursors are cyclic and the case where
y=3 and n=1 can be shown 15schematically as:  (Ha)  WO
2010/055423PCT/IB2009/008067 8  (11b).  



In embodiments where the tellurium precursor has the general formula (11c),
the precursors are cyclic and the case where y=1, n=2, and m=1 can be shown
schematically as: R12  Te \ X,P3, .,-- \ R22/ /P41 R12- XTj P22 (11c).
Examples of precursors covered by general formulas (11a), (11b) and (11c)
rninclude, but are not limited to: ((GeMe2)Te-)3; ((GeEt2)Te-)3;
((GeMeEt)Te-)3; ((GeiPr2)Te-)4 ; ((SiMe2)Te-)3; ((SiEt2)Te-)3;
((SiMeEt)Te-)3; ((SiiPr2)Te-)4 ;((GeMe2)21e(GeMe2)2Te-); ((GeMe2)31e-)2;
((SiMe2)3Te-)2; CH2CH2GeMe2TeGeMe2-; and SiMe2SIMe2GeMe2TeGeMe2. isIn
embodiments where the tellurium precursor has the general formula (III),
the precursors can be shown schematically as: R1 - R2 LPS 



TeX PI5  R6  WO 2010/055423PCT/1B2009/008067 9       In embodiments where
the tellurium precursor has the general formula (IV), the precursors can be
shown schematically as: 11 Te P4 5Examples of precursors covered by general
formulas (III) and (IV) include, but are not limited to:
Te(GeNtBuCH2CH2NtBu); Te(GeNtBuCH=CHNtBu); Te((GeNtBuCH(CH3)CH(CH3)NtBu);
Te(SiNtBuCH2CH2NtBu); Te(SiNtBuCH=CHNtBu); and Te((SiNtBuCH(C H3
)CH(CH3)NtBu). 10        Embodiments of the tellurium precursor, as
according to the instant invention, may be synthesized in various ways.
Examples of synthesis of the tellurium precursor include, but are not
limited to synthesis schemes 1 - 5 as shown below: 15  WO
2010/055423PCT/1B2009/008067 GeMe3CI + Li2Te 



MeNMe Me Ge-- Te Ge- Me Me / Me     Scheme 1 GeMe2 / TeTe GeMe2Cl2 +Li2Te
Me2Ge,,GeMe2 Scheme 2Tez /re (GeMe2C1)2 +GeMe2Cl2 + 2Li2TeMe2SiGeMe2 Scheme
3Me2Si NTe 



(GeMe2C,02 + Scheme 4               v-TeN Me2GeGeMe2 Me2GeN GeMe2 T " e
tButBu ' N 0H:2 NxCH? Ge Ge 6H2 1tBu Scheme 5 5The disclosed precursors may
be deposited to form a thin film using any deposition methods known to
those of skill in the art. Examples of suitable deposition methods include
without limitation, conventional CVD, atomic layer deposition (ALD), and
pulsed chemical vapor deposition (P-CVD). In some embodiments, a thermal
CVD deposition is preferred. 10 



In an embodiment, a precursor in vapor form is introduced into a reactor.
The precursor in vapor form may be produced by vaporizing a liquid
precursor solution, through a conventional vaporization step such as direct
vaporization, distillation, or by bubbling an inert gas (e.g. N2, He, Ar,
etc.) into the precursor  WO 2010/055423PCT11132009/008067 11 solution and
providing the inert gas plus precursor mixture as a precursor vapor
solution to the reactor. Bubbling with an inert gas may also remove any
dissolved oxygen present in the precursor solution, 5Generally, the reactor
contains one or more substrates on to which the thin films will be
deposited. The one or more substrates may be any suitable substrate used in
semiconductor, photovoltaic, flat panel, or LCD-TFT device manufacturing.
Examples of suitable substrates include without limitation, silicon
substrates, silica substrates, silicon nitride substrates, silicon oxy
nitride Icsubstrates, tungsten substrates, or combinations thereof.
Additionally, substrates comprising tungsten or noble metals (e.g.
platinum, palladium, rhodium, or gold) may be used. Substrates may contain
one or more additional layers of materials, which may be present from a
previous manufacturing step. Dielectric and conductive layers are examples
of these. 15       The reactor or deposition chamber may be a heated vessel
which has at least one or more substrates disposed within. The reactor has
an outlet, which may be connected to a vacuum pump to allow by products to
be removed from the chamber, or to allow the pressure within the reactor to
be modified or 20regulated. The temperature in the chamber is normally
maintained at a suitable temperature for the type of deposition process
which is to be performed. In some cases, the chamber may be maintained at a
lower temperature, for instance when the substrates themselves are heated
directly, or where another energy source (e.g. plasma or radio frequency
source) is provided to aid in the 25deposition. Examples of reactors
include, without limitation, a cold-wall type reactor, a hot-wall type
reactor, a single-wafer reactor, a multi-wafer reactor, or other types of
deposition systems under conditions suitable to cause the precursors to
react and form the layers. 30Depending on the particular process
parameters, deposition may take place for a varying length of time.
Generally, deposition may be allowed to continue as long as desired to
produce a film with the necessary properties.  WO
2010/055423PCT/1B2009/008067 



12 Typical film thicknesses may vary from several hundred angstroms to
several hundreds of microns, depending on the specific deposition process.
In some embodiments, the deposition chamber is maintained at a 5temperature
greater than about 100C. In some embodiments, the temperature is maintained
between about 100C and about 500C, preferably, between about 150C.
Likewise, the pressure in the deposition chamber is maintained at a
pressure between about 1 Pa and about 105 Pa, and preferably between about
25 Pa, and about 103 Pa. 10        In some embodiments, a reducing gas is
also introduced into the reaction chamber. The reducing gas may be one of
hydrogen; ammonia; silane; disilane; trisilane; hydrogen radicals; and
mixtures thereof. When the mode of deposition is chemical vapor deposition,
the germanium precursor and 15the reducing gas may be introduced to the
reaction chamber substantially simultaneously. When the mode of deposition
is atomic layer deposition, the germanium precursor and the reducing gas
may be introduced sequentially, and in some cases, there may be an inert
gas purge introduced between the precursor and reducing gas. 20        In
some embodiments, further precursors containing germanium and antimony may
also be provided and deposited on the substrate. By providing germanium,
tellurium, and antimony containing precursors, a chalcogenide glass type
film may be formed on the substrate, for instance, GeTe-Sb2Te3or
25Ge2Sb2Te5,        The precursor and any optional reactants or precursors
may be introduced sequentially (as in ALD) or simultaneously (as in CVD)
into the reaction chamber. In some embodiments, the reaction chamber is
purged with 30an inert gas between the introduction of the precursor and
the introduction of the reactant. In one embodiment, the reactant and the
precursor may be mixed  WO 20101055423PCT11B2009/008067 13 together to form
a reactant/precursor mixture, and then introduced to the reactor in mixture
form. 



in some embodiments, the precursor vapor solution and the reaction gas 5may
be pulsed sequentially or simultaneously (e.g. pulsed CVD) into the
reactor. Each pulse of precursor may last for a time period ranging from
about 0.01 seconds to about 10 seconds, alternatively from about 0.3
seconds to about 3 seconds, alternatively from about 0.5 seconds to about 2
seconds. In another embodiment, the reaction gas may also be pulsed into
the reactor. In io such embodiments, the pulse of each gas may last for a
time period ranging from about 0.01 seconds to about 10 seconds,
alternatively from about 0.3 seconds to about 3 seconds, alternatively from
about 0.5 seconds to about 2 seconds. 15Examples        The following
non-limiting examples are provided to further illustrate embodiments of the
invention. However, the examples are not intended to be all inclusive and
are not intended to limit the scope of the inventions described 20herein.
Example 1:         Thermal characterization of tellurium precursors,
according to some embodiments of the current invention, were performed. 25
All the thermo-gravimetric analyses (TGA) were performed in an inert
atmosphere in order to avoid reaction of the molecules with air and
moisture (same atmosphere encountered in the deposition process). The
experiments were performed at atmospheric pressure. 30  WO
2010/055423PCT/1B2009/008067 14 observed that all these molecules could be
volatized without leaving significant residues. This proves that
decomposition of the molecule did not occur, while some of the molecules
were heated at relatively high temperature (> 300C). The volatility of the
molecules can also be assessed from these TGAs. 5Te(S1Me3)2 seems to be the
more volatile precursor, as it was fully evaporated at 1800. Te(SitBuMe2)2
is ranked second in terms of volatility, with a full evaporation at around
240C. Te(SiiPr3)2 and Te(GeiPr3)2 exhibited roughly the same evaporation
pattern, Te(GeiPr3)2 being slightly less volatile, which may 



be due to the heavy weight of germanium vs. silicon. The volatility and
loevaporation patterns of all these molecules fit to the criteria of CVD/
ALD molecules.       While embodiments of this invention have been shown
and described, modifications thereof can be made by one skilled in the art
without departing 15from the spirit or teaching of this invention. The
embodiments described herein are exemplary only and not limiting. Many
variations and modifications of the composition and method are possible and
within the scope of the invention. Accordingly the scope of protection is
not limited to the embodiments described herein, but is only limited by the
claims which follow, the scope of which shall 20include all equivalents of
the subject matter of the claims.  15 What is claimed is: 1.A method of
forming a tellurium containing film on a substrate; comprising: a)
providing a reactor and at least one substrate disposed therein; b)
introducing a tellurium precursor into the reactor, wherein the tellurium
precursor has one of the following general formulas: (X1R1R2R3)Te(XR4R5R6)
(I) (-(RIR2X)riTe-)y (11a)  (-(R1R2X)nTe(XR3R4)m-)y (11b)  



(-(RiR2X),Te(XR3R4)m)Te-)y (11c)  Te(XNR1CR2R3CR4R5NR6) (111),  having the
following chemical structure: Ri / R2  RE  Te(XNR1CR2=CR3NR4)(IV), having
the following chemical structure : Ri Te -   wherein:  X is carbon, silicon
or germanium;  n and m are integers selected from 0, 1, and 2; in formulas
(11a) and (11b), y is an integer selected from 2, 3 and 4; 



15a  in formula (11c), y is an integer selected from 1, 2 and 3; each of
R1.6 is independently selected from among: H, a C1- 06 alkyl, a C1-C6
alkoxy, a C1-C6 alkylsilyl, a 01-06 perfluorocarbon, a 01-06 alkylsiloxy, a
C1-C6 alkylamino, an alkylsilylamino, and an aminoamido;  the tellerium
precursor of formula 1 being selected from the group consisting of
Te(GeMe3)2; Te(GeEt3)2; Te(GetBu3)21 Te(GetBuMe2)2; Te(SiEt3)2;
Te(SiiPr3)2; Te(SitBu3)2; Te(SitBuMe2)2; Te(Ge(SiMe2)3)2; Te(Si(SiMe3)3)21
Te(GeMe3)(Si(SiMe3)3); and Te(Ge(SiMe3)3)2; the tellerium precursor of
formula Ila, Ilb, and Ilc being selected from the group consisting of
((GeMe2)Te-)3; ((GeEt2)Te-)3; ((GeMeEt)Te-)3;((GeiPr2)Te-)4; ((SiMe2)Te-)3;
((SiEt2)Te-)3; ((SiMeEt)Te-)3; ((SiiPr2)Te-)4; UGeMe2)3Te(GeMe2)2Te-);
((GeMe2)3Te-)2; ((SiMe2)3Te-)2; CH2CH2GeMe2TeGeMe2-; and
SiMe2SiMe2GeMe2TeGeMe2-; c) maintaining the reactor at a temperature of at
least 100C; and d) decomposing the tellerium precursor onto the substrate
to form a tellerium containing film. 2.The method of claim 1, further
comprising maintaining the reactor at a temperature between 100C to 500C,
preferably between 150C and 350C.  16  3. The method of claim 1 or 2
further comprising maintaining the reactor at a pressure between 1 Pa and
105 Pa, preferably between 25 Pa and W3 Pa.  4. The method of any one of
claims 1 to 3, further comprising introducing at least one reducing gas
into the reactor, wherein the reducing gas comprises at least one member
selected from the group consisting of: Hz; NH3; Sil-14; S12H6; Si3H8;
hydrogen radicals; and mixtures thereof.  5. The method of claim 4, wherein
the tellurium precursor and the reducing gas are introduced into the
chamber either substantially simultaneously, or sequentially.  6. The
method of claim 5, wherein the reducing gas and the tellurium precursor are
introduced into the chamber substantially simultaneously, and the chamber
is configured for chemical vapor deposition.  7. The method of claim 5, the
reducing gas and the tellurium precursor are introduced into the chamber
sequentially, and the chamber is configured for atomic layer deposition.  



17  8. The method of any one of claims 1 to 4, wherein the tellurium
precursor is Te(GeMe3)(Si(SiMe3)3).  9. The method of any one of claims 1
to 4, wherein the tellurium precursor comprises a precursor of the general
formula (Ill) or (IV).  10. The method of claim 9, wherein the tellurium
precursor comprises at least one member selected from the group consisting
of: Te(GeNtBuCH2CH2NtBu); Te(GeNtBuCHCHNtBu);
Te((GeNtBuCH(CH3)CH(CH3)NtBu); Te(SiNtBuCH2CH2Ntl3u); Te(SiNtBuCH=CHNtBu);
and Te((SiNtBuCH(CH3)CH(CH3)NtBu).  11. The method of any one of claims 1
to 4, further comprising introducing at least one germanium containing
precursor and at least one antimony containing precursor into the reactor;
and depositing at least part of the germanium and antimony containing
precursors onto the substrate to form a germanium, tellurium and antimony
containing film.  12. A tellurium containing thin film coated substrate
comprising the product of the method of any one of claims 1 to 4. 


