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(57) ABSTRACT 
A method of forming a rhodium-containing layer on a 
substrate, such as a semiconductor Wafer, using complexes 
of the formula LVRhYZ is provided. Also provided is a 
chemical vapor co-deposited platinum-rhodium alloy barri 
ers and electrodes for cell dielectrics for integrated circuits, 
particularly for DRAM cell capacitors. The alloy barriers 
protect surrounding materials from oxidation during oxida 
tive recrystallization steps and protect cell dielectrics from 
loss of oxygen during high temperature processing steps. 
Also provided are methods for CVD co-deposition of plati 
num-rhodium alloy diffusion barriers. 
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METHODS AND APPARATUS FOR FORMING 
RHODIUM-CONTAINING LAYERS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The present application is a Continuation-In-Part 
application of US. patent application Ser. No. , ?led 
on Aug. 26, 1998, entitled “CVD Platinum-Rhodium Barrier 
Layer.” 

FIELD OF THE INVENTION 

[0002] The invention relates generally to integrated cir 
cuits and more particularly to the use of platinum-rhodium 
(Pt—Rh) alloy materials for electrodes and diffusion barrier 
layers to protect cell dielectrics in such circuits. The inven 
tion further relates generally to the preparation of rhodium 
containing layers on substrates, particularly on semiconduc 
tor device structures. 

BACKGROUND OF THE INVENTION 

[0003] Layers of metals and metal oxides, particularly the 
heavier elements of Group VIII, are becoming important for 
a variety of electronic and electrochemical applications. For 
example, high quality RuO2 thin ?lms deposited on silicon 
Wafers have recently gained interest for use in ferroelectric 
memories. Many of the Group VIII metal layers are gener 
ally unreactive toWard silicon and metal oxides, resistant to 
diffusion of oxygen and silicon, and are good conductors. 
Oxides of certain of these metals also possess these prop 
erties, although perhaps to a different extent. 

[0004] Thus, layers of Group VIII metals and metal 
oxides, particularly the second and third roW metals (e.g., 
Ru, Os, Rh, Ir, Pd, and Pt) have suitable properties for a 
variety of uses in integrated circuits. For example, they can 
be used in integrated circuits for electrical contacts. They are 
particularly suitable for use as barrier layers betWeen the 
dielectric material and the silicon substrate in memory 
devices, such as ferroelectric memories. Furthermore, they 
may even be suitable as the plate (i.e., electrode) itself in 
capacitors. Rhodium is of particular interest because it is one 
of a feW elements having a resistivity of less than 5 pQ-cm 
(resistivity at 20° C. 5=4.51 pQ-cm). 

[0005] Capacitors are used in a Wide variety of integrated 
circuits. Capacitors are of special concern in DRAM 
(dynamic random access memory) circuits; therefore, the 
invention Will be discussed in connection With DRAM 
memory circuits. HoWever, the invention has broader appli 
cability and is not limited to DRAM memory circuits. It may 
be used in other types of memory circuits, such as SRAMs, 
as Well as any other circuit in Which cell dielectrics are used. 

[0006] There is continuous pressure in the industry to 
decrease the siZe of individual cells and increase memory 
cell density to alloW more memory to be squeeZed onto a 
single memory chip. HoWever, it is necessary to maintain a 
sufficiently high storage capacitance to maintain a charge at 
the refresh rates currently in use even as cell siZe continues 
to shrink. This requirement has led DRAM manufacturers to 
turn to three dimensional capacitor designs, including trench 
and stacked capacitors. 

[0007] Stacked capacitors are capacitors Which are formed 
over the access transistor in a semiconductor device. In 
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contrast, trench capacitors are formed in the Wafer substrate 
beneath the transistor. For reasons including ease of fabri 
cation and increased capacitance, most manufacturers of 
DRAMs larger than 4 Megabits use stacked capacitors. 
Therefore, the present invention Will be discussed in con 
nection With stacked capacitors, but should not be under 
stood to be limited thereto. 

[0008] One Widely used type of stacked capacitor is 
knoWn as a container capacitor. KnoWn container capacitors 
are in the shape of an upstanding tube (cylinder) With an oval 
or circular cross section. The Wall of the tube consists of tWo 
electrodes, i.e., tWo plates of conductive material, such as 
doped polycrystalline silicon (referred to herein as polysili 
con or poly), separated by a dielectric, such as tantalum 
pentoxide (Ta2O5). The bottom end of the tube is closed, 
With the outer Wall in contact With either the drain of the 
access transistor or a plug Which itself is in contact With the 
drain. The other end of the tube is open. The sideWall and 
closed end of the tube form a container; hence the name 
“container capacitor.” 

[0009] The electrodes in a DRAM cell capacitor must 
protect the dielectric layer from interaction With surrounding 
materials, including interlayer dielectrics (e.g., BPSG), and 
from the harsh thermal processing encountered in subse 
quent steps of DRAM process ?oW. In order to function Well 
as a bottom electrode, the electrode layer or layer stack must 
act as an effective barrier to the diffusion of oxygen and 
silicon. Oxidation of the underlying Si Will result in 
decreased series capacitance, thus degrading the cell capaci 
tor. Platinum is one of the candidates for use as an electrode 

material for high dielectric capacitors. Platinum, alone, 
hoWever, is relatively permeable to oxygen. One solution is 
to alloy the Pt With Rh to enhance the barrier properties of 
the layer. Physical vapor deposition (PVD) of a Pt—Rh alloy 
has been shoWn by H. D. Bhatt et. al., “Novel high tem 
perature multi-layer electrode barrier structure for high 
density ferroelectric memories,”Applied Physics Letters, 71, 
pp. 719-21 (1997), to provide an improvement over pure Pt 
for electrode applications. HoWever, PVD deposition does 
not deliver a layer Which is suf?ciently conformal for VLSI 
devices. 

[0010] Thus, there is a continuing need for methods and 
materials for the deposition of metal-containing layers, such 
as rhodium-containing layers, Which can function as barrier 
layers, for example, in integrated circuits. Furthermore, What 
is needed are capacitor electrodes, barrier layers, and fab 
rication methods that offer a combination of good confor 
mality, high conductivity, and good barrier properties. 

SUMMARY OF THE INVENTION 

[0011] The present invention is directed to methods for 
manufacturing a semiconductor device that involve forming 
a rhodium-containing layer on substrates, such as semicon 
ductor substrates or substrate assemblies during the manu 
facture of semiconductor structures. The rhodium-contain 
ing layer can be a pure rhodium layer, a rhodium oxide layer, 
a rhodium sul?de layer, a rhodium selenide layer, a rhodium 
nitride layer, a rhodium alloy layer, or the like. Typically and 
preferably, the rhodium-containing layer is electrically con 
ductive. The resultant layer can be used as a barrier layer or 
electrode in an integrated circuit structure, particularly in a 
memory device such as a DRAM device. 



US 2005/0260823 A9 

[0012] The metal-containing layer can include pure 
rhodium, or a rhodium alloy containing rhodium and one or 
more other metals (including transition metals, main group 
metals, lanthamides) or metalloids from other groups in the 
Periodic Chart, such as Si, Ge, Sn, Pb, Bi, etc. Furthermore, 
for certain preferred embodiments, the metal-containing 
layer can be an oxide, nitride, sul?de, selenide, telluride, or 
combinations thereof. Thus, in the context of the present 
invention, the term “metal-containing layer” includes, for 
example, relatively pure layers of rhodium, alloys of 
rhodium With other Group VIII transition metals such as 
iridium, nickel, palladium, platinum, iron, ruthenium, and 
osmium, metals other than those in Group VIII, metalloids 
(e.g., Si), or mixtures thereof. The term also includes com 
plexes of rhodium or rhodium alloys With other elements 
(e.g., O, N, and S). The terms “single transition metal layer” 
or “single metal layer” refer to relatively pure layers of 
rhodium. The terms “transition metal alloy layer” or “metal 
alloy layer” refer to layers of rhodium in alloys With other 
metals or metalloids, for example. 

[0013] One preferred method of the present invention 
involves forming a layer on a substrate, such as a semicon 
ductor substrate or substrate assembly during the manufac 
ture of a semiconductor structure. The method includes: 
providing a substrate (preferably, a semiconductor substrate 
or substrate assembly); providing a precursor composition 
comprising one or more complexes of the formula: 

LyRhYZ, (Formula I) 

[0014] Wherein: each L group is independently a neutral or 
anionic ligand; each Y group is independently a pi bonding 
ligand selected from the group of CO, NO, CN, CS, N2, PX3, 
PR3, P(OR)3, AsX3, AsR3, As(OR)3, SbX3, SbR3, Sb(OR)3, 
NHXR3_X, CNR, and RCN, Wherein R is an organic group 
and X is a halide; y=1 to 4; Z=0 to 4 (preferably, 1 to 4); x=0 
to 3; providing a nonhydrogen reaction gas; and forming a 
metal-containing layer from the precursor composition in 
the presence of the nonhydrogen reaction gas on a surface of 
the substrate (preferably, the semiconductor substrate or 
substrate assembly). The metal-containing layer can be a 
single transition metal layer or a transition metal alloy layer, 
for example. Using such methods, the complexes of Formula 
I are converted in some manner (e.g., decomposed ther 
mally) and deposited on a surface to form a metal-containing 
layer. Thus, the layer is not simply a layer of the complex of 
Formula I. 

[0015] Complexes of Formula I are neutral complexes and 
may be liquids or solids at room temperature. Typically, 
hoWever, they are liquids. If they are solids, they are 
preferably suf?ciently soluble in an organic solvent or have 
melting points beloW their decomposition temperatures such 
that they can be used in various vaporiZation techniques, 
such as ?ash vaporiZation, bubbling, microdroplet forma 
tion, etc. HoWever, they may also be suf?ciently volatile that 
they can be vaporiZed or sublimed from the solid state using 
knoWn chemical vapor deposition techniques. Thus, the 
precursor compositions of the present invention can be in 
solid or liquid form. As used herein, “liquid” refers to a 
solution or a neat liquid (a liquid at room temperature or a 
solid at room temperature that melts at an elevated tempera 
ture). As used herein, a “solution” does not require complete 
solubility of the solid; rather, the solution may have some 
undissolved material, preferably, hoWever, there is a suf? 
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cient amount of the material that can be carried by the 
organic solvent into the vapor phase for chemical vapor 
deposition processing. 
[0016] Yet another method of forming a metal-containing 
layer on a substrate, such as a semiconductor substrate or 
substrate assembly during the manufacture of a semicon 
ductor structure, involves: providing a substrate (preferably, 
a semiconductor substrate or substrate assembly); providing 
a precursor composition comprising one or more organic 
solvents and one or more precursor complexes of Formula I 
as de?ned above; providing a nonhydrogen reaction gas, 
preferably an oxidiZing gas; vaporiZing the precursor com 
position to form vaporiZed precursor composition; and 
directing the vaporiZed precursor composition toWard the 
substrate to form a metal-containing layer in the presence of 
a nonhydrogen reaction as on a surface of the substrate. 
Herein, vaporiZed precursor composition includes vaporiZed 
molecules of precursor complexes of Formula I either alone 
or optionally With vaporiZed molecules of other compounds 
in the precursor composition, including solvent molecules, if 
used. 

[0017] Still another method of forming a layer on a 
substrate involves: providing a substrate; providing a pre 
cursor composition comprising one or more complexes of 
Formula I With the proviso that L is not cyclopentadienyl 
When Y is CO (particularly, if a hydrogen reaction gas is 
provided); and forming a rhodium-containing layer from the 
precursor composition on a surface of the substrate. 

[0018] Preferred embodiments of the methods of the 
present invention involve the use of one or more chemical 
vapor deposition techniques, although this is not necessarily 
required. That is, for certain embodiments, spin-on coating, 
dip coating, etc., can be used. 

[0019] Methods of the present invention are particularly 
Well suited for forming layers on a surface of a semicon 
ductor substrate or substrate assembly, such as a silicon 
Wafer, With or Without layers or structures formed thereon, 
used in forming integrated circuits. It is to be understood that 
methods of the present invention are not limited to deposi 
tion on silicon Wafers; rather, other types of Wafers (e.g., 
gallium arsenide Wafers, etc.) can be used as Well. Also, for 
certain embodiments the methods of the present invention 
can be used in silicon-on-insulator technology. Furthermore, 
substrates other than semiconductor substrates or substrate 
assemblies can be used in methods of the present invention. 
These include, for example, ?bers, Wires, etc. If the substrate 
is a semiconductor substrate or substrate assembly, the 
layers can be formed directly on the loWest semiconductor 
surface of the substrate, or they can be formed on any of a 
variety of the layers (i.e., surfaces) as in a patterned Wafer, 
for example. Thus, the term “semiconductor substrate” 
refers to the base semiconductor layer, e.g., the loWest layer 
of silicon material in a Wafer or a silicon layer deposited on 
another material such as silicon on sapphire. The term 
“semiconductor substrate assembly” refers to the semicon 
ductor substrate having one or more layers or structures 
formed thereon. 

[0020] A chemical vapor deposition system is also pro 
vided. The system includes a deposition chamber having a 
substrate positioned therein; a vessel containing a precursor 
composition comprising one or more complexes of Formula 
I as described above; a source of an inert carrier gas for 
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transferring the precursor composition to the chemical vapor 
deposition chamber; and a source of a nonhydrogen reaction 
gas. 

[0021] The present invention also provides platinum 
rhodium (Pt—Rh) alloy barrier layers and methods for 
fabricating capacitors and other devices containing such 
barrier layers in order to protect cell dielectrics, such as 
Ta2O5, SrTiO3 (“ST”), (Ba,Sr)TiO3 (“BST”), Pb(Z,Ti)O3 
(“PZT”), SrBiTa2O9 (“SBT”) and Ba(Zr,Ti)O3 (“BZT”), 
against dielectric degradation through thermal effects and 
interaction With surrounding materials. 

[0022] The chemical vapor deposited Pt—Rh co-depos 
ited alloy layers of the invention provide excellent barrier 
protection, conductivity as capacitor electrodes, and confor 
mality, and so may be employed either as capacitor elec 
trodes, or as separate barrier layers formed adjacent to 
conventional capacitor electrodes, either atop these elec 
trodes or interposed betWeen the electrode and the capacitor 
dielectric. Preferably, the CVD Pt—Rh alloy layer according 
to the invention comprises a thin barrier layer betWeen a cell 
dielectric and an underlying polysilicon (poly) plug or drain 
in a DRAM cell array, as Well as acting as a loWer electrode. 
The term “CVD platinum-rhodium alloy” herein means a 
material layer containing platinum and rhodium in the 
compositional ranges and having the characteristic high 
degree of conformality described herein. 

[0023] The present invention also provides a co-deposi 
tion method for forming CVD Pt—Rh barrier ?lms using a 
platinum precursor composition, a rhodium precursor com 
position, and reaction gases for causing chemical vapor 
co-deposition of a Pt—Rh alloy in a CVD reactor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a diagrammatic cross-sectional vieW 
taken along a portion of a semiconductor Wafer at an early 
processing step according to one embodiment of the present 
invention. 

[0025] FIG. 2 is a diagrammatic cross-sectional vieW of a 
portion of a semiconductor Wafer at a processing step 
subsequent to that shoWn in FIG. 1. 

[0026] FIG. 3 is a diagrammatic cross-sectional vieW of a 
portion of a semiconductor Wafer at a processing step 
subsequent to that shoWn in FIG. 2. 

[0027] FIG. 4 is a diagrammatic cross-sectional vieW of a 
portion of a semiconductor Wafer at a processing step 
subsequent to that shoWn in FIG. 3. 

[0028] FIG. 5 is a diagrammatic cross-sectional vieW of a 
portion of a semiconductor Wafer at a processing step 
subsequent to that shoWn in FIG. 4. 

[0029] FIG. 6 is a diagrammatic cross-sectional vieW of a 
portion of a semiconductor Wafer at a processing step 
subsequent to that shoWn in FIG. 5. 

[0030] FIG. 7 is a diagrammatic cross-sectional vieW of a 
portion of a semiconductor Wafer at a processing step 
subsequent to that shoWn in FIG. 6. 

[0031] FIG. 8 is a diagrammatic cross-sectional vieW of a 
portion of a semiconductor Wafer at a processing step 
subsequent to that shoWn in FIG. 7. 
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[0032] FIG. 9 is a diagrammatic cross-sectional vieW of a 
portion of a semiconductor Wafer at a processing step 
subsequent to that shoWn in FIG. 8. 

[0033] FIG. 10 is a diagrammatic cross-sectional vieW of 
a portion of a semiconductor Wafer at a processing step 
subsequent to that shoWn in FIG. 9. 

[0034] FIG. 11 is a diagrammatic cross-sectional vieW of 
a portion of a semiconductor Wafer at a processing step 
subsequent to that shoWn in FIG. 10. 

[0035] FIG. 12 is a schematic of a chemical vapor co 
deposition system suitable for use in the method of the 
present invention. 

[0036] FIG. 13 shoWs an x-ray photoelectron spectros 
copy (XPS) depth pro?le of co-deposited CVD Pt—Rh layer 
after rapid thermal oxidation (RTO) at 750° C. for 60 
seconds. 

[0037] FIG. 14 shoWs an XPS montage display of the Si 
2p photoelectron peak for VD co-deposited Pt—Rh layer 
after RTO at 750° C. 

[0038] FIG. 15 shoWs the XPS pro?le of pure rhodium 
after RTO at 850° C., indicating a layer composed of 
rhodium oxide. 

[0039] FIG. 16 shoWs the XPS spectra of the Si 2p peak 
from pure rhodium after RTO at 850° C. 

[0040] FIG. 17 is a scanning electron microscope (SEM) 
image of a co-deposited Pt—Rh layer on BPSG in a 0.35 
diameter contact. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0041] The present invention provides methods of forming 
a rhodium-containing layer, preferably an electrically con 
ductive rhodium-containing layer, (e.g., pure rhodium, 
rhodium oxide, rhodium sul?de, rhodium selenide, rhodium 
nitride, or alloys of rhodium, particularly rhodium-platinum 
alloys, etc.). Speci?cally, the present invention is directed to 
methods of manufacturing a semiconductor device, particu 
larly a ferroelectric device, having a rhodium-containing 
layer. The rhodium-containing layers formed are preferably 
conductive and can be used as barrier layers betWeen the 
dielectric material and the silicon substrate in memory 
devices, such as ferroelectric memories, or as the plate (i.e., 
electrode) itself in the capacitors, for example. Because they 
are generally unreactive, such layers are also suitable for use 
in optics applications as a re?ective coating or as a high 
temperature oxidation barrier on carbon composites, for 
example. They can be deposited in a Wide variety of 
thicknesses, depending on the desired use. 

[0042] The present invention provides methods of forming 
a metal-containing layer using one or more rhodium com 
plexes. These rhodium complexes are typically mononuclear 
(i.e., monomers in that they contain one metal per molecule), 
although they can be in the form of Weakly bound dimers 
(i.e., dimers containing tWo monomers Weakly bonded 
together through hydrogen or dative bonds). Herein, such 
monomers and Weakly bound dimers are shoWn as mono 
nuclear complexes. 

[0043] An example of a fabrication process for a capacitor 
according to one embodiment of the present invention is 
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described below. It is to be understood, hoWever, that this 
process is only one example of many possible con?gurations 
and processes utilizing the rhodium-containing layers (e.g., 
Pt—Rh barriers or electrodes) of the invention. For example, 
in the process described beloW, a Pt—Rh alloy material is 
utiliZed as a barrier beloW the bottom electrode of a capaci 
tor. Alternatively, the top electrode may also include a 
Pt—Rh alloy barrier material. 

[0044] Furthermore, doped poly or other conventional 
electrode materials may be provided With a Pt—Rh layer 
atop the electrode, betWeen the electrode and the dielectric, 
in both locations, or the Pt—Rh alloy material itself may 
form one or both electrodes in lieu of conventional electrode 
materials. In addition, in the process described beloW the bit 
line is formed over the capacitor. A buried bit-line process 
could also be used. As another example, the plugs under the 
capacitors formed by the folloWing process could be elimi 
nated. Also, dry or Wet etching could be used rather than 
chemical mechanical polishing. The invention is not 
intended to be limited by the particular process described 
beloW. 

[0045] Referring to FIG. 1, a semiconductor Wafer frag 
ment at an early processing step is indicated generally by 
reference numeral 100. The semiconductor Wafer 100 is 
comprised of a bulk silicon substrate 112 With ?eld isolation 
oxide regions 114 and active areas 116, 118, 120. Word lines 
122, 124, 126, 128 have been constructed on the Wafer 100 
in a conventional manner. Each Word line consists of a loWer 

gate oxide 130, a loWer poly layer 132, a higher conductivity 
silicide layer 134 and an insulating silicon nitride cap 136. 
Each Word line has also been provided With insulating 
spacers 138, also of silicon nitride. 

[0046] TWo FETs are depicted in FIG. 1. One FET is 
comprised of tWo active areas (source/drain) 116, 118 and 
one Word line (gate) 124. The second FET is comprised of 
tWo active areas (source/drain) 118, 120 and a second Word 
line (gate) 126. The active area 118 common to both FETs 
is the active area over Which a bit line contact Will be 
formed. 

[0047] Referring to FIG. 2, a thin ?lm 140 of nitride or 
TEOS is provided atop the Wafer 100. Next a layer of 
insulating material 142 is deposited. The insulating material 
preferably consists of borophosphosilicate glass (BPSG). 
The insulating layer 142 is subsequently planariZed by 
chemical-mechanical polishing (CMP). 

[0048] Referring to FIG. 3, a bit line contact opening 144 
and capacitor openings 146 have been formed through the 
insulating layer 142. The openings 144, 146 are formed 
through the insulating layer 142 by photomasking and dry 
chemical etching the BPSG relative to the thin nitride or 
TEOS layer 140. Referring noW to FIG. 4, a layer 150 of 
conductive material is deposited to provide conductive 
material Within the bit line contact and capacitor openings 
144, 146. The conductive layer 150 is in contact With the 
active areas 116, 118, 120. An example of the material used 
to form layer 150 is in situ arsenic or phosphorous doped 
poly. Referring noW to FIG. 5, the conductive layer 150 is 
etched aWay to the point that the only remaining material 
forms plugs 150 over the active areas 116, 118, 120. 

[0049] Referring noW to FIG. 6, a thin barrier layer 151 of 
a Pt—Rh alloy is formed as a barrier layer atop conductive 
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layer 150. Barrier layer 151 is co-deposited by CVD to form 
a conformal layer Which protects the subsequently deposited 
capacitor dielectric against diffusion from underlying plug 
150 and other surrounding materials. Perhaps more impor 
tantly for some applications of the invention, barrier layer 
151 also protects the underlying plug 150 from diffusion of 
oxygen from the capacitor dielectric. Chemical vapor depo 
sition techniques are desired because they are more suitable 
for deposition on semiconductor substrates or substrate 
assemblies, particularly in contact openings Which are 
extremely small and require conformally ?lled layers of 
metal. 

[0050] The co-deposition process includes the use of sepa 
rate platinum and rhodium precursors for CVD. Any plati 
num and rhodium complexes suitable for deposition via 
CVD may be used in the process of the invention. The 
rhodium precursor (Whether for the preferred Pt—Rh co 
deposition process or for other deposition processes 
described herein) is preferably of the folloWing formula, 
Which is shoWn as a monomer, although Weakly bound 
dimers are also possible: 

LyRhYZ, (Formula 1) 
[0051] Wherein: each L group is independently a neutral or 
anionic ligand; each Y group is independently a pi bonding 
ligand selected from the group of CO, NO, CN, CS, N2, PX3, 
PR3, P(OR)3, AsX3, AsR3, As(OR)3, SbX3, SbR3, Sb(OR)3, 
NHXR3_X, CNR, and RCN, Wherein R is an organic group 
and X is a halide; y=1 to 4 (preferably, 1); Z=0 to 4 
(preferably, 1 to 4, more preferably, 2 or 3, and most 
preferably, 2); and x=0 to 3. 

[0052] A particularly preferred rhodium precursor, par 
ticularly for the preparation of Pt—Rh alloys, is a rhodium 
complex as shoWn in Formula II: 

C Rh CO 2 Formula II P 

[0053] Where Cp is cyclopentadienyl. 

[0054] The platinum precursor is preferably a platinum 
complex as shoWn in Formula III: 

MeCpPt(Me)3 

[0055] Where Me is a methyl group and Cp is cyclopen 
tadienyl. Other platinum complexes that can be used in 
addition or in place of the complex of Formula III include, 
for example, Pt(CO)2Cl2, Pt(CH3)2[(CH3)NC], 
(COD)Pt(CH3)2, (COD)Pt(CH3)Cl, (C5H5)Pt(CH3)(CO), 
(acac)(Pt)(CH3)3, Wherein COD=1,5 cycloctadiene and 
acac=acetylacetonate. 

(Formula III) 

[0056] For certain embodiments, the precursor composi 
tions may be used in the range of from about 0.5% to 99.5% 
rhodium precursor, more preferably about 2% to 10% 
rhodium precursor, and most preferably, about 5% Formula 
II (Rh) and 95% Formula III (Pt). 

[0057] In Formula I above, each L ligand is a neutral or 
anionic ligand, Which can include pi bonding ligands. Pref 
erably, L is selected from the group of dialkyl- and trialkyl 
amines, polyamines (e.g., N,N,N‘N‘N“-pentamethyldiethyl 
enetriamine, diethylenetriamine), trialkylphosphines, 
trialkylphosphites, ethers (including linear, branched, and 
cyclic ethers and polyethers), unsubstituted or ?uoro-sub 
stituted linear, branched, and cyclic (alicyclic) alkyls, sub 
stituted or unsubstituted linear, branched, or cyclic (alicy 
clic) alkenes (including monoenes, dienes, trienes, bicyclic 


















