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METHOD FOR PRODUCING LOW 
CARBON/OXYGEN CONDUCTIVE LAYERS 

FIELD OF THE INVENTION 

[0001] This invention relates to the preparation of semi 
conductor device structures. Particularly, the present inven 
tion pertains to methods of forming substantially carbon 
free, and, optionally, oXygen-free, conductive layers using 
an organometallic catalyst. 

BACKGROUND OF THE INVENTION 

[0002] Chemical vapor deposition (hereinafter “CVD”) is 
de?ned as the formation of a non-volatile solid layer or ?lm 
on a substrate by the reaction of vapor phase reactants that 
contain desired components. The vapors are introduced into 
a reactor vessel or chamber, and decompose and/or react at 
a heated surface on a Wafer to form the desired layer. CVD 
is but one process of forming relatively thin layers on 
semiconductor Wafers, such as layers of elemental metals or 
compounds. It is a favored layer formation process primarily 
because of its ability to provide highly conformal layers 
even Within deep contacts and other openings. 

[0003] For example, a compound, typically a heat decom 
posable volatile compound (also knoWn as a precursor), is 
delivered to a substrate surface in the vapor phase. The 
precursor is contacted With a surface Which has been heated 
to a temperature above the decomposition temperature of the 
precursor. Acoating or layer forms on the surface. The layer 
generally contains a metal, metalloid, alloy, or mixtures 
thereof, depending upon the type of precursor and deposi 
tion conditions employed. 

[0004] Precursors typically utiliZed in CVD are generally 
organometallic compounds, Wherein a hydrocarbon portion 
of the precursor functions as the carrier for the metal or 
metalloid portion of the precursor during vaporiZation of the 
liquid precursor. For microelectronic applications, it is often 
desirable to deposit layers having high conductivity, Which 
generally means that the layers should contain minimal 
carbon and oXygen contaminants. HoWever, one problem of 
a CVD deposited layer formed from an organometallic 
precursor is incorporation of residual carbon from the hydro 
carbon portion of the precursor and oXygen that may be 
present in the atmosphere during deposition. For eXample, 
oXygen incorporation into the layer before or after deposi 
tion generally results in higher resistivity. Further, it is also 
believed that organic incorporation (such as pure carbon or 
hydrocarbon) into the resultant layer reduces density and 
conductivity. A loW density layer can subsequently lead to 
oXygen incorporation into the layer When it is eXposed to 
ambient air. 

[0005] Conductive layers formed by CVD processing can 
be used in the fabrication of various integrated circuits. For 
eXample, capacitors are the basic energy storage compo 
nents in storage cells of memory devices, such as dynamic 
random access memory (DRAM) devices, static random 
access memory (SRAM) devices, and even in ferroelectric 
memory devices. As memory devices become more 
dense, it is necessary to decrease the siZe of circuit compo 
nents. One Way to retain storage capacity of memory devices 
and decrease its siZe is to increase the dielectric constant of 
the dielectric layer of the capacitor component. Such com 
ponents typically consist of tWo conductive electrodes insu 
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lated from each other by a dielectric material. In order to 
retain storage capacity and to decrease the siZe of memory 
devices, materials having a relatively high dielectric con 
stant can be used as the dielectric layer of a storage cell. 
Materials having relatively high dielectric constants are 
generally formed on a device surface as thin layers. Gener 
ally, high quality thin layers of metals and conductive metal 
oXides, nitrides, and silicides, are used as electrode materials 
for storage cell capacitors. To be effective electrodes, loW 
resistivity is desired. Therefore, layers having loW carbon 
and/or oXygen content are desired. Further, various appli 
cations also require such loW resistivity conductive layers, 
e.g., contacts, interconnects, etc. In addition, the presence of 
carbon in an electrode layer may “poison” the dielectric 
layer thus, reducing the effectiveness of the capacitor. 

SUMMARY OF THE INVENTION 

[0006] Thus, What is yet needed are methods for forming 
substantially carbon- and oXygen-free conductive layers 
useful for semiconductor structures, that can be used in 
microelectronic devices, such as memory devices. For 
eXample, a substantially carbon- and oXygen-free layer is 
desirable When a conductive material, e.g., ruthenium, is 
used as a conductive layer. In general, such a conductive 
layer preferably contains unoXidiZed or relatively minor 
amounts of oXidiZed metal or metalloid Which, in large 
amounts, can adversely affect its characteristics. Further, 
conductive layers containing relatively large amounts of 
carbon and/or oXygen do not provide adequate conductivity 
characteristics. 

[0007] Advantageously, the present invention provides a 
method for forming a substantially carbon-free and, option 
ally, oXygen-free layer including a metal- or metalloid 
containing material. Preferably, a method according to the 
present invention includes forming a layer in the presence of 
an organometallic catalyst. The present invention also pro 
vides a substantially carbon-free and, optionally, a substan 
tially oXygen-free conductive layer that can be used as a 
barrier layer, and/or an adhesion layer, on an electrode, or 
any other conductive layer in an integrated circuit structure, 
such as in a capacitor of a memory device. 

[0008] A method according to the present invention is 
particularly Well suited for forming layers on a surface of a 
semiconductor 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 a method according to the present invention 
is not to be limited to layer formation on silicon Wafers; 
rather, other types of Wafers (e.g., gallium arsenide Wafer, 
etc.) can be used as Well. A method according to the present 
invention can also be used in silicon-on-insulator technol 
ogy. 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 layers (i.e., surfaces) as in a 
patterned Wafer, for eXample. Thus, the term “semiconduc 
tor substrate” refers herein to a 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 or 
sapphire. The term “semiconductor substrate assembly” 
refers herein to a semiconductor substrate or a substrate 
having one or more layers or structures formed thereon. 

[0009] Accordingly, one aspect of the present invention 
provides a method for use in fabrication of integrated 
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circuits. Preferably, the method includes the steps of forming 
a substrate assembly having a surface and forming a sub 
stantially carbon- and oxygen-free layer from a precursor 
comprising a conductive material in an oxidizing atmo 
sphere and in the presence of an organometallic catalyst. A 
metal portion of the organometallic catalyst is preferably 
different than the conductive material of the precursor. 

[0010] As used herein, “substantially carbon-free” refers 
to an amount of carbon present in a layer that is preferably 
about 1.0% by atomic percent or less, more preferably about 
0.1% by atomic percent or less, and most preferably about 
0.05% by atomic percent or less. If used, “substantially 
oxygen-free” refers to an amount of oxygen present in a 
layer that is preferably about 1.0% by atomic or less, more 
preferably about 0.5% by atomic or less, and most prefer 
ably about 0.1% by atomic or less. 

[0011] Preferably, the metal portion of the organometallic 
catalyst is selected from the group consisting essentially of 
platinum, paladium, rhodium, and iridium and the material 
is selected from the group consisting essentially of a metal, 
a metalloid, and mixtures thereof. The metal and the met 
alloid can each be in the form of a sul?de, a selenide, a 
telluride, a nitride, a silicide, an oxide, and mixtures thereof. 
The material is preferably selected from the group consisting 
essentially of titanium, tantalum, ruthenium, osmium, iron, 
rhodium, cobalt, nickel, iridium, cerium, tungsten, alumi 
num, copper, and mixtures thereof. 

[0012] Additionally, the method of the present invention 
provides that the substantially carbon- and oxygen-free layer 
can further include a metal selected from the group consist 
ing essentially of platinum, paladium, rhodium, and iridium. 
Preferably, the metal portion from the organometallic cata 
lyst included in the substantially carbon- and oxygen-free 
layer is in an amount no greater than about 20% by atomic 
percent. 

[0013] Preferably, the step of forming the substantially 
carbon- and oxygen-free conductive layer includes deposit 
ing a precursor by chemical vapor deposition in the presence 
of a platinum-containing organometallic catalyst. More pref 
erably, the precursor includes a material selected from the 
group consisting essentially of titanium, tantalum, ruthe 
nium, osmium, iron, rhodium, cobalt, nickel, iridium, 
cerium, tungsten, aluminum, copper, and mixtures thereof. 

[0014] Another aspect of the present invention provides a 
method for use in formation of a capacitor. Preferably, the 
method includes the steps of forming a surface of a substrate 
assembly and forming a ?rst electrode on at least a portion 
of the surface of the substrate assembly. Preferably, the ?rst 
electrode includes a substantially carbon- and oxygen-free 
layer deposited in an oxidiZing atmosphere in the presence 
of an organometallic catalyst, Wherein the substantially 
carbon- and oxygen-free layer is formed from a conductive 
metal-containing precursor, Wherein the conductive metal of 
the precursor is not the same as a metal portion of the 
organometallic catalyst. The method also includes the steps 
of forming a dielectric material over at least a portion of the 
?rst electrode; and forming a second electrode on at least a 
portion of the dielectric material. 

[0015] Preferably, the step of forming the substantially 
carbon- and oxygen-free conductive layer includes forming 
a substantially carbon- and oxygen-free layer by chemical 
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vapor deposition. The substantially carbon- and oxygen-free 
conductive layer may also be a substantially carbon- and 
oxygen-free conductive barrier layer. 

[0016] Yet another aspect of the present invention pro 
vides a semiconductor structure. Typically, the semiconduc 
tor structure includes a substrate assembly including a 
surface and a substantially carbon- and oxygen-free conduc 
tive layer comprising a major portion of a conductive 
material and a minor portion of a metal selected from the 
group consisting essentially of platinum, paladium, 
rhodium, and iridium, Wherein the major portion of the 
conductive material is not the same as the minor portion of 
the metal. Preferably, the minor portion comprises about 
20% by atomic percent or less of the substantially carbon 
and oxygen-free conductive layer. 

[0017] The substantially carbon- and oxygen-free conduc 
tive layer preferably includes a material selected from the 
group consisting essentially of titanium, tantalum, ruthe 
nium, osmium, iron, rhodium, cobalt, nickel, iridium, 
cerium, tungsten, aluminum, copper, and mixtures thereof. 
Thus, in the semiconductor structure of the present inven 
tion, the substantially carbon- and oxygen-free conductive 
layer may be at least one of a semiconductor structure 
selected from the group consisting essentially of an elec 
trode layer, an electrode, a barrier layer, a contact layer, an 
interconnect component, and an adhesion layer. 

[0018] A further aspect of the present invention provides 
a semiconductor structure that typically includes a substrate 
assembly including a surface and a substantially carbon-free 
conductive layer comprising a major portion of a conductive 
metal oxide and a minor platinum portion. Preferably, the 
minor platinum portion comprises about 20% by atomic 
percent or less of platinum in the substantially carbon-free 
conductive layer. 

[0019] The substantially carbon- free conductive layer 
may include a major portion of a metal oxide selected from 
the group consisting essentially of aluminum oxide, titanium 
oxide, tungsten oxide, ruthenium oxide, osmium oxide, 
iridium oxide, rhodium oxide, tantalum oxide, cobalt oxide, 
copper oxide, and mixtures thereof. 

[0020] Yet a further aspect of the present invention pro 
vides a memory cell structure including a substrate assembly 
including at least one active device and a capacitor formed 
relative to the at least one active device. The capacitor 
comprises at least one electrode including a substantially 
carbon- and oxygen-free conductive layer, Wherein the sub 
stantially carbon- and oxygen-free conductive layer com 
prises a major portion of a conductive material selected from 
the group consisting essentially of titanium, tantalum, ruthe 
nium, osmium, iron, rhodium, cobalt, nickel, iridium, 
cerium, tungsten, aluminum, copper, and mixtures thereof; 
and a minor portion of a metal selected from the group 
consisting essentially of platinum and paladium. 

[0021] The capacitor may further include a ?rst electrode 
formed on a silicon-containing region of the at least one 
active device; a dielectric material on at least a portion of the 
?rst electrode; and a second electrode on the high dielectric 
material, Wherein the ?rst electrode comprises the substan 
tially carbon- and oxygen-free conductive layer. The sub 
stantially carbon- and oxygen-free conductive layer may be 
at least one of a semiconductor structure selected from the 
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group consisting essentially of an electrode layer, an elec 
trode, a barrier layer, a contact layer, an interconnect com 
ponent, and a bond pad. 

[0022] Another aspect of the present invention provides a 
method for forming a substantially carbon- and oxygen-free 
conductive layer. Preferably, the method includes forming a 
substrate assembly including a heated surface; forming a 
reactor chamber having an oxidiZing atmosphere Within the 
chamber; supplying a precursor to the reactor; and supplying 
an organometallic catalyst to the reactor. Preferably, the 
substantially carbon- and oxygen-free conductive layer 
forms on the heated surface. The oxidiZing atmosphere may 
include a compound selected from the group consisting 
essentially of oxygen, oZone, nitrous oxide, hydrogen per 
oxide, R2O2, and a combination thereof, Wherein R is 
selected from the group consisting of a saturated or unsat 
urated linear, branched or cyclic hydrocarbon group having 
about 1 carbon atom to about 20 carbon atoms, preferably 
about 2 carbon atoms to about 12 carbon atoms, for example, 
methyl, ethyl, isopropyl, t-butyl, heptyl, dodecyl, octadecyl, 
amyl, 2ethylhexyl, and the like. Preferably, the reaction 
chamber is at a pressure of about 0.5 torr to about 50 torr. 

[0023] The method of the present invention may also 
include the step of supplying a reactive gas to the reactor, 
Wherein the reactive gas is selected from the group consist 
ing essentially of nitrogen-containing gases, silane, hydro 
gen sul?de, and mixtures thereof. 

[0024] Another aspect of the present invention provides a 
method of optimiZing components in a conductive layer. 
Preferably, the method includes the step of forming a 
conductive layer, Wherein forming the conductive layer 
includes forming a reactor chamber having a knoWn con 
centration of oxygen in an oxidiZing atmosphere; forming a 
substrate having a heated surface; supplying a ?xed amount 
of a precursor to a reactor; and supplying a ?xed amount of 
an organometallic catalyst to the reactor. The method also 
includes the step of analyZing the conductive layer for 
component amounts. The steps of forming and analyZing a 
conductive layer can be repeated, Wherein one of the ?xed 
amount of the organometallic catalyst or the concentration 
of oxygen in the oxidiZing atmosphere is varied until carbon 
is detected in the conductive layer. 

[0025] Preferably, the ?xed amount of the organometallic 
catalyst is about 15% by atomic percent and is varied by 
decreasing the ?xed amount. Additionally, and preferably, 
the knoWn concentration of oxygen in the oxidiZing atmo 
sphere is about 30% by atomic percent and is varied by 
decreasing the knoWn amount. The amount of organometal 
lic catalyst can be optimiZed empirically such that the 
amount of catalyst can be reduced until carbon is detected in 
the layer formed. 

[0026] These and other objects, features and advantages of 
the present invention Will be apparent from the folloWing 
description of various embodiments and as illustrated in the 
accompanying ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 is a cross-sectional schematic of one 
embodiment of a structure including a layer formed in 
accordance With the present invention. 

[0028] FIG. 2 is a cross-sectional schematic of another 
embodiment of a capacitor including a layer formed in 
accordance With the present invention. 
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[0029] FIG. 3 is a cross-sectional schematic of an alter 
nate embodiment of a layer formed in accordance With the 
present invention. 

[0030] FIG. 4 is a depth pro?le of a layer formed in 
accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0031] The present invention provides a method for form 
ing a conductive layer that contains substantially no carbon 
and, optionally, no oxygen using an organometallic catalyst. 
Preferably, the method includes forming a substantially 
carbon- and oxygen-free conductive layer from a precursor 
in the presence of an organometallic catalyst. The resultant 
substantially carbon- and oxygen-free layer can be a metal, 
a metalloid, and mixtures thereof. Each of the metal and the 
metalloid can be in the form of a sul?de, a nitride, a selenide, 
a telluride, a nitride, a silicide, an oxide, mixtures thereof. 
Preferably, the substantially carbon- and oxygen-free con 
ductive layer formed is a metal layer. The layer can be 
deposited in a Wide variety of thicknesses, depending upon 
the desired use. Preferably, the substantially carbon- and 
oxygen-free layer is a conductive layer that can be used in 
memory devices, such as DRAM devices. 

[0032] A. Layer Formation Method 

[0033] The present invention broadly relates to the forma 
tion of a substantially carbon-free and, optionally, a sub 
stantially oxygen-free layer. In the present invention, one 
preferred system for forming a layer is chemical vapor 
deposition (CVD). CVD is generally a process in Which a 
layer is deposited by a chemical reaction or decomposition 
of a gas mixture at elevated temperature at a substrate 
surface or in its vicinity. CVD can be classi?ed into various 
types in accordance With the heating method, gas pressure, 
and/or chemical reaction. For example, conventional CVD 
methods include: (a) cold Wall type CVD, in Which only a 
deposition substrate is heated; (b) hot Wall type CVD, in 
Which an entire reaction chamber is heated; (c) atmospheric 
CVD, in Which reaction occurs at a pressure of about one 
atmosphere; (d) loW-pressure CVD in Which reaction occurs 
at pressures from about 10 ‘1 to 100 torr; (c) electron-beam 
assisted CVD and ion-beam assisted CVD in Which the 
energy from an electron-beam or an ion-beam directed 
toWards the substrate provides the energy for decomposition 
of the precursor; plasma assisted CVD and photo-assisted 
CVD in Which the energy from a plasma or a light source 
activates the precursor to alloW depositions at reduced 
substrate temperatures; and (g) laser assisted CVD Wherein 
laser light is used to heat the substrate or to effect photolytic 
reactions in the precursor gas. In the cold Wall type CVD, 
heating of substrates in a CVD reactor may be accomplished 
by several method including the use of hot stages or induc 
tion heating. 

[0034] Broadly, thermal CVD includes any type of appa 
ratus in Which the substrates and/or the gaseous precursor is 
heated and could include standard thermal reactors such as 
cold a Wall/hot substrates reactors and hot Wall type reactors, 
as Well as radiation beam reactors in Which a beam (such as 
a laser beam) is used to heat the substrate and/or to decom 
pose gaseous precursor. 

[0035] In a typical CVD process, a substrate on Which 
deposition is to occur is placed in a reaction chamber, and is 
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heated to a temperature sufficient to cause the decomposition 
of vapors of the precursor, as described below. When these 
vapors are introduced into the reaction chamber and trans 
ported to the vicinity of the substrate, they Will decompose 
thereon to deposit a layer containing a metal or metalloid. 

[0036] For example, in a thermal reactor CVD system it is 
preferable that the decomposition reaction occur at the 
substrate, and for this reason it is preferable to heat the 
substrate to a temperature in excess of the decomposition 
temperature of the precursor. Similarly, in a radiation beam 
induced CVD technique, the radiation (such as an ion beam) 
is preferably used to heat the substrate so that decomposition 
of the precursor occurs as the substrate. 

[0037] These CVD processes can be used to provide 
blanket deposition of metal or metalloid layers on substrates. 
These layers can then be patterned by conventional lithog 
raphy methods, if desired. Additionally, selected area depo 
sitions may be accomplished by energy beam assisted CVD 
Where a beam of energy, such as an ion beam, selectively 
heats small portions of the substrate. 

[0038] Any CVD apparatus design may be used in the 
present invention including hot Wall reactors, cold Wall 
reactors, radiation beam assisted reactors, plasma assisted 
reactors, and the like. For blanket depositions, a cold Wall 
hot substrate reactor may sometimes be preferred as this 
design is efficient in regards to precursor consumption. For 
selected area depositions, a radiation beam assisted reactor 
may be preferred as the radiation beam may be used to 
“Write” metal containing layers onto small areas of the 
substrate. 

[0039] In the present invention, a method for forming a 
substantially carbon- and oxygen-free metal- or metalloid 
containing layer is preferably conducted using a CVD 
process in the presence of an organometallic catalyst. Pref 
erably the method is carried out in the presence of an 
oxidation gas, and under a dynamic vacuum of about 0.5 to 
50 torr in a standard cold-Wall, CVD reactor chamber. 
Typically, a precursor is contained in a precursor bubbler, 
that is typically heated, at one end of the reactor and is 
exposed to a vacuum by ?oWing an inert carrier gas through 
the heated bubbler to vaporiZe the precursor. Additionally, 
an organometallic catalyst is contained in a catalyst bubbler, 
that is typically heated, in proximity to the precursor reser 
voir. The organometallic catalyst is carried to a vacuum by 
?oWing a carrier gas through the heated bubbler Which 
vaporiZes the organometallic catalyst. Preferably, vaporiZa 
tion of the precursor and the organometallic catalyst is 
accomplished substantially simultaneously. The vacuum can 
be provided by a suitable vacuum pump positioned at the 
opposite end of reaction chamber. The precursor vapor and 
organometallic catalyst vapor each then pass into a reaction 
chamber that contains one or more units of the substrate. The 

substrate, e.g., Wafers, are preferably held in a vertical or a 
horiZontal position by a suitable holder. The reaction cham 
ber is maintained at a preselected temperature, by means of 
an external furnace or an internal heater chuck, Which is 
effective to decompose the precursor vapor and the organo 
metallic catalyst vapor so as to deposit a layer on the 
exposed surfaces of the substrate units. Preferably, the 
reaction chamber is maintained at about 150° C. -700° C., 
more preferably at about 200° C. -500° C., during the 
deposition process. 
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[0040] Generally, vacuum systems are used for CVD of 
the metal or metalloids. There is a Wide range of operation 
conditions With respect to the pressure in the system, oper 
ating pressures of 1 to 100 mtorr have been used in the 
absence of carrier gas and higher or loWer pressures are also 
acceptable, i.e., up to about 10 torr. These pressures are 
largely determined by the pumping speed of the vacuum 
equipment, the chamber volume, the vapor pressure of the 
precursor and the vapor pressure of the organometallic 
catalyst. Optionally, a carrier gas can be added to increase 
the total pressure, Which is passed through or over a solid or 
liquid precursor. The pressure used is typically optimiZed to 
yield the maximum conformation or groWth rate. 

[0041] HoWever, it is preferred to conduct the method of 
the present invention in the presence of an oxidiZing atmo 
sphere, more preferably in the presence of an oxidation gas, 
such as an oxygen-containing gas. Preferred oxidiZing atmo 
spheres may include a compound selected from the group 
consisting essentially of oxygen, oZone, nitrous oxide, 
hydrogen peroxide, R202, and a combination thereof, 
Wherein R is selected from the group consisting of a satu 
rated or unsaturated linear, branched or cyclic hydrocarbon 
group having about 1 carbon atom to about 20 carbon atoms, 
preferably about 2 carbon atoms to about 12 carbon atoms, 
for example, methyl, ethyl, isopropyl, t-butyl, heptyl, dode 
cyl, octadecyl, amyl, 2-ethylhexyl, and the like. Acarrier gas 
may also be used and is typically bubbled through the 
precursor and the organometallic catalyst during vaporiZa 
tion. Preferably, the carrier gas is a non-oxidiZing gas, such 
as helium, argon, nitrogen, neon, krypton, xenon, and mix 
tures thereof. Additionally, a reactive gas may also be used, 
Which is selected from the group consisting essentially of a 
nitrogen-containing gas (such as ammonia), silane, hydro 
gen sul?de, and mixtures thereof, depending upon the 
desired characteristics of the resulting layer. Accordingly, an 
optional gas is preferably selected from the group consisting 
essentially of a carrier gas, a reactive gas, and mixtures 
thereof. When carrier gases are used, pressures may range 
from about 0.1 torr to about 760 torr (atmospheric pressure) 
and are more typically in range of 0.5 to 300 torr, With the 
pressure chosen to yield the best conformation and a rea 
sonable groWth rate. 

[0042] The precursor and the organometallic catalyst are 
generally maintained at a constant temperature during the 
vaporiZation process for ease of handling. The temperature 
is necessarily beloW the respective decomposition tempera 
ture, but at a temperature such that it is sufficiently capable 
of being volatiliZed in the process of chemical vapor depo 
sition. 

[0043] Prior to initiating CVD, the substrates, such as 
silicon Wafers are pre-cleaned by the standard means of 
sequential soaking in baths such as tetrachloroethane, 
methanol, distilled Water, dilute hydro?uoric acid, and dis 
tilled Water, for example. The Wafers are placed in the CVD 
reaction chamber. The temperature is typically about at least 
as high as the melting point of the precursor and the 
organometallic catalyst, so that the precursor and the orga 
nometallic catalyst each vaporiZe and the Wafer surface is 
exposed to the vapors of for a time sufficient to produce a 
layer, typically about 1 minute or less. 

[0044] Generally, a layer so formed has a thickness of 
about 200 angstroms to about 500 angstroms, although the 
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thickness of the layers may be altered by the time of 
exposure to the vapors, depending upon the desired use of 
the layer. The layers so formed are generally smooth and 
highly re?ective upon visual inspection. Surprisingly, a 
resulting conductive layer is formed on the substrate surface 
(including metals or metalloids from the precursor) that is 
substantially carbon- and oxygen-free When formation takes 
place in the presence of an organometallic catalyst. This is 
true even When the formation of the layer occurs in an 
oxidiZing atmosphere. HoWever, in some instances, it may 
be advantageous to form a layer that includes some amount 
of carbon and/or oxygen. Accordingly, it is Within the scope 
of the present invention to provide a method that is adaptable 
to form conductive layers that contain some amounts of 
carbon and/or oxygen. This can be accomplished by varying 
the amount of organometallic catalyst, concentration of 
oxygen in the oxidiZing atmosphere, or both. 

[0045] When a layer containing residual catalyst material 
is desired, the method of the present invention can be 
optimiZed by varying the amount of organometallic catalyst, 
oxidiZer, or both that are added to the CVD reactor. For 
example, a knoWn ratio of organometallic catalyst to pre 
cursor can be added to the reactor and the amount of oxidiZer 
can be decreased. After deposition, substrates can be ana 
lyZed using a conventional surface analytical technique such 
as by x-ray photo electron spectroscopy (XPS) or Auger 
electron spectroscopy (AES) methods to generate a depth 
pro?le. Subsequent deposition reactions can be performed 
by sequentially decreasing the amount of organometallic 
catalyst and the oxidiZer can be decreased to the point Where 
carbon is observed. The oxidiZer typically has a How rate of 
about 50 sccm and can be decreased to as loW as about 1 
sccm. Layers so formed can be analyZed as above for the 
presence of carbon and/or oxygen. By utiliZing this optimi 
Zation scheme, layer formation conditions can be deter 
mined When different conductive metal- or metalloid-con 
taining precursors are used, When it is desirable to minimiZe 
catalyst material in the layer, and When it is desirable to 
adjust layer thickness. 

[0046] When a substantially carbon- and oxygen-free 
layer is desired, the organometallic catalyst is utiliZed in a 
minor amount, preferably the layer includes about 15% by 
atomic percent or less of a metal from the organometallic 
catalyst, more preferably about 10% by atomic percent or 
less, and more preferably about 5% by atomic percent or 
less. By example, When a layer is desired that contains about 
5% by atomic percent of catalyst material, the optimiZation 
scheme typically begins With an initial input of an organo 
metallic catalyst amount of about 5% catalyst carrier How to 
the precursor carrier ?oW. 

[0047] B. Organometallic Catalyst 

[0048] As discussed above, layer formation in accordance 
With the present invention is preferably accomplished in the 
presence of an organometallic catalyst. “Organometallic 
catalyst,” as used herein, means a mononuclear (i.e., mono 
mer) compound having an organic portion and a metallic 
portion. 

[0049] As used herein, “organic portion” means a hydro 
carbon group that is classi?ed as an aliphatic group, cyclic 
group, or a combination of aliphatic and cyclic groups (e.g., 
alkaryl and aralkyl groups). In the context of the present 
invention, the term “aliphatic group” means a saturated or 
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unsaturated linear or branched hydrocarbon group. This 
term is used to encompass alkyl, alkenyl, and alkynyl 
groups, for example. The term “alkyl group” means a 
saturated linear or branched hydrocarbon group, including, 
for example, methyl, ethyl, isopropyl, t-butyl, heptyl, dode 
cyl, octadecyl, amyl, 2-ethylhexyl, and the like. The term 
“alkenyl group” means an unsaturated linear or branched 
hydrocarbon group With one or more carbon-carbon double 
bonds, such as a vinyl group. The term “alkynyl group” 
means an unsaturated linear or branched hydrocarbon group 
With one or more triple bonds. The term “cyclic group” 
means a closed ring hydrocarbon group that is classi?ed as 
an alicyclic group, aromatic group, or heterocyclic group. 
The term “alicyclic group” means a cyclic hydrocarbon 
group having properties resembling those of aliphatic 
groups. The term “aromatic group” or “aryl group” means a 
mono- or polynuclear aromatic hydrocarbon group. The 
term “heterocyclic group” means a closed ring hydrocarbon 
in Which one or more of the atoms in the ring is an element 
other than carbon (e.g., nitrogen, oxygen, sulfur, etc.). 
[0050] The term “group” is used to describe a chemical 
substituent that includes the unsubstituted group and the 
group With nonperoxidic O, N, or S atoms, for example, in 
the chain as Well as carbonyl groups or other conventional 
substitution. For example, the phrase “alkyl group” is 
intended to include not only pure open chain saturated 
hydrocarbon alkyl substituents, such as methyl, ethyl, pro 
pyl, t-butyl, and the like, but also alkyl substituents bearing 
further substituents knoWn in the art, such as hydroxy, 
alkoxy, alkylsulfonyl, halogen atoms, cyano, nitro, amino, 
carboxyl, etc. Thus, “alkyl group” includes ether groups, 
haloalkyls, nitroalkyls, carboxylalkyls, hydroxylalkyls, sul 
foalkyls, etc. 

[0051] The metal portion of the organometallic catalyst is 
preferably selected from the group consisting essentially of 
platinum, paladium, rhodium, and iridium. While not Wish 
ing to be bound by any particular theory, it is believed that 
the metal portion of the organometallic catalyst competi 
tively reacts With the oxidiZer to promote the combustion of 
the organic component of the precursor. A preferable orga 
nometallic catalyst is selected from the group consisting 
essentially of MeCpPtMe3 (Where Cp=cyclopentadienyl), 
CpPtMe3, Pt(acetylacetonate)2, Pt(PF3)4, and Pt(CO)2Cl2. 
[0052] C. Precursors 
[0053] Various combinations of compounds described 
herein can be used in the precursor for chemical vapor 
deposition. Thus, as used herein, a “precursor” refers to a 
liquid or solid that includes one or more compounds of the 
type described herein. The precursor can also include one or 
more organic solvents suitable for use in chemical vapor 
deposition, as Well as other additives. Preferably, substan 
tially carbon-free and, optionally, substantially oxygen-free 
layers contain metal or metalloid materials formed from a 
precursor. A preferred precursor typically contains an 
organic portion, as de?ned above, and a metal or metalloid 
portion, preferably Wherein the metal or metalloid of the 
precursor is not the same as the metal in the organometallic 
catalyst. In metal- or metalloid-complexes useful as precur 
sors, substitution in the organic portion is often tolerated and 
is sometimes advisable. Thus, substitution is anticipated in 
precursors useful in the present invention. 

[0054] As mentioned above, substantially carbon- and 
oxygen-free layers formed in accordance With the present 
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invention are preferably conductive, and more preferably 
include a metal or a metalloid. Suitable metal or metalloid 

materials for forming a conductive layer can be selected 
from the group consisting essentially of titanium, tantalum, 
ruthenium, osmium, iron, rhodium, cobalt, nickel, iridium, 
cerium, tungsten, aluminum, copper, and mixtures thereof. 
These materials may also be the oxide form thereof. Advan 
tageously, the method according to the present invention 
may be utiliZed to tailor the oxygen content in the oxide 
form of these materials. This is particularly desirable for use 
in forming metal oxide ?lms that are essentially carbon-free. 

[0055] Thus, suitable precursors for forming a conductive 
?lm or layer having an organic portion and a metal or 
metalloid portion in the present invention include, for 
example, substituted ruthenoscenes and osmoscenes. Suit 
able precursors can have the formula LyRuXZ, Wherein L is 
a neutral or monoanionic ligand selected from the group 
consisting essentially of linear hydrocarbyls, branched 
hydrocarbyls, cyclic hydrocarbyls, cyclic alkenes, dienes, 
cyclic dienes, bicyclic dienes, trienes, cyclic trienes, bicyclic 
alkenes, bicyclic dienes, bicyclic trienes, tricyclic alkenes, 
tricyclic dienes, tricyclic trienes, ?uorinated derivatives 
thereof, combinations thereof, and derivatives thereof addi 
tionally containing heteroatoms such as a halide, Si, S, Se, 
P, As, N or O; y has a value from one to three; X is a 
pi-bonding ligand selected from the group consisting essen 
tially of CO, NO, CN, CS, nitriles, isonitriles, trialkylphos 
phine, trialkylamine, isocyanide, and combinations thereof; 
and Z has a value from 1 to three, as described in Applicant’s 
Assignee’s copending patent application Ser. No. , 
entitled “Precursor Chemistries for Chemical Vapor Depo 
sition of Ruthenium and Ruthenium Oxide” (Attorney 
Docket 97-675). Other suitable precursors can have the 
formula (diene)Ru(CO)3, Wherein “diene” refers to linear, 
branched, or cyclic dienes, bicyclic dienes, tricyclic dienes, 
?uorinated derivatives thereof, combinations thereof, and 
derivatives thereof additionally containing heteroatoms such 
as halide, Si, S, Se, P, As, N or O, as described in Applicant’s 
Assignee’s copending patent application Ser. No. 
(Attorney Docket No. 150.00670101). These precursors can 
be prepared according to the methods described in the 
above-referenced patent applications or according to the 
methods described in Applicant’s Assignee’s copending 
application Ser. No. , entitled “Methods for Prepar 
ing Ruthenium and Osmium Compounds” (Attorney Docket 
No. 97-0861). Other suitable precursors can have the for 
mulae (1) (CO)4ML or (2) M2|lu-(1121114—C4R4](CO)6, 
Wherein M is iron, ruthenium, or osmium in formula (1) and 
L is a tWo-electron donor ligand and each R is H, halo, OH, 
alkyl, per?uoroalkyl, or aryl, as described in US. Pat. No. 
5,376,849 (McCormick et al.). Preferred precursors can be 
selected from the group of (cyclohexadiene)Ru(CO)3, 
(cycloheptadiene)Ru(CO)3, bis(isoproplylcyclopentadi 
enyl)ruthenium, bis(isoproplylcyclopentadienyl)osmium; 
osmium tetrachloride; tris(acetylacentonate)ruthenium; 
ruthenium carbonyl chloride; and penta(tri?uorophos 
phine)ruthenium. 
[0056] Conductive barrier layer formation is also possible 
in accordance With the present invention. Because metal 
nitrides are particularly useful as barrier ?lms or layers, 
suitable precursors Would be tetrakis-(diethylamino)-tita 
nium, tetrakis-(dimethylamino)-titanium, ethylimido tanta 
lum, terbutylimido-tris-dimethylamino tantalum, and 
(isopropylcyclopentadienyl)2WH2, that are capable of form 
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ing layers containing a nitride form of titanium, tantalum, 
and tungsten, depending on the precursor used. 

[0057] D. Substrate Assemblies 

[0058] Any type of substrate can be used, including met 
als, graphite, semiconductors, insulators, ceramics and the 
like as long as the substrate is not substantially deteriorated 
under the deposition conditions. Such substrates include, but 
are not limited to, silicon, tin oxide, gallium arsenide 
(GaAs), silica, glass, alumina, Zirconia, as Well as polyim 
ide, polymethyl-methacrylate, polystryene, parylene, and 
other synthetic polymers. 

[0059] Although the exempli?ed substrate surfaces are 
planar, the present process can provide conformal deposition 
so that the material can be deposited as continuous layers 
into recesses, trenches, and vias, and over stepped surfaces, 
such as those Which are topologically microstructured 
including those that may have relatively high aspect ratios. 
The substrate can be of any desired shape, either regular or 
irregular. Thus, the substrate can be a rectangular solid or 
other solid characteriZed by ?at exterior surfaces. Cylindri 
cal surfaces, such as rods and Wires, can also be coated 
according to this invention. Spherical surfaces and other 
curved surfaces can also be coated. The substrate can even 
be particulate and/or be holloW, as for example, a tube or a 
holloW or porous sphere or irregular particle having open 
ings to the exterior. For example, such applications include 
capacitors such as planar cells, trench cells (e.g., double 
sideWall trench capacitors), stacked cells (e.g., croWn, 
V-cell, delta cell, multi-?ngered, or cylindrical container 
stacked capacitors), as Well as ?eld effect transistor devices. 
The substrate could also include rough surfaces, such as 
hemispherical grain polysilicon. 

[0060] Referring to FIG. 1, a layer 34 is shoWn deposited 
on a substrate assembly 31, including one or more layers 30, 
32. The layer 34, deposited in accordance With the present 
invention, includes a metal or metalloid material, Which 
depends upon the composition of the precursor used, and a 
metal, dependent upon the composition of the organometal 
lic catalyst used. Preferably, the layer 34 is substantially 
carbon- and oxygen-free. Accordingly, the layer 34 can be 
thought of as an alloy formed from the metal or metalloid 
material from the precursor and the metal from the organo 
metallic catalyst. As mentioned above, the layer 34 can also 
contain minor amounts of carbon and/or oxygen, depending 
upon the layer forming conditions utiliZed. Preferably, the 
layer has a thickness of about 100 angstroms to about 500 
angstroms. 

[0061] Referring to FIG. 2, a cross-sectional vieW of a 
portion of a dynamic random access memory (DRAM) cell 
is shoWn illustrating the use of the present invention. Typi 
cally, a silicon substrate 7 has at least one substantially 
planar ?eld oxide region 5 formed thereon (generally formed 
by conventional local oxidation of silicon (LOCOS) or 
special LOCOS processing). The creation of the ?eld oxide 
region 5 is preceded or folloWed by a thermally groWn 
dielectric layer 8, typically of silicon oxide. FolloWing the 
creation of the ?eld oxide region 5 and the dielectric layer 
8, a ?rst conductively doped polysilicon layer 10, a metal 
silicide layer 15, an oxide layer 16, and a relatively thick 
nitride layer 20 are deposited. The layers are patterned and 
etched to form Wordlines 21 and N-channel (NCH) ?eld 
effect transistors 22. The formation of the FETs 22 and 
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Wordlines 21 as described are exemplary to one application 
to be used in conjunction With the present embodiment of the 
invention. Other methods of fabrication and other applica 
tions are also feasible and perhaps equally desirable. 

[0062] Next, a relatively thick ?rst insulative conformal 
layer of undoped oxide 40 is blanket deposited to ?ll the 
storage node areas and overlie the FETs 22 and Wordlines 
21. The oxide 40 is planariZed, for example by chemical 
mechanical planariZation (CMP), in order to provide a 
uniform height. Optionally nitride, oxynitride or another 
suitable material may be deposited as the insulative layer. 

[0063] The oxide 40 is etched, preferably dry etched, to 
form self-aligned openings (not labeled) exposing the con 
tact area 55 of the substrate. In order to provide electrical 
communication betWeen the substrate 7 and a storage cell 
capacitor 89, a polysilicon plug 65 is formed in each 
opening. Various methods may be used to form the poly 
silicon plugs 65, such as a selective silicon groWth from the 
contact area 55 or an in-situ doped polysilicon deposition 
and subsequent etch back or CMP back. Upper portions of 
each polysilicon plug 65 is removed during a dry etch in 
order to form a recess (not labeled). Optionally, a titanium 
silicide layer 67 overlies the polysilicon plug 65, Which 
provides a ?rst barrier layer. 

[0064] A second barrier layer 75 is formed by a chemical 
vapor deposition (CVD), as described above. The barrier 
layer 75 typically has a thickness that is equal to or greater 
than the depth of the recess in the oxide layer 40. In general, 
the titanium silicide layer 67 loWers a contact resistance 
betWeen the polysicilon plug 65 and the barrier layer 75 
Which tends to reduce degradation during subsequent pro 
cessing. The barrier layer 75 tends to prevent diffusion of 
silicon from the polysilicon plug 65 and the titanium silicide 
layer 67 during subsequent high temperature anneals. Pref 
erably, the barrier layer 75 contains a conductive metal 
selected from the group consisting essentially of aluminum, 
titanium, tungsten, ruthenium, osmium, iridium, rhodium, 
and mixtures thereof. 

[0065] Typically, the barrier layer 75 is planariZed, pref 
erably by CMP, in order to expose the oxide layer 40 While 
retaining the barrier layer 75 overlying the titanium silicide 
67. Preferably, a suf?cient depth of the barrier layer 75 is 
retained in order to inhibit silicon diffusion of the polysili 
con plug 65 and the titanium silicide layer 67. The barrier 
layer 75 is preferably formed by the layer forming method 
(i.e., in the presence of an organometallic catalyst) described 
above, Wherein the barrier layer 75 is substantially carbon 
and oxygen-free. This is advantageous for tWo reasons. First, 
it prevents the poisoning of the high dielectric layer by 
carbon and, second, high capacity devices can be formed in 
accordance With the present invention because CVD is 
particularly Well suited for layer formation on surfaces 
having high aspect ratios. As shoWn in FIG. 2, only an upper 
surface of the barrier layer 75 is exposed so that the barrier 
layer sideWalls 80 are protected by the oxide layer 40. 

[0066] Preferably, a second relatively thick insulative 
layer 83 is deposited, patterned and etched to expose at least 
a portion of the barrier layer 75, thus forming an opening 
(not labeled) thereon. It is not important that the opening be 
precisely aligned With the barrier layer 75. Preferably, the 
second insulative layer 83 includes an oxide, a nitride, an 
oxynitride, or mixtures thereof. In formation of any insula 
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tive layer herein, formation may be accomplished by depos 
iting tWo separate insulative layers. For example, nitride can 
be deposited and then an oxide can be deposited over the 
nitride in accordance With the present invention. 

[0067] A layer 85, preferably platinum, is formed by CVD 
over the second insulative layer 83 and exposed portions of 
the barrier layer 75 to form a loWer electrode. It is desirable 
that the layer 85 is resistant to oxidation to provide a surface 
for the deposition of a high dielectric constant material. In 
addition, the layer 85 protects the top surface of the barrier 
layer 75 from strong oxidiZing conditions during deposition 
of the high dielectric constant material layer 87. Therefore, 
preferably, platinum, iridium, rhodium, ruthenium, ruthe 
nium oxide, rhodium oxide and iridium oxide can be used as 
the bottom portion 85 or as one or more layers thereof 
because it is less likely to oxidiZe during high dielectric 
constant material deposition and subsequent anneals. In 
general, an electrode that forms a nonconductive oxide 
Would result in a loW dielectric constant layer beneath the 
high dielectric constant material, thus negating the advan 
tages provided by the high dielectric constant material. 

[0068] FolloWing the deposition of the substantially car 
bon- and oxygen-free layer 85, and dielectric layer 87, a cell 
plate electrode layer 88 is provided to form a storage node 
capacitor 89, as shoWn in FIG. 2. 

[0069] Referring noW to FIG. 3, a substantially planar 
capacitor 120 is shoWn. The Wafer portion of FIG. 2 
includes a relatively thin insulative layer 100, Which has 
been deposited, patterned and etched such that at least a 
portion of layer 75 is exposed. A layer of non-oxidiZing 
material forms bottom electrode 105 in accordance With the 
present invention, as described above With respect to layer 
85. A dielectric layer 110 and a top electrode 115 are 
provided to form the storage node capacitor 120. One skilled 
in the art Will recogniZe that either one or both of the 
electrodes may be formed according to the present inven 
tion. Further, the present invention may be used to form one 
or more layers of a stack forming one or both of the 
electrodes. 

[0070] Preferably, for many devices, including those 
described above, materials suitable for forming high dielec 
tric constant material layers are selected from the group 
consisting essentially of BaXSr(1_X)TiO3 [Barium Strontium 
Titanate or BST], BaTiO3, SRTiO3, PbTiO3, Pb(Zr,Ti)O3 
[Lead Zirconium Titanate or PZT], (Pb,La)(Zr,Ti)O3 
[PLZT], (Pb,La)TiO3 [PLT], KNO3, LiNbO3, and mixtures 
thereof. Preferably, cell plate layers, as shoWn above, are 
formed With CVD or sputter coating to a thickness of about 
50 nm to about 200 nm. Preferably, the electrodes include a 
conductive material such as those described above and can 
be formed in accordance With the present invention. 

EXAMPLE 

[0071] The folloWing example is offered to further illus 
trate preferred embodiments and techniques. It should be 
understood, hoWever, that many variations and modi?ca 
tions may be made While remaining Within the scope of the 
present invention. 

[0072] A silicon Wafer Was placed in a conventional small 
scale CVD chamber made by Vacuum Products Corp., 
HayWard, Calif. The organometallic catalyst Was 
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MeCpPtMe3, and Was supplied With a carrier gas of helium 
at 5 SCCM. The precursor, C6H8Ru(CO)3, Was supplied 
With a carrier gas of helium at 10 SCCM. The oxidizer, 
oxygen gas, Was supplied at 10 SCCM. The organometallic 
catalyst Was held in a bubbler at a pressure of 10 torr and a 
temperature of 33° C. The precursor Was held in a bubbler 
at a pressure of 10 torr and a temperature of 25° C. The CVD 
reaction chamber pressure Was 5 torr. The deposition tem 
perature at the Wafer surface Was 315° C. The deposition 
reaction Was carried out for 5 minutes. 

[0073] The silicon Wafer having the layer deposited 
thereon Was analyZed using a PhI 5600 x-ray photo electron 
spectroscopy (XPS) from Physical Electronics, Eden Prairie, 
Minn. 

[0074] FIG. 4 is a depth pro?le generated for a Wafer 
having a layer deposited as described above. The ?gure 
shoWs the composition as a function of the depth for the ?lm 
deposited. FIG. 4 shoWs that the oxygen content of the 
Ru-Pt ?lm is beloW detection limits of XPS (i.e., less than 
about 0.5% by atomic percent), even though the Ru Was 
co-deposited in an oxygen-containing atmosphere. The car 
bon levels Were also beloW detection limits. 

[0075] Surprisingly, the ruthenium layer so formed con 
tained no detectable carbon or oxygen as compared to a layer 
formed under similar conditions in the absence of the 
organometallic catalyst, Which formed a ruthenium oxide 
layer. Further, When a conductive layer Was formed by 
sequentially (as opposed to simultaneously) depositing the a 
conductive layer on a layer formed from a metal portion of 
the organometallic catalyst, a conductive metal oxide still 
formed. Accordingly, it is the deposition of the conductive 
layer in the presence of the organometallic catalyst (i.e., the 
simultaneous deposition) that prevents the oxidation of the 
conductive material during deposition, even in an oxidiZing 
atmosphere. 

[0076] All patents, patent documents, and publications 
cited herein are incorporated by reference as if each Were 
individually incorporated by reference. Various modi?ca 
tions and alterations of this invention Will be apparent to 
those skilled in the art Without departing from the scope and 
spirit of this invention, and it should be understood that this 
invention is not limited to the illustrative embodiments set 
forth herein. 

What is claimed is: 
1. A method for use in fabrication of integrated circuits 

comprising the steps of: 

forming a substrate assembly having a surface; and 

forming a substantially carbon- and oxygen-free layer 
from a precursor comprising a conductive material in 
an oxidiZing atmosphere and in the presence of an 
organometallic catalyst, Wherein a metal portion of the 
organometallic catalyst is different than the conductive 
material of the precursor. 

2. The method of claim 1 Wherein the metal portion of the 
organometallic catalyst is selected from the group consisting 
essentially of platinum, paladium, rhodium, and iridium. 

3. The method of claim 1 Wherein the material is selected 
from the group consisting essentially of a metal, a metalloid, 
and mixtures thereof. 
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4. The method of claim 3 Wherein the metal and metalloid 
each can be in the form of a sul?de, a selenide, a telluride, 
a nitride, a silicide, an oxide, and mixtures thereof. 

5. The method of claim 1 Wherein the material is selected 
from the group consisting essentially of titanium, tantalum, 
ruthenium, osmium, iron, rhodium, cobalt, nickel, iridium, 
cerium, tungsten, aluminum, copper, and mixtures thereof. 

6. The method of claim 4 Wherein the substantially 
carbon- and oxygen-free layer further comprises a metal 
selected from the group consisting essentially of platinum, 
paladium, rhodium, and iridium. 

7. The method of claim 1 Wherein the substantially 
carbon- and oxygen-free layer comprises the metal portion 
from the organometallic catalyst in an amount no greater 
than about 20% by atomic percent. 

8. The method of claim 1 Wherein the step of forming the 
substantially carbon- and oxygen-free conductive layer 
comprises depositing a material from the precursor selected 
from the group consisting essentially of titanium, tantalum, 
ruthenium, osmium, iron, rhodium, cobalt, nickel, iridium, 
cerium, tungsten, aluminum, copper, and mixtures thereof 
by chemical vapor deposition in the presence of a platinum 
containing organometallic catalyst. 

9. The method of claim 8 Wherein the material is selected 
from the group consisting essentially of titanium, tantalum, 
ruthenium, osmium, iron, rhodium, cobalt, nickel, iridium, 
cerium, tungsten, aluminum, copper, and mixtures thereof. 

10. A method for use in formation of a capacitor on a 
substrate comprising the steps of: 

forming a surface of a substrate assembly; 

forming a ?rst electrode on at least a portion of the surface 
of the substrate assembly, the ?rst electrode comprising 
a substantially carbon- and oxygen-free layer deposited 
in an oxidiZing atmosphere in the presence of an 
organometallic catalyst, Wherein the substantially car 
bon- and oxygen-free layer is formed from a conduc 
tive metal-containing precursor, Wherein the conduc 
tive metal of the precursor is different than the metal 
portion of the organometallic catalyst; 

forming a dielectric material over at least a portion of the 
?rst electrode; and 

forming a second electrode on at least a portion of the 
dielectric material. 

11. The method of claim 10 Wherein the organometallic 
catalyst comprises a metal portion selected from the group 
consisting essentially of platinum, paladium, rhodium, and 
iridium. 

12. The method of claim 10 Wherein the conductive 
metal-containing precursor comprises a conductive material 
selected from the group consisting essentially of titanium, 
tantalum, ruthenium, osmium, iron, rhodium, cobalt, nickel, 
iridium, cerium, tungsten, aluminum, copper, and mixtures 
thereof. 

13. The method of claim 12 Wherein the substantially 
carbon- and oxygen-free conductive layer further comprises 
a metal selected from the group consisting essentially of 
platinum, paladium, rhodium, and iridium. 

14. The method of claim 10 Wherein the substantially 
carbon- and oxygen-free conductive layer comprises a metal 
from the organometallic catalyst in an amount no greater 
than about 20% by atomic percent. 
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15. The method of claim 10 wherein the step of forming 
the substantially carbon- and oxygen-free conductive layer 
comprises forming a substantially carbon- and oxygen-free 
layer by chemical vapor deposition. 

16. The method of claim 10 Wherein the substantially 
carbon- and oxygen-free conductive layer comprises a sub 
stantially carbon- and oxygen-free conductive barrier layer. 

17. A semiconductor structure comprising: 

a substrate assembly including a surface; 

a substantially carbon- and oxygen-free conductive layer 
comprising a major portion of a conductive material 
and a minor portion of a metal selected from the group 
consisting essentially of platinum, paladium, rhodium, 
and iridium, Wherein the major portion of the conduc 
tive material is not the same as the minor portion of the 
metal. 

18. The semiconductor structure of claim 17 Wherein the 
minor portion comprises about 20% by atomic percent or 
less of the substantially carbon- and oxygen-free conductive 
layer. 

19. The semiconductor structure of claim 17 Wherein the 
substantially carbon- and oxygen-free conductive layer 
comprises a material selected from the group consisting 
essentially of titanium, tantalum, ruthenium, osmium, iron, 
rhodium, cobalt, nickel, iridium, cerium, tungsten, alumi 
num, copper, and mixtures thereof. 

20. The semiconductor structure of claim 17 Wherein the 
substantially carbon- and oxygen-free conductive layer is 
formed by chemical vapor deposition in an oxidiZing atmo 
sphere and in the presence of an organometallic catalyst. 

21. The semiconductor structure of claim 17 Wherein the 
substantially carbon- and oxygen-free conductive layer 
comprises a material selected from the group consisting 
essentially of titanium, tantalum, ruthenium, osmium, iron, 
rhodium, cobalt, nickel, iridium, cerium, tungsten, alumi 
num, copper, and mixtures thereof; and a metal selected 
from the group consisting essentially of platinum, paladium, 
rhodium, and iridium. 

22. The semiconductor structure of claim 17 Wherein the 
substantially carbon- and oxygen-free conductive layer 
comprises at least one of a semiconductor structure selected 
from the group consisting essentially of an electrode sub 
strate, an electrode, a barrier layer, a contact layer, an 
interconnect component, an adhesion layer, and a dielectric 
layer. 

23. A semiconductor structure comprising: 

a substrate assembly including a surface; 

a substantially carbon-free conductive layer comprising a 
major portion of a conductive metal oxide and a minor 
platinum portion. 

24. The semiconductor structure of claim 23 Wherein the 
minor platinum portion comprises about 20% by atomic 
percent or less of platinum in the substantially carbon-free 
conductive layer. 

25. The semiconductor structure of claim 23 Wherein the 
substantially carbon-free conductive layer comprises the 
oxide of a metal selected from the group consisting essen 
tially of titanium, tantalum, ruthenium, osmium, iron, 
rhodium, cobalt, nickel, iridium, cerium, tungsten, alumi 
num, copper, and mixtures thereof. 

26. The semiconductor structure of claim 23 Wherein the 
substantially carbon-free conductive layer is formed by 
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chemical vapor deposition in an oxidiZing atmosphere and in 
the presence of an organometallic catalyst. 

27. The semiconductor structure of claim 23 Wherein the 
substantially carbon-free conductive layer comprises a 
major portion of the metal oxide selected from the group 
consisting essentially of aluminum oxide, titanium oxide, 
tungsten oxide, ruthenium oxide, osmium oxide, iridium 
oxide, rhodium oxide, tantalum oxide, cobalt oxide, copper 
oxide, and mixtures thereof. 

28. A memory cell structure comprising: 

a substrate assembly including at least one active device; 
and 

a capacitor formed relative to the at least one active 
device, the capacitor comprising at least one electrode 
including a substantially carbon- and oxygen-free con 
ductive layer, Wherein the substantially carbon- and 
oxygen-free conductive layer comprises a major por 
tion of a conductive material selected from the group 
consisting essentially of titanium, tantalum, ruthenium, 
osmium, iron, rhodium, cobalt, nickel, iridium, cerium, 
tungsten, aluminum, copper, and mixtures thereof; and 
further Wherein the substantially carbon- and oxygen 
free conductive layer includes a minor portion of a 
metal selected from the group consisting essentially of 
platinum and paladium. 

29. The memory cell structure of claim 28, Wherein the 
capacitor further comprises: 

a ?rst electrode formed on a silicon-containing region of 
the at least one active device; 

a dielectric material on at least a portion of the ?rst 

electrode; and 

a second electrode on the high dielectric material, Wherein 
the ?rst electrode comprises the substantially carbon 
and oxygen-free conductive layer. 

30. The memory cell structure of claim 28 Wherein the 
substantially carbon- and oxygen-free conductive layer is 
formed by chemical vapor deposition in an oxidiZing atmo 
sphere and in the presence of an organometallic catalyst. 

31. The memory cell structure of claim 28 Wherein the 
substantially carbon- and oxygen-free conductive layer 
comprises at least one of a semiconductor structure selected 
from the group consisting essentially of an electrode sub 
strate, an electrode, a barrier layer, a contact layer, an 
interconnect component, and a bond pad. 

32. A method for forming a substantially carbon- and 
oxygen-free conductive layer comprising the steps of: 

forming a substrate including a heated surface; 

forming a reactor chamber having an oxidiZing atmo 
sphere Within the chamber; 

supplying a precursor to the reactor; and 

supplying an organometallic catalyst to the reactor, 

Wherein the substantially carbon- and oxygen-free con 
ductive layer forms on the heated surface. 

33. The method of claim 32 Wherein the organometallic 
catalyst comprises a metallic portion selected from the group 
consisting essentially of platinum and paladium. 

34. The method of claim 32 Wherein the precursor com 
prises a material selected from the group consisting essen 
tially of titanium, tantalum, ruthenium, osmium, iron, 
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rhodium, cobalt, nickel, iridium, cerium, tungsten, alumi 
num, copper, and mixtures thereof. 

35. The method of claim 32 Wherein the oxidizing atmo 
sphere comprises a compound selected from the group 
consisting essentially of oxygen, oZone, nitrous oxide, 
hydrogen peroxide, R202, and a combination thereof, 
Wherein R is selected from the group consisting of a satu 
rated or unsaturated linear, branched or cyclic hydrocarbon 
group having about 1 carbon atom to about 20 carbon atoms, 
preferably about 2 carbon atoms to about 12 carbon atoms, 
for example, methyl, ethyl, isopropyl, t-butyl, heptyl, dode 
cyl, octadecyl, amyl, 2-ethylhexyl, and the like. 

36. The method of claim 32 further comprising supplying 
a reactive gas to the reactor, Wherein the reactive gas is 
selected from the group consisting essentially of ammonia, 
silane, hydrogen sul?de, and mixtures thereof. 

37. The method of claim 32 Wherein the reaction chamber 
is at a pressure of about 0.5 torr to about 50 torr. 

38. A method of optimiZing components in a conductive 
layer comprising the steps of: 

forming a conductive layer comprising the steps of: 

forming a reactor chamber having a knoWn concentra 
tion of oxygen in an oxidiZing atmosphere; 

forming a substrate having a heated surface; 

supplying a ?xed amount of a precursor to a reactor; 
and 

supplying a ?xed amount of an organometallic catalyst 
to the reactor, Wherein the conductive layer forms on 
the surface of the substrate; 

analyZing the conductive layer for component amounts; 
and 

repeating the steps of forming and analyZing a conductive 
layer, Wherein one of the ?xed amount of the organo 
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metallic catalyst or the concentration of oxygen in the 
oxidiZing atmosphere is varied until carbon is detected 
in the conductive layer. 

39. The method of claim 38 Wherein the ?xed amount of 
the organometallic catalyst is about 15% by atomic percent 
and is varied by decreasing the ?xed amount. 

40. The method of claim 38 Wherein the organometallic 
catalyst comprises a material selected from the group con 
sisting essentially of platinum and paladium. 

41. The method of claim 38 Wherein the knoWn concen 
tration of oxygen in an oxidiZing atmosphere is about 30% 
by atomic percent and is varied by decreasing the knoWn 
amount. 

42. The method of claim 38 Wherein the precursor com 
prises a material selected from the group consisting essen 

tially of titanium, tantalum, ruthenium, osmium, iron, 
rhodium, cobalt, nickel, iridium, cerium, tungsten, alumi 
num, copper, and mixtures thereof. 

43. The method of claim 38 Wherein the conductive layer 
comprises a material selected from the group consisting 
essentially of a metal, a metal oxide, a metal nitride and a 
metal silicide. 

44. The method of claim 38 Wherein the conductive layer 
comprises a substantially carbon- and oxygen-free conduc 
tive layer. 

45. The method of claim 38 Wherein the conductive layer 
comprises a major portion of a material selected from the 
group consisting essentially of titanium, tantalum, ruthe 
nium, osmium, iron, rhodium, cobalt, nickel, iridium, 
cerium, tungsten, aluminum, copper, and mixtures thereof, 
and a minor portion of a metal selected from the group 
consisting essentially of platinum and paladium. 


