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(57) ABSTRACT 

The invention a chemical vapor deposition method of form 
ing a barium Strontium titanate comprising dielectric layer 
having a varied concentration of barium and Strontium, 
and/or titanium, within the layer. A Substrate is positioned 
within a chemical vapor deposition reactor. Barium and 
Strontium are provided within the reactor by flowing at least 
one metal organic precursor to the reactor. Titanium is 
provided within the reactor. One or more oxidizers are 
flowed to the reactor. In one aspect, conditions are provided 
within the reactor to be effective to deposit a barium 
Strontium titanate comprising dielectric layer on the Sub 
Strate from the reactants. 
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CHEMICAL VAPOR DEPOSITION METHODS OF 
FORMING BARIUM STRONTUM TITANATE 

COMPRISING DIELECTRIC LAYERS, INCLUDING 
SUCH LAYERS HAVING AWARIED 
CONCENTRATION OF BARUMAND 
STRONTUM WITHIN THE LAYER 

TECHNICAL FIELD 

0001. This invention relates to chemical vapor deposition 
methods of forming barium Strontium titanate comprising 
dielectric layers, including Such layerS having varied con 
centration of barium and Strontium within the layer. 

BACKGROUND OF THE INVENTION 

0002 ASDRAMs increase in memory cell density, there 
is a continuing challenge to maintain Sufficiently high Stor 
age capacitance despite decreasing cell area. Additionally, 
there is a continuing goal to further decrease cell area. One 
principal way of increasing cell capacitance is through cell 
Structure techniques. Such techniques include three-dimen 
Sional cell capacitors, Such as trenched or Stacked capacitors. 
Yet as feature size continues to become Smaller and Smaller, 
development of improved materials for cell dielectrics as 
well as the cell Structure are important. The feature size of 
256Mb DRAMs and beyond will be on the order of 0.25 
micron or less, and conventional dielectricS Such as SiO2 and 
SiN might not be suitable because of small dielectric 
COnStantS. 

0003 Highly integrated memory devices are expected to 
require a very thin dielectric film for the 3-dimensional 
capacitor of cylindrically Stacked or trench Structures. To 
meet this requirement, the capacitor dielectric film thickneSS 
will be below 2.5nm of SiO equivalent thickness. 
0004 Insulating inorganic metal oxide materials (such as 
ferroelectric materials, perovskite materials and pentoxides) 
are commonly referred to as “high k’ materials due to their 
high dielectric constants, which make them attractive as 
dielectric materials in capacitors, for example for high 
density DRAMs and non-volatile memories. Using such 
materials enables the creation of much Smaller and Simpler 
capacitor Structures for a given Stored charge requirement, 
enabling the packing density dictated by future circuit 
design. One Such known material is barium Strontium titan 
ate. 

SUMMARY 

0005 The invention comprises in one aspect a chemical 
Vapor deposition method of forming a barium Strontium 
titanate comprising dielectric layer. A Substrate is positioned 
within a chemical vapor deposition reactor. Barium and 
Strontium are provided within the reactor by flowing at least 
one metal organic precursor to the reactor. Titanium is 
provided within the reactor. At least one oxidizer is flowed 
to the reactor. Conditions are provided within the reactor to 
be effective to deposit a barium Strontium titanate compris 
ing dielectric layer on the Substrate from the reactants. The 
barium and Strontium are provided within the reactor during 
all of the deposit of Said layer at a Substantially constant 
atomic ratio of barium to Strontium. During the deposit a rate 
of flow of the oxidizer to the reactor is changed at least once 
to effect a change in relative atomic concentration of barium 
and Strontium within the deposited barium Strontium titanate 
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comprising dielectric layer. In one aspect, during the deposit 
a rate of flow of the oxidizer to the reactor is changed at least 
once to effect a change in atomic concentration of titanium 
within the deposited barium Strontium titanate comprising 
dielectric layer. 
0006. In other aspects, barium and strontium are provided 
within the reactor by flowing at least one metal organic 
precursor to the reactor. Titanium is provided within the 
reactor. Multiple oxidizers are flowed to the reactor. Con 
ditions are provided within the reactor to be effective to 
deposit a barium Strontium titanate comprising dielectric 
layer on the Substrate from the reactants. In one embodi 
ment, the oxidizers comprise at least Oand N, with the O 
being present within the reactor during at least a portion of 
the deposit at greater than 10% by volume of the total 
volume of N and O within the reactor. In one embodiment, 
the oxidizers comprise at least O and NO, where “X” is at 
least 1. In one embodiment, the oxidizers comprise at least 
O and NO, where “X” is at least 1. In one embodiment, the 
oxidizers comprise at least NO and NO, where “X” is at 
least 1. 

0007. Other embodiments are contemplated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 Preferred embodiments of the invention are 
described below with reference to the following accompa 
nying drawings. 

0009 FIG. 1 is schematic diagram of an exemplary 
System uSable in accordance with an aspect of the invention. 
0010 FIG. 2 a diagrammatic sectional view of a semi 
conductor wafer fragment in process in accordance with an 
aspect of the invention. 
0011 FIG. 3 is a diagrammatic sectional view of an 
alternate embodiment Semiconductor wafer fragment in pro 
ceSS in accordance with an aspect of the invention. 
0012 FIG. 4 is a diagrammatic sectional view of another 
alternate embodiment Semiconductor wafer fragment in pro 
ceSS in accordance with an aspect of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0013 This disclosure of the invention is submitted in 
furtherance of the constitutional purposes of the U.S. Patent 
Laws “to promote the progreSS of Science and useful arts” 
(Article 1, Section 8). 
0014. The prior art recognizes the desirability in certain 
instances of fabricating barium Strontium titanate dielectric 
regions of capacitors to have variable concentration at 
different elevational locations in the thickness of Such 
regions of barium and Strontium. The typical prior art 
method of providing variable stoichiometry of barium and 
Strontium at Selected locations within the thickness of a 
barium Strontium titanate dielectric region is to vary the 
flows of the barium and Strontium precursors to the reactor 
during a chemical vapor deposition (which may or may not 
be plasma enhanced). For example, increasing or decreasing 
the flow of the barium precursor or the Strontium precursor 
will impact the atomic ratio of barium to Strontium in the 
deposited barium Strontium titanate layer. In Some instances, 
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Separate barium and Strontium precursors are mixed in the 
Vapor phase, and the vapor mixture is flowed to the reactor. 

0.015 FIG. 1 diagrammatically illustrates but one chemi 
cal vapor deposition System 10 in accordance with but one 
implementation of a chemical vapor deposition method in 
accordance with an aspect of the invention. Such comprises 
an Aprecursor feed Stream 12 and a B precursor feed Stream 
14. Such combine and feed to a vaporizer 16. An inert gas 
stream 18 can also be provided to vaporizer 16 to facilitate 
flow of the vaporized precursors to a downstream chamber. 

0016 A chemical vapor deposition chamber 20 is con 
nected downstream of vaporizer 16. Such includes a show 
erhead 22 for receiving and distributing gaseous precursors 
therein. A Suitable wafer holder 24 is received within cham 
ber 20. Oxidizer gas feed streams, for example two oxidizer 
feed Streams C and D, are preferably provided upstream of 
the showerhead. Further, an additional inert gas feed Stream 
19 is shown positioned between the oxidizer feed streams 
and chamber. More or less feed streams with or without 
mixing might also of course be utilized. The deposition is 
preferably conducted at Subatmospheric pressure, with a 
Vacuum pump 26 and an exemplary valve 28 being dia 
grammatically illustrated for achieving a desired vacuum 
pressure within chamber 20. Further, the deposition may or 
may not be plasma enhanced. 

0.017. In one example, and by way of example only, the 
A Stream consists essentially of a mixture of Ba and Sr 
precursors (i.e., preferably about 50%-50% by volume), and 
the B stream consists essentially of Tiprecursor(s). Example 
preferred deposition is by metal organic chemical vapor 
deposition (MOCVD) processes, with at least one oxidizer 
being provided within chamber 20 with suitable MOCVD 
precursors to deposit a desired barium Strontium titanate 
comprising dielectric layer. Example precursors, and by way 
of example only, include: 

Ba(thd) bis(tetramethylheptanedionate) 
Sr(thd) bis(tetramethylheptanedionate) 
Ti(thd) (O-i-Pr). (isopropoxide)bis(tetramethylheptanedionate) 
Ba(thd), bis(tetramethylheptanedionate) 
Sr(thd) bis(tetramethylheptanedionate) 
Ti(dmae) bis(dimethylaminoethoxide) 
Ba(methd), bis(methoxyethoxyte, hetramethylheptanedionate) 
Sr(methd), bis(methoxyethoxyte, tetramethylheptanedionate) 
Ti(mpd)(thd) bis(methylpentanediol, tetramethylheptanedionate) 
Ba(dpm), bis(dipivaloylmethanato) 
Sr(dpm), bis(dipivaloylmethanato) 
TiO(dpm), (titanyl)bis(dipivaloylmethanato) 
Ba(dpm), bis(dipivaloylmethanato) 
Sr(dpm), bis(dipivaloylmethanato) 
Ti(t-BuO)2(dpm) (t-butoxy)bis(dipivaloylmethanato) 
Ba(dpm), bis(dipivaloylmethanato) 
Sr(dpm), bis(dipivaloylmethanato) 
Ti(OCH)(dpm), (methoxy)bis(dipivaloylmethanato) 

0018) Adducts (i.e., tetraglyme, trietherdiamine, pentam 
ethyldiethlyenetriamine), Solvents (i.e., butylacetate, metha 
nol, tetrahydrofuran), and/or other materials might be uti 
lized with the precursors. By way of example only, and 
where the precursors include metal organic precursors, 
example flow rates for the various of Such precursors include 
anywhere from 10 mg/min. to 1000 mg/min. of liquid feed 
to any Suitable vaporizer. 
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0019. A first aspect of the invention is described in 
connection with a chemical vapor deposition method of 
forming a barium Strontium titanate comprising dielectric 
layer. By way of example only, three exemplary implemen 
tations are described with reference to FIGS. 2-4. FIG. 2 
depicts an exemplary Substrate 110 comprising a bulk 
monocrystalline silicon substrate 112. In the context of this 
document, the term "Semiconductor Substrate' or “semicon 
ductive Substrate' is defined to mean any construction 
comprising Semiconductive material, including, but not lim 
ited to, bulk Semiconductive materials Such as a Semicon 
ductive wafer (either alone or in assemblies comprising 
other materials thereon), and Semiconductive material layers 
(either alone or in assemblies comprising other materials). 
The term “Substrate” refers to any Supporting Structure, 
including, but not limited to, the Semiconductive Substrates 
described above. An insulative layer 114, such as borophos 
phosilicate glass (BPSG) by way of example only, is formed 
over Substrate 112. A conductive capacitor electrode layer 
116, Such as platinum or an alloy thereof by way of example 
only, is formed over layer 114. 
0020 Such substrate is placed within a chemical vapor 
deposition reactor. Plasma, remote or within the chamber, 
might be utilized. Barium and strontium are provided within 
the reactor by flowing at least one metal organic precursor 
to the reactor. Titanium is also provided within the reactor. 
By way of example only, exemplary precursors are as 
described above. At least one oxidizer is also flowed to the 
reactor. Conditions are provided within the reactor effective 
to deposit a barium strontium titanate comprising dielectric 
layer 118 on the Substrate. 
0021. In accordance with but one aspect of the invention, 
the barium and Strontium are provided within the reactor 
during all of the deposit of layer 118 at a substantially 
constant atomic ratio of barium to Strontium. In the context 
of this document, a “Substantially constant atomic ratio” of 
the barium and Strontium in Vapor phase within the reactor 
is to be interpreted as being from identically the same to 
within 5% atomic. In but one embodiment, during the 
deposit a rate of flow of the oxidizer is changed at least once 
to effect a change in relative atomic concentration of barium 
and Strontium within the deposited barium Strontium titanate 
comprising dielectric layer. Further in but one embodiment, 
during the deposit a rate of flow of the oxidizer to the reactor 
is changed at least once to effect a change in atomic 
concentration of titanium within the deposited barium Stron 
tium titanate comprising dielectric layer. Preferably in addi 
tion to providing a Substantially constant atomic ratio of 
barium and Strontium during all of the deposit, the barium 
and Strontium are provided within the reactor during all of 
the deposit of the layer 118 at Substantially constant volu 
metric flow rates to the reactor. In the context of this 
document, “Substantially constant Volumetric flow rates' are 
to be interpreted as being from exactly constant Volumetric 
flow rates to within 5% volumetric. 

0022. In one preferred embodiment, the barium and 
Strontium are provided within the reactor by flowing at least 
two metal organic precursors to the reactor, with one of the 
precursors comprising barium, and another of the precursors 
comprising Strontium. Such precursors might be fed to the 
reactor as Separate flow Streams, or as a mixture in a Single 
flow stream, as depicted by FIG. 1 and described above with 
respect to Stream 12. Preferred oxidizers are inorganic. 
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Exemplary oxidizers include NO, where “X” is at least 1, 
NO, O, O, H2O and H2O. An inert gas, for example Ar, 
might also be flowed to chamber 20 from feed line 19. In one 
aspect of the invention, at least two inorganic oxidizers are 
flowed to the reactor, Such as various combinations of the 
above described oxidizers. In one aspect of the invention, 
the oxidizer comprises a single inorganic oxidizer consisting 
essentially of NO. 

0023. In the exemplary depicted FIG. 2 example, flow 
rate of the oxidizer(s) and flow rate of the metal organic 
precursor(s) are provided to the reactor under Some Suitable 
Set of conditions effective to deposit a Substantially homog 
enous first portion 120 of barium strontium titanate. Some 
aspect of the rate of flow of the oxidizer(s) (i.e., the rate of 
flow of one or more oxidizers to the reactor) is changed to 
affect a change in relative atomic concentration of barium 
and Strontium, and/or titanium, for example to deposit a 
Substantially homogenous Second portion 122 of barium 
strontium titanate layer 118. Accordingly regions 120 and 
122 of layer 18 while constituting barium strontium titanate 
have different relative atomic ratioS of barium and Strontium, 
and/or titanium. RatioS of barium to Strontium in the depos 
ited layer might vary anywhere from 1% to 99% barium 
Versus Strontium. Accordingly in one aspect of the invention, 
the processor is able to vary the barium and Strontium ratio 
in a barium Strontium titanate layer by varying flow of the 
oxidizer as opposed to varying one or more flows of the 
barium and Strontium precursors. 
0024. For example in reduction to practice examples, 
increasing quantities of NO as an oxidizer was discovered to 
reduce barium incorporation in barium Strontium titanate 
films using a substantially constant premixed 50%/50% by 
Volume feed of barium and Strontium precursors as 
described above. It was also discovered that increasing NO 
feed also increased deposition rate and reduced carbon 
incorporation in the deposited layer. Accordingly, barium to 
Strontium ratio in a barium Strontium titanate film can be 
modified without changing any aspect of the barium Stron 
tium precursor feeds. 

0025 FIG. 3 illustrates an alternate embodiment wafer 
fragment 110a. Like numerals from the first described 
embodiment are utilized where appropriate, with differences 
being indicated with the suffix “a” or with different numer 
als. FIG. 3 depicts barium Strontium titanate comprising 
dielectric layer 118a formed by oxidizer flow rate changes 
occurring in multiple discrete Steps, thereby producing 
deposited layer 118a to have three portions 124, 126 and 
128. Such portions are characterized by at least two different 
barium and Strontium concentration regions. Accordingly, 
FIG. 3 depicts changing rate of flow of the oxidizer(s) at 
least twice. Accordingly by way of example only, region 124 
and 128 may be of the same composition, with region 126 
therebetween being different. Alternately by way of example 
only, all three regions might be different in barium Strontium 
and/or titanium composition. 
0026. The invention also contemplates continuously 
varying of the oxidizer(s) flow effective to produce a gra 
dient in barium-strontium, and/or titanium, concentration 
acroSS at least Some portion of the thickness of the deposited 
layer. An exemplary construction produced thereby is 
described with reference to FIG. 4 in connection with a 
Substrate 110b. Like numerals from the first described 
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embodiment are utilized where appropriate, with differences 
being indicated with the suffix "b" or with different numer 
als. Variable relative concentration of barium and Strontium 
in the illustrated layer 118b is depicted by the increase in 
density acroSS an increase in gradient from low to high of the 
illustrated dots or peppering of the illustrated layer 118b. 
FIG. 4 also illustrates the entirety of the thickness of layer 
118b having been processed to produce variable barium and 
Strontium concentration throughout the entirety of the layer. 
Alternately, only a majority or Some Smaller portion thereof 
might be produced to have a non-homogenous construction. 
Further, and by way of example only, any of the example 
FIG. 2 and FIG. 3 constructions might be processed to 
include Some portion which includes a concentration gradi 
ent thereacroSS, as opposed to the Specific embodiment 
described above with respect to homogeneity in the Subject 
regions. 

0027 Other aspects of the invention are described below 
in connection with chemical vapor deposition methods of 
forming a barium Strontium titanate comprising dielectric 
layer regardless of whether Such has a varying concentration 
of barium and Strontium within the layer, regardless of 
changing flow rate of an oxidizer, and regardless of whether 
a Substantially constant atomic ratio of barium and Strontium 
is provided in the reactor during deposit of the layer. In a first 
additional aspect of the invention, barium and Strontium are 
provided within the reactor by flowing at least one metal 
organic precursor to the reactor, and flowing oxidizers 
comprising at least O and NOx to the reactor, where “X” is 
at least 1. Conditions are maintained effective to deposit a 
barium Strontium titanate comprising dielectric layer on the 
Substrate from Such precursor(s). Additional oxidizers, 
including additional inorganic oxidizers, can be flowed to 
the reactor during the deposit. 

0028. In another embodiment, the flowing oxidizers com 
prise at least O and NOx, where “X” is at least one. 
0029. In other embodiments, the flowing oxidizers com 
prise at least N2O and at least one of NOx and O, where 
“X” is at least one. Where NO is utilized, it is ideally present 
within the reactor during at least a portion of the deposit at 
greater than 10% by volume of the total volume of NO and 
NO, within the reactor. Where O is utilized, it is ideally 
present within the reactor during at least a portion of the 
deposit at greater than 10% by volume of the total volume 
of NO and O within the reactor during the deposit. Addi 
tional oxidizers might also be utilized in combination with 
one or both of the O and NO. By way of example, a 
combination of three oxidizers flowed to the reactor includes 
at least O, O, and NO. An alternate example includes O, 
O and N.O. Use of additional oxidizers is of also course 
contemplated. 

0030 Preferred total flows of the oxidizers include any 
where from 100 sccm to 4000 sccm, more preferably 
between 500 sccm and 2000 sccm, and more preferably 
between 750 sccm and 1250 sccm. Such flow rates and 
reduction to practice of the invention are with respect to an 
Applied Materials Centura Frame processor. A preferred 
pressure range is from 100 mtorr to 20 Torr, with a range of 
from 1 Torr to 6 Torr believed to be most preferred. 
Susceptor temperature is preferably from 100° C. to 700 C., 
more preferably from 400° C. to 700° C., with less than or 
equal to 550° C. being even more preferred, particularly in 
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obtaining continuity in the deposited layer at a thickness at 
or below 200 Angstroms, and preferably at least down to 50 
Angstroms. Most preferably, the Susceptor temperature is 
kept at less than or equal to 550° C. during all of the deposit 
to form the Subject layer. An inert gas, Such as Ar, is also 
preferably flowed to the reactor downstream of the oxidizer 
feeds, and preferably at Substantially the same flow rate as 
the total oxidizer flow rate. 

0031. The following effects are noted relative to oxide 
combinations. Such are provided by way of illustration only 
with respect to reduction to practice examples at 3 Torr, at 
a Susceptor temperature of 500 C., and in an Applied 
Materials Centura reactor. Such are provided by way of 
illustration only, and in no way as limitations to be read into 
any of the accompanying claims. All comparisons below are 
with respect to a 50:50 volumetric ratio control feed of O. 
and NO as the oxidizers. 
0.032 Utilization of O only tended to decrease the 
atomic percent concentration of titanium in the titanate, 
while deposition rate tended to increase. Using approxi 
mately 100% O as the oxidizer, tended to increase the 
atomic percent of titanium in the titanate, while reducing the 
deposition rate Significantly. Utilization of N2O as a Sole 
oxidizer also tended to increase the atomic percent of 
titanium in the titanate, and reduce the deposition rate 
significantly. Utilization of NO as the sole oxidizer tended to 
increase titanium concentration in the titanate but produced 
only about 5 atomic percent barium, 57 atomic percent 
Strontium, and 38 atomic percent titanium as the metals in 
the titanate layer. Further, deposition rate was reduced 
Significantly over the control. 
0033) Feeding a combination of O and O in a 1:1 
Volumetric ratio tended to decrease the titanium incorpora 
tion into the titanate, but increase the deposition rate. Using 
O and NO in combination in a 1:1 volumetric ratio tends 
to decrease titanium incorporation in the titanate, and 
increase the deposition rate. Utilization of NO and O in a 
6:1 Volumetric ratio also tended to increase the titanium 
incorporation in the titanate, but Significantly reduced the 
deposition rate. Decreasing the deposition temperature (i.e., 
to below 600° C) resulted in increased carbon content. 
0034. Utilization of a combination of NO and O in a 
Volumetric ratio of 1:1 increased titanium concentration 
Significantly to 95%, and reduced Strontium incorporation to 
about 1 atomic percent and barium incorporation to 4%. 
Deposition rate was also drastically reduced. 
0035) Utilization of NO and O in a volumetric ratio of 
1:1 increases titanium incorporation and also provided 17 
atomic percent barium and 44 atomic percent Strontium in 
the resultant titanate film. Deposition rate however was 
reduced over the control oxidizer mixture. 

0036) Deposition of barium strontium titanate films in the 
presence of an O (93% O2, 7% Os) and Ar mixture caused 
the film composition to be somewhat self-adjusted. In other 
words, process conditions do not show a strong influence on 
film composition even when using different precursor flows 
for the barium, Strontium and titanium. This is expected to 
result in a process of depositing barium Strontium titanate of 
a given composition having a large process window. This 
should also facilitate formation of barium Strontium titanate 
films over varying topography with negligible variation of 
stoichiometry over the sidewalls. 
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0037 General observations were that O. as an oxidizer 
tends to decrease atomic percent titanium yet increases the 
deposition rate by almost double that of O, NO, NO. O. 
and NO as individual oxidizers appear to have similar 
deposition rate and Similar composition in the System ana 
lyzed. They both increase atomic percent titanium in the 
titanate, and reduce the deposition rate Significantly. 

0038) NO as a sole oxidizer apparently results in low 
incorporation of barium, with the film constituting mostly Sr 
and Ti as the metals. Accordingly, increasing concentrations 
of NO may result in very low barium incorporations in 
barium strontium titanate films. The deposition rate with NO 
alone is similar to that of O and N.O. 
0039. When O, O, and NO are combined, the following 
were observed. The affect of NO is insignificant in terms of 
composition or deposition rate, as the results were very 
Similar to the O2 and O runs. O appears to control the 
deposition rate, because the runs with O. have higher 
deposition rates. Use of O, O, and N2O appeared to have no 
Significant impact on the barium to Strontium ratio in the 
titanate film. 

0040. When O, O, and NO were combined, the follow 
ing was observed. NO alone produced a film that had little 
atomic percent barium incorporation. While adding O with 
NO, the ozone enabled more barium incorporation, but had 
little effect on titanium incorporation. O and NO results are 
similar to O, O, and NO, with the film being approximately 
95% titanium, with less than 1% strontium, and approxi 
mately 4% barium. This indicates that O and NO together 
apparently deplete Strontium incorporation. The use of O2 
appeared to control the deposition rate, because the runs 
with O. had higher deposition rates. 
0041. In one aspect of the invention, composition gradi 
ents acroSS a barium Strontium titanate film can be adjusted 
without changing the flow rates of the barium, Strontium and 
titanium precursor Sources. Other aspects of the invention 
include various recited combination of oxidizers as literally 
claimed independent of the barium, Strontium and titanium 
precursor feeds. 

0042 Additional and/or alternate preferred processing 
can occur in accordance with any of our co-pending U.S. 
patent application Ser. No. 09/476,516, filed on Jan. 3, 2000, 
entitled “Chemical Vapor Deposition Methods Of Forming 
A High K Dielectric Layer And Methods Of Forming A 
Capacitor', listing Cem Basceri as inventor, U.S. patent 
application Ser. No. 09/580,733, filed on May 26, 2000, 
entitled “Chemical Vapor Deposition Methods And Physical 
Vapor Deposition Methods”, listing Cem Basceri as inven 
tor; and U.S. patent application Ser. No. 09/ , filed 
concurrently herewith, entitled “Chemical Vapor Deposition 
Methods Of Forming Barium Strontium Titanate Compris 
ing Dielectric Layers', listing Cem Basceri and Nancy 
Alzola as inventors. Each of these is hereby fully incorpo 
rated by reference. 
0043. In compliance with the statute, the invention has 
been described in language more or less Specific as to 
Structural and methodical features. It is to be understood, 
however, that the invention is not limited to the specific 
features shown and described, Since the means herein dis 
closed comprise preferred forms of putting the invention 
into effect. The invention is, therefore, claimed in any of its 
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forms or modifications within the proper Scope of the 
appended claims appropriately interpreted in accordance 
with the doctrine of equivalents. 

1. A chemical vapor deposition method of forming a 
barium Strontium titanate comprising dielectric layer having 
a varied concentration of barium and Strontium within the 
layer, comprising: 

positioning a Substrate within a chemical vapor deposition 
reactor, 

providing barium and Strontium within the reactor by 
flowing at least one metal organic precursor to the 
reactor, and providing titanium within the reactor, and 
flowing at least one oxidizer to the reactor, under 
conditions effective to deposit a barium Strontium titan 
ate comprising dielectric layer on the Substrate, the 
barium and Strontium being provided within the reactor 
during all of the deposit of Said layer at a Substantially 
constant atomic ratio of barium to Strontium; and 

during Said deposit, changing a rate of flow of the oxidizer 
to the reactor at least once to effect a change in relative 
atomic concentration of barium and Strontium within 
the deposited barium Strontium titanate comprising 
dielectric layer. 

2. The method of claim 1 comprising changing the rate of 
flow at least twice. 

3. The method of claim 1 comprising providing the 
barium and Strontium within the reactor by flowing at least 
two metal organic precursors to the reactor, one of the 
precursors comprising barium, another of the precursors 
comprising Strontium. 

4. The method of claim 1 comprising providing the 
barium and Strontium within the reactor by flowing at least 
two metal organic precursors to the reactor, one of the 
precursors comprising barium, another of the precursors 
comprising Strontium, the one and the another precursors 
being fed to the reactor as a mixture in a Single flow Stream. 

5. The method of claim 1 comprising providing the 
barium and Strontium within the reactor during all of the 
deposit of Said layer at Substantially constant Volumetric 
flow rates to the reactor. 

6. The method of claim 1 wherein the oxidizer is inor 
ganic. 

7. The method of claim 1 wherein the oxidizer comprises 
NO, where “X” is at least 1. 

8. The method of claim 1 wherein the oxidizer comprises 
NO. 

9. The method of claim 1 wherein the oxidizer comprises 
a single inorganic oxidizer consisting essentially of NO. 

10. The method of claim 1 comprising flowing at least two 
oxidizers to the reactor. 

11. The method of claim 1 comprising flowing at least two 
inorganic oxidizers to the reactor. 

12. The method of claim 1 comprising flowing at least two 
inorganic oxidizers to the reactor, Said oxidizers comprising 
at least O and N.O. 

13. The method of claim 1 comprising flowing at least two 
inorganic oxidizers to the reactor, Said oxidizers comprising 
at least O and NO, where “X” is at least 1. 

14. The method of claim 1 comprising flowing at least two 
inorganic oxidizers to the reactor, Said oxidizers comprising 
at least O and NO. 
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15. The method of claim 1 comprising flowing at least two 
inorganic oxidizers to the reactor, Said oxidizers comprising 
at least O and N.O. 

16. The method of claim 1 comprising flowing at least two 
inorganic oxidizers to the reactor, Said oxidizers comprising 
at least NO and NO, where “X” is at least 1. 

17. A chemical vapor deposition method of forming a 
barium Strontium titanate comprising dielectric layer having 
a varied concentration of titanium within the layer, com 
prising: 

positioning a Substrate within a chemical vapor deposition 
reactor, 

providing barium and Strontium within the reactor by 
flowing at least one metal organic precursor to the 
reactor, and providing titanium within the reactor, and 
flowing at least one oxidizer to the reactor, under 
conditions effective to deposit a barium Strontium titan 
ate comprising dielectric layer on the Substrate, the 
barium and Strontium being provided within the reactor 
during all of the deposit of Said layer at a Substantially 
constant atomic ratio of barium to Strontium; and 

during Said deposit, changing a rate of flow of the oxidizer 
to the reactor at least once to effect a change in atomic 
concentration of titanium within the deposited barium 
Strontium titanate comprising dielectric layer. 

18. The method of claim 17 wherein the changing of a rate 
of flow of the oxidizer to the reactor at least once is also 
effective to effect a change in relative atomic concentration 
of barium and strontium within the deposited barium stron 
tium titanate comprising dielectric layer. 

19. The method of claim 17 comprising changing the rate 
of flow at least twice. 

20. The method of claim 17 wherein the oxidizer is 
inorganic. 

21. The method of claim 17 wherein the oxidizer com 
prises NO, where “X” is at least 1. 

22. The method of claim 17 wherein the oxidizer com 
prises NO. 

23. The method of claim 17 wherein the oxidizer com 
prises a Single inorganic oxidizer consisting essentially of 
NO. 

24. The method of claim 17 comprising flowing at least 
two oxidizers to the reactor. 

25. The method of claim 17 comprising flowing at least 
two inorganic oxidizers to the reactor. 

26. A chemical vapor deposition method of forming a 
barium Strontium titanate comprising dielectric layer, com 
prising: 

positioning a Substrate within a chemical vapor deposition 
reactor; and 

providing barium and Strontium within the reactor by 
flowing at least one metal organic precursor to the 
reactor, and providing titanium within the reactor, and 
flowing oxidizers comprising at least O and NO to the 
reactor, under conditions effective to deposit a barium 
Strontium titanate comprising dielectric layer on the 
Substrate; the Obeing present within the reactor during 
at least a portion of the deposit at greater than 10% by 
volume of the total volume of NO and O within the 
reactOr. 

27. The method of claim 26 wherein the portion com 
prises a majority portion. 
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28. The method of claim 26 wherein the portion com 
prises all of the deposit. 

29. The method of claim 26 wherein the conditions are 
Void of plasma and remote plasma. 

30. The method of claim 26 wherein the conditions 
comprise at least one of plasma or remote plasma. 

31. The method of claim 26 comprising flowing another 
inorganic oxidizer to the reactor during the deposit. 

32. A chemical vapor deposition method of forming a 
barium Strontium titanate comprising dielectric layer, com 
prising: 

positioning a Substrate within a chemical vapor deposition 
reactor; and 

providing barium and Strontium within the reactor by 
flowing at least one metal organic precursor to the 
reactor, and providing titanium within the reactor, and 
flowing oxidizers comprising at least O and NO to the 
reactor, where “X” is at least 1, under conditions 
effective to deposit a barium Strontium titanate com 
prising dielectric layer on the Substrate. 

33. The method of claim 32 wherein “X” equals 1. 
34. The method of claim 32 wherein “X” is more than 1. 
35. The method of claim 32 comprising flowing another 

inorganic oxidizer to the reactor during the deposit. 
36. A chemical vapor deposition method of forming a 

barium Strontium titanate comprising dielectric layer, com 
prising: 

positioning a Substrate within a chemical vapor deposition 
reactor; and 

providing barium and Strontium within the reactor by 
flowing at least one metal organic precursor to the 
reactor, and providing titanium within the reactor, and 
flowing oxidizers comprising at least O and NO to the 
reactor, where “X” is at least 1, under conditions 
effective to deposit a barium Strontium titanate com 
prising dielectric layer on the Substrate. 

37. The method of claim 36 wherein “X” equals 1. 
38. The method of claim 36 wherein “X” is more than 1. 
39. The method of claim 36 comprising flowing another 

inorganic oxidizer to the reactor during the deposit. 
40. A chemical vapor deposition method of forming a 

barium Strontium titanate comprising dielectric layer, com 
prising: 

positioning a Substrate within a chemical vapor deposition 
reactor; and 

providing barium and Strontium within the reactor by 
flowing at least one metal organic precursor to the 
reactor, and providing titanium within the reactor, and 
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flowing oxidizers comprising at least NO and NO to 
the reactor, where “X” is at least 1, under conditions 
effective to deposit a barium Strontium titanate com 
prising dielectric layer on the Substrate, the NO, being 
present within the reactor during at least a portion of the 
deposit at greater than 10% by volume of the total 
volume of NO and NO within the reactor. 

41. The method of claim 40 wherein “X” equals 1. 
42. The method of claim 40 wherein “X” is more than 1. 
43. The method of claim 40 comprising flowing another 

inorganic oxidizer to the reactor during the deposit. 
44. A chemical vapor deposition method of forming a 

barium Strontium titanate comprising dielectric layer, com 
prising: 

positioning a Substrate within a chemical vapor deposition 
reactor; and 

providing barium and Strontium within the reactor by 
flowing at least one metal organic precursor to the 
reactor, and providing titanium within the reactor, and 
flowing oxidizers comprising at least O, O, and NO 
to the reactor, where “X” is at least 1, under conditions 
effective to deposit a barium Strontium titanate com 
prising dielectric layer on the Substrate. 

45. The method of claim 44 wherein “X” equals 1. 
46. The method of claim 44 wherein “X” is more than 1. 
47. A chemical vapor deposition method of forming a 

barium Strontium titanate comprising dielectric layer, com 
prising: 

positioning a Substrate within a chemical vapor deposition 
reactor; and 

providing barium and Strontium within the reactor by 
flowing at least one metal organic precursor to the 
reactor, and providing titanium within the reactor, and 
flowing oxidizers comprising at least O, O, and N2O 
to the reactor, under conditions effective to deposit a 
barium Strontium titanate comprising dielectric layer 
on the Substrate. 

48. The method of claim 47 wherein the conditions 
comprise receipt of the Substrate by a Susceptor, the Suscep 
tor having a temperature of less than or equal to 550 C. 

49. The method of claim 47 wherein the deposited layer 
is Substantially homogeneous. 

50. The method of claim 47 wherein the deposited layer 
is not Substantially homogeneous. 

51. The method of claim 47 comprising flowing another 
inorganic oxidizer to the reactor during the deposit. 


