
CAPACITORS, DIELECTRIC STRUCTURES, AND METHODS OF FORMING DIELECTRIC
STRUCTURES TECHNICAL FIELD [0001]Capacitors, dielectric structures,
and methods of forming dielectric structures. BACKGROUND
[0002]Dielectric materials have numerous applications in integrated
circuitry. For instance, dielectric materials may be incorporated
into capacitors, may be utilized as gate dielectric of field effect
transistors, may be utilized as intergate dielectric of nonvolatile
transistors, and may be utilized for electrically isolating adjacent
semiconductor components from one another. [0003]The dielectric
properties of dielectric materials can be expressed in terms of a
dielectric constant. The dielectric constant (k) is the ratio of the
permittivity of a substance to the permittivity of free space. It is
an expression of the extent to which a material concentrates electric
flux. As the dielectric constant increases, the electric flux density
increases, if all other factors remain unchanged. Accordingly, a
thick layer of a material having a high dielectric constant may be
utilized to achieve the same electric flux density as a thin layer of
a material having a lower dielectric constant.  [0004]There is a
continuing goal to increase integration density, and a corresponding
goal to reduce the size of individual integrated circuit components.
Accordingly, there is interest in utilizing dielectric materials
haying high dielectric constants in integrated circuitry, in that
such materials may increase the electric flux density to compensate
for reduced area in order to achieve desired operational properties. 



[0005]Unfortunately, materials with high dielectric constants tend to
break down more easily when subjected to intense electric fields than
do materials with low dielectric constants. Also, materials with high
dielectric constants tend to have high dielectric dispersion, and
slow dielectric relaxation. [0006]Dielectric dispersion (permittivity
as a function of frequency) is fundamental to any material system
because there are multiple mechanisms that contribute to capacitance
at lower frequencies, and which decrease with increasing frequency.
If dielectric dispersion is high, the response rate of a dielectric
material is more altered by changes in frequency then if the
dielectric dispersion is low.  WO 2010/044965PCT/US2009/056506
[0007]Dielectric relaxation is a parameter utilized to express the
dielectric response  in the time domain to apply (or remove) electric
field (e.g., the rate at which charge is stored or released from a
capacitor). If dielectric relaxation is slow, the response time will
be long. Materials with high dielectric constants tend to have slower
response times than do materials with lower dielectric constants.
[0008]One of the uses of dielectric materials is in capacitors of
dynamic random access memory (DRAM) unit cells. In such applications,
it is desired that the dielectric materials store a large quantity of
flux in a small volume, and yet have a rapid response time (i.e.,
rapidly store or release charge). As discussed above, materials with
high dielectric constants may store a large quantity of flux in a
small volume, but tend to have relatively slow response times.
[0009]It would be desirable to develop dielectric structures that
have the desired properties of high dielectric materials, and yet
that also have better response times than do materials with high
dielectric constants. Such dielectric structures will be useful for
capacitors of integrated circuitry for the reasons discussed above,
and may also have application for utilization in other components of
integrated circuitry, such as, for example, for utilization as gate
dielectric and/or for utilization as intergate dielectric. 



BRIEF DESCRIPTION OF THE DRAWINGS [0010]FIG. 1 is a diagrammatic,
cross-sectional view of a portion of a semiconductor construction
illustrating a capacitor comprising an example embodiment dielectric
structure. [0011]FIG. 2 is a diagrammatic, cross-sectional view of a
portion of a semiconductor construction illustrating a capacitor
comprising another example embodiment dielectric structure.
[0012]FIGS. 3-6 are diagrammatic, cross-sectional views of a portion
of a semiconductor construction illustrating various process stages
of an example embodiment method for forming a capacitor. [0013]FIGS.
7 and 8 are diagrammatic, cross-sectional views of a portion of a
semiconductor construction illustrating various process stages of
another example embodiment method for forming a capacitor, with the
process stage of FIG. 7 being subsequent to that of FIG. 5.
[0014]FIG. 9 is a diagrammatic, cross-sectional view of a portion of
a semiconductor construction illustrating a field effect transistor
comprising an example embodiment dielectric structure.  



WO 2010/044965PCT/US2009/056506 [0015]FIG. 10 is a diagrammatic,
cross-sectional view of a portion of a semiconductor construction
illustrating a non-volatile transistor comprising an example
embodiment dielectric structure. [0016]FIG. 11 is a diagrammatic view
of a computer embodiment. [0017]FIG. 12 is a block diagram showing
particular features of the motherboard of the FIG. 11 computer
embodiment. [0018]FIG. 13 is a high level block diagram of an
electronic system embodiment. [0019]FIG. 14 is a simplified block
diagram of a memory device embodiment. DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS  [0020]In some embodiments, improved
dielectric structures are formed which have high charge storage
capacity, and yet which also have rapid response time. Conventional
approaches to development of improved dielectric structures seek to
either achieve high storage capacity, or rapid response time. In some
embodiments, an approach is utilized for development of improved
dielectric structures in which a compromise is reached between charge
storage and response time in an effort to develop dielectric
structures suitable for a wide variety of applications. The approach
may comprise forming the dielectric structures to have different
compositions along edges of the structures than along interiors of
the structures, so that charge stays primarily along the edges of the
structures during utilization of the structures.  [0021]When
dielectric structures are utilized in capacitors, the capacitors may
be 



characterized in terms of capacitance relative to frequency. The
capacitance is a measure of the charge storage capability of the
dielectric structures, and the relation of the capacitance to
frequency is a measure of the response speed of the dielectric
structures. The capacitance relative to frequency may be designated
by the symbol "CF". In some embodiments, the approach utilized to
develop improved dielectric structures may be considered to be
development of CF-tunability of the dielectric structures. The
CF-tunability may enable dielectric structures to be designed for
particular operational parameters at particular polarities, which may
enable the dielectric structures to be tailored for particular
applications. [0022]Example embodiments are described with reference
to FIGS. 1-14. [0023]Referring to FIG. 1, a portion of a
semiconductor construction 10 is illustrated. The construction 10 has
an example embodiment dielectric structure 12 incorporated into a
capacitor 14. [0024]The capacitor 14 has a first capacitor electrode
16 beneath the dielectric structure 12, and has a second capacitor
electrode 18 over the dielectric structure.  Accordingly, the
dielectric structure 12 may be considered to be sandwiched between
the first and second capacitor electrodes. [0025]The first and second
capacitor electrodes 16 and 18 may comprise any suitable electrically
conductive composition, or combination of electrically conductive
compositions. In some embodiments, the capacitor electrodes may
comprise, consist essentially of, or consist of one or more of
various metals (for instance, tungsten, titanium, platinum, etc.),
metal-containing compositions (for instance, metal silicide, metal
nitride, etc.), and conductively-doped semiconductor materials (for
instance, conductively-doped silicon, conductively-doped germanium,
etc.). The first and second capacitor electrodes may be the same as
one another in composition, or may have different compositions
relative to one another. [0026]Dielectric structure 12 includes a
first portion 20 adjacent the capacitor electrode 16, and a second
portion 22 which is directly against the first portion. The first
portion 20 is a mixed phase portion, and specifically is a
homogeneous mixture of at least two phases; and the second portion 22
is a single phase portion, and may consist of a composition having a
dielectric constant of greater than or equal to 25. 



[0027]In some embodiments, mixed phase portion 20 will be amorphous,
and single phase portion 22 will be crystalline. In such embodiments,
mixed phase portion 20 may be entirely amorphous (i.e.,
non-crystalline), and portion 22 may be entirely crystalline (either
monocrystalline or polycrystalline). Alternatively, the single phase
portion 22 may be relatively more crystalline than the mixed phase
portion 20; even though the mixed phase portion 20 may have some
crystalline character and/or the single phase portion 22 may have
some amorphous character. In some embodiments, mixed phase portion 20
will be at least about 90 volume percent amorphous, and single phase
portion 22 will be at least about 90 volume percent crystalline.
[0028] The amorphous state of the mixed phase portion may be due to
mixing of the two or more phases of such portion. Specifically, each
of the phases may be intrinsically crystalline, but the mixing of the
phases may lead to the phases disrupting the crystalline structures
of one another and thereby causing the first portion 20 to be
amorphous. [0029]A first of the at least two phases of the first
portion 20 may be a metal oxide having a dielectric constant of
greater than or equal to 25, while a second of the at least two
phases may be a metal oxide having a dielectric constant of less than
or equal to 20, and in some embodiments, less than or equal to about
9. In some embodiments, the first portion 20 may consist of a mixture
selected from the group consisting of ZrA10, HfA10, ZrSiO, HfSiO,
ZrHf 0, ZrTa0, HfTa0, ZrTiO, HfTiO, TaTiO, HfTaTiO and  ZrTaTiO;
where the chemical formulas indicate the elements contained in the
mixtures and do not imply any particular stoichiometry of such
elements. The stoichiometry of the compositions within the listed
mixtures may be any suitable stoichiometries. For instance, the ZrA10
may be a mixture of Zr02 and Al203. As another example, the ZrTa0 may
be a mixture of Zr02 and Ta205. [0030]In some embodiments, the first
portion 20 may comprise a homogeneous  mixture of at least two metal
oxides; with one of the metal oxides having a dielectric constant of
greater than or equal to 25, and the other having a dielectric
constant of less than or equal to 20. The metal oxide having the
dielectric constant greater than or equal to 25 may be considered to
be a high-k component of the first portion 20, while the metal oxide
having the dielectric constant less than 20 may be considered to be a
mid-k component of the first portion. In some embodiments, the mid-k
component will have a dielectric constant of from about 4 to about
20, and in some embodiments the mid-k component will have a
dielectric constant that is less than or equal to about 9.  [0031]
Although the portion 20 may comprise a mixture of more than two metal
oxides, in some embodiments the portion 20 will be a homogeneous
mixture consisting of only two metal oxides, with one of the metal
oxides being a high-k component and the other being a mid-k
component. The relative amount of the mid-k component to the high-k
component may be tailored to achieve a desired performance of the
dielectric structure 12. For instance, if portion 20 consists of a
homogeneous mixture of zirconium oxide and aluminum oxide (in other
words, consists of ZrA10; where the chemical formula indicates the
elements contained in the mixture and does not imply any particular
stoichiometry of such elements), the aluminum may be present to a
concentration of from about 10 atomic percent to about 50 atomic
percent.  [0032]The second portion 22 of the dielectric structure 12
may comprise any suitable composition. In some embodiments, the



[0033]In some embodiments, the composition of the second portion 22
is selected from the group consisting of ZrO, Hf0, Ta0, TiO and
SrTiO; where the chemical formulas indicate the elements contained in
the compositions and do not imply any particular stoichiometry of
such elements. [0034]The relative thicknesses of portions 20 and 22
in dielectric structure 12 may be tailored to achieve a desired
relationship between response time and capacitance. In some
embodiments, portion 20 may have a thickness of from about 10
angstroms to  about 40 angstroms, while portion 22 has a thickness of
from about 40 angstroms to about 120 angstroms. Accordingly, in some
embodiments the thickness of portion 20 will correspond to from about
10 percent to about 50 percent of the total thickness of dielectric
structure 12. [0035]In some embodiments, the mixed phase portion 20
of dielectric structure 12  may be considered to be a barrier between
the single phase portion 22 of the dielectric structure 12, and the
capacitor electrode 16. The tailoring of the composition of portion
20, and the tailoring of the relative thickness of portion 20 to
portion 22, may be considered to be barrier engineering of a
dielectric stack (with such dielectric stack corresponding to the
dielectric structure 12). The barrier engineering may be utilized to
achieve a desired relationship of response time to capacitance for
the capacitor 14 containing the dielectric structure 12. [0036]In the
shown embodiment, the mixed phase first portion 20 of dielectric
structure 12 is directly against bottom capacitor electrode 16, and
there is no mixed phase portion between the single phase portion 22
of dielectric structure 12 and the upper capacitor electrode 18. Such
embodiment may be utilized if a capacitor is primarily operated in a
particular polarity between electrodes 16 and 18. If the capacitor is
operated in an opposing polarity between electrode 16 and 18, the
capacitor may be formed so that the mixed phase portion of dielectric
structure 12 is between the upper electrode and the single phase
portion of the dielectric structure (in other words, the dielectric
structure 12 may be formed so that the mixed phase first portion 20
is over the single phase second portion 22, rather than the shown
configuration in which the mixed phase first portion 20 is under the
single phase second portion 22). [0037]The shown configuration
implies that the mixed phase portion 20 of the dielectric structure
12 is formed before the single phase portion 22. If dielectric
structure 12 is inverted so that the mixed phase portion 20 is over
the single phase portion 22, then the mixed phase portion 20 may be
formed after the single phase portion 22. 



[0038]Portions 20 and 22 of dielectric structure 12 may be formed
utilizing any suitable processing. [0039]In some embodiments, the
single phase portion 22 of dielectric structure 12 may be formed
utilizing one or both of chemical vapor deposition (CVD) and atomic
layer deposition (ALD). In some embodiments, the bottom capacitor
electrode may have an undulating topography rather than the shown
planar topography, and in such embodiments it may be desirable to
utilize ALD rather than CVD due to enhanced step coverage that may be
achieved utilizing ALD.  WO 2010/044965PCT/US2009/056506 [0040]In
some embodiments, the mixed phase portion 20 of the dielectric
structure 12 may be formed utilizing ALD under conditions in which a
mixed metal oxide is formed rather than separate layers of different
metal oxides. Specifically, the ALD of a mixed metal oxide of portion
20 may comprise utilization of multiple pulses of a first
metal-containing precursor, a second metal-containing precursor, and
one or more oxygen-containing reactants; where one of the first and
second metal-containing precursors forms the metal of the high-k
oxide, and the other of the first and second metal-containing
precursors forms the metal of the mid-k oxide. The pulses are
conducted in a reaction chamber. The first metal-containing precursor
may be pulsed into the chamber under conditions which form a less
than fully saturated monolayer across a surface of a substrate.
Subsequently, the second metal-containing precursor may be pulsed
into the chamber to complete saturation of the monolayer, and to thus
form a monolayer that consists of a homogeneous mixture of the two
different metals provided by the first and second metal-containing
precursors. Subsequently, oxygen-containing reactant may be pulsed
into the chamber to convert the monolayer into a homogeneous mixture
of high-k oxide and mid-k oxide. The pulse sequence may be repeated
multiple times to form portion 20 to a desired thickness. [0041]The
pulse sequence utilizing the order of pulses corresponding to the
first metal-containing precursor, the second metal-containing
precursor, and then the oxidant may be referred to as an M1-M2-0
sequence to indicate that the two metals are provided before the
oxidation (where Mi represents the first metal-containing precursor,
M2 represents the second metal-containing precursor, and 0 represents
the oxidant). Another pulse sequence that may be utilized is
M1-0-M2-0. In such pulse sequence, the partially saturated monolayer
formed from the first metal-containing precursor is oxidized prior to
provision of the second metal-containing precursor. In some
embodiments, the two pulse sequences of M1-M2-0 and M1-0-M2-0 may be
utilized interchangeably in forming portion 20 of dielectric
structure 12 to a desired thickness. If more than two metals are to
be utilized in the mixed phase portion 20, the ALD pulse sequences
may be modified to accommodate more than two metal-containing
precursors. [0042]The capacitor 14 of FIG. 1 utilizes a dielectric
structure containing only a single mixed phase portion 20. In other
embodiments, the dielectric structure may comprise a pair of mixed
phase portions configured so that each of the capacitor electrodes is
spaced from the single phase (and possibly crystalline) portion of
the dielectric structure by an multi-phase (and possibly amorphous)
barrier. FIG. 2 shows a portion of a semiconductor construction 30
illustrating an example embodiment in which 



a dielectric structure comprises two mixed phase portions. Similar
numbering will be used to describe the construction 30 of FIG. 2 as
was used to describe the construction 10 of FIG. 1, where
appropriate. [0043]The construction 30 has an example embodiment
dielectric structure 40 incorporated into a capacitor 32. [0044]The
capacitor 32 has the first capacitor electrode 16 beneath the
dielectric structure 40, and has the second capacitor electrode 18
over the dielectric structure. [0045]Dielectric structure 40 includes
a first portion 42 adjacent the capacitor electrode 16, a second
portion 44 which is over and directly against the first portion, and
a third portion 46 which is over and directly against the second
portion. The first and third portions 42 and 46 are homogeneous
mixtures of at least two phases, and may be amorphous. The first and
third portions may be identical in composition to one another, or may
be different compositions relative to one another. The second portion
44 consists of a composition having a dielectric constant of greater
than or equal to 25, and may be crystalline.  [0046] The mixed phase
portions 42 and 46 of dielectric structure 40 may comprise the mixed
metal oxides discussed above regarding the mixed phase portion 20 of
dielectric structure 12. Accordingly, the mixed phase portions 42 and
46 may comprise a homogeneous mixture of at least two oxides, with
one of the oxides being a high-k oxide and the other being a mid-k
oxide. In some embodiments, mixed phase portions 42 and 46 may
consist of mixtures selected from the group consisting of ZrA10,
MAIO, ZrSiO, HfSiO, ZrHf0, ZrTa0, HfTa0, ZrTiO, HfTiO, TaTiO, HfTaTiO
and ZrTaTiO; where the chemical formulas indicate the elements
contained in the mixtures and do not imply any particular
stoichiometry of such elements. [0047]The single phase portion 44 of
dielectric structure 40 may comprise any of the compositions
discussed above regarding the single phase portion 22 of dielectric
structure 12. Accordingly, the single phase portion 44 of dielectric
structure 40 may consist of a composition selected from the group
consisting of ZrO, Hf0, Ta0, TiO and SrTiO; where the chemical
formulas indicate the elements contained in the compositions and do
not imply any particular stoichiometry of such elements. [0048]In
some embodiments, mixed phase portions 42 and 46 will be entirely 



amorphous (i.e., non-crystalline) and single phase portion 44 will be
entirely crystalline (either monocrystalline or polycrystalline). In
other embodiments, one or both of portions 42 and 46 may have some
crystalline character; and portion 44 may have some amorphous
character, but portions 42 and 46 will be relatively less crystalline
than  portion 44. In some embodiments, portions 42 and 46 will be at
least about 90 volume percent amorphous, and portion 44 will be at
least about 90 volume percent crystalline. [0049]The relative
thicknesses of portions 42, 44 and 46 in dielectric structure 40 may
be tailored to achieve a desired relationship between response time
and capacitance. In some embodiments, portions 42 and 46 may have
thicknesses of from about 10 angstroms to about 40 angstroms, while
portion 44 has a thickness of from about 40 angstroms to about 120
angstroms. The mixed phase portions 42 and 46 may have the same
thickness as one another, or may have different thicknesses relative
to one another. [0050]In some embodiments, mixed phase portions 42
and 46 of dielectric structure 40 may be considered to be engineered
barriers between the single phase portion 44 of the dielectric
structure 40, and the capacitor electrodes 16 and 18. The tailoring
of the compositions of portions 42 and 46, and the tailoring of the
thicknesses of portions 42 and 46, may be considered to be barrier
engineering of a dielectric stack. Such barrier engineering may be
utilized to achieve a desired relationship of response time to
capacitance for the capacitor 32 containing the dielectric structure
40. [0051]The mixed phase portions 42 and 46 of dielectric structure
40 may be formed utilizing processing of the type described above
with reference to formation of the mixed phase portion 20 of FIG. 1;
and the single phase portion 44 of dielectric structure 40 may be
formed utilizing processing of the type described above with
reference to formation of the single phase portion 22 of FIG. 1.
[0052]The dielectric structures 12 and 40 of FIGS. 1 and 2,
respectively, may enable high capacitance to be achieved, while also
enabling rapid response times to be achieved. A possible mechanism
for the action of the dielectric structures is that the engineered
barrier materials alleviate or prevent charge-injection from the
capacitor electrodes into conduction bands or traps of the materials
of the dielectric structure. Low trap density near a Fermi level may
be particularly useful for improvement of CF at about zero volts,
while low trap density above or below the Fermi level may be
particularly useful under +/- 1.5 volt CF, and under +/- 0.75 volt
CF. If traps are easily populated due to energy, proximity or
density, and trap-hopping occurs under alternating current
modulation, especially near an electrode, than low-frequency
capacitance response may be enhanced. However, this may not provide a
high-frequency capacitance response, and may degrade high-frequency
capacitance response (or dielectric response time) due to local field
degradation from inserted charges.  



WO 2010/044965PCT/US2009/056506 [0053]FIGS. 1 and 2 illustrate
dielectric structures comprising two portions and three portions,
respectively. In some embodiments, dielectric structures may comprise
more than three portions. For instance, the two portions of FIG. 1
may be alternated throughout a dielectric structure to form the
structure to comprise four or more portions. As another example,
multiple different single phase portions may be used in a dielectric
structure analogous to that of FIG. 2, with all of such single phase
portions being sandwiched between a pair of mixed phase portions.
[0054]Dielectric structures analogous to the structures 12 and 40 of
FIGS. 1 and 2 may be utilized in numerous semiconductor applications.
For instance, the dielectric structures may be incorporated into
capacitors of DRAM. FIGS. 3-6 illustrate an example embodiment for
fabricating a DRAM capacitor to comprise a barrier-engineered
dielectric structure. [0055]Referring to FIG. 3, a portion of a
semiconductor construction 50 is shown. The construction 50 comprises
a semiconductor substrate 52 having a conductively-doped diffusion
region 54 extending therein. [0056]Substrate 52 may comprise, consist
essentially of, or consist of, for example, monocrystalline silicon
lightly-doped with background p-type dopant. The terms
"semiconductive substrate" and "semiconductor substrate" mean any
construction comprising semiconductive material, including, but not
limited to, bulk semiconductive materials such as a semiconductive
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" means
any supporting structure, including, but not limited to, the
semiconductive substrates described above. [0057]Conductively-doped
diffusion region 54 may be either n-type majority doped or p-type
majority doped, and may be a source/drain region of a transistor.
Such transistor may have a transistor gate (not shown) that is out of
the page relative to the cross-section of FIG. 3, and may gatedly
connect diffusion region 54 with another diffusion region (not shown)
on an opposing side of the transistor gate from region 54. The other
source/drain region may be electrically connected to a bitline (not
shown), and the transistor gate may be part of a wordline. [0058]An
electrically conductive pedestal 56 extends upwardly from diffusion
region 



54, and electrically connects with diffusion region 54. Pedestal 56
comprises a conductive material 58. Such conductive material may be
any suitable electrically conductive composition or combination of
compositions; and may, for example, comprise, consist essentially of,
or consist of one or more of various metals (for instance, tungsten,
titanium, platinum, etc.), metal-containing compositions (for
instance,   metal suicide, metal nitride, etc.), and
conductively-doped semiconductor materials (for instance,
conductively-doped silicon, conductively-doped germanium, etc.).
[0059]An electrically conductive capacitor electrode 60 is over
pedestal 58, and in electrical contact with pedestal 58. Electrode 60
may be referred to as a capacitor storage node, and may comprise any
of the compositions discussed above with reference to capacitor
electrodes 16 and 18 of FIG. 1. The shown electrode 60 is
container-shaped. In other embodiments, the electrode may have other
shapes, including, for example, a pillar shape of a stud-type
electrode. The capacitor electrode 60 may be referred to as a first
capacitor electrode to distinguish it from another capacitor
electrode (discussed below) that will be subsequently formed.
[0060]An electrically insulative material 62 laterally surrounds
pedestal 56 and capacitor electrode 60. The electrically insulative
material may comprise any suitable composition or combination of
compositions; and in some embodiments may comprise, consist
essentially of, or consist of one or more of silicon dioxide, silicon
nitride, and various doped silicon oxides (for instance,
borophosphosilicate glass, fluorosilicate glass, etc.).
[0061]Referring to FIG. 4, a dielectric material 64 is formed over
capacitor electrode 60. The dielectric material 64 is a mixed phase
material, and may comprise any of the compositions discussed above
relative to the mixed phase portion 20 of the dielectric structure 12
of FIG. 1. The dielectric material 64 may be formed utilizing one or
both of the M1-M2-0 and M1-0-M2-0 ALD methodologies discussed above
relative to fabrication of the mixed phase portion 20 of the
dielectric structure 12 of FIG. 1. The dielectric material 64 may be
amorphous. [0062]Referring to FIG. 5, a single phase dielectric
material 66 is formed over the mixed phase dielectric material 64.
The single phase dielectric material 66 may comprise any of the
compositions discussed above relative to the single phase portion 22
of the dielectric structure 12 of FIG. 1, and may be formed utilizing
any of the methods discussed above for formation of portion 22 of
FIG. 1. The single phase dielectric material 66 may be crystalline.
[0063]Referring to FIG. 6, a second capacitor electrode 68 is formed
over the 



single phase dielectric material 66. The second capacitor electrode
may comprise any of the compositions discussed above with reference
to capacitor electrodes 16 and 18 of FIG. 1, and may be referred to
as a capacitor plate. [0064]The mixed phase dielectric material 64
and the single phase dielectric material 66 together form a
dielectric structure 70 between the capacitor electrodes 60 and 68.
The dielectric structure 70 is analogous to the dielectric structure
12 of FIG. 1,  and may be tailored to achieve a desired balance
between capacitance and response time analogously to the tailoring
discussed above with reference to FIG. 1.  [0065]The capacitor
electrodes 60 and 68, together with dielectric structure 70, form a
capacitor 72. Such capacitor may be incorporated into a DRAM unit
cell. The DRAM unit cell may be part of a DRAM array, and may be one
of numerous identical unit cells that are simultaneously formed
during fabrication of a DRAM array.  [0066]The capacitor 72 utilizes
a dielectric structure 70 analogous to the dielectric structure 12 of
FIG. 1 (in other words, a dielectric structure having only a single
mixed phase portion). In other embodiments, a capacitor may be formed
that utilizes a dielectric structure analogous to the structure of
FIG. 2 (in other words, a dielectric structure comprising a pair of
mixed phase portions). FIG. 7 shows construction 50 at a processing
stage subsequent to that of FIG. 5 in accordance with an embodiment
in which the dielectric structure will utilize a pair of mixed phase
portions. [0067]The construction 50 of FIG. 7 has a mixed phase
dielectric material 80 formed over and directly against the single
phase dielectric material 66. The mixed phase dielectric material 80
may comprise any of the compositions discussed above relative to the
mixed phase portion 20 of FIG. 1; and may be formed utilizing the ALD
processes discussed above with reference to FIG. 1 for formation of
mixed phase portion 20. 



[0068]Referring to FIG. 8, a second capacitor electrode 68 is formed
over mixed phase dielectric material 80. The dielectric compositions
64, 66 and 80 together form a dielectric structure 82 between the
first and second capacitor electrodes 66 and 68. The first and second
capacitor electrodes, together with the dielectric structure, form a
capacitor construction 86. Such capacitor construction may be
incorporated into a DRAM unit cell. [0069]Barrier engineered
dielectric structures may be utilized in other components besides
capacitors. FIGS. 9 and 10 illustrate a field effect transistor and a
non-volatile transistor, respectively, that utilize barrier
engineered dielectric structures.  [0070]Referring to FIG. 9, such
shows a portion of a semiconductor construction 100. The
semiconductor construction includes a semiconductor substrate 102,
and a pair of source/drain regions 104 that extend into the
substrate. The source/drain regions are conductively-doped regions of
substrate 102, and may be either majority n-type doped or majority
p-type doped. [0071]A transistor gate stack 106 is over substrate
102, and between the source/drain regions 104. The gate stack
includes a dielectric structure 108, an electrically conductive gate
material 110 over the dielectric structure, and an electrically
insulative capping material 112 over the electrically conductive gate
material. A pair of sidewall spacers 114 are along sidewalls of the
gate stack 106. The gate stack 106 and source/drain regions 104 are
together comprised by a field effect transistor 120.  [0072]The
dielectric structure 108 is shown to comprise a pair of portions 109
and 111. One of the portions 109 and 111 is a mixed phase portion
analogous to the portion 20 of FIG. 1, and the other is a single
phase portion analogous to the portion 22 of FIG. 



1. In some embodiments, it may be desired to have the mixed phase
portion be along and directly against the substrate 102, and in other
embodiments it may be desired to have the mixed phase portion be
along and directly against the conductive gate material 110. [0073]In
some embodiments, the mixed phase portion of dielectric structure 108
will be entirely amorphous (i.e., non-crystalline) and the single
phase portion of the dielectric structure will be entirely
crystalline (either monocrystalline or polycrystalline). In other
embodiments, the mixed phase portion may have some crystalline
character and the single phase portion may have some amorphous
character, but the single phase portion will be relatively more
crystalline than mixed phase portion. In some embodiments, the mixed
phase portion will be at least about 90 volume percent amorphous, and
the single phase portion will be at least about 90 volume percent
crystalline. [0074]The dielectric structure 108 is a gate dielectric
for the field effect transistor 120. The utilization of a dielectric
structure having a mixed phase portion and a single phase portion
analogous to the portions 20 and 22 of FIG. 1 enables the gate
dielectric to be tailored for specific applications of the field
effect transistor. [0075]Although the dielectric structure 108 is
shown to comprise two portions analogous to the portions 20 and 22 of
FIG. 1, in other embodiments the dielectric structure may comprise
three portions analogous to the portions 42, 44 and 46 of FIG. 2.
[0076]The conductive gate material 110, capping material 112 and
sidewall spacers 114 of the effect transistor 120 may comprise any
suitable compositions or combinations of compositions. For instance,
the conductive gate material may comprise one or more of various
metals, metal-containing compositions, and conductively-doped
semiconductor materials; and the capping material 112 and sidewall
spacers 114 may comprise one or more of silicon dioxide, silicon
nitride and silicon oxynitride.  [0077]Referring to FIG. 10, such
shows a portion of a semiconductor construction 150. The
semiconductor construction includes a semiconductor substrate 152,
and a pair of source/drain regions 154 that extend into the
substrate. The source/drain 



regions are conductively-doped regions of substrate 152, and may be
either majority n-type doped or majority p-type doped. [0078]A
transistor gate stack 156 is over substrate 152, and between the
source/drain regions 154. The gate stack includes, in ascending order
from the substrate, a gate dielectric 158, an electrically conductive
charge retaining material 160, a dielectric structure 162, an
electrically conductive control gate material 164, and an
electrically insulative capping material 166. The gate stack 156 and
source/drain regions 154 are together comprised by a non-volatile
transistor 180. [0079]The dielectric structure 162 is shown to
comprise three portions - 161, 163 and 165. The portions 161 and 165
are mixed phase materials analogous to the portions 42 and 46 of FIG.
2, and the portion 163 is single phase material analogous to the
portion 44 of FIG. 2. [0080]The dielectric structure 162 is an
intergate dielectric for the transistor 180. The utilization of a
dielectric structure having mixed phase portions on opposing sides of
a single phase portion (analogous to the portions 42, 44 and 46 of
FIG. 2) enables the intergate dielectric to be tailored for specific
applications of the transistor. The dielectric structure is referred
to as an "intergate" structure because it is between charge-retaining
material 160 and control gate material 164, and historically the
charge-retaining material and control gate material were considered
to correspond to two gates (a floating gate and a control gate). In
modern structures, the charge-retaining material may be a
charge-trapping material rather than corresponding to a floating
gate, but the term "intergate" material is still utilized to refer to
the material provided between the charge-retaining material and the
control gate material. [0081]In some embodiments, mixed phase
portions 161 and 165 will be entirely amorphous (i.e.,
non-crystalline) and single phase portion 163 will be entirely
crystalline (either monocrystalline or polycrystalline). In other
embodiments, one or both of portions 161 and 165 may have some
crystalline character; and portion 163 may have some amorphous
character, but portion 163will be relatively more crystalline than
portions 161 and 165. In some embodiments, portions 161 and 165 will
be at least about 90 volume percent amorphous, and portion 163 will
be at least about 90 volume percent crystalline. [0082]Although the
dielectric structure 162 is shown to comprise three portions
analogous to the portions 42, 44 and 46 of FIG. 2, in other
embodiments the dielectric structure may comprise two portions
analogous to the portions 20 and 22 of FIG. 1. [0083]The gate
dielectric 158 may comprise any suitable composition or 



combination of compositions. In some embodiments, the gate dielectric
may comprise  silicon dioxide. In some embodiments, the gate
dielectric may comprise a dielectric structure analogous to the
structure 12 of FIG. 1 or the structure 40 of FIG. 2.  [0084]The
charge-retaining material 160 may comprise any suitable composition
or combination of compositions. In some embodiments, the
charge-retaining material may be polycrystalline silicon. In some
embodiments, the charge-retaining material may comprise a
charge-trapping composition. [0085]The control gate material 164 may
comprise any suitable composition or combination of compositions; and
may, for example, comprise one or more of various metals,
metal-containing compositions, and conductively-doped semiconductor
materials. [0086]The electrically insulative capping material 166 may
comprise any suitable composition or combination of compositions, and
may, for example, comprise one or more of silicon dioxide, silicon
nitride and silicon oxynitride. [0087]Although dielectric structure
162 is the only intergate dielectric in the shown embodiment, in
other embodiments there may be additional dielectric materials
utilized in combination with dielectric structure 162 between
charge-retaining material 160 and control gate material 164.
[0088]The structures and devices of FIGS. 1-10 may be incorporated
into electronic 



systems, such as cars, computers, telephones, etc.. FIGS. 11-14 show
example embodiments in which such structures and devices are
incorporated into electronic systems. [0089]FIG. 11 illustrates an
embodiment of a computer system 400. Computer system 400 includes a
monitor 401 or other communication output device, a keyboard 402 or
other communication input device, and a motherboard 404. Motherboard
404 may carry a microprocessor 406 or other data processing unit, and
at least one memory device 408. Memory device 408 may comprise an
array of memory cells, and such array may be coupled with addressing
circuitry for accessing individual memory cells in the array.
Further, the memory cell array may be coupled to a read circuit for
reading data from the memory cells. The addressing and read circuitry
may be utilized for conveying information between memory device 408
and processor 406. Such is illustrated in the block diagram of the
motherboard 404 shown in FIG. 12. In such block diagram, the
addressing circuitry is illustrated as 410 and the read circuitry is
illustrated as 412. [0090]Processor device 406 may correspond to a
processor module, and associated memory utilized with the module may
comprise one or more of the structures and devices of FIGS. 1-10.
[0091] Memory device 408 may correspond to a memory module, and may
comprise one or more of the structures and devices of FIGS. 1-10.
[0092]FIG. 13 illustrates a simplified block diagram of a high-level
organization of an electronic system 700. System 700 may correspond
to, for example, a computer system, a process control system, or any
other system that employs a processor and associated memory.
Electronic system 700 has functional elements, including a processor
702, a control unit 704, a memory device unit 706 and an input/output
(I/O) device 708 (it is to be understood that the system may have a
plurality of processors, control units, memory device units and/or
I/O devices in various embodiments). Generally, electronic system 700
will have a native set of instructions that specify operations to be
performed on data by the processor 702 and other interactions between
the processor 702, the memory device unit 706 and the I/O device 708.
The control unit 704 coordinates all operations of the processor 702,
the memory device 706 and the I/O device 708 by continuously cycling
through a set of operations that cause instructions to be fetched
from the memory device 706 and executed. The memory device 706
may'include one or more of the structures and devices of FIGS. 1-10.
[0093]FIG. 14 is a simplified block diagram of an electronic system
800. The system 800 includes a memory device 802 that has an array of
memory cells 804, address decoder 806, row access circuitry 808,
column access circuitry 810, read/write control circuitry 812 for
controlling operations, and input/output circuitry 814. The memory
device 802 further includes power circuitry 816, and sensors 820,
such as current sensors for determining whether a memory cell is in a
low-threshold conducting state or in a high-threshold non-conducting
state. The illustrated power circuitry 816 includes power supply
circuitry 880, circuitry 882 for providing a reference voltage, an
interconnection line 884 for providing a first wordline with pulses,
an interconnection line 886 for providing a second wordline with
pulses, and an interconnection line 888 for providing a bitline with
pulses. The system 800 also includes a processor 822, or memory
controller for memory accessing. [0094]The memory device 802 receives
control signals from the processor 822 



over wiring or metallization lines. The memory device 802 is used to
store data which is accessed via I/O lines. At least one of the
processor 822 and memory device 802 may contain one or more one or
more of the structures and devices of FIGS. 1-10.  [0095]The various
electronic systems may be fabricated in single-package processing
units, or even on a single semiconductor chip, in order to reduce the
communication time between the processor and the memory device(s).
WO 2010/044965PCT/US2009/056506 [0096]The electronic systems may be
used in memory modules, device drivers, power modules, communication
modems, processor modules, and application-specific modules, and may
include multilayer, multichip modules.  [0097] The electronic systems
may be any of a broad range of systems, such as clocks, televisions,
cell phones, personal computers, automobiles, industrial control
systems, aircraft, etc.  CLAIMS Claim 1. A method of forming a
dielectric structure, comprising:        forming a first portion of
the dielectric structure; the first portion comprising a homogeneous
mixture of two oxides; one of said two oxides of the mixture of the
first portion having a dielectric constant of greater than or equal
to 25, and the other of said two oxides of the mixture of the first
portion having a dielectric constant of less than or equal to 20; 



forming a second portion of the dielectric structure over and
directly against the first portion; the second portion consisting of
a composition having a dielectric constant of greater than or equal
to 25;       forming a third portion of the dielectric structure over
and directly against the second portion; the third portion comprising
a homogeneous mixture of two oxides; one of said two oxides of the
mixture of the third portion having a dielectric constant of greater
than or equal to 25, and the other of said two oxides of the mixture
of the third portion having a dielectric constant of less than or
equal to 20; wherein the first and third portions are more amorphous
than the second portion; and wherein the first and third portions are
different in composition from one another.        Claim 2. The method
of claim 1 wherein the composition of the second portion is selected
from the group consisting of ZrO, Hf0, Ta0, TiO and SrTiO; where the
chemical formulas indicate the elements contained in the composition
and do not imply any particular stoichiometry of such elements.
Claim 3. The method of claim 1 wherein the first and third portions
consist of mixtures selected from the group consisting of ZrA10,
HfA10, ZrSiO, HfSiO, ZrHf0, ZrTa0, HtTa0, ZrTiO, HfTiO, TaTiO,
HfTaTiO and ZrTaTiO; where the chemical formulas indicate the
elements contained in the mixture and do not imply any particular
stoichiometry of such elements.  Claim 4. A capacitor, comprising: a
first capacitor electrode; a second capacitor electrode; and 



a dielectric material between the first and second capacitor
electrodes; the dielectric material comprising:        a first
portion directly against the first capacitor electrode; the first
portion comprising a homogeneous mixture of two oxides; one of said
two oxides having a dielectric constant of greater than or equal to
25, and the other of said two oxides having a dielectric constant of
less than or equal to 20;        a second portion directly against
the first portion; the second portion consisting of a composition
having a dielectric constant of greater than or equal to 25, the
second portion being more crystalline than the first portion;
a third portion of the dielectric material directly against the
second portion of the dielectric material; the third portion of the
dielectric material comprising a homogeneous mixture of two oxides
with one of said two oxides of the third portion having a dielectric
constant of greater than or equal to 25, and the other of said two
oxides of the third portion having a dielectric constant of less than
or equal to 20, the third portion being less crystalline than the
second portion; the third portion of the dielectric material being
directly against the second capacitor electrode;         wherein the
composition of the second portion is selected from the group
consisting of Hf0, Ta0, TiO and SrTiO; where the chemical formulas
indicate the elements contained in the composition and do not imply
any particular stoichiometry of such elements;        wherein the
first portion consists of a mixture selected from the group
consisting of HfA10, ZrSiO, HfSiO, ZrHf0, ZrTa0, 1-IfTa0, ZrTiO,
HfTiO, TaTiO, HffaTiO and ZrTaTiO; where the chemical formulas'
indicate the elements contained in the mixture and do not imply any
particular stoichiometry of such elements; and       wherein the
first and third portions are different in composition from one
another. 


