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ABSTRACT
High-dielectric-constant (k) materials and electrical devices
implementing the high-k materials are provided herein.
According to some embodiments, an electrical device
includes a substrate and a crystalline-oxide-containing composition. The crystalline-oxide-containing composition can
be disposed on a surface of the substrate. Within the crystalline-oxide-containing composition, oxide anions can form at
least one of a substantially linear orientation or a substantially
planar orientation. A plurality of these substantially linear
orientations of oxide anions or substantially planar orientations of oxide anions can be oriented substantially perpendicular or substantially normal to the surface of the substrate
such that the oxide-containing composition has a dielectric
constant greater than about 3.9 in a direction substantially
normal to the surface of the substrate. Other embodiments are
also claimed and described.
20 Claims, 4 Drawing Sheets
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HIGH DIELECTRIC CONSTANT
INSULATORS AND ASSOCIATED
FABRICATION METHODS

tive oxide thickness as well as good stability and reliability on
the substrate. It is to the provision of such materials, devices,
and methods that the various embodiments of the present
invention are directed.

CROSS-REFERENCE TO RELATED
APPLICATION
The present application claims the benefit of U.S. Provisional Patent Application Ser. No. 60/763,284, filed 30 Jan.
2006, and entitled "High-K Gate Oxide Dielectrics Based on
Nanostructured Layers," which is hereby incorporated by
reference in its entirety as if fully set forth below.

BRIEF SUMMARY

Various embodiments of the present invention are directed
to high-dielectric-constant (k) materials and electrical
10 devices implementing the high-k materials. Some embodiments are also directed to methods of making high-k materials and devices. When discussing the various embodiments of
the present invention, reference is sometimes made to highTECHNICAL FIELD
15 dielectric-constant materials, high dielectric constant insulating materials, high-k dielectrics, high-k insulators, and the
The various embodiments of the present invention relate
like. It should be noted that these terms are intended to be used
generally to dielectric materials, and more particularly, to
interchangeably to generally refer to materials having a
devices comprising high-dielectric-constant (k) materials,
dielectric constant greater than 3.9.
and to methods of making such materials and devices.
As discussed in more detail below, certain embodiments of
20
the present invention can be implemented as field effect tranBACKGROUND
sistors (FETs), and in particular metal oxide semiconductor
field effect transistors (MOSFETs). The various embodiSilicon dioxide (Si0 2 ) has been used as the primary gatements of the present invention can be fabricated using certain
dielectric material in field effect devices for almost 50 years.
However, it is projected, for example, that metal oxide semi- 25 physical process as well as chemical techniques.
Broadly described, an electrical device according to an
conductor (MOS) field effect transistors (FETs) will have
gate lengths ofless than about 10 nanometers (nm) and will
embodiment of the present invention can include a substrate
require equivalent oxide thicknesses of Si0 2 of about 0.5 nm
and a crystalline-oxide-containing composition. The crystalor less than about 3 atomic layers. The minimum equivalent
line-oxide-containing composition can be disposed on a suroxide thickness of Si0 2 has been estimated to be about 0.7 30 face of the substrate. Within the crystalline-oxide-containing
nm. Such thin oxide layers represent a fundamental challenge
composition, oxide anions can form at least one of a substanto the historic steady reduction in integrated circuit sizes that
tially linear orientation or a substantially planar orientation. A
plurality of these substantially linear orientations of oxide
have characterized the very successful semiconductor indusanions or substantially planar orientations of oxide anions can
try. Specifically, at these small thicknesses, the amount of
current leakage, which is caused by direct tunneling of charge 35 be oriented substantially perpendicular or normal to the surcarriers through the thin oxide layer, may be too high.
face of the substrate such that the oxide-containing composiSince the capacitance of the oxide layer is proportional to
tion has a dielectric constant greater than about 3.9 in a
the dielectric constant and inversely proportional to its thickdirection substantially normal to the surface of the substrate.
ness, using a higher dielectric constant material allows a
Other embodiments are also claimed and described.
proportionally greater thickness to be used. High dielectric- 40
A field effect transistor according to an embodiment of the
constant (high-k) materials, or materials having a dielectric
present invention can include a source, a drain, a body, and a
constant greaterthan thatofSi0 2 (i.e., 3.9), are clearly needed
gate. The gate includes a gate dielectric and a gate electrode
for silicon (Si) based MOS technologies since the above
that is disposed on the gate dielectric. The gate dielectric
equivalent oxide thickness are too small to be practically
comprises a crystalline-oxide-containing compos1t10n,
implemented with Si0 2 . High-k insulators, or high-k dielec- 45 which is disposed on a surface of the body. Within the crystries, are needed to compensate for gate current increases that
talline-oxide-containing composition of the gate dielectric, a
result from the scaling down of gate oxide thicknesses. Such
plurality of lines of oxide anions, zigzagged lines of oxide
dielectrics are even more important for low-power circuits
anions, helices of oxide anions, planes of oxide anions, zigwhere gate leakage power consumption represents a fundazagged planes of oxide anions, or a combination comprising
50 at least one of the foregoing, are oriented substantially normal
mental limitation.
One approach to implementing high-k dielectrics is to use
to the surface of the body. The dielectric constant of the gate
oxides of hafnium (e.g., Hf0 2 ), tantalum (e.g., Ta2 0 5 ), landielectric can be greaterthan about 3.9 in a direction substanthanum (e.g., La2 0 3 ), and zirconium (e.g., Zr0 2 ) or nitrides
tially normal to the surface of the body.
of hafnium (e.g., HfSiON) or tantalum (e.g., TaN). The
A method of fabricating an electrical device according to
dielectric constants of these amorphous materials are about 5 55 an embodiment of the present invention can include providto about 20. These materials in their current implementation,
ing a substrate and disposing a crystalline-oxide-containing
however, have reliability issues associated with them. Specomposition on a surface of the substrate. Disposing the cryscifically, charge trapping effects can cause transistor degratalline-oxide-containing composition comprises disposing a
dation, and channel carrier mobility and transconductance
plurality of lines of oxide anions, zigzagged lines of oxide
may be degraded. Stacks or laminates of these oxides may 60 anions, helices of oxide anions, planes of oxide anions, zigprovide improved performance. However, since stacked layzagged planes of oxide anions, or a combination comprising
at least one of the foregoing, substantially normal to the
ers may be represented as capacitors in series, the equivalent
oxide thickness will never be less than that of the lowest
surface of the substrate to provide a dielectric constant greater
dielectric constant layer.
than about 3.9 in a direction substantially normal to the surAccordingly, there is a need for improved high-k materials, 65 face of the substrate.
high-k electrical devices manufactured therefrom, and assoOther aspects and features of embodiments of the present
ciated fabrication methods that exhibit a suitably small effecinvention will become apparent to those of ordinary skill in
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the art, upon reviewing the following detailed description in
conjunction with the accompanying figures.

having a high dielectric constant in a direction parallel to that
of the electric field. For example, FIG. 2 illustrates a helix of
oxide anions and FIG. 3 illustrates planes of oxide anions.
An exemplary electrical device according to the present
invention comprises a substrate and an oxide-containing
composition. The oxide-containing composition can be disposed on a surface of the substrate. Within the oxide-containing composition, oxide anions can form at least one of a
substantially linear orientation or a substantially planar orientation. As used herein, the phrase "substantially linear orientations" is intended to include, but not be limited to, linear
chains of oxide anions, zigzagged chains or lines of oxide
anions, helices of oxide anions, and the like. Also, as used
herein, the phrase "substantially planar orientations" is
intended to include, but not be limited to, planes of oxide
anions, zigzagged planes of oxide anions, and the like. A
plurality of these substantially linear orientations of oxide
anions or substantially planar orientations of oxide anions can
be oriented substantially perpendicular (or normal) to the
surface of the substrate such that the oxide-containing composition has a dielectric constant greater than about 3.9 in a
direction substantially normal to the surface of the substrate.
As used herein, the terms "substantially perpendicular" or
"substantially normal" include variations from 90 degrees of
up to about 10 degrees. Preferably, these deviations from 90
degrees are less than or equal to about 5 degrees.
The dielectric material is crystalline, at least on the nanometer scale, and can exhibit long range order on the micrometer,
or greater, scale. Accordingly, the oxide containing composition is disposed on the surface of the substrate in the form of
a plurality of crystallites (i.e., polycrystalline) or as a single
crystal. The nanometer scale, or larger, crystallites of the
oxide-containing composition are arranged on the surface of
the substrate to effect the desired orientation of oxide anions
normal to the surface of the substrate. The arrangement of the
oxide-containing composition can be controlled by an appropriate fabrication technique.
The oxide anions, which are in the desired geometry (e.g.,
line, zigzagged line, helix, plane, zigzagged plane, or the
like), interact strongly with neighboring oxide anions within
the same given geometry, but only weakly with oxide anions
from other particular geometries (i.e., another line, zigzagged
line, helix, plane, or the like), provided that there is sufficient
separation between the different geometrical orientations of
oxide anions. Since the electric field of an induced dipole
varies inversely proportional to the cube of the distance from
the dipole, it follows that nearby oxide anions can be strongly
interacting and those oxide anions only slightly farther away
can be weakly interacting. Thus, small changes in atomic
positions can produce large changes in the dielectric constant.
By way of example, the oxide anions within one line of oxide
anions dielectrically interact strongly with neighboring
oxides within the same line, but only weakly with the oxide
anions in another line or within a different oxide anion geometry within the oxide-containing composition. Thus, for electric fields that are normal or substantially normal to the surface of the substrate, the oxide-containing composition
operates as a high-k insulator. In one embodiment, the oxidecontaining composition has a dielectric constant greater than
or equal to about 50 in a direction substantially normal to the
surface of the substrate. In another embodiment, the oxidecontaining composition has a dielectric constant greater than
or equal to about 100 in a direction substantially normal to the
surface of the substrate.
Oxide anions, in crystalline solids, are generally arranged
at the comers of an octahedron or tetrahedron with a metal
cation at the center. An octahedron can interact with another

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 schematically illustrates linear chains of oxide
anions oriented perpendicular to the surface of the substrate
according to some embodiments of the present invention.
FIG. 2 schematically illustrates a helical chain of oxide
anions oriented perpendicular to the surface of the substrate
according to some embodiments of the present invention.
FIG. 3 schematically illustrates a plane of oxide anions
oriented perpendicular to the surface of the substrate according to some embodiments of the present invention.
FIG. 4 schematically illustrates a transistor device according to some embodiments of the present invention.

10

15

DETAILED DESCRIPTION
Referring now to the figures, wherein like reference numerals represent like parts throughout the several views, exemplary embodiments of the present invention will be described
in detail. Throughout this description, various components
may be identified having specific values or parameters, however, these items are provided as exemplary embodiments.
Indeed, the exemplary embodiments do not limit the various
aspects and concepts of the present invention as many comparable parameters, sizes, ranges, and/or values may be
implemented. The terms "first," "second," and the like, "primary," "secondary," and the like, do not denote any order,
quantity, or importance, but rather are used to distinguish one
element from another. Further, the terms "a", "an", and "the"
do not denote a limitation of quantity, but rather denote the
presence of"at least one" of the referenced item.
The various embodiments of the present invention provide
improved high-k materials, high-k electrical devices, and
associated material and device fabrication methods. The electrical devices incorporate a novel approach to producing
high-k dielectric materials. Whereas other high-k gate dielectrics have been based primarily on the dielectric's composition, the structures and devices of the embodiments of the
present invention are based on the orientation and position/
density of oxygen anions within the dielectric material.
Generally, the dielectric constant of a material depends on
the magnitude of the electric polarization that is induced
within the dielectric material. This induced polarization
depends, in tum, on the local electric field within the material.
The local electric field is the sum of the external applied
electric field and the localized electric field due to any
induced dipoles. The induced field is strongly dependent on
the atomic environment in the material (i.e., the relative positions of the atoms in the layer). A single structure can give rise
to induced fields that are strongly polarizing (e.g., to produce
a high-k dielectric) or can give rise to induced fields that are
strongly depolarizing (e.g., to produce a dielectric with a
lower dielectric constant). Thus, the structure can have anisotropic dielectric properties.
For oxide anions, the highest dielectric constant will occur
for a linear "chain" of oxide anions with the electric field
being applied along the line of the oxide anions. A high
dielectric constant layer can be produced by positioning the
oxide anions in non-interacting (i.e., sufficiently separated)
linear chains perpendicular to the surface of a substrate. This
is illustrated in FIG. 1. In this example, the highest possible
dielectric constant is achieved for a field applied perpendicular to the substrate, such as in the case of a gate of a transistor.
Other orientations of oxide anions can result in a material
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octahedron, or a tetrahedron, by sharing a corner, an edge, or
a three-sided face. Similarly, a tetrahedron can interact with
another tetrahedron, or an octahedron, by sharing a corner, an
edge, or a three-sided face. The interactions between the
polyhedra are dictated, in part, by the particular metal ion in
the center of the polyhedron as well as any other components
of the composition of the solid (e.g., substituents in the polyhedron, ions in the vicinity of the octahedron, ion vacancies,
dopants, and the like). Based on these interactions between
polyhedra, and/or other components of the composition of the
solid, there can be a distortion of one or more of the dimensions of a polyhedron. There can also be a distortion in the
arrangement of the polyhedra with respect to each other, such
that certain polyhedra are canted or skewed towards one
another. The unit cell for a particular crystal structure and
composition will include each of these distortions. Thus, each
crystallite, which comprises a plurality of three-dimensionally arranged unit cells, will have very specific, periodic, and
regular arrangements of oxide anions. Taking advantage of
these geometric arrangements and the inverse cube interaction of oxide anions within the crystallite, and properly orienting the individual crystallite(s) on the surface of the substrate allows the formation of the high-k materials and
devices according to some embodiments of the present invention.
By way of example, if two of the axes of an octahedron are
expanded and the third is compressed, such as is shown in
FIG. 1, and a plurality of corner-sharing octahedra of this type
are stacked along the compressed axis, the distance between
the compressed oxide anions is sufficient for them to interact
strongly di electrically. This two-dimensional interaction generally results in a linear chain of oxide anions. The oxide
anions of each of the elongated axes also strongly interact
with oxide anions of elongated axes other octahedra stacked
above and below them to form their own lines of oxide anions.
These lines of oxide anions are too far from the oxide anions
of the line of the compressed axis to act in a depolarizing
manner. Therefore, a plurality of parallel lines of oxide anions
is formed.
If, for example, another ion were repeatedly placed in one
or more of the gaps between the corner-sharing octahedra,
there could be enough of an electrostatic repulsion between
the octahedra and the other ion to skew the octahedra. Thus,
instead of linear chains of oxide anions, there would be
"kinks" in each line such as to form zigzagged lines of oxide
anions. Another way of generating zigzagged lines of oxide
anions would be to substitute one of the oxide anions in each
octahedron with another anion, which could allow the same
coordination geometry (e.g., sulfur) or require a different
coordination geometry (e.g., nitrogen), so as to provide different electrostatic interactions between octahedra. In this
case, substitution of the oxide anion(s) with another anion(s)
would change the overall number of zigzagged chains of
oxide anions as well.
By way of another example, if only one of the axes of an
octahedron are expanded and the other two are compressed,
such as is shown in FIG. 3, and a plurality of corner-sharing
octahedra of this type are stacked along one of the compressed axes, the distance between the four compressed oxide
anions is sufficient for them to strongly interact dielectrically.
This two-dimensional interaction actually results in a plane of
polarizing oxide anions. The oxide anions of the elongated
axes may or may not also strongly interact with oxide anions
of elongated axes other octahedra stacked above and below
them to form their own planes of oxide anions. These planes
of oxide anions are too far from the oxide anions of the planes
of the compressed axes to interact in a depolarizing manner.

Therefore, a plurality of parallel planes of oxide anions is
formed. Alternatively, planes of oxide anions are also created
if a plurality of these octahedra interacts in an edge-sharing
manner.
Similarly, if another ion were repeatedly placed in one or
more of the gaps between the edge-sharing octahedra, there
could be enough of an electrostatic repulsion between the
octahedra and the other ion to skew the octahedra. Thus,
instead of planar chains of oxide anions, there would be
"kinks" in each plane such as to form zigzagged planes of
oxide anions. Analogously, another way of generating zigzagged planes of oxide anions would be to substitute one of
the non-edge shared oxide anions in each octahedron with
another anion, which could allow the same coordination
geometry (e.g., sulfur) or require a different coordination
geometry (e.g., nitrogen), so as to provide different electrostatic interactions between octahedra. In this case, however,
substitution of the oxide anion( s) with another anion( s) could,
but would not necessarily, change the overall number of zigzagged planes of oxide anions too.
The threshold distance between oxide anions, or between
closest points of geometric arrangements of oxide anions,
over which they would no longer be interacting to have a
depolarizing effect depends on the particular geometric
arrangement of oxide anions.
The cations of the oxide-containing compositions can
include lithium, magnesium, silicon, lead, niobium, titanium,
strontium, sodium zirconium, lanthanum, hafnium, barium,
yttrium, scandium, iodine, calcium, or the like, or a combination comprising at least one of the foregoing (e.g., barium
and titanium, strontium and titanium, lithium and iodine, and
the like). Additional anions that can be present in the oxidecontaining composition include, sulfur, nitrogen, iodine, or
the like, or a combination comprising at least one of the
foregoing. Additionally, if desired, dopants may be incorporated into the oxide-containing composition to provide it with
a positive polarity (p-type) or negative polarity (n-type). The
elemental composition should be chosen to optimize the
dielectric constant and the electron tunneling characteristics
of the resulting high-k dielectric structure for desired performance characteristics.
Specific oxide-containing compositions that can be implemented in the devices of the present invention (i.e., with the
desired oxide anion geometries) include lithium niobate,
lithium iodate, hafnium oxide, hafnium silicon oxide, lanthanum oxide, lanthanum aluminum oxide, zirconium oxide,
zirconium silicon oxide, tantalum oxide, barium strontium
titanate, barium strontium niobate, barium titanate, strontium
titanate, yttrium oxide, aluminum oxide, lead scandium tantalum oxide, barium sodium niobate, or lead zinc niobate.
Exemplary oxide-containing compositions include LiNb0 3 ,
BaTi 2 0 5 , Ca 0 _25 Ba0 _75 Nb 2 0 6 , LiI0 3 , Ba 2 NaNb 5 0 15 , SrTi0 3 ,
BaTi03 , and Ba 0 _25 Sr0 _75 Nb 2 0 6 .
For example, lithium niobate (LiNb0 3 ) is characterized by
containing periodic planar hexagonal layers of oxide anions.
For an electric field applied parallel to one plane, the dielectric constant is about 78. The dielectric constant would be
significantly lower for a field applied perpendicular to the
plane. However, if oriented properly such that it approximates
a plurality of chains parallel to the electric field, it could have
a dielectric constant of about 104.
There are many possible fabrication methods that can be
used individually or in combination to produce the disclosed
structures. Fabrication methods include both chemical and
physical processes. A non-exhaustive list of processes
includes chemical vapor deposition (CVD), metal organic
chemical vapor deposition (MOCVD), combustion chemical
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vapor deposition, molecular beam epitaxy (MBE), radio frequency sputtering, magnetron sputtering, electron beam
bombardment, electrostatic deposition, floating zone crystal
growth, atomic layer deposition, self-assembly methods, and
the like. Various processing steps may be utilized before
deposition, during deposition, or post-deposition, such as
sintering, electric field poling, application of pressure, masking, templating, annealing, ozone treatment, ion diffusion,
and the like. Each of the foregoing techniques is known to
those skilled in the art to which this disclosure pertains.
The substrate, which can comprise any semiconducting
material (e.g., silicon, germanium, gallium arsenide, or the
like), can undergo a mechanical treatment such that the surface has a particular crystallographic plane (represented by
Miller indices). By providing the surface of the substrate with
a specific crystallographic plane, growth of the oxide-containing composition with the desired atomic arrangement can
be facilitated. Furthermore, the oxide-containing layer can be
grown epitaxially on the surface of the substrate.
It should be noted that any of these fabrication processes or
processing steps can be carried out in the presence of an
electric and/or magnetic field in order to facilitate orienting
the oxide-containing composition on the surface of the substrate as desired.
As stated above, the oxide-containing composition is disposed on the surface of the substrate in the form of a plurality
of crystallites (i.e., polycrystalline) or as a single crystal. If
the oxide-containing composition is polycrystalline, each
grain of the polycrystalline-oxide-containing composition
will comprise a plurality of lines of oxide anions, zigzagged
lines of oxide anions, helices of oxide anions, planes of oxide
anions, zigzagged planes of oxide anions, or a combination
comprising at least one of the foregoing. In an exemplary
embodiment, the geometric arrangement of the oxide anions
for every grain or crystallite is substantially normal to the
surface of the substrate.
The overall thickness of the oxide-containing composition
can be larger than that seen in conventional electronic devices
owing to its high dielectric constant. However, the overall
thickness of the high-k oxide-containing composition is
desirably about 1 nm to about 100 nm. More specifically, the
overall thickness of the high-k oxide-containing composition
is about 1 nm to about 10 nm.
The electrical device including the substrate and the high-k
oxide containing composition can be implemented in a field
effect transistor (FET) to control the shape and conductivity
of the channel in a semiconductor. An exemplary FET is
shown in FIG. 4 and generally indicated by 100. The FET 100
includes a source 102, a drain 104, a gate 106, anda body 108.
The gate 106 includes a gate dielectric 110, which is the
high-k oxide-containing composition described above. The
substrate for the high-k oxide-containing composition is the
body 108 of the FET 100. The gate 106 further includes a gate
electrode 112 disposed on the gate dielectric 110. The gate
may include optional barrier or buffer layers 114 and 116
disposed between the gate dielectric 110 and the gate electrode 112 and between the gate dielectric 110 and the body
108, respectively. If the gate electrode 112 is a metal, then the
FET 100 is a metal oxide semiconductor field effect transistor
(MOSFET).
The embodiments of the present invention are not limited
to the particular formulations, process steps, and materials
disclosed herein as such formulations, process steps, and
materials may vary somewhat. Moreover, the terminology
employed herein is used for the purpose of describing exemplary embodiments only and the terminology is not intended
to be limiting since the scope of the various embodiments of
the present invention will be limited only by the appended

claims and equivalents thereof. For example, temperature and
pressure parameters may vary depending on the particular
materials used.
Therefore, while embodiments of this disclosure have been
described in detail with particular reference to exemplary
embodiments, those skilled in the art will understand that
variations and modifications can be effected within the scope
of the disclosure as defined in the appended claims. Accordingly, the scope of the various embodiments of the present
invention should not be limited to the above discussed
embodiments, and should only be defined by the following
claims and all equivalents.
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What is claimed is:
1. An electrical device, comprising:
a crystalline-oxide-containing composition disposed on a
surface of a substrate, the crystalline-oxide-containing
composition comprising a plurality of substantially linear orientations of oxide anions or a plurality of substantially planar orientations of oxide anions, wherein the
plurality of substantially linear orientations of oxide
anions or substantially planar orientations of oxide
anions are substantially normal to the surface of the
substrate, wherein the crystalline-oxide-containing
composition has a dielectric constant greater than about
3.9 in a direction substantially normal to the surface of
the substrate, and wherein each one of the plurality of
substantially linear orientations of oxide anions or substantially planar orientations of oxide anions does not
substantially interact with another one of the plurality of
substantially linear orientations of oxide anions or substantially planar orientations of oxide anions with the
result being that the dielectric constant of the crystallineoxide-containing composition is not decreased in a
direction substantially normal to the surface of the substrate.
2. The electrical device of claim 1, wherein the plurality of
substantially linear orientations of oxide anions or substantially planar orientations of oxide anions comprises a plurality of lines of oxide anions, zigzagged lines of oxide anions,
helices of oxide anions, planes of oxide anions, or zigzagged
planes of oxide anions.
3. The electrical device of claim 1, wherein the substrate
comprises a semiconductor.
4. The electrical device of claim 1, wherein the oxidecontaining composition is a single crystal.
5. The electrical device of claim 1, wherein the oxidecontaining composition is polycrystalline, and each crystallite of the polycrystalline-oxide-containing composition
comprises the plurality of oxide anions arranged in at least
one of the substantially linear or substantially planar orientations that are oriented substantially normal to the surface of
the substrate.
6. The electrical device of claim 1, wherein the dielectric
constant is greater than or equal to about 50 in the direction
substantially normal to the surface of the substrate.
7. The electrical device of claim 1, wherein the dielectric
constant is greater than or equal to about 100 in the direction
substantially normal to the surface of the substrate.
8. The electrical device of claim 1, wherein the overall
thickness of the oxide-containing composition is about 1
nanometer to about 100 nanometers.
9. The electrical device of claim 1, further comprising a
barrier layer disposed between the crystalline-oxide-containing composition and the substrate.
10. A field effect transistor, comprising:
a source;
a drain;
a body; and
a gate comprising a gate dielectric and a gate electrode
disposed on the gate dielectric, the gate dielectric com-
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prising a crystalline-oxide-containing composition disposed on a surface of the body, wherein the crystallineoxide-containing composition comprises a plurality of
lines of oxide anions, zigzagged lines of oxide anions,
helices of oxide anions, planes of oxide anions, zigzagged planes of oxide anions, or a combination comprising at least one of the foregoing, oriented substantially normal to the surface of the body to provide a
dielectric constant greater than about 3.9 in a direction
substantially normal to the surface of the body, and
wherein oxide anions in one of the plurality of lines of
oxide anions, zigzagged lines of oxide anions, helices of
oxide anions, planes of oxide anions, zigzagged planes
of oxide anions, or a combination comprising at least
one of the foregoing, interact strongly with neighboring
oxide anions within the same one of the plurality oflines
of oxide anions, zigzagged lines of oxide anions, helices
of oxide anions, planes of oxide anions, zigzagged
planes of oxide anions, or a combination comprising at
least one of the foregoing, and interact weakly with
oxide anions from another one of the plurality oflines of
oxide anions, zigzagged lines of oxide anions, helices of
oxide anions, planes of oxide anions, zigzagged planes
of oxide anions, or a combination comprising at least
one of the foregoing, with the result being that the
dielectric constant of the crystalline-oxide-containing
composition is not decreased in a direction substantially
normal to the surface of the substrate.
11. The field effect transistor of claim 10, further comprising a barrier layer disposed between the gate dielectric and the
gate electrode.
12. The field effect transistor of claim 10, further comprising a barrier layer disposed between the gate dielectric and the
body.
13. The field effect transistor of claim 10, wherein the gate
electrode is a metal, and the field effect transistor is a metal
oxide semiconductor field effect transistor.
14. The field effect transistor of claim 10, wherein the
dielectric constant of the gate dielectric is greater than or
equal to about 50 in the direction substantially normal to the
surface of the body.
15. The field effect transistor of claim 10, wherein the
dielectric constant of the gate dielectric is greater than or
equal to about 100 in the direction substantially normal to the
surface of the body.
16. A method of fabricating an electrical device, the
method comprising:
providing a substrate; and
disposing a crystalline-oxide-containing composition on a
surface of the substrate such that a plurality of lines of
oxide anions, zigzagged lines of oxide anions, helices of
oxide anions, planes of oxide anions, zigzagged planes
of oxide anions, or a combination comprising at least

one of the foregoing, are oriented substantially normal to
the surface of the substrate to provide a dielectric constant greater than about 3.9 in a direction substantially
normal to the surface of the substrate;
wherein oxide anions in one of the plurality of lines of
oxide anions, zigzagged lines of oxide anions, helices of
oxide anions, planes of oxide anions, zigzagged planes
of oxide anions, or a combination comprising at least
one of the foregoing, interact strongly with neighboring
oxide anions within the same one of the plurality oflines
of oxide anions, zigzagged lines of oxide anions, helices
of oxide anions, planes of oxide anions, zigzagged
planes of oxide anions, or a combination comprising at
least one of the foregoing, and interact weakly with
oxide anions from another one of the plurality oflines of
oxide anions, zigzagged lines of oxide anions, helices of
oxide anions, planes of oxide anions, zigzagged planes
of oxide anions, or a combination comprising at least
one of the foregoing, with the result being that the
dielectric constant of the crystalline-oxide-containing
composition is not decreased in a direction substantially
normal to the surface of the substrate.
17. The method of claim 16, wherein disposing the crystalline-oxide-containing composition on the surface of the
substrate comprises at least one of chemical vapor deposition,
metal organic chemical vapor deposition, combustion chemical vapor deposition, molecular beam epitaxy, radio frequency sputtering, magnetron sputtering, electron beam
bombardment, electrostatic deposition, floating zone crystal
growth, atomic layer deposition, or self-assembly.
18. The electrical device of claim 1, wherein the crystalline-oxide-containing composition comprises oxide anions at
corners of octahedra or tetrahedra, and wherein one or more
dimensions of the octahedra or tetrahedra comprising the
oxide anions is distorted.
19. The electrical device of claim 1, wherein the crystalline-oxide-containing composition comprises oxide anions at
corners of octahedra or tetrahedra, and wherein an arrangement of the octahedra or tetrahedra comprising the oxide
anions is distorted such that one or more of the octahedra or
tetrahedra are canted or skewed towards one another.
20. The field effect transistor of claim 10, wherein the
crystalline-oxide-containing composition comprises oxide
anions at corners of octahedra or tetrahedra, and
wherein one or more dimensions of the octahedra or tetrahedra comprising the oxide anions is distorted and/or
wherein an arrangement of the octahedra or tetrahedra
comprising the oxide anions is distorted such that one or
more of the octahedra or tetrahedra are canted or skewed
towards one another.
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