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(57) Abstract: Techniques are generally described herein for the design, manufacture and use of composite dielectric materials.
Embodiments include, but are not limited to, methods, apparatuses, and systems. Other embodiments may also be disclosed and
claimed. Some techniques described herein include electrophoretic deposition of dielectric particles to conformally form a thin
layer of dielectric material for use in energy storage devices. Example energy storage devices include capacitor devices, which in
some instances may be used to replace and/or assist in the operation of batteries, ultra-capacitors, and other similar devices.
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CONFORMAL DEPOSITION OF DIELECTRIC COMPOSITES BY
ELECTROPHORESIS

Background
[0001] Unless otherwise indicated herein, the materials described in this
section are not prior art to the claims in this application and are not admitted to be
prior art by inclusion in this section.
[0002] Capacitors may be used for various energy storage applications. A
dielectric material is typically sandwiched between two conductive layers to form the
capacitor. The dielectric material currently may be manufactured using methods
such as lamination or solvent casting (e.g., spray coating) of a dielectric layer,
followed by melting a layer of polymer on top of the dielectric to fill any spaces in the
dielectric layer. For non-planar underlying conductive layers, these manufacturing
methods typically lead to planar yet non-uniformly-thick layers of dielectric
composite.

Summary

[0003] This disclosure is generally drawn, inter alia, to methods, apparatuses,
and systems related to dielectric composites formed by electrophoretic deposition.
Techniques are generally described herein for the design, manufacture and use of
composite dielectric materials. Embodiments include, but are not limited to,
methods, apparatuses, and systems. Other embodiments may also be disclosed
and claimed. Some techniques described herein include electrophoretic deposition of
dielectric particles to form a thin layer of dielectric material for use in energy storage
devices. Example energy storage devices include capacitor devices, which in some
instances may be used to replace and/or assist in the operation of batteries, ultra-
capacitors, and other similar devices. As used herein, a “dielectric composite” may
comprise a dielectric layer having spaces filled with a polymer.
[0004] In various embodiments, a method for making a dielectric composite
apparatus may include conformally depositing by electrophoresis a layer of dielectric
material on a first conductive layer, and filling spaces in the layer of dielectric
material with a polymer. The method may further include forming a second
conductive layer on the layer of dielectric material filled with the polymer to form the
dielectric composite apparatus. Conformally depositing may include immersing the
first conductive layer in a solvent, and applying an electrical bias to the first
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conductive layer such that the dielectric material is attracted to the first conductive
layer to conformally form the layer of dielectric material. The solvent may include the
dielectric material dispersed therein. Further, the solvent may be an organic solvent
having the dielectric material dispersed therein. Applying the electrical bias may
include pulsed biasing or forward biasing staggered with reverse biasing the first
conductive layer to attract the dielectric material to the first conductive layer to
conformally form the layer of dielectric material. The polymer may include one or
more of poly(ethylene terephthalate), polypropylene, a polycarbonate, or a polyimide.
Filling spaces may include depositing the polymer on the layer of dielectric material,
and applying one or more of heat or pressure to the polymer such that the polymer is
drawn into the spaces in the layer of dielectric material..

[0005] In various embodiments, a method for making a dielectric composite
apparatus may include electrophoretically depositing a layer of particles on a first
conductive layer, wherein the particles comprise a dielectric material coated with a
polymer, and applying one or more of heat or pressure to the layer of particles to
draw the polymer into spaces in the layer of particles. The method may further
include forming a second conductive layer on the layer of particles filled with the
polymer to form the dielectric composite apparatus. Electrophoretically depositing
may include conformally depositing the layer of particles on the conductive layer.
The polymer may include one or more of poly(ethylene terephthalate),
polypropylene, a polycarbonate, or a polyimide.

[0006] In various embodiments, a dielectric composite apparatus may include
a first conductive layer, and a layer of dielectric material conformally formed on the
first conductive layer. The apparatus may further include a polymer within spaces of
the layer of dielectric material, and a second conductive layer on the layer of
dielectric material filled with the polymer. The first conductive layer may include a
non-planar surface, and wherein the layer of dielectric material is conformally formed
on the non-planar surface of the first conductive layer. The first conductive layer
may be a metal material formed from one or more of aluminum, copper, platinum,
gold, silver, or nickel. The polymer may include one or more of poly(ethylene
terephthalate), polypropylene, polycarbonate, or polyimide. The dielectric material
may include one of barium titanate, hafnium silicate, zirconium silicate, hafnium

dioxide, or zirconium dioxide. The dielectric material may include barium titanate,



WO 2011/081933 PCT/US2010/060298

and wherein the barium titanate is coated with aluminum oxide. The dielectric
material may include a high-k dielectric material.

[0007] In various embodiments, a system with a dielectric composite may
include an output terminal, and an energy storage module including at least one
capacitor. The energy storage module may include a first conductive layer, and a
layer of dielectric material conformally formed on the first conductive layer. The
energy module may further include a polymer within spaces of the layer of dielectric
material, and a second conductive layer on the layer of dielectric material filled with
the polymer. Further, the system may include a battery module. The battery and the
energy storage module may be coupled in parallel to the output terminal. The
system may further include a DC/DC converter coupled between the battery module
and the output terminal, and between the energy storage module and the output
terminal. The system may further include a load coupled to the output terminal. The
energy storage module and battery module may provide an uninterruptible power
supply to the load. The at least one capacitor may be a high-dielectric capacitor.
[0008] The foregoing summary is illustrative only and is not intended to be in
any way limiting. In addition to the illustrative aspects, embodiments, and features
described above, further aspects, embodiments, and features will become apparent
by reference to the drawings and the following detailed description.

Brief Description of the Drawings

[0009] Subject matter is particularly pointed out and distinctly claimed in the
concluding portion of the specification. The foregoing and other features of the
present disclosure will become more fully apparent from the following description
and appended claims, taken in conjunction with the accompanying drawings.
Understanding that these drawings depict only several embodiments in accordance
with the disclosure and are, therefore, not to be considered limiting of its scope, the
disclosure will be described with additional specificity and detail through use of the
accompanying drawings, in which:

Fig. 1 is a block diagram of an example system for manufacturing an
apparatus including a dielectric composite;

Fig. 2 is a flow diagram illustrating some of the operations associated with an

example method of making a dielectric composite apparatus;
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Figs. 3 — 7 illustrate cross-sectional views of various stages of a device
manufactured with an example method for making a dielectric composite apparatus;

Figs. 8 — 10 illustrate cross-sectional views of various stages of a device
manufactured with another example method for making a dielectric composite
apparatus;

Fig. 11 is a block diagram of an example system including a dielectric
composite; and

Fig. 12 is a block diagram illustrating an example computing device;

all arranged in accordance with various embodiments of the present

disclosure.

Detailed Description of Embodiments
[0010] In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof. In the drawings, similar symbols
typically identify similar components, unless context dictates otherwise. The
illustrative embodiments described in the detailed description, drawings, and claims
are not meant to be limiting. Other embodiments may be utilized, and other changes
may be made, without departing from the spirit or scope of the subject matter
presented herein. It will be readily understood that the aspects of the present
disclosure, as generally described herein, and illustrated in the Figures, can be
arranged, substituted, combined, separated, and designed in a wide variety of
different configurations, all of which are explicitly contemplated herein.
[0011] The present disclosure recognizes that for non-planar (e.g., rough,
wavy, or uneven) underlying conductive layers, methods enlisting lamination or
solvent coating of dielectric layers tend to result in planar yet non-uniformly-thick
dielectric layers or composites (i.e., dielectric layer with polymer-filled spaces).
Since the planar top surface of the dielectric layer or composite is less than the
surface area of the non-planar underlying conductive layer, a top conductive layer
deposited on top of the dielectric layer or composite would have a surface area
substantially equal to the planar top surface of the dielectric layer or composite and
less than the surface area of the non-planar underlying conductive layer. As the
energy storage capability of capacitors may be directly related to the surface area of
the conductive layers (the capacitor electrodes), any benefit that could be gained
from a conductive layer having a non-planar surface may be lost.



WO 2011/081933 PCT/US2010/060298

[0012] In contrast, the described dielectric layers may be formed by
electrophoretic deposition, which may provide a substantially uniformly-thick layer of
dielectric even on non-planar underlying conductive layer surfaces. In other words,
the described the surface area of the dielectric layer may correspond to the surface
area of the underlying conductive layer. As a result, the surface area of a top
capacitor electrode may be correspondingly increased relative to top capacitor
electrodes formed over laminated or solvent coated dielectric layers.

[0013] Fig. 1 is a block diagram of an example system for manufacturing an
apparatus including a dielectric composite, arranged in accordance with at least
some embodiments of the present disclosure. A basic configuration of the system
100 may include a controller 102, a solvent bath 104, a polymer deposition chamber
106, a conductive material deposition chamber 108, and a power source 110, all
coupled together and generally configured as illustrated.

[0014] The controller 102 may be any device suitable for monitoring,
adjusting, and/or controlling a process of manufacturing a dielectric composite
according to the various methods described herein. For example, the controller 102
may be a computing device (e.g., a computer system, a microprocessor, a
microcontroller, etc.) or an embedded controller (e.g., an Application Specific
Integrated Circuit (ASIC), or some other equivalent). The controller 102 may include
a control process 114 that includes one or more instructions for monitoring,
adjusting, and/or the controlling the process of manufacturing a dielectric composite
according to the various methods described herein. For the example, the control
process 114 may include instructions for implementing a method for making a
dielectric composite apparatus, comprising conformally depositing by electrophoresis
a layer of dielectric material on a first conductive layer, filling spaces in the layer of
dielectric material with a polymer, and forming a second conductive layer on the
layer of dielectric material filled with the polymer to form the dielectric composite
apparatus. Various instructions processed by controller 102 may include adapting
the power source 110 to control the signals (e.g., voltage, current, etc.) delivered to
various electrodes in solvent bath 104, adapting the temperature utilized by
heating/cooling, or pressure control devices in polymer deposition chamber 106,
and/or any other controls associated with conductive material deposition chamber
108.
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[0015] The conductive material deposition chamber 108 may be configured to
form a first conductive layer on a conductive, semi-conductive, or non-conductive
substrate by any suitable deposition method. For example, the conductive material
deposition chamber 108 may be configured (e.g., via one or more control signals
from controller 102 to conductive material deposition chamber 108) to form the first
conductive layer by physical vapor deposition (e.g., sputtering), chemical vapor
deposition (CVD), electroplating, lamination, silk screening, or the like. The
conductive deposition chamber 108 may be configured to form conductive layers
comprising any material suitable for forming a dielectric composite apparatus, in
accordance with at least some embodiments of the present disclosure. Example
suitable materials for forming the first conductive layer may include aluminum (Al),
copper (Cu), platinum (Pt), gold (Au), silver (Ag), or nickel (Ni), or combinations
thereof. Other suitable materials for forming conductive layers may include semi-
conductive materials such as, for example, silicon (Si), gallium nitride (GaN), or
gallium arsenide (GaAs). Other conductive or semi-conductive materials may be
similarly suitable for forming the first conductive layer.

[0016] The solvent bath 104 may be configured (e.g., via one or more signals
from power source 110 to solvent bath 104) to facilitate conformal deposition of a
layer of dielectric material onto the first conductive layer by electrophoretic
deposition. The dielectric material may comprise particles of any material suitable
for forming a dielectric composite. In various embodiments, high-k (high dielectric
constant) materials may be suitable, depending on the particular applications. “High-
k” may comprise dielectric materials having a dielectric constant greater than about
3.9, the dielectric constant of silicon dioxide (SiO), or in some embodiments, up to
about 6000. Example suitable dielectric materials may include barium titanate
(BaTiOs), hafnium silicate (HfSiO4), zirconium silicate (ZrSiO4), hafnium oxide (HfO,),
or zirconium dioxide (ZrO3). In various embodiments, the dielectric material 104 may
comprise barium titanate coated with aluminum oxide (Al;O3). Other dielectric
materials, or combinations of dielectric materials, may be similarly suitable.

[0017] To that end, the solvent bath 104 may contain a solvent, the dielectric
material, an electrode 112a, and a counter-electrode 112b. The solvent may
comprise any solvent suitable for electrophoretic deposition and suitable for
establishing a composition and rheology capable of maintaining particle dispersion,
including, for example, a solvent having a dielectric constant between about 12 and
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about 35. An organic solvent such as acetone (OC(CHs)2), ethanol (C2Hs0OH),
isopropanol (CsH7;OH), or methyl ethyl ketone (CHsC(O)CH2CHjs), for example, may
be suitable in various embodiments. Mixed solvent systems such as acetone and
ethanol, or ethanol and isopropanol, for example, may also be suitable.

[0018] The electrodes 112a, 112b may both be coupled to the power source
110. The electrode 112a may be configured to contact the first conductive layer, and
the electrode 112a and the counter-electrode 112b may be configured to bias the
conductive layer, by application of a signal (e.g., voltage, current, etc.) from the
power source 110 to one or both of the electrodes 112a, 112b, such that particles of
the dielectric material are attracted to the first conductive layer.

[0019] Biasing of the first conductive layer by the power source 110 may be
controlled (e.g., via one or more control signals from controller 102 to power source
110) such that the signals delivered to the electrodes may be varied over time or
constant over time, or both, as desired. In one example, a forward bias signal(s)
may be applied to the electrode 112a and the counter-electrode 112b continuously
for a predetermined time interval, with a specified signal amplitude (e.g., current
level, voltage level, etc.). In another example, biasing may be comprised of pulsed
biasing where the bias signal(s) applied to the electrode 112a and the counter-
electrode 112b may be applied at a regular interval at a given duty cycle, period,
amplitude, and pulse width. In some examples, the bias signal may be applied as a
sequence of forward bias signals staggered in time (e.g., time multiplexed or
interleaved in time) with the application of reverse bias signals. In still other
examples, the bias signal(s) may be applied as a signal waveform with a varying
amplitude such as a ramp, a saw-tooth, a sine wave, piecewise linear, logarithmic,
exponential or some other variety of signal waveform. Additional periodic and non-
periodic signal waveforms are also contemplated for either forward biasing or
reverse biasing.

[0020] The dielectric layer deposited by the solvent bath 104 may sometimes
include one or more spaces (or pores) therein, and the spaces may be filled by a
polymer deposited by the polymer deposition chamber 106. It may be desirable to fill
the spaces as spaces may potentially result in arcing on application of an electric
field to the dielectric layer, which may result in failure of various devices

incorporating the dielectric layer.
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[0021] To fill the spaces, a polymer deposition chamber 106 may be utilized.
The polymer deposition chamber 106 may be configured (e.g., via one or more
control signals from controller 102 to polymer deposition chamber 106) to deposit a
polymer on the dielectric layer. The polymer may be deposited as a solid (e.g.,
powder, particles, sheet, etc.), liquid, gas, or plasma, and the polymer deposition
chamber 106 may be configured to deposit the polymer by any suitable method such
as, for example, spray deposition, spin coating, chemical vapor deposition, physical
vapor deposition, or any other suitable method.

[0022] In various embodiments, the particles of dielectric material deposited
onto the first conductive layer may include a coating of polymer. The polymer may
be pre-coated onto the dielectric material particles according to conventional
methods including, for example, polymerization of the dielectric material surface or
adsorption of the polymer onto the dielectric material surface. Block copolymers
comprising polymer blocks with different solubility properties such that certain blocks
are more attracted to the dielectric material than the solvent while other blocks are
more attracted to the solvent than the dielectric material, the respective blocks
covalently bonding to each other to form the blocked copolymer.

[0023] After deposition of the polymer onto the dielectric layer or deposition of
the polymer-coated dielectric particles, heat and/or pressure may be applied to the
polymer and dielectric to draw the polymer into the spaces in the dielectric layer to
form the dielectric composite. To that end, the polymer deposition module 106 may
include a heating element 116 and/or a pressure element 120, for application of heat
and/or pressure, respectively. The control of various parameters (e.g., heating
temperature setting(s), temperature cycle time(s), pressure setting(s), pressure cycle
time(s) associated with associated with heating element 116 and/or pressure
element 120 may be adaptively controlled by controller 102.

[0024] The application of heat by the heating element 116 may cause the
polymer to flow, resulting in the polymer flowing into the spaces of the dielectric layer
by capillary action. Accordingly, the heating element 116 may be configured (e.g., in
response to one or more control signals from controller 102 to heating element 116)
to apply heat sufficient to cause the polymer to flow, but lower than a decomposition
temperature of the dielectric layer. For embodiments using poly(ethylene
terephthalate) ((C1oHsOa4)n) as the polymer, for example, the heating element 116
may be configured to apply heat in excess of about 260°C, the melting point of
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poly(ethylene terephthalate). The decomposition of barium titanate (BaTiOs), an
example dielectric material, may tend to occur at substantially 550°C, and so in
some embodiments, the heating element 116 may be configured to apply heat above
about 260°C and roughly less than about 550°C.

[0025] The pressure element 120 may be configured (e.g., in response to one
or more control signals from controller 102 to pressure element 120) to subject the
dielectric layer and the polymer thereon to pressure, with or without simultaneous
heating by the heating element 116. The application of pressure, either with or
without simultaneous heating, may result in or hasten the polymer flowing into the
spaces of the dielectric layer. Accordingly, the pressure element 120 may be
configured to apply pressure sufficient to cause or assist the flow of polymer into the
spaces of the dielectric layer. For example, the pressure element 120 may be
configured to apply pressure while the heating element 116 melts the polymer so
that the polymer may be drawn into the spaces of the dielectric layer. In various
embodiments, the pressure element 120 may be configured to apply a higher
pressure of up to about 1,000 psi, or up to about 50,000 psi or more, to isostatically
press the polymer into the spaces of the dielectric layer.

[0026] The heating element 116 may include a temperature control 118, and
the pressure element 120 may include a pressure control 122, both coupled to the
controller 102 as illustrated so the controller 102 can monitor, adjust, and/or control
the application of heat and pressure.

[0027] In various embodiments, the conductive material deposition chamber
108 may be further configured (e.g., via one or more control signals from controller
102 to conductive material deposition chamber 108) to form a second conductive
layer on the dielectric composite. Like the first conductive layer, the second
conductive layer may comprise any material suitable for forming a dielectric
composite or apparatus including a dielectric composite. Example suitable materials
for forming the second conductive layer may include aluminum (Al), copper (Cu),
platinum (Pt), gold (Au), silver (Ag), or nickel (Ni), or combinations thereof. Other
suitable materials for forming conductive layers may include semi-conductive
materials such as, for example, silicon (Si), gallium nitride (GaN), or gallium arsenide
(GaAs). Other conductive or semi-conductive materials may be similarly suitable for
forming the second conductive layer.
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[0028] The system 100 of Fig. 1 may be more clearly understood with
reference to Fig. 2. Fig. 2 is a flow diagram illustrating some of the operations
associated with an example method of making a dielectric composite apparatus,
arranged in accordance with at least some embodiments of the present disclosure.
It should be noted that although the method is illustrated as a series of sequential
steps, the method is not necessarily order dependent. Moreover, methods within the
scope of this disclosure may include more or fewer steps than that illustrated.
[0029] Turning now to Fig. 2, with continued reference to the system 100
illustrated in Fig. 1, the method 200 may include one or more functions, operations,
or actions as is illustrated by block 202, block 204, block 206, block 208, block 210,
block 212, block 214, and/or block 216. Processing for method 200 may start with
block 202, “Form a first conductive layer,” which may be performed by the
conductive material deposition chamber 108 of the system 100.

[0030] From block 202, method 200 may proceed to block 204, “Immerse the
first conductive layer in solvent bath including a dielectric material.” At block 204, the
conductive layer may be immersed into a solvent bath, such as the solvent bath 104
of the system 100. In various embodiments, the dielectric material may comprise
polymer-coated dielectric material, as described elsewhere herein.

[0031] From block 204, method 200 may proceed to block 206, “Apply bias
signal to the first conductive layer to promote electrophoretic deposition of the
dielectric material on the first conductive layer, forming a first substrate,” the first
substrate comprising the conductive layer and the dielectric layer on the conductive
layer. At block 206, method 100 may be adapted to apply the bias signal to the first
conductive layer using, for example, the electrode 112a (electrically coupled to the
first conductive layer), the counter-electrode 112b, and the power source 110 of the
system 100.

[0032] From block 206, method 200 may proceed to block 208, “Transfer the
first substrate from the solvent bath to a polymer deposition chamber,” such as the
polymer deposition chamber 108 of the system 100.

[0033] From block 208, method 200 may proceed to block 210, “Deposit a
polymer on the first substrate, forming a second substrate,” the second substrate
comprising the conductive layer, the dielectric layer on the conductive layer, and the
polymer on the dielectric layer. The polymer may be deposited on the first substrate
using the polymer deposition chamber 108.

10
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[0034] From block 210, method 200 may proceed to block 212, “Apply heat
and/or pressure to the second substrate to draw a polymer into any spaces, forming
the dielectric composite,” the dielectric composite comprising the dielectric layer and
the polymer in the spaces of the dielectric layer. Heat and/or pressure may be
applied after or during the polymer deposition by the heating element 116 and/or
pressure element 120, respectively, of system 100.

[0035] In some embodiments, instead of proceeding from block 208 to block
210, the method 200 may proceed from block 208 to block 214, “Apply heat and/or
pressure to the first substrate to draw a polymer into any spaces, forming the
dielectric composite.” As described elsewhere herein, the particles of dielectric
material deposited onto the conductive layer may include a coating of polymer. Heat
and/or pressure may cause the polymer to be drawn into the spaces in the dielectric
layer to form the dielectric composite.

[0036] From block 212 or block 214, the method 200 may proceed to block
216, “Deposit a second conductive layer on the dielectric composite, forming a
finished structure.” The second conductive layer may be deposited by the
conductive material deposition chamber 108 of the system 100.

[0037] Figs. 3 — 7 illustrate cross-sectional views of various stages of a device
manufactured with an example method for making a dielectric composite apparatus,
arranged according to at least some embodiments described herein. As described
herein, the dielectric composite may be conformally deposited onto a conductive
layer by an electrophoretic deposition method.

[0038] As illustrated in Fig. 3, a first conductive layer 300, which may be on a
substrate 320, may be provided. The substrate 320 may comprise any suitable
conductive, semi-conductive, or non-conductive material. Example suitable
materials for the substrate 320 may include silicon (Si), silicon carbide (SiC), gallium
nitride (GaN), gallium arsenide (GaAs), glass, or sapphire. Other conductive, semi-
conductive, or non-conductive materials may be similarly suitable for the substrate
320.

[0039] The first conductive layer 300 may be immersed into a bath 304 of a
solvent 302 having a dielectric material 304 dispersed in the solvent 302, the solvent
bath 304 being configured to facilitate conformal deposition of a layer of dielectric
material onto the first conductive layer by electrophoretic deposition. A signal (e.g.
voltage, current, electric field, magnetic field, etc.) can be applied by the power

11
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source 110 to electrode 112a, which is coupled to the first conductive layer 300, and
also to counter-electrode 112b, which may cause the particles of dielectric material
304 to be attracted to the conductive layer 300. Subsequent particles of the
dielectric material 304 may adhere to the dielectric material 304 already adhered to
the first conductive layer 300 as the repulsive forces between the particles of
dielectric material 304 may be overcome by the strength of the electric field. As a
result, the particles of dielectric material 304 may conformally form a layer 308 of the
dielectric material 304, as illustrated in Fig. 4. Accordingly, although in various
embodiments the first conductive layer 300 may have a non-planar surface, the layer
308 of the dielectric material 304 follows the contour of the first conductive layer 300.
[0040] Also illustrated in Fig. 4, layer 308 may include one or more spaces
310 (or pores) therein. As described elsewhere herein, spaces 310 could potentially
result in arcing on application of an electric field. It may be desirable, therefore, to fill
the spaces 310 with a polymer.

[0041] As illustrated in Fig. 5, the first conductive layer 300 having the layer
308 of dielectric material deposited thereon may be removed from the bath 304, and
a polymer 312 may be deposited on the layer 308 of dielectric material having the
spaces 310 therein using, for example, the polymer deposition chamber 106 of the
system 100 of Fig. 1. Heat or pressure, or both, may be applied to the first
conductive layer 300 and the polymer 312 to draw the polymer 312 into the spaces
310 in the layer 308 resulting in the structure including the dielectric composite 314
illustrated in Fig. 6.

[0042] A second conductive layer 316 may then be formed on the dielectric
composite 314, as illustrated at Fig. 7, resulting in a finished structure. The first
conductive layer 300 and the second conductive layer 316 may be formed using, for
example, the conductive material deposition chamber 108 of the system 100 of Fig.
1.

[0043] Figs. 8 — 10 illustrate cross-sectional views of various stages of device
manufactured with another example method for making a dielectric composite
apparatus, arranged in accordance with at least some embodiments described
herein. It should be noted that in various embodiments, one or more of the
operations of Figs. 3 — 7 and one or more of the operations of Figs. 8 — 10 may be

variously interchanged or combined with each other. For clarity, Figs. 8 — 10 include

12
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the same reference numerals as those used in Figs. 3 — 7 for those reference
numerals designating the same or similar elements.

[0044] For the illustrated embodiment, rather than forming a layer of dielectric
material and then applying the polymer on the layer of dielectric material, polymer-
coated particles of dielectric material are deposited on the dielectric layer. As
illustrated in Fig. 8, the first conductive layer 300 may be immersed into a bath 304
of a solvent 302, the solvent bath 304 being configured to facilitate conformal
deposition of a layer of dielectric material onto the first conductive layer by
electrophoretic deposition. Rather than comprising only dielectric material, particles
818 comprised of dielectric material 304 coated with polymer 312 are dispersed in
the solvent 302.

[0045] A signal (e.g. voltage, current, electric field, magnetic field, etc.) can be
applied to the electrode 112a, which is coupled to the first conductive layer 300, and
also to the counter-electrode 112b, which may cause the particles 818 to be
attracted to the conductive layer 300. As the signal continues to be applied,
subsequent particles 818 may adhere to the particles 818 already adhered to the first
conductive layer 300 as the repulsive forces between the particles 818 may be
overcome by the strength of the electric field. As a result, the particles 818 may
conformally form a layer 308 of polymer 312 and dielectric material 304, as
illustrated in Fig. 9. Accordingly, although in various embodiments the first
conductive layer 300 may have a non-planar surface, the layer 308 follows the
contour of the first conductive layer 300.

[0046] The layer 308 may include one or more spaces 310 (or pores) therein,
and to fill the spaces 310, the first conductive layer 300 having the layer 308 of
polymer 312 and dielectric material 304 deposited thereon may be removed from the
bath 304, and heat or pressure, or both, may be applied to the first conductive layer
300 and the layer 308 as illustrated in Fig. 10, using, for example, the polymer
deposition chamber 106 of the system 100 of Fig. 1. The heat and/or pressure may
result in the polymer 312 being drawn into the spaces 310 in the layer 308 resulting
in the structure including the dielectric composite 314, as illustrated in Fig. 6.

[0047] A second conductive layer 316 may then be formed on the dielectric
composite 314, as illustrated at Fig. 7, resulting in a finished structure. The first

conductive layer 300 and the second conductive layer 316 may be formed using, for

13



WO 2011/081933 PCT/US2010/060298

example, the conductive material deposition chamber 108 of the system 100 of Fig.
1.

[0048] Embodiments of dielectric composites described herein may be
incorporated into various circuits, devices, apparatuses, and systems. Fig. 11 is a
block diagram of an example system including a dielectric composite in accordance
with at least some embodiments of the present disclosure. A basic configuration of
the system 1100 may include a battery module 1120 and an energy storage module
1122 coupled to an output terminal 1124.

[0049] The energy storage module 1122 may include at least one capacitor
1126 having a dielectric composite as described elsewhere herein. The capacitor
1126 may include, for example, a layer of dielectric material conformally formed on a
first conductive layer, and a polymer within spaces of the layer of dielectric material.
In various embodiments, the capacitor 1126 may comprise a high-dielectric capacitor
including a dielectric composite formed using a high-k dielectric material.

[0050] The system 1100 may further comprise a DC/DC converter 1128
coupled between the battery module 1120 and the output terminal 1124, and
between the energy storage module 1122 and the output terminal 1124. The DC/DC
converter 1128 may be configured to convert voltage from the battery module 1120
and/or the energy storage module 1124 from one voltage level to another, depending
on the particular application.

[0051] In some examples, the battery module 1120 and/or the energy storage
module 1122 may be coupled in parallel to the output terminal 1124. In some other
examples, the one or more of the battery module 1120 and/or the energy storage
module 1122 may be isolated from the output terminal 1124. The output terminal
1124 may in turn be coupled to a load 1126. In this arrangement, the energy storage
module 1122 and/or the battery module 1120 may be configured to provide an
uninterruptible power supply to the load 1126, in which the energy storage module
1122 may be arranged to provide a power supply in the event the battery module
1120 has a failure, and vice versa. The load 1126 may comprise any electrical
apparatus such as, for example, a computer, a server system, an electronic circuit,
or any other electrical system in which an uninterruptible power supply may be
desirable.

[0052] Fig. 12 is a block diagram illustrating an example computing device
configured in accordance with at least some embodiments of the present disclosure.
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In a very basic configuration 1201, computing device 1200 typically includes one or
more processors 1210 and system memory 1220. A memory bus 1230 may be used
for communicating between the processor 1210 and the system memory 1220. In
various embodiments, the computing device 1200 may be adapted to monitor,
adjust, and/or control a process of manufacturing a dielectric composite apparatus
described herein. The computing device 1200 may be implemented, for example, as
the controller 102 of the system 100 of Fig. 1.

[0053] Depending on the desired configuration, processor 1210 may be of any
type including but not limited to a microprocessor (UP), a microcontroller (UC), a
digital signal processor (DSP), or any combination thereof. Processor 1210 may
include one more levels of caching, such as a level one cache 1211 and a level two
cache 1212, a processor core 1213, and registers 1214. An example processor core
1213 may include an arithmetic logic unit (ALU), a floating point unit (FPU), a digital
signal processing core (DSP Core), or any combination thereof. An example
memory controller 1215 may also be used with the processor 1210, or in some
implementations the memory controller 1215 may be an internal part of the
processor 1210.

[0054] Depending on the desired configuration, the system memory 1220 may
be of any type including but not limited to volatile memory (such as RAM), non-
volatile memory (such as ROM, flash memory, etc.) or any combination thereof.
System memory 1220 may include an operating system 1221, one or more
applications 1222, and program data 1224. Application 1222 may include
programming instructions providing logic 1292 to implement the above described
controlling, adjusting, and/or monitoring of a process of manufacturing a dielectric
composite apparatus described herein. Program data 1224 may include the
applicable process parameters 1294 and related values.

[0055] Computing device 1200 may have additional features or functionality,
and additional interfaces to facilitate communications between the basic
configuration 1201 and any required devices and interfaces. For example, a
bus/interface controller 1240 may be used to facilitate communications between the
basic configuration 1201 and one or more data storage devices 1250 via a storage
interface bus 1241. The data storage devices 1250 may be removable storage
devices 1251, non-removable storage devices 1252, or a combination thereof.

Examples of removable storage and non-removable storage devices include
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magnetic disk devices such as flexible disk drives and hard-disk drives (HDD),
optical disk drives such as compact disk (CD) drives or digital versatile disk (DVD)
drives, solid state drives (SSD), and tape drives to name a few. Example computer
storage media may include volatile and nonvolatile, removable and non-removable
media implemented in any method or technology for storage of information, such as
computer readable instructions, data structures, program modules, or other data.
[0056] System memory 1220, removable storage 1251 and non-removable
storage 1252 are all examples of computer storage media. Computer storage media
includes, but is not limited to, RAM, ROM, EEPROM, flash memory or other memory
technology, CD-ROM, digital versatile disks (DVD) or other optical storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices,
or any other medium which may be used to store the desired information and which
may be accessed by computing device 1200. Any such computer storage media
may be part of device 1200.

[0057] Computing device 1200 may also include an interface bus 1242 for
facilitating communication from various interface devices (e.g., output interfaces,
peripheral interfaces, and communication interfaces) to the basic configuration 1201
via the bus/interface controller 1240. Example output devices 1260 include a
graphics processing unit 1261 and an audio processing unit 1262, which may be
configured to communicate to various external devices such as a display or speakers
via one or more A/V ports 1263. Example peripheral interfaces 1270 include a serial
interface controller 1271 or a parallel interface controller 1272, which may be
configured to communicate with external devices such as input devices (e.g.,
keyboard, mouse, pen, voice input device, touch input device, etc.) or other
peripheral devices (e.g., printer, scanner, etc.) via one or more |/O ports 1273. An
example communication device 1280 includes a network controller 1281, which may
be arranged to facilitate communications with one or more other computing devices
1290 over a network communication link via one or more communication ports 1282.
[0058] The network communication link may be one example of a
communication media. Communication media may typically be embodied by
computer readable instructions, data structures, program modules, or other data in a
modulated data signal, such as a carrier wave or other transport mechanism, and
may include any information delivery media. A “modulated data signal” may be a
signal that has one or more of its characteristics set or changed in such a manner as
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to encode information in the signal. By way of example, and not limitation,
communication media may include wired media such as a wired network or direct-
wired connection, and wireless media such as acoustic, radio frequency (RF),
microwave, infrared (IR) and other wireless media. The term computer readable
media as used herein may include both storage media and communication media.
[0059] Computing device 1200 may be implemented as a portion of a small-
form factor portable (or mobile) electronic device such as a cell phone, a personal
data assistant (PDA), a personal media player device, a wireless web-watch device,
a personal headset device, an application specific device, or a hybrid device that
include any of the above functions. Computing device 1200 may also be
implemented as a personal computer including both laptop computer and non-laptop
computer configurations.

[0060] With respect to the use of substantially any plural and/or singular terms
herein, those having skill in the art may translate from the plural to the singular
and/or from the singular to the plural as is appropriate to the context and/or
application. The various singular/plural permutations may be expressly set forth
herein for sake of clarity.

[0061] It will be understood by those within the art that, in general, terms used
herein, and especially in the appended claims (e.g., bodies of the appended claims)
are generally intended as "open" terms (e.g., the term "including" should be
interpreted as "including but not limited to," the term "having" should be interpreted
as "having at least," the term "includes" should be interpreted as "includes but is not
limited to," etc.). It will be further understood by those within the art that if a specific
number of an introduced claim recitation is intended, such an intent will be explicitly
recited in the claim, and in the absence of such recitation no such intent is present.
For example, as an aid to understanding, the following appended claims may contain
usage of the introductory phrases "at least one" and "one or more" to introduce claim
recitations. However, the use of such phrases should not be construed to imply that
the introduction of a claim recitation by the indefinite articles "a" or "an" limits any
particular claim containing such introduced claim recitation to inventions containing
only one such recitation, even when the same claim includes the introductory
phrases "one or more" or "at least one" and indefinite articles such as "a" or "an"
(e.g., "a" and/or "an" should typically be interpreted to mean "at least one" or "one or
more"); the same holds true for the use of definite articles used to introduce claim
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recitations. In addition, even if a specific number of an introduced claim recitation is
explicitly recited, those skilled in the art will recognize that such recitation should
typically be interpreted to mean at least the recited number (e.g., the bare recitation
of "two recitations," without other modifiers, typically means at least two recitations,
or two or more recitations). Furthermore, in those instances where a convention
analogous to "at least one of A, B, and C, etc." is used, in general such a
construction is intended in the sense one having skill in the art would understand the
convention (e.g., "a system having at least one of A, B, and C" would include but not
be limited to systems that have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.). In those instances
where a convention analogous to "at least one of A, B, or C, etc." is used, in general
such a construction is intended in the sense one having skill in the art would
understand the convention (e.g., "a system having at least one of A, B, or C" would
include but not be limited to systems that have A alone, B alone, C alone, A and B
together, A and C together, B and C together, and/or A, B, and C together, etc.). It
will be further understood by those within the art that virtually any disjunctive word
and/or phrase presenting two or more alternative terms, whether in the description,
claims, or drawings, should be understood to contemplate the possibilities of
including one of the terms, either of the terms, or both terms. For example, the
phrase "A or B" will be understood to include the possibilities of "A" or "B" or "A and
B."

[0062] Various operations may be described as multiple discrete operations in
turn, in a manner that may be helpful in understanding embodiments; however, the
order of description should not be construed to imply that these operations are order-
dependent. Also, embodiments may have fewer operations than described. A
description of multiple discrete operations should not be construed to imply that all
operations are necessary. Also, embodiments may have fewer operations than
described. A description of multiple discrete operations should not be construed to
imply that all operations are necessary.

[0063] In addition, where features or aspects of the disclosure are described
in terms of Markush groups, those skilled in the art will recognize that the disclosure
is also thereby described in terms of any individual member or subgroup of members

of the Markush group.
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[0064] As will be understood by one skilled in the art, for any and all purposes,
such as in terms of providing a written description, all ranges disclosed herein also
encompass any and all possible subranges and combinations of subranges thereof.
Any listed range can be easily recognized as sufficiently describing and enabling the
same range being broken down into at least equal halves, thirds, quarters, fifths,
tenths, etc. As a non-limiting example, each range discussed herein can be readily
broken down into a lower third, middle third and upper third, etc. As will also be

understood by one skilled in the art all language such as “up to,” “at least,” “greater

than,” “less than,” and the like include the number recited and refer to ranges which
can be subsequently broken down into subranges as discussed above. Finally, as
will be understood by one skilled in the art, a range includes each individual member.
Thus, for example, a group having 1-3 cells refers to groups having 1, 2, or 3 cells.
Similarly, a group having 1-5 cells refers to groups having 1, 2, 3, 4, or 5 cells, and
so forth.

[0065] While various aspects and embodiments have been disclosed herein,
other aspects and embodiments will be apparent to those skilled in the art. The
various aspects and embodiments disclosed herein are for purposes of illustration
and are not intended to be limiting, with the true scope and spirit being indicated by

the following claims.
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Claims

What is claimed is:
1. A method for making a dielectric composite apparatus, the method
comprising:

conformally depositing by electrophoresis a layer of dielectric material on a
first conductive layer;

filling spaces in the layer of dielectric material with a polymer; and

forming a second conductive layer on the layer of dielectric material filled with
the polymer to form the dielectric composite apparatus.
2. The method of claim 1, wherein conformally depositing comprises:

immersing the first conductive layer in a solvent, wherein the solvent includes
the dielectric material dispersed therein; and

applying an electrical bias to the first conductive layer such that the dielectric
material is attracted to the first conductive layer to conformally form the layer of
dielectric material.
3. The method of claim 2, wherein the solvent is an organic solvent having the
dielectric material dispersed therein.
4. The method of claim 2, wherein applying the electrical bias comprises pulsed
biasing or forward biasing staggered with reverse biasing the first conductive layer to
attract the dielectric material to the first conductive layer to conformally form the layer
of dielectric material.
5. The method of claim 1, wherein the polymer comprises one or more of
poly(ethylene terephthalate), polypropylene, a polycarbonate, or a polyimide.
6. The method of claim 1, wherein filling spaces comprises:

depositing the polymer on the layer of dielectric material; and

applying one or more of heat or pressure to the polymer such that the polymer
is drawn into the spaces in the layer of dielectric material.
7. A method for making a dielectric composite apparatus, the method
comprising:

electrophoretically depositing a layer of particles on a first conductive layer,
wherein the particles comprise a dielectric material coated with a polymer;

applying one or more of heat or pressure to the layer of particles to draw the
polymer into spaces in the layer of particles; and
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forming a second conductive layer on the layer of particles filled with the
polymer to form the dielectric composite apparatus.
8. The method of claim 7, wherein electrophoretically depositing comprises
conformally depositing the layer of particles on the conductive layer.
9. The method of claim 7, wherein the polymer comprises one or more of
poly(ethylene terephthalate), polypropylene, a polycarbonate, or a polyimide.
10. A dielectric composite apparatus comprising:
a first conductive layer;
a layer of dielectric material conformally formed on the first conductive layer;
a polymer within spaces of the layer of dielectric material; and
a second conductive layer on the layer of dielectric material filled with the
polymer.
11.  The apparatus of claim 10, wherein the first conductive layer comprises a
non-planar surface, and wherein the layer of dielectric material is conformally formed
on the non-planar surface of the first conductive layer.
12.  The apparatus of claim 10, wherein the first conductive layer is a metal
material formed from one or more of aluminum, copper, platinum, gold, silver, or
nickel.
13.  The apparatus of claim 10, wherein the polymer comprises one or more of
poly(ethylene terephthalate), polypropylene, polycarbonate, or polyimide.
14.  The apparatus of claim 10, wherein the dielectric material comprises one or
more of barium titanate, hafnium silicate, zirconium silicate, hafnium dioxide, or
zirconium dioxide.
15.  The apparatus of claim 14, wherein the dielectric material comprises barium
titanate, and wherein the barium titanate is coated with aluminum oxide.
16.  The apparatus of claim 10, wherein the dielectric material comprises a high-k
dielectric material.
17. A system with a dielectric composite, comprising:
an output terminal,
an energy storage module including at least one capacitor comprising:
a first conductive layer;
a layer of dielectric material conformally formed on the first conductive
layer;
a polymer within spaces of the layer of dielectric material; and
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a second conductive layer on the layer of dielectric material filled with
the polymer; and
a battery module, wherein the battery and the energy storage module are
coupled in parallel to the output terminal.
18.  The system of claim 17, further comprising a DC/DC converter coupled
between the battery module and the output terminal, and between the energy
storage module and the output terminal.
19.  The system of claim 17, further comprising a load coupled to the output
terminal, and wherein the energy storage module and battery module provide an
uninterruptible power supply to the load.
20. The system of claim 17, wherein the at least one capacitor is a high-dielectric

capacitor.
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considered that this group of claims define a third mventlon

PCT Rule 13.2, first sentence, states that unity of i invention is only fulfilled when there is a technical relationship
among the claimed inventions involving one or more of the same or corresponding special technical features. PCT
Rule 13. 2 second sentence, defines a special technical feature as a feature which makes a contrlbutxon over the prior
art. .

_The only feature common to all of the claims is a dielectric composite apparatus comprising a first conductive layer. a
layer of dielectric material conformally formed on the first conductive layer, a polymer within spaces of the layer of
dielectric material and a second conductive layer on the layer of dielectric material filled with the polymer. However

this concept is not novel in the light of:

D1: US 7164197 B2 (MAOET AL.) 16 January 2007

ThlS means that the common feature can not const1tute a special technical feature w1th1n the meaning of PCT Rule
13.2, second sentence since it makes no contribution over the prlor art.

Because the common feature does not satisfy the requlrement for being a special technical feature it follows that it
cannot provide the necessary technical relationship between the identified mventlons Therefore the claims do not
satisfy the requlrement of unity of invention a poster1or1
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Box No. I Observations where certain claims were found unsearchable (Continuation of item 2 of ﬁrst sheet)

[

This mtematlonal search report has not been estabhshed in respect of certain claims under Article 17(2)(a) for the followmg
reasons:

D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2, l:l Claims Nos::
because they relate to parts of the mtematlonal applrcatron that do not comply with the prescrrbed requirements to such
an extent that no meaningful international search can be carried out, specrﬁcally

D Claims Nos.:

because they are dependent claims and are not drafted in accordance wrth the second and third sentences of Rule 6.4(a)

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

See Extra Sheet ‘

As all required additional search fees were timely paid by the apphcant this international search report covers all
searchable claims.

As all searchable claims could be searched wrthout effort Justrfymg addmonal fees, this Authorrty did not invite |
payment of additional fees. -

D_HD

As only some of the. required additional search fees were timely paid by the applicanit, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

‘4. l___] No required additional search fees were timely paid by the applicant. Consequently, this international search report is
' restricted to the invention first mentioned in the claims; it is covered by claims Nos.: :

Remark on Protest I:I The additional search fees were accompamed by the applrcant's protest and, where apphcable
: the payment of a protest fee.

The additional search fees were accompamed by the applicant's protest but the apphcable
protest fee was not paid w1th1n the time limit specified in the invitation.

' l___J No protest accompanied the payment of additional search fees.
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This Annex lists the known "A" pubhcatlon level patent family members relating to the patent documents cited in the
above-mentioned international search report. The Australian Patent Office is in no way liable for these particulars
which are merely given for the purpose of information.

Patent Document Cited in | Patent Family Member

- Search Report
Us 7164197 ©CA 2528505 CN 1806329 o EP 1634330
KR 20060024802 MX  PA05013244 US 2004256731
_ CUS 2007085194 - US 2007085212 WO 2005001932
US 7033406 CA 2434470 CA 2643897 EP 1999283
©US 2004071944 ~US 2006210779 US 7595109 .- B
Us 7729811 US 2007148065 US 2011013427
WO 2007103421 '
US 6538907 ©JP 2002204567 . US 2002051372

US 2008123251 WO . 2008067419

Due to data integration issues this family listing may not include 10 digit Australian applicétions filed since May 2001.
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