DIELECTRIC MATERIALS FOR POWER TRANSFER SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application is related to co-pending Batent Application,
Docket Number 238312-1, Serial Number, 12/778,16é6titled “DIELECTRIC
MATERIALS FOR POWER TRANSFER SYSTEM” filed contenmameously

herewith, which application is hereby incorporabgdeference.
BACKGROUND

[0002] The invention relates generally to powemsfar systems, and, in

particular, to resonance based contactless poamesfer systems.

[0003] In certain applications where instantaneaus continuous energy
transfer is needed but interconnecting wires amdrimenient, contactless power
transfer is desirable. One contactless power feamsethod is an electromagnetic
induction method that works on the principle ofrar@ary transformer coil generating
a dominant magnetic field and a secondary trangorooil in the vicinity of the
primary transformer coil generating a correspondwodfage. The magnetic field
received by the secondary transformer coil deceeasea function of the square of the
distance between the two coils, and hence the omupbetween primary

and secondary coils is weak for distances grelagar & few millimeters.

[0004] Another method of contactless power tranafegmpts to increase the
efficiency of the inductive power transfer by reaohinductive coupling. Transmitter
and receiver elements resonate at the same fregjuamet maximum induction occurs
at the resonant frequency. However, such resanduttion is sensitive to load and

gap variations.

[0005] There is a need for an efficient contactleswer transfer system that
may operate with coils separated by longer disstitan are presently acceptable and
is efficient when subjected to misalignment or leadations. Further, there is a need

for accommodating and efficient materials, haviighhdielectric properties and low
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dielectric loss factors, that can be used in thegrdransfer systems in the required

frequency ranges.
BRIEF DESCRIPTION

[0006] Briefly, in one embodiment, a power transsgstem is provided. The
power transfer system comprises a field-focusirgmeint comprising a dielectric
material. The dielectric material comprises a cosiion with the formula Ga,.
yBaSKTi1,Cr,0s5Np, Wherein x and y can vary between the value ob zed one
suchthat0 <x<1land0<y<1;zcan vary betwihe value of zero and 0.01 such
that 0< z< 0.01; and and p can vary between the value of zero and ocie that O
<d<land kp<l.

[0007] In one embodiment, a power transfer systemprovided. The power
transfer system comprises a first coil coupled tooaer source and a second coll
coupled to a load; and a field-focusing element masing a dielectric material and
disposed between the first coil and the second cdile dielectric material comprises
a composition with the formul@ay.«,BaSr Ti1,Cr,035Np, wherein x and y can vary
between the value of zero and one such that 0 <Ixand 0 <y < 1; z can vary
between the value of zero and 0.01 such thdat2< 0.01; andd and p can vary

between the value of zero and 0.5 such thad& 0.5 and & p< 0.5.

[0008] In another embodiment, a power transfer esysts provided. The
power transfer system comprises a field-focusirgmeint comprising a dielectric
material. The dielectric material comprises; £@aSrK (Ca-.Cly) ClpTissAl 5012
055, Wherein x and y can vary between the value o zexd 0.5 such that9x< 0.5
and 0O<y < 0.5, z can vary between the value of zero@rglsuch that0z< 1; and

o can vary between the value of zero and 0.1 suatiO® 6 < 0.1.

[0009] In one embodiment, a power transfer systemprovided. The power
transfer system comprises a first coil coupled toower source and, a second coll
coupled to a load, and a field-focusing elemerpabgd between the first coil and the

second coil. The field-focusing element compriaetielectric material such that the
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dielectric material comprises CaBasSr,CusTisO12, Wherein x and y can vary
between the value of zero and 0.2 such that 0 ©2<and 0 <y < 0.2.

[0010] In one embodiment, a power transfer systemprovided. The power
transfer system comprises a first coil coupled poaer source, a second coil coupled
to a load, and a field-focusing element disposadiéen the first coil and the second
coil. The field-focusing element comprises a digle material, wherein the
dielectric material comprises £aBaSKCuw,TissAls012.0.5, Wherein x and y can
vary between the value of zero and 0.2 such tkax€ 0.2 and &y < 0.2 and can

vary between the value of zero and 0.1 such tkad Q0. 1.

DRAWINGS

[0011] These and other features, aspects, and e of the present
invention will become better understood when thikowang detailed description is
read with reference to the accompanying drawingshich like characters represent

like parts throughout the drawings, wherein:

[0012] FIG. 1 illustrates an exemplary contactlggsver transfer system

according to an embodiment of the invention;

[0013] FIG. 2 illustrates an exemplary field-foaugielement according to an

embodiment of the invention;

[0014] FIG. 3 illustrates multiple exemplary stures of field-focusing

elements according to various embodiments of thention;

[0015] FIG. 4 illustrates an embodiment whereinlaality of resonators are

arranged in an array and implemented as a fieldsing element; and

[0016] FIG. 5 illustrates multiple exemplary stuids of embedding

materials according to an embodiment of the inwenti



DETAILED DESCRIPTION

[0017] Embodiments of the present invention inclpdever transfer systems

and the dielectric materials that can be usedi®pbwer transfer systems.

[0018] In the following specification and the clarthat follow, the singular
forms "a", "an" and "the" include plural referentsless the context clearly dictates

otherwise.

[0019] Contactless power transfer systems are ajlgicharacterized by short
distance power transfer between primary and seecgnciils. For example, one
embodiment of an inductive power transfer systerasua primary coil and a
secondary coil to transfer power between two ciscum galvanic isolation. A

magnetic field is established around the primaiiwben coupled to a power source.
The quantity of power transferred from the primagil to the secondary coil is
proportional to the level of primary magnetic fielshking the secondary coil.

Electrical transformers use high permeability maigneores to link the magnetic
field between primary and secondary coils and #ulgeve efficiencies on the order
of at least about 98%. However, when such systemsonfigured for contactless
power transfer, the air gap between the two ceitkices the magnetic field coupling.

Such reduced coupling affects efficiency of conésst power transfer systems.

[0020] Certain embodiments disclosed herein provadeobust contactless
power transfer system with reduced sensitivity dadl variations, efficient power
transfer during misalignment of coils, and a fig@dusing structure that enhances

power transfer efficiency.

[0021] FIG. 1 illustrates an example of a contastipower transfer system 10
according to an embodiment of the invention inahgda first coil 12 coupled to a
power source 14 and configured to produce a magfietd (not shown). A second
coil 16 is configured to receive power from thesfficoil 12. As used herein, the term
“first coil” may also be referred to as a “primaewil,” and the term “second coil”
may also be referred to as a “secondary coil.” phmary and secondary coils can

be made up of any good electrical conducting matesguch as, for example, copper.
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Field-focusing element 18 is disposed betweeniteedoil 12 and the second coil 16
for focusing the magnetic field from power souree 1n another embodiment, the
field-focusing element may be used to focus eledidlds and/or electro-magnetic
fields. The terms “magnetic field-focusing eleniearid “field-focusing element” are
used interchangeably. In one embodiment, magrietid-focusing element 18 is
configured as a self-resonant coil and has a stgndave current distribution when
excited via the first coil. In another embodimeahe magnetic field-focusing element
includes multiple resonators operating as an a@ivay or a passive array and each
resonator configured as a self-resonant coil witliaading wave current distribution.
In yet another embodiment, the magnetic field-faogselement includes multiple
sets of such resonators, each such resonator getceat a particular phase. It may
be appreciated that, when exciting the sets ofnasos via different phases, field-

focusing may be enhanced in a desired direction.

[0022] Magnetic field-focusing element 18 is funttenfigured to focus the
magnetic field onto the second coil 16 enhancirggdbupling between the first coll
12 and the second coil 16. In one embodiment, mumiform magnetic field
distribution is developed around magnetic fieldusiog element 18 by creating a
standing wave current distribution in the fielddistng elementl18. In the illustrated
embodiment, field-focusing element 18 is placedsetoto the first coil 12 as an
example. It may be advantageous in certain systemslace the field-focusing
element 18 closer to the second coil 16. A loads2fbupled to the second coil 16 to
utilize the power transferred from the power soutde In certain embodiments, the
contactless power transfer system 10 may also Imfigcwed to simultaneously
transfer power from the second coil to the firgt sach that the system is capable of
bidirectional power transfer. Non-limiting examplef potential loads include a bulb,
a battery, a computer, a sensor, or any device réwiires electrical power for
operation.

[0023] The contactless power transfer system 10 itmayused to transfer
power from the power source 14 to the load 20orn@ embodiment, the power source
14 comprises a single-phase AC power generatdiree{phase AC power generator

in combination with power conversion electronicscmnvert the AC power to a
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higher frequency. When the first coil 12 is exditat the resonant frequency of
magnetic field-focusing element 18, a standing waweent distribution is developed
within the magnetic field-focusing element 18 bedgwdwo open ends (22, 24) of the
field-focusing element. The standing wave curdgstribution leads to a non-uniform
magnetic field distribution around magnetic fietatfising element 18. Such non-
uniform current distribution is configured to focusagnetic field in any desired
direction, such as, in a direction of the second t6 in this example. When
operating at resonant frequency, even a small agiait to magnetic field-focusing
element 18 produces a large amplitude of curresttibution along the length 25 of
the magnetic field-focusing element. This largerent magnitude of non-uniform
distribution leads to an amplified and focused nedignfield in the direction of

second coil 16 that results in higher efficiencyofer transfer.

[0024] FIG. 2 illustrates an example of a fielddstg element according to
an embodiment of the invention. Among the vari@isuctures that may be
implemented as the magnetic field-focusing elendénin FIG. 1, one such structure
is illustrated in FIG. 2. In the illustrated emiént, the reference numeral 30 is a
field-focusing structure herein referenced as amé@a structure” and operates in a
range of a few megahertz. The “Omega structuredbles high capacitance and
inductance and also enables negative permeabititynear resonant frequency.
Negative permeability helps with dominant field pesse and is effective in
controlling the magnetic field. Resonant frequenafy such structures can be
controlled by varying the number of turns (32, 38), the gap between the turns (38),
and the width of the spiral (40). With an increhperimeter as compared to a spiral
structure, the “omega structure” requires redudedactiral size to operate at lower

resonance frequency.

[0025] FIG. 3 illustrates multiple examples of stures for field-focusing

elements according to various embodiments of thention. In one embodiment, the
field-focusing element includes a single loop c¢&l. In another embodiment, the
field-focusing element includes multiple turns suah in a split ring structure 52,
spiral structure 54, Swiss-roll structure 56, olida coil 58. Selection of a structure

for a particular application is determined by timesand self-resonating frequency of
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the field-focusing element. For example, in lowveo applications (less than about 1
Watt, for example), a resonance frequency up taiab@00 MHz is feasible. In high
power applications (from about one hundred Wattsabomut 500 kilowatts, for

example), the resonance frequency of the ordeswdral hundred kHz is feasible.

[0026] FIG. 4 illustrates an embodiment whereinlaglity of resonators are
arranged in an array and implemented as a fieldsiog element. An array of
resonators constitutes multiple resonator coilsareyed in a particular array
arrangement, such as a linear or planar array,ishakcited with a specific phase
relationship. Individual resonators (66-77) or sudvelength resonators are
configured to focus the magnetic field in a desd@éction. In such an arrangement,
fields from resonators in the array interfere cartvely (add) in a desired direction
to achieve magnetic field-focusing and interferstdectively (cancel each other) in
the remaining space. In another embodiment, thenadors are arranged in at least
one of a linear, a circular, a planar, or a threeedisional array. In the illustrated
embodiment, individual resonators 70-74 are arrdrigea row and four such rows
66-69 are arranged one below the other. Individaabnators that are part of the
array 64 are collectively configured for at leasé @r more resonant frequencies. In a
particular embodiment, all of the individual restmma of the array are identical
within the normal scope of variation expected fanufacturing and other common

sources of variation.

[0027] In one embodiment of the power transfer eystof the present
invention, the resonator of the field-focusing edmin18 can be made of dielectric
materials in the form of, for example, dielectriavity resonators. The dielectric
materials used in field-focusing element desirabbve high dielectric constant
(dielectric permittivity,e) and low loss tangent. The high dielectric comssteelps in
achieving the low frequency of resonance with giseraller dimensions of resonator
while the low loss tangent is desirable to keepdiedectric losses within acceptable
limits.

[0028] In one embodiment, the field-focusing elem#&& comprises a self-
resonant coil that focuses the magnetic field umxcitation at the resonant
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frequency. The resonator is self-resonant coilany shape whose self-resonant
frequency depends upon the self-capacitance afithdakctance. The self-resonant
frequency of the coil is dependant on the coil gewital parameters. For example,
in the case of helical resonator coil, the resoadnequency is such that the overall
length of the helix is half wavelength or multipled half wavelength of

electromagnetic excitation. As a result, desigthese resonators at low frequencies
is challenging due to the space constraints. @tigeomethods to miniaturize the size

of resonators is to embed the resonator in a higleatric constant medium.

[0029] In one embodiment, a resonator or an arfagsonators of the field-
focusing element 18 is embedded in a material lgakigh dielectric constant or a
magnetic material having high permeability or mdgrdielectric medium having
high dielectric permittivity and high magnetic peability to achieve lower resonant
frequency with a smaller sized resonator. Highmsability material enhances self-
inductance of the resonator and high permittivitgtenial enhances self-capacitance
of the resonators to reduce the frequency of resmaln another embodiment, high
permeability materials are also configured to iasee the coupling between the
primary coil and the field-focusing element, andween the field-focusing element
and the secondary coil. The high dielectric camstd the embedding material helps
in decreasing the operational frequency range ef rigsonators. The effect of

dielectric constant in the frequency reductionresspnted in Table 1.

Table 1.
Dielectric constant  Frequency kHz
1 40600
1000 1380
10000 420
100000 132
[0030] When the resonator is embedded in dielectredium the inter-turn

capacitance between the turns of the coil increagssh in turn helps to reduce the
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resonant frequency of the resonator. With highedieic constant, size reduction of
the resonator is possible to a great extent. Aerottuvantage of high dielectric
constant is the confinement of electric field withthe resonator, improving the
efficiency of power transfer as the radiation Iessee diminished. But one of the
critical design criteria of the selection of maaénvith high dielectric constant is the
loss tangent of that material at the operating Uesgy. The low dielectric loss
tangent ensures the maximum coupling efficiendythd loss tangent is high, the loss
in the form of heat will be high in the resonatoilhe issue of heat loss is of
importance when the power levels are high. For fmwer levels, the high loss
tangent values are acceptable. A high dielectoisstant and extremely low loss
tangent dielectric material is desirable in appi@@awhere the power levels are more
than one kW. The high dielectric constant helpadbieve miniaturized resonators at
frequencies of hundreds of kHz and the low losgean helps to reduce the losses in

the dielectric.

[0031] Power transfer systems enabled through Hdigkectric constant and
low loss tangent materials have applications inalydelectric vehicles charger,
power transfer to rotating load, contactless cmaygf mining vehicles, where the
power transfer levels are on the order of a few kiAbwer transfer systems having
high dielectric constant and high loss dielectriatenials can be used in applications

like subsea connectors, where the power leveltearenilliwatts.

[0032] High dielectric constant materials with diftnt shapes can act as
field-focusing elements. For example, a high digle constant circular dielectric
disc can act as a resonator at certain frequendiks.resonant frequency in this case
is determined by the geometrical configuration bé tresonator. Non limiting
examples of the different shapes of the resonakaiscan be used as field-focusing
elements are given in FIG. 5. Field-focusing eletris8 can be stacked as multi-layer
resonators to yield multiple resonant frequenciBsis kind of configuration helps for
multidirectional power transfer in which one of tbleannels can be used for power
transfer and other channels can be used for lowepaata transmission between

different devices.



[0033] The high dielectric constant material casoadbe used as a thin film or
thick film coating on a metal surface to creatédficusing structures like swiss roll
structure 56. The high dielectric constant betwdendifferent layers of the swiss
roll increases the capacitance of the structure thedeby reducing the frequency

considerably.

[0034] Materials such as, but not limited to, cahoi copper titanate and
barium strontium titanate are examples of materet$ibiting high dielectric

constant. In one embodiment, the dielectric makesi used as a bulk material. The
term “bulk material” as used herein indicates angtenial that has a three
dimensional structure with all of the sides greatean about 1mm. In one
embodiment, the dielectric materials are used asirgs. The coating can be in a thin
film form or in a thick film form. As used herem “thin film” has a thickness less
than about 100 microns, while a thick film can hawviekness from about a hundred

microns to about a millimeter.

[0035] In one embodiment, a combination of materiahn be used for
embedding the resonators. For example, a mixtitesm or more materials having
high dielectric constant or two or more materiadéssihg high permeability can be
used as the embedding material. In another eml@djra mixture of two or more
materials, each having a high dielectric constarat bigh permeability can be used as

the embedding material.

[0036] Barium strontium titanate - (Ba, Sr)Ei©and calcium copper titanate
- CaCurTi40O12 - have different crystal structures and exhibifedént temperature
dependent characteristics. For example, (Ba, Og)belongs to a perovskite family
and is a ferroelectric material with a cubic taragbnal crystal structure transition
around the temperature of about 120 CaCyTi4Os1 is not a ferroelectric material
and has a body centered cubic (b.c.c) structutee factors influencing the dielectric
properties such as dielectric constant and diételdss tangent in the (Ba, Sr)T{O
and CaCuli4O1, systems may also be different. For example, liteléeved that the

generation and ordering of dipoles is a reasontHerferroelectricity and the high
dielectric constant in the (Ba, Sr)Ti®ystem, while the CaGli,O,, system is
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thought to have the effects arising from barrigefacapacitance by having insulating

grain boundaries and semi conducting grains.

[0037] In one embodiment, it is desirable to uselatitric materials whose
dielectric properties such as dielectric constamd &ss tangent are substantially
stable over a certain frequency range of the d#sapplications. The term
“substantially stable” herein means that the changealues does not lead to more
than about 10% of the performance variation ofgbeer transfer system. Thus, the
required value and width of the frequency rangey mary depending on the
applications for which the field-focusing elemestused. In one embodiment, the
desired frequency range is from about 100Hz to ®ak@0 MHz. In some
embodiments, the desired frequency range is frooutabkHz to about 100 kHz. In
another embodiment, the desired frequency rang®ms about 100 kHz to about 1
MHz. In one more embodiment, the desired frequenage is from about 1 MHZ to
about 5 MHz.

[0038] Materials having a low dielectric loss tangealong with high
dielectric constant will function efficiently in éancing the self-capacitance of the
resonators when used as the embedding materiaavdy resonators, compared to
materials that have low dielectric constant andhhags tangent. Therefore, materials
that have both high dielectric constant and lowediic loss tangent at the frequency
of operation of the resonators are desirable todsz in the field-focusing element
18.

[0039] A dielectric material to be used in a fiétstusing element 18 of the
power transfer system would generally require & higlectric constant that is equal
to or greater than about 100 and a loss tangentishas low as possible. In one
embodiment, a loss tangent equal to or less thantalhl may be acceptable for a
dielectric material to be used in field-focusingraekent. In a subsequent embodiment,

a loss tangent equal to or less than about 0.0éssable for the dielectric material.

[0040] The inventors studied different ways of iwnng the desirable
dielectric properties of the dielectric materiaksldnging to the (Ba, Sr)TiDand
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CaCuTisOp, systems. The different methods investigated foe tproperty
enhancements include, but are not limited to, oatioping, anion doping, grain
boundary doping, density increment, composite fadiona, and changing the

sintering conditions, sintering atmospheres, anet&iral and microstructural aspects.

[0041] Accordingly, in one embodiment, a materigtem with the formula

CayxyBaSKTi1.Cr,035N, wherein 0 <x < 1;0<y<1;9z<0.01;0<d6<1;and 0

< p<1is provided for use in, for example, the fietatising element 18 of the power
transfer system described above. This systembeilhenceforward referred to as
“BST material system” for simplicity. As used hexethe term ‘greater than zero’
denotes that the intended component is intentipraalted, rather than an incidental
amount that may be present as an impurity. As heee€in, end points of the ranges
include incidental variations above and below ttegesl number, as appropriate for
normal measurement and process variations. Ineomgodiment, a power transfer

system is presented comprising BST material systemdielectric material.

[0042] In one embodiment, a material system with filvmula Ca,.,BaSr,
(Ca-Luy) CwpTig5Al5012.05 Wherein 0< x< 0.5, 0y <0.5; @z<1l,and o<
0.1 is presented for use in, for example, the fielrlsing element 18 of the power
transfer system described above. This system beilhenceforward referred to as
“CCT material system” for simplicity. As used herén the CCT material system,
the formula Ca.,BaSrK (Ca.Lu) CwTissAls012.05 IS a theoretical formula
including the mixtures and compounds that are éngpecified ratio to be denoted by
this formula, and does not necessarily mean ttsmgle compound exists in a form
that can be identified by standard characterizatemmniques. In short, a material
specified by the above formula may actually exstnaultiple phases which, taken
collectively, have an overall composition as spedifby the formula. In one
embodiment, a power transfer system is presentegiegsing CCT material system as

a dielectric material.

[0043] In general, the cation dopants were founthtoease resistance of the
grain boundary by absorbing the oxygen vacanciek thareby decrease both the

dielectric constant and loss tangent. By dopinghatcation site, the doped cation
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gets reduced by absorbing the electron densityhat grain boundary, thereby
decreasing the conduction of the grain boundarys tleading to the decrease in

dielectric constant and loss.

[0044] In general, by doping at the anion site, tlaéion of the lattice gets
reduced by absorbing the electron density theredgting insulating planar defects in
the grains. The insulating planar defects can cedihe electrical resistivity of

internal barrier of the grains and thereby decréfaselielectric loss.

[0045] In the BST material system, the barium atrdrgium levels were
varied and studied for their effects on favorahieedttric properties. Thus, in one
embodiment, a power transfer system comprising & B&terial system is provided
such that 0.3 x. Therefore, in this embodiment, the barium legeequal to or
greater than about 0.3. In a further embodiment; ¥ = 1. Therefore, in this
embodiment the BST material system does not cordaay other dopants in the
barium or strontium sites. In one embodiment, st@ntium level in the BST
material system is such that @4 < 1. Therefore, in this embodiment, the stnaomti
level is always equal to or greater than about OExamples of the above BST

material systems include, but are not limited tay 81, 7TiOzand Ba 4Sry 6TiOs.

[0046] In one embodiment of the power transfer eaystvith a BST material
system, the barium or strontium of the BST matesiatem is partially replaced by
cations such as calcium to enhance favorable dieleproperties. In one
embodiment, a BST material system is such that<0X9+ y < 1. Thus, in this
embodiment, the BST material system contains anadopant in the barium or
strontium sites, but the value of the dopant isaglvequal to or less than about 0.1.
Examples of the above BST material systems incluué, are not limited to,
Bao.55500.40Ca.05T103 and Ba sS1.4Cap 1TiOs.

[0047] In one embodiment of the power transfer ayswith a BST material
system, the titanium is partially replaced by chitam which may help to decrease
the loss tangent. In one embodiment, the chromsusubstituted for less than about

2 atomic % of titanium in the BST material system.a subsequent embodiment, the
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chromium substitution is in the range of about Caddmic % to about 1 atomic %.
Thus, in this embodiment, the quantity z in thenfola above varies between about
0.0001 and about 0.01. In a further embodimet,ctiromium substitution is in the
range of about 0.2 atomic % to about 1 atomic %tahium with the z value varying
between about 0.002 and about 0.01. In one emlsydjim a BST material system, z
> 0, andd and p are both equal to 0. In this embodimem,BBT material system
comprises cation substitutions, but not anion suitsins. Examples of the above
BST material systems include, but are not limitedBa& 3Sro.7Cro.002T10.0003. In a
BST system, when titanium is substituted with afient cation, such as chromium in
the above example, the oxygen level can also storettrically change. For instance
in the above example, the number of oxygen atomsbea2.999, instead of 3, to
accommodate substitution of 0.002 atoms of chromiuma further embodiment, in
the BST material system, the barium or strontiumpaially replaced by cations such
as calcium or lanthanum; and titanium is partiaéiplaced by chromium. Examples
of the above BST material systems include, but avet Ilimited to,
Bag 55510.4Ca 5Cro.002T10.00603. Table 2 below represents some examples of the BST
material systems and their dielectric propertieth whe varying levels of barium and

strontium and with some cation dopants.

Table 2.
BST material system Frequency Dielectric constant osslLtangent
10 kHz — 1 MHz >640 ~0.01
Ba 35S 7TiO3 ~10 kHz ~645 ~0.006
10 kHz -10 MHz >480 <0.02
Bay 4Srp 6T103 ~2.3 MHz >480 <0.0002
1 kHz -1 MHz >740 <0.09
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Ba()_4sro_ecro_002Tio_gggo3 ~339 kHz >740 ~0.0004

1 kHz -1 MHz >910 <0.009
Bao.4S10.6Cro.005T 1090403 ~660 kHz >910 <0.0002
[0048] In one embodiment of the power transfer eaystith a BST material

system, the oxygen is partially replaced by nitrog& anion doping. Nitrogen and
fluorine are two examples of anion dopants usedulostitute for oxygen. In one
embodiment, the nitrogen is substituted such thad& 1; and 0< p< 1 in the BST
material system. Therefore, in one embodiment,atfien substitution is such that
about 25% or less of oxygen in the BST materialesygs substituted by nitrogen. In
one embodiment, depending on the process conditibasiitrogen is in an oxidation
state of —3 while substituting for oxygen in the TB#&aterial system. In one
embodiment, the nitrogen is substituted such thatdd< 1 and O< p< 0.8. In one
embodiment, the nitrogen substitution replacestiess about 10 atomic % of oxygen
in the BST material system. In one embodimentnitregen is substituted such that
0.1<6<0.8 and 0.4 p< 0.8. In one embodiment, the oxygen is substitutgd
fluorine instead of nitrogen such thac® < 1; and p = 0. In a further embodiment,
the oxygen is substituted by fluorine instead &fogien such that 04d<1; and p =
0. In another embodiment, the oxygen is substtbie both nitrogen and fluorine in
a condition such that 046 < 0.5 and 0.05 p< 0.3.

[0049] In one embodiment of the power transfer eaystvith a BST material
system, oxygen is substituted by another anion shehz = 0, and and p are both
greater than 0. Thus in this embodiment, the asidstitutions are conducted in the
absence of cation substitution. A BST materialteys with the composition
Bay3S1h.7TiO28No13 IS presented as an example. The above-mentioredrial
shows an extremely low dielectric loss of aboutO0OD with a suitable dielectric

constant of about 506 at the frequency of aboulvitfz.
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[0050] In one embodiment of the power transfer eystthe BST material
system is doped with both cations and anions. rile embodiment, titanium is
partially replaced by chromium and oxygen is péytieplaced by nitrogen such that

z, 0 and p are all greater than zero. In an exampieaterial with the composition
Bay 4S10.6Cro.005T 10.99602.dNo 13 iS presented, which demonstrates a loss tangent of
about 0.003 with a dielectric constant of about &19he frequency of about 3.13
MHz. In a further embodiment, 0 < x + y <1 andzand p are all greater than zero
such that a cationic dopant is present in the barar strontium site, chromium
partially substitutes titanium, and nitrogen pditissubstitutes oxygen. Table 3
provides the dielectric values of some of the amoped materials in the BST

material system with and without cation dopants.

Table 3.
BST material system Frequency Dielectric constanbssltangent
~1 MHz >500 ~0.005
Ba.3Sr0.7Ti02.8No.13 ~2.5 MHz >500 ~0.00015
~1 MHz >480 ~0.005
Bay.3S10.7Cr0.005T 10.99592.8N0.13 ~2.7 MHz ~470 ~0.0004
F dOped BasSry6TiO3 100 Hz - 10 MHz >400 <0.01
prepared by using Balnd
1.49 MH ~400 ~0.0001
SrF,as Ba and Sr source z
respectively
[0051] As presented earlier, in one embodiment,oawgy transfer system

comprising a field-focusing element 18 includin@@T material system is presented
such that Cay.,BaSK, (Ca.,Cly) ClpTia-sAl 501205, Wherein 0 x< 0.5, 0y < 0.5,

O<z<1,and <0< 0.1. In one embodiment, the CCT material systemprises
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CaCuTisO12. In another embodiment, the CCT material systeomprises
CaCuw,TisO12 having a dielectric constant greater than abo003nd a loss tangent
less than about 0.07 at a frequency of about 100 kH

[0052] In one embodiment, in the power transferteasyscomprising a CCT
material system, x > 0. In another embodiment,0y 3n one further embodiment, x >
Oandy > 0. Thus, in the above embodiments, wales partially replaced by barium
and / or strontium. One example of a CCT mateyatem prepared with barium and
strontium dopants and demonstrating very good chete properties is
Bag 01Sh .Ca 7L Ti4012.  This material has a substantially uniform dielectri
constant and loss tangent values over a wide rahffequency ranges, which makes
this material useful for an application that willok over a variable range of
frequencies. The dielectric constant for the nialt®ay 1St :Cay 7 UsTi4O;2 lies in
the range of about 4500-5000 and the loss tangentthe range of about 0.06 to 0.08
for the entire frequency range from about 1 kHabout 100 k Hz. The material is
suitable for contactless power transmission at feguency lying in the range of
about 1 kHz to 100 kHz.

[0053] In one embodiment of the power transfer esystcomprising CCT
material system to be used in the field-focusirggrent 18, x and y are both equal to
zero and z =1, and the copper is partially replanedther suitable cations such as,
for example, lanthanum. In one more embodimemt titanium is partially replaced
by iron, aluminum, chromium, zirconium, or any d¢feir combinations. In one

embodiment, any or all of the above mentioned teents coexist.

[0054] The examples presented below depict theewdifft CCT material

systems that can be used in the field-focusing ef¢rh8 presented above, along with
their approximate measured dielectric constantlassl tangent values. While some
particular examples are presented herein, the tingin the dopant combinations

and levels will be appreciated by one skilled ie #nt.
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[0055] One example of a CCT material system exinifpitgood dielectric
properties is CaGli4sO;2. Table 4 lists some of the properties of the @ure doped

CaCuTisO12 material.
Table 4.
CCT material system Frequency Dielectric constanbsslLtangent

CaCuTisO12 10 kHz - 30 kHz >6000 <0.1
CaCuy.olagoerlizesAl0.06011.97| 10 kHz - 60 kHz >6000 <0.1
CaCuTiz9/Al 0.06011.97 ~10 kHz >14000 ~0.11
CaCuTiz992r0.01012 ~10 kHz >12000 <0.08
CaCuy glLag g67Ti3.08Cr0.0011.99 ~10 kHz >12000 <0.2
CaCuTis06Cro.0011.99 10 kHz — 100 kHz >2000 <0.1
[0056] In one embodiment, in the CCT material syst# the field-focusing

element 18 of the power transfer system, all of,xand z are equal to zero and the
copper is partially replaced by other suitablearsisuch as, for example, lanthanum.
In one more embodiment, the titanium is partialgplaced by iron, aluminum,
chromium, zirconium, or any of their combinatiorie.one embodiment, any or all of

the above mentioned replacements coexist.

[0057] The examples presented below depict theewdifft embodiments
presented above for a power transfer system wiigsldifocusing element comprising
a CCT material system, along with the approximaéasnred dielectric constant and
loss tangent values of the materials. While soemtiqular examples are presented
herein, the variations in the dopant combinatiand lavels will be appreciated by the
one skilled in the art.
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[0058] In one embodiment, gaw,Ti4O1, is a material in the CCT material
system of the field-focusing element 18 with ab®8it3 mole % of CaGTi,01, and
about 66.7 mole % of CaTi¥O This material, in the pure form and doped form

exhibits some good dielectric properties as casdes from the Table 5.

Table 5.

CCT material system Frequency Dielectric constant ossltangent

CaCuwTisO12 ~100 kHz >3700 <0.07

CaCuw,Tiz992r0.01011.905| 100 kHz - 130 kHz >2000 <0.08

3.5 kHz - 10 kHz >2000 <0.04

CaCuwTiz94Al006011.97 | 10 kHz - 100 kHz >2000 <0.06

CaCu olag ps7Ti4012 | 100 kHz - 130 kHz >1500 <0.09
[0059] In one embodiment of the power transfer esyst the dielectric

material of the field-focusing element comprise$iSg along with the CCT material
system. One example of this dielectric materigl0i® CaCyTi4O12 + 0.4 SrTiQ).
This combination has a dielectric constant valuieatar than about 7000 and the loss
tangent value less than about 0.09 at the frequeamye from about 10 kHz to about
35 kHz. Another example of this dielectric materga(0.6 CaCuiliz.94Al0.06011.07 +
0.4 SrTiQ). This combination has a dielectric constant gajueater than about 9000
and the loss tangent value less than about 0.@®edtrequency range from about 1
kHz to about 10 kHz.

[0060] The inventors found that the density of mate also plays an

important role in the dielectric properties of thaterials. If the microstructure of the
dielectric materials is dense, the materials cosepfewer air pores in the material
body. Air normally has a lower dielectric constéman the dielectric materials and

hence is expected to lead to an overall lower digteconstant, when present in the
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material. Therefore, the inventors conducted arpents to increase overall density
of the materials and thereby increase the dietectonstant. In one embodiment,
different BST and CCT material systems were sidtettedifferent high temperatures
and were studied for their dielectric constant lrsd tangent values. It is found that
the dielectric constant increased by increasingsth&ering temperatures, while the
loss tangent value decreased for the high tempersiantered samples. Further, it
was observed that, both in the BST and CCT masesgstem, a high temperature
sintering at lower sintering time helped in redgcthe loss tangent values compared
to a lower temperature sintering with larger simgrtime. For example, a BST
materials system such as¢B&rn 4Ca 051103 sintered at 144 for 2 hours resulted
in a material with lower loss tangent values coragap the same material sintered at
1350C for 12 hours. Similarly, a CCT material systemtesed at 1100C for 2
hours resulted in a material with lower loss tangeaues compared to the same

material sintered at 10%0 for 12 hours.

[0061] In one embodiment of the power transfer emystthe BST and CCT
materials intended to be used in a field-focusilegnent 18 were cold isostatically
pressed (CIP) before sintering to increase the igerd materials. In one

embodiment, the density of the BST materials olethiby CIP and eventual sintering
is greater than about 80% of the theoretical dgriitthose compositions. In one
embodiment, the density is greater than about 90%evtheoretical density. In a
further embodiment, the density is greater tharua®6% of the theoretical density.
In one more embodiment, the density is greater #iaout 98% of the theoretical

density.

[0062] Example compositions processed by CIP irelBa ssSfh.4Cay.osT103
and BasSr4Ca 1TiO3. Comparison of dielectric constant values for soohehe
example materials between normally processed samphel samples that were
subjected to CIP are shown in Table 6, while Tabkhows the comparison of loss
tangent values. From the tables, it can be sesnathile the increment in dielectric

constant by subjecting the material to CIP priosittering was observed for all the
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materials at all the frequencies, the effect of @IEecreasing the loss tangent values

were observed for comparatively higher frequencygieameasurements.

Table 6.

BST material system 100Hz 1kHz 10kHz 100 kHz 1 MHz 10 MHz
BapsSrp4Can 1 TiOs (Normal) 2167.4 2096.5 2036.9 1994.6 1960.3 1948.8
BapsSrp4Cag 1 TiOs (CIP) 2855.9 2692.2 2623.2 2597.6 2581.1 4281.5
Bag 55Sr0.4Cag 05 TiO3z(Normal) 381.3 164.5 1215.7 1190.6 1146.5 429.1
Bap s5Sr0.4Cag o5 TiO3(CIP) 3156.7 2491.7 2295.2 2238.2 2208.9 31015
Table 7.

BST material system 100Hz 1kHz 10kHz 100 kHz 1MHz 10 MHz
BapsSro.4Cag 1 TiO3 (Normal) 0.0282 0.0208 0.0170 0.0127 0.0086 0.0098
Bap 5Sre.4Cap (1 TiO3 (CIP) 0.0560 0.0299 0.0112 0.0055 0.0027 0.0995
Bag 55Sr0.4Cag o5 TiOz(Normal) 0.8883 8.6496 0.0422 0.0273 0.1237 2.8665
[0063] However, all of the above-mentioned matsyidly subjecting to CIP,

showed very good dielectric constant values of tgrehan about 2000 and low loss
tangent values of less than about 0.08 in the &eqy ranges of about 10 kHZ to
about 2 MHz, such that the materials are good $orguin a field-focusing element 18
for a contactless power transfer application, alamith being useful for other

applications.

[0064] The inventors further conducted experimemtshe dielectric materials
by treating the materials in different atmosphex@sh as an oxygen-rich atmosphere,
a nitrogen atmosphere, or a reducing atmosphete aua@ hydrogen atmosphere, for
example. An oxygen-rich atmosphere, for exameghle to effect changes in the
dielectric properties of CCT and BST family matkialt is observed that in the CCT
family materials, sintering in the oxygen atmosgh@&ompensates the oxygen
vacancies in the materials, thus leading to lowetedtric constant and lower loss
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tangent. In the BST material system, sinterinthenoxygen atmosphere increases the
density of materials and thus increases the ditectnstant. Sintering in nitrogen
atmosphere is expected to take out some of theemxygom the materials, thus
turning the material oxygen deficient, increasihg bxygen vacancies and electron
densities, and leading to high dielectric constartt increased loss tangent. Tables 8
and 9 provide the dielectric constant and losseéahgalues comparison respectively,
for the example materials B&rnCa1TiOs and BassShCaosliO3 at the
frequency range of about 100 Hz to about 1 MHzmil&r to the effect of high
temperature sintering, the oxygen atmosphere sigtén the BST materials system
was found to increase the dielectric constant, evthie loss tangent values were also

found to increase.

Table 8.

BST material system 100 Hz  1KkHz 10 kHz 100 kHz 1 MHz
BagsSro4Cap 1 TiO3 (Normal) 2855.9 2692.2 2623.2 2597.6 2581.1
BagsSro4Cag 1 TiO3 (O, sintered) 3780.3 3261.1 3070.8 2979.9 2925.6
Bao_55sr0.4ca0.05TiOg(Normal) 3156.7 2491.1 2295.2 2238.2 2208.9

Bag s5Sr0.4Cao 05 TiO3(O; sintered)  8071.6  4827.0 3648.1 3428.0 3368.3

Table 9.

BST material system 100Hz  1KkHz 10 kHz 100 kHz 1 MHz
BagsSro4Cap 1 TiO3 (Normal) 0.0560 0.0299 0.0112 0.0055 0.0027
BapsSrp4Cag 1 TiO3 (O, sintered) 0.1800 0.0770 0.0290 0.0174 0.0080
Bao_55sr0.4ca0.05TiOg(Normal) 0.2515 0.1169 0.0367 0.0144 0.0069

Bag 555r0.4Ca0.0sTiO3(O; sintered)  1.1900 0.4300 0.1400 0.0320 0.0100

[0065] In one experiment, BST materials were subpet¢o CIP and also were
sintered in oxygen atmosphere for obtaining betlielectric values. Examples
include, but not limited to, BasSh.4CaosTiO3 sintered in oxygen atmosphere at

about 1440C for 2 hours, leading to a dielectric constantueagjreater than about
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1900 and loss tangent value less than about 0.@eirfrequency range of about 1
MHz to about 10 MHz. Further, this material hadiglectric constant greater than
about 1900 and a loss tangent value of about 0.60@8e frequency of about 2.91
MHz. Bas5556h.4Ca.05Cro.01Ti0.0d03 Sintered in oxygen atmosphere at about 1@40
for 2 hours has a dielectric constant value greatar about 1300 and the loss tangent

value less than about 0.001 in the frequency ofiah®5 kHz.

[0066] In one embodiment of the power transfer eyst the dielectric

materials exist in the bulk material form and aoéyprystalline, with grains and grain
boundaries. An increased grain boundary condu@idST or CCT material system
may increase both dielectric constant and lossetaing For example, a metallic
precipitate at the grain boundary creates electtiospotential due to the metal and
electron interface, thereby increasing grain bomna@anduction and, consequently,

the dielectric constant and loss tangent.

[0067] In one embodiment of the power transfer eystany of the materials
described above included in the field-focusing eetmis doped with a bismuth-
containing material, such as bismuth oxide. loirgher embodiment, bismuth exists
in a metallic phase in the grain boundaries ofgbbycrystalline materials used for
field-focusing element. In a related embodimersnuth oxide is doped and reduced
to become metallic bismuth in the grain boundaoiethe dielectric material. In one
embodiment, the bismuth oxide is introduced togian boundaries by mixing BDs
and TiQ with the calcined BST powders before forming theTB8aterials into the
bulk form incorporable to the field-focusing elemhelB and sintering. In one
embodiment, less than about 3 mole% ofCBI3TIO; is present the BST material
system. In one embodiment, the BST material sy$tasna metallic bismuth phase in
the grain boundaries. It is found that the dielectonstant of the BST material
system increases significantly by having a metatlismuth phase in the grain
boundaries. In some instances, the incrementeileciric constant value of the BST
material system by disposing metallic bismuth ie grain boundary was more than
about two orders of magnitude. The materialo S&¢TiO3 with 1 mole%

Bi»03.3TiO, doping can be considered as an example. This mlatermonstrates an
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extremely high dielectric constant, greater thaouat30,800, with an extremely low
loss tangent factor of about 0.001 at a frequeri@bout 315 kHz, and therefore is a
good material for a field-focusing element of atemtiess power transfer system as

described herein.

[0068] In one experiment, BST material system wansdied by cold
isostatic pressing before sintering. In a furthertbodiment, the material was also
doped with the bismuth oxide in the grain boundand the bismuth oxide was
reduced to metallic bismuth by reducing atmosplierament such as 5% hydrogen
in nitrogen at about 120C for about 12 hours. In one embodiment, a povegrster
system comprising a field-focusing element compgsia bismuth doped BST
material system is presented. The examples incltrde materials such as
Bay 4S10.6Cro.01T10.99903 + 1mole% B}O3.3TiO, and Ba S 6Cro.01Tio.9dfO3 + 1mole %
Bi»03.3TiO,. The above-mentioned materials demonstrate ertyemgh dielectric
constant of greater than about 11,030,000 at auémecy of about 100 Hz. However,
the dielectric loss tangent of the materials hageraewhat high value of about 0.9 at
a frequency of about 100 Hz. These materials neaydeful in applications where a
high dielectric constant is of high importance whihe high loss tangent values can

be accommodated such as in low power transfergins.

[0069] In one embodiment, power transfer systemhwat field-focusing
element comprises a BST material system that i®dlepth both cations and grain
boundary dopants. Examples for the BST materfas ltad both cation doping and
grain boundary doping, and that show desirableedigt properties, include
Bay 3S10.7Cro.002T 10,0003 doped with about 1 mole% ;.3TiO,. This material
showed a dielectric constant of about 7668 withiededtric loss of about 0.007 at
about 1.4 MHz. While other applications can beisayed, the above-mentioned
material is particularly suitable for the field-fsging element in the contactless power
transmission system for high power transfer desdriberein. Another example of a
dielectric material with both cation and grain bdary doping is
Bag 3S10.7Cro.005T 10,0003 doped with about 1 mole% H);.3TiO,. This material
demonstrates a very high dielectric constant oatgrethan about 3,470,000 at the

24



frequency of about 100 Hz. However, this mateaalab has a high loss tangent value
of about 1 that may limit the application of theteral in the field-focusing element

for high power transfer.

[0070] In one embodiment, a power transfer systeith & field-focusing

element 18 comprises a BST material system matddpéd with both anions and
grain boundary dopants. In one embodiment, oxyg@artially replaced by nitrogen
and bismuth was disposed in the grain boundarfes.example of a BST material
that had both anion doping and grain boundary dppamd that showed desirable
dielectric properties, includes B 7TiO24dNo13 doped with about 1 mole %
Bi»03.3TiO,. The above-mentioned material showed an extrerhigiy dielectric

constant of about 1,793,610 at the frequency ofiah00 Hz. However, this material
had a loss tangent of about 1. This material carused for low power transfer
systems. Further, experimenting on different stiigin or methods for bringing

down the loss tangent value may result in a moitalde material to be used in the

field-focusing element.

[0071] In one embodiment, a power transfer systeith & field-focusing
element 18 comprises a BST material system matoéd with cations, anions, and
grain boundary dopants. In one embodiment, titanis partially replaced by
chromium, oxygen is partially replaced by nitrogand metallic bismuth is disposed
in the grain boundaries. One example of a matla&ing cation, anion, and grain
boundary dopants in the BST material system igs:88.7Cro.00510.99402.8No.13 With
about 1 mole % of BD3.3TiO,. This material showed an extremely high dielectric
constant greater than about 63,000 and dieleaiss tangent of about 0.006 at a
frequency of about 150 kHz. Therefore, this mates very suitable for use in the

field-focusing element in the power transfer systisacribed herein.

[0072] In one example, as described earlier in @&blthe inventors varied the
starting materials for preparation of BST matesgktem materials and noted a
decrease in the loss tangent. Ay B3t 6T103 material was prepared by using BaF
and Srk as the source of barium and strontium respectivdy starting with the

fluoride sources for barium and strontium, it ipested that some of the fluorine will

25



be substituted for oxygen, thus changing the dietevalues of the BST materials

system. The BaSrsTiO3 prepared by using Baland Srl; showed a dielectric loss

factor less than about 0.01 over the entire frequeange from 100 Hz to 10 MHz

with a minimum of 0.0001 at 1.4 MHz. The matealo showed a uniform dielectric

constant of about 415 over the entire frequencgeanentioned above. The material
may be advantageously used for transmitting cdetgtpower at any frequency
range from about 100 Hz to about 10 MHz.

[0073] In one embodiment of the power transfer esystit is desirable to
employ dielectric materials whose dielectric prdigsrsuch as dielectric constant and
loss tangent are stable over a certain temperatinge around room temperature to
accommodate the changes in temperature due toexample, environmental or
operational changes. In one embodiment, the diedematerials are beneficial if
their dielectric properties are substantially stattbm about -58C to about 15%C.
“Substantially stable” as used herein indicated tha dielectric properties of the
materials do not change more than about 10% of them temperature values over a
given temperature range. In one embodiment, tleéeciric materials presented
herein are having their dielectric properties sabisally stable from about -16 to
about 120C. In a further embodiment, the dielectric maleriave dielectric
properties that are substantially stable from ab@@€C to about 60C. In one
embodiment, the BST and CCT materials presenteel &rer ceramic materials stable
over a wide temperature range and having dieleptoperties that are stable around

room temperatures.
EXAMPLES:

[0074] The following examples illustrate methodsaterials and results, in
accordance with specific embodiments, and as sbhodulé not be construed as
imposing limitations upon the claims. All compotemre commercially available

from common chemical suppliers.

Preparation of Materials:
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[0075] A general method of preparation followed fine BST and CCT
material systems identified in different examples autlined below. However, one
skilled in the art would appreciate that small &ions in the starting materials;
temperatures, times, and atmospheres of preparacination, and sintering; size
and shape variations of the prepared powders arld mmaterials could be

accommodated to the examples presented below.

Preparation of pure and doped CCT and BST matsysiems

[0076] Stoichiometric concentrations of Ca§,@uO and TiQ were mixed
and ball-milled in dry conditions and calcined &0@®C for 24 hours in air. The
calcination temperatures and atmospheres were dvaioe some materials to
investigate the effect of temperatures and atmasgheBaCQ@, SrCQ, Cr,03, Al,Os,
La,0Os, Fe0s, ZrO, were added in the required mole percents by stdite mixing for
doping barium, strontium, chromium, aluminum, laxtbm, iron, and zirconium
dopants respectively, whenever required. Aboutolefb of BLO3.3TiO, was added
for grain boundary doping. Urea was used for g#ro doping in oxygen sites by
solid state mixing and calcining. Stoichiometnmoaunts of Bak, Srk, and / or Caj-

were used as starting materials for including arfhe dopant in the oxygen site.

[0077] The calcined mixture was added with abowtt® polyvinyl actetae
(PVA) and mixed thoroughly using an agate morféhe mixture was further milled
using ball milling in isopropanol medium. The pawsl were pressed into green
pellets using hydraulic pressing with a pressurd ®fiPa followed by 6 MPa. For
obtaining cold isostatic pressed (CIP) pellets, IR @achine was used to further
densify the hydrostatically pressed pellets. Takeps were then sintered at 1080
110C0C, 1350C, or 1440C for 2, 12, or 24 hours in air, oxygen, or nitroge
atmosphere, as required. 5% hydrogen in nitrogerosithere was used for reducing
bismuth oxide to metallic bismuth during sinteringhe sintered pellets were coated
with silver paste for the purpose of dielectric sw@ament. The dielectric
measurements were carried out using an Agilent A2®dpedance analyzer and
verified using a Novocontrol Alpha-K impedance gzal. XRDs of the calcined and

sintered samples were verified. While the genenathod for the preparation,
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processing and dielectric value measurements oémalt are outlined above, the
examples provided below contain the specific detail preparation, processing,

measurements, and results of some of the selecstiais.

Example 1. B@ssSrp 4Cay 051103 processed by CIP

[0078] About 13.071 gm of BaG09.579 gm of Ti@, 10.152 gm of Sr(N¢).
and 0.6 gm of CaCOwere added together and hand mixed using mortmpastle
for 15 minutes. The mixture was added with appr@tely equal volume of
isopropanol and about 3 times by volume of zircagriading media and rack-milled
for around 6 hours. The homogeneous mixture veassterred to an alumina crucible
and calcined at 110C for 2 hrs. About 2 wt% of PVA was added and rdixe the
calcined powder using an agate mortar. Equal velemisopropanol was added to

the resultant material and rack-milled again.

[0079] The powder was then pressed into pelleboiut 3 gram weight using
hydraulic pressing with a pressure of about 4 MPhe pellets were vacuum sealed
in polyethylene film and cold isostatically presseith about 30MPa pressure. The
pellets were sintered at 1440 for 2 hours in air. A silver paste coating ofeav
microns thickness was applied to the sintered {seed was dried at 200 for 2
hours. The dielectric constant and loss tangetit@pellet was then measured using
Agilent 4294A impedance analyzer. Table 10 preséme dielectric measurement

results of this material.

Table 10.

Frequency Dielectric constant Loss tangent

100 Hz 3156.7 0.2515
1 kHz 2491.1 0.1169
10 kHz 2295.2 0.0367
100 kHz 2238.2 0.0144
1 MHz 2208.9 0.0069
2.01 MHz 2218.8 0.001
10 MHz 3101.5 0.1617
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Example 2. B@o:Sr.Ca78CUsTi401

[0080] About 0.079 gm of BaC£12.790 gm of Ti@ 1.175 gm of SrC¢)
3.165 gm of CaC®and 9.554 gm of CuO were added together and haxetdmsing
mortar and pestle for 15 minutes. The mixture added with approximately equal
volume of isopropanol and about 3 times by volurhei@onia grinding media and
rack-milled for around 6 hours. The homogeneousture was transferred to an
alumina crucible and calcined at 1000for 24 hrs. About 2 wt% of PVA was added
and mixed to the calcined powder using an agatetamor Equal volume of

isopropanol was added to the resultant materiakrackimilled again.

[0081] The powder was then pressed into pelleebolut 3 gram weight using
hydraulic pressing with a pressure of about 6 MPée pellets were sintered at
110CC for 2 hours in air. A silver paste coating ofeav microns thickness was
applied to the sintered pellets and was dried & Q@dor 2 hours. The dielectric
constant and loss tangent of the pellet was theasured using Agilent 4294A

impedance analyzer. Table 22 presents the diglecteasurement results of this

material.
Table 11.
Frequency Dielectric constant Loss tangent
1 kHz 5345.2 0.069
10 kHz 4864.5 0.0634
34 kHz 4672.2 0.0604
100 kHz 4528 0.0794
1 MHz 3638.8 0.3972
10 MHz 3638.8 2.904

Example 3.CaCuwpTiz.04Al0.06011.97
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[0082] About 8.497 CaC$)6.753 gm of CuO, 13.357 gm of Ti@nd 0.955
gm of AI(NG3)3.9H,O were added together and hand mixed using montmpastle
for 15 minutes. The mixture was added with appr@tely equal volume of
isopropanol and about 3 times by volume of zircgiading media and rack-milled
for around 6 hours. The homogeneous mixture veassterred to an alumina crucible
and calcined at 100C for 24 hrs. About 2 wt% of PVA was added andedixo the
calcined powder using an agate mortar. Equal velomisopropanol was added to

the resultant material and rack-milled again.

[0083] The powder was then pressed into pelletboiut 3 gram weight using
hydraulic pressing with a pressure of about 6 MP&e pellets were sintered at
110C¢C for 2 hours in air. A silver paste coating ofeav microns thickness was
applied to the sintered pellets and was dried &Q@dor 2 hours. The dielectric
constant and loss tangent of the pellet was theasuted using Agilent 4294A

impedance analyzer. Table 12 presents the diglecteasurement results of this

material.
Table 12.
Frequency Dielectric constant Loss tangent
3.41 kHz 2354.4 0.021
3.83 kHz 2344.4 0.0173
10 kHz 2303.1 0.0353
100 kHz 2203.7 0.0612
1 MHz 1948.4 0.349
10 MHz 706.7 1.16
[0084] Advantageously, power transfer systems asclaBed in certain

embodiments herein are configured to include ffelelising elements and are less
sensitive to the variations in the load as theesqy of resonance. As described
herein, field-focusing element 18 may be used fitvamcing magnetic field focus and

efficiency of the contactless power transfer systerRurther, the field-focusing
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element comprises a dielectric material that inetud BST material system, a CCT
material system or a combination of both. Uséhefdielectric materials increases the
magnetic field-focusing of the field-focusing elemesuch that power and data
transmission can be achieved simultaneously at¢hesprimary coil, field-focusing

element, and secondary coil.

[0085] While only certain features of the inventibave been illustrated and
described herein, many modifications and changdsoatur to those skilled in the
art. It is, therefore, to be understood that thpeaded claims are intended to cover

all such modifications and changes as fall withie true spirit of the invention.
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Element List

10-Power transfer system

12-First coll

14-Power source

16-Second coll

18-Field focusing element

20-Load

22-One open end of field focusing element
24- Another open end of field focusing element
25-Length of the field focusing element
30-Omega field focusing structure

32, 34, 36-No of turns in the omega structure
38-Gap between the turns

40-Width of the spiral

50-Single loop coil

52-Split ring structure

54-Spiral structure

56-Swiss roll structure

58-Helical coll

64-Array of resonators

66, 67, 68, 69- Rows of resonators

70, 71,72,73,74- Individual resonators arrangewws
75,77,79-Individual resonators

76, 78-displacement between the resonators
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CLAIMS:
1. A power transfer system comprising:

a field-focusing element comprising a dielectriatamial, wherein the
dielectric material compriseéSa..,BaSr, (Car-,Cl;) CpTis-5Al 501205,
wherein 0x,y<0.5; &z<1;and x46<0.1.

2. The system of claim 1, wherein at least one ah# y is greater than 0
whend =0.

3. The system of claim 1, wherein x and y are lgp&ater than 0 whed=0.

4. The system of claim 3, wherein x and y are lgptater than 0 and z =1
whend=0.

5. The system of claim 4, wherein the dielectric tenial comprises
Ba0.01S1.2Ca.7dCUsTi4012.

6. The system of claim 1, wherein X, y, and z drequal to 0 and > 0.

7. The system of claim 6, wherein the dielectric tenial comprises

CaCu;Tiz 0/Al 0001107
8. The system of claim 1, wherein x£y0.3.
9. The system of claim 1, wherex 0.6.

10. The system of claim 1, wherein the dielectriatenal further comprises

zirconium.

11. The system of claim 10, wherein the dielectnaterial comprises
CaCuU;Tiz 99Zr0.01012.
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12. The system of claim 1, wherein the dielectriatenal further comprises

lanthanum.

13. The system of claim 1, wherein the dielectritenial is a polycrystalline

material comprising grains and grain boundaries.

14. The system of the claim 1, wherein the systenihér comprises a first coil

coupled to a power source and spaced apart frorfirefdefocusing element.

15. The system of the claim 14, wherein the sydtether comprises a second

coil coupled to a load and spaced apart from #ld-fiocusing element.

16. The system of the claim 15, wherein the fieldusing element is disposed

between the first coil and second coil.
17. A power transfer system comprising:
a first coil coupled to a power source;
a second coil coupled to a load; and

a field-focusing element disposed between thé ¢od and the second coil
and comprising a dielectric material, wherein thielectric material comprises

wherein 0<x<0.2and0<y<0.2.

18. The power transfer system of claim 17, whetleenfield-focusing element

comprises a plurality of resonators.
19. A power transfer system comprising:
a first coil coupled to a power source;

a second coil coupled to a load; and
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a field-focusing element disposed between thé ¢od and the second coil

and comprising a dielectric material, wherein thelettric material comprises
Ca.xyBaSK CpTis5Al §012.0.5,

wherein 0 x<0.2; 0y <0.2;and 09<0.1.

20. The power transfer system of claim 19, whentia field-focusing element

comprises a plurality of resonators.
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