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1
DEVICE FOR COLLECTING ENERGY
WIRELESSLY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 61/785,835, filed Mar. 14, 2013, which
application is hereby incorporated herein by reference, in its
entirety.

TECHNICAL FIELD

The invention relates generally to energy collection and,
more particularly, to a device for collecting electromagnetic
energy wirelessly.

BACKGROUND

In many situations, it is necessary to constantly charge
wireless devices, such as cellular phones or notebook com-
puters, active RFIDs, security devices in homes, wireless
computer keyboards and mouses, and the like. Convention-
ally, this is accomplished primarily by use of wired chargers.
However, such practices are rather cumbersome and incon-
venient; therefore, it is desirable to charge electronic devices
wirelessly.

Wireless chargers are available, conventionally utilizing
an inductive coupling scheme as depicted by FIG. 1, or
alternatively, utilizing a capacitive coupling scheme as
depicted in FIG. 2, discussed in further detail below. How-
ever, such schemes collect a relatively small amount of
energy from its environment, unless there is a powerful field
generator in close proximity.

Therefore, what is needed is an apparatus and method for
collecting energy from the environment more efficiently
than current methods allow for.

SUMMARY

The present invention, accordingly, provides a device for
collecting energy, and includes first, second and third
capacitive plates, the first and second capacitive plates being
spaced from, substantially parallel to, and electromagneti-
cally coupled to each other, and the second and third
capacitive plates being spaced from, substantially parallel to,
and electromagnetically coupled to each other. An inductor
is coupled between the second and third capacitive plates. A
load resistance is inductively coupled to the inductor for
drawing energy from -electromagnetic field excitation
between the three capacitive plates. The size and spacing of
the capacitive plates and the inductance are determined
according to well-known formulas for facilitating resonance
in the device at a predetermined frequency.

In a further embodiment, the inductor comprises a first
inductor coupled in series with a second inductor, and the
load resistance is inductively coupled to the second inductor
for drawing energy by inductive coupling. A capacitor is
coupled in parallel with the first inductor.

In a still further embodiment, the inductor includes a first
inductor coupled in series with a second inductor, and the
load resistance is inductively coupled to the second inductor
for drawing energy from electromagnetic field excitation by
inductive coupling. A first capacitor is coupled in parallel
with and spaced apart from the first inductor, and a second
capacitor is coupled between the first and second capacitive
plates.
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The load resistance is one of a cell phone, a portable
computer, a security sensor, a radio-frequency identification
(RFID) tag, a cordless keyboard, a cordless mouse, and other
wireless devices.

In an alternate embodiment of the invention, a device for
collecting energy includes first and second capacitive plates
spaced from, substantially parallel to, and electromagneti-
cally coupled to each other. An inductor and a capacitor are
coupled between the first capacitive plate and the second
capacitive plate. A transmission line is coupled to the first
capacitive plate and extends through a hole defined in the
second capacitive plate for drawing energy from electro-
magnetic field excitation between the first capacitive plate
and second capacitive plate.

In a further embodiment of the alternate embodiment, a
third capacitive plate is spaced from, substantially parallel
to, and electromagnetically coupled to the first capacitive
plate, and a second capacitor is coupled between the first and
third capacitive plates.

The foregoing has outlined rather broadly the features and
technical advantages of the present invention in order that
the detailed description of the invention that follows may be
better understood. Additional features and advantages of the
invention will be described hereinafter which form the
subject of the claims of the invention. It should be appre-
ciated by those skilled in the art that the conception and the
specific embodiment disclosed may be readily utilized as a
basis for modifying or designing other structures for carry-
ing out the same purposes of the present invention. It should
also be realized by those skilled in the art that such equiva-
lent constructions do not depart from the spirit and scope of
the invention as set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion, and the advantages thereof, reference is now made to
the following descriptions taken in conjunction with the
accompanying drawings, in which:

FIGS. 1 and 2 are schematic diagrams of prior art con-
figurations for collecting energy wirelessly;

FIG. 3 is a schematic diagram exemplifying one embodi-
ment for coupling capacitors with inductors for collecting
energy wirelessly in accordance with principles of the pres-
ent invention;

FIG. 4 is a schematic diagram exemplifying an alternative
embodiment of the invention, wherein a capacitor is coupled
in parallel with an inductor to reduce the inductance
required, in accordance with principles of the present inven-
tion;

FIG. 5 is a schematic diagram exemplifying an alternative
embodiment to that depicted by FIG. 4, wherein the capaci-
tor and inductor are spaced apart to optimize performance at
low frequencies, while further reducing the inductance
required;

FIGS. 6A and 6B are schematic diagrams exemplifying an
alternative embodiment of the invention utilizing a trans-
mission line;

FIGS. 7A-7D are schematic diagrams exemplifying an
alternative embodiment of the invention of FIG. 6A;

FIGS. 8A-8D are schematic diagrams exemplifying an
alternative embodiment of the invention of FIG. 6B;

FIG. 9 is a schematic diagram exemplifying a further
alternative embodiment of the invention for collecting
energy with inductive couplings;
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FIG. 10 is a schematic diagram exemplifying an alterna-
tive embodiment of the invention of FIG. 9 wherein resonant
circuits are added to inductors to reduce inductor sizes; and

FIG. 11 is a schematic diagram for improved perfor-
mances and reduced size.

DETAILED DESCRIPTION

The following description is presented to enable any
person skilled in the art to make and use the invention, and
is provided in the context of a particular application and its
requirements. Various modifications to the disclosed
embodiments will be readily apparent to those skilled in the
art, and the general principles defined herein may be applied
to other embodiments and applications without departing
from the spirit and scope of the present invention. Thus, the
present invention is not intended to be limited to the embodi-
ments shown, but is to be accorded the widest scope
consistent with the principles and features disclosed herein.

Further, as used herein, the term “substantially” is to be
construed as a term of approximation. Terms such as “first”,
“second”, and “third” may be used with different meanings
in different portions of this application. References to induc-
tors and transformers herein are preferably references to
toroidal inductors and transformers, due to their compact
form and small stray magnetic field. The term “resonance”
preferably refers to the case when the operating frequency of
the environmental electromagnetic energy to be collected is
exactly the same as the resonant frequency of the device
(e.g., devices 300, 400, 500, 600, 620 discussed below) and
the resultant impedance is substantially only resistive. The
term “near resonance” means that the operating frequency is
not the same as the resonant frequency of the device, but is
slightly off from the resonant frequency by a suitable amount
to enhance the energy collection performance of the device.
Depending on the operating frequency relative to the reso-
nant frequency, the resultant impedance can be either more
inductive or more capacitive. In the current application, the
near resonance is preferably used to make the resultant
impedance of an inductor and a capacitor in parallel more
inductive, resulting in an enhanced inductance, allowing for
a smaller physical size of the device. “Externally supplied”
or “external” capacitors more specifically means capacitors
that are manufactured and commercially available exter-
nally, that is, not structurally built into the device as capaci-
tive plates discussed below. External capacitors are prefer-
ably sufficiently small to physically fit between two plates,
as discussed below, and preferably have substantial capaci-
tances.

Referring to FIGS. 1 and 2 of the drawings, the reference
numerals 100 and 200, respectively, generally designate
energy collection devices embodying features of the prior
art. The devices 100 and 200 include a source I of electro-
magnetic waves, commonly found in household appliances,
such as light bulbs, electric appliances, electric motors, and
the like, while alternating electric currents are flowing
through them.

The energy collection device 100 includes a capacitor C1
coupled to a load resistance RL. The energy collection
device 200 includes an inductor [.1 coupled to the load
resistance RL. The load resistance RL. may be any wireless
device, such as a cell phone, a laptop computer, cordless
computer keyboard or mouse, an active RFID tag, home
security sensors, other wireless device, or the like. A draw-
back with such conventional devices, such as devices 100
and 200, for collecting energy is that they have a relatively
low field strength within the device, and they do not maxi-
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mize the collected power from the energy stored in the
device. As a result, only a very small amount of power is
collected from the environment, unless there is a very
powerful field generator in very close proximity.

FIG. 3 depicts a device 300 for collecting energy, and
includes a first substantially flat capacitive plate 302, a
second substantially flat capacitive plate 304 substantially
parallel to, spaced apart from, and electromagnetically
coupled to the first plate 302, and a third substantially flat
capacitive plate 306 substantially parallel to, spaced apart
from, and electromagnetically coupled to the second plate
304. The first and third plates 302 and 306 are preferably
about equivalent in size, and the second, or middle, plate 304
is preferably smaller than the first and third plates 302 and
306 by a few layer thicknesses; that is, if the distance
between the plates 302 and 306 were designated by D, then
the length and width of the plate 304 would preferably be
about 1 D to 2 D less than the respective length and width
of either of the plates 302 and 306. It can be appreciated that
the first capacitive plate 302 and the second capacitive plate
304 constitute a first capacitor C2, and that the second
capacitive plate 304 and the third capacitive plate 306
constitute a second capacitor C3. The space between the
plates 302, 304, and 306 may comprise air or a conventional
dielectric or even electrical components, such as a circuit
board or the like. An inductor [.2 is coupled between the
second capacitive plate 304 and the third capacitive plate
306. The load resistance RL is inductively coupled to the
inductor [.2 through a transformer load coil LL. The size and
spacing of the capacitive plates 302, 304, and 306, and the
inductance of L2 as well as the load transformer coil LL are
determined according to well-known formulas for facilitat-
ing resonance in the device 300 at a predetermined fre-
quency, such as, by way of example but not limitation, 60
Hz.

In operation, the device 300 is positioned proximate to
(e.g., within five meters of) the source of electromagnetic
energy transmitted at the resonant frequency for which the
device 300 is designed. An electromagnetic field is then
excited between the first capacitive plate 302 and the second
capacitive plate 304, and between the second capacitive
plate 304 and the third capacitive plate 306. Energy gener-
ated from the excited electromagnetic field is then drawn
through a transformer coil LL by inductive coupling and
collected for the load resistance RL.

It may be appreciated that the capacitance of the two
plates 302 and 304 and the inductor .2 form a resonant
circuit in series approximately at a frequency of 1/[2x
(L2'C2)"?] at which higher fields are induced in C2 and C3.
Here 1.2' is the effective inductance between plates 304 and
306 that is approximately that of inductor [.2 and capacitor
C3 in parallel. The induced energy at 1.2 is collected by LL
by inductive coupling and the collected energy is transferred
to the load resistance RL.

FIG. 4 depicts a device 400 for collecting energy, and
includes a first substantially flat capacitive plate 402, a
second substantially flat capacitive plate 404 substantially
parallel to, spaced apart from, and electromagnetically
coupled to the first plate 402, and a third substantially flat
capacitive plate 406 substantially parallel to, spaced apart
from, and electromagnetically coupled to the second plate
404, similarly as with the plates 302, 304, and 306 of the
device 300 discussed above with respect to FIG. 3. The first
and third plates 402 and 406 are preferably about equivalent
in size, and the second, or middle, plate 404 is preferably
smaller than the first and third plates 402 and 406 by a few
layer thicknesses; that is, if the distance between the plates
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402 and 406 were designated by D, then the length and width
of the plate 404 would preferably be about 1 D to 2 D less
than the respective length and width of either of the plates
402 and 406. It can be appreciated that the first capacitive
plate 402 and the second capacitive plate 404 constitute a
first capacitor C4, and that the second capacitive plate 404
and the third capacitive plate 406 constitute a second capaci-
tor C5. The space between the plates 402, 404 and 406 may
comprise air or a conventional dielectric or even electrical
components, such as a circuit board or the like. Two induc-
tors L5 and L6 are coupled in series between the second and
third plates 404 and 406. A capacitor C6 is coupled in
parallel with the inductor 1.6, and the load resistance RL is
inductively coupled to the inductor L5 through a load coil
LL. The size and spacing of the capacitive plates 402, 404
and 406, the capacitance of the capacitor C6, and the
inductances of L5 and L6 as well as the load transformer coil
LL are determined according to well-known formulas for
facilitating resonance in the device 400 at a predetermined
frequency, such as, by way of example but not limitation, 60
Hz.

In operation, the device 400 is positioned proximate to
(e.g., within five meters of) the source of electromagnetic
energy transmitted at the resonant frequency for which the
device 400 is designed. An electromagnetic field is then
excited between the first capacitive plate 402 and the second
capacitive plate 404, and between the second capacitive
plate 404 and the third capacitive plate 406. Energy gener-
ated from the excited electromagnetic field is then drawn
through a transformer coil LL by inductive coupling and
collected for the load resistance RL.

By the use of the device depicted in FIG. 4, inductance [.6
and capacitance C6 are chosen such that the equivalent
impedance of the circuit of L6 and C6 in parallel is slightly
off from the resonance to make the circuit highly inductive,
resulting in an inductance that is much larger than that of the
inductor 1.6 alone. Thus, by using the device 400, a smaller
inductance is required to form a resonance in the device. As
a consequence, the parallel-coupled inductor 1.6 and capaci-
tor C6 is equivalent to an inductor of much larger induc-
tance, so that the inductor L6 required for resonance may be
smaller than the inductance L2 in the device 300.

It may be appreciated that the embodiment of FIG. 4 is an
improvement over the embodiment of FIG. 3. C2 has a small
capacitance, typically less than 1 nF, and so .2 has to be
large to form a resonance at low frequencies. In order to
reduce the size of the inductor L2, the inductor 1.2 is split
between two inductor components .6 and L5. An externally
supplied capacitor C6 is coupled in parallel to the inductor
L6. The capacitance of C6 is chosen such that the resultant
circuit of a capacitor and an inductor in parallel is at near
resonance and highly inductive. As a result, the equivalent
inductance of the resultant circuit is much larger than that of
L6, giving a magnified inductance, resulting in a much
smaller inductor required for resonance of the device. The
transformer to collect energy by inductive coupling is sub-
stantially the same as that in the device 300 described above
with respect to FIG. 3.

FIG. 5 depicts a device 500 for collecting energy, and
includes a first substantially flat capacitive plate 502, a
second substantially flat capacitive plate 504 substantially
parallel to, spaced apart from, and electromagnetically
coupled to the first plate 502, and a third substantially flat
capacitive plate 506 substantially parallel to, spaced apart
from, and electromagnetically coupled to the second plate
504, similarly as with the plates 302, 304 and 306 of the
device 300 discussed above with respect to FIG. 3. The first
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and third plates 502 and 506 are preferably about equivalent
in size, and the second, or middle, plate 504 is preferably
smaller than the first and third plates 502 and 506 by a few
layer thicknesses; that is, if the distance between the plates
502 and 506 were designated by D, then the length and width
of the plate 504 would preferably be about 1 D to 2 D less
than the respective length and width of either of the plates
502 and 506. It can be appreciated that the first capacitive
plate 502 and the second capacitive plate 504 constitute a
first capacitor C7, and that the second capacitive plate 504
and the third capacitive plate 506 constitute a second capaci-
tor C8. The space between the plates 502, 504 and 506 may
comprise air or a conventional dielectric, or even electrical
components, such as a circuit board or the like. Two induc-
tors .10 and [L11 are coupled in series between the second
and third plates 504 and 506. A capacitor C11 is coupled in
parallel with the inductor .11, and is preferably spaced apart
from the inductor .11 by a space X, which is preferably as
much space as is physically possible, which, by way of
example but not limitation, in a cell phone may be about ten
centimeters. A further capacitor C10 is preferably coupled
between the first plate 502 and the second plate 504. The
load resistance RL is inductively coupled to the inductor .10
through a load coil LL. The size and spacing of the capaci-
tive plates 502, 504 and 506, the capacitance of the capaci-
tors C10 and C11, and the inductances of L10 and L11 as
well as the load transformer coil LL are determined accord-
ing to well-known formulas for facilitating resonance in the
device 500 at a predetermined frequency, such as, by way of
example but not limitation, 60 Hz.

In operation, the device 500 is positioned proximate to
(e.g., within five meters of) the source of electromagnetic
energy transmitted at the resonant frequency for which the
device 500 is designed. An electromagnetic field is then
excited between the first capacitive plate 502 and the second
capacitive plate 504, and between the second capacitive
plate 504 and the third capacitive plate 506. Energy gener-
ated from the excited electromagnetic field is then drawn
through a transformer coil LL by inductive coupling and
collected for the load resistance RL.

By coupling the capacitor C10 between the first and
second plates 502 and 504, the size of the inductor L11 may
be reduced. A capacitor of two parallel plates is relatively
small and a large inductor may be required to form a
resonance at low frequencies. By use of an externally
supplied capacitor C10, that tends to be large, the size of the
inductor L.11 may be substantially reduced, making it fea-
sible to use the device 500 in cell phones in an environment
with 60 Hz electromagnetic fields. However, the addition of
C10 may reduce the receptive power. In order to increase the
power levels, .11 and C11 are separated to form a loop. The
larger the loop, the more energy that is collected.

It may be appreciated that the embodiment of FIG. 5
allows the inductor of FIG. 4 to be further decreased in size.
This is achieved by coupling an externally supplied capaci-
tor C10 between the first and second plates 502 and 504. The
capacitance of the capacitor C10 can be much larger than the
capacitance of C4 of FI1G. 4. Thus, the inductance of .11 that
is required for resonance is much smaller than that of L6
across the capacitor C5 of FIG. 4. As C10 is connected, the
induced power is significantly reduced. In order to compen-
sate for such loss, inductor .11 and capacitor C11 are widely
separated to form a loop. The larger the loop is, the greater
is the energy that will be collected.

FIG. 6A depicts a device 600 for collecting energy, and
includes a first substantially flat capacitive plate 602 and a
second substantially flat capacitive plate 604 substantially
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parallel to, spaced apart from, and electromagnetically
coupled to the first plate 602. It can be appreciated that the
first capacitive plate 602 and the second capacitive plate 604
constitute a capacitor C16. The space between the plates 604
and 606 may comprise air or a conventional dielectric, or
even electrical components, such as a circuit board or the
like. An inductor [.14 is coupled between the first and
second plates 604 and 606. An externally supplied capacitor
C14 is coupled in parallel with the inductor [.14. The
inductor [.14 and the capacitor C14 are preferably physically
separated as much as possible to enhance device perfor-
mance in the collection of energy. A transmission line 610 is
connected to the first plate 602 and extends through an
opening or hole 608 in the second plate 604 via a coaxial
transmission line 606 to the load resistance RL. The size and
spacing of the capacitive plates 602 and 604, the capacitance
of the capacitor C14, and the inductances of the inductor
14 are determined according to well-known formulas for
facilitating resonance in the device 600 at a predetermined
frequency, such as, by way of example but not limitation, 60
Hz.

In operation, the device 600 is positioned proximate to
(e.g., within five meters of) the source of electromagnetic
energy transmitted at the resonant frequency for which the
device 600 is designed. An electromagnetic field is then
excited between the first capacitive plate 602 and the second
capacitive plate 604. Energy generated from the excited
electromagnetic field is then collected through the transmis-
sion line 610 for the load resistance RL.

FIG. 6B depicts a device 620 for collecting energy, and
includes a first substantially flat capacitive plate 622, a
second substantially flat capacitive plate 624 substantially
parallel to, spaced apart from, and electromagnetically
coupled to the first plate 622, and a third substantially flat
capacitive plate 626 substantially parallel to, spaced apart
from, and electromagnetically coupled to the second plate
624, similarly as with the plates 302, 304 and 306 of the
device 300 discussed above with respect to FIG. 3. The first
and third plates 622 and 626 are preferably about equivalent
in size, and the second, or middle, plate 624 is preferably
smaller than the first and third plates 622 and 626 by a few
layer thicknesses; that is, if the distance between the plates
622 and 626 were designated by D, then the length and width
of the plate 624 would preferably be about 1 D to 2 D less
than the respective length and width of either of the plates
622 and 626. It can be appreciated that the first capacitive
plate 622 and the second capacitive plate 624 constitute a
first capacitor C17, and that the second capacitive plate 624
and the third capacitive plate 626 constitute a second capaci-
tor C18. The space between the plates 622, 624 and 626 may
comprise air or a conventional dielectric, or even electrical
components, such as a circuit board or the like. An inductor
L.19 is coupled between the second and third plates 624 and
626. A capacitor C19 is coupled in parallel with the inductor
L.19. The capacitor C19 and the inductor [.19 are preferably
physically separated as much as practically possible to
enhance device performances in the collection of energy. A
further externally supplied capacitor C20 is preferably
coupled between the first plate 622 and the second plate 624.
The transmission line 610 is connected to the second plate
624 and extends through an opening or hole 630 in the third
plate 626 via a coaxial transmission line 628 to the load
resistance RL. The size and spacing of the capacitive plates
622, 624 and 626, the capacitances of the capacitors C19 and
(20, and the inductance of the inductor .19 are determined
according to well-known formulas for facilitating resonance
in the device 620 at a predetermined frequency, such as, by
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way of example but not limitation, 60 Hz. More specifically,
the inductor [.19 and the capacitor C19 are properly selected
such that the resultant impedance of those components in
parallel is slightly off the resonance to give a large induc-
tance of the circuit resulting in a magnified inductance of
L19. The resultant circuit is the capacitor C20 and the
equivalent inductor of magnified inductance of the inductor
L19 in series with the capacitor C20, giving a smaller
inductor .19 required for resonance in the device 620.

In operation, the device 620 is positioned proximate to
(e.g., within five meters of) the source of electromagnetic
energy transmitted at the resonant frequency for which the
device 620 is designed. An electromagnetic field is then
excited between the first capacitive plate 622 and the second
capacitive plate 624, and between the second capacitive
plate 624 and the third capacitive plate 626. Energy gener-
ated from the excited electromagnetic field is then collected
through the transmission line 610 for the load resistance RL.

It may be appreciated that, by collecting energy via a
coaxial transmission line, the collection device by inductive
coupling (i.e., LL and RL of FIGS. 3-5) may be eliminated.
FIG. 6A is a simple scheme for such application. FIG. 6B is
an improvement of FIG. 6 A to improve the energy collection
performance by introducing the externally supplied capaci-
tor C20 between the first and second plates 622 and 624.

With respect to the following figures, FIGS. 7A-8D, when
a resonant circuit is formed, there will be internal current
circulating within the set of the circuit, which consists of the
currents at the lines leading to the capacitor and inductor.
Those two current components are flowing in opposite
directions. If those two lines are within the space between
the two conducting plates (e.g., FIGS. 1-6B, 7A, and 8A),
the effect of each will be cancelled by the other, resulting in
a low field strength in the antenna cavity. However, when
one of those two lines is inside the antenna cavity and the
other is outside (e.g., FIGS. 7B, 7C, 8B, and 8C), the
difference in coupling with the external field will be large.
According to the reciprocity theorem, the field within the
gap between the parallel plates will be magnified.

FIG. 7A exemplifies an alternative embodiment to that
exemplified by FIG. 6A. The components having reference
numerals 700, 702, 704, 706, 708, 710, C31, C36, and [.32
of FIG. 7A correspond respectively to the components
having reference numerals 600, 602, 604, 606, 608, 610,
C14, C16, and L14 of FIG. 6 A. The embodiment of FIG. 7A
is thus substantially similar to the embodiment of FIG. 6A,
but for the connection of a capacitor C30 to the line 710
(corresponding to the line 610 in FIG. 6A), as shown in FIG.
7A. The capacitor C30 increases the resistance of the device
700 when the resistance of RL is small in order to collect
high power. Operation of the device 700 is otherwise similar
to operation of the device 600.

FIG. 7B exemplifies an alternative embodiment to that
exemplified by FIG. 7A. The components having reference
numerals 720, 722, 724, 726, 728, C40, C41, C46, and .42
of FIG. 7B correspond respectively to the components
having reference numerals 700, 702, 704, 706, 708, C30,
(C31, C36, and L32 of FIG. 7A. The embodiment of FIG. 7B
is thus substantially similar to the embodiment of FIG. 7A,
but for moving the capacitor C31 outside of the capacitor
plates 722 and 724 to become C41 to increase the field
strength within the antenna cavity between those two plates,
resulting in high collected power. Operation of the device
720 is otherwise similar to operation of the device 700.

FIG. 7C exemplifies an alternative embodiment to that
exemplified by FIG. 7A. The components having reference
numerals 740, 742, 744, 746, 748, C50, C51, C56, and .52
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of FIG. 7C correspond respectively to the components
having reference numerals 700, 702, 704, 706, 708, C30,
(C31, C36, and 132 of FIG. 7A. The embodiment of FIG. 7C
is thus substantially similar to the embodiment of FIG. 7A,
but for moving the inductor [.32 outside of the capacitor
plates 742 and 744 to become 152 to increase the field
strength within the antenna cavity between those two plates,
resulting in high collected power. Operation of the device
740 is otherwise similar to operation of the device 700.

FIG. 7D exemplifies an alternative embodiment to that
exemplified by FIG. 7A. The components having reference
numerals 760, 762, 764, 766, 768, C60, C61, C66, and 1.62
of FIG. 7D correspond respectively to the components
having reference numerals 700, 702, 704, 706, 708, C30,
(C31, C36, and L32 of FIG. 7A. The embodiment of FIG. 7D
is thus substantially similar to the embodiment of FIG. 7A,
but for moving both the capacitor C31 and the inductor [.32
outside of the capacitor plates 762 and 764 to become C61
and 162 to increase the field strength within the antenna
cavity between those two plates, resulting in high collected
power. Operation of the device 760 is otherwise similar to
operation of the device 700.

FIG. 8A exemplifies an alternative embodiment to that
exemplified by FIG. 6B. The components having reference
numerals 800, 802, 803, 804, 806, 808, 810, C71, C73, C77,
C78, and 172 of FIG. 8A correspond respectively to the
components having reference numerals 620, 622, 624, 626,
628, 610, C19, C20, C17, C18, and L19 of FIG. 6B. The
embodiment of FIG. 8A is thus substantially similar to the
embodiment of FIG. 6B, but for the connection of a capaci-
tor C70 to the line 810 (corresponding to the line 610 in FIG.
6B), as shown in FIG. 8A. The capacitor C70 increases the
resistance of the device 800 when the resistance of RL is
small in order to collect high power. Operation of the device
800 is otherwise similar to operation of the device 620.

FIG. 8B exemplifies an alternative embodiment to that
exemplified by FIG. 8A. The components having reference
numerals 820, 822, 823, 824, 826, 828, C81, C83, C87, C88,
and [.82 of FIG. 8B correspond respectively to the compo-
nents having reference numerals 800, 802, 803, 804, 806,
808, C71, C73, C77, C78, and L72 of FIG. 8A. The
embodiment of FIG. 8B is thus substantially similar to the
embodiment of FIG. 8A, but for moving the capacitor C71
outside of the capacitor plates 823 and 824 to become C81
to increase the field strength within the antenna cavity
between those two plates, resulting in high collected power.
Operation of the device 820 is otherwise similar to operation
of the device 800.

FIG. 8C exemplifies an alternative embodiment to that
exemplified by FIG. 8A. The components having reference
numerals 840, 842, 843, 844, 846, 848, C91, C93, C97, C98,
and [.92 of FIG. 8C correspond respectively to the compo-
nents having reference numerals 800, 802, 803, 804, 806,
808, C71, C73, C77, C78, and L72 of FIG. 8A. The
embodiment of FIG. 8C is thus substantially similar to the
embodiment of FIG. 8A, but for moving the inductor 1.72
outside of the capacitor plates 843 and 844 to become 1.92
to increase the field strength within the antenna cavity
between those two plates, resulting in high collected power.
Operation of the device 840 is otherwise similar to operation
of the device 800.

FIG. 8D exemplifies an alternative embodiment to that
exemplified by FIG. 8A. The components having reference
numerals 860, 862, 863, 864, 866, 868, C101, C103, C107,
C108, and .102 of FIG. 8D correspond respectively to the
components having reference numerals 800, 802, 803, 804,
806, 808, C71, C73, C77, C78, and 172 of FIG. 8A. The
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embodiment of FIG. 8D is thus substantially similar to the
embodiment of FIG. 8A, but for moving both the capacitor
C71 and inductor 172 outside of the capacitor plates 863 and
864 to become C101 and inductor L.102 to increase the field
strength within the antenna cavity between those two plates.
Operation of the device 860 is otherwise similar to operation
of the device 800.

FIG. 9 exemplifies an energy collection device 900 with
conducting capacitive plates 116 and 118, spaced apart from
each other while substantially parallel to each other, elec-
tromagnetically coupled to each other, and which two plates
may or may not be the same size, wherein the effective area
is the overlapping region of the two plates. An inductor L111
is coupled between the plates 116 and 118 at one end thereof,
and an inductor 1112 is coupled between the plates 116 and
118 at the other end thereof, and a capacitor C111 is coupled
between the plates 116 and 118 in parallel with the inductors
L111 and L.112. The inductor [.111 and capacitor C111 form
an LC circuit pair which corresponds to the LC circuits
defined by L32-C30 (FIG. 7A), L42-C40 (FIG. 7B), L52-
C50 (FIG. 7C), L62-C60 (FIG. 7D), L72-C70 (FIG. 8A),
L.82-C80 (FIG. 8B), 1L92-C90 (FIG. 8C), and [102-C100
(FIG. 8D), but for the load resistor RL. missing. The [.111
and C111 LC circuit pair at resonance increases the field
strength within the space between the two conducting plates
116 and 118. A load circuit includes an inductor [.114
coupled with the inductor [.112 to form a transformer, and
a capacitor 114 and load resistor RL are coupled in series
with the inductor 114.

In operation, the device 900 is positioned proximate to
(e.g., within five meters of) the source of electromagnetic
energy transmitted at the resonant frequency (e.g., 60 Hz)
for which the device 900 is designed. An electromagnetic
field is then excited between the first capacitive plate 116
and the second capacitive plate 118. A voltage V1 is induced
between the plates 116 and 118 and transferred to the load
circuit via the transformer of the 1112 and [.114 pair. The
inductor [.114 is preferably substantially larger than the
inductor [.112 to increase the amplification factor of mutual
inductance factor m. The capacitor C114 is included with the
load circuit to form a resonance circuit such that a maximum
voltage V4 is transferred to the load resistor RL. In an
alternative embodiment of the device 900, the L111 and
C111 LC circuit pair may optionally be left off of this device.

FIG. 10 exemplifies an alternate embodiment 1000 of the
energy collection device 900 of FIG. 9. The components
having reference numerals 126, 128, 1.121, C121, [.122,
124, C124, and RL of FIG. 10 correspond respectively to
the components having reference numerals 116, 118, [.111,
C111,1.112,1.114, C114, and RL of FIG. 9. In addition to the
components of the embodiment of the device 900, the device
1000 further includes resonant LC circuits added to induc-
tors to reduce the inductor sizes for collecting energy from
plates 126 and 128. For example, an LC circuit defined by
the inductor 1.125 and capacitor C125 pair is coupled to
inductor [.121 so that the required inductance of the inductor
L121 (L111 in FIG. 9) can be substantially less with the
L125/C125 parasitic pair. The L[125-C125 circuit is
designed to be slightly off from the resonance, and the
capacitive impedance is slightly larger than the inductive
impedance. In a similar manner, [.124 is coupled with the
C123-1.123 LC circuit pair to further reduce the required
inductance of [.124 (L.114 in FIG. 9). Operation of the
device 1000 is otherwise similar to operation of the device
900.

FIG. 11 exemplifies a further embodiment 1100 of an
energy collection device having conducting capacitive
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plates 136 and 138, spaced apart from each other while
substantially parallel to each other, electromagnetically
coupled to each other, which two plates may or may not be
the same size, and wherein the effective area is the over-
lapping region of the two plates. As shown in FIG. 11, a first
load resistor R2 and a first inductor 132 are serially
connected between the plates 136 and 138, and a second
load resistor R4, a second inductor [.134, and a capacitor
(134 are serially connected between the plates 136 and 138.
The inductors 1.132 and [.134 are coupled in a transformer
with a mutual coupling factor m. All the parasitic elements
of C134, [.134, 1132, R2, R4, and the mutual coupling
factor m between .132 and 1.134 are chosen so that [2=-14
and the net current (sum of 12 and 14) flowing between the
conducting plates 136 and 138 substantially vanishes, and so
that the total impedance between the two conducting plates
is as large as reasonably possible, or so that the impedance
(in magnitude) of the parasitic elements is preferably on the
order of that of the two capacitive plates, which is an
essential condition for high induced voltages between the
two plates 136 and 138. Yet individual current element 12 or
14 can be large to give substantial power output through R2
and R4. Thus, for example, some components of a cell phone
may constitute R2 while other components constitute R4,
and R2 and R4 may or may not be of equal resistance, and
one may even be very small, so that an entire cell phone is
operative from power from one load resistor. In order to
increase the field strength in the space between the two
conducting plates 136 and 138, the line (e.g., conducting
wire in a cell phone) that carries either 12 or 14 can be
brought in between the two plates 136 and 138, or the two
lines carrying 12 and 14 could be spaced apart as widely as
possible to induce extra voltage between the two plates. This
is an example of one preferred embodiment, and any other
devices that use the operating principle of this device (i.e.,
coupling a transformer and additional capacitor between
parallel conducting plates to induce two substantially equal
but opposite currents) are understood to be included herein
without departing from the spirit of the invention.

In operation, the device 1100 is positioned proximate to
(e.g., within five meters of) the source of electromagnetic
energy transmitted at the resonant frequency (e.g., 60 Hz)
for which the device 1100 is designed. An electromagnetic
field is then excited between the first capacitive plate 136
and the second capacitive plate 138. Energy generated from
the excited electromagnetic field is then collected in the load
resistance coupled to R2 and/or R4.

It is understood that the present invention may take many
forms and embodiments. Accordingly, several variations
may be made in the foregoing without departing from the
spirit or the scope of the invention. For example, the middle
capacitive plate discussed above (e.g., plates 304, 404, 504,
624, 803, 823, 843, 863) may comprise electrical compo-
nents, such as a circuit board of a cell phone, or the like. In
another example, any or all inductors may be replaced by
capacitors with negative capacitance (passive or active) or
combination of capacitors with negative capacitance and
inductors.

Having thus described the present invention by reference
to certain of its preferred embodiments, it is noted that the
embodiments disclosed are illustrative rather than limiting in
nature and that a wide range of variations, modifications,
changes, and substitutions are contemplated in the foregoing
disclosure and, in some instances, some features of the
present invention may be employed without a corresponding
use of the other features. Many such variations and modi-
fications may be considered obvious and desirable by those
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skilled in the art based upon a review of the foregoing
description of preferred embodiments. Accordingly, it is
appropriate that the appended claims be construed broadly
and in a manner consistent with the scope of the invention.

The invention claimed is:

1. A device for collecting energy, the device comprising:
a first capacitive plate;

a second capacitive plate spaced from, substantially par-
allel to, and electromagnetically coupled to the first
capacitive plate;

an inductor coupled between the first capacitive plate and
the second capacitive plate;

a first capacitor coupled between the first capacitive plate
and the second capacitive plate;

a transmission line coupled to the first capacitive plate and
extending through a hole defined in the second capaci-
tive plate for drawing energy from electromagnetic
field excitation between the first capacitive plate and
the second capacitive plate; and

a second capacitor coupled in series with the transmission
line between the first capacitive plate and the second
capacitive plate.

2. The device of claim 1 further comprising:

a third capacitive plate spaced from, substantially parallel
to, and electromagnetically coupled to the first capaci-
tive plate; and

a third capacitor coupled between the first capacitive plate
and the third capacitive plate.

3. The device of claim 1, further comprising:

wherein the first capacitive plate and the second capaci-
tive plate are sized and spaced, and the first capacitor
and the inductor are sized, for facilitating resonance at
a first frequency for facilitating energy collection at a
second frequency.

4. The device of claim 1, further comprising a load
resistance coupled to the transmission line, wherein the load
resistance is at least one of a cell phone, a portable computer,
a security sensor, a radio-frequency identification (RFID)
tag, a cordless keyboard, and a cordless mouse.

5. A device for collecting energy, the device comprising:

a first capacitive plate;

a second capacitive plate spaced from, substantially par-
allel to, and electromagnetically coupled to the first
capacitive plate;

a first load resistor and a first inductor connected in series
between the first capacitive plate and the second
capacitive plate; and

a second load resistor and a second inductor and a
capacitor connected in series between the first capaci-
tive plate and the second capacitive plate;

wherein the first inductor and the second inductor form a
transformer having a mutual coupling factor m; and

wherein the first load resistor, the first inductor, the second
load resistor, the second inductor, the capacitor, and the
mutual coupling factor m are selected so that net
current flowing between the first capacitive plate and
the second capacitive plate is substantially zero and
total impedance between the first capacitive plate and
the second capacitive plate is as large as reasonably
possible.

6. The device of claim 5, wherein the first load resistor and
the first inductor are serially connected via a conducting
wire positioned between the first capacitive plate and the
second capacitive plate.

7. The device of claim 5, wherein the second load resistor,
the second inductor, and the capacitor are serially connected
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via a conducting wire positioned between the first capacitive
plate and the second capacitive plate.

8. The device of claim 5, wherein the first load resistor and
the first inductor are serially connected via a first conducting
wire, the second load resistor, the second inductor, and the 5
capacitor are serially connected via a second conducting
wire, and the first conducting wire and the second conduct-
ing wire are spaced apart.
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