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OPTICAL FILTER WITH DYNAMICALLY CONTROLLED LINESHAPE AND

METHOD OF OPERATION

PRIORITY INFORMATION

This application claims priority from U.S. patent application Ser. No.
10/236,140 filed September 6, 2002 which claims priority to provisional application
Ser. No. 60/365,649 filed March 18, 2002, both of which are incorporated herein by

reference in their entirety.

BACKGROUND OF THE INVENTION

In wavelength division multiplexing (WDM) optical communication systems,
spectral filters are important components for processing optical signals. They can be
used to transfer optical channels from one waveguide to another, such as for add and
drop operations, or selectively accepting and rejecting portions of the spectrum, such as

for variable optical attenuation or tapping.

In planar waveguide systems and other technologies, spectral filters employ
resonator-systems comprised of resonators, such as ring resonators and grating
resonators, to perform frequency specific operations. Resonators provide a spectral
passband having a lineshape that is centered at a resonance frequency and spans a
specific range of frequencies. By increasing the number of resonators, the lineshape of

the filter can be made flatter on top with sharper sides.

A variety of methods have been developed to dynamically control the resonator-
systems. Typically, the methods seek to affect the lineshape of the resonator-systems to
provide switching and modulation operations by moving the passband or spoiling the

resonators.

In one proposed method, a spectral filter uses a grating based resonator-system.
The resonances of all the resonators are tuned together. Tuning mechanisms such as
thermo-optic refractive index control or electro-absorption are suggested. ON/OFF
functionality is provided by controlling the resonances of all the resonators together so
that the filter passband is moved out of the region of interest or the resonances are

spoiled by absorption.
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Another proposed spectral filter has a resonator-system based on side-coupled
ring resonators. The resonator-system is controlled using an electro-absorption effect.
Each ring resonator is controlled via an electrode formed over the resonator. ON/OFF
functionality is provided by inducing electro-absorption in the resonators to inhibit
signal propagation in the resonator-system. Signal level modulation is provided by
controlling the amount of absorption in the resonators so that a portion of an input

signal propagates through the resonator-system.

However, these methods of resonator-system control do not offer flexible and
efficient control of the lineshape. In the first filter, the grating resonators in the
resonator-system are shifted together to move the lineshape outside the region of
interest. In some applications it may not be possible to move the lineshape out of the
region of interest or the lineshape may have to be moved a long way across other
optical channels resulting in undesirable crosstalk. This method is also inflexible

because it does not allow the shape of the lineshape to be controlled.

In the second filter, the ring-resonators in the resonator-system are controlled
using an electro-absorption effect. The electro-absorption effect offers control of the
level of the lineshape. However, control of the shape of the lineshape is limited. The

resonator-system may also be sensitive to resonance frequency variations.

In many DWDM applications, a sharper lineshape and greater control of the
shape of the lineshape are required. Moreover, in commercial planar waveguide
fabrication, errors in lithographic patterning and material deposition processes can shift

lineshape resonances from the nominal design, thereby reducing yields.

SUMMARY OF THE INVENTION

To address these problems, the invention is directed to a photonic filter having a
dynamically controllable lineshape. The filter is comprised of a resonator-system,
having multiple coupled resonators. The resonator-system itself is coupled to an input
waveguide and an output waveguide. The resonators are differentially controlled to
provide various lineshape functions, dynamically, by independent control over their

resonant frequencies.
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The resonator-system includes multiple optical resonators, such as grating
phase-shift resonators, Fabry-Perot cavities, and/or ring resonators. These resonators
are coupled to each other (resonator-resonator coupling), coupled to an input waveguide
(resonator-waveguide coupling), and/or coupled to an output waveguide (resonator-
waveguide coupling).

The resonance frequencies of the resonators and the resonator-resonator and
resonator-waveguide coupling determine the lineshape spectra of the filter. The
resonant frequencies and couplings of the résonators are influenced by the underlying
dielectric properties of the waveguide material, such as the refractive index and
absorption coefficient. Changing the dielectric properties of the material at the location
of the resonators or at the coupling regions can directly change the resonant frequency
and the resonator coupling and, thereby, the lineshape spectra of the filter.

According to an aspect of the invention, the dielectric properties are changed by
tuning devices that are based on thermo-optic, electro-optic, acousto-optic, electro-
refractive effects or any other effects that change the local dielectric property
dynamically. Changes in the resonance frequencies and the resonator couplings will
change the resulting filter lineshape. By controlling the relative frequencies of the
resonator-system and the resonators’ couplings, dynamic lineshape control is provided.

In one embodiment, a resonator-system includes multiple resonators, such as
two, four, or more resonators that are controlled using tuning devices based on heaters.

This resonator-system is coupled to an input waveguide and an output waveguide. The

heater tuning devices modulate or change the coupling and resonant frequencies of the
resonators by changing the temperatures of the resonators and thus their refractive
indices. By shifting pairs of resoﬁance frequencies in opposite directions, ON/OFF
switching functions are provided. By shifting pairs of resonance frequencies
differentially, such as by different amounts and/or in different directions, variable
splitting functions, such as variable optical attenuation and tapping, are provided.

In another embodiment, two resonator-systems are coupled to an input
waveguide and an output waveguide, as in a directional-coupler assisted add/drop filter
configuration, and controlled using thermo-optic heaters.

The invention also addresses the problem of lineshape control in multiple-

channel spectral de-interleavers or other channel-specific resonant fiiters having
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multiple resonant frequencies and sharp add-drop filter characteristics.

The above and other features of the invention including various novel details of
construction and combinations of parts, and other advantages, will now be more
particularly described with reference to the accompanying drawings and pointed out in
the claims. It will be understood that the particular method and device embodying the
invention are shown by way of illustration and not as a limitation of the invention. The
principles and features of this invention may be employed in various and numerous

embodiments without departing from the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings, reference characters refer to the same parts

throughout the different views. The drawings are not necessarily to scale; emphasis has
instead been placed upon illustrating the principles of the invention.

FIG. 1 is a block diagram of a filter for a planar waveguide device that
comprises a resonator-system with two resonators according to the invention;

FIG. 2 is a plot showing the response of a two resonator Butterworth filter and
its response in a detuned state; o

FIG. 3 is a plot showing the response of a two resonator Butterworth filter and
its response in a reduced coupling state; .

FIG. 4 is a schematic view of a planar waveguide inline grating resonator-
system comprising two grating resonators;

FIG. 5 is schematic of a planar waveguide ring resonator-system comprising
two ring resonators;

FIG. 6 is a schematic of a planar waveguide side-coupled grating resonator-
system comprising two side-coupled grating resonators;

FIG. 7 is a block diagram of an alternative filter design for a planar waveguide
device that comprises a resonator-system with two resonators according to the
invention;

FIG. 8 is a plot showing the response of an alternative configuration two
resonator filter and its detuned resonance response ;

FIG. 9 is a block diagram of a filter comprising a resonator-system with four

resonators according to the invention;
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FIG. 10 is a plot of a Butterworth filter response for a resonator-system
comprised of four resonators;

FIG. 11 is a block diagram showing a shifting scheme for ON/OFF switching of
a resonator-system;

FIG. 12 is a plot showing the OFF filter response for an embodiment of the
invention where, in a resonator-system comprised of four resonators, the first and
fourth resonators are shifted in the opposite direction to the second and third resonators
by the same amount;

FIG. 13 is a block diagram showing another shifting scheme for ON/OFF
switching of a resonator-system; )

FIG. 14 is a plot showing the OFF filter response for an embodiment of the
invention where, in a resonator-system comprised of four resonators, the first and third
resonators are shifted in the opposite direction to the second and fourth resonators by
the same amount;

FIG. 15 is a block diagram showing another shifting scheme for ON/OFF
switching; 4

FIG. 16 is a plot showing the OFF filter response for an embodiment of the
invention having low side peaks where, in a resonator-system comprised of four
resonators, the first and second resonators are shifted in the opposite direction to the
third and fourth resonators;

FIG. 17 is a block diagram showing another shifting scheme for ON/OFF
switching;

FIG. 18 is a plot showing the OFF filter response for an embodiment of the
invention having a flat top where, ina resonator—system:comprised of four resonators,
the first and third resonators are shifted in the opposite direction to the second and
fourth resonators;

FIG. 19 is a plot of the filter response for various resonant frequency shifts;

FIG. 20A and 20B are plots of the spectral response illustrating phase and stitch
error compensation;

FIG. 21 is a block diagram of an alternate filter configuration comprising a
resonator-system comprising four resonators according to the invention;

FIG. 22 is a schematic diagram of a directional-coupler assisted add/drop filter
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having two resonator-system sub-elements, each with four resonators according to the
invention,;

FIG. 23 is a schematic diagram of a side-coupled filter in which two identical
resonator-systems are coupled together and the resonator couplings are dynamically
changed using electrodes to induce electro-optic refractive index effects according to
the invention;

FIG. 24 is a schematic diagram of a multi-channel add/drop filter in which two
identical grating waveguides are coupled together and controlled using heaters
according to the invention;

FIG. 25 is a plot of the spectral response for a de-interleaver multi-channel
add/drop filter according to the invention;

FIG. 26 is a plot showing the OFF spectral response of the de-interleaver multi-
channel add/drop filter according to the invention; and

FIG. 27 is a schematic view of a concatenation of filters with multiple

controllers according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

The invention relates to an optical resonator—system filter where spectra of
interest, including the filter lineshape, are dynamically controlled by changing the
dielectric properties of the constituent resonators or the couplings of the resonators in
the resonator-system. The filter uses a resonator-system as a coupling element between
an input waveguide and one or more output waveguides or even one waveguide, when a
circulator or directional coupler is used, allowing the single waveguide to function as
an input and output port. The resonator-system preferably includes two or more
coupled resonators, such as photonic crystal resonators, grating resonators, side-
coupled grating resonators, side-coupled ring resonators, ring resonators, and/or Fabry-
Perot resonators.

When isolated from other resonators and the waveguides, each resonator can
support one or more resonant modes. The frequencies of the resonant modes are
generally determined by the geometry of the resonator and the dielectric properties of
the waveguide materials. The dielectric properties include the refractive index and the

absorption coefficient of the material.
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In the resonator-systems, however, each resonator can be coupled to a
waveguide, a resonator, or a resonator and a waveguide. Each resonator can also be
coupled to multiple waveguides, multiple resonators, or multiple waveguides and
multiple resonators. The coupling coefficients of the resonators are determined by the
dielectric properties of the material in the coupling regions, such as the mutual coupling
between two resonators or the waveguide coupling between a resonator and a
waveguide. The coupling of the resonators modifies the spectral characteristics from
the isolated resonator.

For any given configuration of the resonators, including the mutual couplings
and the waveguide couplings, the spectra, or state, of the resonators can be expressed
using a variety of methods. In the following description, the spectra are described
using resonator-coupled-mode theory. The spectra are a function of the frequencies of
the resonant modes, the coupling coefficients between the resonators, and the coupling
coefficients between the resonators and the waveguides. Generally, the spectra of
interest can be changed by: 1) changing the intrinsic resonant frequencies of the
resonators; and/or 2) changing the couplihg coefficients bétwéen the resonators and
between the resonators and the waveguides.

These changes can be achieved using optical effects, such as thermo-optic
effects, electro-optic effects, acousto-optic effects, charge-filling effects, and carrier
injection effects. In most cases, these effects are used to enable modulation of the
refractive index of the regions carrying the optical energy.

The resonance frequencies of the resonators can be changed, for example, by
changing the material refractive index of a resonator by the thermo-optic effect. In
thermo-optical operation, the refractive index of a resonator is changed by thermal
heating from a heater near the location of the resonator.

Altering the resonance frequencies of the resonators, using any refractive index
effect, changes the spectra of interest and the state of the resonator-system. When the
resonance frequencies of the resonators are matched, the coupling coefficients can be

designed such that for one or more desired frequency ranges, @, , or channels, the

resonator-system will transmit the full power of the incoming signal, and for other

frequency ranges, @,,, or channels, the resonator-system will reflect the full power of

the incoming signal.
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Generally, when the resonance frequencies of the resonators are detuned from

each other or mismatched, the resonator-system will transmit a fractional power of @,
and reflect the remaining power of @, while maintaining reflection of the full power of
@, .

This method can be applied to resonator-systems with isotropic or anisotropic

dielectric properties.

Resonator-systems with two resonators

FIG. 1 shows a first embodiment of the invention, in which a resonator-system

100 is coupled to a first waveguide 10 and to a second waveguide 12. The resonator-
system 100 includes a first resonator 112-1 and a second resonator 112-2, each
supporting one resonant mode. The first waveguide 10 provides an input port I1 and an
output port T1. The second waveguide 12 provides an input port I2 and an output port
T2.

The first resonator 112-1 is coupled to the first waveguide 10 by coupling region
114 and the second resonator 112-2 is coupled to the second waveguide 12 by coupling
region 116. The two resonators 112-1, 112-2 are also coupled to each other by coupling
region 118. In this embodiment, the coupling coefficient of coupling regions 114, 116
between each resonator 112-1, 112-2 and its corrésponding waveguide 10, 12 and the

coupling coefficient of coupling region 118 between the two resonators preferably have
the same magnitude, ;//\/5 . The nominal intrinsic resonance frequencies of the
resonators, @,, are also the same, in one implementation. Therefore, in this

embodiment, the flat-top power spectrum of the resonator-system 100 is known as a

two-pole Butterworth response, where the T2 spectrum, normalized to an input at I1, is

4
Y
T2(w)y = ————,
@) (- w, )4 +7 !
as shown by the solid line in FIG. 2 and FIG. 3. A similar T1 response results

for an input at 12 instead of I1.

Resonance Frequency Control

Shifting the resonant frequencies of resonmators 112-1, 112-2 changes the

response of the resonator-system 100 and allows the resonator-system to be dynamically
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switched between states. In this embodiment, the resonance frequencies of the two
resonators 112-1, 112-2 are shifted or tuned using a thermo-optic effect. By employing
a heater 122-1, 122-2 as a tuning device at each resonator 112-1, 112-2, the resonance
frequency of each resonator is dynamically controlled. Specifically, the local
temperatures of the resonators 112-1, 112-2 can be individually controlled using
controller 120. By controlling the temperatures of the resonators using the heaters 122-
1, 122-2, the refractive indices of the resonators are adjusted to shift (increase or
decrease) the resonant frequencies of the resonators and thereby change the state of the
filter.

Generally, the controller 120 executes one of five resonant frequency control
schemes for dynamically controlling the resonator-system 100: 1) none of the
resonance frequencies are shifted; 2) the resonance frequencies of the resonators are
shifted together; 3) the resonance frequency of the ﬁrgt resonator is shifted; 4) the
resonance frequency of the second resonator is shifted; 5) the resonance frequencies of
the resonators are shifted in opposite directions; and 6) the resonance frequencies of the
resonators are shifted in the same direction but by different amounts.

In schenies 3, 4, 5, and 6, the resonance frequencies of the two resonators are
differentially shifted, and the resonators are differentially controlled.

Dynamic control of the resonator-system 100 is implemented by switching
between the different schemes. For example, when the nominal resonance frequencies
of the two resonators are shifted in opposite directions by a frequency shift of Aw, the

T2 spectrum of the resonator-system 100, normalized to the input at I1, becomes

4

Y
T2(w) = ,
(@) (- wy)* =200% (@ —@y)* +(y* + Aw?)?

as shown by the dashed line in FIG. 2. A similar T1 response results for an
input at I2 instead of I1. ,

This resonator-system control is achieved by dynamicaily switching from an
initial resonator-system state where there is no shift in the resonators 112-1, 112-2 or
there is an initial calibrating shift in the resonators 112-1, 1122 to a resonator-system
state where the resonators 112-1, 112-2 are shifted opposite to each other using
resonant frequency scheme (5). In this example, the resonance frequency of the first

resonator 112-1 is changed by +A@, and the resonant frequency of the second
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resonator 112-2 is changed by — Aw . Alternatively, the resonant frequency of the first
resonator 112-1 can be changed by — Aw, and the resonant frequency of the second
resonator 112-2 can be changed by + Aw . The resonant frequencies of resonators 112-
1, 112-2 can also be changed by different amounts, such as ++Aw and -2Aw,
respectively, in other control schemes.

In more detail, in one specific example, the controller 120 drives heaters 122-1
and 122-2 to heat the corresponding resonators 112-1 and 112-2 to their nominal
operating temperatures. Typically, this operating temperature is determined during a
calibration operation of the system and corresponds to the nominal operational
frequencies for the resonators. The controller 120 then executes frequency control
scheme 5 above, for example, by decreasing the power to one of the heaters while
increasing the power to the other heater. This differential heating relative to the
nominal operating temperatures has the effect of differentially changing the resonant
frequencies of the resonators 112-1 and 112-2 with respect to each other from their
nominal operational frequencies, thereby yielding the switching functionality.

By varying the amount of frequency shift with the opﬁcal effect, analog control
of the transmission signal magnitude is provided. As a result, a wide range of
transmission signal magnitudes can be obtained for an optical channel by varying the

optical effect.

Coupling Control

The coupling between the resonators 112-1, 112-2 and between the resonators
and the waveguides 10, 12 are varied, in one embodiment, to change the resonator-
system's lineshape and allow the resonator-system to be switched between states. In
order to change the couplings between the resonators 112-1, 112-2, the dielectric
properties of the material of coupling region 118 between the resonators 112-1, 112-2
and/or coupling regions 114, 116 are changed,.preferably using the same optical effects
as in the resonator shifting schemes described above. The optical effects are used to
increase or decrease the coupling coefficients of the resonators from the nominal
intrinsic coupling. In this embodiment, the couplings of the resonators are changed, by
an electro-optic effect, using controller 120. By employing electrodes in the region of

each coupling region 114, 116, 118, the coupling of each resonator 112-1, 112-2 can be
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dynamically controlled.

The couplings can be individually controlled or controlled together, resulting in
four categories of schemes for dynamically controlling the couplings of the resonator-
system: (1) none of the couplings are changed; (2) one coupling is changed; (3) two
couplings are changed; and (4) all three couplings are changed.

When two couplings are changed, the couplings can be changed in the same
direction (e.g. both increased) or the couplings can be changed in opposite directions
(e.g. one increased and one decreased). This results in six ways of changing two
couplings at a time. Similar to the schemes for shiﬁ'mg resonance frequencies,
described above, the couplings in schemes 2 and 3 are differentially controlled using
controller 120 in one mode of 'operation.

The resonator-system 100 is also dynamically controlled by switching between
resonator-system states using different coupling schemes. For example, when the

nominal coupling coefficients of the first and third coupling regions 114, 116 are
decreased by Ay/ V2, the T2 spectrum of the resonator-system, normalized to the
input at I1, becomes:

7 (-2

I2Aw) = 4 Ay .2 4 Ay |, AyiN2
@" =2 y(1-)@" +y (=S5 +575)

as shown by the dashed line in FIG. 3. A similar T1 response results for an
input at 12 instead of I1.

This resonator-system control is achieved by dynamically switching from a
resonator-system state where the couplings are not changed to a state where two
couplings are changed using coupling scheme (3). In this example, the coupling
between the first waveguide and the first resonator is changed by —Ay/ V2 , and the

coupling between the second waveguide and the second resonator is changed by

- Ay/ V2. The couplings can also be changed by different amounts, sucha — 1A ;/\/5

and — ZA;/«/E , respectively.

By varying the amount of coupling change with the optical effect, analog control
of the transmission signal magnitude is provided. As a result, a wide range of
transmission signal magnitudes can be obtained for an optical channel by varying the

optical effect.
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The preceding description has generally used an in-line waveguide presentation
and notation to describe the coupled resonators. However, the invention is applicable
to other methods of coupling resonators, such as side-coupling.

In another embodiment, a resonator-system 100 is comprised of inline phase-
shift gratings coupled to a first waveguide 10 and a second waveguide 12, as shown in
FIG. 4.

In yet another embodiment, a resonator-system 100 is comprised of side-coupled
ring resonators coupled to a first waveguide 10 and a second waveguide 12, as shown
in FIG. 5.

In a further embodiment of the invention, a resonator-system 100 is comprised
of side-coupled phase-shift gratings coupled to a first waveguide 10 and a second

waveguide 12, as shown in FIG. 6.

Alternate Two-Resonator Configuration

The two resonators can alsQ be configured so that one resonator is coupled to
the input and output waveguides and the second resonafor is only coupled to the first
resonator. FIG. 7 shows another exemplary embodiment of the invention in which a
resonator-system 100 is coupled to a first waveguide 10 and to a second waveguide 12.

The resonator-system 100 comprises a first resonator 112-1 and a second resonator
112-2, each supporting one mode. The first waveguide 10 provides an input port 11
and an output port T1. The second waveguide 12 prdvides an input port 12 and an
output port T2.

The first resonator 112-1 is coupled to the first waveguide 10 by coupling region
114 and to the second waveguide 12 by coupling region 116. The second resonator
112-1 is coupled to the first resonator 112-1 by coupling region 118. In this
embodiment, th¢ coupling coefficient of coupling regions 114, 116 between the first

resonator 112-1 and the waveguides 10, 12 and the coupling coefficient of coupling
region 118 between the two resonators preferably have the same magnitude, y/ V2.
The nominal intrinsic resonance frequencies of the resonators, @, and @, , are not the

same. The normalized T2 power spectrum of the resonator-system 100 is shown by the
solid line in FIG. 8.

As in the previous embodiment, the resonance frequencies and the couplings of
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the two resonators 112-1, 112-2 are controlled using a thermo-optic effect. By
employing heaters 122-1, 122-2 as tuning devices at each resonator 112-1, 112-2, the
resonance frequency of each resonator is dynamically controlled. By employing an
electrode at each coupling region 114, 116, 118, the couplings of the resonators are
dynamically controlled. Specifically, the resonators 112-1, 112-2 can be individually
controlled, as in the previous embodiment, using controller 120.

The controller 120 also executes similar control schemes for dynamicaily
controlling the resonator-system 100: 1) none of the resonance frequencies are shifted;
2) the resonance frequencies of the resonators are shifted together; 3) the resonance
frequency of the first resonator is shifted; 4) the resonance freque_ncy of the second
resonator is shifted; 5) the resonance frequencies of the resonators are shifted in
opposite directions; and 6) the resonance frequencies of the resonators are shifted in the
same direction but by different amounts.

In schemes 3, 4, 5, and 6, the resonance frequencies of the two resonators are
differentially shifted, and the resonators are thereby differentially controlled.

Dynamic control of the resonator-system 100 is implemented by switching
between resonator-system states using the different schemeé. For example, when the
nominal resonance frequency of the first resonator is shifted by a frequency shift of

+Aw, and the nominal resonance frequency of the second resonator is shifted by a
frequency shift of — Aw,, the transmission spectrum of the resonator-system 100 is

shown by the dashed line in FIG. 8. The resonance frequencies of the resonators can

also be changed by different amounts, such as + A, and -2Aw,, respectively, in

other control schemes.

This resonator-system control is achieved by dynamically switching from a
resonator-system state where the resonances are not shifted to a state where the
resonances of the resonators 112-1, 112-2 are shifted opposite to each other using
resonant frequency scheme (5).

By varying the amount of frequency shift and coupling change with the optical
effect, analog control of the transmission signal magnitude is provided. As a result, a
wide range of transmission signal magnitudes can be obtained for an optical channel by

varying the optical effect.
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Four resonator-system

By increasing the number of resonators in the resonator-system, a greater degree
of control over the lineshape is possible and a larger number of lineshapes are possible.

FIG. 9 shows a block diagram of another embodiment where a resonator-system
100 is composed of four resonators. Here, the resonator-system 100 is coupled to a
first waveguide 10 and a second waveguide 12. The resonator-system has two input
ports, I1 and 12, and two output ports, T1 and T2. The resonator-system 100 is
comprised of a first resonator 112-1, a second resonator 112-2, a third resonator 112-3,
and a fourth resonator 112-4, each supporting one resonance mode, and being coupled
to each other in series. A first coupling region 114 couples the first resonator 112-1 to
the first waveguide 10 and a second coupling region 116 couples the fourth resonator
112-4 to the second waveguide 12. In this embodiment, the nominal intrinsic resonance

frequencies, @,, of the four resonators 112-1-112-4 are all substantially the same or

calibrated to be the same. The coupling coefficients of coupling regions 118-1-118-3
between the resonators and of the coupling regions 114, 116 between the outer
resonators 112-1, 112-4 and the waveguides 10, 12 are designed to achieve a variety of
filter responses depending on the application, such as a flat-top Butterworth response or
an equal-ripple Chebychev Type I response. In this embddiment, a flat-top power
spectrum with a four-pole Butterworth response is used, where, for an input at I1, the

normalized T2 spectrum is

72( _r
DT ey

The T1 and the T2 spectra of this (juiescent state are illustrated in FIG. 10. A
similar T1 response results for an input at I2 instead of I1. In this embodiment, where
loss is neglected, T1 can be described as the difference between I1 and T2.

Similar to the previous embodiment, the resonator frequencies and the couplings
can be changed using an optical effect produced by heaters 122-1-122-4. However,
because there are now four resonators, the number of control schemes executed by
controller 120 is much larger. All of these schemes can be useful, but several
particular schemes, where the resonance frequencies aré differentially shifted and the

resonators are differentially controlled, provide desirable responses for common

filtering and DWDM functions, such as ON/OFF switching, variable optical
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attenuation, and tapping. Complex combinations can also be used for various
applications, such as phase and stitch error compensation.

Several particular resonance frequency control schemes can be used to provide
lineshape control for ON/OFF switching. For example, a scheme in which the
resonance frequencies of the middle two resonators 112-2, 112-3 are shifted away from
the resonant frequencies of the outer two resonators 112-1, 112-4 or a scheme in which
the resonance frequencies of alternate resonators are shifted together can be used to

obtain an ON/OFF switching function.

1. Middle Resonators

FIG. 11 shows the shifting of the resonant frequencies of the middle two
resonators 112-2, 112-3 away from the outer two resonators 112-1, 112-4, by + Aw,
by control of the corresponding heaters 122-1-122-4 using controller 120. This yields
the lineshape control and filter response, as illustrated in FIG. 12. The optical channels
typically used in WDM optical communication systems are indicated by dotted lines in
FIG. 12. In this scheme, the frequencies of the outer two resonators are shifted by
+Aw and the frequencies of the middle two resonators are shifted by —Aw.
Alternatively, the frequencies of the outer two resonators can be shifted by ~ A and
the frequencies of the middle two resonators can be shifted by + Aw .

The resulting -Tl spectrum, solid line, has a low hump and two narrow side
peaks. The low hump and narrow side peaks can be positioned between channels to
obtain a switching function. The resonator-system in this OFF state, directs a
significant portion of the power of an I1 signal, in the optical channel of interest, to T2
without significantly affecting the neighboring channels. By switching between the
unshifted resonator frequency state, as shown in FIG.. 10, and this OFF state, an

ON/OFF switching function is provided.

2. Alternate Resonators

FIG. 13 shows the shifting of the resonant frequencies of alternate resonators by
+ Aw . This also produces the lineshape control and filter response illustrated in FIG.
14, which is applicable to ON/OFF switching. The optical channels typically used in

WDM optical communication systems are indicated by dotted lines in FIG. 14. In this
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scheme, the frequencies of the first and third resonators 112-1, 112-3 are shifted by
+ Aw and the frequencies of the second and fourth resonators 112-2, 112-4 are shifted
by —Aw. Alternatively, the frequencies of the first and third resonators 112-1, 112-3
are shifted by — Aw and the frequencies of the second and fourth resonators 112-2,
112-4 are shifted by + Aw .
The T1 spectrum has two sharp peaks that are spaced apart. As in the previous

scheme, the peaks can be positioned in between channels to obtain a switching function.

The resonator-system 100 in this OFF state, directs a significant portion of the
power of the I1 signal, in the optical channel of interest, to T2 without significantly
affecting the neighboring channels. By switching between the unshifted resonator
frequency state, as shown in FIG. 10, and this OFF state, another ON/OFF switching

function is provided.

3. Paired Resonators

FIG. 15 shows a control scheme in which the resonant frequencies of the first
two resonators 112-1, 112-2 and the last two resonators 112-3, 112-4 are shifted in
opposite directions. This yields the lineshape control and filter response shown in FIG.
16, which can be used for ON/OFF switching. The optical channels typically used in
WDM optical communication systems are indicated by dotted lines. In this scheme, the
frequencies of the first and second resonators 112-1, 112-2 are shifted in the same
direction but by different amounts, and the frequencies of the third and fourth
resonators 112-3, 112-4 are shifted in the same direction but by different amounts. The
resonant frequencies of the first and second resonators 112-1, 112-2 are shifted in the
opposite direction of the resonant frequencies of the third and fourth resonators 112-3,

112-4. In this scheme, the frequency of the first resonator 112-1 is shifted by + A, ,
the frequency of the second resonator 112-2 is shifted by + Aw,, the frequency of the
third resonator 112-3 is shifted by —Aw,, and the frequency of the fourth resonator
112-4 is shifted by + Aw,, where |Aw,|>|Aw,|. Alternatively, as in the previously
described schemes, the direction in which all of the frequencies are shifted can be

reversed.

The T1 spectrum has two low peaks, with side lumps, that are spaced apart. As
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in the previous scheme, the peaks can be positioned in between channels to obtain a
switching function.
The resonator-system in this OFF state directs a significant portion of the power
of the I1 signal, in the optical channel of interest, to T2 without significantly affecting
the neighboring channels. By switching between the unshifted resonator frequency

state and this OFF state, another ON/OFF switching function is provided.

Flat Top Response

Numerous other schemes can be used for achieving an ON/OFF switching
function, as well. However, in DWDM systems, a flat top response across the optical
channel of interest is desirable for intermediate T1 levels between ON and OFF.

FIG. 17 shows the shifting. of alternating resonator frequencies in the same
direction, but by different amounts. A lineshape control and filter response obtained is
shown in FIG. 18. The optical channels typically used in WDM optical communication
systems are indicated by dotted lines. In this scheme, the frequency of the first

resonator 112-1 is shifted by + Aw,, the frequency of the second resonator 112-2 is
shifted by — Aw, , the frequency of the third resonator 112-3 is shifted by + Aw,, and
the frequency of the fourth resonator 112-4 is shifted by — A, , where |Aw,| <|Aw,|.

Alternatively, as in the previously described schemes, the direction in which all of the
frequencies are shifted can be reversed.

The T1 spectrum has two peaks that are spaced apart and separated by a flat,
saddle region. As in the previous schemes, the peaks can be positioned between
channels without significantly affecting the neighboring channels.

The resonator-system in this OFF state directs a significant portion of the power
of the I1 signal, in the optical channel of interest, to T2 without significantly affecting
the neighboring channels. By switching between the unshifted resonator frequency
state and this OFF state, another ON/OFF switching function is provided.

By varying the amounts of the frequency shifts, Aw, and Aw, , the T1 spectrum
level can be varied over a large range while maintaining flat response in the channel
window, as shown in FIG. 19. This variable control can be used to provide a variable

splitting function.
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Variable Splitting

In a variable splitting function, a desired portion of the I1 channel signal is
directed to T1 while the remaining portion of the signal is directed to T2. By
dynamically adjusting the resonance frequency control, the level of the flat-top channel
lineshape can be varied to achieve any desired T2 level, within the dynamic range of
the filter, as illustrated in FIG. 19. This can be used to provide a variable optical
attenuation (VOA) function for the T1 channel signal. A VOA function is useful for
gain flattening channel signals.-

By splitting a small portion of the signal, such as <5%, a tap function is
provided. A tap function is useful for testing the level of a channel signal without
significantly affecting the signal. Using the dynamic lineshape control, the tap can also

be switched between ON and OFF states.

Phase and Stitching Error Compensation

- During planar waveguide manufacture, fabrication errors, such as phase errors
or stitching errors, can occur. Phase errors are typically associated \;vith line-width or
index fluctuations that cause the resonant frequencies to deviate from their design
frequency. Stitching errors are associated with lithography techniques that write large
patterns using small fields that are “stitched” together. Stitching errors can affect both
the design frequencies of the resonance frequencies and the coupling between
resonators.

Figs. 20A and 20B show the correction of phase and stitch error in a four
resonator-system using resonance frequency shifting. The random fabrication errors,
such as stitch errors and phase errors, distort the lineshape of the filter, as shown in
FIG. 20A. This type and level of distortion of the lineshape is unacceptable for most
applications, such as WDM filters.

By individually controlling the resonance frequency of each resonator, the
resonator-system is adjusted to compensate for the phase and stitch errors that arise
from the fabrication process. In this embodiment, the resonance of the first resonator

is shifted by — Aw, , the resonance of the second resonator is shifted by + Aa,, the
resonance of the third resonator is shifted by — Aw,, and the resonance of the fourth

resonator is shifted by + Aw,. The filter lineshape errors and central wavelength
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errors are corrected to a high degree of fidelity from the original design, as shown in
FIG. 20B.

Once error compensation has been applied to the resonator-system, such that it
is calibrated or tuned to its nominal operating frequency based on the design criteria,
the lineshape control schemes previously described can be implemented to provide the
desired functionality, such as ON/OFF switching, variable optical attenuation, and
tapping by controlling the resonator frequencies and couplings with respect to the

compensated system.

Pre-Biasing

While fabrication errors can result in unwanted resonance frequency shifting, in
some cases it is advantageous to pre-bias the resonator-system for a desired function
with no active, or dynamic control.

In another exemplary embodiment, the resonator-system of FIG. 13, for
example, which is comprised of four resonators, is pre-biased to an OFF state so that
the channel signal is not directed to T2. The intrinsic resonance frequencies of the
resonators 112-1-112-4 are designed differently so that the resonant frequencies of the

first and third resonators 112-1, 112-3 are at @, and the resonance frequencies of the
second and fourth resonators 112-2, 112-4 are at w,, where @, = @, +Aw and
w, = w,—Aw. In order to turn the resonator-system 100 ON, the resonant

frequencies of the first and third resonators are shifted by —Aw and the resonant
frequencies of the second and fourth resonators are shifted by + Aw by control of the
respective heaters by controller 120. As a result, the resonant frequencies of all the

resonators are the same, @,, and the channel signal is directed to T2.

This example of pre-biasing results in a filter with a nominal OFF state. Itcan
be advantageous for power consumption optimization or in power loss conditions where
an OFF state is maintained when the controller has lost power or is disabled.

Pre-biasing can also be used to design-a resonator-system 100 for a particular
function, which can then be dynamically changed. In another embodiment, a resonator-
system comprised of four resonators is pre-biased to function as a tap. By dynamically
controlling the resonance frequencies of the resonators, the resonator-system can be

changed to function as a VOA and as an ON/OFF switch.
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The resonators can also be pre-biased in a partially ON or half-ON state to

reduce overall power consumption.

Group Heater Control

Tuning mechanisms, such as heaters, can also be used to control more than one
resonator. FIG. 21 shows a block diagram of another embodiment where a resonator-
system 100 is comprised of four resonators. The resonator-system 100 is coupled to a
first Waveguide 10 and a second waveguide 12. The resonator-system 100 is comprised
of a first resonator 112-1, a second resonator 112-2, a third resonator 112-3, and a
fourth resonator 112-4, each supporting one resonance mode, anc} being coupled to
each other in series.

Similar to the previous embodiments, the resonator frequencies and the
couplings can be changed using an optical effect produced by heaters 122-1-122-2. In
this embodiment, each heater affects two resonators and is controlled using a controller
120.

The filters in the embodiments described above employ resonator-systems with
two and four resonators, but can be easily extended to any number of resonators,
greater than two, in the resonator-system, and in any configuration. The methods
above can also be extended to systems where the coupling between resonators is
changed using the controller 120. A number of specific control schemes have been
described; however, the resonators can also be controlled to provide any desired

control scheme.

Filters with two resonator-system sub-elements

The lineshape control schemes described in the previous embodiments can also
be used for two identical resonator-system sub-elements according to a side-coupled
filter design, described in U.S. Patent 6,101,300, teachihgs of which are incorporated
herein by this reference in their entirety, or a directional-coupler assisted add/drop
filter design as described, for example, in U.S. Pat. Appl. Ser. No. 10/096,616,
entitled “Directional-Coupler Assisted Add/Drop Filter With Induced On/Off Switching
and Modulation” filed March 7, 2002 by common assignee, which is incorporated

herein by this reference in its entirety.
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In another embodiment, a directional-coupler assisted add/drop filter uses two
identical resonator-system sub-elements, such as 4 coupled resonators as shown in FIG.
9, coupled to an input waveguide and an output waveguide by directional couplers.

FIG. 22 shows this embodiment. The resonance frequencies of the resonators
are shifted or controlled using a thermo-optical effect. Directional-couplers 150, 152
provide the filter 50 with two input ports, IN and ADD, and two output ports, DROP
and TRANSMISSION. In this embodiment, each sub-element 100-1, 100-2 is
comprised of four phase-shift grating resonators 112-1-112-4 and each resonator 112
has a resonant frequency that is tuned or shifted using a corresponding heater 122-1-
122-4. )

The transmission and reflection spectra of the filter 50 are dynamically adjusted
by controlling the resonance frequencies of the resonators 112 in the sub-elements 100-
1, 100-2 to provide functions such as switching, tapping, VOA, and error
compensation, as described in the previous embodiments. Both sub-elements 100-1,
100-2 in the filter can be controlled using the same'reso_nance frequency shifting
scheme, such as for switching, or each sub-element can be controlled using different
frequency shifting schemes, such as in error compensation. For example, for the
switching function, when the filter is ON, a desired channel is dropped to the DROP
port and the remaining channels are transmitted to the TRANSMISSION port. When
the filter is OFF, all the channels of interest are directed to the TRANSMISSION port.
In a VOA or tapping function a desired portion of the IN port channel signal is
directed to the DROP port.

The coupling coefficients can also be varied to control the filter lineshape and
achieve a switching function or for error compensation. FIG. 23 shows another
embodiment. The coupling coefficients of two resonator-systexﬁ sub-elements 100-1,
100-2, each comprised of four resonators 112-1 to 112-4, in a side-coupled filter 50 are
varied using the coupling control schemes previously described. The side-coupled
add/drop filter uses two identical sub-elements 100-1, 100-2, each with 4 coupled
resonators as shown in FIG. 9. These sub-elements 100-1, 100-2 are side-coupled to
an input waveguide and an output waveguide.

The couplings of the resonators are controlled in this embodiment using an

electro-optical effect. In this embodiment, each sub-element 100-1, 100-2 includes four
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phase-shift grating resonators 112-1 to 112-4 and the resonators’ couplings are
controlled using electrodes 160. The side-coupled filter has two input ports, IN and
ADD, and two output ports, DROP and TRANSMISSION.

In this embodiment, the coupling region electrodes 160 are used to control the
refractive index of the material in the coupling region between each resonator 112.
Reducing the coupling between the resonators 112 by control of the coupling region
electrodes 160 results in a collapse of the lineshape of the DROP port signal and
ultimately stops any drop from occurring at the desired channel. This results in a
switching function.

The transmission and reflection spectra of the filter 50 are dynamically adjusted
by controlling the coupling between the resonators 112 in the sub-elements 100-1, 100-
2 to provide functions such as switching and error compensation, as described in the
previous embodiments. Both sub-elements 100-1, 100-2 in the filter can be controlled
using the same coupling control scheme, such as for switching, or each sub-element can
be controlled using different coupling control schemes, éuch és in error compensation.
For example, in fhe switching function, a desired channel is dropped to the DROP port
and the remaining channels are transmitted to the TRANSMISSION port, when the
filter is ON. When the filter is OFF, all the channels of interest are directed to the
TRANSMISSION port.

The lineshape control schemes described in the previous embodiments can also
be used for a multi-channel add/drop filter, described, for example, in U.S. Pat. Appl.
Ser. No. 10/098,577, entitled “Superstructure Photonic Band-Gap Grating Add-Drop
Filter” filed March 14, 2002 by common assignee, which is incorporated herein by this
reference in its entirety. v

In another embodiment, shown in FIG. 24, two identical waveguide arms, each
having a resonator-system 100-1, 100-2, are coupled together by two directional
couplers 150, 152 to yield a multi-channel add/drop filter. In this filter 50, the
resonator-system 100-1, 100-2 of each grating waveguide arm is configured with
identical superstructure photonic bandgap gratings each having six equally spaced
grating sections 110-1-110-6 that form five coupled Fabry-Perot cavities, or five
coupled multiple frequency resonators 112-1-112-5. Each resonator has an associated

heater 122-1-122-5. The resonators 112-1-112-5 together produce a multiple resonant
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cavity Fabry-Perot interferometer with a periodic flat-top 1inesh;c1pe, as illustrated in
FIG. 25. The filter has two input ports, IN and ADD, and two output ports, DROP
and TRANSMISSION. In this embodiment, the filter performs a spectral de-
interleaver operation, where every second channel is dropped to the DROP port and the
other non-dropped channels are routed to the TRANSMISSION port. The center
frequencies of the optical channels typically used in WDM optical communication
systems are indicated by the dotted lines.

The dynamic lineshape control of the filter can be obtained by shifting the
resonant frequencies of the resonators 112 and by changing the coupling between the
resonators, as described in the previous embodiments. In this_ embodiment, the
resonators 112 are controlled using their associated heaters 122. By controlling the
resonators, the interleaver can be turned OFF so that all the channels are directed to the
DROP port, as shown in FIG. 26. Also, by dynamically controlling the resonators, a
dynamic ON/OFF function is provided for the filter.

Multipurpose Application

As described in the previous embodiments, the same filter design can be used
for various functions by using different control schemes. The general design of the
filter does not need to be changed. Moreover, because the same filter can provide
different functions, defined by how the resonances and couplings are controlled, the
same filter device can be used to replace a variety of differént components by simply
using different control schemes. For example, in a system that requires an add/drop
filter, a VOA, and a tap, dynamically controlled lineshape filters can be used for each

component, using the appropriate function, instead of several different components.

Controllers

In all of the previous embodiments, a pfogrammable controller can also be used.
In one current implementation, a circuit board employing a signal processor, such as a
TMS32024x™ chip from Texas Instruments, is used to control the resonators. In
another exemplary embodiment, multiple dynamic lineshape control filters are
connected. A controller controls the resonators of each filter and thereby controls the

function performed by each filter. By chénging the resonance frequencies and
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couplings of the resonators via the controller, the dynarﬁic lineshape filter can be used
for a variety of static and dynamic filter systems. The filters can be statically
programmed to provide a single function or multiple functions or can be dynamically
reprogrammed during operation. The filters can also be controlled together, so that
they have the same function, or independently, so that each filter can have a different

function.

Although all of the above embodiments use one controller to control the
resonators, multiple controllers can of course be used. In another embodiment, several
dynamic lineshape filters 50-1, 50-2, 50-3, 50-4 are connected in succession, as shown
in FIG. 27. Each filter has a sub-controller 120-1, 120-2, 120-3, 120-4 for controlling
the resonators in the filter. The multiple sub-controllers are further controlled using a
system controller 120-5. Sub-controllers can also be grouped with each group
controlled by another controller.

Although the invention has been shown and described with respect to several
exemplary embodiments thereof, various changes, omissions and additions to the form
and detail thereof, may be made therein, without departing from the spirit and scope of
the invention.

What is claimed is:
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An optical lineshape filter comprising:
a resonator-system comprising at least two coupled resonators; and
at least one controller, wherein said controller controls said resonator-system

by differentially changing the refractive indices of at least two of said resonators.

2. A lineshape filter of claim 1, wherein said controller controls said resonator-

system by shifting resonance frequencies of said resonators.

3. A lineshape filter of claim 1. wherein said controller increases a resonance
frequency of at least one resonator while decreasing a resonance frequency of at least

one other resonator.

4. A lineshape filter of claim 1, wherein said controller shifts a resonance
frequency of at least one resonator while substantially not shifting a resonance

frequency of at least one other resonator.

5. A lineshape filter of claim 1, wherein said controller shifts a resonance
frequency of at least one resonator more than a resonance frequency of at least one

other resonator.

6. A lineshape filter of claim 1, wherein said resonators include grating

resonators.

7. A lineshape filter of claim 1 further comprising an input waveguide that is

coupled to said resonator-system.

8. A lineshape filter of claim 7, wherein said resonator-system is coupled to

said input waveguide by at least one directional coupler.

9. A lineshape filter of claim 1 further comprising an output waveguide that is

coupled to said resonator-system.

10. A lineshape filter of claim 9, wherein said resonator-system is coupled to

said output waveguide by at least one directional coupler.

11. A lineshape filter of claim 1, wherein said resonators include single mode
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2  resonators.
1 12. A lineshape filter of claim 1, wherein said controller controls at least two
2  of said resonators together.
1 13. A lineshape filter of claim 1, wherein said resonators include phase-shift
2  grating resonators.
1 14. A lineshape filter of claim 1, wherein said controller controls said

2 resonators for an ON/OFF switching function.

1 15. A lineshape filter of claim 1, wherein said controller controls said

2  resonators for a variable splitting function.

1 16. A lineshape filter of claim 15, wherein said controller controls said

2 resonators in said variable splitting function for signal attenuation.

1 17. A lineshape filter of claim 15, wherein said controller controls said

2  resonators in said variable splitting function for signal tapping.

1 .18. A lineshape filter of claim 1 further comprising heaters for changing the

2 refractive indices of said resonators.

1 19. A lineshape filter of claim 1 further comprising a heater for each resonator

2  for changing the refractive indices of each resonator.

1 20. A lineshape filter of claim 1, wherein said controller controls said

2 resonators for post-fabrication compensation.

1 21. A lineshape filter of claim 1, wherein said controller controls said

2 resonators for a flat top response.

1 22. A lineshape filter of claim 1, wherein said resonator-system comprises at

2  least 4 phase-shift grating resonators.

1 23. A lineshape filter of claim 1, wherein said resonator-system comprises at

2 least 8 phase-shift grating resonators.

1 24. A lineshape filter of claim 1, wherein said resonator-system comprises at
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least 12 phase-shift grating resonators.

25. A lineshape filter of claim 6, wherein said grating resonators include

superstructure photonic bandgap gratings.

26. A lineshape filter of claim 1, wherein said resonators include Fabry-Perot

resonators.

27. A lineshape filter of claim 7, wherein said resonator-system is side-coupled

to said input waveguide.

28. A lineshape filter of claim 9, wherein said resonator-system is side-coupled

to said output waveguide.

29. A lineshape filter of claim 1, wherein said resonators include ring-

resonators.

30. A lineshape filter of claim 1, wherein said controller controls couplings of

said resonators.

31. A method for controlling a resonator-system comprising at least two

resonators, said method comprising:

filtering an input signal with the resonator-system in a first state to apply a first

filtering function to pfoduce an output signal; and

switching the resonator-system to a second state'by differentially changing the
refractive indices of resonators of the resonator-system to apply a second filtering

function to produce the output signal.

32. A method as claimed in claim 31, wherein the step of switching the

resonator-system to the second state comprises changing temperatures of the resonators.

33. A method as claimed in claim 31, wherein the step of switching the
resonator-system to the second state comprises changing temperatures of the resonators

by different amounts.

34. A method as claimed in claim 31, wherein the step of switching the

InductEV, Inc.
Exhibit 1031
Page 788



WO 03/081324 PCT/US03/08173

N

28
resonator-system to the second state comprises increasing temperatures of the

resonators by different amounts.

35. A method as claimed in claim 31, wherein the step of switching the
resonator-system to the second state comprises decreasing temperatures of the

resonators by different amounts.

36. A method as claimed in claim 31, wherein the step of switching the
resonator-system to the second state comprises increasing a temperature of one of the

resonators while decreasing a temperature of another resonator.

37. A method as claimed in claim 31, wherein the step of switching the
resonator-system to the second state comprises changing a temperature of one of the

resonators while maintaining a temperature of another resonators.

38. A method as claimed in claim 31, wherein the step of filtering the input
signal with the resonator-system in the first state comprises controlling temperatures of

resonators in the resonator-system in response to a post-fabrication calibration.

39. A method as claimed in claim 31, wherein the resonators include phase-

shifted grating resonators.

40. A method for controlling a resonator-system of a planar waveguide system,

the resonator-system comprising at least two resonators, said method comprising:

heating the resonators of the resonator-system to calibration temperatures so that
the resonator-system functions according to a first state to apply a first filtering function

to produce an output signal; and

changing the temperatures of the resonators from the calibration temperatures so
that the resonator-system functions according to a second state to apply a second

filtering function to produce the output signal.
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2307379

NON-CONTACT TYPE INFORMATION CARD

1

This invention relates to an information card used
in a non-contact type card system such as an automatic ticket
clipping system or the like.

In the automatic ticket clipping system utilised at
present, there has been employed a method for reading out
information from the ticket using a magnetic head which is
contacted with the ticket on insertion thereof into an
automatic ticket clipping machine by a user. Due to this
fact, the is put to the trouble of having to bfing out the
commuter ticket from his or her case, bag or the like every
time the user needs to use the ticket, and to insert it into
the automatic ticket clipping machine.

In view of this fact, the applicants have already
proposed a non-contact type card system which does not
require such troublesome procedures and which is convenient
in use.

According to this non-contact type card system,
since information can be given or received in a non-contact
manner (data communication or the like), it becomes possible
that a user can pass through an automatic ticket clipping
machine while in a state in which the commuter ticket is
still stored in the case, etc., which improves convenience.

Figure 5 of the accompanying drawings illustrates
such a non-contact type card system. 1In this case, the non-
contact type card system is constructed by the reader/writer
2 corresponding to the aforesaid automatic ticket clipping
machine and an information card 3 corresponding to the
aforesaid commuter ticket, wherein electrical power is
supplied via the medium of an applied electromagnetic wave

and concurrently data is read or written.
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2

Firstly, referring to Figure 6, an internal
operation in the case where information is read out of the
information card 3 by the reader/writer 2 will be described.
However, Figure 6 is a circuit diagram in which only a
circuit concerning the reading-out of information of the
information card 3 and a circuit concerning an overvoltage
for restricting an overvoltage generated in the information
card is extracted and shown.

At first, the reader/writer 2 at the reading-out
side generates a desired carrier signal with a carrier
generator 2A, the signal is amplified by a voltage control
type amplifier 4, thereafter the signal is radiated as a
magnetic field through a loop antenna 9.

At this time, when the information card 3 is placed
within a range in which an electromagnetic induction signal
may be sufficiently induced with the loop antenna 9,
electrical power comes to be supplied from the reader/writer
2 to the information card 3. Then, it is naturally found
that and electrical current flows in the loop antenna 9 and
an output resistor Rl of the voltage control type amplifier
4, and so the carrier output level is decreased due to a
voltage drop corresponding to the output resistor Rl.

A degree of drop of this output level is changed in
response to a resonance state of the resonance circuit formed
by the loop antenna 9 and the capacitors C3, C4 at the
information card 3.

Accordingly, when a FET11l is turned on/off in
response to the read-out information at the information card
3 so as to change the resonance state, a carrier level for
driving the loop antenna 9 within the reader/writer 2 is
changed in response to the read-out information of the

information card 3.
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3

When the variation in this carrier level is
detected by an envelope detecting diode D1, is becomes
possible to read out data.

In the case where the information card 3 gets very
close to the loop antenna 9, quite large-sized carrier
amplitudes may be produced at both ends of the loop antenna 9
which might damage its internal circuitry, so that there is
provided an overvoltage protection circuit for protecting the
inner circuit against such an overvoltage as above. The
overvoltage protection circuit is configured such that when
amplitude levels generated at both ends of the loop antenna 9
exceed the accumulated voltage of the groups 12A, 12B of
diodes, a quite high current flows in the diode groups 12A
and 12B to restrict an increase in voltage.

However, the non-contact type card system proposed
in the early application had the following problems.

Firstly, in the reading-out process in the
aforesaid non-contact type card system, there occurred a
problem of "blind spots", i.e. areas where data cannot be
read out irrespective of the fact that the information card 3
and the reader/writer 2 are placed at such a distance as one
in which a relative induction may be produced from each other
between the loop antenna 9 and 10.

The reason for this is shown in Figure 7. This
diagram indicates how carrier amplitude levels generated at
both ends of the loop antenna 9 on the side of reader/writer
2 are changed in the case where a capacitance of a parallel
resonance circuit at the information card 3 (the loop antenna
10 and the capacitor C€3) is changed for each of the distances
between the information card 3 and the reader /writer 2,
respectively. According to this diagram, it shows that no
change occurs at the carrier amplitude levels appearing at

both ends of the loop antenna 9 even if a resonance
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4

capacitance is changed at a middle distance region.
Accordingly, it is not possible to read out data from the
information card 3 at the middle distance region.

A second problem is that the occurrence of these
blind spots of data reading-out are quite sensitive to the
displacement of tuning frequency of a parallel resonance
circuit (the loop antenna 10 and the capacitor C3) arranged
on the information card 3 and in the case where a tuning
displacement occurs; the position and range of the data
reading-out blind spot are remarkably disturbed, so that this
system is not suitable for a mass production.

In addition, a third problem consists in the fact
that both a positive overvoltage protection and a long-
distance data receiving operation are quite difficult to
attain in the case of the overvoltage protection circuit
system applied in the aforesaid non-contact type card
system 1. That is, it was difficult to accommodate for such
a system capable of performing a wide range communication
ranging from a close-contact position to a quite far away
position.

The reason for this is as follows. In the case
where a communication can be performed up to quite a way
away, it is necessary to radiate a quite strong magnetic
field from the reader/writer 2. However, when the position
is near the card, the electrical power received by the
information card 3 then becomes quite high in response to it,
resulting in that the overvoltage protection part must be
enforced. In practice, if a value of the resistor element R2
is reduced and a current flowing into the overvoltage
protection circuit is made quite high, and thereby the
overvoltage is restricted; the reduction in the value at the
resistor element R2 may also lead to a remarkable restriction

of amplitude variation of voltage received at the loop
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5

antenna 10. However, this data transfer system is carried
out under an amplitude modulation, so it is natural that a
loss of the amplitude modulation does not enable the received
data to be demodulated.

The present invention has been devised in view of
the foregoing, and provides an information card in which data
can be communicated in an interactive mode while the
information card is being positively protected against the
overvoltage in all the regions ranging from the reading-out
device from the far distance where an electrical power can be
slightly supplied to the information card from the reading-
out device to a quite near distance.

According to the present invention there is
provided a non-contact type information card comprising:

means for generating a voltage in response to a
variation in a magnetic field;

a resonator circuit for passing a component of said
voltage in a specified frequency band;

means for rectifying an output of said resonator
circuit; and

a protection circuit for applying an output voltage
to said rectifier means and restricting a voltage generated
by controlling said resonance circuit so as to change a
resonance frequency thereof in the case where said output
voltage becomes excessively large.

Since the resonance frequency of the resonance
circuit is controlled in response to a receiving state of an
electromagnetic wave from the reading-out device received by
the resonance circuit, if the receiving state is too
excessive, the resonance frequency is displaced to cause a
receiving sensitivity of the device to be reduced. With such
an arrangement as above, it is possible to provide a non-

contact type information card in which an excessive voltage
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6

is prevented from being produced at the output of the
resonance circuit and if the voltage is within a range to
produce an electromagnetic induction with the reading-out
device, an overvoltage application can be avoided with no
sacrifice in a writing characteristic.

In addition the load state of the resonance circuit
is electrically controlled by a control means arranged
between an output of a rectifier means and the ground in
response to the reading-out data, and thereby it is possible
to provide a non~contact type information card in which
information can be read out without being dependent on a
positional relation if it is within a range to produce an
electromagnetic induction with the reading-out device.

The invention will be further described by way of
non-limitative example with reference to the accompanying
drawings, in which:-

Figure 1 is a connecting diagram showing an example
of the configuration of the information card of the present
invention;

Figure 2 is a graph showing a relationship between
a load resistance and a drive voltage in a loop antenna at
the reader/writer in a resonance circuit of a non-contact
type information card;

Figure 3 is a circuit diagram showing an example of
application in the case where the rectifier circuits of
various circuit configurations are combined with the
information card of the present invention;

Figure 4 is a connecting diagram showing an example
of the configuration of the information card of the present
invention;

Figure 5 is a block diagram showing a general

configuration of the non-contact type carad system;
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Figure 6 is a schematic connecting diagram showing
only a circuit part related to the reading-out information
stored in the information card and a circuit part related to
an overvoltage protection for restricting an overvoltage
generated in the information card in the non-contact type
card system; and

Figure 7 is a graph showing a relation between a
capacitance of a resonator capacitor in a resonator circuit
and a drive voltage at a loop antenna of the reader /writer
side of the non-contact type card system.

In the drawings,

1 is a non-contact type card system

2 is a card reader/writer

3,23,33 are information cards

8 is a printed circuit board

9,10 are loop antennae.

(1) First Preferred Embodiment

In Figure 1 in which the corresponding parts in
Figure 5 are denoted by the same reference numerals is shown
an example of circuit configuration of the front end part of
the information card 23 of the present invention.

In the case of the information card 23 shown in
Figure 1, it differs from that of Figure 5 in that the
parallel resonance circuit is constituted by a loop antenna
10, capacitors €3, C4 and a variable capacitor C23. In
addition, one end of the parallel resonance circuit is

connected to the ground and the other end is connected to

InductEV, Inc.
Exhibit 1031
Page 826



an anode of the diode D2.

A pure resistor element R23 is connected between a
cathode side of the diode D2 and the variable voltage
capacitor element C23 and a voltage rectified by the diode
D2 is applied to the variable capacitance element C23 as a
control voltage.

In addition, the cathode side of the diode D2 is set
such that the pure resistor element R24 is connected to the
ground through a drain/source of a FET24 and this FET24 is
on/off controlled in response to the read-out data to
enable a load resistance value of the parallel resonance

circuit to be variable and then a resonance frequency is

changed.

With such a foregoing arrangement described above, a
method for reading out information of the information card
23 with the reader/writer 2 (that is, a reading method) and
an overvoltage protection method for restricting an
overvoltage generated in the information card 23 when the
information card 23 approaches very near the reader/writer
2 will be described.

At first, an operating principle of the information

card 23 having the above construction will be described in
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reference to the case in which information is read out from

the reader/writer 2.

The reader/writer 2 amplifies a desired frequency
carrier generated at the carrier generator 2A to a desired
level by a voltage-controlled type amplifier 4 and radiates
it as a magnetic field through the loop antenna 9. In this
case, when the information card 23 is sufficiently
positioned in a range to induce an electromagnetic
induction with the loop antenna 9, . electrical power

is supplied from the reader/writer 2 to the

information card 23.

Then, naturally, a current flows in the loop antenna
9 and the output resistor R1 of the voltage-controlled type
amplifier 4 and a carrier output level is decreased due to
a voltage drop corresponding to an output resistor Rl. A
degree of drop in the output level is determined by a value
of load resistance between the cathode of the diode D2 at
the information card 23 and the ground. Accordingly, if
the value of the load resistance between the cathode of the
diode D2 and the ground is changed by turning on/off the
FET24 in reference to the read-out information of the

information card 23, a carrier level for driving the loop
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antenna 9 in the reader/writer 2 is changed in reference to
the read-out information of the information card 23. The
data reading-out operation is carried out by detecting this

carrier level variation with the diode D1 for detecting an

envelope.

However, in the case where the value of the load
resistance is changed, it becomes apparent that a variation
in the carrier amplitude of the reader/writer 2 does not
depend upon a resonance state of the loop antenna 10 and
the capacitor C3 as shown in Fig. 2. Accordingly, as long
as the information card 23 is placed in a distance range
where an electromagnetic induction is produced with the
loop antenna 9 at the side of the reader/writer 2, it

becomes possible to read out data in all regions.

During = mass production, less influence is applied
to the reading-out characteristic even if a tuning
frequency is slightly displaced and further a dispersion in
mass production is also restricted. 1In addition, the
information reading-out system for the information card 23
provided in the present invention shows quite good
adaptation for any type of rectifying circuit and thus it

can be operated under any type of restricting conditions
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produced when the card is formed in IC.

Fig. 3 shows an example of application of various

types of the rectifier/detector circuit.

Next, the operating principle of the
overvoltage protection circuit of the information card 23
will be described. The operating principle of the present
system consists in the fact that in the case where the
information card 23 approaches quite near the loop antenna
9 of the reader/writer 2, a resonance frequency is
displaced in response to a receiving level at the
information card 23 to reduce a receiving efficiency and
then an overvoltage is protected. The present information
card 23 is operated such that a voltage rectified after
receiving through the pure resistor element R23 is applied
to the variable capacitor element C23 and then the
capacitance is changed in response to the receiving level.
With such an operation as above, it becomes possible that
the frequency is displaced and the receiving efficiency is

reduced.

Practical operation is performed as follows. In
the case where the information card 23 approaches quite

near the loop antenna 9 of the reader/writer 2, it is
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(2

natural that an electrical power enerqgy received at the
loop antenna 10 in the information card 23 is also
increased. This received voltage is applied to the
variable capacitance element C23 through the pure resistor
element R23, so that resonance is displaced under the
received voltage.

The fact that the displacement of the resonance
frequency naturally results in a reduction of receiving

efficiency.

Accordingly, a voltage received at the loop antenna
10 in the information card 23 is restricted and an
overvoltage protection is accomplished. According to this
overvoltage protection method, since the amplitude
variation component received at the loop antenna 10 is not
restricted, information of read-out data modulated in
amplitude is not lost at the information card 23 and then a
positive overvoltage protection becomes possible.

Naturally, the present system can be used

together with another overvoltage protection circuit.

According to the aforesaid configuration, it is
possible to provide a non-contact type information card in

which as a capacitance element constituting the parallel
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resonance circuit, the variable capacitance element C23
having its capacitance variable in response to an applied
voltage is used and a voltage after rectifying upon
receiving is applied to the variable capacitance element
C23, and thereby even though the received voltage becomes
excessive, a capacitance of the variable capacitance
element C23 is changed in reference to the voltage to
reduce a receiving efficiency and the received voltage does
become excessive. Accordingly, it is possible to obtain
the information card capable of reading out or writing data
stably within any regions while the overvoltage protection
is being carried out in a range where it can induce an

electromagnetic induction between the reader/writer 2 and

the same.

(2) Second Preferred Embodiment

In Fig. 4 in which the same reference numbers are
applied to the corresponding parts in Fig. 1 is illustrated
a second preferred embodiment of the information card of
the present invention.

A difference between this information card 33 and
the information card 23 illustrated in the first preferred
embodiment consists in the fact that the connecting method

for the rectifier circuit and the variable capacitance
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element is different and other portions have quite the same

configuration as that of the information card 23.

In this case, when a connecting path of the variable
capacitance element is applied in an AC manner, the
smoothing capacitor C5 is sufficiently high and a
connecting point between the loop antenna 10 and the
resistor element R33 is kept at a ground level, so that it
is équivalent to the case in which it is connected in
parallel with the capacitor C4, the variable capacitance
element C23 and the capacitor C3. Accordingly, the
information card 33 operates in a quite same manner as that
of the information card 23 shown in the first preferred
embodiment. Accordingly, also in this case, it is possible
to change the resonance frequency in response to a
variation in capacitance of the variable capacitance
element.

In addition, since a ground-connected diode is used
as a rectifier/detector diode in this preferred embodiment,
this card is quite preferable for an IC formation receiving

various restrictions in circuit.

According to the aforesaid configuration, it is

possible to obtain a non-contact type information card in
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which the variable capacitance element C23 of which
capacitance is changed in response to an applied voltage is
used as a capacitor element constituting a parallel
resonance circuit, and a voltage after rectifying upon
receiving is applied to the variable capacitance element
C23, so that even if the received voltage becomes
excessive, the capacitance of the variable capacitance
element C23 is changed in response to the voltage and a
receiving efficiency is decreased and the received voltage
can be prevented from becoming excessive amount.
Accordingly, it is possible to obtain an information card
in which data can be read out or written stably in any
regions while an overvoltage protection is being positively
carried out within a range in which the information card
generates an electromagnetic induction between the reader/

writer 2 and the same.

(3) Other Preferred Embodiments

In the aforesaid preferred embodiments, the example
of the information card which is constructed as shown in
Figs. 1, 3 and 4 has been described. The present invention
is not limited to this example and can be applied to
another example of connection other than the above.

Although the case in which the resonance frequency is

InductEV, Inc.
Exhibit 1031
Page 834



RV

controlled by changing a capacitance of the variable
capacitance element has been described, it can be

controlled with other means.

As described above, according to the present
invention, a resonance frequency of the resonance circuit
passing a voltage component in a desired frequency band of
voltages generated in response to a variation in a magnetic
field is controlled in reference to an output voltage of a
rectifier means for rectifying an output of the resonance
circuit. Accordingly, even in the case where a large
voltage is generated in the information card due to the
fact a receiving state of an electromagnetic wave from a
reading-out device side received by the resonance circuit
is excessive, resulting in that the resonance frequency can
be displaced with the voltage and the receiving sensitivity
can be reduced. Accordingly, it is possible to provide a
non-contact type information card capable of preventing an
overvoltage from being applied with no sacrifice in the
writing characteristic in a range in which the information
card generates an electromagnetic induction between the

reading-out device and the same.
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In addition, it is possible to provide a non-
contact type information card in which a loaded state of a
resonator circuit is controlled electrically in response to
the read-out data by the control means arranged between the
output of the rectifier means and the ground, and thereby
information can be positively read out without being
dependent upon a positional relation in a range in which the
information card generates an electromagnetic induction

between the reading-out device and the same.
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CLAIMS

1. A non-contact type information card comprising:

means for generating a voltage in response to a
variation in a magnetic field;

a resonator circuit for passing a component of said
voltage in a specified frequency band;

means for rectifying an output of said resonator
circuit; and

a protection circuit for applying an output voltage
to said rectifier means and restricting a voltage generated
by controlling said resonance circuit so as to change a
resonance frequency thereof in the case where said output

voltage becomes excessively large.

2. A non-contact type information card according to
claim 1, wherein said resonance circuit is composed of a
parallel connection of a coil, a first capacitor and a
voltage-controlled type variable capacitance capacitor; and
said protection circuit is operative to apply an
output voltage of said rectifier means to said variable
capacitance capacitor and variably controls a resonance
frequency of said resonance circuit by varying its

capacitance in response to said output voltage.

3. A non-contact type information card according to
claim 1 or 2, wherein control means capable of controlling
electrically a state of resistive load in said resonance
circuit in response to the read-out data is arranged between

an output of said rectifier means and the ground.

4. A non-contact type information card according to

claim 3, wherein said control means is composed of a
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resistive element and a transistor element and electrically

controls a loaded state by turning on or off said transistor

element.

5. A non-contact type information card constructed and
arranged to operate substantially as hereinbefore described
with reference to and as illustrated in Figures 1 to 4 of

the accompanying drawings
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Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | . Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X Microfilm of the specification and drawings annexed 1,2
Y to the request of Japanese Utility Model Application 7,8,11-14

No. 10409/1974 (Laid-open No. 102234/1975)
(Victor Company Of Japan, Ltd.),

23 August, 1975 (23.08.75),

Full text; Fig. 3

(Family: none)

X JP 59-152703 A (Matsushita Electric Industrial Co., 3-6
Y Ltd.), 9,10
31 August, 1984 (31.08.84),

Page 1, lower right column, lines 13 to 20; Fig. 2
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Further documents are listed in the continuation of Box C. | | Sece patent family annex.

s Special categories of cited documents: “T”  later document published after the international filing date or
“A” document defining the general state of the art which is not priority date and not in conflict with the application but cited to
considered to be of particular relevance understand the principle or theory underlying the invention
“E” earlier document but published on or after the international filing ~ “X” document of particular relevance; the claimed invention cannot be
date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y”  document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0”  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such
means combination being obvious to a person skilled in the art
“P”  documerit published prior to the international filing date but later “&” document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
29 October, 2002 (29.10.02) 12 November, 2002 (12.11.02)
Name and mailing address of the ISA/ Authorized officer

Japanese Patent Office
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A Microfilm of the specification and drawings annexed 1-14
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Filed . March 8, 2013 Conf. No. : 4131
Title : WIRELESS ENERGY TRANSFER

MAIL STOP AMENDMENT

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Please consider the references listed on the enclosed PTO-SB-08 or Disclosure Form.
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9 Covic et al., “Inductive Power Transfer”, Proceedings of the IEEE, Vol. 101, No. 6, pp. 1276-1289
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
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Attorney's Docket No.: 01997-0358008 / MIT Case No. 12525

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Named Inventor : Aristeidis Karalis Art Unit o 2836
Serial No. : 13/789,860 Examiner : Unknown
Filed : March §,2013 Conf.No. : 4131
Title : WIRELESS ENERGY TRANSFER

MAIL STOP AMENDMENT
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT
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patent office in a counterpart application is also enclosed.

This statement is being filed within three months of the filing date of the application or
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Application No. Applicant(s)
13/789,860 KARALIS ET AL.

Office Action Summary Examiner Art Unit AlA (First Inventor to File)
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- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
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[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____ .
2a)[] This action is FINAL. 2b)[X] This action is non-final.
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7)I Claim(s) 1-18is/are rejected.
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hitp/www, usplo.aov/patents/init_events/peh/indax.jsp or send an inquiry to PPHieadback@uspio.qov.

Application Papers
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Certified copies:
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1.[] Certified copies of the priority documents have been received.
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application from the International Bureau (PCT Rule 17.2(a)).
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Application/Control Number: 13/789,860 Page 2
Art Unit: 3649

1. The present application is being examined under the pre-AlA first to invent
provisions.
DETAILED ACTION
Claim Rejections - 35 USC § 102
2. The following is a quotation of the appropriate paragraphs of pre-AlIA 35 U.S.C.

102 that form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(e) the invention was described in (1) an application for patent, published under section
122(b), by another filed in the United States before the invention by the applicant for patent or
(2) a patent granted on an application for patent by another filed in the United States before
the invention by the applicant for patent, except that an international application filed under
the treaty defined in section 351(a) shall have the effects for purposes of this subsection of an
application filed in the United States only if the international application designated the United
States and was published under Article 21(2) of such treaty in the English language.

3. Claims 8-11 are rejected under pre-AlA 35 U.S.C. 102(e) as being anticipated by
Kikuchi.
Claims 8-11 set forth a total of 3 coils each. Figure 1 of Kikuchi shows this feature, as
depending upon the point of view of power reception or transmission, the matching
tuning circuit (34) fulfills the role of the power receiving/supply side coil, as the power
and receiver loops are seen as (11,21) respectively. The distance of separation is
shown to be adjustable over a wide range, thus anticipating the claim language function
of being adjustable in the manner recited.

Claim Rejections - 35 USC § 103
4. The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
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Application/Control Number: 13/789,860 Page 3
Art Unit: 3649

be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

5. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148
USPQ 459 (1966), that are applied for establishing a background for determining
obviousness under pre-AlA 35 U.S.C. 103(a) are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating
obviousness or nonobviousness.
6. This application currently names joint inventors. In considering patentability of the
claims under pre-AlA 35 U.S.C. 103(a), the examiner presumes that the subject matter
of the various claims was commonly owned at the time any inventions covered therein
were made absent any evidence to the contrary. Applicant is advised of the obligation
under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was
not commonly owned at the time a later invention was made in order for the examiner to
consider the applicability of pre-AlA 35 U.S.C. 103(c) and potential pre-AlA 35 U.S.C.
102(e), (f) or (g) prior art under pre-AlA 35 U.S.C. 103(a).
7. Claims 1-7,12-18 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Kikuchi.
Kikuchi clearly shows a total of four coils that provide a relaying effect of non-contact

power transmission. The coils (11,31) are in non-contact power relationship, as are the
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coils (32,21). However, the coils (31,32) are not in a non-contact power relationship, as
they are connected in series so as to share a common resonant capacitor (33).
However, given the view of Figure 4, showing the structural and flux transmission
characteristics and the Figure 10,11 adjustability, it would have been obvious to one
having ordinary skill in the art at the time that the invention was made to separate the
tuning circuit (34) into its constituent components in order to better provide for distance
adjustment and offset. It is quite clear that doing so would not be an inventive step, as
the coils (31,32) are shown to link to the respective coils (11,21) and the only difference
would be the addition of an additional capacitor. On the other hand, it also would have
been obvious to one having ordinary skill in the art at the time that the invention was
made to have added another duplicate circuit (30) as an additional relay element, as
doing so would simply be a duplication of parts by adding an additional circuit between
the writer (10) and card (20). Doing so would have been obvious to provide a
duplicated relaying effect. Either way, having two relaying circuits is not inventive as
Kikuchi already shows one circuit with separately linked coils. Thus separating the two
serially connected coils into separate cards gives the system designer more flexibility for
power transmissions adjustments in distance and offset (Figures 10,11). Given the
material shown in Figures 10 and 11 and the description, the claims that address
adjustable distance, axial deviation, and angular deviation represent the mere
adjustment process one of ordinary skill in the art goes through when lining up the

elements of Kikuchi in order to provide the best possible power transmission for a
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Application/Control Number: 13/789,860 Page 5
Art Unit: 3649

particular system configuration. Radius sizes is also addressed by Kikuchi [0079,86]
and thus more adjustment in this respect is also obvious.

Double Patenting
8. The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory double
patenting rejection is appropriate where the claims at issue are not identical, but at least
one examined application claim is not patentably distinct from the reference claim(s)
because the examined application claim is either anticipated by, or would have been
obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d
1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir.
1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum,
686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619
(CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory
double patenting ground provided the reference application or patent either is shown to
be commonly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a joint research agreement. A terminal

disclaimer must be signed in compliance with 37 CFR 1.321(b).
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Application/Control Number: 13/789,860 Page 6
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The USPTO internet Web site contains terminal disclaimer forms which may be
used. Please visit http://www.uspto.gov/forms/. The filing date of the application will
determine what form should be used. A web-based eTerminal Disclaimer may be filled
out completely online using web-screens. An eTerminal Disclaimer that meets all
requirements is auto-processed and approved immediately upon submission. For more
information about eTerminal Disclaimers, refer to
http://www.uspto.gov/patents/process/file/efs/guidance/eTD-info-1.jsp.

9. Claims 1-18 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over claims 1-28 of copending Application No.
13/477,459 in view of Kikuchi. Although the claims at issue are not identical, they are
not patentably distinct from each other because the copending claims set forth a three
coil configuration (except for claims 8-11), which comments to Kikuchi above apply
thereto in order to make for a four coil non-contact configuration. Therefore modifying
the system of 13/477,459 by the teachings of Kikuchi results in a system with more
adjustment capabilities.

This is a provisional nonstatutory double patenting rejection because the
patentably indistinct claims have not in fact been patented.

10.  Claims 1-18 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-44 of U.S. Patent No. 8,760,007 in view of Kikuchi. The
patented claims also set forth a three coil system, and Kikuchi teaches modification to
provide a relaying effect and a fourth coil, per the arguments above. Therefore to

modify the patented claims by the teachings of Kikuchi consistent with the explanation
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above would have been obvious in order to achieve a system with more alignment
capability.
Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to FRITZ M. FLEMING whose telephone number is
(571)272-4145. The examiner can normally be reached on M-F, 0900-1730.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Darnell M. Jayne can be reached on 571-272-7723. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

FRITZ M FLEMING
Primary Examiner
Art Unit 3649

/FRITZ M FLEMING/
Primary Examiner, Art Unit 3649
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pp. 92-100, (2000).
415 C. Fernandez et al., “A simple dc-dc converter for the power supply of a cochlear implant”, IEEE,
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"20090160261" | "20090174263" |
"20090180679" | "20090271047" |
"20090284369" | "20090286470" |

"20060181242" | "20060205381"
"20090167449" | "20090299918"
"3535543" | "5367242" | "5550452" |
"6812645" | "6825620" | "6917163" |
"6973250" | "7466213" |
"20050288739" | "20090271048" |
"20090284218" | "20090286475" |
"20100102640" | "20100133920" |
"20100148589").PN.

"20070021140" | "20100123354" |
"20110074347" | "20040222751" |
"20050085873" | "20050104064" |
"20050127850" | "20060061323" |
|
|

S15

10488

tet same g

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2012/03/20
22:31

S16

tet same g same implant

US-PGPUB;
USPAT,;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

OR

ON

2012/03/20
22:32

S17

trancutaneous adj energy adj transfer

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2012/03/20
22:34

S18

550

transcutaneous adj energy adj
transfer

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2012/03/20
22:34

S$19

60

S18 and q

US-PGPUB;

OR

ON

2012/03/20
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USPAT,;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

22:34

S20

1060

("near" adj field) same wireless same
power

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2012/03/20
22:49

S21

76

("near" adj field) same wireless same
power same q

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM _TDB

OR

ON

2012/03/20
22:49

S22

233

("near" adj field) same (wireless adj
power)

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2012/03/20
22:52

523

156

("near" adj field) adj inductive

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2012/03/20
23:01

S24

178

("near" adj field) same implant$ same
power

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2012/03/20
23:19

S25

192

("near" adj field) same power same q

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2012/03/20
23:40

526

2141

(307/104).0CLS.

US-PGPUB;
USPAT;
USOCR

OR

OFF

2012/03/20
23:54

S27

893

(320/108).CCLS.

US-PGPUB;
USPAT;
USOCR

OR

OFF

2012/03/20
23:54

528

2316

26 or S27

US-PGPUB;
USPAT

OR

OFF

2012/03/20
23:54

529

319

28 and "near" adj field

US-PGPUB;
USPAT

OR

ON

2012/03/20
23:54

S30

31

("3167168" | "4023753" | "4331225" |
"4459438" | "4603640" | "4689530" |

US-PGPUB;
USPAT;

OR

OFF

2012/03/21
00:10
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"4800328" | "4833337" | "4836344" | YUSOCR
"4879522").PN. OR
("5519262"). URPN.
S31 4 ("near" adj field) same implant$ same jUS-PGPUB; iOR ON 2012/03/21
q USPAT; 00:16
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S32 186 ("near" adj field) same high adj q US-PGPUB;HOR ON 2012/03/21
USPAT; 00:20
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBV_TDB
S33 i34 ("2401572" | "2426226" | "2805414" | JUS-PGPUB;iOR OFF 2012/03/21
"3546699" | "3713162" | "3771075" | YUSPAT; 00:30
"3786376" | "3810183" | "3914715" | §USOCR
"4150345" | "4157516" | "4163961" |
"4233580" | "4253101" | "4258365" |
"4288759" | "4358746" |
"Re29296").PN. OR
("4516097"). URPN.
s34 i ("20100102639").PN. US-PGPUB;#OR OFF 2012/03/21
USPAT; 11:50
USOCR
S35 it (("2010012355") or ("7741734")).PN. §US-PGPUB;:{OR OFF 2012/03/21
USPAT; 12:29
USOCR
S36 32 (("20100012355") or US-PGPUB; OR OFF 2012/03/21
("7741734")).PN. USPAT; 12:29
USOCR
S37 32 (("20100123355") or US-PGPUB; {OR OFF 2012/03/21
("7741734")).PN. USPAT; 12:30
USOCR
338 32 (("20100096934") or US-PGPUB; {OR OFF 2012/03/21
("7741734")).PN. USPAT; 12:52
USOCR
S39 §2 (("20100123355") or US-PGPUB; OR OFF 2012/03/21
("7741734")).PN. USPAT; 20:45
USOCR
$40 0 S39 and (tunable) US-PGPUB; #OR OFF 2012/03/21
USPAT 20:45
$41 40 S39 and (tuning) US-PGPUB; {OR OFF 2012/03/21
USPAT 20:46
42 10 S39 and (tune) US-PGPUB; #OR OFF 2012/03/21
USPAT 20:46
$43 i ("20100127574").PN. US-PGPUB; {OR OFF 2012/03/26
USPAT; 06:11
USOCR
44 i $43 and rate US-PGPUB; §OR OFF 2012/03/26
USPAT 06:13
45 i $43 and "0.2" US-PGPUB;OR OFF 2012/03/26
USPAT 06:18
46 i1 $43 and (tunable or tuning or tuned §US-PGPUB;{OR ON 2012/03/26
or feedback) USPAT 06:20
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A7 i 43 and (tunable or tuning or tuned  {US-PGPUB;{OR ON 2012/03/26
or feedback or detune or detuning) USPAT 06:21
48 i ("20090085408").PN. US-PGPUB; {OR OFF 2012/03/26
USPAT; 06:57
USOCR
$49 i ("20110140544").PN. US-PGPUB; #OR OFF 2012/04/09
USPAT; 13:11
USOCR
S50 i S49 and common US-PGPUB; {OR OFF 2012/04/09
USPAT 13:11
S51 3 (("20110140544") or ("7825543") or {US-PGPUB;OR OFF 2012/04/09
("7741734")).PN. USPAT; 13:14
USOCR
Sh2 i3 S51 and common US-PGPUB;§OR OFF 2012/04/09
USPAT 13:14
Sh3 i S51 and (common adj inductance) US-PGPUB; §OR ON 2012/04/09
USPAT 13:15
S54 4 (("20110140544") or ("20100117456") §US-PGPUB; {OR OFF 2012/04/09
or ("7825543") or ("7741734")).PN. USPAT; 13:19
USCCR
Sh5 i S52 and (common adj inductance) US-PGPUB; §OR ON 2012/04/09
USPAT 13:19
S56 i3 S52 and common US-PGPUB;{OR OFF 2012/04/09
USPAT 13:20
S57 4 SH54 and common US-PGPUB;{OR OFF 2012/04/09
USPAT 13:20
Sh8 {368 (high adj q) same resonant same USPAT OR OFF 2012/04/09
(tune or tuning) 13:54
Sh9  iib87 (high adj q) same resonant same US-PGPUB; {OR ON 2012/04/09
(tune or tuning) USPAT 13:54
S60 ({1485 (307/104).CCLS. USPAT; OR OFF 2012/05/07
USOCR 04:48
61 i3 $60 and young and fleming USPAT OR OFF 2012/05/07
04:48
S62 2 (("7825543") or ("7741734")).PN. USPAT; OR OFF 2012/05/07
USOCR 08:04
S63 i5 "2006011769" EPG; OR OFF 2012/05/07
DERWENT 08:16
S64 4 "2004072581" EPG; OR OFF 2012/05/07
DERWENT 08:17
S65 (2179 (307/104).CCLS. US-PGPUB;OR OFF 2012/05/07
USPAT; 12:02
USOCR
S66 (1921 (320/108).CCLS. US-PGPUB;{OR OFF 2012/05/07
USPAT; 12:02
USOCR
S67 {1199 S65 or S66 USPAT OR OFF 2012/05/07
12:02
S68 {12381 S65 or S66 US-PGPUB;HOR OFF 2012/05/07
USPAT 12:02
S69 {100 S68 and (nano or nanoscale) US-PGPUB;{OR ON 2012/05/07
USPAT 12:02
S70 409 capacitor same inductor same(nano or US-PGPUB;OR ON 2012/05/07
nanoscale) USPAT 12:07
ES71 55 §]capacitor same inductor same(nano or EUSF’GPUB OR ]ON §]2012/05/07§
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E i Inanoscale) same transponder jusPAaT | i J12:13 ‘
S72 1365 capacitor same inductor same powder §US-PGPUB;iOR ON 2012/05/07
USPAT 12:19
S73 87 q same (inductor or inductance) same {§jUS-PGPUB;iOR ON 2012/05/07
(air adj core) same frequency USPAT 13:09
S74 5 q same (inductor or inductance) same jUS-PGPUB;OR ON 2012/05/07
(air adj core) same adjustable USPAT 13:13
S75 {24 (inductor or inductance) same (air adj §jUS-PGPUB;{OR ON 2012/05/07
core) same adjustable USPAT 13:14
S76 79 (inductor or inductance) same (air adj §US-PGPUB;{OR ON 2012/05/07
core) same variable USPAT 13:15
S77 4166 S68 and (air adj core) US-PGPUB; §OR ON 2012/05/07
USPAT 13:24
S78 {21 (inductor or inductance) same (air adj §EPO; JPO; HOR ON 2012/05/07
core) same variable DERWENT 13:38
S79 98 $68 and (variable or adjustable) near2 jUS-PGPUB;:OR ON 2012/05/07
(inductor or inductance) USPAT 13:43
S80 b3 ("20020082059" | "20030006880" | US-PGPUB;HOR OFF 2012/05/07
"20030090239" | "3689885" | USPAT; 13:51
"3938018" | "3949268" | "4800328" | jUSOCR
"4818855" | "5229652" | "5341280" |
"5428659" | "5455466" | "5455467" |
"5550452" | "5600225" | "5701657" |
"5734254" | "5814900" | "5831348" |
"5982764" | "6057668" | "6127799" |
"6252380" | "6265791" | "6301128" |
"8323775" | "6424124" | "6429622" |
"6462432" | "6597076" | "6683438" |
"6703920" | "6821670" | "6844702" |
"8977479").PN. OR
("7518267").URPN.
S81 it ("6436299").PN. USPAT; OR OFF 2012/05/07
USOCR 13:59
S82 2222 (307/104).CCLS. US-PGPUB;{OR OFF 2012/06/18
USPAT; 05:48
USOCR
S83 1962 (320/108).CCLS. US-PGPUB;{OR OFF 2012/06/18
USPAT; 05:48
USOCR
S84 {12222 (307/104).CCLS. US-PGPUB;{OR OFF 2012/06/18
USPAT; 05:49
USOCR
S85 {962 (320/108).CCLS. US-PGPUB;{OR OFF 2012/06/18
USPAT; 05:49
USOCR
S86 112458 S84 or S85 US-PGPUB;{OR OFF 2012/06/18
USPAT 05:49
87 511 (high adj q) same resonator same US-PGPUB;§OR ON 2012/06/18
(contactless or (contact adj less) or USPAT; 05:50
inductive or inductively or wireless or {USOCR;
wirelessly) FPRS;
EPO; JPO;
DERWENT;
IBV_TDB
88 {264 ("near" adj field) same (wireless adj {jUS-PGPUB;iOR ON 2012/06/18
power) USPAT; 05:50
USOCR;
FPRS;
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EPO; JPO;
DERWENT;
|BM_TDB
S89 163 ("near" adj field) adj inductive US-PGPUB; {OR ON 2012/06/18
USPAT; 05:50
USCCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S90 {2458 S84 or B5 US-PGPUB;HOR OFF 2012/06/18
USPAT 05:51
S91 350 S90 and "near" adj field US-PGPUB; HOR ON 2012/06/18
USPAT 05:51
S92 {11 ("20040100338" | "20040233043" | US-PGPUB;{OR ON 2012/06/18
"20060202665" | "20120068549" | USPAT 07:40
"B053774" | "5287112" | "6772011" |
"8076800" | "8076801" | "8084889" |
"8097983").PN.
$93 4 ("20030124050" | "20030126948" | US-PGPUB;{OR ON 2012/06/18
"b4b5467" | "6772011").PN. USPAT 07:40
S94 {2 (("7825543") or ("7741734")).PN. USPAT; OR OFF 2012/06/18
USCCR 08:05
95 2 S94 and characteristic USPAT OR OFF 2012/06/18
08:05
$96 it ("20030210106").PN. US-PGPUB;HOR OFF 2012/07/03
USPAT 10:37
97 i1 ("5959433").PN. US-PGPUB;HOR OFF 2012/07/03
USPAT 10:39
S98 447 evanescent adj tail US-PGPUB;{OR OFF 2012/07/03
USPAT; 10:40
USCCR,;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB
S99 50 $98 and inductive US-PGPUB;OR OFF 2012/07/03
USPAT; 10:41
USCCR,;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB
S100 §97 S98 same power US-PGPUB;{OR OFF 2012/07/03
USPAT; 10:42
USCCR,;
FPRS;
EPO; JPO;
DERWENT;
|BM_TDB
S101 #50 398 same wireless$ US-PGPUB; OR OFF 2012/07/03
USPAT; 10:43
USQOCR,;
FPRS;
EPO; JPO;
DERWENT;
|IBM_TDB
S102 §{60 $98 and wireless$ US-PGPUB;HOR OFF 2012/07/03
USPAT; 10:44
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USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S103 37316 computer same (wireless$ or US-PGPUB;{OR ON 2012/07/03
inductive$) same power USPAT; 11:05
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBV_TDB
S104 {4230 computer same (wireless$ or US-PGPUB; §OR ON 2012/07/03
inductive$) same power same USPAT; 11:05
(coupling or transfer) USCCR,;
FPRS;
EPO; JPO;
DERWENT;
IBV_TDB
$105 {56 ("2967267" | "3549990" | "4038625" | JUS-PGPUB;{OR OFF 2012/07/03
"4854573" | "4697183" | "4755783" | JUSPAT; 11:06
"4914561" | "4924171" | "4996638" | §USOCR
"5122729" | "5157319" |
"5166965").PN. OR
("5455467").URPN.
S106 {1358 computer same (wireless$ or US-PGPUB;{OR ON 2012/07/03
inductive$) same power same USPAT; 11:09
(charging) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBV_TDB
S107 §2 ("2005/0151511") .URPN. USPAT OR OFF 2012/07/03
11:19
$108 {971 (320/108).CCLS. US-PGPUB; {OR OFF 2012/07/03
USPAT; 11:20
USOCR
S109 §130 S$108 and computer USPAT OR OFF 2012/07/03
11:20
S110 {364 S108 and computer US-PGPUB; {OR OFF 2012/07/03
USPAT 11:21
S111 i1 ("20100277005").PN. US-PGPUB; {OR OFF 2012/07/03
USPAT; 11:28
USOCR
S112 42 (("20100277005") or US-PGPUB;OR OFF 2012/07/03
("20110049996")) .PN. USPAT; 11:29
USOCR
S113 40 S112 and base USPAT OR OFF 2012/07/03
11:30
S114 40 S112 and hold USPAT OR OFF 2012/07/03
11:30
S115 40 S$112 and portable USPAT OR OFF 2012/07/03
11:31
S116 2 S112 and portable US-PGPUB;3{OR OFF 2012/07/03
USPAT 11:31
S117 §2 S112 and base US-PGPUB;OR OFF 2012/07/03
USPAT 11:31
5118 1135 115108 and contacts HUSPAT  {OR |OFF  12012/07/03;
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E | i : ; {11:44 ;
S119 i1 ("5367242").PN. USPAT; OR OFF 2012/07/03
USCCR 12:01
$120 {0 S119 and phone USPAT OR OFF 2012/07/03
12:01
S121 §244 S108 and ferrite US-PGPUB;{OR OFF 2012/07/03
USPAT 12:19
S122 i1 S112 and desktop US-PGPUB;iOR OFF 2012/07/03
USPAT 13:38
S123 42 S112 and "near" US-PGPUB; #OR OFF 2012/07/03
USPAT 13:48
S124 42 S112 and evanescent US-PGPUB; {OR OFF 2012/07/03
USPAT 14:44
S125 2 S112 and radiative US-PGPUB;{OR OFF 2012/07/03
USPAT 14:46
S126 ij2 (("7825543") or ("7741734")).PN. USPAT; OR OFF 2012/07/03
USOCR 14:50
S127 i1 ("20100207458").PN. US-PGPUB; {OR OFF 2012/08/13
USPAT; 02:46
USOCR
S128 i1 S127 and characteristic US-PGPUB; OR OFF 2012/08/13
USPAT 02:46
S129 i1 ("20100127575").PN. US-PGPUB;{OR OFF 2012/08/27
USPAT 06:11
S130 i1 S129 and second and third US-PGPUB;OR OFF 2012/08/27
USPAT 06:14
S131 40 ("7687939").PN. USPAT; OR OFF 2012/08/27
USCCR 06:15
S132 30 ("7687939").PN. US-PGPUB;HOR OFF 2012/08/27
USPAT 06:16
S133 30 ("7687939").PN. US-PGPUB;OR OFF 2012/08/27
USPAT 06:16
S134 i1 ("7741734") .PN. US-PGPUB;HOR OFF 2012/08/27
USPAT 06:21
S135 40 S134 and second and third USPAT OR OFF 2012/08/27
06:22
S136 i1 ("20110074347").PN. US-PGPUB;HOR OFF 2012/08/27
USPAT; 12:22
USCCR
S137 43 (("20110074347") or ("7825543") or {US-PGPUB;{{OR OFF 2012/08/27
("7741734")).PN. USPAT; 12:23
USOCR
S$138 i1 ("20100237708").PN. US-PGPUB;OR OFF 2012/08/29
USPAT; 08:48
USOCR
S$139 i1 $138 and housing US-PGPUB;#OR OFF 2012/08/29
USPAT 08:49
S140 i1 $138 and housing US-PGPUB;{OR ON 2012/08/29
USPAT 09:17
S141 #2 (("20101117456") or ("20080278264") jUS-PGPUB;{OR OFF 2012/09/04
or ("7825543")).PN. USPAT; 11:41
USCCR
S142 43 (("20100117456") or ("20080278264") jUS-PGPUB;{OR OFF 2012/09/04
or ("7825543")).PN. USPAT; 11:42
USCCR
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S143 §3 S142 and impedance US-PGPUB; {OR ON 2012/09/04
USPAT 11:44
S144 30 S142 and (impedance same (match or {US-PGPUB;{OR ON 2012/09/04
matching)) USPAT 11:45
S145 43 (("20100127573") or ("7741734") or JUS-PGPUB;{OR OFF 2012/09/10
("7825543")).PN. USPAT; 10:27
USOCR
5146 3 S145 and characteristic US-PGPUB; §OR OFF 2012/09/10
USPAT 10:28
S$147 §1706 (307/104).CCLS. US-PGPUB; #OR OFF 2012/09/10
USPAT 12:09
$148 {1095 (333/195).CCLS. US-PGPUB;{OR OFF 2012/09/10
USPAT 12:09
S$149 {1017 (320/108).CCLS. US-PGPUB;HOR OFF 2012/09/10
USPAT 12:09
S155 i1 ("20100096934").PN. US-PGPUB;:{OR OFF 2012/09/10
USPAT 13:29
S157 i1 ("20100102641").PN. US-PGPUB; OR OFF 2012/09/10
USPAT; 14:44
USOCR
S159 i1 ("20110169339").PN. US-PGPUB;HOR OFF 2012/09/11
USPAT; 07:05
USOCR
$160 {0 S159 and (voltage same capacitor) USPAT OR OFF 2012/09/11
07:08
S161 {1 S159 and (voltage same capacitor) US-PGPUB; OR ON 2012/09/11
USPAT 07:08
S162 i1 S159 and (information same US-PGPUB;HOR ON 2012/09/11
exchange) USPAT 07:09
S163 i1 S159 and planar US-PGPUB;OR ON 2012/09/11
USPAT 07:18
S164 425 (high adj q) same feedback same US-PGPUB;iOR ON 2012/09/11
(wireless$ or (non adj contact) or USPAT; 08:16
contactless) USOCR,;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S165 {1110 q same feedback same (wireless$ or §US-PGPUB;iOR ON 2012/09/11
(non adj contact) or contactless or USPAT; 08:18
inductive$) USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBV_TDB
S166 478 g same feedback same (wireless$ or {US-PGPUB;{OR ON 2012/09/11
(non adj contact) or contactless or USPAT; 08:18
inductive$) same power same USCCR;
transfer FPRS;
EPO; JPO;
DERWENT;
IBVM_TDB
S167 §1019 (320/108).CCLS. US-PGPUB;#OR OFF 2012/09/11
USPAT; 08:21
EPO; JPO;
DERWENT
Es1 68 ;!1794 §I(307/104).OCLS. US—PGPUB;giOR ;jOFF §12012/09/11§
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USPAT,;
EPO; JPO;
DERWENT

08:21

S$169

("0320r33").PN.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT

OR

OFF

2012/09/ 11
08:22

S$170

2717

S167 or S168

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2012/09/11
08:22

S171

485

S170 and feedback

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

OR

OFF

2012/09/11
08:22

S172

507

S170 and (secondary same current
same voltage)

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2012/09/11
09:33

S173

128

S170 and (secondary same current
same voltage same resonant)

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2012/09/11
09:33

S174

145

(implant$) and (secondary same
current same voltage same resonant)

US-PGPUB;
USPAT,;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

OR

OFF

2012/09/11
10:29

S175

tet same (secondary same current
same voltage same resonant)

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2012/09/11
10:39

S176

45

tet and (secondary same current
same voltage same resonant)

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2012/09/ 11
10:40

S177

54

tet and (secondary same power same
resonant)

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;

OR

OFF

2012/09/11
10:40
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DERWENT;
IBM_TDB
S178 §316 tet and (power same feedback) US-PGPUB; §OR OFF 2012/09/11
USPAT; 10:45
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S179 §126 high same q same wireless same US-PGPUB; #OR ON 2012/09/11
power same transfer USPAT; 11:12
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
$180 31790 (307/104).CCLS. US-PGPUB;OR OFF 2012/09/21
USPAT; 20:55
EPO; JPO;
DERWENT
S$181 {1013 (320/108).CCLS. US-PGPUB;OR OFF 2012/09/21
USPAT; 20:56
EPO; JPO;
DERWENT
$183 {0 20016655u1 EPC; OR OFF 2012/09/30
DERWENT 18:52
$184 9 "20016655" EPC; OR OFF 2012/09/30
DERWENT 18:52
$185 §§3 "10221484" EPO; OR OFF 2012/09/30
DERWENT 18:53
$186 10 ("200902677710").PN. US-PGPUB; §OR OFF 2012/09/30
USPAT; 19:05
USOCR
$187 i1 ("20090267710").PN. US-PGPUB; §OR OFF 2012/09/30
USPAT; 19:05
USOCR
$188 0 S$187 and radiative USPAT OR OFF 2012/09/30
19:05
5189 {0 S$187 and nonradiative USPAT OR OFF 2012/09/30
19:05
S$190 §0 S$187 and nonradiative US-PGPUB §OR OFF 2012/09/30
19:05
S191 i1 $187 and radiative US-PGPUB;OR OFF 2012/09/30
USPAT 19:06
S192 42 (("7825543") or ("7741734")).PN. USPAT; OR OFF 2012/10/01
USOCR 07:01
$193 {1020 (320/108).CCLS. US-PGPUB;OR OFF 2012/10/01
USPAT 07:16
S194 {746 (320/109).CCLS. US-PGPUB; OR OFF 2012/10/01
USPAT 07:16
S$195 {67 $193 and S194 US-PGPUB;HOR OFF 2012/10/01
USPAT 07:16
S196 i1 ("20110018361").PN. US-PGPUB;{OR OFF 2012/10/01
USPAT; 08:01
USOCR
S197 i1 $196 and motorized US-PGPUB;#OR OFF 2012/10/01
USPAT 08:01
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S198 i1 S196 and movement US-PGPUB; {OR OFF 2012/10/01
USPAT 08:02
S199 i1 S196 and position US-PGPUB;§OR OFF 2012/10/01
USPAT 08:04
$S200 i1 ("20100327660").PN. US-PGPUB;HOR OFF 2012/10/01
USPAT; 09:41
USOCR
S201 i1 S200 and optimize US-PGPUB;HOR OFF 2012/10/01
USPAT 09:41
$202 i1 200 and optimizing US-PGPUB; §OR OFF 2012/10/01
USPAT 09:43
S2083 i1 $200 and optimiz$ US-PGPUB; #OR OFF 2012/10/01
USPAT 09:44
S204 i1 ("20110074218").PN. US-PGPUB;{OR OFF 2012/10/01
USPAT; 17:14
USOCR
S205 i3 (("20100123354") or ("20100123353") §US-PGPUB;{OR OFF 2012/11/23
or ("20090267710")).PN. USPAT; 11:14
USOCR
S206 i3 S205 and resonator US-PGPUB;iOR OFF 2012/11/23
USPAT 11:19
$S207 60 "7741734" US-PGPUB;OR OFF 2012/11/23
USPAT 12:01
S208 i1 ("7741734") .PN. USPAT; OR OFF 2012/11/23
USOCR 12:01
S209 i1 ("7741734").PN. USPAT; OR OFF 2012/11/26
USOCR 19:58
S210 30 209 and storing USPAT OR OFF 2012/11/26
19:58
S211 0 209 and store USPAT OR OFF 2012/11/26
19:58
212 30 S209 and store USPAT OR ON 2012/11/26
20:05
S213 i1 209 and energy USPAT OR ON 2012/11/26
20:05
S214 i1 $209 and stored USPAT OR ON 2012/11/26
20:07
S215 i1 209 and intrinsic USPAT OR ON 2012/11/26
20:12
$216 {2 (("6960968") or ("7069064")).PN. USPAT; OR OFF 2012/12/10
USCCR 15:46
S217 {1802 (307/104).CCLS. US-PGPUB;OR OFF 2012/12/10
USPAT 22:53
S219 4 (("20110140544") or ("20100117456") jUS-PGPUB;iOR OFF 2012/12/17
or ("7825543") or ("7741734")).PN. USPAT; 08:16
USCCR
S220 4 S219 and acoustic US-PGPUB;HOR OFF 2012/12/17
USPAT 08:16
S221 1233 acoustic near3 power near3 US-PGPUB;HOR ON 2012/12/17
transmission USPAT 08:17
5222 {34 S$221 and resonant US-PGPUB;{OR ON 2012/12/17
USPAT 08:17
223 {774 (self adj (resonant or resonating)) US-PGPUB;OR ON 2013/01/24
near5 (coil or loop) USPAT; 09:19
USOCR;
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FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

S224

593

(self adj (resonant or resonating))
near2 (coil or loop)

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2013/01/24
09:20

S225

303

(self adj (resonant or resonating)) adj
(coil or loop)

US-PGPUB;
USPAT,;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

OR

ON

2013/01/24
09:20

5226

123

("3859624" | "4450431" | "4630044" |
"4658263" | "4868915").PN. OR
("5084699"). URPN.

US-PGPUB;
USPAT;
USOCR

OR

OFF

2013/01/24
09:29

S227

23

S223 same ("near” adj field)

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2013/01/24
09:38

5228

("5012236").PN.

USPAT;
USOCR

OR

OFF

2013/01/24
09:40

5229

900

self near2 (resonant or resonate or
resonance or resonating) near2 (coil
or loop)

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2013/01/24
12:09

S230

2524

(307/104).CCLS.

US-PGPUB;
USPAT;
USOCR

OR

OFF

2013/01/24
12:19

S231

209

S230 and (self near2 (resonant or
resonate or resonance or resonating))

US-PGPUB;
USPAT;
USOCR

OR

ON

2013/01/24
12:19

S232

782

229 or 231

US-PGPUB;
USPAT;
USOCR

OR

ON

2013/01/24
12:20

5233

209

$230 and (self near2 (resonant or
resonate or resonance or resonating))

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2013/01/24
12:20

S234

957

233 or 229

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;

IBM_TDB

OR

ON

2013/01/24
12:20
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S235 {17 self same resonant same coil same US-PGPUB; {OR ON 2013/02/07
transponder USPAT; 10:50

USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB

S236 i1 ("20100231053").PN. US-PGPUB; OR OFF 2013/02/21
USPAT; 08:45
USOCR

S237 {2993 contactless same (energy or power) HEPO; JPO; {OR OFF 2013/02/28
DERWENT 01:50

$238 137 contactless same (energy or power) {EPO; JPO; §OR ON 2013/02/28
same (resonant or resonance or DERWENT 01:50
resonating)

S239 {934 wireless same (energy or power) EPO; JPO; HOR ON 2013/02/28
same (resonant or resonance or DERWENT 02:15
resonating)

$240 {233 wireless same (energy or power) EPO; JPO; HOR ON 2013/02/28
same (resonant or resonance or DERWENT 02:15
resonating) same coil

S241 §118 wireless same (energy or power) EPO; JPO; §OR ON 2013/02/28
same q DERWENT 02:23

S$242 129 wireless same (energy or power) EPO; JPO; HOR ON 2013/02/28
same (resonant or resonance or DERWENT 02:29
resonating) same q

$243 30 (h02j5/0005).1PCR. US-PGPUB; OR OFF 2013/02/28

USPAT; 08:48
EPO; JPO;
DERWENT
S244 {975 h02j5/005.cpc. US-PGPUB; OR OFF 2013/02/28
USPAT; 08:52
EPO; JPO;
DERWENT
8245 30 h02j5/005.cpc. EPO; JPO; #OR OFF 2013/02/28
DERWENT 08:55
$246 {0 h02j5/005 EPO; JPO; HOR OFF 2013/02/28
DERWENT 08:55
S247 30 h02j5/005.cpc. EPO; JPO; §OR OFF 2013/02/28
DERWENT 09:03
$248 10 h02j5.cpcl. EPO; JPO; HOR OFF 12013/02/28
DERWENT 109:06
S249 {0 h02j.cpcl. EPO; JPO; HOR OFF 2013/02/28
DERWENT 09:07
S250 {9041 h02j17/00 EPO; JPO; HOR OFF 2013/02/28
DERWENT 09:18
S251 30 h02j17/00 EPO OR OFF 2013/02/28
09:21
S252 17452 h02j17/00 DERWENT HOR OFF 2013/02/28
09:21
S253 9041 h02j17/00 JPO; OR OFF 12013/02/28
DERWENT 109:21
S254 {1589 h02j17/00 JPO OR OFF 2013/02/28
09:21
S255 {0 h02j17/00.ipc. EPO OR OFF 2013/02/28
09:26
{ { i
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$256 {0 h02j17/00.ipc. DERWENT {OR OFF 2013/02/28
09:26
$257 {0 h02j17/00.epc. EPO OR OFF 2013/02/28
09:27
$258 10 H02J17/00.epc. EPO OR OFF 2013/02/28
09:27
$259 {0 H02J17/00.ipc. EPO OR OFF 2013/02/28
09:27
$260 1589 H02J17/00.ipc. JPO OR OFF 2013/02/28
09:28
$261 11095 S252 and q DERWENT #OR OFF 2013/02/28
09:28
$262 25 S252 and (high adj q) DERWENT HOR OFF 12013/02/28
109:30
S263 i1 schuerman and (high adj q) USPAT OR OFF 2013/02/28
09:32
$264 i1 ("5053774").PN. USPAT OR OFF 2013/02/28
09:32
5265 {8 schuerman and q USPAT OR OFF 2013/02/28
09:36
S266 i1 ("5374930").PN. USPAT; OR OFF 2013/02/28
USOCR 09:39
S267 497 ("5287112").PN. OR US-PGPUB; {OR OFF 2013/02/28
("5374930").URPN. USPAT; 09:39
USOCR
S268 1230 S252 and (resonator) DERWENT {OR OFF 2013/02/28
09:45
S269 {242 S252 and (resonator) DERWENT {OR ON 2013/02/28
09:46
S270 554 S252 and (resonant) DERWENT HOR ON 2013/02/28
09:51
S271 61 transponder and (resonance or JPO; OR ON 2013/02/28
resonant or resonating) and q DERWENT; 10:34
IBM_TDB
S272 i1 ("5095224").PN. USPAT; OR OFF 2013/02/28
USOCR 10:44
S273 43 ("3166718" | "3360732" | "3391345" | JUS-PGPUB;:OR OFF 2013/02/28
"4345604" | "4489370" | "4584499" | {USPAT; 10:44
"4654574" | "4675796" | "4694387" | {USOCR
"4743789" | "4829415").PN. OR
("5095224"). URPN.
S274 {1069 252 and resonance DERWENT {OR OFF 2013/02/28
10:47
S275 44 274 and quality DERWENT #OR OFF 2013/02/28
10:47
S276 541 252 and resonance and coil DERWENT {OR OFF 2013/02/28
10:48
8277 #557 S252 and resonance and coil DERWENT {OR ON 2013/02/28
10:48
S278 {71 (high adj q) and coil and resonance §DERWENT HOR ON 2013/02/28
10:59
S279 453 (high adj q) same coil same US-PGPUB; HOR ON 2013/02/28
resonance USPAT 11:03
S280 33 (high adj g) same transponder same {US-PGPUB;iOR ON 2013/02/28
power USPAT 11:22
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S281 i34 (high adj q) same wireless$ same EPO; JPO; HOR ON 2013/02/28
power DERWENT 11:45
S282 1786 (resonance or resonator or EPO; JPO; HOR ON 2013/02/28
resonating) same wireless$ same DERWENT 11:46
power
S283 {521 (resonance or resonator or EPO; JPO; HOR ON 2013/02/28
resonating) same inductive$ same DERWENT 11:53
power
S284 {41 S252 and meter EPO; JPO; HOR ON 2013/02/28
DERWENT 12:04
S285 108 "10" and power and distance and EPO; JPO; HOR ON 2013/02/28
resonant DERWENT 1447
S286 {7452 h02j17/00 DERWENT #OR OFF 2013/02/28
14:51
S287 §77 S286 and power and distance and EPO; JPO; #OR ON 2013/02/28
resonant DERWENT 14:51
S288 1477 magnetic and resonant and power EPO; JPO; #OR ON 2013/02/28
and (transfer or transmission or DERWENT 14:52
coupling)
S289 {39 S286 and repeater EPO; JPO; #OR ON 2013/02/28
DERWENT 15:02
$290 {2569 (807/104).CCLS. US-PGPUB;HOR OFF 2013/02/28
USPAT; 15:04
USCCR
S291 §145 S290 and repeater US-PGPUB; §OR ON 2013/02/28
USPAT 15:04
$292 {67 implant same repeater US-PGPUB; §OR ON 2013/02/28
USPAT 15:07
$293 9 "near field" and q and loop EPO; JPO; HOR ON 2013/03/01
DERWENT 10:26
S294 #193 "near field" and loop EPO; JPO; #0OR ON 2013/03/01
DERWENT 10:27
S295 {201 "near field" and power and EPO; JPO; {OR ON 2013/03/01
transmission DERWENT 10:31
S296 {1374 "near field" same power same US-PGPUB;{OR ON 2013/03/01
transmission USPAT 10:33
S297 130 "near field" same power same US-PGPUB;OR ON 2013/03/01
transmission same q USPAT 10:33
S298 #160 "near field" same power same US-PGPUB; {OR ON 2013/03/01
transmission same resonance USPAT 10:35
S299 1256 "near field" same (wireless or US-PGPUB;{OR ON 2013/03/01
contactless or inductive) same USPAT 10:36
resonance
S300 101 ("3036295" | "3137847" | "3182314" | jUS-PGPUB;{OR OFF 2013/03/01
"3182315" | "3218638" | "3299424" | {USPAT,; 10:39
"3363246" | "3467962" | "3518546" | JUSOCR
"3522602" | "3737911" |
"3739279").PN. OR
("4160971").URPN.
S301 §j228 "wireless power transfer" EPO; JPO; {OR OFF 2013/03/01
DERWENT 10:42
S302 807 "wireless power transfer" US-PGPUB; §OR OFF 2013/03/01
USPAT 10:46
S303 110 "contactless power transfer” US-PGPUB; {OR OFF 2013/03/01
USPAT 10:51
f i { i
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S304 {3053 ((contactless or wireless$ or EPO; JPO; §OR ON 2013/03/01
inductive$) adj power) DERWENT 10:57
S305 {7642 ((contactless or wireless or inductive H{EPO; JPO; §OR ON 2013/03/01
or inductively) adj3 power) DERWENT 10:58
S306 #3011 ((contactless or wireless or inductive {EPO; JPO; §OR ON 2013/03/01
or inductively) adj power) DERWENT 10:58
S307 {56 ((contactless or wireless or inductive {EPO; JPO; §OR ON 2013/03/01
or inductively) adj3 power) same q DERWENT 10:58
S308 {115 ((contactless or wireless or inductive $EPO; JPO; i{OR ON 2013/03/01
or inductively) adj3 power) and DERWENT 11:00
("near" adj field)
S309 {522 ((contactless or wireless or inductive {US-PGPUB;iOR ON 2013/03/01
or inductively) adj3 power) same USPAT 11:01
("near" adj field)
S310 392 (self adj resonance) same q US-PGPUB;iOR ON 2013/03/01
USPAT 11:04
S311 112569 (307/104).CCLS. US-PGPUB; OR OFF 2013/03/01
USPAT; 11:10
USOCR
S312 148 S311 and quality USPAT OR OFF 2013/03/01
11:10
S313 1331 S311 and quality US-PGPUB;{OR OFF 2013/03/01
USPAT 11:10
S314 {264 S311 and (g adj factor) US-PGPUB;iOR OFF 2013/03/01
USPAT 11:11
S315 303 (self adj (resonance or resonating)) US-PGPUB;iOR OFF 2013/03/01
and (q adj factor) USPAT 11:12
S316 {102 (loop adj antenna) same g same US-PGPUB; §OR ON 2013/03/01
resonance USPAT 11:15
S317 i1 ("7741734").PN. USPAT; OR OFF 2013/03/01
USCCR 11:26
S318 §0 S317 and yates USPAT OR OFF 2013/03/01
11:26
S319 {1 S317 and optimal USPAT OR OFF 2013/03/01
11:26
S$320 {1 $317 and markoff USPAT OR OFF 2013/03/01
11:26
S321 i1 ("7741734").PN. USPAT; OR OFF 2013/03/01
USOCR 23:46
S322 4 "3824972" EPO; OR OFF 2013/03/02
DERWENT 00:54
S323 {235 magnetic adj antenna EPO; JPO; HOR OFF 2013/03/02
DERWENT 01:48
S324 §252 magnetic adj antenna EPO; JPO; H#OR ON 2013/03/02
DERWENT 01:48
S325 1680 magnetic adj antenna US-PGPUB; #OR ON 2013/03/02
USPAT 02:05
S326 28 S325 same q US-PGPUB;{OR ON 2013/03/02
USPAT 02:06
8327 {290 $325 and "near field" US-PGPUB; #OR ON 2013/03/02
USPAT 02:08
S328 {10 ("20040046663" | "20050086264" | US-PGPUB; #OR OFF 2013/03/02
"20050178832" | "6236315" | USPAT; 02:17
"6259369" | "6839035" | USOCR
"7005968").PN. OR
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E 1 ("7280045"). URPN. : : |
S329 #133 (quality adj factor) same (loss adj US-PGPUB;HOR ON 2013/03/02
rate) USPAT; 02:51
USOCR
S330 70 (quality adj factor) same (loop adj US-PGPUB;iOR ON 2013/03/02
antenna) USPAT; 02:52
USOCR
S331 {11 (quality adj factor) and (loop adj EPO; JPO; HOR ON 2013/03/02
antenna) DERWENT 02:59
S332 321 (quality adj factor) and (resonant adj {EPO; JPO; {OR ON 2013/03/02
frequency) DERWENT 03:08
S333 {265 (quality adj factor) same (resonant EPO; JPO; jOR ON 2013/03/02
adj frequency) DERWENT 03:08
S334 {1587 (quality adj factor) same (resonant USPAT OR ON 2013/03/02
adj frequency) 03:12
S335 i1 ("20100207458").PN. US-PGPUB; OR OFF 2013/06/02
USPAT 08:29
8336 {0 S$335 and dynamically USPAT OR OFF 2013/06/02
08:34
8337 {0 S$335 and dynamic$ USPAT OR OFF 2013/06/02
08:55
S338 10 S335 and intrinsic USPAT OR OFF 2013/06/02
09:09
S339 10 S335 and dynamically US-PGPUB; OR OFF 2013/06/02
USPAT 09:11
S340 i1 $335 and intrinsic US-PGPUB; iOR OFF 2013/06/02
USPAT 09:11
S341 30 S335 and " high intrinsic” US-PGPUB; {OR OFF 2013/06/02
USPAT 09:13
S342 i1 S335 and high US-PGPUB; OR OFF 2013/06/02
USPAT 09:13
S343 i1 S335 and rate US-PGPUB;OR OFF 2013/06/02
USPAT 09:16
S344 i1 ("20110089895").PN. US-PGPUB;#OR OFF 2013/06/03
USPAT; 01:10
USOCR
S345 i1 S344 and repeater US-PGPUB; OR OFF 2013/06/03
USPAT 01:10
S346 i1 S344 and enhances US-PGPUB;iOR OFF 2013/06/03
USPAT 01:12
S347 i1 8344 and "coupling mode region” US-PGPUB;{OR OFF 2013/06/03
USPAT 01:13
$348 {0 qualcom and "coupling mode region" {US-PGPUB;{OR OFF 2013/06/03
USPAT 01:14
S349 #0 qualcom and (wireless same repeater {US-PGPUB;{OR OFF 2013/06/03
same "near" same field) USPAT 01:15
S350 {16 qualcom and (wireless same US-PGPUB;OR OFF 2013/06/03
repeater) USPAT 01:15
S351 316 nigel and (wireless same repeater) US-PGPUB;OR OFF 2013/06/03
USPAT 01:16
S352 i1 ("20090284218").PN. US-PGPUB;HOR OFF 2013/06/03
USPAT; 01:20
USOCR
S353 i1 ("20090286470").PN. US-PGPUB;{OR OFF 2013/06/03
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USPAT; 01:23
USOCR
S354 12 (("20100207458") or US-PGPUB; {OR OFF 2013/06/03
("20110089895")) .PN. USPAT 15:30
8355 {2 (("20090224856") or US-PGPUB; OR OFF 2013/06/03
("20110089895")) .PN. USPAT 15:32
S356 i1 ("20090286470").PN. US-PGPUB;iOR OFF 2013/06/03
USPAT; 15:39
USOCR
S357 i1 S356 and (resonant or resonator) US-PGPUB;iOR ON 2013/06/03
USPAT 15:39
S358 0 S356 and g US-PGPUB;OR ON 2013/06/03
USPAT 15:57
S359 66 ("2274557" | "3694803" | "3723966" | {US-PGPUB;{OR OFF 2013/06/03
"3798642" | "3806905" | "3911434" | YUSPAT; 17:03
"3990041" | "4067235" | "4074227" | YUSOCR
"4174515" | "4303910").PN. OR
("4450431").URPN.
S360 11 ("20040046663" | "20050086264" | US-PGPUB; §OR OFF 2013/06/03
"20050178832" | "6236315" | USPAT; 17:20
"6259369" | "6839035" | USCCR
"7005968").PN. OR
("7280045"). URPN.
S361 {36228 (rfid or (rf adj2 id)) smae passive EPO; JPO; §OR ON 2013/06/03
same repeater DERWENT 17:26
S362 ii6 (rfid or (rf adj2 id)) same passive EPO; JPO; HOR ON 2013/06/03
same repeater DERWENT 17:26
S363 11 (rfid or (rf adj2 id)) near2 passive US-PGPUB;{OR ON 2013/06/03
near2 repeater USPAT 19:50
S364 173 (rfid or (rf adj2 id)) near2 repeater US-PGPUB;HOR ON 2013/06/03
USPAT 19:51
S365 i3 (("8097983") or ("7825543") or USPAT; OR OFF 2013/06/03
("7741734")).PN. USOCR 20:13
S366 i3 (("8097983") or ("7825543") or US-PGPUB; §OR OFF 2013/06/03
("7741734") or USPAT 20:15
("201100898985")).PN.
S367 30 S366 and repeater US-PGPUB;OR ON 2013/06/03
USPAT 20:16
S368 ij4 (("8097983") or ("7825543") or US-PGPUB;HOR OFF 2013/06/03
("7741734") or ("20110089895")).PN. JUSPAT 20:17
S369 i1 S368 and repeater US-PGPUB;OR OFF 2013/06/03
USPAT 20:17
S370 i0 tranponder same resonator EPO; JPO; #OR OFF 2013/06/05
DERWENT 09:37
S371 {64 transponder same resonator EPO; JPO; §OR ON 2013/06/05
DERWENT 09:37
S372 {103 transponder near5 resonator US-PGPUB;OR ON 2013/06/05
USPAT 09:45
S373 136 transponder same resonator same q {{US-PGPUB;iOR ON 2013/06/05
USPAT; 09:50
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
ESS74 !36 §Itransponder same resonator same g |US-PGPUB;{OR ]ON §12013/06/05§
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and resonator USPAT; 09:56
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
8375 {7 ("20030161511" | "20030200814" | US-PGPUB; #OR OFF 2013/06/05
"20070176773" | "5b443987" | USPAT; 09:58
"5663072" | "6025725" | USOCR
"6204764").PN. OR
("7714593").URPN.
8376 32 rfid same resonator same q US-PGPUB;i{OR ON 2013/06/05
USPAT; 09:59
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
S377 §7 rfid and resonator and q EPO; JPO; HOR ON 2013/06/05
DERWENT 10:01
S378 {112 tire and pressure and resonator EPO; JPO; HOR ON 2013/06/05
DERWENT 10:02
S379 i1 ("4450431").PN. USPAT; OR OFF 2013/06/05
USOCR 17:13
S380 0 S379 and resonator USPAT OR OFF 2013/06/05
17:13
S381 i1 S379 and resonant USPAT OR OFF 2013/06/05
17:13
S382 {4 (("8097983") or ("7825543") or US-PGPUB; #OR OFF 2013/06/ 11
("7741734") or ("20110089895")).PN. {USPAT 08:29
S383 {4 S382 and enhanc$ US-PGPUB;{OR OFF 2013/06/11
USPAT 08:29
S384 i1 S382 and "loop inductor” US-PGPUB;#OR OFF 2013/06/11
USPAT 09:05
S385 2 hochstein and tire and pressure and {§US-PGPUB;OR OFF 2013/06/11
"267,261" USPAT 10:28
S386 16 ("3662335" | "3806905" | "3858174" | §US-PGPUB;:OR OFF 2013/06/ 11
"4006449" | "4074227" | USPAT; 10:43
"4174515").PN. USCCR
S387 2 ("2274557") .PN. USPAT; OR OFF 2013/06/ 11
USOCR 10:49
$388 i3 (("2274557") or ("3723966")).PN. USPAT; OR OFF 2013/06/ 11
USOCR 10:49
S389 4 (tire adj pressure) same resonant US-PGPUB;iOR OFF 2013/06/11
same repeat$ USPAT; 13:44
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBVM_TDB
S390 39 (tire adj pressure) same resonant US-PGPUB;§OR OFF 2013/06/11
same passive USPAT; 13:52
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBV_TDB
3391 {2 contactless same resonant same US-PGPUB; jOR ON 2013/06/11;
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repeater

USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

13:54

S392

87

wireless$ same resonant same
repeater

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2013/06/11
13:54

S393

wireless$ same resonant same
extender

US-PGPUB;
USPAT,;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2013/06/ 11
13:56

S394

rfid same resonant same extender

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2013/06/ 11
13:56

S395

rfid same resonant same repeater

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2013/06/11
13:57

S396

rfid and resonant and repeater

FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2013/06/11
13:58

S397

rfid and resonant and extender

FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2013/06/ 11
13:58

S398

rfid and extender

FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2013/06/11
13:58

S399

73

rfid and booster

FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

OR

ON

2013/06/11
14:01

$400

14

rfid and booster and range

FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2013/06/11
14:01

$401

176

rfid and passive and range

FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2013/06/11
14:02

$402

1150

rfid same range same (boost$ or
(extend or extender or extending))

US-PGPUB;
USPAT;

OR

ON

2013/06/11
14:28
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USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

5403

814

rfid same range same (extend or
extender or extending)

US-PGPUB;
USPAT,;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
|IBM_TDB

OR

ON

2013/06/11
14:29

$404

172

rfid same range same (extend or
extender or extending) same
passive$

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2013/06/11
14:29

$405

("5379455" | "5600333" | "6107910" |
"6137403" | "6223990" | "6278413" |
"6359444") .PN.

US-PGPUB;
USPAT;
USOCR

OR

OFF

2013/06/11
14:34

$408

284

rfid same range same improved same
antenna

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2013/06/11
14:37

$407

("8097983").PN.

USPAT;
USOCR

OR

OFF

2013/06/12
00:16

$408

("5053774").PN.

USPAT;
USOCR

OR

OFF

2013/06/12
00:40

$409

97

rfid same resonant same detun$

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2013/06/12
01:44

$410

97

rfid same resonant same detun$

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2013/06/12
01:44

S411

76

resonator same resonant same
frequency same g same | same ¢

USPAT

OR

OFF

2013/06/12
16:27

412

148

resonator same resonant same
frequency same g same | same ¢

US-PGPUB

OR

OFF

2013/06/12
16:31

$413

rfid same resonant same frequency
same g same | same ¢

US-PGPUB

OR

OFF

2013/06/12
16:33

414

12

transponder same resonant same
frequency same g same | same ¢

US-PGPUB;
USPAT;
USCCR,;
FPRS;

EPO; JPO;
DERWENT;
IBM_TDB

OR

ON

2013/06/12
17:19
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$415 {112 transponder same resonant same US-PGPUB; {OR ON 2013/06/12
frequency same q USPAT; 17:44
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBV_TDB
$416 {4206 | same ¢ same resonant same US-PGPUB; {OR ON 2013/06/12
frequency same q USPAT; 17:52
USOCR;
FPRS;
EPO; JPO;
DERWENT;
IBVM_TDB
S417 {19 | same ¢ same resonant same FPRS; OR ON 2013/06/12
frequency same q EPO; JPO; 17:52
DERWENT;
IBVM_TDB
418 i1 charger same resonant same FPRS; OR ON 2013/06/12
frequency same q EPO; JPO; 17:54
DERWENT;
IBVM_TDB
419 {47 charger same resonant same US-PGPUB;§OR ON 2013/06/12
frequency same q USPAT 17:55
$420 #429 (resonant adj circuit) near5 resonator JUSPAT OR ON 2013/06/12
18:58
421 {51 (resonant adj circuit) near5 resonator JUSPAT OR ON 2013/06/12
same q 18:58
22 {74 ("3440633" | "4429314" | "4712070" | jUS-PGPUB;{OR OFF 2013/06/12
"5084699").PN. OR USPAT; 19:03
("5373303").URPN. USOCR
$423 {56 (resonant adj circuit) near5 resonator JUSPAT OR ON 2013/06/12
same LC 19:06
$424 #2101 (307/104).CCLS. US-PGPUB;#OR OFF 2013/06/12
USPAT 19:08
$425 11298 (320/108).CCLS. US-PGPUB;OR OFF 2013/06/12
USPAT 19:08
$426 1432 $424 or $425 USPAT OR OFF 2013/06/12
19:09
HA27 {62 $426 and resonator USPAT OR OFF 2013/06/12
19:09
A28 {1 ("20100127575").PN. US-PGPUB;{OR OFF 2013/06/12
USPAT; 23:35
USOCR
429 i1 $428 and resonator US-PGPUB; i OR ON 2013/06/12
USPAT 23:35
430 i35 mouse and pad and (cordless or EPO; JPO; HOR ON 2013/09/30
noncontact$ or contactless$ or DERWENT 13:26
inductive$) and power
431 {19 mouse same pad same (cordless or EPO; JPO; HOR ON 2013/09/30
noncontact$ or contactless$ or DERWENT 13:46
inductive$) same power
HA32 {72 mouse same pad same (cordless or US-PGPUB;OR ON 2013/09/30
noncontact$ or contactless$ or USPAT 13:48
inductive$) same power
$433 {20 ("20070090790" | "7518267" | US-PGPUB;#CR ON 2013/09/30
"20070090790" | "20100109445" | USPAT 14:18
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"20080278112" | "7741734" |
"20100041332" | "7826873" |
"8013568" | "20090284083" |
"20100045114" | "7825543" |
"20080278264" | "20100289449" |
"20080278264" | "8339096" |
"20050134213" | "8040103" |
"20100148589" | "6008622" |
"20090237029" | "20100127660").PN

$ or US-20090010028-$ or US-
20080197710-$ or US-20070276538-
$ or US-20070267918-$% or US-
20070145830-$ or US-20050288740-
$ or US-20050085873-$% or US-
20020105343-% or US-20020032471 -
$ or US-20050288741-$ or US-
20040233043-$ or US-20040032363-
$ or US-20040030260-$% or US-
20030130708-$ or US-20070142872-
$ or US-20060025830-$ or US-
20040199212-$% or US-20020097770-
$ or US-20090051224-$% or US-
20030135971-%) .did. or (US-
20030124050-$% or US-20030126948-
$ or US-20040263307-$ or US-
20050007067-$ or US-20030210106-
$ or US-20050151511-$ or US-
20040189246-$% or US-20020089305-
$ or US-20110285214-$ or US-
20110101790-$ or US-20100066176-
$ or US-20100036773-$% or US-
20100007307-$ or US-20090174263-

$434 38 q same (resonant or resonance or US-PGPUB;i0OR ON 2013/09/30
resonator) same charging same USPAT 14:24
("near" adj field)

435 {5 q and (resonant or resonance or EPO; JPO; §OR ON 2013/09/30
resonator) and charging and ("near" {YDERWENT 14:26
adj field)

$436 {45 q and (resonant or resonance or EPO; JPO; HOR ON 2013/09/30
resonator) and ("near" adj field) DERWENT 14:27

$437 503 q same (resonant or resonance or US-PGPUB; §OR ON 2013/09/30
resonator) same ("near" adj field) USPAT 14:28

$438 1296 g same (resonant or resonance or US-PGPUB;§OR ON 2013/09/30
resonator) same ("near" adj field) USPAT 14:29
same power

$439 {854 (q same (resonant or resonance or US-PGPUB;§OR ON 2013/09/30
resonator) same power) and ("near" HJUSPAT 14:32
adj field)

$440 {120 g and (resonant or resonance or EPO; JPO; HOR ON 2013/09/30
resonator) and transmitter and power §DERWENT 15:07

S441 423 g same (resonant or resonance or EPO; JPO; #0OR ON 2013/09/30
resonator) same transmitter same DERWENT 15:13
power

$442 §418 g same (resonant or resonance or US-PGPUB;{OR ON 2013/09/30
resonator) same transmitter same USPAT 15:13
power

$443 {184 (US-20030114769-$ or US- US-PGPUB;{OR OFF 2013/09/30
20110281528-$ or US-20090153273- {USPAT; 15:22
$ or US-20050206479-$ or US- EPO; JPO;
20050174197-$ or US-20040037363- {DERWENT
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$ or US-20060071632-$ or US-
20100289449-$ or US-20080001572-
$ or US-20060012371-$ or US-
20050258966-$ or US-20040000974-
$ or US-20040134985-$ or US-
20080218314-$ or US-20070241762-
$ or US-20030137446-$ or US-
20020130778-$ or US-20050237198-
$ or US-20050104790-$).did. or (US-
20050275629-$ or US-20040196262-
$ or US-20040145567-$ or US-
20100127660-$ or US-20040130425-
$).did. or (US-6047214-$ or US-
6307468-$ or US-6483202-$ or US-
7994880-$ or US-4654573-$ or US-
5367242-$ or US-6430069-$ or US-
6906495-$ or US-7521890-$ or US-
7599743-$ or US-6009350-$ or US-
5630835-$ or US-7622891-$ or US-
5519262-$ or US-6561975-$ or US-
4516097-$ or US-5455467-$ or US-
7825543-$ or US-7741734-$ or US-
6307440-$ or US-6217604-$ or US-
5057809-$ or US-6170026-$ or US-
7084605-$ or US-6844702-$ or US-
6184651-%).did. or (US-5923544-$ or
US-4082097-$ or US-7495414-$ or
US-5654621-$ or US-5702431-$ or
US-5498948-$% or US-5703461-$ or
US-5084699-$ or US-4450431-$ or
US-4630044-$ or US-5317330-% or
US-5703573-$ or US-8310108-$ or
US-6424820-$ or US-4471343-$ or
US-5374930-$% or US-5053774-$ or
US-5250944-$ or US-5099227-$ or
US-4560445-$ or US-5541604-$ or
US-5420579-$ or US-5287112-$ or
US-6489745-$ or US-4656472-$ or
US-7541930-$ or US-7280045-$).did.
or (US-6839035-$ or US-4588978-$
or US-2274557-$ or US-5373303-$ or
US-5550536-$ or US-5864323-$ or
US-5033295-$ or US-7075435-$ or
US-6563425-$ or US-6650227-$ or
US-7826873-$ or US-7518267-% or
US-6008622-$ or US-3949388-$ or
US-6211799-$ or US-4059801-$).did.
or (EP-1538558-$ or WO-
2004015885-$ or EP-1434160-$ or
EP-558316-$ or DE-3824972-$ or EP-
549832-$ or DE-3941509-$ or EP-
849700-$).did. or (JP-2002075736-$
or JP-2005026741-$ or JP-
2004206383-$ or JP-2004206245-$ or
JP-11075329-$ or JP-2008125127-$
or JP-02162222-3).did. or (JP-
11144962-$ or JP-02097005-$ or DE-
20016655-$ or DE-10221484-$ or EP-
1408456-$ or EP-945829-$ or US-
7147604-$ or KR-2004072581-$ or
US-20040127248-$ or EP-1071038-$
or EP-1071039-$ or JP-2000270501-$
or JP-11305848-$% or DE-19651719-$
or US-5374930-$ or US-5287112-$ or

InductEV, Inc.
Exhibit 1031
Page 1005



EAST Search History

US-4802080-$ or DE-10152863-$ or
DE-10152858-$ or EP-473957-$ or
JP-11075329-$ or JP-08126230-$ or
US-20050063488-$ or US-5697076-$
or DD-225565-$% or US-20070145830-
$).did. or (WO-2007034421-$ or WO-
9811505-$ or WO-9811504-$ or US-
4275377-$ or US-4180795-$ or FR-
2896898-% or SG-112842-$ or WO-
2005055121-$ or WO-0215112-$ or
US-20060061324-$ or US-
20050275629-$ or US-20040189246-
$ or US-20030103039-$ or JP-
2001159948-$ or JP-10260781-
$).did.
$444 152841 443 and q or ("near" adj field) US-PGPUB;§OR ON 2013/09/30
USPAT; 15:23
EPO; JPO;
DERWENT
$445 {90 443 and (g or ("near" adj field)) US-PGPUB;§OR ON 2013/09/30
USPAT; 15:23
EPO; JPO;
DERWENT
446 (2 (("20020070718") or US-PGPUB {OR OFF 2013/09/30
("20100164292")) .PN. 15:43
$447 i1 ("7906871").PN. US-PGPUB;HOR OFF 2013/09/30
USPAT 15:45
$448 #1000 (307/104).CCLS. USPAT OR OFF 2013/09/30
15:57
$449 {13 448 and fleming and young USPAT OR OFF 2013/09/30
15:57
$450 {12 ("20040046663" | "20050086264" | US-PGPUB;{OR OFF 2013/09/30
"20050178832" | "6236315" | USPAT; 16:22
"6259369" | "6839035" | USOCR
"7005968").PN. OR
("7280045").URPN.
$451 {28 ("20020044058" | "20030043949" | US-PGPUB;{OR OFF 2013/09/30
"5168282" | "5285177" | "6b420579" | {USPAT; 16:23
"6069564" | "6118379" | "6147606" | JUSOCR
"6278413" | "6281794" | "6396438" |
"6400274" | "6480110" |
"6516182").PN. OR
("6839035").URPN.
452 {14 ("20070080804" | "6016409" | US-PGPUB;{OR OFF 2013/09/30
"6259369" | "6351621" | "6377764" | {USPAT; 16:25
"6839035").PN. OR USOCR
("7504951") .URPN.
$453 9 ("20050162331" | "5270717" | US-PGPUB;OR OFF 2013/09/30
"5580664" | "6480110" | "6839035" | {USPAT; 16:26
"6924777" | "7119671" | "7126552" | §USOCR
"7439863").PN. OR
("7696884").URPN.
$454 {30 ("4737789" | "5057844").PN. OR US-PGPUB;3OR OFF 2013/09/30
("5270717").URPN. USPAT; 16:29
USOCR
455 195 wireless$ and powered and television {EPO; JPO; HOR ON 2013/09/30
DERWENT 18:03
$456 {{1577132 ijwireless$ said powered said television §US-PGPUB;{OR ON 2013/09/30
USPAT 18:06
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(power or energy) and transmission

$457 {722 wireless$ same powered same US-PGPUB; OR ON 2013/09/30
television USPAT 18:07
$458 {129 wireless$ and powered and appliance {EPO; JPO; {OR ON 2013/09/30
DERWENT 18:10
459 20 inductive$ and powered and EPO; JPO; HOR ON 2013/09/30
appliance DERWENT 18:12
460 81 inductive$ same powered same US-PGPUB; iOR ON 2013/09/30
appliance USPAT 18:13
$461 132 ("2133494" | "2415688" | "3320512" | §US-PGPUB;{OR OFF 2013/09/30
"3530499" | "3710062").PN. OR USPAT; 18:23
("3761668"). URPN. USOCR
$A462 {47 ("2133494") .URPN. USPAT OR OFF 2013/09/30
18:35
$463 11 inductive$ and energiz$ and EPO; JPO; #OR ON 2013/09/30
appliance DERWENT 18:38
$464 {676 (noncontact or (non adj contact) or EPO; JPO; HOR ON 2013/09/30
contactless$) and appliance DERWENT 18:40
$465 4095392 ii(noncontact or (non adj contact) or EPO; JPO; HOR ON 2013/09/30
contactless$) and appliance (power or {DERWENT 18:40
energy)
$466 213 (noncontact or (non adj contact) or EPO; JPO; HOR ON 2013/09/30
contactless$) and appliance and DERWENT 18:40
(power or energy)
$467 §120 (noncontact or (non adj contact) or EPO; JPO; HOR ON 2013/09/30
contactless$) and tv and (power or DERWENT 19:11
energy)
$468 151 (noncontact or (non adj contact) or US-PGPUB;iOR ON 2013/09/30
contactless$) same tv same (power or jUSPAT 19:14
energy)
469 {14 (noncontact or (non adj contact) or EPO; JPO; §OR ON 2013/09/30
contactless$) and desktop and (power §DERWENT 19:17
or energy)
$470 1256 (noncontact or (non adj contact) or EPO; JPO; HOR ON 2013/09/30
contactless$) and (desk or table) and §DERWENT 19:18
(power or energy)
S471 {1297 (noncontact or (non adj contact) or EPO; JPO; HOR ON 2013/09/30
contactless$) and distance and DERWENT 19:26
(power or energy)
$472 2368531 ii(noncontact or (non adj contact) or EPO; JPO; HOR ON 2013/09/30
contactless$) and distance and DERWENT 19:26
(power or energy) separat$
$473 {104 (noncontact or (non adj contact) or EPO; JPO; HOR ON 2013/09/30
contactless$) and distance and DERWENT 19:26
(power or energy) and separat$
$474 430 (noncontact or (non adj contact) or EPO; JPO; HOR ON 2013/09/30
contactless$) same distance same DERWENT 19:36
(power or energy) same separat$
$A475 {322 (noncontact or (non adj contact) or US-PGPUB;iOR ON 2013/09/30
contactless$) same distance same USPAT 19:36
(power or energy) same separat$
SA76 {844 (noncontact or (non adj contact) or US-PGPUB;§OR ON 2013/09/30
contactless$) same (desk or table or {USPAT 19:41
shelf) same (power or energy)
SA77 {361 (noncontact or (non adj contact) or EPO; JPO; HOR ON 2013/09/30
contactless$) and distance and DERWENT 19:49
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$478 {1735 (wireless$ or inductive$) and distance YEPO; JPO; HOR ON 2013/09/30
and (power or energy) and DERWENT 19:57
transmission
$479 {75 (wireless$ or inductive$) and distance §EPO; JPO; #OR ON 2013/09/30
and (power or energy) and DERWENT 19:57
transmission and meter
480 {119 (wireless$ or inductive$) and distance §EPO; JPO; #OR ON 2013/09/30
and (power or energy) and DERWENT 19:58
transmission and separat$
$481 i1 ("20120086867").PN. US-PGPUB; OR OFF 2013/12/15
USPAT; 15:56
USOCR

482 i1 S481 and television US-PGPUB; {OR OFF 2013/12/15
USPAT 15:57

$483 21 (wireless$ or contactless$ or EPO; JPO; HOR OFF 2013/12/15
noncontact or inductive$) same DERWENT 15:58
powered same television

$484 {1659 (wireless$ or contactless$ or US-PGPUB;{OR OFF 2013/12/15
noncontact or inductive$) same USPAT 16:01
powered same television

485 {537 (wireless$ or contactless$ or EPO; JPO; {OR OFF 2013/12/15
noncontact or inductive$) same DERWENT 16:04
powered same (computer or display
or monitor)

$486 19 ("20050162331" | "6270717" | US-PGPUB; OR OFF 2013/12/15
"5580664" | "6480110" | "6839035" | $USPAT; 16:42
"8924777" | "7119671" | "7126552" | §USOCR
"7439863").PN. OR
("7696884"). URPN.

$487 {3623 g and (inductive or contactless or EPO; JPO; §OR ON 2013/12/15
wireless) and (power adj supply) DERWENT 17:04

$488 {45 q and (inductive or contactless or EPO; JPO; {OR ON 2013/12/15
wireless) and (power adj supply) and {DERWENT 17:05
resonant

$489 {197 (US-20030114769-$ or US- US-PGPUB; #OR OFF 2013/12/15
20110281528-$ or US-20090153273- {USPAT; 17:44
$ or US-20050206479-$ or US- EPO; JPO;
20050174197-$ or US-20040037363- {§DERWENT
$ or US-20090010028-$ or US-
20080197710-$ or US-20070276538-
$ or US-20070267918-$ or US-
20070145830-$ or US-20050288740-
$ or US-20050085873-$ or US-
20020105343-$ or US-20020032471-
$ or US-20050288741-$ or US-
20040233043-$ or US-20040032363-
$ or US-20040030260-$ or US-
20030130708-$ or US-20070142872-
$ or US-20060025830-$ or US-
20040199212-$ or US-20020097770-
$ or US-20090051224-$ or US-
20030135971-9$).did. or (US-
20030124050-$ or US-20030126948-
$ or US-20040263307-$ or US-
20050007067-$ or US-20030210106-
$ or US-20050151511-$ or US-
20040189246-$ or US-20020089305-
$ or US-20110285214-$ or US-
20110101790-$ or US-20100066176-
$ or US-20100036773-$ or US-

file:///Cl/Users/ffleming/Documents/e-Red%20Folder/13789860/EASTSearchHistory.13789860_Accessible Version.htm[3/9/2015 7:25:52 AM]

InductEV, Inc.
Exhibit 1031
Page 1008



EAST Search History

file:///Cl/Users/ffleming/Documents/e-Red%20Folder/13789860/EASTSearchHistory.13789860_Accessible Version.htm[3/9/2015 7:25:52 AM]

20100007307-$ or US-20090174263-

$ or US-20080071632-$% or US-

20100289449-% or US-20080001572-

$ or US-20080012371-$ or US-

20050258966-$ or US-20040000974-

$ or US-20040134985-$ or US-

20080218314-$ or US-20070241762-

$ or US-20030137446-$% or US-

20020130778-$ or US-20050237198-
$ or US-20050104790-$).did. or (US-
20050275629-$ or US-20040196262-

$ or US-20040145567-$ or US-

20100127660-$ or US-20040130425-
$ or US-20120086867-$).did. or (US-

6047214-$% or US-6307468-$ or US-
6483202-$ or US-7994880-$ or US-
4654573-$ or US-5367242-$ or US-
6430069-$ or US-6906495-$ or US-
7521890-$ or US-7599743-$ or US-
6009350-$ or US-5630835-$ or US-
7622891-$ or US-5519262-$ or US-
6561975-$ or US-4516097-$ or US-
5455467-$ or US-7825543-$ or US-
7741734-$ or US-6307440-$ or US-
6217604-$ or US-5057809-$ or US-
6170026-$ or US-7084605-$ or US-
6844702-$ or US-6184651-%).did. or
(US-5923544-$ or US-4082097-$ or
US-7495414-$ or US-5654621-$ or
US-5702431-$ or US-5498948-$ or
US-5703461-$ or US-5084699-$ or
US-4450431-$ or US-4630044-$ or
US-5317330-$ or US-5703573-$ or
US-8310108-$ or US-6424820-$ or
US-4471343-$ or US-5374930-$ or
US-5053774-$ or US-5250944-$ or
US-5099227-$ or US-4560445-$ or
US-5541604-$ or US-5420579-$ or
US-5287112-$ or US-6489745-$ or
US-4656472-$ or US-7541930-$ or

US-7280045-$).did. or (US-6839035-$
or US-4588978-$ or US-2274557-$ or

US-5373303-$ or US-5550536-$ or
US-5864323-$ or US-5033295-$ or
US-7075435-$ or US-6563425-$ or
US-8650227-$ or US-7826873-$ or
US-7518267-$ or US-6008622-$ or
US-3949388-$ or US-6211799-$ or
US-4059801-$ or US-7696884-$ or
US-7504951-$ or US-5270717-$ or

US-2133494-%).did. or (EP-1538558-$
or WO-2004015885-$ or EP-1434160-

$ or EP-558316-$ or DE-3824972-$
or EP-549832-$ or DE-3941509-$ or
EP-849700-$ or WO-9827561-%).did.
or (JP-2002075736-$ or JP-

2005026741-$ or JP-2004206383-$ or

JP-2004206245-$ or JP-11075329-$

or JP-2008125127-$ or JP-02162222-

$ or JP-2004275417-$% or JP-

2002345104-%).did. or (JP-11144962-
$ or JP-02097005-$ or DE-20016655-
$ or DE-10221484-$ or EP-1408456-%

or EP-945829-$ or US-7147604-$ or
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KR-2004072581-$% or US-
20040127248-$ or EP-1071038-$ or
EP-1071039-$% or JP-2000270501-$ or
JP-11305848-$ or DE-19651719-$ or
US-5374930-$ or US-5287112-$ or
US-4802080-$ or DE-10152863-$ or
DE-10152858-$ or EP-473957-$ or
JP-11075329-$ or JP-08126230-$ or
US-20050063488-$ or US-5697076-$
or DD-225565-$ or US-20070145830-
$).did. or (WO-2007034421-$ or WO-
9811505-$ or WO-9811504-$ or US-
4275377-$ or US-4180795-$ or FR-
2896898-$ or SG-112842-$ or WO-
2005055121-$ or WO-0215112-$ or
US-20060061324-$ or US-
20050275629-$ or US-20040189246-
$ or US-20030103039-$ or JP-
2001159948-$ or JP-10260781-$ or
US-6331744-$ or JP-09182323-$ or
DE-102011101478-$ or US
20060176239-$ or US-6803744-
$).did.

$ or US-20090010028-$ or US-
20080197710-$ or US-20070276538-
$ or US-20070267918-$ or US-
20070145830-$ or US-20050288740-
$ or US-20050085873-$ or US-
20020105343-$ or US-20020032471 -
$ or US-20050288741-$ or US-
20040233043-$ or US-20040032363-
$ or US-20040030260-$ or US-
20030130708-$ or US-20070142872-
$ or US-20060025830-$ or US-
20040199212-$ or US-20020097770-
$ or US-20090051224-$ or US-
20030135971-$).did. or (US-
20030124050-$ or US-20030126948-
$ or US-20040263307-$ or US-
20050007067-$ or US-20030210106-
$ or US-20050151511-$ or US-
20040189246-$ or US-20020089305-
$ or US-20110285214-$ or US-
20110101790-$ or US-20100066176-
$ or US-20100036773-$ or US-

$490 {76 489 and q US-PGPUB;{OR OFF 2013/12/15
USPAT; 17:45
EPO; JPO;
DERWENT
$491 {21 3489 and falls US-PGPUB;HOR OFF 2013/12/15
USPAT; 18:03
EPO; JPO;
DERWENT
$492 i1 ("6047214").PN. USPAT; OR OFF 2013/12/15
USOCR 19:14
$493 i1 ("20120086867").PN. US-PGPUB;iOR OFF 2013/12/15
USPAT; 20:31
USCCR
$494 {197 (US-20030114769-$ or US- US-PGPUB;iOR OFF 2014/02/24
20110281528-$ or US-20090153273- {USPAT; 21:45
$ or US-20050206479-$ or US- EPO; JPO;
20050174197-$ or US-20040037363- {DERWENT
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20100007307-$ or US-20090174263-

$ or US-20080071632-$% or US-

20100289449-% or US-20080001572-

$ or US-20080012371-$ or US-

20050258966-$ or US-20040000974-

$ or US-20040134985-$ or US-

20080218314-$ or US-20070241762-

$ or US-20030137446-$% or US-

20020130778-$ or US-20050237198-
$ or US-20050104790-$).did. or (US-
20050275629-$ or US-20040196262-

$ or US-20040145567-$ or US-

20100127660-$ or US-20040130425-
$ or US-20120086867-$).did. or (US-

6047214-$% or US-6307468-$ or US-
6483202-$ or US-7994880-$ or US-
4654573-$ or US-5367242-$ or US-
6430069-$ or US-6906495-$ or US-
7521890-$ or US-7599743-$ or US-
6009350-$ or US-5630835-$ or US-
7622891-$ or US-5519262-$ or US-
6561975-$ or US-4516097-$ or US-
5455467-$ or US-7825543-$ or US-
7741734-$ or US-6307440-$ or US-
6217604-$ or US-5057809-$ or US-
6170026-$ or US-7084605-$ or US-
6844702-$ or US-6184651-%).did. or
(US-5923544-$ or US-4082097-$ or
US-7495414-$ or US-5654621-$ or
US-5702431-$ or US-5498948-$ or
US-5703461-$ or US-5084699-$ or
US-4450431-$ or US-4630044-$ or
US-5317330-$ or US-5703573-$ or
US-8310108-$ or US-6424820-$ or
US-4471343-$ or US-5374930-$ or
US-5053774-$ or US-5250944-$ or
US-5099227-$ or US-4560445-$ or
US-5541604-$ or US-5420579-$ or
US-5287112-$ or US-6489745-$ or
US-4656472-$ or US-7541930-$ or

US-7280045-$).did. or (US-6839035-$
or US-4588978-$ or US-2274557-$ or

US-5373303-$ or US-5550536-$ or
US-5864323-$ or US-5033295-$ or
US-7075435-$ or US-6563425-$ or
US-8650227-$ or US-7826873-$ or
US-7518267-$ or US-6008622-$ or
US-3949388-$ or US-6211799-$ or
US-4059801-$ or US-7696884-$ or
US-7504951-$ or US-5270717-$ or

US-2133494-%).did. or (EP-1538558-$
or WO-2004015885-$ or EP-1434160-

$ or EP-558316-$ or DE-3824972-$
or EP-549832-$ or DE-3941509-$ or
EP-849700-$ or WO-9827561-%).did.
or (JP-2002075736-$ or JP-

2005026741-$ or JP-2004206383-$ or

JP-2004206245-$ or JP-11075329-$

or JP-2008125127-$ or JP-02162222-

$ or JP-2004275417-$% or JP-

2002345104-%).did. or (JP-11144962-
$ or JP-02097005-$ or DE-20016655-
$ or DE-10221484-$ or EP-1408456-%

or EP-945829-$ or US-7147604-$ or
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KR-2004072581-$% or US-
20040127248-$ or EP-1071038-$ or
EP-1071039-$% or JP-2000270501-$ or
JP-11305848-$ or DE-19651719-$ or
US-5374930-$ or US-5287112-$ or
US-4802080-$ or DE-10152863-$ or
DE-10152858-$ or EP-473957-$ or
JP-11075329-$ or JP-08126230-$ or
US-20050063488-$ or US-5697076-$
or DD-225565-$ or US-20070145830-
$).did. or (WO-2007034421-$ or WO-
9811505-$ or WO-9811504-$ or US-
4275377-$ or US-4180795-$ or FR-
2896898-$ or SG-112842-$ or WO-
2005055121-$ or WO-0215112-$ or
US-20060061324-$ or US-
20050275629-$ or US-20040189246-
$ or US-20030103039-$ or JP-
2001159948-$ or JP-10260781-$ or
US-6331744-$ or JP-09182323-$ or
DE-102011101478-$ or US
20060176239-$ or US-6803744-
$).did.

$ or US-20090010028-$ or US-
20080197710-$ or US-20070276538-
$ or US-20070267918-$ or US-
20070145830-$ or US-20050288740-
$ or US-20050085873-$ or US-
20020105343-$ or US-20020032471-
$ or US-20050288741-$ or US-
20040233043-$ or US-20040032363-
$ or US-20040030260-$ or US-
20030130708-$ or US-20070142872-
$ or US-20060025830-$ or US-
20040199212-$ or US-20020097770-
$ or US-20090051224-$ or US-
20030135971-$).did. or (US-
20030124050-$ or US-20030126948-
$ or US-20040263307-$ or US-
20050007067-$ or US-20030210106-
$ or US-20050151511-$ or US-
20040189246-$ or US-20020089305-
$ or US-20110285214-$ or US-
20110101790-$ or US-20100066176-
$ or US-20100036773-$ or US-
20100007307-$ or US-20090174263-
$ or US-20060071632-$ or US-
20100289449-$ or US-20080001572-
$ or US-20060012371-$ or US-
20050258966-$ or US-20040000974-
$ or US-20040134985-$ or US-
20080218314-$ or US-20070241762-
$ or US-20030137446-$ or US-
20020130778-$ or US-20050237198-
$ or US-20050104790-$).did. or (US-

20050275629-$ or US-20040196262-

$495 {9 494 and litz US-PGPUB;{OR OFF 2014/02/24
USPAT; 21:45
EPO; JPO;
DERWENT
$496 {197 (US-20030114769-$ or US- US-PGPUB;HOR OFF 2014/02/25
20110281528-$ or US-20090153273- {USPAT; 16:53
$ or US-20050206479-$ or US- EPO; JPO;
20050174197-$ or US-20040037363- {DERWENT
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$ or US-20040145567-$ or US-
20100127660-$ or US-20040130425-
$ or US-20120086867-%).did. or (US-
6047214-$ or US-6307468-$ or US-
6483202-$ or US-7994880-$ or US-
4654573-$ or US-5367242-$ or US-
6430069-$ or US-6906495-$ or US-
7521890-$ or US-7599743-$ or US-
6009350-$ or US-5630835-$ or US-
7622891-$ or US-5519262-$ or US-
6561975-$ or US-4516097-$ or US-
5455467-$ or US-7825543-$ or US-
7741734-$ or US-6307440-$ or US-
6217604-$ or US-5057809-$ or US-
6170026-$ or US-7084605-$ or US-
6844702-$ or US-6184651-%).did. or
(US-5923544-$% or US-4082097-$ or
US-7495414-$ or US-5654621-$ or
US-5702431-$ or US-5498948-$ or
US-5703461-$ or US-5084699-$ or
US-4450431-$ or US-4630044-$ or
US-5317330-$ or US-5703573-$ or
US-8310108-$ or US-6424820-$ or
US-4471343-$ or US-5374930-$ or
US-5053774-$ or US-5250944-$ or
US-5099227-$ or US-4560445-$ or
US-5541604-$ or US-5420579-$ or
US-5287112-$ or US-6489745-% or
US-4656472-$ or US-7541930-$ or
US-7280045-9).did. or (US-6839035-$
or US-4588978-$ or US-2274557-$ or
US-5373303-$ or US-5550536-$ or
US-5864323-$ or US-5033295-$ or
US-7075435-$ or US-6563425-$ or
US-6650227-$ or US-7826873-$ or
US-7518267-$ or US-6008622-$ or
US-3949388-$ or US-6211799-$ or
US-4059801-$ or US-7696884-$ or
US-7504951-$ or US-5270717-$ or
US-2133494-%).did. or (EP-1538558-$
or WO-2004015885-$ or EP-1434160-
$ or EP-558316-$ or DE-3824972-$
or EP-549832-$ or DE-3941509-% or
EP-849700-$ or WO-9827561-%).did.
or (JP-2002075736-$ or JP-
2005026741-$ or JP-2004206383-$ or
JP-2004206245-$ or JP-11075329-$
or JP-2008125127-$% or JP-02162222-
$ or JP-2004275417-$% or JP-
2002345104-9$).did. or (JP-11144962-
$ or JP-02097005-$ or DE-20016655-
$ or DE-10221484-$ or EP-1408456-$
or EP-945829-$% or US-7147604-$ or
KR-2004072581-$% or US-
20040127248-$ or EP-1071038-$ or
EP-1071039-$ or JP-2000270501-$ or
JP-11305848-$ or DE-19651719-$ or
US-5374930-$ or US-5287112-$ or
US-4802080-$ or DE-10152863-$ or
DE-10152858-$ or EP-473957-$ or
JP-11075329-$ or JP-08126230-$ or
US-20050063488-$ or US-5697076-$
or DD-225565-$ or US-20070145830-
$).did. or (WO-2007034421-$ or WO-
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9811505-$ or WO-9811504-$ or US-
4275377-$ or US-4180795-% or FR-
2896898-$ or SG-112842-$ or WO-
2005055121-$% or WO-0215112-% or
US-20060061324-$ or US-
20050275629-$ or US-20040189246-
$ or US-20030103039-$ or JP-
2001159948-$% or JP-10260781-$ or
US-6331744-$ or JP-09182323-$ or
DE-102011101478-% or US-
20060176239-$ or US-6803744-
$).did.

$ or US-20090010028-$ or US-
20080197710-$ or US-20070276538-
$ or US-20070267918-$ or US-
20070145830-$ or US-20050288740-
$ or US-20050085873-% or US-
20020105343-$ or US-20020032471 -
$ or US-20050288741-$ or US-
20040233043-$ or US-20040032363-
$ or US-20040030260-$ or US-
20030130708-$ or US-20070142872-
$ or US-20060025830-$ or US-
20040199212-$ or US-20020097770-
$ or US-20090051224-$ or US-
20030135971-$).did. or (US-
20030124050-$ or US-20030126948-
$ or US-20040263307-$ or US-
20050007067-$ or US-20030210106-
$ or US-20050151511-$ or US-
20040189246-$ or US-20020089305-
$ or US-20110285214-$ or US-
20110101790-$ or US-20100066176-
$ or US-20100036773-$ or US-
20100007307-$ or US-20090174263-
$ or US-20060071632-$ or US-
20100289449-$ or US-20080001572-
$ or US-20060012371-$ or US-
20050258966-$ or US-20040000974-
$ or US-20040134985-$ or US-
20080218314-$ or US-20070241762-
$ or US-20030137446-$ or US-
20020130778-$ or US-20050237198-
$ or US-20050104790-9%).did. or (US-
20050275629-$ or US-20040196262-
$ or US-20040145567-$ or US-
20100127660-$ or US-20040130425-
$ or US-20120086867-%).did. or (US
6047214-$% or US-6307468-$ or US-
6483202-$ or US-7994880-$ or US-
4654573-$ or US-5367242-$ or US-
6430069-$ or US-6906495-$ or US-
7521890-$ or US-7599743-$ or US-

$497 {9 3496 and litz US-PGPUB;{OR OFF 2014/02/25
USPAT; 16:53
EPO; JPO;
DERWENT
$498 0 497 and tire USPAT OR OFF 2014/02/25
16:53
$499 {197 (US-20030114769-$ or US- US-PGPUB;{OR OFF 2014/02/25
20110281528-$ or US-20090153273- {USPAT; 16:53
$ or US-20050206479-$ or US- EPO; JPO;
20050174197-$ or US-20040037363- {DERWENT
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6009350-$ or US-5630835-$ or US-
7622891-% or US-5519262-$ or US-
6561975-$ or US-4516097-$ or US-
5455467-$ or US-7825543-$ or US-
7741734-$ or US-6307440-$ or US-
6217604-$ or US-5057809-$ or US-
6170026-$ or US-7084605-$ or US-
6844702-$ or US-6184651-%).did. or
(US-5923544-$ or US-4082097-$ or
US-7495414-$ or US-5654621-$ or
US-5702431-$ or US-5498948-$ or
US-5703461-$ or US-5084699-$ or
US-4450431-$ or US-4630044-$ or
US-5317330-$ or US-5703573-$ or
US-8310108-$ or US-6424820-$ or
US-4471343-$ or US-5374930-$ or
US-5053774-$ or US-5250944-$ or
US-5099227-$ or US-4560445-$ or
US-5541604-$ or US-5420579-$ or
US-5287112-$ or US-6489745-$ or
US-4656472-$ or US-7541930-$ or
US-7280045-%).did. or (US-6839035-$
or US-4588978-$ or US-2274557-$ or
US-5373303-$ or US-5550536-$ or
US-5864323-$ or US-5033295-$ or
US-7075435-$ or US-6563425-$ or
US-6650227-$ or US-7826873-$ or
US-7518267-$ or US-6008622-$ or
US-3949388-$ or US-6211799-$ or
US-4059801-$ or US-7696884-$ or
US-7504951-$ or US-5270717-$ or
US-2133494-%).did. or (EP-1538558-$
or WO-2004015885-$ or EP-1434160-
$ or EP-558316-$ or DE-3824972-$
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Foreign Patent Documents or Published Foreign Patent Applications
Examiner | Desig. Document Publication Country or Translation
Initial ID Number Date Patent Office | Class | Subclass Yes No
; See EP
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Pages)
20 Copy of Chinese Office Action for Chinese Application No. 201210472059.1 dated June 5, 2014 (54
pages)
Examiner Signature Date Considered
EXAMINER: Initials citation considered. Draw line through citation if not in conformance and not considered. Include copy of this form with
next communication to applicant.

Substitute Disclosure Form

InductEV, Inc.
Exhibit 1031
Page 1020



Sheet 2 of 2

Substitute Disclosure Form U.S. Department of Commerce | Attorney Docket No. Application No.
Patent and Trademark Office | ()1997-0358008 13/789,860
Information Disclosure Statement Applicant
by Applicant Aristeidis Karalis et al.
(Use several sheets if necessary) Filing Date Group Art Unit
(37 CFR §1.98(b)) March 8, 2013 3649

Other Documents (include Author, Title, Date, and Place of Publication)

Examiner | Desig.

Initial ID Document

21 Copy of Chinese Office Action for Chinese Application No. 201210472059.1 dated January 29,
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(54) PORTABLE RADIO UNIT

(57)  In one aspect of the present invention, a port-
able radio (1) is provided with: a casing (2); a cover (3)
attached to casing (2) so as to be freely opened and
closed; a dipole antenna (5) attached to cover (3); an
open-close detection means (7) for detecting the open-
ing/closing of cover (3); a power supply means (4a, 4b,
6a, 6b) for supplying power to dipole antenna (5); and
a power supply control means (8) for controlling power
supply means (4a, 4b, 6a, 6b) based upon the opening/
closing of cover (3). In another aspect thereof, the port-
able radio (1) is provided with a resonator (9) installed
in casing (2), and resonator (9) is placed at a position
close to dipole antenna (5) when cover (3) is closed. In
still another aspect thereof, in response to the opening/
closing of cover (3), first and second matching circuits
(12, 13), power supply means (6) and dipole antenna
(5) are switched and connected.

FIG.1A
1
2—.
ot—7
- &b
6a R a5
4a L2
3
5
T4 ;\
FIG.1B
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Description

Field of the Invention

[0001] The present invention relates to a portable ra-
dio, and, more particularly, concerns a portable radio
provided with an antenna installed in a housing section
(hereinafter, referred to as cover) that is freely opened
and closed.

Background Art

[0002] Japanese Patent Laying-Open No. 8-186518
discloses one example of a radio communication device
that is provided with an antenna (hereinafter, referred to
as cover antenna) in a cover that is freely openable.
[0003] This cover antenna is provided with first and
second components, and when the cover is opened the
first component is made synchronous to the operation
frequency of a transmitter-receiver circuit and when the
cover is closed, the second component is made syn-
chronous to the operation frequency of the transmitter-
receiver circuit. Therefore, in either of the cases in which
the cover is opened and closed, the cover antenna is
made synchronous to the operation frequency of the
transmitter-receiver circuit.

[0004] However, in the radio communication device in
the above-mentioned document, the cover needs to be
provided with virtually two antennas; consequently, the
antenna efficiency might deteriorate due to coupling of
these antennas. Moreover, the above-mentioned cover
antenna requires two power supply lines, resulting in a
complex mechanism and a difficulty in the layout of the
power supply lines.

Disclosure of the Invention

[0005] The present invention has been devised to
solve the above-mentioned problems. The object of the
present invention is to make the layout of the power sup-
ply lines easier while preventing the degradation in the
antenna efficiency in a portable radio provided with an
antenna in a cover that is freely opened and closed.
[0006] Inoneaspectofthe presentinvention, the port-
able radio is provided with a casing, a cover, a dipole
antenna, a power supply means, an open-close detec-
tion means, and a power supply control means. The cov-
er is attached to the casing so as to be freely opened
and closed. The dipole antenna is attached to the cover.
The power supply means supplies power to the dipole
antenna. The open-close detection means detects the
opening/closing of the cover. The power supply control
means controls the power supply means based upon
the results of detection of the open-close detection
means.

[0007] Inthe case when an antenna is attached to the
cover, it functions as a dipole antenna when the cover
is open; therefore, it is possible to obtain approximately
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20% of the band having a return loss of approximately
-6 dB. However, when the cover is closed, base conduc-
tors of the substrate inside the casing are placed close
to each other, with the result that the band is reduced to
approximately 2 % (see Fig. 2A). In order to solve this
problem, the inventors of the present invention have
studied hard to discover that it becomes possible to en-
sure a comparatively wide band having a return loss of
not more than a predetermined value, by properly con-
trolling the power supply means in response to the open-
ing/closing of the cover when the cover is provided with
one dipole antenna. More specifically, for example, par-
allel two-line type power supply lines are adopted as the
power supply means, as will be described later, and the
exciting method of these power supply lines are propetrly
revised so that, as illustrated in Fig. 2B, it becomes pos-
sible to maintain approximately 15% of the band having
areturn loss of approximately -6 dB even when the cov-
er is closed. With this arrangement, a single antenna
can deal with either of the cases in which the cover is
opened and closed, and different from the conventional
system, it is possible to eliminate the necessity of install-
ing two antennas. Consequently, it becomes possible to
prevent the reduction of the antenna efficiency. Moreo-
ver, since it is not necessary to install two antennas, the
layout of the power supply line is easily carried out.
[0008] The above-mentioned power supply means in-
cludes the parallel two-line type power supply lines. In
this case, in the state where the cover is open, the par-
allel two-line type power supply lines are excited in re-
versed phases, and in the state where the cover is
closed, the parallel two-line type power supply lines are
excited in the same phase. Thus, as described above,
in either of the cases in which the cover is opened and
closed, it becomes possible to maintain the band having
a return loss of approximately -6 dB.

[0009] Moreover, the above-mentioned power-supply
means may include a coaxial line. The coaxial line is
provided with an external conductor and an inner con-
ductor, with the external conductor and the casing being
short-circuited; thus, in the state where the cover is
open, the inner conductor is excited, and in the state
where the cover is closed, the external conductor is ex-
cited.

[0010] Inthis manner, the external conductor is excit-
ed with the cover being closed so that it becomes pos-
sible to obtain the same effect as the two-line type power
supply line that are excited in the same phase. Moreo-
ver, the inner conductor is excited with the cover being
opened so that it becomes possible to obtain the same
effect as the two-line type power supply line that are ex-
cited in reversed phases. Therefore, it is assumed that
in either of the cases in which the cover is opened and
closed, itis possible to maintain the band having areturn
loss of approximately -6 dB.

[0011] Here, the gap between the power supply point
of the external conductor and the short-circuit point of
the casing in the external conductor is preferably set to
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a quarter wavelength.

[0012] Thus, since the impedance from the power
supply through the short-circuit point becomes infinite,
itis possible to minimize the influence of the short-circuit
point given to the impedance of the power supply point.
[0013] In another aspect of the present invention, the
portable radio is provided with a casing, a cover, adipole
antenna, a power supply means and a resonator. The
cover is attached to the casing so as to be freely opened
and closed. The dipole antenna is installed in the cover.
The power supply means supplies power to the dipole
antenna. The resonator, which is placed in the casing,
is placed in a position close to the dipole antenna when
the cover is closed.

[0014] When the cover is closed, the band is hormally
narrowed. However, by placing a resonator at the
above-mentioned position, the frequencies having a low
return loss are dispersed. With this arrangement, for ex-
ample, it is possible to obtain a frequency characteristic
as shown in Fig. 7B; consequently, it becomes possible
to maintain a comparatively wide band having a return
loss of approximately -6 dB, even when the cover is
closed. On the other hand, as shown in Fig. 7A, even
when the cover is open, it becomes possible to maintain
awide band having a return loss of approximately -6 dB.
As a result, it is possible to maintain a band having a
return loss of approximately -6 dB in either of the cases
in which the cover is opened and closed.

[0015] Here, with respect to the resonator, a quarter
wavelength resonator with one end being short-circuited
and the other end being opened or a half wavelength
resonator with both of the ends being opened may be
used.

[0016] In still another aspect of the present invention,
the portable radio is provided with a casing, a cover, a
dipole antenna, a power supply means, an open-close
detection means, first and second matching circuits and
first and second switches. The cover is attached to the
casing so as to be freely opened and closed. The dipole
antenna is attached to the cover. The power supply
means supplies power to the dipole antenna. The open-
close detection means detects the opening/closing of
the cover. Based upon the result of the detection by the
open-close detection means, the first switch makes a
switchover between the first and second matching cir-
cuits and the power supply means. Based upon the re-
sult of the detection by the open-close detection means,
the second switch makes a switchover between the first
and second matching circuits and the dipole antenna.
[0017] As described above, in the case when the
matching circuit is switched in response to the opening/
closing of the cover, the frequencies having a low return
loss are dispersed in the same manner as the case in
which the resonator is installed. Thus, it is possible to
maintain a band having a return loss of approximately
-6 dB in either of the cases in which the cover is opened
and closed. In any one of the above-mentioned aspects,
the dipole antenna is preferably extended in a direction
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orthogonal to the length direction of the box-shape body.
[0018] With this arrangement, when communication
is made with the casing being tilted, polarized wave
components perpendicular to the ground become great-
er, making it possible to provide a better matching prop-
erty to the base station having perpendicularly polarized
waves. This also makes it possible to effectively prevent
the degradation in the antenna efficiency.

[0019] Moreover, in any one of the above-mentioned
aspects, the top portion of the dipole antenna may be
simply bent, or the top portion of the dipole antenna may
be bent in a meandering shape. This makes it possible
to shorten the physical length of the antenna.

Brief Description of the Drawings

[0020]

Fig. 1A is a schematic diagram of a portable radio
in accordance with a first embodiment of the
present invention.

Fig. 1B is a block diagram that explains a power
supply method of the present invention.

Fig. 2A is a drawing that shows the relationship be-
tween the return loss and the frequency in the case
when an antenna without any modification is excit-
ed in a reversed phase with the cover being closed
in the portable radio shown in Fig. 1A.

Fig. 2B is a drawing that shows the relationship be-
tween the return loss and the frequency in the case
when an antenna is excited in the same phase with
the cover being closed in the portable radio shown
in Fig. 1A.

Fig. 3A is a schematic diagram showing a radio in
a second embodiment of the present invention.
Fig. 3B is a schematic diagram showing a modified
example of the portable radio shown in Fig. 3A.
Fig. 4A is a schematic diagram showing a portable
radio in a third embodiment of the present invention.
Fig. 4B is a partially enlarged side view of the port-
able radio shown in Fig. 4A.

Fig. 5A is a schematic diagram showing a portable
radio in a fourth embodiment of the present inven-
tion.

Fig. 5B is a drawing that shows a state in which the
cover of the portable radio of Fig. 5A is closed.
Fig. 6A is a schematic diagram showing a portable
radio in a fifth embodiment of the present invention.
Fig. 6B is a circuit diagram that shows one example
of a first matching circuit in Fig. 6A.

Fig. 6C is a circuit diagram that shows one example
of a second matching circuit in Fig. 6A.

Fig. 7A is a drawing that shows the relationship be-
tween the return loss and the frequency in the case
when an antenna is excited with the cover being
opened in the portable radios of types shown in
Figs. 5A and 6A.

Fig. 7B is a drawing that shows the relationship be-
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tween the return loss and the frequency in the case
when an antenna is excited with the cover being
closed in the portable radios of types shown in Figs.
5A and 6A.

Best Mode for Carrying Out the Invention

[0021] Referring to Figs. 1A to 7B, the following de-
scription will discuss embodiments of the present inven-
tion.

(First Embodiment)

[0022] As illustrated in Fig. 1A, a portable radio 1 is
provided with a casing 2 (base conductor), a cover (flip)
3 that is freely opened and closed, a dipole antenna 5,
first and second power supply lines 4a, 4b, first and sec-
ond power supplies 6a, 6b that are RF (Radio Frequen-
cy) power supplies and a cover open-close detection
means 7.

[0023] Cover 3, which is attached to casing 2 so as to
be freely opened and closed, is made from a dielectric
material such as an organic polymer, and has dipole an-
tenna 5 placed therein. The length L1 of dipole antenna
5 is a half-wavelength (A/2), and this is extended in a
direction orthogonal to the length direction of casing 2.
Thus, when communication is made with casing 2 being
tilted, polarized wave components perpendicular to the
ground increase, thereby making it possible to provide
a better matching property to a base station having per-
pendicularly polarized waves.

[0024] Firstand second power supply lines 4a, 4b and
first and second power supplies 6a, 6b are allowed to
function as power supply means for dipole antenna 5.
As illustrated in Fig. 1, first and second power supply
lines 4a, 4b are parallel two-line type power supply lines,
and first and second power supply lines 4a, 4b are con-
nected to casing 2 through power supplies 6a, 6b re-
spectively. An electrical length L2, which is obtained by
adding first or second power supply lines 4a, 4b and a
half of dipole antenna 5, is set to A/4 + N x /2 (N: an
integer of not less than 1).

[0025] With respect to cover open-close detection
means 7 for detecting the opening and closing of cover
3, forexample, a cover open-close detection means that
has been disclosed in Japanese Patent Laying-Open
No. 6-291820 may be used. Based upon the result of
detection by cover open-close detection means 7, pow-
er supplies to first and second power supply lines 4a,
4b are controlled.

[0026] More specifically, upon detection of the open-
ing of cover 3 by cover open-close detection means 7,
first and second power supply lines 4a, 4b are excited
in phases reversed to each other, and upon detection of
the closing of cover 3 by cover open-close detection
means 7, first and second power supply lines 4a, 4b are
excited in the same phase.

[0027] In a mode shown in Fig. 1A, the operations of
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first and second power supplies 6a, 6b (power supply
means) are controlled by a control means, not shown,
in response to the opening and closing of cover 3 so that
the excited states of first and second power supply lines
4a, 4b are controlled as described above in response to
the opening and closing of cover 3.

[0028] In a state where the cover is open, since the
operation of a normal dipole antenna is available, it is
possible to obtain approximately 20 % of a band having
a return loss of not more than -6 dB. Moreover, Fig. 2B
shows a frequency characteristic when cover 3 is
closed. It is confirmed from Fig. 2B that approximately
15 % of a band having a return loss of hot more than -6
dB is obtained. Thus, the above-mentioned power-sup-
ply control makes it possible to maintain a band having
areturn loss of approximately -6 dB in either of the cases
in which the cover is opened and closed.

[0029] In other words, even in the case when a single
dipole antenna 5 is placed in cover 3, by properly con-
trolling the power supply means in response to the open-
ing and closing of cover 3, it is possible to maintain a
band having a return loss of not more than a predeter-
mined value.

[0030] W.ith this arrangement, the single antenna can
properly deal with either of the cases where cover 3 is
opened and closed so that, different from the conven-
tional example, it is possible to eliminate the necessity
of installing two covers in the cover. Consequently, it be-
comes possible to prevent degradation in the antenna
efficiency. Moreover, since it is not necessary to install
two antennas, the layout of the power supply line is eas-
ily carried out.

[0031] Here, as illustrated in Fig. 1B, a single power
supply 6 is installed and a power supply control means
8 is placed between this power supply 6 and first and
second power supply lines 4a, 4b so that power supply
control means 8 may be connected to cover open-close
detection means 7. In this case also, first and second
power supply lines 4a, 4b are excited respectively as
described above, in response to the opening and closing
of cover 3. With respect to power supply control means
8, for example, a distributor may be used.

(Second Embodiment)

[0032] Next, referring to Figs. 3A and 3B, explana-
tions will be given of the second embodiment and its
modified examples.

[0033] Asillustrated in Fig. 3A, in the second embod-
iment, the top portion of dipole antenna 5 is bent. Thus,
the physical length of dipole antenna 5 is shortened.
Thus, it becomes possible to make dipole antenna 5
compacter. The structures other than this are the same
as those of the first embodiment shown in Fig. 1A.
[0034] Moreover, as illustrated in Fig. 3B, the top por-
tion of the dipole antenna 5 may be bent in ameandering
shape. This arrangement also makes it possible to pro-
vide the same effects.
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(Third Embodiment)

[0035] Next, referring to Figs. 4A and 4B, an explana-
tion will be given of the third embodiment of the present
invention. As illustrated in Fig. 4A, in the third embodi-
ment, a coaxial line 9 is used as the power supply line.
Coaxial line 9 is provided with an external conductor 9a
and an inner conductor 9b, and external conductor 9a
and casing 2 are short-circuited. In other words, external
conductor 9a is grounded.

[0036] Asillustrated in Fig. 4B, coaxial line 9 is placed
apart from casing 2, with one end of external conductor
9a being short-circuited by casing 2 at a short-circuit
point 11. Moreover, as illustrated in Figs. 4A and 4B, a
distance L3 between a power supply point 10 of external
conductor 9a and short-circuit point 11 is set to approx-
imately A/4. Thus, since the impedance from power sup-
ply 6a through short-circuit point 11 becomes infinite, it
is possible to minimize the influence of short-circuit point
11 given to the impedance of power supply point 10.
[0037] In the third embodiment, inner conductor 9b is
excited with cover 3 being opened, and external con-
ductor 9a is excited with cover 3 being closed.

[0038] In this manner, by exciting external conductor
9a with cover 3 being closed, it is possible to obtain the
same effects as those obtained when the parallel two-
line type power supply line are excited in the same
phase. Moreover, by exciting inner conductor 9b with
cover 3 being opened, it is possible to obtain the same
effects as those obtained when the parallel two-line type
power supply line are excited in reversed phases.
[0039] Therefore, in the third embodiment also, in the
same manner as the first embodiment, it becomes pos-
sible to maintain a band having a return loss of approx-
imately -6 dB in either of the cases in which cover 3 is
opened and closed.

(Fourth Embodiment)

[0040] Next, referring to Figs. 5A and 5B, an explana-
tion will be given of the fourth embodiment of the present
invention.

[0041] The invention of the fourth embodiment and
the invention of the fifth embodiment, which will be de-
scribed later, have been devised so as to utilize two
bands that are separated from each other.

[0042] Inthe state where cover 3 is opened, since the
irradiation portion is made apart from the body of the
user, it is possible to prevent the reduction in efficiency
due to the human body. However, in the state where cov-
er 3 is closed, the band is normally narrowed, resulting
in a problem in which it is difficult to cover the two sep-
arated bands. Therefore, a resonance circuit is used so
as to disperse frequencies having a low return loss.
[0043] Asillustratedin Fig. 5A, aresonator 9 is placed
in casing 2 in the fourth embodiment as one method for
achieving the above-mentioned purpose. Resonator 9
is placed at a position close to dipole antenna 5 at the
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time when cover 3 is closed as illustrated in Fig. 5B, and
excited by dipole antenna 5 in a non-contact state. Here,
with respect to dipole antenna 5 and its power supply
means, the same members as those used in the above-
mentioned embodiments may be used.

[0044] By installing resonator 9 at the above-men-
tioned position, it is possible to disperse frequencies
having a low return loss, and consequently to obtain a
frequency characteristic, for example, shown in Fig. 7B.
In other words, it becomes possible to ensure two por-
tions of bands having a return loss of approximately -6
dB, even when cover 3 is closed.

[0045] On the other hand, at the time when cover 3 is
opened, since the operation of a hormal dipole antenna
is available, it is possible to maintain a wide band having
a return loss of approximately -6 dB as shown in Fig.
7A. As aresult, in either of the cases in which the cover
is opened and closed, it becomes possible to maintain
a band having a return loss of approximately -6 dB.
[0046] Here, with respect to resonator 9, a A/4 reso-
nator with one end being short-circuited and the other
end being opened [a resonator having a length L4 of A/
4 + N x M2 (N: an integer of not less than 1)] may be
used, or a M2 resonator with both of the ends being
opened [a resonator having a length of N x A/2 (N: an
integer of not less than 1)] may be used. Moreover, with
respect to resonator 9, for example, those having a plate
shape, a line shape, a meandering shape and a helical
shape may be used.

(Fifth Embodiment)

[0047] Next, referring to Figs. 6A to 6C, an explana-
tion will be given of the fifth embodiment of the present
invention. In the fifth embodiment, matching circuits are
switched by using a switch so that at the time when cov-
er 3 is closed, frequencies having a low return loss can
be dispersed.

[0048] As illustrated in Fig. 6A, portable radio 1 in ac-
cordance with the fifth embodiment is provided with first
and second matching circuits 12, 13, first and second
switches 14, 15 and power supply 6.

[0049] First matching circuit 12 is connected to dipole
antenna 5 when cover 3 is opened. Second matching
circuit 13 is connected to dipole antenna 5 when cover
3 is closed.

[0050] Figs. 6B and 6C show structural examples of
first and second matching circuits 12, 13. As illustrated
in Figs. 6B and 6C, each of first and second matching
circuits 12, 13 is provided with a capacitor 16 and a coil
17.

[0051] Based upon the result of detection by open-
close detection means 7, first switch 14 switches and
connects first and second matching circuits 12, 13 and
power supply 6 as described above. Based upon the re-
sult of detection by open-close detection means 7, sec-
ond switch 15 switches and connects first and second
matching circuits 12, 13 and dipole antenna 5. In other
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words, when cover 3 is opened, first matching circuit 12
is connected to power supply 6 and dipole antenna 5,
and when cover 3 is closed, second matching circuit 13
is connected to power supply 6 and dipole antenna 5.
Here, it is possible to use a power supply line other than
coaxial line 9.

[0052] In the present embodiment also, in the same
manner as the fourth embodiment, characteristics
shown in Figs. 7A and 7B are obtained. Therefore, in
either of the cases in which cover 3 is opened and
closed, it becomes possible to maintain a band having
a return loss of approximately -6 dB.

[0053] While the invention has been shown and de-
scribed in detail, the foregoing description is in all as-
pects illustrative and not restrictive. It is therefore un-
derstood that numerous other modifications and varia-
tions can be devised without departing from the scope
of the invention.

Industrial Applicability

[0054] The present invention can be effectively ap-
plied to a portable radio in which an antennais installed
in a cover (flip) that is attached to a casing so as to be
freely opened and closed.

Claims
1. A portable radio comprising:

a casing (2);

a cover (3) attached to said casing (2) so as to
be freely opened and closed;

a dipole antenna (5) attached to said cover (3);
power supply means (4a, 4b, 6a, 6b) for sup-
plying power to said dipole antenna (5);
open-close detection means (7) for detecting
the opening/closing of said cover (3); and
power supply control means (8) for controlling
said power supply means (4a, 4b, 6a, 6b)
based upon results of detection of said open-
close detection means (7).

2. The portable radio according to claim 1, wherein
said power supply means (4a, 4b, 6a, 6b) compris-
es paralleltwo-line type power supply lines (4a, 4b),
said parallel two-line type power supply lines being
excited in reversed phases in a state where said
cover (3) is open, said parallel two-line type power
supply lines being excited in the same phase in a
state where said cover (3) is closed.

3. The portable radio according to claim 1, wherein:
said power supply means (4a, 4b, 6a, 6b) compris-
es a coaxial line (9), said coaxial line (9) being pro-
vided with an external conductor (9a) and an inner
conductor (9b), with said external conductor (9a)
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10.

11.

12.

13.

and said casing (2) being short-circuited, and ex-
cites said inner conductor (9b) in a state where said
cover (3) is open, and excites said external conduc-
tor (9a) in a state where said cover (3) is closed.

The portable radio according to claim 3, wherein a
power supply point (10) of said external conductor
(9a) and a short-circuit point (11) of said external
conductor (9a) to said casing (2) has a gap of a
quarter wavelength.

The portable radio according to claim 1, wherein
said dipole antenna (5) is extended in a direction
orthogonal to a length direction of said casing (2).

The portable radio according to claim 1, wherein
said dipole antenna (5) has a top end that is bent.

The portable radio according to claim 1, wherein
said dipole antenna (5) has a top end that is bent
into a meandering shape.

A portable radio comprising:

a casing (2);

a cover (3) attached to said casing (2) so as to
be freely opened and closed;

a dipole antenna (5) attached to said cover (3);
power supply means (6) for supplying power to
said dipole antenna (5); and

a resonator (9) installed in said casing (2),

wherein said resonator (9) is placed in a po-
sition close to said dipole antenna (5) when said
cover (3) is closed.

The portable radio according to claim 8, wherein
said resonator (9) comprises a quarter wavelength
resonator with one end being short-circuited, the
other end being opened.

The portable radio according to claim 8, wherein
said resonator (9) comprises a half wavelength res-
onator with both of the ends being opened.

The portable radio according to claim 8, wherein
said dipole antenna (5) is extended in a direction
orthogonal to a length direction of said casing (2).

The portable radio according to claim 8, wherein
said dipole antenna (5) has a top end that is bent.

The portable radio according to claim 8, wherein
said dipole antenna (5) has a top end that is bent
into a meandering shape.

. A portable radio comprising:
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a casing (2);

a cover (3) attached to said casing (2) so as to
be freely opened and closed;

a dipole antenna (5) attached to said cover (3);
power supply means (6) for supplying power to
said dipole antenna (5);

open-close detection means (7) for detecting
the opening/closing of said cover (3);

first and second matching circuits (12, 13);

a first switch (14) which, based upon the result
of detection by said open-close detection
means (7), makes a switchover between said
first and second matching circuits (12, 13) and
said power supply means (6); and

a second switch (15) which, based upon the re-
sult of detection by said open-close detection
means (7), makes a switchover between said
first and second matching circuits (12, 13) and
said dipole antenna (5).

The portable radio according to claim 14, wherein
said dipole antenna (5) is extended in a direction
orthogonal to a length direction of said casing (2).

The portable radio according to claim 14, wherein
said dipole antenna (5) has a top end that is bent.

The portable radio according to claim 14, wherein
said dipole antenna (5) has a top end that is bent
into a meandering shape.
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Miscellaneous:
Submission- Information Disclosure Stmt 1806 1 180 180
Total in USD ($) 180
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Electronic Acknowledgement Receipt

EFS ID: 22038197
Application Number: 13789860
International Application Number:
Confirmation Number: 4131

Title of Invention:

WIRELESS ENERGY TRANSFER

First Named Inventor/Applicant Name:

Aristeidis Karalis

Customer Number:

26161

Filer:

Marc M. Wefers/Cheryl Forrest

Filer Authorized By:

Marc M. Wefers

Attorney Docket Number:

01997-0358008

Receipt Date: 13-APR-2015
Filing Date: 08-MAR-2013
Time Stamp: 11:20:45

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $180

RAM confirmation Number 9348

Deposit Account 061050

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:
Document L. . File Size(Bytes Multi Pages
Document Description File Name ( y )V . . g
Number Message Digest | Part/.zip| (if appl.)
138401
1 358008-IDS.pdf yes 3
92f308e81278070ccdcOb8cfc88400875faf|
75a
Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal Letter 1 1
Information Disclosure Statement (IDS) Form (SB08) 2 3
Warnings:
Information:
659535
2 Foreign Reference FA13.pdf no 20
736cfa509da5bcc5061adfd78b5f3d80618
7an
Warnings:
Information:
802118
3 Foreign Reference FA14.pdf no 18
12b30f156d7234b56a7667b0d85d0ebed3
4abebc
Warnings:
Information:
997380
4 Foreign Reference FA15.pdf no 21
041873035e00435e2e2d074d6d720c3335
b141a2
Warnings:
Information:
193840
5 Foreign Reference FA16.pdf no 15
e8b8ca815d119%efac0e25bce7207439d8afd]
68¢7
Warnings:
Information:
531288
6 Non Patent Literature NPL17.pdf no 3
5e7bb20cff933e0caech7380e5a133c136a8|
7671
Warnings:
Information:
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