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(57) ABSTRACT

Dual-mode transmitter antenna with non-uniform coil array
for wireless power transmission is disclosed. The dual mode
antenna comprises a primary coil located at center of the
dual-mode transmitter antenna and configured to generate
concentrated uniform magnetic field in a first mode and a
second mode of operation. The dual mode antenna further
comprises a plurality of secondary coils surrounding the
primary coil and located at the periphery of the dual-mode
transmitter antenna, and a switching circuit electrically
coupled to the primary coil and the plurality of the secondary
coils. The switching circuit is configured to detect a lateral
misalignment between the dual-mode transmitter antenna
and a receiver antenna and activate the plurality of second-
ary coils in the second mode of operation in response to
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detecting lateral misalignment between the dual-mode trans-
mitter antenna and the receiver antenna. The plurality of
secondary coils are configured to generate an extensive
uniform magnetic field.

10 Claims, 7 Drawing Sheets
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generating, by a primary coil, concentrated uniform magnetic field
in a first mode and a second mode of operation
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detecting a lateral misalignment between the dual-mode
transmitter antenna and a receiver antenna
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DUAL-MODE ANTENNA WITH
NON-UNIFORM COIL ARRAY FOR
WIRELESS POWER TRANSMISSION AND
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is U.S. National Stage entry under
35 U.S.C. § 371 based on International Application PCT/
IN2022/050281, filed on Mar. 22, 2022, which claims the
benefit of priority to IN patent application No.
202111013157, filed Nov. 25, 2021, which are incorporated
herein by reference in their entireties.

TECHNICAL FIELD

The present disclosure relates to wireless power transmis-
sion in wireless charging applications.

BACKGROUND

Traditionally, wireless power transfer (WPT) system con-
sists of a transmitter (Tx) and a receiver (Rx) coupled
through one of the various techniques which are broadly
classified into inductive power transfer (IPT) and magnetic
resonance coupling (MRC). The MRC technique provides a
highly efficient energy transmission over a larger distance
when compared to IPT.

Hence, MRC became a widely used technique for
medium-range WPT applications. Since then, several inves-
tigators have worked on the development of an efficient
MRC technique by focusing on design of various geometri-
cal spiral coil antennas.

The performance of these WPT systems are greatly
affected by misalignment between a transmitter (Tx) and a
receiver (Rx) coils. In practice, a perfect alignment is
usually not ensured. Therefore, mitigation of the misalign-
ment problem is currently a major research direction. The
lateral misalignment problem is most common in the WPT
applications, where the Tx and the Rx coils are co-planar,
i.e., smart phone and electric vehicle charging applications.

The lateral misalignment usually occurs when there is a
displacement between the Tx and the Rx coils. The displace-
ment between the Tx and the Rx coils degrades mutual
inductance (M) which reduces the overall power transfer
efficiency (PTE).

Presently, sensing coils are used to detect the lateral
displacement of the Rx-coil which is corrected by using an
electro-mechanical arrangement. The main limitation of this
technique is involvement of mechanical motions which
makes the system unreliable, inefficient, and cost ineffective.

A widespread uniform H-field distribution in the Rx-plane
is another technique used to mitigate lateral misalignment.
The major drawback of this technique is that under the
perfectly aligned condition there is a significant leakage of
magnetic flux, which degrades the PTE of the WPT system.

In some application a quasi-uniform H-field is formed to
mitigate the misalignment problem. In this technique, a
complex switching circuit consisting of multiple states is
required to trigger the aligned Tx module which is a sub-set
of the Tx array based on a negative H-field. The disadvan-
tage of this technique is that the size of the Tx-array is large
in comparison to Rx-coil and is not efficient for the appli-
cations such as electrical vehicles (EVs) and mobile devices
as the ratio of the size of the Rx-coil to the Tx-coil is
relatively large.
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Thus, there is need of the technique that overcome the
above-mentioned drawbacks/fulfils the above needs and that
mitigates lateral misalignment problem discussed above.

SUMMARY

The present disclosure overcomes one or more shortcom-
ings of the prior art and provides additional advantages
discussed throughout the present disclosure. Additional fea-
tures and advantages are realized through the techniques of
the present disclosure. Other embodiments and aspects of
the disclosure are described in detail herein and are consid-
ered a part of the claimed disclosure.

In one non-limiting embodiment of the present disclosure,
a dual-mode transmitter antenna with non-uniform coil array
for wireless power transmission is disclosed. The dual mode
antenna comprises a primary coil located at center of the
dual-mode transmitter antenna and the primary coil is con-
figured to generate concentrated uniform magnetic field in a
first mode and a second mode of operation. The dual mode
antenna further comprises a plurality of secondary coils
surrounding the primary coil and located at the periphery of
the dual-mode transmitter antenna and a switching circuit
electrically coupled to the primary coil and the plurality of
the secondary coils. The switching circuit is configured to
detect a lateral misalignment between the dual-mode trans-
mitter antenna and a receiver antenna and activate the
plurality of secondary coils in the second mode of operation
in response to detecting lateral misalignment between the
dual-mode transmitter antenna and the receiver antenna. The
plurality of secondary coils are configured to generate an
extensive uniform magnetic field.

In yet another non-limiting embodiment of the present
disclosure, the dual-mode transmitter antenna is operated in
the first mode if the dual-mode transmitter antenna and
receiver antenna are perfectly aligned in lateral direction,
and the dual-mode transmitter antenna is operated in the
second mode if the lateral misalignment between the dual-
mode transmitter antenna and the receiver antenna is
detected. The plurality of secondary coils are connected in
series with the primary coil when the dual-mode transmitter
antenna is operated in the second mode.

In yet another non-limiting embodiment of the present
disclosure, each of the plurality of secondary coils comprise
uniformly distributed turns to intensify a magnitude of the
magnetic field near the boundary of the dual-mode trans-
mitter antenna in the second mode.

In yet another non-limiting embodiment of the present
disclosure, the primary coil comprises non-uniformly dis-
tributed turns along with anti-parallel turns for generating
the concentrated uniform magnetic within a receiver antenna
region.

In yet another non-limiting embodiment of the present
disclosure, the switching circuit is further configured to
deactivate the plurality of secondary coils upon detecting
that the dual-mode transmitter antenna and the receiver
antenna are perfectly aligned in lateral direction.

In yet another non-limiting embodiment of the present
disclosure, a method for wireless power transmission is
disclosed. The method comprises step of generating, by a
primary coil, concentrated uniform magnetic field in a first
mode and a second mode of operation. The primary coil is
located at the center of a dual-mode transmitter antenna. The
method further comprises the step of detecting a lateral
misalignment between the dual-mode transmitter antenna
and a receiver antenna and activating a plurality of second-
ary coils in the second mode of operation in response to
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detecting the lateral misalignment between the dual-mode
transmitter antenna and the receiver antenna. The plurality
of secondary coils surrounds the primary coil and located at
the periphery of the dual-mode transmitter antenna. The
method further comprises the step of generating, by the
plurality of secondary coils, an extensive uniform magnetic
field.

In yet another non-limiting embodiment of the present
disclosure, the method further comprises operating the dual-
mode transmitter antenna in the first mode if the dual-mode
transmitter antenna and receiver antenna are perfectly
aligned in lateral direction and operating the dual-mode
transmitter antenna in the second mode if the lateral mis-
alignment between the dual-mode transmitter antenna and
the receiver antenna is detected. The step of activating the
plurality of secondary coils in the second mode of operation
comprises connecting the plurality of secondary coils in
series with the primary coil.

In yet another non-limiting embodiment of the present
disclosure, the step of generating the extensive uniform
magnetic field comprises intensifying a magnitude of mag-
netic field near the boundary of the dual-mode transmitter
antenna in the second mode of operation using uniformly
distributed turns of each of the plurality of secondary coils.

In yet another non-limiting embodiment of the present
disclosure, the step of generating the concentrated uniform
magnetic field comprises generating concentrated uniform
magnetic field within a receiver antenna region using non-
uniformly distributed turns along with anti-parallel turns of
the primary coil.

In yet another non-limiting embodiment of the present
disclosure, the method further comprises step of deactivat-
ing the plurality of secondary coils when the dual-mode
transmitter antenna and the receiver antenna are perfectly
aligned in lateral direction.

The foregoing summary is illustrative only and is not
intended to be in any way limiting. In addition to the
illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will
become apparent by reference to the drawings and the
following detailed description.

Objective

The primary objective of the present invention is to
mitigate lateral misalignment problem between the trans-
mitter and receiver coil in WPT applications.

Another objective of the present invention is to increase
power transfer efficiency (PTE) of the WPT system without
increasing the size of the transmitter antenna.

Further objective of the present invention is to reduce
wastage of flux when the dual mode transmitter antenna is
perfectly aligned with the receiver antenna.

BRIEF DESCRIPTION OF THE
ACCOMPANYING DRAWINGS

The features, nature, and advantages of the present dis-
closure will become more apparent from the detailed
description set forth below when taken in conjunction with
the drawings in which like reference characters identify
correspondingly throughout. Some embodiments of system
and/or methods in accordance with embodiments of the
present subject matter are now described, by way of example
only, and with reference to the accompanying figures, in
which:
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FIG. 1 shows an exemplary two-coil wireless power
transfer system under lateral misalignment, in accordance
with an embodiment of the present disclosure;

FIG. 2 shows an exemplary dual-mode transmitter
antenna with non-uniform coil array for wireless power
transmission, in accordance with an embodiment of the
present disclosure;

FIG. 3(a) shows a block diagram of a dual-mode trans-
mitter antenna with non-uniform coil array for wireless
power transmission, in accordance with an embodiment of
the present disclosure;

FIG. 3(b) shows a block diagram of a switching circuit, in
accordance with an embodiment of the present disclosure;

FIG. 4 shows a flow chart illustrating an exemplary
method for wireless power transmission, in accordance with
an embodiment of the present disclosure;

FIG. 5 illustrates an equivalent circuit diagram for wire-
less power transmission, in accordance with an embodiment
of the present disclosure;

FIG. 6(a) shows a dual-mode transmitter antenna layout
from front view, in accordance with an embodiment of the
present disclosure;

FIG. 6(b) shows a dual-mode transmitter antenna layout
from back view, in accordance with an embodiment of the
present disclosure;

FIG. 6(c) shows a layout of a primary coil, in accordance
with an embodiment of the present disclosure;

FIG. 6(d) shows a layout of a secondary coil, in accor-
dance with an embodiment of the present disclosure;

FIG. 7 illustrates a flowchart for optimizing parameters of
the dual-mode transmitter antenna, in accordance with an
embodiment of the present disclosure;

It should be appreciated by those skilled in the art that any
block diagrams herein represent conceptual views of illus-
trative systems embodying the principles of the present
subject matter. Similarly, it will be appreciated that any flow
charts, flow diagrams, state transition diagrams, pseudo
code, and the like represent various processes which may be
substantially represented in computer readable medium and
executed by a computer or processor, whether or not such
computer or processor is explicitly shown.

DETAILED DESCRIPTION

In the present document, the word “exemplary” is used
herein to mean “serving as an example, instance, or illus-
tration”. Any embodiment or implementation of the present
subject-matter described herein as “exemplary” is not nec-
essarily to be construed as preferred or advantageous over
other embodiments.

While the disclosure is susceptible to various modifica-
tions and alternative forms, specific embodiments thereof
has been shown by way of example in the drawings and will
be described in detail below. It should be understood,
however that it is not intended to limit the disclosure to the
particular forms disclosed, but on the contrary, the disclo-
sure is to cover all modifications, equivalents, and alterna-
tives falling within the scope of the disclosure.

The terms “comprises”, “comprising”, “include(s)”, or
any other variations thereof, are intended to cover a non-
exclusive inclusion, such that a setup, system or method that
comprises a list of components or steps does not include
only those components or steps but may include other
components or steps not expressly listed or inherent to such
setup or system or method. In other words, one or more
elements in a system or apparatus proceeded by “comprises
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. a” does not, without more constraints, preclude the
existence of other elements or additional elements in the
system or apparatus.

In the following detailed description of the embodiments
of the disclosure, reference is made to the accompanying
drawings that form a part hereof, and in which are shown by
way of illustration specific embodiments in which the dis-
closure may be practiced. These embodiments are described
in sufficient detail to enable those skilled in the art to
practice the disclosure, and it is to be understood that other
embodiments may be utilized and that changes may be made
without departing from the scope of the present disclosure.
The following description is, therefore, not to be taken in a
limiting sense.

The present disclosure will be described herein below
with reference to the accompanying drawings. In the fol-
lowing description, well known functions or constructions
are not described in detail since they would obscure the
description with unnecessary detail.

FIG. 1 shows an exemplary two-coil wireless power
transfer (WPT) system 100 under lateral misalignment, in
accordance with an embodiment of the present disclosure.

In one non-limiting embodiment of the present disclosure,
two-coil WPT system 100 may comprise a transmitter (Tx)
antenna having Tx-coil and receiver (Rx) antenna having a
Rx-coil. The Tx antenna is a dual-mode transmitter antenna.
The Tx-coil may comprise a primary or chief coil and a
plurality of secondary coil or the booster coils. The primary
coil is present at the center of the Tx-coil and the plurality
of secondary coil are located at the periphery of the dual-
mode transmitter antenna.

In one embodiment of the present disclosure, the receiver
antenna may be considered to be perfectly aligned with the
transmitter antenna, if the Rx-coil (at coordinates (0,0)) of
the receiver antenna is exactly above the primary coil of the
transmitter antenna. The receiver antenna may be considered
to be misaligned with the transmitter antenna, if the Rx-coil
is displaced by value Ax and Ay with respect to the primary
coil in x-axis and y-axis, respectively, as shown by dotted
lines in FIG. 1.

In one non-limiting embodiment of the present disclosure,
when the receiver antenna is perfectly aligned with the
transmitter antenna, the dual mode transmitter antenna oper-
ates in mode 1 (i.e., only with primary coil) maximum power
is transferred from the transmitter antenna to the receiver
antenna and wireless power transmission (WPT) efficiency
is maximum. When the receiver antenna is misaligned with
the transmitter antenna, the receiver antenna does not
receive the complete power transmitted from the transmitter
antenna and the WPT efficiency decreases.

In another non-limiting embodiment of the present dis-
closure, in response to detection of misalignment between
the receiver antenna and the transmitter antenna, the dual
mode transmitter antenna operates in mode 2, in which the
plurality of secondary coils are activated along with the
primary coil. The plurality of secondary coils may generate
an extensive uniform magnetic field. The primary and the
plurality of secondary may be used to generate a widespread
H-field to power misaligned Rx-coil, thereby increasing the
WPT efficiency.

FIG. 2 shows an exemplary dual-mode transmitter
antenna 200 with non-uniform coil array for wireless power
transmission, in accordance with an embodiment of the
present disclosure.

In one non-limiting embodiment of the present disclosure,
the chief coil or the primary coil is present at the center of
the transmitter antenna and the booster coil or secondary
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coils surrounding the primary coil, which are located at the
periphery of the dual-mode transmitter antenna, in a sym-
metrical format. The chief coil may comprise non-uniformly
distributed turns along with anti-parallel turns for generating
the concentrated uniform magnetic within a receiver antenna
region. The secondary coils may comprise uniformly dis-
tributed turns to intensify a magnitude of the magnetic field
near the boundary of the dual-mode transmitter antenna.

In an embodiment of the present disclosure, the dual mode
transmitter antenna may be designed to operate in dual
modes for optimal utilisation of H-field around the Rx-coil
region by incorporating simple and two states of switching
operation. The two state of switching operations are as
follows:

The mode-1 consists of a chief coil centred at the location
(x°, y°, z) which is the same as the origin (0, 0, 0) of the
coordinate system. In this mode, only the chief coil is
excited and is responsible to generate a concentrated H-field
primarily around the aligned Rx region as marked in FIG. 1.
The geometrical parameters of the chief coil include maxi-
mum side length S_°, minimum side length S,,°, number of
turns N, width of the conductive strip w¢, and inter-turn
spacing, 0. The side length of the n turn of the chief coil is
determined as:

§=8,=2(n—1)(w+8)On0[1.N].

To form widespread uniform H-field around the mis-
aligned Rx region (as marked in FIG. 1), the mode-2
contains booster coils as shown in FIG. 2 located around the
border of the chief coil, in a symmetrical format. In this
mode, both the coils are switched such that they are con-
nected in series and are responsible to form an extensive
uniform H-field in the Rx region to mitigate lateral mis-
alignment problem. Let n, is the number of booster coils
centred at locations (x*, y*, 0) 0i[J[1, n,] encompassing the
chief coil. Each booster coil-i has maximum side length S,
minimum side length S,”, width of conductive strip w,
inter-turn spacing &, number of turns N. The side length of
the n turn is determined as:

Sbi=8P=2(n—1)(w*+8")OnO[1,N*] and DiC[1.n].

To apply the field forming technique, the H-field gener-
ated by the proposed Tx antenna is formulated subsequently.
The H-field component along the z-direction due to a
single-turn square coil carrying a current I, is formulated in
[1]. At an observation point (x, y, h), the H-field due to n"”
turn of any coil of the Tx antenna is given in the below
equations:

| e o

" dw L+ 10,

Ou

T rdr+PAL

rn=NO+ P+, 1 =\O3+ PE+ 12,

1=+ PR+ P = OI+ Pi+ 17,

St St
01=-04=F +x-¥, 0= =05 = T —x+¥,

¢ t
Pl=P2=7n+y—yl,P3=P4=—7"+y—yl~

where t[] ¢ and tU bi represents H-field due to chief coil and
booster coil-i, respectively, and their positions are defined as
(x, y', 0) from FIG. 2. The distance between the Tx and the
Rx coil is h. The total H-field, H,4, in the misaligned Rx
region is the superposition of the individual H-fields due to
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all the turns of the chief coil as well as the booster coils and
obtained as shown in below equations:

N€¢ (2a)
H =) HX;,

n=1

np NP 2b)
=YY i,

i=1 n=1
Hyr = HS + HY, 2

where H, and H,, are calculated to be individual H-field
distributions due to chief coil and booster coils, respectively.
The coefficients X, and y,” are defined to optimise the Tx for
the proposed H-field forming. X, =0, *1 is characterised as
coefficient of current circulation in the nth turn of the chief
coil which permits the optimisation to reveal a non-uniform
distribution of the turns along with anti-parallel turns to
achieve the targeted H-field uniformity within the Rx region.
The X°,=0 means absence of the turn-n and X,=+1 and
X°,=—1 represent current in opposite circulation.

Whereas the booster coils are constrained to acquire
uniformly distributed turns to intensify the magnitude of
H-field near the border of the Rx region. Therefore, the
non-zero positive integer y,” is defined as a boosting factor
which is characterised to support the amplification of the
H-field in the misaligned Rx region.

For instance, y,”=1 implies the H-field due to multi-turn
booster coils, whereas y,”>1 signifies the requirement of a
y,” times more H-field by the booster coils. The multiplying
effect in practice can be realised by feeding the booster coils
separately with a source having y,” times magnitude of the
current (y,” I,).

The system 100 becomes complex if we increase the
number of feeding ports to feed the booster coils separately
from the chief coil. This results in a cost inefficient design.
Therefore, for instance to realise y,”=2, the number of
booster coils is doubled or by using a double-sided PCB.
Hence, the booster coils are placed at z=0 plane and their
replicas are etched on z=1.6 mm plane.

In an embodiment of the present disclosure the design
constraints and parameters of the Tx antenna may be cal-
culated as follows:

The physical parameters which are constrained to have a
defined value based on fabrication limits and comparative
study are we, w?, &, &, the gap between two successive
booster coils, g;, and the maximum dimension, So, of the Tx
shown in FIG. 2. Hence, the S, value constitutes the upper
limit on the physical dimensions of the chief coil and the
booster coils jointly as visualised in FIG. 2 by the relation:

85,=8,428,742Gy, ©)

where, G is the gap between the chief coil and the booster
coils. The total number of booster coils n, relates to S, G,
v,?, and g, by formula:

_sb 4

- 4(S, - Sh) , @
gr+S,

by Sc+sh o Se+ Sk (%)

X" == 7 +Grandy':t—2 +Gr

Hence the total number of coils, n,, in the Tx is n;=n,+1. For
the chief coil, vector S, represent side lengths of all the
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possible turns analytically considered in the optimisation.
However, once values X“,, are known, the turns having X“,,=0
do not exist physically. The absence of turns in S, implies
a non-uniformly distributed turns profile of the Tx which is
denoted as S,“*. The actual side length vector Sn c* of the
optimised chief coil is given as:

S, =X 18, =X N (S, 2= 1) (w+8) (6)

where

O]

In the vector S“*[nl[1, N¢], the gap between the values
of successive turns is (w+3°) and n the difference between
successive non-zero values represents non-uniform turn
spacing denoted as A,,. The total number of turns in the
realised chief coil and booster coils are determined as:

8,6=(S,=2(n=1)(we+5)).

NE (8a)
N =X
i=1
M= ST e ] (8b)
= —+ e [1, npl.
At +wr) T

The known parameters are first defined such as values of
It, S,. g, WS, w2, S, S, 2 & and &. For these given
parameter values, other design parameters such as x”, y”/,
N*.S,S,", G,n,, XS, V2, S, 8¢, N¢, and A° are optimised.
Since the design parameters are inter dependent by relations
(3)-(8), the only design parameters available for optimisa-
tion are S, and X* for the chief coil, and x”, y*, S ?, and y,”
for booster coils. The optimisation of these two groups of
coils is not independent and constrained by (3).

FIG. 3(a) shows a block diagram of a dual-mode trans-
mitter antenna 300 with non-uniform coil array for wireless
power transmission and FIG. 3(b) shows a block diagram of
a switching circuit 305, in accordance with an embodiment
of the present disclosure;

In an embodiment of the present disclosure, a dual-mode
transmitter antenna 300 with non-uniform coil array for
wireless power transmission is disclosed. The dual mode
antenna 300 may comprise a primary coil 301 located at
center of the dual-mode transmitter antenna. The primary
coil 301 may be configured to generate concentrated uni-
form magnetic field in a first mode and a second mode of
operation. Thus, primary coil 301 of the dual-mode trans-
mitter antenna operates in both the modes.

In an embodiment of the present disclosure, the dual mode
antenna 300 may further comprise a plurality of secondary
coils 303 that surrounds the primary coil 301 and located at
the periphery of the dual-mode transmitter antenna 300, as
shown in FIGS. 1 and 2, in a symmetrical format. The
plurality of secondary coils 303 may be configured to
generate an extensive uniform magnetic field.

In an embodiment of the present disclosure, the dual mode
antenna 300 may further comprise a switching circuit 305
electrically coupled to the primary coil 301 and the plurality
of the secondary coils 303. The switching circuit 305 may be
configured to detect a lateral misalignment between the
dual-mode transmitter antenna 300 and a receiver antenna
and activate the plurality of secondary coils 305 in the
second mode of operation in response to detecting lateral
misalignment between the dual-mode transmitter antenna
and the receiver antenna. The primary and the plurality of
secondary coil may be configured to generate a widespread
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H-field to power misaligned Rx-coil, thereby stabilizing the
WPT efficiency of the WPT system.

In an embodiment of the present disclosure, the switching
circuit 305 may comprise a memory 307 and one or more
processors 309 in communication with each other. The one
or more processors 309 may be configured to detect the
lateral misalignment based on a comparison of voltage
induced at receiver with a predetermined threshold induced
voltage value. The predetermined threshold induced voltage
may be set based on data received from receiver regarding
induced voltage under perfectly aligned condition. The
voltage induced under perfectly aligned conditions may be
considered as predetermined threshold induced voltage. In
one non-limiting embodiment, a reduction in induced volt-
age (e.g., 1%) may be considered to be the triggering point
to switch the dual mode transmit antenna in the second mode
of operation.

In an embodiment of the present disclosure, the dual-
mode transmitter antenna 300 may be operated in the first
mode if the dual-mode transmitter antenna 300 and receiver
antenna are perfectly aligned in lateral direction and the
dual-mode transmitter antenna 300 may be operated in the
second mode if the lateral misalignment between the dual-
mode transmitter antenna and the receiver antenna is
detected. The plurality of secondary coils are connected in
series with the primary coil when the dual-mode transmitter
antenna is operated in the second mode.

In an embodiment of the present disclosure, the secondary
coils may comprise uniformly distributed turns to intensify
a magnitude of the magnetic field near the boundary of the
dual-mode transmitter antenna in the second mode. The
primary coil may comprise non-uniformly distributed turns
along with anti-parallel turns for generating the concentrated
uniform magnetic within a receiver antenna region.

In an embodiment of the present disclosure, the switching
circuit 305 may be further configured to deactivate the
plurality of secondary coils upon detecting that the dual-
mode transmitter antenna and the receiver antenna are
perfectly aligned in lateral direction. The deactivation the
plurality of secondary coils may facilitate reduction in
wastage of magnetic flux when the dual mode transmitter
antenna is perfectly aligned with the receiver antenna.

FIG. 4 shows a flow chart illustrating an exemplary
method 400 for wireless power transmission, in accordance
with an embodiment of the present disclosure.

At block 401, the method 400 discloses generating con-
centrated uniform magnetic field in a first mode and a second
mode of operation by a primary coil. The primary coil may
be located at the center of a dual-mode transmitter antenna.
The primary coil may operate irrespective of the lateral
alignment between the dual mode transmitter antenna and
the receiver antenna.

At block 403, the method 400 discloses detecting a lateral
misalignment between the dual-mode transmitter antenna
and the receiver antenna. In one non-limiting embodiment of
the present disclosure, the lateral misalignment between the
dual-mode transmitter antenna and the receiver antenna may
be detected based on a comparison of voltage induced at
receiver with a predetermined threshold induced voltage
value.

The predetermined threshold induced voltage may be set
based on data received from receiver regarding induced
voltage under perfectly aligned condition. The voltage
induced under perfectly aligned conditions may be consid-
ered as predetermined threshold induced voltage. In one
non-limiting embodiment, a reduction in induced voltage
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(e.g., 1%) may be considered to be the triggering point to
switch the dual mode transmit antenna in the second mode
of operation.

At block 405, the method 400 discloses activating a
plurality of secondary coils in the second mode of operation
in response to detecting the lateral misalignment between
the dual-mode transmitter antenna and the receiver antenna.
If the lateral misalignment between the dual-mode transmit-
ter antenna and the receiver antenna is detected. The dual
mode transmit antenna is switched to second mode of
operation. The plurality of secondary coils are activated in
the second mode of operation.

At block 407, the method 400 discloses generating, by the
plurality of secondary coils, an extensive uniform magnetic
field. The method 400 further discloses operating the dual-
mode transmitter antenna in the first mode if the dual-mode
transmitter antenna and receiver antenna are perfectly
aligned in lateral direction and operating the dual-mode
transmitter antenna in the second mode if the lateral mis-
alignment between the dual-mode transmitter antenna and
the receiver antenna is detected.

In one non-limiting embodiment, the step of activating the
plurality of secondary coils in the second mode of operation
may comprise connecting the plurality of secondary coils in
series with the primary coil. The primary and the plurality of
secondary coil may generate a widespread H-field to power
misaligned Rx-coil, thereby stabilizing the WPT efficiency
of the WPT system.

In an embodiment of the present disclosure, the step of
generating the extensive uniform magnetic field may com-
prise intensifying a magnitude of magnetic field near the
boundary of the dual-mode transmitter antenna in the second
mode of operation using uniformly distributed turns of each
of the plurality of secondary coils.

In an embodiment of the present disclosure, the step of
generating the concentrated uniform magnetic field com-
prises generating concentrated uniform magnetic field
within a receiver antenna region using non-uniformly dis-
tributed turns along with anti-parallel turns of the primary
coil.

In an embodiment of the present disclosure, the method
400 further discloses deactivating the plurality of secondary
coils when the dual-mode transmitter antenna and the
receiver antenna are perfectly aligned in lateral direction.
The deactivation of the plurality of secondary coils may
facilitate reduction in wastage of magnetic flux when the
dual mode transmitter antenna is perfectly aligned with the
receiver antenna.

In an embodiment of the present disclosure, the steps of
method 400 may be performed in an order different from the
order described above.

FIG. 5 illustrates an equivalent circuit diagram for wire-
less power transmission, in accordance with an embodiment
of the present disclosure.

In an embodiment of the present disclosure, the circuit
500 may comprise a source, a dual mode transmitter antenna
including a transmitter (Tx) coil and a receiver antenna
having a receiver (Rx) coil. The Tx-coil comprises a chief or
a primary coil having resistance R, and inductance L.
The Tx-coil also comprises a plurality of secondary coils or
booster coil in series with primary coil. The booster coil
having a resistance of R,, and inductance L,,. The Tx-coil
is connected with a voltage source Vs having a resistance Rs.

The Rx coil comprises an inductance L, and a resistance
R,. The Rx coil is connected to load having a resistance R, .
The Tx-coil and Rx coil comprises capacitance Cg,; and Cg,
respectively to form a matching network. The Tx-coil and
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Rx coil are connected such that a mutual inductance M, is
induced between the dual mode transmitter antenna and
receiver antenna.

In an embodiment of the present disclosure, the circuit
500 may be configured to perform the method 400 as
described in above embodiments.

FIG. 6(a) shows a dual-mode transmitter antenna layout
from front view, in accordance with an embodiment of the
present disclosure. The chief coil or the primary coil is
present at the center and the booster coil or the secondary
coils are present at the periphery of the PCB.

The primary coil comprises non-uniformly distributed
turns along with anti-parallel turns for generating the con-
centrated uniform magnetic field within a receiver antenna
region. The plurality of secondary coils comprise uniformly
distributed turns to intensify a magnitude of the magnetic
field near the boundary of the dual-mode transmitter antenna
in the second mode.

FIG. 6(b) shows a dual-mode transmitter antenna layout
from back view, in accordance with an embodiment of the
present disclosure. In an embodiment of the present disclo-
sure, the plurality of secondary coils may also be present at
the back side of the PCB for generating a widespread H-field
to power misaligned Rx-coil, thereby increasing the power
transmission efficiency of the WPT system.

FIG. 6(c) shows a layout of a primary coil, in accordance
with an embodiment of the present disclosure. FIG. 6(c)
indicates the non-uniformly distributed turns i.e., the dis-
tance between the turns is non-uniform. FIG. 6(d) shows a
layout of a secondary coil, in accordance with an embodi-
ment of the present disclosure. As shown in FIG. 6(d), the
plurality of secondary coils comprise uniformly distributed
turns i.e., the distance between the turns is uniform. The size
of the plurality of secondary coils are such that the second-
ary coils are accommodated within the same PCB without
increasing the size of the transmitter antenna.

FIG. 7 illustrates a flowchart for optimizing parameters of
the dual-mode transmitter antenna, in accordance with an
embodiment of the present disclosure.

In an embodiment of the present disclosure, an iterative
design technique based on minimum Mean Square Error
(MSE) optimisation is adopted and summarised in the flow
chart. The iterative design technique starts with the set of
design constraints and initial values (as discussed above in
FIG. 2) and terminates with the optimal geometrical param-
eters of the dual-mode antenna. By sweeping the design
parameters in the optimisation procedure, the optimal results
can be obtained.

The iterative design technique is as follows:

Step-1: The known parameters are initialised.

Step-2: The chief coil optimisation process is initiated in

the first iteration based on minimum MSE problem
defined in equation (9) below:

min MSE® = [H'(S;, X§) - Hi ©

56,46

st S, <S8 <S8, X;e[-1,0,1]

By initialising and sweeping design variables So and ¥,,. Let
the So and progressively stored in MSEc vector. The design
parameters corresponding to minimum {MSEc} are evalu-
ated as sub-optimised chief coil parameters.
Step-3: The sub-optimum S, and X, results are used in
equations (6) and (7) to determine non-uniform side
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length profile S_* and spacing A° of the chief coil. The
N is also determined using equation (8).

Step-4: The booster coils are optimised based on mini-
mum MSE problem defined in equation (10) below:

MSE = [Hey (S5, "', ", y8) - Hr |’ "

min
DR LR R
S, — S5
st Sh < Sh< %,yﬁ >1

By initialising and sweeping design variables S,”, x*, y*'
and y,” for the fixed sub-optimised chief coil. The GT is
determined using equation (3) for different values of S,”
where the value of So c is fixed to sub-optimum value
obtained in Step-2. Let the S,” be a vector. For each index
of S,” vector MSE is evaluated as per equation (12) for
Y,”>1. The result is stored for each index in vector MSE. The
value of minimum {MSE} is stored in MSE(n) for nth
iteration of the algorithm and corresponding design param-
eters are extracted to form a sub-optimised BOOSTENNA
design.
Step-5: The S,”, G, and y,” are used to determine n,, from
(4) and the N and N** are obtained from equation (8).

Step-6: The Step-2 to Step-5 are repeated for several
iterations until minimum MSE converges i.e.,
MSE(n)=MSE(n—-1). The parameters of the chief coil
and the booster coils corresponding to the final iteration
are obtained as optimal geometrical parameters. The
resultant optimised design produced as an output of the
iterative design technique.

The one or more processors 307 may comprise a memory
and communication interface. The memory may be software
maintained and/or organized in loadable code segments,
modules, applications, programs, etc., which may be
referred to herein as software modules. Each of the software
modules may include instructions and data that, when
installed or loaded on a processor and executed by the
processor, contribute to a run-time image that controls the
operation of the processors. When executed, certain instruc-
tions may cause the processor to perform functions in
accordance with certain methods and processes described
herein.

The illustrated steps are set out to explain the exemplary
embodiments shown, and it should be anticipated that ongo-
ing technological development will change the manner in
which particular functions are performed. These examples
are presented herein for purposes of illustration, and not
limitation. Further, the boundaries of the functional building
blocks have been arbitrarily defined herein for the conve-
nience of the description. Alternative boundaries can be
defined so long as the specified functions and relationships
thereof are appropriately performed.

Alternatives (including equivalents, extensions, varia-
tions, deviations, etc., of those described herein) will be
apparent to persons skilled in the relevant art(s) based on the
teachings contained herein. Such alternatives fall within the
scope and spirit of the disclosed embodiments.

Furthermore, one or more computer-readable storage
media may be utilized in implementing embodiments con-
sistent with the present disclosure. A computer-readable
storage medium refers to any type of physical memory on
which information or data readable by a processor may be
stored. Thus, a computer-readable storage medium may
store instructions for execution by one or more processors,
including instructions for causing the processor(s) to per-
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form steps or stages consistent with the embodiments
described herein. The term “computer-readable medium”
should be understood to include tangible items and exclude
carrier waves and transient signals, i.e., are non-transitory.
Examples include random access memory (RAM), read-
only memory (ROM), volatile memory, non-volatile
memory, hard drives, CD ROMs, DVDs, flash drives, disks,
and any other known physical storage media.
Suitable processors include, by way of example, a gen-
eral-purpose processor, a special purpose processor, a con-
ventional processor, a digital signal processor (DSP), a
plurality of microprocessors, one or more miCroprocessors
in association with a DSP core, a controller, a microcon-
troller, Application Specific Integrated Circuits (ASICs),
Field Programmable Gate Arrays (FPGAs) circuits, any
other type of integrated circuit (IC), and/or a state machine.
Exemplary embodiments discussed above may provide
certain advantages. Though not required to practice aspects
of the disclosure, these advantages may include those pro-
vided by the following features.
In an embodiment, the present disclosure mitigates lateral
misalignment problem between the transmitter and receiver
coil in WPT applications.
In an embodiment, the dual-mode transmitter antenna
with non-uniform coil array for wireless power transmission
increases power transfer efficiency (PTE) of the WPT sys-
tem without increasing the size of the transmitter antenna.
In an embodiment, the described techniques may be
realized at a low cost as its switching circuitry implemen-
tation is simpler.
In an embodiment, the dual-mode transmitter antenna
with non-uniform coil array for wireless power transmission
reduces wastage of flux when the dual mode transmitter
antenna is perfectly aligned with the receiver antenna.
The invention claimed is:
1. A dual-mode transmitter antenna with non-uniform coil
array for wireless power transmission, the dual mode
antenna comprising:
a primary coil located at a center of the dual-mode
transmitter antenna, wherein the primary coil is con-
figured to generate uniform magnetic field in a first
mode and a second mode of operation, and wherein the
primary coil operates in both the first mode and the
second mode of operation;
a plurality of secondary coils surrounding the primary coil
and located at the periphery of the dual-mode trans-
mitter antenna, wherein the primary coil and the plu-
rality of secondary coils are configured to receive
power from a power source; and
a switching circuit electrically coupled to the primary coil
and the plurality of the secondary coils, wherein the
switching circuit is configured to:
detect a lateral misalignment between the dual-mode
transmitter antenna and a receiver antenna; and

activate the plurality of secondary coils in the second
mode of operation in response to detecting lateral
misalignment between the dual-mode transmitter
antenna and the receiver antenna;

wherein the plurality of secondary coils are configured to
generate uniform magnetic field that extends around a
periphery of the uniform magnetic field generated by
the primary coil.

2. The dual-mode transmitter antenna as claimed in claim

1, wherein the dual-mode transmitter antenna is operated in
the first mode when the dual-mode transmitter antenna and
receiver antenna are perfectly aligned in lateral direction,
and wherein the dual-mode transmitter antenna is operated
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in the second mode when the lateral misalignment between
the dual-mode transmitter antenna and the receiver antenna
is detected, and wherein the plurality of secondary coils are
connected in series with the primary coil when the dual-
mode transmitter antenna is operated in the second mode.

3. The dual-mode transmitter antenna as claimed in claim
1, wherein each of the plurality of secondary coils comprise
uniformly distributed turns to intensify a magnitude of the
magnetic field near the boundary of the dual-mode trans-
mitter antenna in the second mode.

4. The dual-mode transmitter antenna as claimed in claim
1, wherein the primary coil comprises non-uniformly dis-
tributed turns along with anti-parallel turns for generating
the uniform magnetic within a receiver antenna region.

5. The dual-mode transmitter antenna as claimed in claim
1, wherein the switching circuit is further configured to:

deactivate the plurality of secondary coils upon detecting

that the dual-mode transmitter antenna and the receiver
antenna are perfectly aligned in lateral direction.

6. A method for wireless power transmission, the method
comprising:

generating, by a primary coil, uniform magnetic field in a

first mode and a second mode of operation, wherein the
primary coil is located at the center of a dual-mode
transmitter antenna, and wherein the primary coil oper-
ates in both the first mode and the second mode of
operation;

detecting a lateral misalignment between the dual-mode

transmitter antenna and a receiver antenna, wherein the
primary coil and a plurality of secondary coils receive
power from a power source;

activating the plurality of secondary coils in the second

mode of operation in response to detecting the lateral
misalignment between the dual-mode transmitter
antenna and the receiver antenna, wherein the plurality
of secondary coils surrounds the primary coil and
located at the periphery of the dual-mode transmitter
antenna; and

generating, by the plurality of secondary coils, uniform

magnetic field that extends around a periphery of the
uniform magnetic field generated by the primary coil.

7. The method as claimed in claim 6, further comprising:

operating the dual-mode transmitter antenna in the first

mode when the dual-mode transmitter antenna and
receiver antenna are perfectly aligned in lateral direc-
tion; and

operating the dual-mode transmitter antenna in the second

mode when the lateral misalignment between the dual-
mode transmitter antenna and the receiver antenna is
detected,

wherein activating the plurality of secondary coils in the

second mode of operation comprises connecting the
plurality of secondary coils in series with the primary
coil.

8. The method as claimed in claim 6, wherein generating
the uniform magnetic field comprises intensifying a magni-
tude of magnetic field near the boundary of the dual-mode
transmitter antenna in the second mode of operation using
uniformly distributed turns of each of the plurality of
secondary coils.

9. The method as claimed in claim 6, wherein generating
the uniform magnetic field comprises generating uniform
magnetic field within a receiver antenna region using non-
uniformly distributed turns along with anti-parallel turns of
the primary coil.
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10. The method as claimed in claim 6, further comprising:

deactivating the plurality of secondary coils when the
dual-mode transmitter antenna and the receiver antenna
are perfectly aligned in lateral direction.
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