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ABSTRACT Disturbances among the receivers caused by irrelevant circuit topology and inductive cross
couplings among the receiving coils are particularly problematic aspects of multi-receiver wireless power
transfer (WPT) systems. This paper proposes an effective and convenient scheme in which a K-inverter is
inserted between an approximately 0 � output impedance voltage source and a transmitting resonator in
order to isolate the receivers from each other, where the voltage and power distributed to each load are
independent of other loads. The load-isolation principle is illustrated in detail. The indirect cross coupling
aggravating the cross interferences is also investigated, and some practical criterions are derived to eliminate
them. A three-receiverWPT experimental platform was established and tested to verify the theory; measured
results were in close agreement with the theoretical values.

INDEX TERMS Wireless power transfer, multi-receiver, cross coupling, K-inverter, load-isolation.

I. INTRODUCTION
Resonant wireless power transfer (WPT) has garnered a great
deal of research interest due to its mid-range transfer, tidiness,
safe, and high efficiency [1]. The potential to wirelessly
power multiple electronic devices (e.g., mobile phones and
laptops) simultaneously via one transmitting coil is a partic-
ularly interesting concept [2].

There have been many studies to date on the multi-
receiver (RX) WPT system. The feasibility of powering
several receivers simultaneously was first established by
Kurs et al. [3]. Frequency tracking [4], [5] and optional res-
onant frequencies [6], [7] were later proposed to improve
the transmission efficiency for multi-RX WPT applications.
Impedance matching techniques [2], [8]–[10] can also be
utilized to deliver the transferred power to multiple receivers
in a certain power division ratio. Load-independent output
voltage analysis of multi-receiver WPT system has been
proposed [30]. In [31], it has been shown that frequency
configuration and distribution design of receivers can make
the receivers get stable power for WPT systems with single
relay and multi-receiver.

A typical multi-RXWPT system [11], [12] consists of one
transmitter (TX) and multiple receivers (RXs) where the TX
is driven by an AC voltage source denoted by the amplitude
VS and angular frequency ω0, as shown in Fig. 1; the loss

FIGURE 1. (a) Schematic diagram of conventional multi-RX WPT system;
(b) equivalent circuit at the operating frequency neglecting cross
couplings (e.g.,M12).

resistances brought about by the source, the capacitors, and
the inductances are neglected for simplicity.

The electric power is transferred from TX to RXs via mag-
netic resonance couplings among the TX and RX windings
and delivered to each RX according to load impedances RLi
(i = 1, 2, 3, . . .) and mutual inductances such as MT1 and
MT2. A crucial issue that does not exist in single RX WPT
applications is that the power delivered to each RX may be
significantly impacted by the others: For example, the voltage
and the power delivered to RX1 are determined not only by
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the circuit parameters (RL1,MT1, and VS) of the TX and RX1,
but also by the other RXs as shown in Fig. 1(b). The irrelevant
circuit topology for multi-RX WPT (Fig. 1(a)) causes the
voltage and power delivered to each RX to shift dramatically
if an incoming RX is brought into (or a fully-recharged
RX is removed from) the system. The multiple power path
effects [13], [14] caused by the mutual inductances between
the RX windings also mean that RX1 not only draws energy
via the direct path of TX-RX1, but via other indirect routes
(e.g., TX-RX2-RX1) as well as other RXs. Thus, multi-
path power transfer can aggravate the cross interferences
among RXs.

The cross interferences among RXs have two main
sources. RXs are still disturbed, however, when mutual
inductances between the RX windings are ignored [15].
A load-isolation scheme is crucial for managing the irrelevant
circuit topology for multi-RX WPT systems.

In a realistic multi-RX WPT system – and especially in
cases where a number of small appliances must be pow-
ered simultaneously – it is necessary that when a fully-
recharged RX is removed from or a new RX is joined
to the system randomly, all other RXs that are wirelessly
charging remain unaffected; the voltage and the power
on each RX should remain stable regardless. It is a fun-
damental requirement, but not a thoroughly researched
objective, in multi-RX WPT systems that all RXs obtain
the appropriate voltage and power from the power sup-
ply under the maximum energy efficiency principle [16]
while staying isolated from other RXs during the charging
period.

In this study, an effective and handy WPT structure for
multi-RX WPT applications was established by inserting
a K-inverter between the voltage source VS and the series
LC transmitting resonator composed of CTX and LTX. The
K-inverter [19], also known as the impedance inverter, has
been widely utilized in previous WPT studies [9], [17], [18]
as impedance matching and power division devices. The
K-inverter can also be used to isolate RXs from each other, as
discussed below. As shown in Fig. 2(b), all loads are equiv-
alent to being connected in parallel with the voltage source
in the proposed scheme; thus, the voltage and power dis-
tributed to each load are independent of other RXs and remain
unchanged even if other RXs are moved into or removed from
the system at random.

In Section II, the load-isolation principle is illustrated in
detail under circuit theory and several applicable K-inverters
(T-type, 5-type, inductance coupled resonance circuits) and
the derived Source Resonator (SR)-TX-RXs structure is dis-
cussed in detail. Formulas for the transmission efficient,
voltage, and power contributing to each load are provided.
Section III describes our experimental wireless charging plat-
form with the SR-TX-RXs structure and three RXs, which
we built to take measurements to compare against the theo-
retical values. Conclusions and future research directions are
discussed in Section IV.

FIGURE 2. (a) Proposed WPT model; (b) equivalent circuit at the
operating frequency.

II. CIRCUIT STRCTURE AND LOAD ISOLATION
A. PROPOSED CIRCUIT STRUCTURE
A schematic diagram of the proposed WPT model is shown
in Fig. 2(a). The power supply VS is composed of a half-
or full-bridge converter driven by a DC power supply or an
AC-DC circuit, which has a very little switching loss at
the milliohm-scale and can be roughly treated as a constant
voltage source with 0 � output impedance [9], [17]. Certain
voltage sources (such as those composed of a high-frequency
signal source or a linear power amplifier) have a remarkable
output impedance in general – say, 50 � – and thus are not
appropriate for the source in our model.

The other parameters include:
LTX, Li− the inductance of TX and RX-i respectively, with

i = 1, 2, 3, . . . ,N , where N denotes the number of receivers;
CTX, Ci− compensation capacitors;
RTX, Ri− loss resistance in the inductances and capacitors;
MTi− mutual inductance between TX and the i- th RX;
Mij− mutual inductance between the i-th andj-th RXs,

where i or j = 1, 2, 3, . . . ,N and i 6= j;
RLi− resistive load of RX-i.
Although the inductive or capacitive load may shift the

resonant frequency from the original one, it can always
be compensated by an LC network [11]–[13] and thus
is generally described as an equivalent resistance for
simplicity.
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All resonators are tuned at the same operating angular
frequency ω0, i.e.:

ω0 = 1/
√
LTXCTX = 1/

√
L1C1 = 1/

√
L2C2 = . . . (1)

The K-inverter inserted between the power supply and
the transmitter resonator is a two-port device. Its ABCD
matrix [19] can be expressed as follows

[A] = ±
(

0 jK
j/K 0

)
(2)

where K is the characteristic parameter measured in Ohm.
It can be implemented by a two-port lumped T-type or5-type
LC circuit [9] as shown in Fig. 3(a) with

L = K/ω0; C = 1/(ω0K ) (3)

FIGURE 3. (a) Four lumped LC circuits; (b) inductance coupling circuit for
K-inverter implementation.

or it can be realized by the inductance coupling circuit [17]
in Fig. 3(b), where

M = K/ω0 (4)

A variant SR-TX-RXs WPT can be derived by utilizing
the inductance coupling circuit in Fig. 3(b) as the K-inverter.
Compared with utilizing the lumped LC circuit in Fig. 3(a)
as the K-inverter, utilizing the inductance coupling circuit

is a better choice in this article because the K parameter
can be adjusted conveniently per Eq. (4) by modifying
the mutual inductance between the SR and TX coils to
regulate the distance, transverse misalignment, or included
angle between them in the proposed WPT system. However
unwanted cross couplings MSi(i = 1, 2, 3, . . .) between the
source resonator winding and the RX windings need to be
considered. As shown in Fig. 4(a), a series LC resonator
resonating at ω0 was inserted between the AC voltage

FIGURE 4. (a) Transformations converting the K-inverter to the inductance
coupling circuit, where RSl indicates the loss of LS; (b) schematic diagram
of SR-TX-RXs WPT system, where MS1 , MS2, etc. indicate mutual
inductances due to cross couplings between LS and receiving coils.
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source and the K-inverter to compensate the minus mutual
inductance, i.e., –MST, so that LS > MST. The TX res-
onator constituted with LTX and CTX actually functions as a
repeater or an intermediate resonator [13], [14], [17], [20].
RSl here in the SR represents the loss resistances
of LS and CS.

B. LOAD ISOLATION PRINCIPLE
For the WPT system operating at ω0, consider the input
impedance Zin at the load side and operating frequency shown
in Fig. 2(a). By circuit analysis, it can be calculated as follows

Zin =
K 2

RTX +
N∑
i=1

ω2
0M

2
Ti

(Ri+RLi)

(5)

thus the circuit in Fig. 2(a) is equivalent to that in Fig. 2(b),
where the mutual inductances Mij (i, j = 1, 2, 3 . . . ; i 6= j)
can be set aside provisionally in order to conveniently analyze
the function of the K-inverter. The phase information of the
load voltages is totally lost during these transformations,
but does not affect the system meaningfully– the voltage
amplitudes and transferred powers are of concern and are both
independent of the phases.

As shown in Fig. 2(a), the voltage V, across the load
Ri and RLi in i-th RX, is calculated by

V = Vs
Zin

Zin + Rs
(6)

And the VLi , the voltage of the RLi in each RX, can be
expressed as(

V

K 2(RLi + Ri)/ω2
0M

2
Ti

)2

×
K 2RLi
ω2
0M

2
Ti

=
V 2
Li

RLi
(7)

Due to (5), (6) and (7), the voltage amplitude of the load
RLi is derived as

|VLi| =
ω0MTiVSRLi

K (Ri + RLi)(1+
RSRTX
K2 +

N∑
i=1

ω2
0M

2
TiRS

K2(Ri+RLi)
)

(8)

To reduce the power dissipated during the power transmis-
sion from the source to RXs, the loss resistances RS, RTX,
and Ri should be small enough to satisfy low-loss conditions.
Generally, loss resistance Ri is far less than the load resistance
RLi and Rs is almost 0 � in the proposed WPT model. Thus

RSRTX
K 2 � 1 (9)

ω2
0M

2
TiRS

K 2(Ri + RLi)
� 1 (10)

Ri/RLi � 1 (11)

and

|VLi| =

∣∣∣∣ω0MTiVSRLi
K (Ri + RLi)

∣∣∣∣ ≈ ∣∣∣∣ω0MTi

K

∣∣∣∣VS (12)

The power absorbed by RLi can be determined as follows

PLi ≈
ω2
0M

2
TiV

2
S RLi

2K 2(Ri + RLi)2
≈
ω2
0M

2
TiV

2
S

2K 2RLi
(13)

Each load is equivalent to being connected in parallel
with the AC power supply per the voltage transformation
factor |ω0MTi/K |. The voltage amplitude |VLi| is effectually
determined by |ω0MTi/K | and VS, i.e., it is independent of
other RXs. As a result, moving any receiver in or out of the
effective charging area of the WPT system does not affect
the voltage or absorbed power of other loads. In short, all the
loads are isolated from one another.

Further, the power absorbed by RLi is mainly determined
by the source voltage amplitude |VS|, transformation factor
|ω0MTi/K |, and load of the i-th RX. For the applications
of fixed power division ratios among the loads, the power
received by RX-i can be adjusted flexibly by [altering the
value of MTi in addition to modifying RLi via impedance
matching networks [2], [8], [21] without affecting the other
loads.

Transmission efficiency is generally defined as the ratio of
the transferred power to the available power [14], [20], [22].
So its value at ω0 can be estimated as follows (Fig. 2(a))

η = 2
N∑
i−1

PLi/Re(VS I∗)

=

N∑
i=1

ω2
0M

2
TiRLi

K2(Ri+RLi)2

(
N∑
i=1

ω2
0M

2
Ti

K2(Ri+RLi)
+

RTX
K2 )

=

N∑
i=1

ω2
0M

2
TiRLi

(Ri+RLi)2

(
N∑
i=1

ω2
0M

2
Ti

(Ri+RLi)
+ RTX )

(14)

For the SR-TX-RXs structure, K = ω0MST, so Eq. (9)
becomes

(RS+RSl)RTX
ω2
0M

2
ST

� 1 (15)

which reflects strong coupling conditions [23]; Eqs. (12)
and (13) can be further simplified as follows

|VLi| ≈

∣∣∣∣ ω0MTiVSRLi
ω0MST (Ri + RLi)

∣∣∣∣ ≈ ∣∣∣∣ MTi

MST

∣∣∣∣VS = ∣∣∣∣ω0MTi

K

∣∣∣∣VS
(16)

PLi ≈
M2
TiV

2
S RLi

M2
ST (Ri + RLi)

2
≈

M2
TiV

2
S

2M2
STRLi

(17)

The transmission efficiency formula in Eq. (14) still holds.

C. IMPACT OF CROSS COUPLINGS
As discussed above, the inductive cross couplings (ICCs)
such as Mij (which are usually well below the direct mutual
inductances MTi) are neglected to simplify the analysis.
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In practice, ICCs result in multi-path transfer of wire-
less power and may actually impact the multi-receiver
WPT [6], [14], [24].

Determining the precise impact of ICCs is technologically
difficult due to the necessity for a high-order full-element
matrix equation with a large number of resonators for multi-
RX WPT systems. There are two basic cases that help us
draw some simple but applicable criteria to suppress ICCs and
preserve the load isolation. We used the SR-TX-RXs WPT
model as one case, in which the cross couplings includeMSi,
the mutual inductances between the source resonator and the
RXs except Mij.

We first considered the cross coupling between the SR
and RX for the SR-TX-RXs system (Fig. 4(b)) with only
one receiver. At the center frequency ω0, the coupled circuit
matrix equation can be written as followsRS + RSl jω0MST jω0MS1

jω0MST RTX jω0MT1
jω0MS1 jω0MT1 R1 + RL1

 IS
ITX
I1

 =
VS

0
0


(18)

By ignoring RS, RSl, RTX, and R1 for simplicity, the com-
plex voltage amplitude on RLi is

VL1 =
−ω0MT1RL1VS

−2jω2
0MT1MS1 + ω0MSTRL1

(19)

If MS1 = 0, then (19) becomes

VL1 = −
ω0MT1RL1VS
ω0MSTRL1

= −
MT1VS
MST

= −
ω0MTi

K
VS (20)

which is clearly consistent with Eq. (12). Comparison
between Eqs. (20) and (19) suggests that the impact of MS1
on VL1 is negligible when

|ω0MS1| �

∣∣∣∣MST

MT1

∣∣∣∣RL1 (21)

Next, to investigate the cross coupling among the RXs,
write the circuit equation of the WPT system with two loads
as follows
RS + RSl jω0MST jω0MS1 jω0MS2
jω0MST RTX jω0MT1 jω0MT2
jω0MS1 jω0MT1 R1 + RL1 jω0M12
jω0MS2 jω0MT2 jω0M12 R2 + RL2




IS
ITX
I1
I2



=


VS
0
0
0

 (22)

where RS + RSl, RTX, R1, and R2 are the loss resistances
in SR, TX, RX1, and RX2, respectively. By neglecting MS1,
MS2, and these loss resistances for further simplification,
the complex voltage amplitude on RL1 can be written as
follows

VL1 =
jω0MT2M12 −MT1RL2
ω2
0MSTM2

12 +MSTRL1RL2
RL1VS (23)

To simplify the analysis, it can be expressed in another
form

VL1 =
jω0M12 −

MT1
MT2

RL2

MST (ω2
0M

2
12 + RL1RL2)

MT2RL1VS (24)

If M12 = 0, Eq. (24) can be degenerated to Eq. (20).Accord-
ing to Eq. (24), the impact of M12 on VL1 can be totally
ignored if

|ω0M12| � min
(∣∣∣∣MT1

MT2

∣∣∣∣RL2,√RL1RL2) (25)

The expression of VL2 can also be obtained by simply
swapping the subscript 1 with 2 in Eq. (23):

|ω0M12| � min
(∣∣∣∣MT2

MT1

∣∣∣∣RL1,√RL1RL2) (26)

By extending Eqs. (21), (25), and (26) to the applications
with N receivers, then

|ω0MSi| �

∣∣∣∣MST

MTi

∣∣∣∣RLi for 1 ≤ i ≤ N (27)∣∣ω0Mij
∣∣ � min

(∣∣∣∣MTi

MTj

∣∣∣∣RLj, ∣∣∣∣MTj

MTi

∣∣∣∣RLi,√RLiRLj)
for 1 ≤ i, j ≤ N and i 6= j (28)

If Eqs. (27) and (28) are satisfied, the impact of Mij and
Msi on the proposed WPT system can be absolutely ignored,
and thus

VLi = −
MTi

MST
VS = −

ω0MTi

K
VS (29)

FIGURE 5. VL1 amplitude curve varies with MS1 and M12 under
MT1 = MT2, MS1 = MS2, RL1 = RL2; losses in the resonators are neglected.

An example of the VL1 amplitude curve varying with
MS1 and M12 for a SR-TX-RXs WPT system with two RXs
was calculated by Eq. (20) and plotted in Fig. 5 under the
conditions MT1 = MT2, MS1 = MS2, and RL1 = RL2
with the losses in the resonators ignored. Fig. 5 shows that
reducing the valve of ω0/RL1 and ω0/RL2 leads to less dis-
turbance by the cross couplingMS1, MS2 and M12 on |VL1|
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and |VL2| . In other words, heavy resistive and low operat-
ing frequency, which make the valve of ω0/RL1 and ω0/RL2
smaller, can reduce the impact of the cross couplings while
keeping the receivers and the source resonator far away from
each other; and these conclusions also hold for multi-RX
applications with lumped LC circuits as the K-inverters.

III. NUMERICAL SIMULATIONS AND EXPERIMENTS
In the SR-TX-RXs WPT system we propose, a large-caliber
Helmholtz coil (Fig. 6) is chosen as the TX coil for experi-
ment. A three-dimensional alternating uniformmagnetic field
can be produced inside the cylindrical space sketched by the
Helmholtz coil [25] and excited by an AC source, thus the
transmitting coil can guarantee that almost uniform power
is delivered regardless of where a receiver is placed inside
the coil. The large Helmholtz coil can not only keep the
receivers and the’ source resonator far away from each other
so as to reduce MSi, but also maintains suitable distances
among receivers to depress Mij. A schematic diagram of the
experimental SR-TX-RXs WPT platform is shown in Fig. 7.

FIGURE 6. (a) Helmholtz coil and (b) surrounding simulated magnetic
field structures.

FIGURE 7. Schematic diagram of the proposed WPT system with large
Helmholtz coil as the TX coil.

To verify the proposed theory (Section II), we built a
SR-TX-RXs WPT experimental platform using a large circu-
lar two-layer Helmholtz coil as the TX coil as shown in Fig.8.
Compared with Fig. 4(b), the platform chosen a coil instead
of a lump inductor. As we know, with the same inductance,
the Q of lump inductor usually is higher than that of the coil.

FIGURE 8. SR-TX-RXs experimental platform with Helmholtz coil as the TX
winding.

In this experiment, the coil, which is convenient to replace
to adjust the value of K, is just a component of the proposed
WPT system. The AC voltage source was constructed with a
half-bridge converter driven by a DC power supply with the
DC output voltage set to 10 V; the peak voltage of the AC
source VS was approximately 6.36V [26].

For WPT applications, higher operating frequency
(e.g., several MHz) is beneficial in increasing the Q factors of
the resonators as well as the transmission efficiency. Slightly
lower frequency (say, a few hundred KHz), however, can
suppress the ICCs and allows for the inverter to bemuchmore
easily manufactured. Here, we set the operating frequency
to 79.9 KHz.

Three receivers RX1, RX2, and RX3 connected in series
with resistance of RL1, RL2, and RL3, respectively, were
placed closely adjacent to each other. The measured param-
eters of the resonators and mutual inductances in the exper-
imental platform are listed in Table 1 and 2, where the loss
resistance of SR includes RS and RSl (Fig. 4(b)).

TABLE 1. Resonator parameters in experimental platform.

Fig. 9(a) shows the simulated and measured amplitude
frequency curves of VL1, VL2, VL3, and η under RL1 = 10�
and RL2 = RL3 = 5�. According to the experimental data in
the Table 3, although each load value is different, almost the
same voltage can be obtained for each load, and the cross-
coupling between the loads does not cause much interfer-
ence to the voltage obtained by the load. This also means
that the K-inverter can effectively isolate the load. In this
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TABLE 2. Mutual inductance among resonator coils.

FIGURE 9. Measured voltage amplitudes on loads and transmission
efficiency compared to numerical solutions. (a) Case 1: Three receivers
coexist; (b) Case 2: RX2 removed from the platform.

TABLE 3. Measured, simulated and calculated results with three
receivers.

case, |ω0M12| = |ω0M23| = 1.51� almost reached one
third of RL2, so the measured peak voltages on the loads
significantly deviated from the estimated values (up to 14%).
In other words, ω0/RL was not small enough in these cases;
suitable distance among the RXs must be kept to reduce the
mutual inductance Mij.

TABLE 4. Measured, simulated and calculated results with RX2 out.

For further comparison, RX2 was removed from the charg-
ing zone to obtain the simulated and measured results shown
in Fig. 9(b) and Table 4. In this case, RX2 was removed
to keep the cross couplings small enough (|ω0MS1| =

|ω0MS3| = 0.055� and |ω0M13| = 0.291�) i.e., well below
RL1(= 10�) and RL3(= 5�), so turbulence in the cross cou-
plings could be entirely ignored. The measured peak voltage
on the loads was in close agreement with the numerical and
estimated (Eqs. (14) and (12)) results at 79.9 KHz.

Fig. 9 depicts the resonant frequency splitting phe-
nomenon [16], [27]–[29], where the voltage amplitude-
frequency curves indicate the operating frequency is located
at the valley as opposed to the peaks on either side. The effi-
ciency curves have a single peak with central peaks located
at the operating frequency. It is crucial for most appliances
to acquire the appropriate voltage and power rather than the
maximum from the power supply to maximize efficiency –
most mobile phones, for example, e.g., are charged with only
5 V DC voltage. Our scheme actually follows the maximum
energy efficiency principle rather than the maximum power
transfer principle [16].

To further investigate the load voltage amplitudes versus
the loads, we fixed RL1 as 10� and adjusted RL3 from 5� to
infinity after removing RX2; we measured and simulated the
voltage amplitudes ofVL1 andVL3 as plotted in Fig. 10, where
1/RL3 (rather than RL3) was chosen as the abscissa to ensure
RL3 approached infinity. In this case, RX3was open-circuited
or removed from the wireless charging zone. The results
show that VL1 was almost unaffected by the load of RX3 and
vice versa, even when RX3 was removed. In effect, when
the cross couplings were well depressed, all receivers were
well isolated from each other (Section II), so no impedance
matching technologies were needed to dynamically adjust the
load voltages when the receivers were added to or removed
from the system. The load voltages also slightly decreased as
RL3 was reduced.

As shown in Fig. 2(a), the current IS and voltage on RS
increased as load resistance decreased, i.e., the voltages on
the loads were less thoroughly distributed. If one RX in the
charging area was short-circuited for some reason, a very
large current would arise in the source and may damage
the power source. Protective devices (e.g., a fuse) should be
installed in the source resonator to prevent this.
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FIGURE 10. Measured and simulated voltage amplitudes on RL1 and RL3
vary with 1/RL3 when RX2 is removed.

FIGURE 11. Load-isolation in the multi-RX WPT system: (a) Before and
(b) after a high-power LED is joined in the system.

Fig. 11 shows where the voltage amplitudes across the
tested load were almost the same before and after the high-
power LED (dotted box) was moved in the system. This
verifies the load-isolation feature of the proposed scheme.

FIGURE 12. An application of the SR-TX-RXs WPT system charging
multiple LEDs and mobile phones.

Fig. 12 shows an example where several LEDs and mobile
phones were powered wirelessly via the proposed scheme
with a two-layer circular Helmholtz coil as the repeater
winding.

IV. CONCLUSIONS
This paper proposed a novel scheme in which a K-inverter
is utilized to achieve load-isolation in multi-RX WPT appli-
cations. The load-isolation principle was illustrated theoreti-
cally and verified by numerical simulations and experiments
per key indexes such as the power contributing to each RX
and the transmission efficiency.

The K-inverter can be implemented with an inductance
coupling circuit in addition to a lumped T-type or5-type LC
circuit. In the inductance coupling circuit with a K-inverter,
the SR-TX-RXs WPT topology is preferred because theK
parameter can be adjusted conveniently.

By inserting a K-inverter between the half- or full-bridge
AC voltage source and the TX in a traditional multi-RXWPT
system, each receiver load is analogous to being connected in
shunt with the power supply with approximately a 0� output
impedance. Each RX load absorbs the power from the power
supply depending on the source voltage amplitude, the volt-
age transformation ratio |ω0MTi/K |, and its own impedance; it
is thus unaffected by any other receivers. The load-isolation
feature is highly beneficial for charging many small appli-
ances (e.g., mobile phones or laptops) simultaneously as they
are added to or removed from the WPT system randomly and
frequently.

We found that low operating frequency and heavy receiver
loads are helpful in suppressing the cross couplings among
the receiver coils and the SR coil. By configuring these
parameters carefully, the effect of ICCs can be effectively
managed.

The load-isolation concept introduced here may also be
applicable in domino WPT [13], [14], [20] applications,
which we plan to explore in our future research.
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