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Abstract— Omnidirectional inductive wireless charging of a
6x6x6 cm® 3D receiver cube with 6 planar coils inside a
47x47x47 em® box with 4 planar emitting coils is studied. The
power delivered to the cube in the central position of the box is in
the 1 W - 2.4 W range with 6 - 7% transfer efficiency. In this posi-
tion, the power is insensitive to the pitch angular orientation.
‘When moving the 3D receiver cube toward the corners of the box,
there is no sudden drop of transmitted power. However, the deliv-
ered power near the corners increases or decreases in an accepta-
ble range depending on the orientations of the magnetic field of
the emitters. Perspectives of this work, when replacing the manu-
facturing of coils based on PCBs technology by 3D Molded Inter-
connect Device technology, are briefly discussed.

Index Terms— wireless power transmission (WPT), omnidirec-
tional, magnetic induction, mobile receiver, molded interconnect
device

1. INTRODUCTION

Easy-to-use solutions are needed for powering the increasing
number of electronic devices. Among the available Wireless
Power Transmission (WPT) technologies, magnetic induction
is the most promising one because of its simplicity and power
capability [1]. This technology has already spread on the con-
sumer market [2] driven by standards like Qi, PMA and
Rezence. So far, these standards offer unidirectional solutions
to power stationary devices. Moreover, it is well known that the
receiver should be in the vicinity of the emitter and that the en-
ergy transfer efficiency is very sensitive to angular misalign-
ment.

In addition, there are many applications where many elec-
tronic devices have to be charged while freely moving [3]-[4].
Therefore, in this work we want to analyze a situation where
the receiver can move along different directions.

So far, in the literature, the reports deal with the powering of
a movable device with an unidirectional array of coils or the
powering of a stationary object by emitting uniformly in differ-
ent directions [5]-[7] but none has combined both. In many
cases, the receiver is confronted to limited freedom of move-
ment or to sudden changes of the transmitted power.

That is why in this paper we want to analyze a solution for
powering multiple targets in movement along different direc-
tions. This is possible by emitting inductive power in many di-
rections with a 3D array of coils and by receiving it with a 3D
array of coils.

II. EXPERIMENTAL SET UP
A. 3D Receiver Cube and Inductive Power Box

As shown in Fig. 1, the experimental set up is composed of a
47x47x47 cm’ box with 4 planar emitting coils on the sides
named TRX1 to TRX4 (2-turns with 30 cm diameter) with a Q-
factor of 80 at 6.78 MHz. A copper Litz wire of 2 mm? cross-
section was used in order to minimize skin effects.

On the receiving side, there is a 6x6x6 cm® 3D cube with
6 planar coils with a Q-factor of 170 at 6.78 MHz (8-turns with
5 cm diameter of copper tracks of 70 um thickness, 800 um
width and 400 um spacing) made on two-dimensional Printed
Circuit Boards (PCB) and named RX1 to RX6.
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Fig. 1. Schematic diagram of the 3D receiver cube inside the inductive box
at central position. In this particular position :TRX1/RX4; TRX4//RX1;
TRX3//RX2; TRX2//RX3 (note the presence of top RX5 and bottom RX6).
During the experiments, the 3D receiver will be translated inside the inductive
box and/or turned with 8 pitch rotation (see Fig. 3).

The receiver cube is obtained by assembling the 6 planar
coils as shown in Fig. 2 (the coils are on the inner faces of the
cube).

Ferrite sheets with a surface of 6x6 cm? and 0.4 mm thickness
are also placed on all inner faces of the cube directly on the coils



in order to decrease the dependence between the receiving
sides. The imaginary and real parts relative permeability of this
ferrite are respectively 160 and below 5 for a frequency of
6.78 MHz.

Ferrite sheet

Fig. 2. Transparent CAD view of the 3D receiver cube with the planar coils
and the electronic rectifiers (see Fig. 4) on PCBs before final assembling. One
side is opened to see the inside of the box.

A XYZ translation stage with 6 pitch rotation made of only
polymer materials allows to manually move the cube inside the
box. For reducing unwanted dissipation, there is no metal in the
experimental set up, except some wires for measurement. There
is no power storage device in the receiver cube so that the re-
ceived power is directly used by the load and measured.

Fig. 3.
the 3D cube inside the emitter box (no emitter coils on the top and bottom sides
of the box). The red cross indicates the origin (x=0, y=0, z=0) that will be used
for measurements.

Experimental set up with the XYZ6 polymer stage allowing moving

Each transmitter has a 4.42 pH inductor L, in series with a
high voltage tuning capacitor C;, as shown on Fig. 4. Each of
these LC emitting circuits are powered by a class-D ZVS am-
plifier working at 6.78 MHz with GAN technology.

On the receiving side, each coil L, is in parallel with a tuning
capacitor Cp,, and in series with a capacitor Cs,.,. The voltage
is then rectified with Schottky diodes and directly applied to a
load R; . The value R; of 68 Q has been used to maximize out-
put power for most of the receivers positions in the box as
checked experimentally. Of course, it might be not optimal for
some positions. Future improvements will require adapting the
charge to the position.

In this system, all the inductors are coupled to each other and
share a mutual inductance. Due to the small distance between
the transmitting inductors L, to L.y, they share a high mutual
inductance My;; and have a dependent resonant frequency.
Same thing for L,,; to L,,s. However, all the receiving and
transmitting coils have a very low mutual inductance M,,;; be-
cause of the difference in size, which makes them almost inde-
pendent from each other . This means that, once the system has
been tuned, the receiver can move everywhere in the box with-
out disturbing the resonance of the emitter.
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Fig. 4 Equivalent electronic circuit of the transmitter and the receiver.
Note that the 6 receivers RX1 to RX6 share a mutual inductance Mr;jwhich is
not represented on the schematic.

III. EXPERIMENTAL RESULTS
A. Available power transmitted at central position

Each amplifier supplies approximately 4 W of power (de-
pending on the position of the receiver) to its transmitter. Trans-
mitting and receiving inductors are tuned to resonance with var-
iable capacitors. The direction of the magnetic field at a given
moment is shown on Fig. 5. This configuration is expected to
offer a good distribution of power in the box. However, posi-
tions of high and low energy (hot and cold spots) are also ex-
pected as shown in Fig. 5.At central place (X=Y=Z=0 and
0=0°), the measured Power Delivered to Load (PDL) is 1.03W
and the Power Transfer Efficiency (PTE) is 6.8% for 15.2W
transmitted in total.
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Fig. 5. (a) Directions of magnetic field during the first semi-period of sin-
wave excitation showing the positions of high and low energy (hot and cold
spots). (b) Directions of magnetic field during the second semi-period of sin-
wave excitation showing that the positions of hot and cold spots remain un-
changed.

B. XY cartography at 3 different z values

The size of the box is 47x47x47 cm® with origin in the center,
which is sufficient for allowing the movement of the 6x6x6 cm?
target along different directions. We do limit the translational
movement of the target in the 30x30x30cm region, which cor-
respond to the size of the emitting coils. However, due to ex-
perimental limitations (in the assembly of polymer translation
stages), the -150mm < x < -25 mm is not accessible for meas-
urement.

So, the objective of the experiment is to measure the power
wirelessly transferred to the receiver while moving the cube in-
side the box with translational movements in the following
range:

-25 mm <x <150 mm
-150 mm <y < 150 mm

PDL and PTE measurement at 3 z-heights are shown in
Fig. 6, Fig. 7 and Fig. 8 (6=0°). The area of measurement in the
xy directions is shown as a dashed box in Fig. 5.
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Fig. 7. Power PDL delivered to load and power transfer efficiency PTE at
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Measurement results shows that the receiver has almost 1 W
PDL on most of the positions. As expected there are 2 cold
points in the corners where the power drops near 0.21 W and
2 hot points where the power increase up to 1.75 W.

C. Available power at central position for different pitch

For the cube at central position, PDL and PTE are measured
at different angular pitch 6 within the -90° to 90°.range.The val-
ues of PDL are relatively constant with 1.04 W mean value and
30 mW mean standard deviation. The mean value and mean
standard deviation for PTE are respectively 6.68% and 0.15%.
So our conclusion, is that thanks to the design, the transmitted
power at central position is almost independent of the orienta-
tion.

D. Available power at central position at increasing input
power

Fig. 10 shows the variation of PDL and PTE at increasing
input power. The maximum PDL that we obtained at the central
position is 2.43 W with PTE 6.2 %. The actual limit comes from



the heat dissipation of the amplifier, which has not been yet op-
timized.
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Fig. 10.  Measured PDL and PTE at the central position (x=y=z=0 and 6=0°)

for different input power
E.  Powering multiple receivers inside the box

Fig. 11 shows qualitatively the capability of the system to
power multiple moving devices. Two planar coils with 4 LEDs
tuned at 6.78 MHz were moved inside the box. As discussed
below in the conclusion, the next step will be to make use of the
Molded Interconnect Device technology (3D MID) to power
the LEDs with coils of different orientation.

Fig. 11.

Two planar coils with 4 LEDs moved inside the box.

IV. CONCLUSION

Our conclusion is that the power delivered to the 3D receiver
cube in the center is in the 1 W - 2.4 W range with 6 - 7% trans-
fer efficiency. In this position, the power is insensitive to the
orientation. This level of power is interesting for practical ap-
plications, for example medical applications.

When moving the 3D receiver cube toward the corners of the
box, the delivered power increases or decreases depending on
the orientation of the magnetic field of the emitters. This can
probably be improved with a better design. However, there is
no sudden drop of transmitted power.

With the experimental set up, powering of multiple moving
devices with changes of positional and angular orientation has
been qualitatively demonstrated.

The next step will be to use a technology more convenient
than conventional PCBs to fabricate the coils of the receiver [8].
Multidirectional receivers require coils with a 3D design that
can be made with the 3D MID technology [9]. Previous work
showed a way for designing high quality 3D MID inductors
[10]. In addition, 3D MID, which allows (relatively) easy inte-
gration of 3D inductance coils at the surface of everyday ob-
jects. This could be a valuable solution at industrial scale.
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