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1. INTRODUCTION

With the increasing spread of wireless power transfer in
consumer electronics, e.g. in smartphones and charging
stations, manufacturers of industrial and medical technology
are focusing more and more on this technology and its
benefits. This technology offers interesting approaches,
especially for industries and areas where harsh working
conditions are common, such as construction machinery,
explosive atmospheres (ATEX), agriculture, etc. For example,
expensive and vulnerable slip rings can be superseded,
reducing maintenance and extending the life-cycle of the
product.

In medical technology, too, contactless energy transfer offers
numerous benefits. Special requirements for hygiene and
sterility of medical devices apply here, while the devices and
systems must also be resistant to harsh cleaning agents and
chemicals. Contactless energy transfer eliminates the need for
special connectors with (for example) particularly good seals.
Since increasing amounts of data are transmitted wirelessly —
e.g. via WiFi, Bluetooth, etc. — transferring the required energy
wirelessly as well is a sensible development. The aim of this
application note is to show the developer how a proprietary
contactless power transmission system rated at several
hundred Watts, including data transmission, can be created
simply and efficiently.

Figure 1: Wireless Power Coils from W(irth Elektronik.
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2. HOW INDUCTIVE WIRELESS POWER
TRANSMISSION WORKS

We use only near-field energy transmission. This type of
transmission includes inductive coupling based on the
magnetic flux between two coils. As shown in Figure 2, the
transmission path consists of four main components.
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Figure 2: Principle of wireless power transmission.

On the transmitter side, there is a transmitter coil; and an
oscillator, which works as an inverter. On the receiver side,
the system consists of the receiver coil and the rectifier,
which generates DC from the AC input. The oscillator
generates an alternating current from the input DC voltage,
which then generates an alternating field in the transmitter
coil (L1). Due to the counter-induction between the two coils,
the energy is transmitted between the transmitter coil (L1)
and the receiver coil (L2). The alternating current in the
transmitter coil induces an alternating voltage in the receiver
coil (according to Faraday's law of induction), which is then
rectified and passed on to the load.

A problem with larger distances between the transmitting
and receiving coils is that the stray flux increases sharply,
and thus the efficiency of the energy transmission decreases.
This corresponds to the function of a transformer with loose
coupling. This can be remedied by resonant inductive

coupling.
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Figure 3: Principle of resonant inductive energy transfer.

By means of resonant inductive coupling, the range as well
as the efficiency can be increased. This represents an
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extension of pure inductive coupling, with a capacitor being
inserted in series with the transmitting and receiving coils. The
resultis an LC series resonant circuit, also referred to as a
resonant tank. To achieve the best possible efficiency of
energy transmission, the resonant frequencies of the
oscillating circuits must be tuned. The very high stray
inductance will be almost completely compensated with the
capacitor in series to the WPT coil. The resonance between the
two oscillating circuits leads to an improved magnetic coupling
between the transmitter and receiver coils at the selected
resonance frequency.

The principle of inductive resonant energy transfer can be very
easily applied in practice. The following chapter describes a
proprietary solution.

3. PRACTICAL APPLICATION OF INDUCTIVE
RESONANT ENERGY TRANSFER

3.1 Design of a full bridge resonance converter

Figure 4 shows the block diagram of a full bridge resonance
converter. The circuit diagram can be divided into the following
sections:

= Oscillator with fixed duty cycle (50 %) and full bridge
MOSFET driver

= Full bridge of 4 switching elements (MOSFETS)

= Series resonant circuit consisting of resonance capacitor
and WPT transmitter coil

= Series resonant circuit consisting of resonance capacitor
and WPT receiver coil

= Rectifier (bridge rectifier or synchronous rectifier)

This circuit is not self-oscillating; the switching frequency is
determined by the oscillator and is tuned to the resonant
frequency of the series resonant circuit.

Advantages of this concept:

= Scalability from low power to very high power (10 W to
several 10 kW)

= The current flow in the resonance circuit and rectifier is
sinusoidal, with good EMC behavior

= The MOSFETSs switch at zero voltage, giving a very high

efficiency of >90 %

Easily scalable for many different voltages/currents

By changing the switching frequency, the output voltage

can be higher or lower than the input voltage

Output voltage can be regulated

Data can be transmitted between receiver and

transmitter
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Figure 4: Block diagram of a full bridge resonance converter.
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Figure 5: Principle of energy transfer during the positive half-wave (lceir) in the resonance tank.
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Figure 6: Principle of energy transfer during the negative half-wave (lcenr) in the resonance tank.

3.2 Operation of a full bridge resonance converter

Figure 5 and Figure 6 show the transfer of power between
transmitter and receiver. The current (resonant current) is
sinusoidal in the transmitting coil, oscillating around the zero
point. Energy is transferred in both half-waves of the

resonance current lcr/r.
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Figure 7: Oscillogram drain signals A-B, C-D and coil current
(Up =20V, Uput = 17 UV, lowe = 6 A, Pour = 100 W).

Figure 7 shows the signals on the resonance circuit. The
signals "Node CD" and "Node AB" are the voltage curves within
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the full bridge. In the high phase of Node AB, the voltage at
Node CD is low and vice versa.

As mentioned earlier, the flow of current in the resonance
circuit is sinusoidal and a phase shift between the voltage
signals and the current signal can be seen. This phase shift
occurs because the switching frequency of the full bridge is
above the resonant frequency of the series resonant circuit.
The operating point is located in the inductive range of the
series resonant circuit; the current will follow the voltage.

This is very important for operation, as only through this
phase shift to the inductive range is ZV/S (zero voltage
switching) operation possible. This gives the highest
efficiency. If the phase shift goes into the capacitive range,
i.e. the current precedes the voltage, the converter is no
longer working in ZVS mode, but ZCS mode (zero-current
switching).

ZCS operation leads to higher losses because the current
commutates hard into the body diodes of the MOSFETSs. In
unfavorable circumstances, this can destroy the MOSFETSs.
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3.3 Relationship between switching frequency and
resonance frequency

The left-hand side of the simulation in Figure 8 shows a
simplified model of this circuit. Only the resonance circuit of
the transmitter and receiver is shown. This is sufficient for

reviewing here.

The circuit shows two series of resonant circuits, one each on
the transmitter and receiver side. These represent the two
resonance tanks in Figure 4. On each side is a capacitor with
400 nF and a WPT coil (760 308 102 142) with an inductance
of 5.8 pH. Both oscillating circuits are tuned to each other. For
the simulation, we need the coupling factor of the transmit
and receive coils. This depends on the distance between the
two coils. In our example, we have set the distance to 6 mm,
resulting in a coupling factor of 0.537 (0.54). This value was
determined by measurement. The resonance frequency of the
system, consisting of transmitter and receiver cail, is approx.
100 kHz.

In the Bode plot on the right-hand side, the frequency is
plotted on the X-axis and the amplification is plotted on the Y-
axis. At amplification = 1 (Vgain - Vin), all curves of the different
load conditions run through one point. In our example, this
happens at 155 kHz, which corresponds to the switching
frequency of the circuit. As mentioned above, the switching
frequency is higher than the resonance frequency of the
resonant circuit, and here we can see why as well. The
following oscillogram (Figure 9) shows the switching frequency
and the resonance current. The measurement above shows a
switching frequency of approx. 150 kHz, which is very similar
to the simulation. Figure 9 shows the voltage curve of the
switch node A-B/C-D (orange line) and the resonance current
through the series resonant circuit on the transmitter side.
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Figure 9: Switching frequency and magnetizing current
(Un =20V, Upt = 17V, lout = 6 A, Pour = 100 W).

From these two curves, it can be seen that a complete
energy transfer between transmitter and receiver takes
place during each half-wave. The resonance current reaches
the magnetizing current every time the switch node switches
over. The system operates at maximum efficiency at this
operating point. On the transmitter side, the MOSFETs
switch off at a drain/source voltage of about 1V (2VS
operation); this voltage depends on the characteristics of the
freewheeling diode in the MOSFETSs. According to the
MOSFET's data sheet, a typical value is between 0.93 V and
1.2 V.

On the receiver side, the rectifier diodes or the synchronous
rectifier operate in ZCS mode (zero-current switching). If the
current in the resonant circuit (receiver side) reaches 0V, or
when the resonant current on the transmitter side reaches
the magnetizing current, the current softly commutates
between the two bridge branches in the rectifier. The output
voltage can be changed by changing the switching frequency.
If the switching frequency is reduced, the operating point
moves towards the resonance frequency and the output
voltage increases.

If the switching frequency increases, the operating point
moves away from the resonance frequency and the output
voltage decreases. See resonance curve in Figure 9.
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Figure 8: Simulation of resonance behavior under different load conditions.
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3.4 Data transmission between transmitter and
receiver

This type of connection also enables transmission of data
between transmitter and receiver and vice versa. This is
possible by modulating the alternating field between the cails.
See the following oscillogram (Figure 10).

Data transmission is carried out serially with a transmission
rate of approx. 9.6 kBaud. The yellow line shows the data
stream from the receiver; the green line is the demodulated
signal at the output of the transmitter. In our example, data is
transferred from the WPT receiver to the WPT transmitter. A
practical example is a sensor for pressure, temperature or any

Modulation

12ms

16 ms

other kind of application. Shown in Figure 11 a sensor
connected to the WPT receiver is supplied with energy via
the WPT coil and data from the sensor are simultaneously
transmitted to the WPT transmitter via the same coil.

On the receiver side (data source), an additional capacitor is
connected to the existing resonant capacitor by a switch.
This switch is connected to the output of the UART of the
microcontroller (see Figure 11). An AM demodulator and the
UART controller receive the data from the modulated signal
at the transmitter coil. The data on the transmitter side can
be shown on an LCD display (Figure 13) or sent out via an
additional RF module to any kind of cloud service.
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Figure 10: Data transmission from receiver to transmitter (Un = 20 V, Uput = 17V, lour = 6 A, Pou = 100 W).
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Figure 11: Principle of data transmission from receiver to transmitter.
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4, SUMMARY AND MEASUREMENT SETUP | il

With the circuit topology presented above, wireless
transmission of very large amounts of power — several 10 kW
— is possible. Both energy and data can be transmitted. The
hardware developer can modify or extend the circuitry as
desired or required to adapt it to the application. Since data
can be transferred, regulating the output voltage is possible.

Along with the design of the circuits, the transmitter and
receiver coils are crucial for high efficiency and the most
compact design possible. Wiirth Elektronik eiSos also offers
coils with the highest Q-factor in the respective design
alongside its wide range of products. As a result, high
inductance values can be achieved, allowing small resonance
capacitors.

Furthermore, for higher power ratings, only HF stranded wire
(less AC losses) and high-quality ferrite material (high
permeability) are used. In practice, this means maximum
efficiency with the best possible EMC properties.

Figure 13: WPT Transmitter and WPT Receiver.

Figure 12: Measurement setup.
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IMPORTANT NOTICE

The Application Note is based on our knowledge and experience of
typical requirements concerning these areas. It serves as general
guidance and should not be construed as a commitment for the
suitability for customer applications by W(rth Elektronik eiSos GmbH
& Co. KG. The information in the Application Note is subject to change
without notice. This document and parts thereof must not be
reproduced or copied without written permission, and contents
thereof must not be imparted to a third party nor be used for any
unauthorized purpose.

Wirth Elektronik eiSos GmbH & Co. KG and its subsidiaries and
affiliates (WE) are not liable for application assistance of any kind.
Customers may use WE's assistance and product recommendations
for their applications and design. The responsibility for the applicability
and use of WE Products in a particular customer design is always
solely within the authority of the customer. Due to this fact it is up to
the customer to evaluate and investigate, where appropriate, and
decide whether the device with the specific product characteristics
described in the product specification is valid and suitable for the
respective customer application or not.

The technical specifications are stated in the current data sheet of the
products. Therefore the customers shall use the data sheets and are
cautioned to verify that data sheets are current. The current data
sheets can be downloaded at www.we-online.com. Customers shall
strictly observe any product-specific notes, cautions and warnings.
WE reserves the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and
services.

WE DOES NOT WARRANT OR REPRESENT THAT ANY LICENSE,

USEFUL LINKS

Application Notes
www.we-online.com/appnotes

REDEXPERT Design Platform
www.we-online.com/redexpert

Toolbox
www.we-online.com/toolbox

Product Catalog

www.we-online.com/products
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EITHER EXPRESS OR IMPLIED, IS GRANTED UNDER ANY PATENT
RIGHT, COPYRIGHT, MASK WORK RIGHT, OR OTHER INTELLECTUAL
PROPERTY RIGHT RELATING TO ANY COMBINATION, MACHINE, OR
PROCESS IN WHICH WE PRODUCTS OR SERVICES ARE USED.
INFORMATION PUBLISHED BY WE REGARDING THIRD-PARTY
PRODUCTS OR SERVICES DOES NOT CONSTITUTE A LICENSE FROM
WE TO USE SUCH PRODUCTS OR SERVICES OR A WARRANTY OR
ENDORSEMENT THEREOF.

WE products are not authorized for use in safety-critical applications,
or where a failure of the product is reasonably expected to cause
severe personal injury or death. Moreover, WE products are neither
designed nor intended for use in areas such as military, aerospace,
aviation, nuclear control, submarine, transportation (automotive
control, train control, ship control), transportation signal, disaster
prevention, medical, public information network etc. Customers shall
inform WE about the intent of such usage before design-in stage. In
certain customer applications requiring a very high level of safety and
in which the malfunction or failure of an electronic component could
endanger human life or health, customers must ensure that they have
all necessary expertise in the safety and regulatory ramifications of
their applications. Customers acknowledge and agree that they are
solely responsible for all legal, regulatory and safety-related
requirements concerning their products and any use of WE products
in such safety-critical applications, notwithstanding any applications-
related information or support that may be provided by WE.
CUSTOMERS SHALL INDEMNIFY WE AGAINST ANY DAMAGES
ARISING OUT OF THE USE OF WE PRODUCTS IN SUCH SAFETY-
CRITICAL APPLICATION.

CONTACT INFORMATION

appnotes@we-online.com
Tel. +49 7942 945 -0

Wiirth Elektronik eiSos GmbH & Co. KG
Max-Eyth-Str. 1 74638 Waldenburg Germany
www.we-online.com
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REVISION HISTORY

Document Version ‘

Release Date
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ANPO70a 2018/03/06 Initial release of the application note

ANPO70b 2018/03/12 Minor wording and language adjustments, revised figures: Figures 4—8and 10-12
ANPO70c 2018/10/22 Revised figure 5a and 5b

ANPO70d 2026/04/28 Transferred to new graphical template and minor wording and language adjustments
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