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EMI in Wireless Power
Transfer Designs

At the heart of WPT, which charges and powers electronics like mobile devices, teapots,
ebikes, and even robots, are receiver and transmitter coils using near-field inductive
power transfer. This article focuses on the inductor coils as they relate to EMI.

ireless power transfer (WPT) technol-

ogy, an excellent technology for easier

and safer battery charging, doesn’t

use a wired electrical contact that can
cause an unwanted electric spark or even deliver dangerous
electric current to users. When transferring power from a
source to a battery or other load, strong electromagnetic fields
(EMFs) will be generated. The vehicle power inverter charger
output will have a wide range of harmonics.

Designers are tasked with reducing the electromagnetic
fields (EMFs) and electromagnetic interference (EMI) in
WPT systems. What follows are some methods that will
help designers create a robust and safe WPT design while
minimizing EMI.

Magnetic-Resonance Method

WPT architectures that use a magnetic-resonance meth-
od between coils are employed for safety, wide distances,
and high-power capabilities. This kind of system is per-
fect for electric vehicles, defense applications, and medical
equipment. Advantages include high power-conversion effi-
ciency, ability of fault tolerance, and wide operating capabil-
ity even with coil misalignment.

One drawback when applying this method of wireless
transfer is that the coil shielding materials will induce high
capacitive parasitics in a wireless-charger application. This
will generate EMI from the wireless charger, which may af-
fect user safety as well as possible malfunction in nearby
circuitry.

Reducing EMI in the aforementioned application can be
achieved with the use of spread-spectrum techniques (SST)
with no additional cost to the system design. This method-
ology reduces the peak and quasi-peak levels of EMI via the
spreading of the bandwidth of the power converter. It will
reduce the number and size of the EMI filter, leading to a
lower volume in the overall power converter.

However, there’s an added cost in using this technique:
An increase in power-converter voltage ripple due to the
need to change the operating points of the power converter
either randomly or periodically. Reference 1 uses a bridge-
less rectifier, at the secondary side of the WPT, which will
control the output voltage without an additional dc-dc con-
verter at the secondary side. Tthis ripple can be reduced in
other ways, too (see Reference 2 and Reference 3).

Reducing EMI in WPT for UAV/Drone Charging

WPT technology is a safe and convenient method to
charge batteries, since it’s unaffected by any external condi-
tions. While charging batteries, there’s always a possibility
of unintended electrical sparks or dangerous currents to us-
ers. During the transfer of power from a source to a battery,
there may be powerful EMFs and EMI generated. A power
inverter will most likely have a wide range of harmonics that
increase EMIL

This method also can be applied to unmanned aerial
vehicles (UAVs)/drones, whose usage and applications are
growing exponentially in number.

Reference 4 explains the design of a tightly coupled,
three-phase resonant magnetic field (TC-TPRMF) charger
for drones with low EMF and EMI. This design consists of
a three-phase inverter, resonant matching circuit, wireless
charging platform, ac-dc converter, and drone battery that
uses the guided magnetic flux in resonance (GMFIR) struc-
ture (Fig. 1).

EMI Risk in Pacemakers

EMI can be dangerous for people with pacemakers and
implantable cardioverter defibrillators (ICDs) who are out-
side of an electric vehicle (EV) while it’s charging. This is
caused by coil currents of WPT systems that can generate
large, time-varying magnetic fields in the surrounding en-
vironment.
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1. Shown are the TC-TPRMF charger atop a commercial vehicle (a); the 3D
model of the TC-TPRMF charger (b); and the illustration of the GMFIR struc-
ture that will guide and confine magnetic flux to achieve low EMF TC-TPRMF
charging (c). (Image from Reference 4)
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2. This is an active shielding system configuration. (Image
from Reference 2)

It's been shown that the most severe fields will not
be inside the vehicle cabin, but rather in the side areas
close to the ground outside the EV. Vehicle power-
supply devices must be compliant with EMF safety
standards for human exposure as well as be electro-
magnetically compatible with ICDs and pacemakers.

The standard for automotive applications of WPT
systems requires that at the operational frequency, f
= 85 kHz, the magnetic flux density will need to be
below B = 27 pT, to not exceed the reference levels of
ICNIRP 2010 guidelines. And it must be lower than B
=188 uT (150 A/m) so as not interfere with the nor-
mal sensing operation of the pacemaker with unipolar
leads. The induced peak-to-peak voltage, in the loop
area formed by the unipolar pacing lead, will need to
be lower than V p-p =510 mV as well.

An active shielding coil can be designed to reduce
the risk for patients with pacemakers or similar devic-
es. It’s produced by a time-varying magnetic field gen-
erated via 85-kHz WPT coil currents. The design of
the ferrite shield above the secondary coil (Fig. 2) will
reduce the field on both external lateral sides of the
EV without reducing the electrical performance of the
WPT system. In addition, each side of the ground pad
has an active coil with the shape of a partial annular
sector that’s placed around the circular primary coil.

EMI Shielding in Electric Train WPT

WPT is being used in EVs, electric buses, and even
in electric trains. In these high-power application
cases, the systems have many existing electrical com-
ponents, such as signal and control systems, which
are directly responsible for human safety. EMI can
wreak havoc on these safety systems in the presence
of strong WPT fields that are powering electric trains,
for example.

The power inverter in a WPT transmitter is usually
the main source of EMI. To minimize the EMI in the
power converter, focus must turn to the main source
causing it—the switching transistor in the power in-
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3. In this cross-section of the WPT in a train system, the intermediate coil is placed inside the
Tx coil to suppress third-harmonic EMI components. (Image from Reference 9)

verter. The switching action of the power transistors gener-
ate harmonic components into the air that may affect nearby
systems, such as electric train safety systems like crossing
gates and safety signals for the trains.

Reference 9 suggests an intermediate coil, consisting of
Litz wire and a lumped tuning capacitor, within the Trans-
mit (Tx) coil to help reduce third harmonics causing radi-
ated EMI. (Fig. 3)

Reference 9 also shows that the intermediate coil gener-
ates the same phase as the magnetic field at operating fre-
quency. Furthermore, the intermediate coil generates the
opposite phase of the magnetic field at the third harmonic
frequency. Utilizing this theoretical principal, the interme-
diate coil is designed to suppress the third-harmonic com-
ponents without reducing system efficiency.

Summary

Wireless power transfer is a technology that easily trans-
fers power, from a source to a load, over the air without using
wires. It improves safety with added convenience for users.

This article has suggested multiple scenarios discussing
some various uses of WPT. There’s also a drawback in using
WPT due to the generation of EMI. The good outweighs the
bad here, since we can minimize that EMI in various ways.
There’s no doubt that wireless power will find new and use-
ful applications in the future, and designers can expect that
more novel ways will emerge to minimize the radiated EMI
from this WPT method.
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