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APPLICATION NOTE 

ANP014 | Wireless Energy Transmission 
Coils as Key Components 

Jörg Hantschel

1. INTRODUCTION 
Why is wireless energy transmission gaining importance now 
even though the technical principle is over 120 years old? The 
behavior of smartphone and tablet users has changed 
dramatically over the past years. People are constantly 
sending emails, texting, posting on social networks and 
playing online games. The average user can barely last a day 
on a single battery charge, because large displays, fast 
processors and HD graphics consume lots of power. Public 
wireless charging stations offer a convenient solution to this 
problem. For example, a user can charge a smartphone by 
simply placing it on a restaurant table outfitted with a 
wireless charger. To make the user’s experience successful, 
the charger must be easy to use, fast and efficient, but more 
importantly, its performance must be comparable to 
conventional wired chargers. 

Driven in part by Apple’s entry into the Wireless Power 
Consortium (WPC), this technology has become well 
established, particularly in the smartphone sector. In addition, 
a wide range of applications across various industrial fields is 
expected to follow. 

 For example, in the medical field, charger contacts, such as 
plugs or prongs, corrode easily with liquid disinfectants. 
However, with integrated wireless charging technology, 
medical instruments can be completely encapsulated which 
prevents contamination and corrosion. Moreover, in industrial 
settings with high concentrations of dirt, dust or flammable 
materials, wireless power supplies can eliminate many of the 
risks and quality control issues associated with charger 
contacts. The development of autonomous mobile robots in 
industry (AMR, AGV), as well as electric vehicles, suggests 
that this technology will also gain traction in these areas, 
extending to higher power classes (up to 11 kW). 

2. THE STANDARDS FOR WIRELESS POWER 
TRANSFER  

The success of these solutions depends, of course, on devices 
that adhere to standard compatible protocols on both the 
transmitter and receiver sides. Therefore, regardless of 
manufacturer, once it is certain that devices can be charged at 

any compatible station, the technology will become popular. 
Hence, it is critical to understand which standard protocols 
are present in the market and the technology behind them. 

2.1 Close-coupled Qi Standard Wireless Power 
Consortium (WPC)  

 

 Energy transmission through inductive coupling 
over a short distance –typically in the millimeter 
range. 

 Transmitters (Tx) and receivers (Rx) are coils coupled 
via a magnetic field. 

 The magnetic field is concentrated in a small area 
between the transmitter and receiver coils. 

 A single transmitter can only supply energy to one 
receiver at a time. 

 Frequency range consists of 100 – 360 kHz. 
 Coil shapes and form factors consist of wire wounds 

on ferrite or traces printed on a circuit board. 
  At time of writing, the WPC has defined three 

power profiles in the smartphone sector: 
- Baseline Power Profile (BPP): Supports up to 

5 W 
- Extended Power Profile (EPP): Supports up 

to 15 W 
- Magnetic Power Profile (MPP / Qi2): 

Provides up to 25 W (with future versions 
planned to support up to 50 W) 

 KI standard for wireless kitchen appliances: 
- Power range from 100 W up to 2.2 kW 
- First devices are expected to enter the 

market in 2026 
 Mid-power standard: The WPC is also working on a 

future standard for devices or vehicles (e.g., laptops, 
drones, e-scooters) in the 30–200 W range 
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2.2 Loosely coupled (Magnetic Resonance) - Airfuel 
Alliance 

 

 The transmitting coil supplies energy at a frequency 
resonant with the receiving coil. The receiver is 
tuned to the resonant frequency to efficiently 
receive the energy. This phenomenon is called 
magnetic resonance. 

 Works at large distances in the z direction –typically 
50 millimeters. 

 No precise positioning of the receiver is necessary –
vertical, horizontal placement is not critical. 

 One transmitter can supply energy to more than 
one receiver at the same time. 

 Frequency range for charging energy is 6.78 MHz 
(ISM band), data 2.4 GHz (LP Bluetooth). 

 No commercial product on the market yet. 
 No compatibility with Qi standard of WPC. 
 There are two power classes: 

- AirFuel Resonant: Enables simultaneous 
charging of multiple devices on a single 
surface with power levels of up to 50 W. 

- AirFuel RF: Specialized for very low power 
levels (mW to a few watts) over longer 
distances, targeting IoT sensors and 
wearables. 

2.3 NFC Forum 

 NFC Wireless Charging (WLC):  
A standard defined by the NFC Forum for extremely 
compact devices (e.g., styluses, trackers, electronic 
shelf labels in retail), typically supporting power 
levels below 1 W up to 3 W. 

 Power transfer via standard NFC antennas and 
chipsets. 

 The NFC Wireless Charging 2.0 specification has 
recently reached the Final Draft International 
Standard (FDIS) stage within ISO and is expected to 
be adopted shortly by the International 
Electrotechnical Commission (IEC) / Technical 

Committee 100. It will thus be globally recognized 
as part of the IEC 63652 standard. 

2.4 Standard for Electric Vehicles (EV) 

Specific standards exist for wireless power transfer in electric 
vehicles (EVs), covering power levels up to 11 kW (and 
beyond). 

 SAE J2954: The leading standard from SAE 
International for passenger vehicles. 

- WPT1: Up to 3.7 kW 
- WPT2: Up to 7.7 kW 
- WPT3: Up to 11 kW 

 IEC 61980: An international series of standards 
(often adopted as EN IEC 61980) that defines 
general requirements and communication protocols 
for wireless power transfer systems in electric 
vehicles. 

At time of writing there are still no commercially available 
vehicles on the market that fully comply with these 
standards. The industry continues to focus primarily on cable-
based charging infrastructure. However, increasing damage 
(e.g., due to vandalism) and the mechanical robustness of 
WPT solutions (e.g., transmitter coils embedded beneath 
asphalt) could drive a shift toward wireless systems. For 
broader adoption, however, participation from EV 
manufacturers—particularly from Asia—will be essential. 

Moreover, there is a multitude of customized solutions on the 
market with specific power ratings. The main application 
areas are power supplies for industrial equipment and large 
battery charging. These are mostly inductive solutions with 
small and medium production volumes that are not 
compatible among them and require their own unique 
approvals and certifications.  
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3. THE QI SYSTEM 
How is the WPC Qi standard structured? The low power class 
solution consists of a transmitter that provides 5 W to the 
receiver coil. The transmitter and receiver communicate via a 
specific power management protocol (Figure 1). 

 

Figure 1: Principles of the WPC Qi standard. 

The power is delivered between the coils at an operating 
frequency range of 100 – 360 kHz. The receiver requests the 
required energy from the transmitter and the transmitter 
adjusts to the request. The energy transmission is monitored 
and adapted by the power management system. If the 
receiver does not need any more energy, the system goes 
into standby mode. Semiconductor manufacturers offer 
designers evaluation kits and reference designs. For example, 
here is a picture of the receiver board WPR1500-HVMPP 
from NXP (Figure 2). The receiver coils suitable for the 
application are available from Würth Elektronik’s product 
portfolio. 

 

Figure 2: Receiver board WPR1500-HVMPP form NXP. 

The characteristics of the transmitter and receiver coils are 
crucial to achieve low power transmission losses. The proper 

selection (Figure 3) and positioning of the transmission and 
receiver coils have a major influence on the efficiency of the 
energy transmission. 

 

Figure 3: Selection of transmission and receiver coils offered by Würth 
Elektronics Midcom. 

4. KEY FACTORS FOR THE COILS 
A series of key factors dictate the best possible solution for 
low loss energy transmission. 

4.1 Placement of the coils 

The transmission and receiver coils need to be properly 
aligned to minimize losses. Lateral, canted and vertical 
misalignments are particularly detrimental to energy 
transmission. (Figure 4). 
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Good coupling and maximum energy transmission depend on 
the size of the effective area of the receiver coil in the 
magnetic field of the transmitter coil. Moreover, it also 
depends on the distance in the z direction. If the receiver coil 
is centered with the receiver coil without canting and the 
distance in the z direction is as low as possible then it is more 
likely that transmission losses are minimal. A coupling factor 
of 1 is ideal. This means, the effective area of the 
transmission and reception coils is equal. 

4.2 Coupling 

To compensate for misalignment losses, it is important to 
design coils with high quality and coupling factors. 

The coupling factor between the transmission and receiver 
coils consists of the following parameters: 

 k = �k1 ∙ k2 = 
M

�L1 ∙ L2
  (1) 

L1 and L2 are the self-inductances of the coils. M is the mutual 
inductance between the two coils. The quality factor of the 
coils depends on the resistance loss RL and the reactance XL. 

 QL = 
XL

RL
 = 
ω0 ∙ L

RL
  (2) 

Air coils with ferrite plates have a typical quality factor of 
between 100 and 300. The resistance in the coils and also the 
ohmic resistance of the wire are influenced by various factors. 

4.3 Skin Effect 

The skin effect (current displacement) occurs in electrical 
conductors carrying high-frequency alternating current and 
depends on the frequency of the AC. When the frequency of 
the alternating current increases, then the concentration of 
current on the surface of the conductor also increases. 
Therefore, high frequency alternating currents displace or 

“push” the majority of the current to the surface. In such 
cases, the current density in the center of the conductor is 
lower than on its surface. The penetration depth δ can be 
described with the following formula: 

 δ = �
2ρ
ω ∙ µ (3) 

ρ specific resistance 
ω angular frequency 
µ sheared effective permeability (e.g.: 100) 

The penetration depth is measured from the outer diameter 
to the center of the conductor and for a frequency of 50 Hz 
the penetration depth is approximately 10.4 mm, at 10 kHz 
0.73 mm and at 100 kHz 0.23 mm. From these calculations, it 
is evident that the skin effect reduces the area through which 
the current flows, and consequently, the resistance seen by 
the current flowing through this smaller area rises. Higher 
resistance means higher energy losses. 

By using high-frequency wire strands in the transmission and 
receiver coils, the energy losses from the skin effect can be 
significantly reduced. High-frequency wires consist of thin 
wires braided in groups of two or more wires. Each of the 
wires in the group carries a portion of the total current. This 
helps minimize the skin effect, and hence, more energy can be 
used effectively. 

4.4 Proximity Effect 

Another factor that influences the energy losses in the coils is 
the proximity effect. The proximity effect causes current 
constriction or current displacement in closely spaced 
conductors as a result of the magnetic flux leakage in each of 
the conductors. Wire strand configuration, winding technology 
and the structure of wire insulation can reduce unwanted 
eddy currents in the coils. 

 

Figure 4: Types of transmission and receiver coil misalignments. 
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4.5 Loss Factor 

Wireless energy transmission is limited by the loss factor in 
the system. The loss factor λ is defined as: 

 λ = 
Ploss

Pout
 (4) 

This ratio expresses the total loss of energy to the 
transmitted quantity of energy. The main goal is to minimize 
the loss factor in the system as much as possible. If the 
transmitter and receiver coil configuration is optimized, a 
minimal loss factor can be achieved. However, the loss factor 
is still inherently affected by the quality factor and coupling 
factor of the system as a whole. 

 λmin = 
2

(k ∙ Q)2  �1 + �1 + (k ∙ Q)2� (5) 

The equation shows that the product of quality factor and 
coupling factor can be taken as the system quality factor 
(figure of merit, FOM). Deterioration of the loss factor, e.g. due 
to a poor coupling factor, can be compensated by raising the 
quality factor of the coils. (Figure 5) 

 

Figure 5: Correlation between the loss factor and the figure of merit. 

4.6 Field pattern 

Another important element that crucially influences the coils 
efficiency is the magnetic field pattern. The magnetic field 
pattern determines the unwanted radiation into the 
surroundings. Unwanted radiation into the surroundings has 
significant effect in system efficiency. 

Figure 6 shows the magnetic field strength and Figure 7 
shows the magnetic flux density of the transmission and 
receiver coils in optimal coupling. 

 

Figure 6: Simulation of the magnetic field strength in inductively 
coupled coils on ferrite. 

 

Figure 7: Simulation of the magnetic flux density in inductively 
coupled coils on ferrite. 

It is clear that the magnetic field is selectively limited to the 
space between the coils and there is practically no influence 
on the surroundings. The simulation of the flux density shows 
the effect of the ferrite plate. The magnetic flux is 
concentrated within the ferrite. Figure 8 shows the magnetic 
field strength and Figure 9 shows flux density with a lateral 
misalignment (28%) of the transmission and receiver coils. 

 

Figure 8: Simulation of the magnetic field strength with a lateral 
misalignment (28%) of the transmission and receiver coils. 



 

ANP014c | 2026/07/09  6 | 9 
WÜRTH ELEKTRONIK eiSos  www.we-online.com 

APPLICATION NOTE 
ANP014 | Wireless Energy Transmission Coils as Key Components 

 

Figure 9: Simulation of the flux density with a lateral misalignment 
(28%) of the transmission and receiver coils. 

With this misalignment, the magnetic field and magnetic flux 
are mainly limited to the overall configuration of both coils. 
There is no increase of the field in the z-direction. It can be 
deduced that by using a suitable ferrite shield, the magnetic 
field in the inductive coupling is limited to the area between 
the coils, and therefore, additional shielding measures are not 
necessary. 

In addition, the Qi standard regulations prevent greater losses 
arising from misalignment of the coils. For example, if the 
energy transmission efficiency of the connection drops below 
70%, then the power management system aborts 
transmission. Only when the alignment of the coils allows for 
energy transmission with an efficiency >70%, then energy 
transmission starts. 

Moreover, the geometries and materials of the transmission 
coil are specified in detail in the WPC Qi standard. Since the 
components, such as the transmission coils, power 
management system and chipset, need to comply with the 
standard, then interoperability of the overall system can be 
guaranteed. Qi certification of devices involves independent 
test laboratories verifying interoperability of new products 
with previously certified devices. 

The WPC has defined different designs for various power 
classes and applications stipulated in the Qi standard for the 
transmission coils. These designs are divided into two classes. 
One class consists of designs with ferrite plates and wound 
wire coils. The other class consists of circuit boards with 
printed windings or hybrid solutions. Within each class, the 
coils are classified by number of coils (single, array), size, 
shape, voltage and the type of control mechanism (voltage, 
duty cycle, frequency). In addition, Qi2 (MPP) designs feature a 
ring of magnets surrounding the coil.  This is based on Apple’s 
MagSafe principle. The ring is designed to automatically align 
the receiver with the transmitter coil. The permanent magnet 

is intended to automatically center very lightweight receivers 
on the transmission coil. 

4.7 Improvement and optimization of the standard 
coils 

The parasitic resistances in the coils can be minimized by 
using high-quality materials, designing efficient wire strand 
insulations and optimizing winding technologies. 
Improvements in these areas ultimately increase the quality 
factor of the system. Such efficient coils provide better 
performance in industrial or medical applications. Würth 
Elektronik offers a wide range of transmission and receiver 
coils that meet the Qi requirements with a low RDC and a high-
quality factor. 

5. SUMMARY 
Wireless energy transmission is most effective when it 
complies with a clearly defined standard. In particular, in the 
Qi standard there are various ways of positively influence the 
energy transmission of the coils. The selection of optimized 
coils, careful system design and clear guidance for the user in 
placing the device on the transmission station can constitute 
a competitive advantage for the device manufacturer. From 
the standardization body perspective, better optimization 
definitions are a work in progress that should lead to an 
improvement in the performance of the next system 
generation. Nevertheless, the transmission and receiver coils 
remain the key components in wireless energy transmission 
and are essential for the overall system efficiency. For more 
detailed and in-depth information on the topic, we also 
recommend taking a look at Würth Elektronik’s “Trilogy of 
Wireless Power Transfer.” 
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https://eur05.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.we-online.com%2Fde%2Fcomponents%2Fproducts%2Fpbs%2Fpower_magnetics%2Fwireless_power_transmission&data=05%7C02%7CJoerg.Hantschel%40we-online.com%7C5e1f557902954b72bebe08deab6759a8%7C45de56eae50543a5bd604957c8afc438%7C0%7C0%7C639136657538722537%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=%2FyK45JdnyeT5piJOvleEOwrw5fwj5ryKJ4HltCpSCm8%3D&reserved=0
https://eur05.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.we-online.com%2Fde%2Fcomponents%2Fproducts%2Fpbs%2Fpower_magnetics%2Fwireless_power_transmission&data=05%7C02%7CJoerg.Hantschel%40we-online.com%7C5e1f557902954b72bebe08deab6759a8%7C45de56eae50543a5bd604957c8afc438%7C0%7C0%7C639136657538722537%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=%2FyK45JdnyeT5piJOvleEOwrw5fwj5ryKJ4HltCpSCm8%3D&reserved=0
https://nfc-forum.org/news/2026-02-roadmap-wireless-power-evolution/
https://nfc-forum.org/news/2026-02-roadmap-wireless-power-evolution/
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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 Würth 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.  
Würth 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, 

 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.
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REVISION HISTORY 

Note: The current version of the document and the release date are indicated in the footer of each page of this document. 
 

 

Document Version Release Date Changes 
ANP014a 2013/04/19 Initial release of the application note 
ANP014b 2013/08/30 Transferred to new graphical company template without any changes on the content 

ANP014c 2026/07/09 
Transferred to new graphical company template and  

comprehensive update of the standards 
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