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The NFC wireless charging feature is an extension of the NFC technology that can be
implanted on wearables. The purpose of this paper is to show how to increase power
transfer efficiency on both transmitter and receiver antenna systems. To demonstrate this
problematic, firstly this paper gives an overview of how this NFC feature is implemented
(architecture, power transfer, carrier frequency, communication bandwidth...), and can be
complementary to Qi technology. Then, it provides a study on how to improve the power
transfer efficiency on the antennas. To perform this result, the designer can adapt some
antenna parameters as coupling coefficient, quality factor, matching method, and the
antenna size. If these recommendations are respected, the power transfer efficiency between
the antennas could reach between 70% and 80% with the NFC charging technology.

1. NFC Technology Overview

The NFC technology is initially used for contactless
communication to exchange data. It is present in wearable
applications such as authentication, payment, ticketing, pairing...
However, these wearables are mechanical constraints because
they embed a lot of components in a limited space. Moreover, for
the wearables to be waterproof, and to avoid overheating issues,
mechanical links (such as buttons or charger ports) must be
removed, which leads to the use of wireless charging technology
for batteries. To answer these problematics, a first paper was
published [1], which described this new wireless charging
technology as a solution.

The NFC wireless charging feature can use the same
architecture (antenna, EMI filter, matching circuit, and NFC chip)
as the NFC communication feature in order to operate [2]. So, a
designer can use both NFC features on the same product [3].

Furthermore, the NFC antenna is a benefit to use NFC wireless
charging in targeted devices. Indeed, since antennas are not
standardized, they can take every possible size as shown on Figure
1. On the other hand, they do not have to be used with ferrite. So,
the wearables that cannot use the Qi charging due to its features,
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like these standardized antennas with its ferrite, they can use the
NFC wireless charging feature. Hence, all products can use
wireless charging technology.

Nevertheless, the NFC technology has benefits and drawbacks.
The issues that exist in NFC communication feature are also
present in NFC charging feature. The main challenge for an NFC
product is to be interoperable with other NFC devices available
on the market because of their very characteristics, such as the
antenna shape, waveform signal, or power signal. To avoid
compatibility issues, the designer must check whether the new
product, with its feature-related requirements, is compliant with
the different existing standards: for instance, ISO 14443, NFC
Forum, and EMVCo [4].

Figure 1: NFC wireless charging antenna with different sizes
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Another issue is related to the NFC wireless charging, which
was standardized only recently. The NFC Forum developed the
standard for NFC charging at the end of 2021 to standardize the
communication protocol, power supply, and product behavior in
relation to issues such as foreign object detection [5]. This means
that the products developed and marketed before this
standardization operates with a proprietary mode.

The aim of the NFC wireless charging feature is to provide an
alternative to Qi charging so that the user can benefit from better
power transfer efficiency. This article describes this new wireless
charging process and gives some recommendations to optimize
the power transfer efficiency between the transmitter and receiver
antennas, which is where the highest power losses occur.

2. NFC Wireless Charging Architecture

The NFC wireless charging feature is a radio frequency
technology like NFC communication feature. It is based on a
transmitter and a receiver, show on Figure 2.
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Figure 2: NFC wireless charging architecture

The transmitter uses the same architecture to perform both
NFC features. It consists of:

e One NFC chip with its filter circuit, which provides power,
and processes the exchanged data.
e One or two antenna(s) with its(their) matching circuit(s).

The difficulty on the transmitter board is on the matching
circuit. Indeed, the calibration is different for the two NFC
features [6]. So, to increase the power transfer efficiency, the
transmitter must be matched in operating mode. This functionality
is further described in part III.

On the other hand, to optimize the communication distance, the
transmitter must be matched in the open-air mode (there is no
metal object and/or antenna in the PCD’s operating volume).

In this paper, we chose to use the same antenna and two
different matching circuits to address both features.

The receiver, for its part, is composed of one antenna to
receive the power and/or data signal with its matching circuit. The
matching must be done in open air mode (without metal object in
operating volume of the transmitter). Then, this antenna is
connected to two different circuits:

e The NFC wireless charging circuit. It consists of a power
recovery, in this architecture a diode bridge is used, and a
charger chip with a battery.

e The NFC communication circuit. It consists of an EMI filter
and an NFC chip to process the exchanged data.
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The new NFC wireless charging uses a carrier frequency of
fr=13.56MHz, as shown on Figure 3, which also gives the power
limit that the device must not exceed. Indeed, the device must not
generate a signal with carrier frequency higher than 60dBpA/m.
Moreover, the power limit decreases with communication data
rate (AF).

Furthermore, to enhance the power transfer efficiency, the
system quality factor, Q, must be as high as possible. But, to
optimize the communication bandwidth, the system quality factor
must be limited.

So, if the transmitter and receiver use one antenna, it is
important to find the best tradeoff in terms of quality factor to
have the best power transfer efficiency sent, according to the
resonance frequency fr, and to allow good communication,
according to the bandwidth AF, between the two boards as shown
on (1) and Figure 4.
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Figure 4: NFC signal with a quality factor allowing both NFC feature

The NFC Forum standardized the power transfer used for NFC
charging. They indeed give several power classes as shown in
Table 1. This power transfer is guaranteed at the receiver end, and
the standard provides the maximum power as an indication. A
designer can use this technology at higher power [7]. Moreover,
we can see that NFC charging targets a lower power than the Qi
power class shown in Table 2.

124


http://www.astesj.com/

J. Quignon et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 7, No. 3, 123-128 (2022)

Table 1: NFC wireless charging power classes given by the NFC Forum.

g(l)zvsgs Minimum Power
Class 0 250 mW
Power Class 1 500 mW
Transfer Class 2 750 mW
Class 3 1000 mW

Table 2: Qi wireless charging power classes given by the WPC.

Power

Classes Power
Power BPP 5000 mW
Transfer EPP 15000 mW

3. Optimization of antenna parameters to increase NFC
power transfer efficiency

The purpose of the NFC wireless charging feature is to obtain
best power transfer efficiency [8]. In order to reach this goal, it is
important to mind one critical area, delimited by the transmitter
and the receiver antennas themselves and the space between them.
The power losses are indeed greatest in this area, and this is where
the designer can increase the overall power transfer efficiency.

The Figure 5 shows the used boards to perform the test given
on this chapter. The Figure 6 shows a block diagram of NFC
wireless charging use to find the result exposed on this chapter.

The first parameter to increase the power transfer efficiency is
to put the same antenna size on the transmitter board and the
receiver board [9]. Furthermore, since this new technology is used
in small devices, the selected antenna must be smaller than the
size of the targeted wearable. For the tests described in this article,
we used the class 6 antenna as the reference antenna for the
transmitter and receiver board, as shown on Figure 7. This is the
smallest antenna given by the ISO standard [10].

Figure 5: Power transfer efficiency measurement on test board

Therefore, if the transmitter’s reference antenna is used in
front of different receiver antenna sizes, as shown in Table 3, we
can see, on Figure 8, the impact of the antenna design on the
power transfer efficiency between the coupled antennas. The
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results show that the best efficiency is achieved when the PCD

and PICC antennas are identical.
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Figure 6: A block diagram of an NFC wireless charging system
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Figure 7: Transmitter and receiver antennas coupled

Table 3: Antenna design used for the different tests.

R'ecelver antenna Length Width
size

Class 6 max size 25 mm 20 mm
Bigger .than 49 mm 30 mm
transmitter antenna

Smallex: than 20mm 20 mm
transmitter antenna
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Figure 8: Power transfer efficiency simulated between the PCD and PICC
antennas according to the distance along the z-axis
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We can split the power losses between both transmitter and
receiver antennas into three parts. The first two losses are on the
real part of the PCD and PICC antenna impedance. To quantify
these P _antenna losses, we measured the RMS voltage
V_Antenna across the antennas. We then divided the measured
value by the equivalent parallel resistance of the antenna,
R_antenna, as shown on (2).

_ VAntennaRMS X VAntennaRMS
l:)Antenna -

RAntenna (2)

The last loss is between the antennas due to the coupling

coefficient. To decrease the impact of this parameter, the designer

must use the same form factor antenna. Thus, the coupling

coefficient k increases as shown on (3) [11]. It uses the equivalent

radius of both the receiver (R Rec) and transmitter R Trans
antenna. The two antennas are centered on a single x-axis.

2 2
k= RTrans X RRec

. 3 3)
VRTrans XRRec (, ’ (R%ranerXz ))

Figure 9 shows that, if we use the three receiver antenna
shapes (defined in Table 3) in front of the transmitter with the
reference antenna, the power transfer efficiency for a given
coupling coefficient is better with the “same antenna”
configuration.
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Figure 9: Power transfer efficiency simulated according to the coupling
coefficient between the two antennas

The last antenna parameter that a designer can adjust to
optimize the power transfer efficiency of the antenna is the
antenna quality factor. Indeed, this parameter characterizes the
resonance model and allows both the transmitted and received
signal amplitudes to be increased [12]. Figure 10 presents the
impact of the antenna quality factor at transmission (Tx) and
reception (Rx) on power transfer efficiency. However, for the
NFC communication use case, the transmitter and receiver quality
factor must be adapted to keep a bandwidth large enough not to
filter the data signal. The bigger the communication rate is, the
smaller the transmitter and receiver quality is. In classical
products, the transmitter and receiver quality factor are between 5
and 20.
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Figure 10: Impact of the quality factor on power transfer efficiency

In addition to the antenna parameters, the designer must keep
in mind two other methods to optimize the power transfer
efficiency. The first one is the space between both the transmitter
and receiver antennas [13]. As announced in part II, both NFC
feature use the same architecture. However, the operating volume
is different. It is few centimeters for NFC communication whereas
it is limited to only a few millimeters for NFC charging. To
increase the performance, it is therefore preferable to reduce the
operating volume to the location where the receiver receives the
most power from the transmitter. Choosing this method also
allows the transmitter and receiver boards to be in the matching
position, and to increase the coupling coefficient. This again
increases the power transfer efficiency.

To perform this test, a custom operating volume is created.
Class 6 antennas are used on both transmitter et receiver for this
test as shown on Figure 11.

Figure 11. Operating volume test bench

Figure 12 shows power transfer efficiency curves in the
custom operating volume. Initially both antennas are centered,
and we apply a x offset for different z height. We can see that the
power transfer efficiency is spatially limited to just a few
millimeters or a single position.

The second method used to increase the power transfer
efficiency even more, is to match the transmitter in operating
mode. To perform this calibration, the receiver antenna is placed
in operating volume of the transmitter antenna, where it receives
the most power. Now, the transmitter is set up to send the
maximum power when the receiver is near to it. This again shows
that maximum power is delivered at the position where the
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matching takes place and reduces the operating volume to a static
position.
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Figure 12: Power transfer efficiency in the operating volume according to the x-
and z-axes

With this calibration method, the coupling effect has no more
impact. Indeed, when the receiver antenna (L _Rec) is brought
closer to the transmitter antenna (L_Trans) which leads to the
detuning of the transmitter because the mutual inductance (M)
changes as shown in (4). Because of this phenomenon the
transmitter is no longer optimized to send maximum power [14].
It is why the transmitter must be matched in operating mode.
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Figure 13: Diode bridge nonlinearity impact on the PICC impedance
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Figure 14: Power transfer efficiency depending on the matching mode
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After determining the transmitter matching position, the
designer must consider a second parameter to match the
transmitter: the diode bridge non-linearity. Indeed, this parameter
implies that the receiver impedance varies depending on the
power that passes through it, as shown on Figure 13. To consider
this nonlinearity, the designer must match the transmitter when it
charges the receiver. Figure 14 shows the power transfer
efficiency between both transmitter and receiver antennas with the
impact of the matching mode used on the transmitter antenna.

4. Conclusion

This paper gives the architecture used by the NFC wireless
charging feature. This technology is used to charge the embedded
batteries in wearables. The designer can use the NFC products
already available on the market to perform NFC charging. It must
update the protocol to the new NFC Forum standard on both
transmitter and receiver boards.

In addition to this protocol update, this article shows how to
reach an optimized power transfer efficiency on the antennas. The
results exposed in this article give the antenna parameters
(antenna design, coupling coefficient, quality factor) and two
additional methods (matching mode and operating volume) that a
designer must pay attention to optimize the power transfer
efficiency. If the advices are respected, the efficiency on antenna
class 6 can reach between 70% and 80%.
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