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Abstract — We present a power efficient structure for
simultaneous wireless information transception and power
reception through an isolation barrier. The structure utilises a
binary frequency shift keying (BFSK) communication scheme
for efficient power and information reception and on-off-keying
(OOK) harmonic backscattering for information transmission.
The structure achieves an overall system efficiency above 55 %
from 20 dBm to 26 dBm input power while receiving a BFSK
signal with up to 40 MSym and backscattering a 100 kHz PWM
signal.

Keywords — backscattering, bidirectional communication,
near field coupling, simultaneous wireless information and
power transfer (SWIPT), wireless power transfer

I. INTRODUCTION

In high voltage circuits certain parts need to be galvanically
isolated. Signals as well as power need to be exchanged across
such galvanic isolation barriers. Traditionally, opto-electronics
and magnetic cores are the key enablers of isolated signal
and power transfer, respectively. A power of more than
1W can be transferred with above 52% efficiency using
magnetic cores in a fully integrated chip [1]. To transfer
power and signals, other types of couplers have been
explored, e.g. a piezoelectric transformer [2]. In this paper,
we propose the use of a simultaneous wireless power
and information transfer (SWIPT) system, in combination
with harmonic backscattering, for simultaneous wireless
information transception and power reception through an
isolation barrier.

Harmonic reflection tags use a nonlinear element to
generate the second harmonic of a signal coming from a
transmitter and emit this harmonic signal to be detected
[3], [4]. In harmonic backscattering this harmonic signal is
modulated such that backward communication is possible.
This technique finds its most common application in RFID
systems [5]. It has been further developed to enable
simultaneous backscattering and the reception of an incoming
modulated signal in a communication tag [6]. A 915MHz
receiver, which is able to switch between power harvesting
and harmonic backscattering, has been implemented [7],
enabling battery-free operation. Battery-free operation has
been demonstrated in [8] by utilising the power from
an incoming 915MHz signal to supply a communication
transceiver operating at 2.4GHz. Operating power reception
and backscatter communication at different, but close,
frequencies in the GHz range has also been explored [9],
[10]. In [11] and [12] a diode rectifier was used for power
harvesting and the generated second harmonic was utilised
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Fig. 1. Modulation frequency spectrum

for on-off-keying (OOK) harmonic backscatter communication
modulated by a PIN-diode based band-stop filter and a
capacitance based harmonic termination, respectively.

In this work, harmonic backscattering of an OOK signal
combined with a BFSK-signal for wireless power reception
by a diode-based rectifier is demonstrated for simultaneous
wireless information transception and power reception through
an isolation barrier. The system reaches above 55% overall
efficiency from 20 dBm to 26 dBm input power, and a peak
measured output power of 24.6 dBm at 27 dBm input power.
Both the demodulation of the forward BFSK and the backward
OOK signals are demonstrated.

II. SYSTEM DESIGN

Fig. 1 and Fig. 2 show the utilised frequency spectrum and
a photograph of the system. The BFSK forward signal used for
SWIPT switches between 2.4GHz and 2.41GHz and can be
demodulated by a low-pass filter. The power of the transmitted
BFSK signal can be recovered by a rectifier. The backscattered
OOK signal will be at 4.8GHz and 4.82GHz and modulated
in amplitude, it can be filtered by a band-pass and demodulated
by a 4.8GHz power detector on the transmission side as shown
in Fig. 2.

For prototyping, the system was deliberately split up in
multiple components, i.e. dualband coupler, power rectifier,
backscatter switch, filters, and power detectors, to verify their
functionality individually. Each component was implemented
on a Rogers 4350b substrate with 0.762mm thickness. The
dualband coupler is a capacitive near-field coupler which has a
measured coupling loss of 0.239 dB at 2.4GHz. This provides
galvanic isolation by the thickness of the substrate and should,
considering the dielectric strength DS = 31.2 kV/mm, given
in the substrate datasheet, hold up to an isolation voltage of
23 kV.
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Fig. 3. Designed backscatter switch: (a) schematic, (b) photograph, and (c)
measured transfer characteristic, S21.

The power rectifier utilises two Infineon BAT68 diodes
in voltage doubler configuration. It provides a maximum
measured power efficiency of 79% at 2.4GHz and 23 dBm
input power.

Both 2.4GHz and 4.8GHz power detectors are
implemented using the Infineon BAT15 diodes. They
are each loaded with a 5 kΩ potentiometer. On the transmitter
side, to filter the backscattered signal, without affecting the
forward signal, a 10 dB-coupler is combined with a hairpin
filter. The forward path exhibits 0.28 dB measured loss at
2.4GHz, while the backscattered signal is coupled with

−20.35 dB to the input of the power detector at 4.8GHz.
On the receiver side side, to filter the forward signal, a
20 dB-coupler is combined with a coupled line bandpass
filter. The backscattered signal travels through with 0.57 dB
measured attenuation and the forward signal with 0.24 dB
attenuation. A part of the forward signal is coupled to the
power detector with 24.1 dB measured attenuation at 2.4GHz
and 25.25 dB attenuation at 2.41GHz.

Due to the low percentage of power coupled to the power
detectors, the overall path loss from input to the power rectifier
is equal to only 1 dB, with 0.24 dB added from the backscatter
switch. This means 79% of the power entering the system is
forwarded to the power rectifier. Taking the rectifier efficiency
of 79% into account this gives a maximum system efficiency
of 62%, which is closely confirmed in measurements.

Fig. 3 shows the schematic of the backscatter switch, a
closeup of the PCB and its measured transfer characteristic.
Zin3 determines the attenuation of the second harmonic, while
keeping the attenuation at the fundamental constant. Both
line 3 and 4 are designed to have an electric length of λ/4
at 2.4GHz. The open stub, line 4, creates a short at node N at
the fundamental frequency leading to open/high impedance at
Zin3 as well as independence of the transformation networks
input impedance. Thus, the fundamental frequency and the
second harmonic are decoupled.

At the second harmonic, line 3 and line 4 turn to λ/2
electric length, wherefore Zin3 is equal to the input impedance
of the transformation network. The input impedance of the
transformation network can be switched between two states
using an RF-switch, a low-cost BGS12PN10 from Infineon,
which connects either to an open or a short circuit. At the
fundamental frequency, the attenuation is 0.24 dB at state 0
and 0.22 dB at state 1, which gives low losses and nearly
no difference between the states. At the second harmonic,
however, the attenuation is 10.3 dB at state 0 and 0.87 dB
at state 1, enabling the amplitude modulation of the harmonic.
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Fig. 4. Measurement setup.
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Fig. 5. Measured voltage response of (a) the harmonic and (b) fundamental
detector at the two backscatter switch states and (c) overall system power
efficiency.

III. MEASUREMENTS

The measurement setup used to characterise the full
system is shown in Fig. 4. The input signal was enhanced
by an amplifier and its spectum and power measured via

(a)

(b)
Fig. 6. Measured time-domain waveform: (a) demodulated backscatter signal
and (b) demodulated forward signal at 40MSym forward signal together with
100 kHz backscatter PWM at 25dBm input power.

10 dB directional couplers. The output of the rectifier was
connected to a I/V meter which set the voltage and measured
the current to get the output power. The detector outputs
and the backscattering input signal were measured using an
oscilloscope.

In Fig. 5 the voltage response and the efficiency of the
system at various output voltages and the two switching
states are shown. The voltage response of the harmonic power
detector in Fig. 5a shows a clear difference between the two
switching states, which are resembled by the dashed and solid
line. The output voltage does not have much influence on
the behaviour, only when high input power is combined with
a low output voltage, at which point the reflected harmonic
power of the rectifier deteriorates. The voltage response of the
fundamental detector in Fig. 5b shows that the backscatter
switch works as intended, as the lines of both switching
states are nearly congruent. Also, the output voltage does
not influence the measurement much, which is desired. The
overall system power efficiency in Fig. 5c peaks at 23 dBm
input power and 8V output voltage above 60%. It is shown
that, using the output voltage, it can be kept above 55% from
20 dBm to 26 dBm input power. Furthermore, the switching
state has nearly no influence on the system efficiency with a
maximum of 0.43% difference at the highest power and output
voltage state.

To demonstrate the data performance, a BFSK forward
signal and a PWM backscatter signal were applied to the
system, simultaneously. The time domain signals are shown in
Fig. 6. The backscatter signal is a 100 kHz PWM, of which the
maximum frequency is solely limited by the RF-switch used in
the backscatter switch. The forward signal of 40MSym can be
demodulated and is not influenced by the backscattered signal.
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IV. CONCLUSION AND OUTLOOK

We proposed and demonstrated a system to power
efficiently simultaneously transcept wireless information and
recept power through an isolation barrier. The system utilises
a BFSK scheme for power and information reception and
harmonic backscattering for information transmission. A
backscatter switch is demonstrated that has nearly no influence
on the system at the fundamental frequency, but efficiently
modulates the power at the second harmonic for backscattering
communication. A system power efficiency above 55% from
20 dBm to 26 dBm input power was measured and the signal
integrity up to 40MSym forward and 100 kHz PWM backward
was demonstrated in this prototype. An even higher efficiency
can be expected in a single-PCB implementation due to the
absence of connector losses and increased compactness. A
series of applications using this system is anticipated and will
be demonstrated in the future.
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