Time Division Duplexing for Enhanced Simultaneous
Wireless Information and Power Transfer via
Backscattering

Yasser Qaragoez, Vladimir Volskiy, Sofie Pollin, Dominique Schreurs
Div. ESAT-WAVECORE, KU Leuven, Leuven, Belgium
{yasser.mqaragoez, vladimir.volski, sofie.pollin, dominique.schreurs } @kuleuven.be

Abstract—In the ever-evolving digital landscape, Internet of
Things (IoT) devices are transitioning from battery reliance to
functioning as battery-less systems. This shift has led to innovative
energy- and data-transfer methodologies. In this context, we
introduce a Local Oscillator (LO)-less Simultaneous Wireless
Information and Power Transfer (SWIPT)-backscatter duplexing
system that capitalizes on time-division duplexing (TDD) to enable
the coexistence of SWIPT and backscatter modes. By employing
TDD integration, switching mechanisms, and rectification pro-
cesses, we achieve energy harvesting totaling 30.18 1 J (equivalent
to 57.37% of the node’s harvested energy), all while maintaining
a narrow operating bandwidth during both uplink and downlink
communications. Remarkably, this results in a notable enhance-
ment of the energy-harvesting efficiency and spectral utilization
of battery-less nodes.

Index Terms—Internet of Things (IoT), time-division duplexing
(TDD), energy harvesting, battery-less systems, backscattering,
sustainable IoT

I. INTRODUCTION

The evolution of the digital age is marked by the seamless
integration of physical and virtual spaces, predominantly via
the Internet of Things (IoT). Traditional IoT devices, reliant
on batteries, are transitioning towards sustainable, battery-less
alternatives. Such devices capture ambient energy by relying on
capacitors for energy storage, leading to sporadic operational
behavior. battery-less solutions not only reduce environmental
repercussions but also simplify maintenance [1], [2].

Simultaneously, the emergence of the Simultaneous Wireless
Information and Power Transfer (SWIPT) mechanism has be-
come a cornerstone of IoT advancements. SWIPT allows IoT
devices to concurrently harvest energy and process information
from a single RF signal, thereby highlighting energy-efficient
functionalities [3]. When combined with backscattering, an in-
novative low-power communication method leveraging ambient
RF signals promises a future of sustainability for the IoT [4]-
[6].

The integration of backscattering with Simultaneous Wireless
Information and Power Transfer (SWIPT) through time-division
duplexing (TDD) marks a developing yet promising research
frontier. While TDD is recognized for its contribution to aug-
menting cellular network traffic through dynamic transmission
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Fig. 1: Backscattering approaches: (a) conventional circuit and
(b) TDD-based SWIPT integrated with backscattering node.

paths [7], its synergy with backscattering hints at enhanced
efficiency and sustainability within the realm of the [oT.

In the context of growing demand for empowered IoT
ecosystems, a continuous power source for wireless sensor
networks holds paramount importance. Our research introduces
an innovative Local Oscillator (LO)-less Simultaneous Wireless
Information and Power Transfer (SWIPT)-backscatter duplex-
ing system designed to consistently harness energy during
uplink and downlink operations. This integration of time-
division duplexing, switching mechanisms, and rectification
not only enhances the efficiency of harvested energy but also
maximizes spectral efficiency when compared to frequency-
division duplexing (FDD). Figure 1 illustrates this evolution:
part (a) depicts the traditional RFID backscattering, while part
(b) illustrates a TDD-based SWIPT system with a backscatter-
ing node.

II. TDD-BASED BACKSCATTERING NODE DESIGN

This section describes the time-division duplexed SWIPT and
backscattering node design.

As shown in Fig. 1 (b), the node includes an antenna, dual
single-diode rectifiers with open stubs, a switch circuit, and
dual low-pass filters (LPFs) denoted by Ry, Ro, Cy, and Cs.
Backscattering is enabled by the ADG918 switch (SW) from
Analog Devices, which toggles the antenna port connection



between the primary (D1) and secondary (D2) rectifiers based
on Vaw.

Focusing on the primary rectifier to prevent redundancy,
its core component is the SMS7630-079LF diode, which is
notable for its low forward voltage and capacitance. This diode
is paired with the R; resistor and C; capacitor. Following the
diode, two open stubs, working in conjunction with a low-
pass filter (LPF), operate at 2.63 GHz, effectively suppressing
unwanted RF signals. The fabricated board is illustrated in
Fig. 2a.

The node employs a patch antenna tailored for 2.63 GHz
operation. As shown in Fig. 2a, its dimensions of 70 mm X
55 mm were determined through electromagnetic simulations
using the Advanced Design System (ADS). The design was
subsequently verified using the CST Studio Suite software, and
the results are presented in Fig. 2b. The antenna achieved a
maximum gain of 7.34 dBi, an S7; value of -18.11 dB, and an
efficiency of 85.76%.

Constructed on the Duroid 5880 substrate for minimal loss,
the operational modes of the node circuit encompass backscat-
tering with wireless power transfer (BS + WPT), SWIPT,
and WPT only. In the BS+WPT mode, reflection coefficient
variability enhances the backscattering efficiency, whereas the
SWIPT mode introduces a BPSK RF signal for simultaneous
power and data transfer.

III. EXPERIMENTAL RESULTS AND DISCUSSION

This section discusses the experimental measurements and
their implications for the performance of both the rectifier and
antenna. This evaluation covers their individual performances,
as well as their combined functionalities in both connectorized
and over-the-air measurement setups.

A. S-Parameter Measurements

Figure 3 depicts the setup for measuring the input reflection
coefficients of both the rectifier and the antenna using a PNA-X
(N5247B) network analyzer. Port 1 interfaces with the rectifier,
and port 2 interfaces with the antenna. Additionally, 1 net of
rectifier one was connected to a digital potentiometer. Figure 3b
shows the antenna’s S1; values between 2.45 GHz and 2.8 GHz,
achieving optimal impedance matching at 2.63GHz with a
reflection of —16.75dB.

Figure 4 presents the rectifier .S1; magnitude from 2 GHz to
3 GHz as a function of resistance R;. Noteworthy observations
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Fig. 2: (a) Fabricated rectifier and patch antenna boards. (b)
Simulated metrics of antenna across frequencies.

include Si; values of -31.98 dB at 0 dBm, 1500 €2, and
2.62 GHz, and -27.19 dB at -10 dBm, 500 €, and 2.57
GHz, illustrating its varied impedance behavior. Moreover, the
rectifier exhibits consistent S;; values below -10 dBm over
several hundred MHz, highlighting its wideband capabilities.

B. Anechoic Chamber Measurement

In Figure 5, we show the gain measurement outcomes of our
patch antenna within an anechoic chamber, utilizing the Narda
644 and Narda 645 horn antennas as references. The antenna’s
frequency response is depicted in blue and red, respectively,
while the green line represents the simulated gain result of the
CST software. The measurement performance of our antenna
closely mirrors the simulated behavior across the 2-3 GHz
frequency span. Notably, the antenna attains its peak gain of
7.86 dBi at 2.66 GHz.

C. Connectorized Measurements

Figure 6 illustrates the connectorized SWIPT and the
backscattering measurement setup. The MS09254A oscillo-
scope captures the SWIPT voltages V; and V, while the
backscattering signals are received from the Pluto SDR. Fur-
ther, the RF signal generator (RFSG) E4438C generates RF
signals, the switch is biased by the power supply N6705B
and controlled by the arbitrary function generator AFG3022B,
and the MAX5487PMBI1 digital potentiometer is operated by
MATLAB via a Raspberry Pi to adjust resistances R; and
Ry. The primary focus is on examining the rectifier efficiency
and the influence of the input parameters on the backscattering
signals.

Figure 7 portrays the rectifier’s power conversion efficiency
(PCE) against frequency and resistance R; in the 2.4-2.8 GHz
range. For inputs of -10 dBm and 0 dBm, the PCE peaks at
values of 47.89% and 66.40% respectively.

In Figure 8, the backscattered (BS) Power and Power Conver-
sion Efficiency (PCE) are plotted against the rectifier resistors
R; and R». The plot elucidates the node’s simultaneous energy
harvesting and data backscattering capabilities, drawing atten-
tion to a balanced state at 1000 2 where a 6 dB backscattering
dynamic range and an average PCE of 34% are achieved.

Next, we delve into the node circuit across its three oper-
ational modes, keeping consistent conditions like input power
(P;,) of —5dBm, carrier frequency (f.) of 2.63 GHz, and mode
duration of 200 ms.

2.63 GHz, -16.75 dB.
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Fig. 3: (a) Experimental Setup for measuring the input reflection
of the antenna and rectifier. (b) Measured input reflection of
antenna.




1. In the BS + WPT mode, a single-tone signal is generated
by the RFSG. The SW logic control alternated between O
and 1 at 1kHz. Figure 9 shows the corresponding voltage
variations over time. The harvested energy, Fyy, is 3.34 uJ, and
the backscattered data’s RMS error vector magnitude (EVM)
is 2.1%. Increasing the switching rate to 10kHz presents a
trade-off: it enhances the harvested energy, but degrades the
backscattered signal quality.

2. In the SWIPT mode, the node processes a BPSK-
modulated RF signal at 100 kbps. This resulted in an Ep of
18.95 piJ and an energy per bit, Ep, of 13.43 puJ.

3. In WP T mode, the node harvests energy from a continuous-
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Fig. 4: Measured Sp; of rectifier vs. R; and frequency: (a) at
-10 dBm and (b) at 0 dBm. Colorbar indicates -35 dB to 0 dB.
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Fig. 5: Gain measurement of designed patch antenna with

reference to two horn antennas.
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Fig. 6: Setup for connectorized SWIPT and backscattering

measurements.

TABLE I: Summary of Node Circuit Operation Modes

Mode Description Output
Params
Ep:334W
On-Off Keying " H
CW EVM: 2.14%
BS+WPT SW rate: 1 kHz
Pjy: -5 dBm Isw: 97.8 uA
fe: 263 GHz . Ep: 1123 W
On-Off Keying
EVM: 7.3%
SW rate: 10 kHz
Isw: 91.75 pA
100 kbps BPSK Ep: 1895 W
SIWPT  P;,: -5 dBm, f.: 2.63 GHz Ey: 1343 W
SW=0 Isw: 98 nA
WPT CW, P;,: -5 dBm, Ep:2243 W
fe: 2.63 GHz, SW=0 Isw: 96.4 nA

wave (CW) signal, resulting in an Ey of 22.43 puJ.

Across all modes, the switch had a consistent power con-
sumption of approximately 100uA x 2.5V. A comprehensive
overview of node performance in these modes is provided in
Table I.

The chart in Figure 10 presents the node’s net energy
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Fig. 7: Rectifier PCE vs. resistance R; and frequency (2.4-2.8
GHz) for input powers of (a) -10 dBm and (b) 0 dBm. The
color bars indicate PCE values.
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R5) in the designed IoT node at -5 dBm RF power for switch
states SW=0 and SW=1.
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Fig. 9: Measurement results for uplink transmission at 1 kbps.
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Fig. 10: Comparison of Net Energy Harvested and Throughput
in Various Operational Modes of the TDD-Based Node.

harvested and the data throughput in each mode. Our findings
highlight the importance of optimizing the mode selection to
balance energy availability and data transfer efficiency.

D. Over-the-Air Measurement of SWIPT

In our over-the-air SWIPT measurement setup, depicted in
Figure 11a, an RF signal generator produces a BPSK-modulated
RF signal at 100 kbps with a power level of -18 dBm and
a carrier frequency of 2.63 GHz. The node was situated 1.2
meters from the base station. To compensate for the Friis loss
of 28.6 dB, a power amplifier with a 35 dB gain boosts the RF
signal. This amplified signal was transmitted to the node via
a TX antenna with a gain of approximately 6 dB. Figure 11b
displays the received BPSK SWIPT signal and extracted data
pattern.

IV. CONCLUSION

This study investigated the integration of backscattering
with Simultaneous Wireless Information and Power Transfer
(SWIPT) via time-division duplexing (TDD) to bolster sus-
tainable, battery-less IoT devices. Our methodology facilitates
bidirectional data transmission without disrupting the steady
wireless power stream. The designed patch antenna exhibited
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Fig. 11: (a) Setup for over-the-air measurement of SWIPT and
(b) measurement results for downlink transmission at 100 kbps.

an input reflection of -16.75 dB and a gain of 7.86 dBi during
anechoic chamber measurements at 2.63 GHz. The harmoni-
cally terminated rectifier design achieved a peak efficiency of
66.40% with a wide bandwidth. Backscattering demonstrated
a 6 dB dynamic range and a 12.19 dB conversion loss. The
adaptability of the node in capturing energy, while maintaining
data transmission was evident across various operational modes,
such as BS + WPT, SWIPT, and WPT. In over-the-air eval-
uations, we demonstrated downlink information transmission
using BPSK modulation at a data rate of 100 kbps.
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