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Abstract

L-matching networks have been proposed for boosting the power efficiency of radiofrequency (RF) energy harvesters. This paper
shows that power efficiency is maximized by fine-tuning the components of the L-matching network and the load. Simulations at
868 MHz with commercial components and a Rogers substrate resulted in maximum power efficiencies of 10.9 %, 30.7 %, and
55.2 % for input powers of -30 dBm, -20 dBm, and -10 dBm, respectively. Experimental results showed efficiencies of 31.8 %
and 52.0 % at -20 dBm and -10 dBm, respectively, close to the simulation results, but at a frequency of 814 MHz.
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1. Introduction

Passive UHF RFID tags are remotely powered from nearby RFID readers [1,2]. The reader sends radiofrequency
(RF) waves that the tag uses to power its internal circuitry and send back a code. Further, some tags also incorporate
sensors. On the other hand, powering sensors from RF waves has been widely proposed in the literature [3-5].

RF energy can be harvested either from dedicated sources, such as in the case of RFID systems, or from the RF
energy already present in the ambient and coming from unintentional sources such as TV, FM radio, cellular, or
WiFi emitters. Fig. 1(a) shows the block diagram of a conventional RF energy harvester, consisting of an antenna, an
impedance matching network, and a rectifier. The rectifier provides a suitable DC voltage that powers the load, e.g.
an autonomous sensor, and the matching network matches the antenna to the rectifier. As the available power at the

* Corresponding author. Tel.: +34-934137092; fax: +34-934137007.
E-mail address: manel.gasulla@upc.edu

1877-7058 © 2015 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Peer-review under responsibility of the organizing committee of EUROSENSORS 2015
doi:10.1016/j.proeng.2015.08.698


https://core.ac.uk/display/41822241?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://crossmark.crossref.org/dialog/?doi=10.1016/j.proeng.2015.08.698&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.proeng.2015.08.698&domain=pdf

656

Josep Jordana et al. / Procedia Engineering 120 (2015) 655 — 658

antenna decreases so does the generated voltage. Whenever this voltage is not high enough to properly bias the
diodes of the rectifier, power efficiency severely decreases. Several techniques have been proposed to increase the
efficiency at low power levels, among them that based on L-matching networks, which passively boost the voltage
coming from the antenna [2,3]. However, in order to achieve a high efficiency, an accurate selection of the matching
network and the load is required. This process is usually underestimated in the literature. Here, we propose a
threefold tuning process (of the load and the two components of the L-matching network) to maximize power
efficiency. Tuning a fixed-value load can be automatically achieved by using maximum power point tracking
(MPPT) techniques at the output of the rectifier [5]. In this work, the implementation of MPPT techniques will not
be addressed and the load will be manually tuned.

2. RF harvester

Fig. 1(b) shows the circuit schematic of the proposed RF energy harvester. The signal at the antenna is modelled
by an AC voltage source v, and a radiation resistance R,. A high-pass L-matching network composed of Cy, and Ln,
is following. Next, a half-wave rectifier formed by a Schottky diode and a filter capacitor Cyi is found. Finally, Ry
models the load to be powered. In addition, vi, is the rectifier input voltage whereas Z,, and Zi, are defined as the
equivalent impedances at the input of the matching network and rectifier, respectively.

The peak voltage of v, is related to the available power at the antenna (Pay) by [4]

‘,}u :2V2RaPav (1)

and the power efficiency is defined as
n=P.[P, )

where P is the power transferred to Rr. From (1), at low values of Pa, the generated voltage will be small and
insufficient to surpass the forward voltage of the diode and thus achieve a high efficiency. So, here we use an L-
matching network for boosting vi, while matching Zy, to R, in order to maximize the transferred power. The
theoretical gain of the L-matching network is given by [6]

in (3)

where v, is the peak voltage of vi, and Ri, is the real part of Zi,, which directly depends on Ry. In turn, the values of
Cr and Ly depend on Ri, [6]. Higher values of Ri, and thus of v, and G should lead to higher efficiencies. Further, a
a higher G should be used for a lower P,y in order to compensate the lower value of v, . However, the nonlinear
behavior of the diode as well as the parasitic components of Cm, Lm, the diode, and the circuit layout will alter and
degrade the achieved gain and efficiency. Thus, as will be shown in section 3, a threefold tuning process of C, L,
and Ry is necessary in order to achieve maximum power efficiency.
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Fig. 1. (a) Block diagram of an RF energy harvester; (b) RF harvester circuit used for the simulations and the experimental tests.
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3. Simulations

Simulations of the circuit of Fig. 1(b) were carried out using the Agilent ADS software. We used Harmonic
Balance Analysis to compute the steady state solutions. The following parameters and devices were selected:
R:=50 Q, Ci=1 nF, a Schottky HSMS-2850 diode, input signal frequency of 868 MHz, and input RF power levels
from -30 dBm to -10 dBm. As for Cp, Lm, and Ry, an analytical derivation was used for obtaining an initial guess
[6]. Then, a threefold tuning process of those values was performed to achieve the maximum 77 (#max) in the
following way: for particular values of P,y and Cn, curves of 7 versus Ry were obtained for different values of L.
Then, the process was repeated for a range of Cr, values. The values of Cn, Lm, and Ry that lead to 77max are named as
Cm,opts Lm,opt, and Ry ope. Finally, the whole procedure was reiterated for different values of Piy.

As an example, Fig. 2(a) shows simulations of 77 versus Ry performed with ideal components, except the diode, at
868 MHz, P,y = -10 dBm, and Cmop = 0.22 pF, where 7max = 76.6 % was achieved for Lmo: = 86 nH and
Ry opt = 25.4 kQ. Fig. 2(b) shows 7 versus Ry at P,y = -30 dBm, -20 dBm, and -10 dBm with the appropriate values
of Cmopt and Lmop: at each power level. The nonlinear behavior and parasitic components of the diode limit 7,
particularly at low power levels. Further, as R. deviates from Ry op, S0 does Zn, from its optimum matching value,
which decreases Pr. Table 1 summarizes the results for the case of Fig. 2(b). Simulations were also performed by
using commercial components for the matching network and a PCB Rogers substrate (& = 3.55, tg(d) = 0.0021). The
same as Fig. 2(b) and Table 1, Fig. 3(a) shows 7 versus Ry and Table 2 summarizes the results. In Fig. 3(a), P = -
15 dBm has been added, as will be used for comparison with Fig. 3(b) in section 4. As can be seen from Table 2, a
significant decrease in 7Jmax, Riopt, aNd Lmop: and increase of Cmope are observed with respect to those of Table 1,
which can be mainly attributed to the parasitic components of Ly, and the layout.

4. Experimental results

The circuit was physically implemented using a Rogers substrate (RO4003C) and for C, and L, the commercial
components shown in Table 2 for -10 dBm (which are the same that for -20 dBm). An RF signal generator (Rohde-
Schwarz, SMB100A) was used at the input to emulate the antenna and a 50 kQ potentiometer was used for Rr.. The
potentiometer was tuned so as to achieve the maximum Py, which was estimated from the measured output voltage.
Fig. 3(b) shows 7 versus Ry for Py, = -20 dBm, - 15 dBm, and — 10 dBm. As can be seen, the experimental curves
nearly match the corresponding simulation curves of Fig. 3(a). Maximum efficiencies of 31.8 %, 43.3 %, and 52.0
% and optimum loads of 3.56 kQ, 3.56 kQ, and 3.27 kQ were achieved at -20 dBm, -15 dBm, and -10 dBm,
respectively. However, an experimental frequency of 814 MHz had to be used. The deviation with respect to 868
MHz must be investigated.

5. Conclusions

An RF harvester mainly consists of the antenna, a matching network, and a rectifier. This work has proposed and
tested the use of an L-matching network and a threefold tuning process, which includes the components of the
network and the output load, in order to achieve maximum power efficiency. Harmonic Balance simulations have
been performed with ADS software at a frequency of 868 MHz. Power efficiencies of 10.9 %, 30.7 %, and 55.2 %
have been achieved for input powers of -30 dBm, -20 dBm, and -10 dBm, respectively, when using commercial
components and a Rogers layout. A hardware prototype has also been implemented, resulting in maximum
efficiencies of 31.8 % and 52.0 % at -20 dBm and -10 dBm, respectively, close to the simulation results, but at a
frequency of 814 MHz.
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Fig. 2. Simulations with ideal components except the diode of 77 versus Ry at: (a) P,y = -10 dBm with Cy, o, = 0.22 pF and different values of Ly,
(only steps of 5 nH represented); (b) P,y = -30 dBm, -20 dBm, and -10 dBm with the corresponding values of Cy, opt and L op.

Table 1. Simulation results for the circuit of Fig. 1(b) using Table 2. Simulation results for the circuit of Fig. 1(b) using a PCB
ideal components except the diode. layout and commercial components.
Po(dBm)  Coop(PF)  Linop(nH)  Riopi(kQ)  7man(%) Po(dBm)  Couop(PF)  Linopi(nH)  Riop(k€Q)  17max(%0)
-30 0.26 66 15.7 24.7 -30 0.3 30 8.6 10.9
-20 0.25 72 18.6 54.7 -20 0.5 27 4.6 30.7
-10 0.22 86 254 76.6 -10 0.5 27 4.0 55.2
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Fig. 3. np versus Ry for: (a) simulations with Cy,opt and L o at Pyy = -30 dBm, -20 dBm,-15 dBm, and -10 dBm using commercial components and
a PCB layout; (b) measured data for P,, = -20 dBm, -15 dBm, and -10 dBm.
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