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Broadband Printed Antennafor Radiofrequency Energy
Harvesting
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Tacchin?

Abstract — In thiswork a broadband UHF antenna with high antenna bandwidth of about 135 MHz from 840MHz
inductive input impedance for radiofrequency energy to 975 MHz.

harvesting is presented. It consists of a small feeding loop and

a biconical radiating dipole. A prototype has been fabricated

on a FR4 substrate and tested. Experimental resultsshowa - 2 ANTENNA DESIGN

3dB power transmission bandwidth of about 135MHz

(840MHZz-975MHz). Because of power efficiency and fabrication

requirements, antenna must be directly matched to

1 INTRODUCTION the chip, that is the two impedances must be

_ _ complex-conjugated. As demonstrated in [4], the
In recent years, energy harvesting (EH) techniqygciification circuit exhibits an input impedandeat
based on radio frequency (RF) electromagnetic waves, pe represented as the parallel of a capacitance
has captured many research interest in many fields and a resistance,R Gy accounts for the rectifier
such as RF identification (RFID), wireless sensqfansistors parasitic capacitance, while the active
networks [1], [2], and bionic implants [3]. power flowing into the rectification circuit depend
Re<_:t|f_|cat|on circuits of the Rl_:-EH systems must bg, Rn. The antenna we present in this paper requires
optimized to reduce the minimum power-thresholdl gitferential conversion circuit, unlike the ciitu
needed for the system to operate. Usually to g&ft thoposed in [4] that exploits a single ended togplo
target, chips containing rectifier circuits exhilat However, the input impedance model is still valid,
complex input impedance with a small resistance, agnort off a factor of 2 on the input impedance tue
a high capacitive reactance. Since matching nesvoiKe gifferential stimulus. In the chip input impeda
can not be used in order to minimize power loss, #fbdel shown in Fig.1 also the bond wire parasitic

impedance matching between chip and antennadsistance Ryyp and inductance donp are included.
required. Broadband antennas play a key role in the

RF energy harvesting if the frequency of the/ 7= =7~~~ 777 477 T T R <

. A ANTENNA 1! Laono ! ! |
electromagnetic waves impinging on the system s no; t'hmm o |
known a priori. Moreover broadba_nd allows to | I\BONDING}: |
compensate for the frequency shift due to the: T H |
presence of unknown dielectric materials nearby the | Cn= ngi
antenna. : I i 4

: : . Lo . BONDIN !
In this paper, a printed antenna with high induetiv | 11 8O &1 !
input |mp_edance over a broad band |s_presented. Tr: ::{Rsom Lsm«o: ICHIP INPUT IMPEDANCE
antenna is composed of a small feeding loop and "~ «=~~- I —————— I e
dipole-like radiating body. The input resistance Zchip P>

depends mainly on loop-radiating body distance, ) o )
while the inductive reactance on the loop siZg9ureé 1: The equivalent circuit of the chip and
allowing a easy design. The radiating body consist§tenna.

in a biconical shaped printed dipole. The twq'his allows to take
terminals of the loop are directly connected to th
chip of the RF energy harvesting without an
matching network. Experimental results show

into account the frequency
ependence of the chip input impedance which is
ery important in broadband antenna design.

e structure of the developed antenna is shown in
Fig. 2. It consists of a bow-tie radiating dipole
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inductively coupled with the chip by means of &he changing of the slope ofX_, around the

rectangular loop. By varying loop size and its _
distance from radiating dipole the required, the onance frequency of the radiating bé<900MHz

required value of the antenna input impedance ean@olrlc?;\:js t?r;‘oﬂc;\:]vcther;cr)]ngj ga_trighlznrtzicnt:nizs?;gnce
easily obtained [5]. a y ge.

crosses the chip resistance fat840MHz and is
higher tharR;, at f=900MHz This does not allow

8 to obtain a perfect matching condition at a give
1b1 W , frequency but broadens the antenna bandwidth.
h, :d - Figure 4 shows the power transfer coefficiefé]:
] ' r= 4RchipRant
|S - |Zchip + Zant |
. 1 T T T T T T T
Figure 2: Antenna Layout.
Parameter | Value
la 30 mm
Iy 20 mm T
d 2 mm
W 1 mm
I 101 mm ; ;
h 20 mm 0 | E | 1 1 E | |
I 110 mm 700 750 800 850 900 950 100010501100
h, 30 mm f [MHZz]
Table 1: Antenna parameters and their values. Figure 4: Simulated and measured power transfer

coefficientt.
The antenna was designed for a chip witirROkQ,

Cin=500fF, Ronp=2Q, and lgonp=1nH and a FR4 By assuming a minimum acceptable value of 0.5,
substrate witheg=4.3 and thickness = 0.8mm. Theorresponding to a reduction of 3dB of the
input chip impedance correspond tg;Z(15-j3202 transferred power with respect to its maximum value
at f=868MHz. The antenna was designed by USiIﬂW bandwidth of the antenna is about 135 MHz.
CST Microwave Studios software. The parametefdmulated radiation patterns in E- and H-plane
of the optimized antenna are reported in Tablele Tcomputed af=900MHz are shown in Fig. 5.

numerical values if the antenna input impedance

Z,.. =R, +]X,,are reported in Fig. 3 and are

*

compared withZ

chip * \\ w
‘; Lo Al
450 T T T T T T ‘\\ /‘; \\‘ \ )
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f [MHz]

A photograph of the prototype is shown in Fig. 5.
[Rue to its symmetrical input port and significantly
high mismatch with standard 80components, the
input impedance measurement is a quite criticgl.ste
One effective solution is to use just one half loé t

Figure 3: Antenna and chip conjugated inp
impedances.



antenna placed above a conducting grounded plane. 4 CONCLUSIONS
The coaxial cable of the vector analyzer is plaiced _ _
the half space opposite to the antenna’s one. Thesimple broadband antenna for radiofrequency

measurement set-up is shown in Fig. 6. energy harvesting has been presented. By using an
inductively coupling feeding structure the proposed

antenna allows a easy way to match antenna and chip
impedances. The biconical radiating dipole hasibee
used to broaden antenna bandwidth. Experimental
results show that the propose antenna exhibits a
bandwidth of 135MHz covering the three bands of
the European, American, and Asian UHF RFID
standards as well as the up and down links of the
Europe GSM-900 and the down link of the USA
GSM-850.
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