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Study of Dipole Antennas for Application in
Backscatter Radio Links
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Abstract— This paper presents a method to measure
backscattering signal from antennas using a network analyzer
connected to an anechoic chamber. We analyze the backscattered
signals of two types of dipoles: wire dipole at the operating
frequency of 1.8 GHz and microstrip dipole operating frequency
of 900 MHz. The experimental results showed that the receiving
antenna dipole wire showed a better reflection of the
backscattered signal compared to the microstrip dipole.
Keywords— backscattered signal; dipole antenna of λ/2;
microstrip dipole; anechoic chamber.

I.

INTRODUCTION

The wave reflection intentionally issued on an object has
been a topic of active study since the development of Radar in
1930 [1]. In addition, since Stocman proposed the concept of
backscatter modulation for communication in 1948, continuous
research and development are performed in the industry and
academia. Successful applications of this technique are
Frequency Identification (RFID), passive sensors and data
storage liabilities [2].

radio frequency identification (RFID) and passive sensors [2].
The flow of current in a transmitting antenna leads to an
induced voltage in the receiving antenna. If the antenna is
connected to a load that has low impedance (resistance), a
current will be induced in the receiving antenna [1].
In Figure 1, the smallest load possible short-circuit, is
illustrated. This induced current is not different from the
current on the antenna transmission, such current leads
irradiation, because according to the reciprocity principle any
structure that receives a wave can make a way back to the
transmitting antenna, inducing a voltage and therefore, produce
a signal that can be detected: a backscattered signal. On the
other hand, if a load with large impedance is between the
antenna and the earth, little or no current is induced.

The applications already used in commercial products of
this technique include parcel tracking, temperature sensors,
inventory control, position location, memory cards passive, and
so on. The growth of radio backscatter technology contributes
to applications requiring communication with low power
consumption.
In Reference [3] is proposed a backscatter radio for
wireless sensor networks. They presented a complete model of
backscatter radio link, the system architecture and a set of
techniques for extracting information from data for each
sensor. In [4], it is presented a chipless RFID where data are
reading using electromagnetic waves and where the medium
encoding the data is completely passive. The work in [5]
introduced a new approach to communication backscatter. The
nodes of the communication system are treated as if they were
a single virtual transmitter. It can then be identified as a code
collision bits transmitted by the nodes.
Aiming to use the backscatter technique for identification
and sensing, more specifically in Chipless RFID system, this
paper presents a study with two types of dipole antennas: wire
dipole of λ/2 and microstrip dipole operating with vertical
polarization at frequencies of 1.8 GHz and 1.7 GHz.
II.

THEORY OF BACKSCATTERING

Backscatter is a broad class of systems that communicate
using reflected electromagnetic waves, the technology is
propelled in many applications, such as the already mentioned
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Fig. 1. Simplified physics of backscatter signaling [1].

In order to implement a backscattering scheme, there are
two components, a reader that transmit a signal and receive the
backscattered wave, and a tag that reflects the signal. For
example, in a passive RFID system, the transmitter sends a
continuous wave during the time that the receiver is waiting for
the signal from the tag. RFID uses radio specialized
components with known circulators that allow only reflected
signals reach the receiver. However, in a system of single
antenna, the signal transmitted from the reader is folded in its
own antenna back to the receiver, antenna and transmitted
wave is reflected from any nearby objects, adding the tag to be
located (Fig. 2).
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A. Dipole Antenna of λ/2
Two wire dipole antennas were modeled with length λ/2 to
the frequency of 1.8 GHz (Fig. 3). In the next step, we
simulated the operation of the antenna with the software CST
Microwave Studio, and checked in the laboratory, the results
are shown in Figure 4.

Fig. 2. Realistic environments create many reflected waves in addition to that
from the wanted tag [1].

Each dipole antenna was listed for identification, fed with
power of 1mW and individually calibrated and tested scattering
parameters and the Smith Chart, so that these could be
considered approximately equal. The dipoles present input
impedances Z1 = 46 + j6.5 and Z2 = 50 + j14.7.

If two antennas are used (one to transmit and the other to
receive) there is a signal transmitted directly from one to
another, as well as spurious reflections shown in Figure 3. The
total signal is the vector sum of all such contributions, most of
which are much larger than the signal from the desired tag.
III.

ANTENNAS FOR BACKSCATTERING

The design for transmitting and receiving antennas is one of
the key factors for a backscatter radio link. The reading range
and detection accuracy are directly dependent on the
performance of these antennas.

Fig. 3. Photos of the dipole antennas built-in LEMA.

As an example of the analysis of systems that use
backscatter, consider RFID systems. For the development of a
measurement system with RFID technology, it is necessary
four basic components: a transponder (more commonly just
called the tag), the transceiver (more commonly called a
reader), an antenna attached to the reader to communicate with
transponders and a reader interface layer, or middleware. The
optimized antenna design will benefit the RFID systems with
longer reading range, better detection accuracy, lower
fabrication cost, and simple system configuration and
implementation [6].
RFID technology can be classified into systems where the
transponder contains a microcontroller and systems where the
transponder is “chipless” [7].
Reference [8] proposed a chipless RFID transponder
consisting of a printed n-element dipole array with different
gap distances between the elements. In [9], two configurations
of the developed chipless passive tags was presented. The first
configuration consists in a tag with a sensor connected as a
load to a microstrip triangular antenna, the second
configuration consists in an antenna, microstrip transmission
line (ID generation circuit), and a sensor, which is integrated,
as a capacitive load to the transmission line. In [10] exposed a
chipless RFID system, which was proposed UWB disc-loaded
monopole antennas for tag and log periodic dipole antennas for
the reader with a description of the design and results of the
antenna characteristics.
As part of research on antennas for chipless RFID tags and
readers, example of a backscatter radio link, in this present
study were analyzed two types of dipole antennas, fabricated in
LEMA-Laboratory of Applied Electromagnetics and
Microwave- DEE/ CEEI /UFCG.
The dipoles choice is due to its simplicity of construction,
and together with the monopoles are the most used types of
antennas used in mobile wireless communication systems. The
characteristics of gain and radiation efficiency of these
elements are strongly influenced by its electric length, which is
related to the operating frequency [11].

Fig. 4. Scattering parameter S11 of the dipole antenna of λ/2.

B. Microstrip Dipole Antenna
A planar dipole antenna was modeled in CST Microwave
Studio with dimensions 10 x 10 cm and the resonance
frequency of 900 MHz, as can be seen in Figure 5.

(a) Dimensions of the simulated microstrip dipole.
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Fig.7 Experimental setup for measuring signal backscattering.

(b) Reflection coefficient of the microstrip dipole simulated.
Fig. 5. Microstrip dipole modeled in software CST MICROWAVE
STUDIO.

The following modeling step was the construction of two
planar dipoles in the laboratory with according to Figure 6. The
dipoles were properly identified as antenna 1 and antenna 2.
Using a Vector Network Analyzer Model Rohde & Schwarz
ZBV-20 and a transmitting log-periodic Rohde & Schwarz
antenna model 12-144980 with antenna factor 28.8dB were
observed scattering parameters (S11 and S21). Smith Chart and
irradiation diagrams of the dipoles, so that they might be
considered approximately equal.

The return loss of the transmitting antenna is initially
measured with the network analyzer with the anechoic chamber
empty, without the receiving antenna. The measured value
includes the effects of input port mismatch and internal
reflections inside the anechoic chamber. Then, the return loss
of the antenna transmission is measured again in the presence
of receiving antenna in the anechoic chamber. Thus, we
compare the values of return loss for the two situations,
observing the reflection wave caused by the receiving antenna,
which is the backscattered signal.
We performed the measurements in anechoic chamber
using the transmitting antenna connected to the Vector
Network Analyzer Model Rohde & Schwarz ZBV-20
HP8719C with 1m coaxial cable.
Measurements were performed in two stages: the first with
two wire dipoles of λ/2 (Fig. 8) and the second with two
microstrip dipoles (Fig. 9). In both stages, each pair of antennas
was used as transmitting antenna and receiving antenna.

Fig. 6 Photos of microstrip dipoles built at LEMA / DEE / UFCG.

The Far-field
The measurements performed in this article with the dipoles
in study were conducted in the region of the distant fields of
antennas determined from the following conditions [12]:
r

2D2



r  5D
r  1, 6

(1)

Where: r = distance from the antenna to the far field [m];
D= dimension of the antenna elements [m], λ = wavelength in
the operating frequency [m].
For wire dipole of λ /2: substituting λ =0.17m and
D = λ /2 = 0.085m (at 1.8 GHz) comes to air 5D = 42.5 cm.
For microstrip dipole: at 900 MHz and D = 10 cm, comes
to air 1,6λ = 53.3 cm.
IV.

Fig. 8 The anechoic chamber with wire dipoles of λ/2: 2 m distance between
the transmitting antenna and the receiving antenna.

MEASUREMENT METHODOLOGY

There exist various techniques for measuring signal
backscattering from antennas [1], [13], [14]. In this paper we
used a method based on a single port network analyzer
measurement using the experimental setup shown in Figure 7
[15].
Fig. 9 The anechoic chamber with microstrip dipoles: 3 m distance between the
transmitting antenna and the receiving antenna.
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Measurements were performed in an anechoic chamber for
three distances between the transmitter and receiver antennas:
1m, 2m and 3m in the far-field region. The antennas were
placed on supports and cardboard box 1m soil. The linearly
polarized transmitting antennas were fed with 1mW of power
and the linearly polarized receive antennas were tested with a
load short-circuit and a matched load to the three
aforementioned distances.
V.

RESULTS

In Tables 1 and 2 there are the return loss of the
transmitting antennas wire dipole and microstrip dipole
respectively, their resonance frequencies. The antennas were
within the anechoic chamber and S11 values were measured
with and without receiving antennas, the latter connected to a
load short circuit or to a matched load.
It was observed that for wire dipole transmitting antenna,
the value of S11 was greater in the presence of receiving
antenna at a distance of 1m. While for the microstrip dipole
transmitting antenna, the value of S11 is not changed with or
without the presence of receiving antenna, for any distance
between the transmitter and receiver antennas.
TABELA I.
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