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Abstract—Backscatter RFID sensors are beneficial for sensing
applications where small, low-maintenance sensor nodes are
needed. In this paper, a transducer to monitor the curvature
of a tagged object for backscatter RFID senors operating at
5.8GHz is presented. It is shown, by vector network analyzer
measurements, that the presented prototype, an open-circuited
microstrip line resonator, changes its input impedance with
bending and thus, proves feasible for integration in an RFID
sensor. Analysis of the transducer’s performance when integrated
in a backscatter sensor is provided.

I. INTRODUCTION

A promising communication technology for wireless sens-
ing applications is backscatter radio frequency identification
(RFID) in the ultra high frequency and microwave frequency
range. Backscatter RFID in sensor networks relies on the
radio communication between an RFID reader, acting as the
control unit, and a multitude of passive or semi-passive RFID
transponders, acting as sensor nodes. The principle of com-
munication for transmitting information from the transponder
(tag) to the reader relies on a modulated backscatter signal
[1]. All power for the transmission of the sensor data is
drawn from the electromagnetic field radiated by the reader.
Hence, their low-power consumption makes backscatter tags
appropriate for sensing applications that require small, light-
weight, and low-maintenance nodes – e.g., car tire or remote
health monitoring applications, as well as human-computer-
interaction applications in the entertainment industry.

In this paper, a transducer to monitor the curvature of a
tagged object is presented. The transducer, which changes
its electrical impedance as a function of bending, can be
integrated in a backscatter RFID sensor node. The transducer’s
impedance change then directly modulates the backscattered
signal in amplitude and phase. Consequently, the RFID reader
can wirelessly detect the sensor data without power consuming
analog-to-digital converters or other conventional radio fre-
quency (RF) circuitry on the backscatter sensor.

There are two promising approaches to integrate a trans-
ducer in a backscatter RFID tag. One approach is to use
the tag’s antenna as the transducer, denoted as an antenna
transducer. Previous research on the integration of sensing
abilities in backscatter RFID tags, without the use of additional
RF circuitry, has focused on the use of antenna transducers
[2]–[6]. A main advantage of such transducers is that they
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allow the use of off-the-shelf microchips. However, because
of the change in the antenna’s impedance, the power available
at the chip’s circuitry could be reduced [7]. This power loss
impairs the system performance and can be considered a
disadvantage for forward-link-limited backscatter RFID sys-
tems. The other approach is to integrate a specially-designed
transducer structure in the antenna load. This is termed a chip
transducer and has received less attention in the literature.
Tentzeris and Nikolaou [8] present a chip transducer design
for a chipless RFID tag, which uses a film of single-walled
carbon nanotubes as the antenna load to detect toxic gas.

This work experimentally demonstrates a chip transducer
prototype which changes its input impedance with bending
for integration into a backscatter RFID sensor at 5.8 GHz.

II. PROTOTYPE AND MEASUREMENT RESULTS

Resonant structures, e.g. patch antennas, show a shift in
resonant frequency when they are bent along the dimension
determining their resonance [9]–[11]. Thus, an open-circuited
microstrip line resonator, which is bent in the direction of
its transmission line, is explored to act as a chip transducer.
The realized prototype can be seen in Fig. 1. The structure is
made of single-sided, copper-clad flexible laminate, DuPont’s
Pyralux FR9150 [12]. Its thickness is 0.127 mm and the mate-
rial parameters have been provided by the manufacturer. The
microstrip line is made of copper tape applied to the un-clad
side of the laminate and has a length of 55 mm which has been
chosen to realize a high backscatter transducer performance at
5.8 GHz. Its groundplane size is 30 mm× 80 mm.

The transducer’s input impedance was investigated for three
exemplary bending states defined by their bending radius,
RBend, i.e., the radius of the cylinder around which the
transducer was bent. RBend = ∞ represents the planar case,
while RBend = 84.1 mm and RBend = 21.1 mm represent two
bending states with increasing curvature. Polyvinyl chloride
(PVC) sheets and pipes were used to realize the different
bending states. The transducer’s input impedance versus bend-
ing was measured by means of a vector network analyzer
(VNA), Agilent’s E5071C. An SMA connector was used to
feed the structure and the VNA’s calibration was adjusted
accordingly. The relatively large dimensions of the prototype,
which operates at 5.8 GHz, were chosen to allow the input
impedance measurement using the VNA. It was found that
the measurement setup is only suitable for longer resonator
lengths because the behavior of the resonant frequencies with
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Fig. 1. The transducer prototype in the input impedance measurement setup.

bending for short resonators seemed to be impaired by the
rigidness of the attached SMA connector.

Fig. 2 shows the mean values of the structure’s input
impedance versus frequency and bending state. R is the real
part and X is the imaginary part of the transducer’s input
impedance, Z = R + jX . The mean value was calculated
from five different measurements in which the prototype was
repeatedly attached to the PVC material and connected to the
VNA. These repeatability measurements were done to verify
the accuracy of the input impedance measurement. It can be
seen from Fig. 2 that the structure’s resonant frequency shifts
to lower frequencies when it was bent. This shift is also found
in simulation. Another prototype with the same dimensions
was measured and, although the resonant frequencies differed
because of manufacturing variances, it showed the same res-
onant frequency trend as the first.

III. SYSTEM PERFORMANCE AND FUTURE WORK

It can be seen from Fig. 2 that the investigated transducer
prototype shows the desired change in its input impedance
with bending. The transducer, when integrated in a backscatter
RFID tag, will be operated in the resonator’s capacitive range,
at 5.8 GHz, to realize a strong backscatter signal. Tab. I lists
the realized impedance values at this frequency. Operating the
resonator at 5.8 GHz, not at its self-resonance, reduces unin-
tentional radiation from the structure, as shown by simulations.

The backscatter sensor performs best when there is a large
phase change ∆ϕ in the backscattered signals with changing
bend radius and when the modulation efficiency η [1] is high.
Calculations show, that the transducer shows good perfor-
mance in the backscatter sensor, as presented in Tab. I. To
calculate the modulation efficiency of the backscattered signal,
the transducer’s input impedance was used as the reflecting
impedance and a perfectly matched antenna load was assumed
for the absorbing impedance.

This paper has shown that an open-circuited microstrip
resonator can be used to sense bend with a backscatter
sensor. Future work includes integrating the transducer into
a backscatter sensor and measuring its performance.

5 5.1 5.2 5.3 5.4 5.5 5.6 5.7 5.8
−150

−100

−50

0

50

100

150

200

250

300

f (GHz)

R
,X

 (
Ω

)

 

 

R @ R
Bend

=∞

R @ R
Bend

=84.1mm

R @ R
Bend

=21.1mm

X @ R
Bend

=∞

X @ R
Bend

=84.1mm

X @ R
Bend

=21.1mm

Fig. 2. Mean of the real part R and the imaginary part X of the measured
transducer input impedance versus frequency f and bending states.

TABLE I
TRANSDUCER IMPEDANCE Z ; PHASE DIFFERENCE ∆ϕ (REFERENCE

STATE: RBEND =∞) AND MODULATION EFFICIENCY η OF THE
BACKSCATTERED SIGNAL AT f = 5.8 GHz VERSUS BENDING STATES.

RBend (mm) Z (Ω) ∆ϕ (◦) η (%)

∞ 1.21− 21 − 10

84.1 1.15− 20.3 16.5 11

21.1 1.37− 18.1 60.2 11
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