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Abstract—This paper presents a 6-bit 25 mmx25 mm x 0.4
mm chipless RFID tag based on square ring resonators. The tag
is designed and developed using polydimethylsiloxane (PDMS)
and conductive fabric composite, resulting in a flexible, semi-
transparent, and biocompatible chipless RFID tag, which is
suitable for the unobtrusive modern wireless identification
and monitoring systems. The tag data is decoded using the
monostatic Radar Cross Section method. The tag design
is validated with free-space measurements showing a good
agreement with simulated results.

Index Terms—chipless RFID, PDMS, ring resonator, radar
cross section

I. INTRODUCTION

Radio-Frequency Identification (RFID) is a rapidly growing
wireless technology used for the identification and monitoring
of people, animals, goods and products [1]-[4]. A classical
RFID system is comprised of a single reader (interrogator)
and one or multiple tags (transponders). The ‘tag’ component
in the RFID system represents the data-carrying device
attached to the items required for identification, tracking
and/or monitoring. The ‘reader’ is used to wirelessly read
and/or write the data on the tag using electromagnetic (EM)
waves [2]. The reader initiates wireless communications
between the reader and tag(s) by emitting EM waves towards
the tag. The reflected waves from the tag are then received
by the reader which interprets the information encoded in
the EM wave. Depending on the method by which the tags
are powered, RFID tags fall into two broad categories: active
or passive. Active RFID tags have their own power source,
which is typically an on-board battery; whereas passive tags
are powered entirely using the reader’s EM signal [2].

Passive RFID can be broadly categorised into classical chip-
based RFID and Chipless RFID (CRFID) [5]. The primary
distinction is that with a classical RFID tag, data modulation,
data storage, and sensor integration are performed on-chip.
A CRFID tag, on the other hand, operates without a chip or
battery.
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Fig. 1. Basic operating principle of RCS-based CRFID system.

The data encoding is accomplished through variation
of the structural properties of the tag, which control the
resonant properties of the tag, resulting in a mechanism
for passive data encryption in the backscattered EM waves
[6]. The extraction of encoded information on the tag relies
entirely on data processing techniques employed at the
reader (Fig. 1). The ability to implement chipless RFID
has proven advantageous in a variety of applications that
require low-cost, robust and fully-printable identification and
sensing tags [5], [7]. The absence of chip, battery, and other
electronics provides CRFID tags with added versatility in
harsh and dynamic environments. Current research efforts in
this area include the development of flexible or stretchable
CRFID tags [7]-[9]. Compared to traditional rigid CRFID
tags, the flexible/stretchable tags would benefit from their
flexible deployment on the system platforms, independent
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of the shape of the surface, optimum use of limited spaces,
and the users’ comfort. This can therefore maximize the
potential applications of CRFID, especially with the emerging
revolutionary concept of Wireless Body Area Network
(WBAN) and Internet of Things (IoT).

In this paper we study the feasibility of using poly-
dimethylsiloxane (PDMS)-conductive fabric composite re-
cently presented in [10] to create a thin, light-weight, flexible,
and semi-transparent CRFID tags. This composite has been
demonstrated as an excellent option for the construction of
flexible antennas, displaying exceptional flexibility, resilience,
biocompatibility, and simplicity of manufacturing, compared
to other materials typically used for this purpose [11]. For
this reason, this composite was chosen to realize the proposed
antenna.

The proposed CRFID tag design is based on closed-loop
square ring resonator (SRR) approach [12]. The tag is en-
coded through the variation of RCS response of backscattered
signals, which is one of the well-known frequency-domain
CRFID encoding techniques [13]-[15] . The presence and
absence of the tag resonators is utilized to vary the RCS
magnitude within the target spectrum. The design, fabrication,
and characterization of the developed tag is presented in this

paper.
II. PROPOSED CRFID TAG

A. Tag Design

The CRFID tag design is shown in Fig. 2. A 6-bit encoding
capacity is achieved using the closed-loop Square Ring
Resonator (SRR) approach [12] on a compact size of 25
mmx25 mmx0.4 mm. In free space, the perimeter of a
closed SRR is equal to the ring’s resonant wavelength (\g)
[12]. A nested configuration is used in the final design to
improve the encoding capacity without increasing the tag size.
The tag benefits from the SRR symmetrical configuration
which allows it to be excited with vertical or horizontal
polarisation [15]. The ultra-wide frequency band (UWB) of
3.1 to 10.6 GHz is employed to encode the identification
information, as discussed in the literature [S]. CST Microwave
Studio 2020 software [16] was used to design and optimize
the tag.

To encode the data bits, the RCS minima are used to
represent the bit ‘1’; whereas the absence of its minima,
which is associated with the missing ring, is used to represent
bit ‘0’ [13]. To demonstrate this, two CRFID tags are
developed: one tag with the rings (b1 to bg) present to encode
‘111111° and another tag with two rings (b; and b3) missing
to encode ‘010111°. Fig. 3 (a) and (b) show the topology
of both tags. The calculated RCS responses of both tags are
shown in (Fig. 3c). The RCS results reveal that removing
the rings b; and b3 removes the two of associated minima,
validating the above-mentioned encoding mechanism.

B. Materials and Prototype

Nickel-copper coated ripstop from Less EMF Inc. having
a thickness of 0.08 mm is used to realize the conductive part
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Fig. 2. A 6-bit SRR-based CRFID Tag design.
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Fig. 3. CRFID tag designs for (a) Tag-1 (‘111111”) and (b) Tag-2 (‘010111”),
along with their associated (c) simulated RCS magnitude response.

of the tag. This conductive fabric is then embedded inside a
0.4 mm thick PDMS layer.

It is worth noting that PDMS initial liquid state provides
a lot of freedom in obtaining the overall thickness of the
tag to achieve the desirable mechanical compatibility of the
target applications.

In simulation, PDMS was modelled with a relatively
constant permittivity (e,.) of 2.77 and frequency-dependent
loss tangent (tan J) ranging from 0.02 to 0.076, all based
on the measured value at the target operating frequency as
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Fig. 4. Fabricated CRFID tag prototype.

reported in [10]. The fabrication of the tag was done through a
layer-by-layer assembly process demonstrated in [10]. Fig. 4
shows the photo of the fabricated prototype demonstrating
its semi-transparency and high flexibility.

III. MEASUREMENTS AND RESULTS

The RCS measurements of the developed tag was carried
out using a monostatic measurement method for its simplicity
process. The measurement setup is shown in Fig. 5. A
linearly polarized horn antenna (Schwarzbeck BBHA9120D
[17]), was connected to a vector network analyzer (VNA),
Anritsu MS2038C [18]. A separation distance of 140 mm
was kept between the horn and the target tag that was
attached flatly on a supporting foam. The measurements were
conducted in a closed laboratory room with RF absorbers
placed behind the tag to reduce unwanted signal reflections
from the surrounding environment. The VNA was used to
generate a frequency sweep of 3.1 to 10.6 GHz with 0 dBm
power, and to record the input reflection coefficient (S11). The
calibration method derived from [15] was used to calculate
the RCS from the measured Sy (eq. 1).

2

S11Tag — S111s0 X CRes o

RCS(0) =

S11Ref — S11Is0
A. Measurement Procedure

Firstly, the measurement with all the structures in place
except the tag was undertaken and Si117s, Was recorded.
Secondly, the measurement with a square flat copper plate
(25 mmx25 mm) as a reference calibration object was done
to get S11Rres. Finally, the tag under test was placed and the
measurement of S11744 Was taken.

The known RCS of the reference flat metal plate for
calibration or.y was calculated using equation (2) below,

ROS(0Res) =4nA?/AN2 m? )

where A = area, m = 3.14, and A = wavelength.

B. Results

The simulated and measured RCS results of both tags
are compared in Fig. 6. In general, a good agreement
between the simulated and measured results is observed.
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Fig. 6. Free-space RCS simulation and measured responses: (a) Tag-1, (b)
Tag-2.

Some discrepancies in the results (e.g., the shift in the minima
locations and the difference in the RCS peak) are most likely
attributed to fabrication tolerances. Nevertheless, the RCS
responses of both tags are still readily identifiable.

IV. CONCLUSION
This paper presents an SRR based, 6-bit CRFID tag
that is implemented using PDMS and conductive fabric.
The materials are used to prove its feasibility for the
development of thin, flexible, and unobtrusive CRFID tag,
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potential for various modern wireless communication and
sensing applications, including WBAN and IoT. Tag data are
encoded using RCS techniques with the presence of minima
representing a logic ‘1’ and their absence representing a
logic ‘0’. A monostatic RCS measurement using one linearly
polarized antenna provides accurate results for decoding
encoded information from the tags. Future work will add a
sensing capability to the developed tag and will also optimize
the tag design for a specific application, for instance, human-
centric identification and sensing, which involve very lossy
human body tissue as an operating environment.
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