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Abstract—The importance of radio frequency identification
(RFID) is prominent in this advanced technological era. Here
a passive 3-bit RFID tag is presented for retail, biomedical as
well as industrial applications. This tag is based on square split-
ring resonator (SRR) concept. Here a new approach is presented
by taking three coplanar rectangular split-ring resonators which
perform as per expectation. The performance characteristics are
obtained through design and simulation using CST Microwave
Studio and validated through measurements. Based on measure-
ment results, the tag can provide a maintenance-free environment
for wireless applications, viz. goods tracking, identity detection,
and health monitoring.

Index Terms—Chipless RFID, square SRR, Frequency Domain
Approach, Radar Cross Section .

I. INTRODUCTION

Chipless RFID has emerged as an advanced, contactless,
non-line-of-sight, data capturing and tracking radio communi-
cation technology. Now, tagging technology is getting more
efficient than optical barcodes. The RFID technology has
appeared as a promising alternative that uses radio frequency
(RF) waves for extracting the encoded data from remotely
placed tags. It has two main elements, the first one is the
RFID tag, and the second one is the RFID reader. Based on the
presence of application-specific integrated circuit (ASIC) it is
classified as chipped and chipless RFID. One of the most valid
reasons that hinders the mass production of RFID tags is its
cost per tag which is due to the semiconductor unit present in
the tag. Without the semiconductor chip and battery source, the
tag is simply called as a passive chipless RFID tag. Research
has been focused to develop a chipless RFID tag without a
ground plane to reduce the cost per tag. Several printable
chipless RFID tags have been reported using simple or hybrid
of time, frequency, phase domain, and image-based encoding
techniques [1]. In general, RFID tags can be separated into
two categories: active tags that carry onboard power supplies
and passive ones that do not carry any power supplies of their
own [2].

Using a single conducting layer to achieve the desired
response from a chipless RFID is quite challenging. The main
challenge in an RFID reader design is the detection of these
weak signals from the tags that are subjected to severely

impediment due to the largely varying environmental condi-
tions. Noise also degrades the detection performance of the
RFID reader. Both active and passive RFID tag readers require
robust signal processing techniques for reliable operation and
throughput improvement. Literature [2], [3] strongly agree that
the split ring resonators play an important role to achieve
better radar cross section (RCS) and bit coding capacity. The
square split-ring resonators can provide optimum RCS, surface
current distribution, effective bit coding capacity, and better
read range. Encoding of data into the tag is based on either
frequency domain approach (FDA) or time domain approach
(TDA) [2]. FDA is based on the method of controlling the
amplitude and phase of multiple resonances of the tag. This
results in binary information coding through the presence or
absence of the resonances [4], [5].

A structure with 35 resonators which corresponds to 35
bits of data is analyzed in [3]. But its size is greater than
the credit card format. A compact design is presented in [6]
which uses a ground plane and has 5-bit coding capacity. From
RCS curve in the desired frequency range, the number of
distinguished resonant frequency values decide the bit coding
capacity. In the discussed literature concerning the size of the
tag, bit coding can be enhanced through proper tag geometry
[7]. The operating principle of the chipped tag is entirely
different and they use high-end signal processing devices such
as Digital Signal Processors (DSPs), and Field Programmable
Gate Arrays (FPGAs), etc. [7], [8]. Hence, the design of the
reader becomes more complex and expensive. A dedicated
design of the chipless RFID reader is reported in [9].

In this article, a passive chipless RFID is proposed based
on square split-ring resonator (SRR) concept. It is a robust
and maintenance-free tag for long term applications. The sim-
ulation results are quite better in comparison with the above-
discussed literature. Section II provides the design principle
of a chipless RFID tag. Section III describes the results
and discussion. Section IV includes the important conclusion
which then followed by some essential references.

II. GEOMETRY AND DESIGN OF CHIPLESS RFID TAG

A. Chipless RFID RCS

RCS is the most important parameter in chipless RFID tag
design. It shows the effective area from which the receiver can
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Fig. 1. Layout of the proposed tag.

get the desired backscattered signal for detection. The RCS is
defined in [4] for a tag antenna and is presented in (1).

σtag = (λ2RaG
2
tag)/π|Za + Zc| (1)

Where λ = wavelength of operating signal, Ra =real part
of antenna input impedance Za, Zc = chip impedance for a
chipped RFID tag and Gtag = tag antenna gain. As in chipless
RFID there is no chip Zc can be assumed to be 50-Ω and Za

can be assumed to have real value. Now RCS of chipless RFID
tag at the resonant frequency [4] can be reduced to (2).

σtag = (λ2RaG
2
tag)/π|Za + Zc| = λ2G2

tag)/2π (2)

In general the RCS (σ) can be represented as (3) [4].

σ = A× |Γ|2 ×D (3)

Here, A = Projected cross sectional area of the target in m2,
|Γ|2 = Reflectivity (the power reflection coefficient), and D =
Directivity. For a small flat plate, the RCS is approximated as
(4) [4].

σplate = 4πW 2h2/λ2 (4)

Here W,h are the width and height of the plate respectively
and λ represents the wavelength. The working principle of
conventional RFID tags with ASIC microchips are based on
antenna loading. Theoretical analysis [4], [7] show that if
the chipless RFID tag design is optimized for suitable RCS,
then it can provide better performance in comparison with
the chipped RFID in terms of throughput.The RCS drastically
reduces further if line of sight and proper alignment are
hampered which in turn reduces the read range .

B. Proposed Tag Design

The proposed tag antenna is designed with three square
coplanar split-ring resonators on a low cost FR4 substrate
having εr = 4.4, tanδ = 0.02. Width of each square split-
ring resonator is kept at 1 mm. The layout of the tag with
the dimensional details is shown in Fig. 1. From the outer
resonator towards the center, the slots are chosen dynamically
to enhance the antenna response to the reader. The presented
structure enhances the RCS of the tag.

The presented chipless tag is compact, robust and
maintenance-free which has dynamic frequency range i.e. it

Fig. 2. The fabricated prototype of the proposed tag.
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Fig. 3. Measurement setup for 3 bit chipless RFID tag.

can be used in ultra-high frequency (UHF) and ultra-wideband
(UWB) range. A single conducting layer facilitates for mass
production of low-cost chipless RFID tags. The ground plane
can provide good isolation between the tag and the container.
But the proposed tag has no ground plane so the cost factor
is highly reduced. Though the design of a single layer robust
tag without a ground plane is a challenge, the proposed tag
can perform well which can be observed from its RCS curve,
scattering power analysis as well as surface current distribution
plots. The chipless tag is based upon frequency domain
approach (FDA) [2]. Square split-ring resonators are used to
provide a maximum magnetic field and current distribution.
As a whole, the proposed tags response is excellent in a wide
range of frequency to execute various applications in retail as
well as in ISM band.

III. RESULTS AND DISCUSSION

The prototype of the proposed structure is fabricated as
shown in Fig. 2 and the measurements are taken using
Keysight PNA Network Analyser-N5222B. The experimental
setup for measurement is shown in Fig. 3. In comparison
with the previously discussed tag antennas, the proposed tag
antenna RCS is quite high and it is more than 120 mm2 in
ISM band.

The simulated RCS response and measured S21 response of
the tag (Fig. 4) shows that in the ultra-high frequency (UHF)
bands of 840−960 MHz and 2.4 GHz the tag is highly usable
[5]. The distinguished resonant frequencies correspond to the
coding capacity of the tag [4]. From the simulated RCS curve
as shown in Fig. 4 (a), the tag is capable of 3-bit information
coding. The measured S21 response (Fig. 4 (b)) are in close
proximity to simulated values. Table-1 represents some of the
applications of the proposed tag in the field of biomedical and
industrial domain.

The operation of the proposed structure can be explained
with the help of surface current distribution in a wide fre-
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Fig. 4. (a) Simulated RCS response (b) Measured S21 response of the
proposed tag.
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Fig. 5. Simulated surface current distribution of the proposed tag at (a) 1.988
GHz, (b) 3.86 GHz, (c) 6.58 GHz.

quency range (Fig. 5). Here the surface current has been
analyzed at different resonating frequencies i.e. 1.988 GHz,
3.86 GHz, and 6.58 GHz. It can be observed that in the
range of lower to higher resonating frequencies, the surface
current distribution is well enough as compared to [3], [6].
The backscattered power curve is shown in Fig. 6 is improved
in comparison with [11] which strengthens the practical imple-
mentation of the proposed structure in real-world applications.

TABLE I
THE FREQUENCY OF OPERATIONS AND APPLICATIONS OF THE PROPOSED

TAG

Ref fr Applications

[4] 2.4− 2.5 GHz Backscatter coupling, ISM
band applications

[9] 3.1− 10.6 GHz
UWB applications like

vehicular RADAR system
and medical imaging

[10]
800− 900 MHz

868 MHz
870 MHz

Sleep disorder monitoring
Body temperature detection

Human body movement detection
Goods tracking and animal identification
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Fig. 6. Simulated power scattered versus frequency plot of the proposed tag.

IV. CONCLUSION

A 3-bit square coplanar SRR based chipless RFID tag is
presented. From the analysis presented here, it is apparent that
the rectangular SRR improves the real data-bit information
of the tag. To highlight the importance of designing different
antennas for different tag types, relevant antenna parameters
such as scattering power, surface current distribution, and RCS
have been presented. The analysis shows that the proposed
design can be used in a dynamic range of frequencies as it
holds well from 500 MHz to 10.6 GHz. For the backscattered
tag, the RCS is the prime parameter. The results for the
proposed tag show that the square SRR can be used to increase
the RCS. The S21 curve validates the resonant condition
with the RCS simulation plot. The power scattered curve
strengthens the practical implementation of the proposed tag.
This method holds good to reduce the size of the passive
chipless RFID tag. The low power transmission of the UWB
is the key characteristic that might allow it to coexist with
other wireless networking standards. Hence, this design can be
a suitable candidate for network standards like 802.11 LAN,
802.16 MAN, and WAN.
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