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Abstract—This paper presents the design, simulation, and
fabrication of a two-bit chipless RFID tag dedicated to ISM band
application. Now, tagging technology is getting more efficient
than optical barcodes. The RFID technology has appeared as a
promising alternative to extract the encoded data from the tags
utilizing the radio frequency waves. Frequency coding techniques
have been used to enhance the coding capacity of chipless radio
frequency identification (RFID) tag as well as to improve the
radar cross-section (RCS) magnitude level. The cost of the tag
is potentially less due to the absence of a ground plane for the
fabrication process. The proposed tag is fabricated on an FR-
4 substrate having permittivity 4.4 and loss tangent 0.02. The
proposed tag resonates at the frequency of 2.4 GHz and 5.8
GHz Industrial, Scientific and Medical (ISM) radio bands. The
simulated results were validated by the bistatic measurement of
the fabricated tag.

Index Terms—Chipless tags, radio frequency identification
(RFID), radar cross section (RCS), resonators

I. INTRODUCTION

Radio Frequency identification (RFID) is a wireless tech-
nique to capture data, consisting of two primary components
namely RFID tag, where information are encoded and RFID
reader, which extract the encoded information from the tags
[1]. Tracking or identification of objects using RFID can have
advantages as compared to barcode, like the non-line-of-sight
reading, identification and tracking automatically. However,
barcode is preferred in comparison with RFID because of the
low cost. The chipped tags have not been widely accepted,
particularly in object-level tagging, where large no of tags are
required. Eliminating the silicon chip in RFID tag results to
chipless RFID tags. The focus of the research is to develop a
chipless RFID tag without a ground plane to reduce the cost
per unit tag.

RFID tags generally divided into two types according to
power supply: active tags having onboard power supplies
and passive tags without their own power supplies [2], [3].
Several chipless RFID tags have been accounted for utilizing
encoding techniques based on time, frequency, phase-domain.
The chipless tag is a tradeoff between chipped tag and barcode.
With printing or etching technique, the manufacturing process
becomes easy, so that the unit cost of chipless tag is relatively
close to barcode [4].

TABLE I
COMPARISON AMONG EXISTING LITERATURE

References Size(mm) RCS(dBsm) Operating
Frequency(GHz)

[7] 7.2×5.8×1.6 −36 ∼−42 7− 12
[8] 7.2×6.6×1.6 −26 ∼−31 8− 14
[2] 30×50×0.8 −28 ∼−30 2− 5
[6] 20×40×0.8 −29 ∼−30 2.5− 7.5
[9] 70×30×1.6 −28 ∼−32 3− 6

Proposed
work 21×21×0.8 −26 ∼−29 2− 6

Chipless RFID tags are classified into two primary domains.
First is time domain (TD) and the second one is frequency
domain (FD). The frequency domain class of chipless tags are
based on one or several resonators that encode the information
into frequency spectrum. A variation in the frequency response
of the Radar Cross Section (RCS) is produced by utilizing the
resonant structures. The tag is detected based on the basis
of resonant frequency measurement [3], [5]. Passive tags are
identified at 13.56 MHz using magnetic near field coupling of
range 5 cm to 40 cm. Similarly, the passive tag identification
can be extended to a maximum range of 10 m for pallet
identification. Operating frequencies utilized are mostly in the
UHF bands around 900 MHz, 2.4 GHz and 5.8 GHz [6].

A comparison between recently reported chipless RFID tag
is presented in Table I. Dual polarized chipless RFID tag
with ’U’ shaped resonator used in both horizontal and vertical
polarisations is designed in [7]. In [8], utilizing concentric
square loops in nested manner a dual polarized chipless
RFID tag is designed. In [2], [6] the tag’s coding capacity
is increased with the help of hybrid coding technique. Using
the flexography technique the tag [9] is designed on a paper
substrate.

The motivation behind this article is to survey the feasibility
of the magnitude coding approach [2] and to decide an
adequate magnitude level for practical applications in ISM
band. In this article, using two modified rectangular resonators
a two bit chipless RFID tag is designed. The structure is
designed to resonate at 2.4 GHz and 5.8 GHz ISM bands. A
prototype was designed and fabricated for the proposed tag.
The simulation results indicate that the tag resonates at 2.4
GHz and 5.8 GHz. This chipless tag can be suitable for ISM
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Fig. 1. Layout of the proposed tag.

TABLE II
DIMENSIONS OF CHIPLESS RFID TAG

Ls Ws hs L1 L2 L3
21 mm 21 mm 0.8 mm 16 mm 7 mm 2.3 mm

G1 G2 G3 G4 W
10.8 mm 3.8 mm 0.5 mm 0.3 mm 1 mm

band applications. Geometry and design of chipless RFID tag
is described in section II. Simulated results with analysis are
discussed in section III. Conclusion is described in section IV
followed by the references.

II. GEOMETRY AND DESIGN OF CHIPLESS RFID TAG

A. Chipless RFID RCS

RCS is the most significant parameter in the chipless
RFID tag design which shows the effective area from which
the receiver can receive the desired backscattered signal for
detection. The RCS is defined in [10] 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 input
impedance of Za, Zc = impedance of chip for a 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 at the resonant frequency, RCS of
RFID tag with no chip [10] 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) [10].

σ = A× |Γ|2 ×D (3)

Here, A = Projected cross sectional area of the target in m2,
|Γ|2 = Reflectivity, and D = Directivity. For a small flat plate,
the RCS is approximated as (4) [10].

σplate = 4πW 2h2/λ2 (4)

Here W is width and h is height of the plate and λ represents
wavelength. The working principle of conventional RFID tags
with ASIC microchips depend on antenna loading. Theoretical
investigation [3], [10] indicates that in terms of throughput
the chipless RFID tag design optimized for suitable RCS, can
provide better performance in comparison with the chipped
RFID. There is significant decrement in RCS if line of sight
and proper alignment are affected which in turn reduces the
read range.

Without any tag an isolation measurement and with a
metallic plate of known RCS a reference measurement was
performed in [2], [7]. The RCS cam be measured using (5)
[2], [7].

σtag = [(Stag − Sisolation)/(Sref − Sisolation)]2×σref (5)

where Stag denote the measured S-parameter and σtag denote
the RCS of the measured tag. Sisolation is measured without
tag and Sref is measured by taking equivalent size of one
copper plate exactly as per the size of the tag.

B. Proposed Tag Design

The unique design described in this section is dependent on
several coupled resonating elements. Every resonating element
acts as a transponder and a resonator to have the smallest size.
The proposed design is a chipless RFID tag with a modified ‘c’
structure resonator. The geometry of the proposed design with
all the dimensional details is shown in Fig. 1. Table II defines
the values of the variables used in the proposed design. The
antenna is etched on the cost-effective FR4 substrate having
εr = 4.4, and tanδ = 0.02. The tag is designed on the
substrate with the overall dimension of Ls, Ws, and hs. The
presented structure enhances the RCS of the tag.

The proposed chipless tag is compact, robust and
maintenance-free having large frequency range which can be
used in ISM band applications. Though the ground plane can
provide good isolation between the tag and the container, to
reduce the cost, chipless tags having no ground plane can
be preferred. A single conducting layer facilitates the mass
production of chipless RFID tags having less cost. 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, surface current distribution plots
and measured S21 response. The chipless tag store information
in frequency domain [5]. Overall the proposed tag’s response
is excellent in a wide range of frequency to execute various
applications in ISM band.

III. RESULTS AND DISCUSSION

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



Fig. 2. The fabricated prototype of the proposed tag.

Fig. 3. Measurement setup for 2 bit chipless RFID tag.

shown in Fig. 3. In comparison with the previously discussed
tag antennas, the proposed tag antenna RCS is quite high and
it is -26 dBsm in ISM band (Table-I).

The simulated RCS plot and measured S21 response are
similar for the proposed tag (Fig. 4) which shows that in the
ISM bands of 2.4 GHz and 5.8 GHz it can be effectively
used. The distinguished resonant frequencies correspond to the
coding capacity of the tag [10]. From the simulated RCS curve
as shown in Fig. 4 (a), the tag is capable of 2-bit information
coding. The measured S21 response (Fig. 4 (b)) are in close
proximity to simulated values. From the literature, RCS and
the corresponding size of the tag is compared in Table I. It is
clear that the proposed tag has high RCS magnitude and can
be used for different ISM band applications due to its resonant
frequencies at 2.4 GHz, and 5.8 GHz respectively.

The operation of the proposed structure can be explained
with the help of surface current distribution in a wide fre-
quency range (Fig. 5). Here the surface current has been
analyzed at the resonating frequencies i.e. 2.4 GHz, and 5.8
GHz. It clearly demonstrates that at lower frequency the
surface current is maximum in the outer resonator whereas
at higher frequency the surface current is more in the inner
resonator. This satisfies the concept of decrement in resonating
frequency for the increment of the electrical length.
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Fig. 4. (a) Simulated RCS response (b) Measured S21 of the proposed tag.

Fig. 5. Simulated surface current distribution of the proposed tag at (a) 2.4
GHz, (b) 5.8 GHz.

IV. CONCLUSION

In this article, a 2-bit passive chipless RFID tag is presented.
To feature the significance of designing different antennas
for different tag types, appropriate antenna parameters like
surface current distribution, and RCS have been described.
The analysis shows that the proposed design can be used in
ISM band of frequencies i.e 2.4 GHz and 5.8 GHz. In case
of backscattered tag, the RCS is the primary parameter. The
results for the proposed tag show that the tag design helps
to increase the RCS. The S21 curve validates the resonant
condition with the RCS simulation plot. The major advantage
of the proposed chipless RFID tag is that it is maintenance-free
and less costly for mass production.
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