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Abstract

This paper presents a dual-polarized coplanar waveguide
(CPW) monopole antenna, fabricated using additive manu-
facturing on a flexible substrate for chipless RFID tags. The
proposed antenna is based on a dual-port broadband disc
monopole with a CPW feed and a notched ground plane for
mutual coupling suppression, occupying over 50% less area
compared to a dual-antenna tag. The antenna is meshed
achieving a 90% transparency and is fabricated using dis-
penser printing on a flexible polyimide substrate. Through
a ground plane notch and using meshed conductors, the
antenna’s total efficiency is improved by 30% over a stan-
dard dual-port disc. The antenna maintains a simulated and
measured S11 bandwidth form 1.4 to 2.55 GHz. With over
60% and up to 75% radiation efficiency while being 90%
optically-transparent, the antenna is suitable for chipless
RFID applications in the sub-6 GHz UHF spectrum.

1 Introduction

Chipless RFID sensor tags have attracted significant re-
search interest for future internet of things (IoT) applica-
tions [1, 2]. Owing to their low-cost and and suitability for
mass productions, multiple sensors have been proposed for
chipless RF-based sensing [2]. For instance, gas [3] and hu-
midity sensors [4] have been developed based on chipless
tags directly printed or etched on flexible substrates. Fur-
thermore, emerging applications such as food monitoring
directly benefits from chip-less RF sensing [2].

Additive manufacturing is a low-cost method for realizing
RF components and antennas [5]. For example, direct-
write printing can be utilized to prototype and realize high-
efficiency RF energy harvesters [6]. In addition, multiple
thin-film sensors, such as a carbon-nanotube (CNT) chip-
less RFID sensor have been proposed using printed elec-
tronics [3]. Meshed antennas [7], widely used for optically-
transparent antennas [8], can be used to reduce the costs
of printed antennas used in chipless RFID tags, by reduc-
ing the amount of conductive ink without detrimentally-
affecting the antenna’s performance [6].

In most Ultra-Wide Band (UWB) chipless RFID tag im-
plementations, a pair of antennas are used to receive and
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Figure 1. Layout of a typical chipless RFID with separate
antennas (a) and the a chipless RFID sensor tag based on the
proposed single-layer meshed dual-polarized antenna (b).

reflect and the incident signal from the reader, with an or-
thogonal polarization [1, 9, 10]. Disc antennas have been
widely used in chipless RFID tags owing to their simple
geometry and wide bandwidth [9]. On the other hand, this
increases the size of the tag making its integration in Inter-
net of Everything (IoE) systems more obtrusive. Therefore,
a need for compact RFID tags with dual-polarized antennas
compatible with additive manufacturing.

In this paper, a dual-port dual-polarized coplanar waveg-
uide (CPW) monopole antenna is proposed for compact
chipless RFID sensing tags. The proposed antenna is de-
signed to minimize the undesirable mutual coupling be-
tween the ports over a standard dual-port antenna and is
fabricated using direct-write dispenser printing on a flexible
substrate. The antenna and the ground plane are meshed to
reduce the fabrication cost and enable optically-transparent
tags, showing no noticeable degradation in the S11 or the
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Figure 2. Layout and photograph of the proposed dual-
polarized antenna

radiation properties. Section 2 presents the antenna design
and simulation. The antenna is fabricated and characterized
experimentally in Section 3.

2 Meshed Dual-Polarized Monopole Design
and Simulation

A typical chipless RFID sensor tag is shown in Figure 1-
a, composed of two orthogonally-polarized antennas and a
microstrip line where the tag’s ID or sensing elements are
incorporated [9]. The proposed antenna, shown in Figure 1-
b, is based on a dual-port disc monopole. The antenna is
designed with a CPW feed to be directly printed on a sin-
gle layer. The antenna was designed with a λ/4 diameter to
maintain a wide bandwidth. By using a single radiating ele-
ment, the tag’s size can be significantly reduced as opposed
to a dual-polarized

A key challenge with a broadband monopole is the mutual
coupling between the ports, which can significantly reduce
the realized gain of the antenna. It was shown that a slot-
ted ground plane can be introduced to reduce the coupling
between the antenna’s ports [11]. A circular notch is added
to the ground plane as shown in Figure 2. The diameter of
the antenna was calculated as D=λ0/4 at 1.25 GHz; the di-
mensions of the fabricated antenna are mm: D=40, L=61,
G=25, WG=20, LG=18, WM=2.

The antenna was simulated in CST Microwave Studio to
investigate its s-parameters. Figure 3 shows the simulated
S11 of the dual-port antenna with a S11 < −10 dB band-
width from 1.25, closely agreeing with the 1.25 G MHHz
λ /4 disc D. Nevertheless, the high port coupling (S21) will
result in efficiency degradation. After the notch of diameter
G is introduced, the mutual coupling is suppressed by 5 dB
at 1.5 GHz, ad over 10 dB above 2.4 GHz.

For a meshed antenna, the theoretical optical transparency
of the antenna can be calculated using

Transparency = (1− Wt

Wg +Wt
)2 (1)
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Figure 3. Simulated reflection coefficient and port mutual
coupling of the dual-port disc antenna before and after in-
troducing the notch and meshing.

where Wt and Wg are the trace and gap width, respectively
[8]. Wg=5 mm was selected to achieve around 90% trans-
parency, where Wt=0.28 mm and is limited by the fabrica-
tion method, discussed in the next section.

In Figure 3, it can be observed that the meshed conductors
had a very small impact on the S11 response, causing under
20 MHz shift in the antenna’s lower bandwidth. This can
be explained by the larger mesh gaps introducing additional
non-uniformities which may cause radiation at a lower fre-
quency. As for the mutual coupling, the meshed conductors
improve the port isolation by approximately 2 dB around
2.7 GHz.

The radiation properties of the antenna have been simulated
in CST over the antenna’s bandwidth. Figure 4 shows the
simulated total efficiency (inclusive of mismatch) of the an-
tenna, showing around 3 dB relative efficiency improve-
ment after the ground-plane notch is introduced. In addi-
tion, it can be observed that despite being meshed to use
90% less conductive ink, the antenna maintains a stable ef-
ficiency before and after meshing, showing that meshed an-
tennas are suitable for broadband applications. The antenna
maintains a gain over 1.8 dBi from 1.5 GHz, with over
12 dB co/cross-polarization isolation over both ports, show-
ing its suitability for dual-polarized chipless RFID. Figure 5
shows the simulated radiation patterns over the elevation
planes. It can be observed that for both 1.5 and 2.4 GHz,
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Figure 4. Simulated radiation efficiency of the dual-
polarized antenna for different design steps.
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Figure 5. Simulated radiation efficiency of the dual-
polarized antenna for different design steps.

the radiation patterns do not vary with frequency, where the
co/cross-polarization is maintained over the antenna’s main
beam.

3 Antenna Fabrication and Measurements

The antenna was fabricated using direct-write dispenser
printing on a flexible 75 µm-thick polyimide substrate.
A conductive silver ink (Voltera flex conductor) was used
for the antenna traces, with a measured resistance around
0.01 Ω/square. The traces were printed using a commercial
dispenser printer, Voltera V-One, as in Figure 6-a. Follow-
ing the ink deposition, a standard hot-plate is used to cure
the ink at 170◦C for 50 minutes. Once the ink is cured, the
flexible polyimide film is removed from the planar carrier
substrate and the SMA connector is mounted using low-
temperature solder, as in Figure 6-c.
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Figure 6. Simulated (dashed) and measured (solid) s-
parameters of the 88%-transparent antenna prototype.
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Figure 7. Simulated (dashed) and measured (solid) s-
parameters of the 88%-transparent antenna prototype.

The fabricated dual-port prototype, shown in Figure 2, was
measured using a TOSM-calibrated Rohde and Schwarz
ZVB4 vector network analyzer (VNA). Figure 7 shows the
simulated and measured two-port s-parameters of the 90%-
transparent antenna prototype.

From Figure 7, it can be observed that the antenna main-
tains an S11 < −10 dB bandwidth from 1.4 to 2.55 GHz, a
58% fractional bandwidth. This demonstrates tha antenna’s
suitability for broadband chipless RFID sensing applica-
tions. The narrower bandwidth compared to the simulation
is due to the variations introduced by the SMA connectors
and the non-uniformity of the solder termination.

As for the ports’ mutual coupling, it can be observed from
the measured S21 that the undesired port coupling is under
−10 dB over the antenna’s full bandwidth, and is around
−25 dB in the 2.4 GHz license-free band. This demon-
strates that, should the antenna be used for re-transmitting
signals in a sensor tag, the high-isolation between the two
ports guarantees that the antenna’s realized gain will not de-
grade. This further validated the total efficiency improve-



ment observed in simulation, as previously shown in Fig-
ure 4.

4 Conclusion

In this paper, a compact dual-polarized CPW antenna was
presented using additive manufacturing on a thin and flex-
ible organic substrate, for chipless RFID applications. The
proposed antenna maintains a 58% fractional bandwidth
from 1.4 to 2.55 GHz and a broadband radiation efficiency
over 70% above 1.7 GHz. Furthermore, it was shown that
the 90% theoretical optical transparency achieved through
meshing does not have a detrimental impact on the an-
tenna’s S11 bandwidth or total efficiency, concluding that
meshed transparent antennas are suitable for broadband
chipless RFID tags. Future investigations include adding
coupled resonator elements to the antenna’s CPW feed for
the tag’s ID, in addition to utilizing smart dielectric and
conductive materials such as CNTs for passive wireless ca-
pacitive and resistive sensing.
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