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Multipurpose Near- and Far-Field
Switched Multiband Coil Antenna
for 915-MHz/2.45/5.8-GHz RFIDs

Ashwani Sharma, Ignacio J. Garcia Zuazola, Senior Member, IEEE, and Asier Perallos

Abstract—A multipurpose near- and far-field switched multi-
band reader antenna for radio frequency identification (RFID) ap-
plications is presented. The proposed antenna is simple, planar, and
has three modes of operating frequencies: 915 MHz, 2.45 GHz, and
5.8 GHz. The prototype is realized using nonuniformly distributed
turns coil for robust reactive and radiated field performance, lead-
ing to a multipurpose near- and far-field antenna in a single unit.
Results show performance of the proposed multipurpose antenna
in both near-field and far-field region and demonstrate its suitabil-
ity for various RFID applications.

Index Terms—Far field (FF), H -field, loop antenna, near field
(NF), radio frequency identification (RFID), switched multiband
response.

I. INTRODUCTION

RADIO frequency identification (RFID) technology is
considered as an attractive solution for tracking and

tracing applications. The typical RFID provides contactless
transfer of the information between an interrogator (Reader) and
a transponder (Tag) tuned at the same frequency of operation.
Depending on the application, various frequency bands have
been adopted for RFID operation—e.g., HF: 13.56 MHz, UHF:
866/915 MHz, Microwave: 2.45 GHz, 5.8 GHz. In addition
to the operating frequency, the RFID systems are categorized
by the region of operation, e.g., near field (NF) and far field
(FF). The NF RFIDs are used for short-range interrogation
while employing inductive coupling between the tag and
the reader antennas [1]. Therefore, coil antennas are used as
low-cost solution. Conversely, the FF RFIDs are applicable for
long-range interrogation employing back-scattering technique
where a descent FF radiation is expected from the reader
antenna. In general, specific RFID antennas are designed for
specific applications operating at a particular frequency and
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optimized for either NF or FF performance. However, low-cost
multipurpose antennas having both NF and FF operations along
with multiband response are highly desirable.

In the literature, several designs of RFID antennas with var-
ious combinations of NF, FF, and multiband responses are
present. For instance, single-band antennas with solely NF op-
eration were proposed in [2] and [3] at UHF 915 and 866 MHz,
and in [4] at 2.45 GHz. Meanwhile, antennas functioning at
UHF having both NF and FF operations were presented in [5]–
[8]. In contrast, the antennas with multiband response and solely
FF operation were also designed, e.g., a dual-band antenna for
2.4/5.8 GHz [9], triband antennas for 433/923 MHz/2.45 GHz
[10] and 3.6/5.8/8.2 GHz [11] were presented. Moreover, a dual-
band RFID antenna proposed in [12] was designed to operate in
NF at HF 13.56 MHz and FF at UHF 920 MHz. In [13], Sharma
et al. have presented a switched dual-band coil antenna working
in NF at HF and FF at UHF, where the radii of inner turns of
the coil were optimized using nonuniformly distributed turns
[14] terminology for a maximum H-field in the interrogation
zone. Therefore, the reader antenna presented here is intended
to provide maximum H-field in the interrogation zone and not
necessarily over a large interrogation zone; for robust H-field
with three orthogonal H-field components in larger interroga-
tion zones, the authors have suggested using planar multicoil
antennas in [15]. This review suggests that the reconfigurable
antennas having multiband response with switchable operating
frequencies are of much interest to reduce interference and sys-
tem cost and to improve system performance [16].

In this letter, a switched multiband antenna is proposed in
Section II operating both in NF and FF, thus having multiple
utilities. The proposed antenna is designed to switch between
three operating frequencies 915 MHz, 2.45 GHz, and 5.8 GHz
using RF switches, which leads to a multipurpose NF and FF
antenna in a single unit. The proposed antenna is simple and
fabricated on a single-sided printed circuit board (PCB). The
results in Section III include the H-field (in NF) and radiation
pattern (in FF) performance in each switching state of the an-
tenna to prove the usefulness of the proposed design for various
NF and FF RFID applications. The fabricated antenna and mea-
surements are presented in Section IV. The letter is concluded
in Section V.

II. MULTIPURPOSE SWITCHED MULTIBAND ANTENNA

The proposed switched multiband NF–FF antenna shown in
Fig. 1 was designed by incorporating a coil with nonuniformly
distributed turns etched on a single-sided PCB of copper (50
μm), FR4 substrate (Er = 4.8 and tan δ = 0.02), and thickness
h = 0.8 mm. The coil antenna of size 98 × 98 × 0.8 mm3 lies
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Fig. 1. Multipurpose switched multiband antenna.

TABLE I
SWITCHING BETWEEN MULTIPLE BANDS

Mode: Band SW1 SW2 SW3 SW4

Mode-1: 915 MHz ON ON ON ON

Mode-2: 2.45 GHz ON ON OFF OFF

Mode-3: 5.80 GHz OFF OFF OFF OFF

in the xy plane with the center at the origin, as in Fig. 1. The
antenna consists of three turns with radii [47.6, 14.8, 7.0] mm
selected to achieve three operating frequencies, 915 MHz, 2.45
GHz, and 5.8 GHz, using RF switches SW1–4. Depending on
the switching states (ON or OFF), the antenna has three modes
of operation listed in Table I. In mode-3, when all the switches
are OFF, the innermost turn isolates from other turns and the
antenna resonates at 5.8 GHz. In mode-2, the antenna resonates
at 2.45 GHz when the two inner turns are connected and con-
tribute to NF and FF radiations. In mode-3, all the three turns
are connected contributing to NF and FF radiation, and the op-
erating frequency switches to 915 MHz. The chip resistances
are selected to resonate the antenna at desired frequencies. The
antenna is simulated and fabricated, and results are presented
subsequently.

III. SIMULATION RESULTS

The antenna shown in Fig. 1 is simulated using CST MW
studio. In this study, we have considered an ideal switch model
where the OFF state is represented by an open circuit (no metal)
and the ON state by a short circuit (galvanic connection with
metal strip). The antenna performance is evaluated for all the
modes of operation, and simulated S11 responses are shown
in Fig. 2. The results show that the antenna resonates around
915 MHz in mode-1, 2.45 GHz in mode-2, and 5.8 GHz in
mode-3. The simulated bandwidth corresponding to 25 dB
return loss is 30 MHz (900–930 MHz) in mode-1, 70 MHz
(2.42–2.49 GHz) in mode-2, and 340 MHz (5.59–5.93 GHz) in
mode-3. For each mode, the antenna with input power 1 W is
simulated to evaluate vertical H-field component (Hz ) in NF
zone and radiation pattern in FF zone of the antenna.

Fig. 2. S11 response of the switched multiband antenna.

Fig. 3. Mode-1: Simulated (a) Hz in NF; (b) normalized FF radiation patterns.

A. Mode-1: UHF 915 MHz NF–FF Performance

In mode-1, the simulated Hz distribution of the antenna at
915 MHz is presented in Fig. 3(a) in z = 10 mm plane. The
maximum Hz magnitude shown is 1.12 A/m. To assess FF
performance, the simulated normalized radiation patterns are
shown in Fig. 3(b). The results showed that the antenna in mode-
1 has a maximum gain of ∼1 dBi in elevation plane.

B. Mode-2: 2.45 GHz NF–FF Performance

In mode-2, the antenna is simulated at 2.45 GHz, and Fig. 4(a)
shows the simulated Hz distribution of the antenna in z = 10 mm
plane. The maximum achieved Hz has magnitude 0.82 A/m. The
FF simulation of the antenna in mode-2 generated normalized
radiation patterns of Fig. 4(b) and showed a maximum gain of
∼4.1 dBi at 2.45 GHz.

C. Mode-3: 5.8 GHz NF–FF Performance

The proposed design is simulated in mode-3 at 5.8 GHz. The
Hz distribution of the antenna in the z = 10 mm plane is shown
in Fig. 5(a) where maximum achieved Hz has a magnitude
0.98 A/m. The FF simulated radiation patterns at 5.8 GHz are
plotted in Fig. 5(b) and show a maximum gain of ∼4.3 dBi.
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Fig. 4. Mode-2: Simulated (a) Hz in NF; (b) normalized FF radiation patterns.

Fig. 5. Mode-3: Simulated (a) Hz in NF; (b) FF normalized radiation patterns.

IV. ANTENNA FABRICATION AND MEASUREMENTS

The proposed antenna was fabricated and shown in Fig. 6.
To measure the reflection coefficient (S11) of the antenna, an
Agilent PNA-X network analyzer (connectors and cables ap-
propriately calibrated) was used. The measured S11 responses
in three modes of operation are included in Fig. 2 and compared
with simulated S11 responses. The deviation of measured S11
parameter at 5.8 GHz is attributed to the SMA connector that
was not considered in the simulation and acted as a parasitic

Fig. 6. Fabricated antenna. (a) Front view, (b) back view, and (c) radiation
pattern measurements in anechoic chamber showing the antenna coordinates.

TABLE II
MEASURED NF AND FF RESULTS OF THE PROPOSED ANTENNA

Mode: Band NF Hz (A/m) FF Gain (dBi)

Simulated Measured Simulated Measured

Mode-1: 915 MHz 1.12 1.24 1 1.1
Mode-2: 2.45 GHz 0.82 0.71 4.1 3.4
Mode-3: 5.80 GHz 0.98 Not available 4.3 3.8

Fig. 7. Measured NF performance of the proposed antenna in z = 10 mm
plane.

element affecting the response. The fabricated antenna is mea-
sured for NF and FF performance, subsequently.

To assess NF performance, the Hz of the antenna in three
modes were measured using NF probes (ETS-Lindgren’s Model
7405 Set) placed at a distance z = 10 mm away from the an-
tenna. The NF probes were connected to the network analyzer
to measure received Hz . The FF performance was assessed by
radiation pattern measurements in anechoic chamber with an-
tenna coordinates, as shown in Fig. 6(c). The measured NF
and FF performance of the proposed antenna is summarized in
Table II and compared with the simulated results presented in
Section III.

In the NF, the proposed antenna achieves a maximum of 1.24
and 0.71 A/m H-field in mode-1 and mode-2, respectively, at
10 mm distance from the antenna. Note that Table II does not
include NF result in mode-3 due to unavailability of an NF probe
functioning at 5.8 GHz in our measurement facility. However,
the simulation results show that the proposed antenna is intended
to perform well in mode-3.

The measured Hz distributions of the antenna in z = 10 mm
plane (along x- and y-directions) are plotted in Fig. 7 for
mode-1 and mode-2, which corroborate with the simulated NF
distributions.

The measured FF results of Table II show that the proposed
antenna has the maximum FF gain of 1.1 dBi in mode-1 at
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Fig. 8. Measured FF radiation patterns. (a) Mode-1. (b) Mode-2. (c) Mode-3.

915 MHz, 3.4 dBi in mode-2 at 2.45 GHz, and 3.8 dBi in mode-
3 measured at 5.8 GHz. The measured FF radiation patterns
of the antenna in three modes are plotted in Fig. 8 showing a
wide E-total radiation pattern in the three modes of operation,
which is in sync with the simulated radiation pattern results
presented in Section III. Because RFID transponders/tags are
generally linearly polarized, a circularly polarized reader would
have a polarization loss factor of 0.5 (−3 dB) no matter what
the angle the tag is rotated to. To ease this inevitable signal loss
due to polarization mismatch, the two antennas (transponder
and reader) had analogous linear polarization. This might limit
the reader to applications where tags in the FF are oriented in a
predefined direction, e.g., conveyer belt.

The results corroborated with the objectives of the design and
showed that the proposed antenna with switching ability pro-
vides frequency agility between three frequency bands, hence a
switched multiband operation is realized. Furthermore, the pro-
posed antenna has a decent NF and FF performance proving its
suitability for multipurpose NF and FF RFID applications.

V. CONCLUSION

A multipurpose switched multiband antenna used for NF
and FF RFID applications is presented. The antenna incorpo-
rates frequency reconfigurability by switching between three
frequency bands using four RF switches. Depending upon the
states of the switches, one out of three modes 1–3 is selected
with corresponding resonance frequency 915 MHz, 2.45 GHz,

and 5.8 GHz, respectively. The loop shape is adopted in the
design to generate effective reactive field (H-field) in the in-
terrogation zone; this works for NF RFID applications. Mean-
while, the FF radiation is generated due to nonuniform currents
along the loop making the antenna suitable for FF RFID applica-
tions. The switched multiband operation of the proposed antenna
was evaluated using ideal switch model. The NF results showed
the H-field of∼1.12, 0.82, and 0.98 A/m at 10 mm distance from
the antenna. Moreover, the FF results showed the gain of∼1, 4.1,
and 4.3 dBi achieved by the proposed design switched in modes
1–3, respectively. The antenna was fabricated and measured, and
the results were corroborated. This demonstrates the suitability
of the proposed antenna for multiple purposes (NF and FF) in
addition to switching ability for frequency reconfigurability.
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