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A novel tri-band CPW-fed antenna designed for RFID applications is
reported. Limited to 30 × 30 mm2 area on a PCBoard with 1r ¼ 4.4,
the antenna has four U-shaped, two F-shaped and two L-shaped slots
as additional resonators to achieve multi-band operation. The intelli-
gent single particle optimisation (ISPO) algorithm is used to determine
the optimised slot configuration for the best return loss at 0.92, 2.45,
and 5.8 GHz simultaneously. The performance of the designed
antenna was characterised through simulations using the finite
element method.

Introduction: Radio frequency identification (RFID) is a contactless
automatic identification technology [1]. It has been used extensively
in a variety of applications, such as supply chain management, logistics
tracking, access control and public transportation card. Considering its
immense potential, several bands ranging from 125 KHz to 5.8 GHz
are allocated to RFID related applications, with 0.92, 2.45, and
5.8 GHz among the most popular frequencies. Recently, the need for
a multi-band antenna has gained attention since it is more desirable
for a single system to support multiple RFID standards simultaneously.
However, most of the reported multi-band antennas, such as [2], [3] and
[4], can either only operate at two frequency bands, or require relatively
large areas.

In this Letter, we report a miniature tri-band CPW-fed antenna for
0.92/2.45/5.8 GHz applications. Limited to 30 × 30 mm area on a
PCBoard with 1r = 4.4, the antenna geometric configuration was
optimised by the intelligent single particle optimisation (ISPO) algor-
ithm [5]. The return loss and the radiation pattern of the finalised
design are verified by finite element method (FEM) simulations.

Design methodology: The antenna is implemented on a low-cost FR-4
substrate with dielectric constant 1r ¼ 4.4, loss tangent tand ¼ 0.02 and
thickness h ¼ 1.52 mm (Fig. 1). A 50 V CPW transmission line is used
for the antenna feed. The width of the feeding line is fixed as S ¼
2.6 mm, and the gap between the feeding line and the ground plane is
G ¼ 0.2 mm. To achieve multi-band resonance, the antenna has four
U-shaped, two L-shaped and two F-shaped slots. The slots, including
the two symmetric L-, two symmetric F- and the two larger U-shaped
branches (L5 × W4) are introduced to increase the antenna electrical
length at the two lower frequency bands (0.92 and 2.45 GHz), and the
two smaller U-shaped branches (L6 × W7) are utilised as refiners to
slightly adjust the antenna frequency response [6].
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Fig. 1 Geometry of proposed tri-band antenna (top view and side view)

To optimise the antenna input impedance within the targeted fre-
quency bands simultaneously, the geometric configurations of the
slots are determined using the ISPO algorithm. The ISPO method is
based on an analogy with models of the social behaviour of groups of
simple individuals, and it is a method specialised for solving compli-
cated multidimensional problems [5]. Using this algorithm, each poten-
tial solution is represented as a particle with a velocity vector and a
position vector, which is partitioned into sub-vectors with a smaller
number of dimensions. During the updating process, the velocity
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vector required for updating the position vector will be increased or
slowed down depending on the fitness value; when the fitness value is
not improved after several iterations in the sub-vector updating
process, the particle will increase the diversity of velocity in order to
escape from the local optimum. Detailed discussion of the ISPO algo-
rithm can be found in [5].

Applying the ISPO algorithm to the antenna optimisation, the target
of the optimisation process is set to achieve better than 210 dB impe-
dance matching at 0.92, 2.45, and 5.8 GHz at the same time. For this
purpose, a total of nine physical dimensions (L1, L2, L3, L4, W1, W2,
W3, W4, W5) of the antenna are defined as variables, which form the
position vector described in the algorithm. As shown in Table 1
(upper part), for each of these variables, appropriate minimum and
maximum values are specified. Based on [7], the fitness function (FF)
for this optimisation process can be derived as

FF = 0.33
S11(0.92 GHz)

−10
+ 0.34

S11(2.45 GHz)
−10

+ 0.33
S11(5.8 GHz)

−10
+

∑3
i=0

Gi

(1)

Gi =
1, if S11 ≤ −10 dB
0, if S11 . −10 dB

{

where i ¼ 1, 2, and 3 are used to represent 0.92, 2.45, and 5.8 GHz,
respectively.

Table 1: Design parameters for multi-band antenna

Ranges of nine physical dimensions in ISPO algorithm

Parameter L1 L2 L3 L4 W1 W2 W3 W4 W5

Range
(mm)

3–9 0.5–5 0.5–5 0.5–5 4–8 0.2–1.5 1–6 8–10 2–12.5

Physical parameters of finalised antenna

Parameter L1 L2 L3 L4 L5 L6 W1 W2 W3 W4 W5 W6 W7

Values
(mm)

8.7 2.3 1.4 3.8 4 1.5 5.4 0.6 4 9 12.5 3.8 5

The convergence progress of this ISPO optimisation is shown in
Fig. 2. It appears that the algorithm is extremely effective. Initially,
the vector composed of the nine aforementioned variables is randomly
positioned in the solution space. As the optimisation process goes by,
the return loss within the two higher frequency bands quickly reaches
the targeted value. But to achieve 210 dB impedance matching at the
lowest band, the antenna performance at the two higher bands has to
be compromised. As the fitness value becomes more stabilised, after
five iterations, the return loss within all three frequency bands reaches
the design target. The physical parameters of the finalised antenna are
summarised in Table 1 (lower part).
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Fig. 2 Progress of ISPO method with fitness function value and results of
return loss at 0.92, 2.45, 5.8 GHz, respectively

Simulation results: The ISPO-optimised multi-band antenna is verified
using the FEM. As shown in Fig. 3, the simulated return losses are
215.96, 213.98, and 211.83 dB at the targeted frequency bands, all
better than the design target. The bandwidth of the finalised antenna,
which is defined as the frequency range within which the antenna
achieves better than 210 dB matching (VSWR ≤ 2), is 10 MHz at the
0.92 GHz band, 30 MHz at the 2.45 GHz band, and 710 MHz at the
5.8 GHz band.

The radiation patterns of the antenna are also characterised, as shown
in Fig. 4. It appears that the antenna radiates nearly omnidirectionally in
the xz-plane, but the radiation patterns at all three bands show two nulls
in the yz-plane at u ¼+908. Note that the antenna has relatively strong
cross-polarised radiation (�20 dB below the co-polarised radiation),
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which is advantageous for RFID applications since the tag-reader orien-
tation is not strictly limited. The antenna gain at the simulated frequen-
cies is 212.1, 21.7, and 5.2 dBi, respectively.
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Fig. 3 Return loss of proposed tri-band antenna obtained by FEM
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Fig. 4 Radiation patterns of proposed antenna in xz-plane and yz-plane

a Radiation patterns in xz-plane
b Radiation patterns in yz-plane

Conclusion: A novel tri-band RFID tag antenna designed for RFID
applications is reported. Limited on a substrate of 30 × 30 mm2 with
1r = 4.4, the antenna is resonated to multiple frequency bands by intro-
ducing four U-shaped, two F-shaped and two L-shaped branches as
additional resonators. To achieve impedance matching at 0.92, 2.45,
and 5.8 GHz simultaneously, the ISPO algorithm is utilised to help
determine the slot geometric configurations. The performance of the
ISPO-optimised antenna is characterised using the FEM method, and
ELECTRON
simulation results show that the return loss within all the targeted fre-
quency bands is better than 210 dB.
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