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This paper presents a dual-band patch antenna loaded with face-to-face U-shaped slots fed by a substrate-integrated meandering
probe (SIM-probe). With the presence of U-shaped slots, two current paths are formed, which leads to the resonance modes at
2.4 and 3.65GHz on the patch. The SIM-probe suppresses the unwanted cross-polarization radiations by providing out-of-phase
vertical currents from vertical metallic vias. To verify our work, a prototype was fabricated and tested. The proposed antenna
achieves the impedance bandwidths of 9.4% and 9% from the frequency range of 2.34–2.57 GHz and 3.5–3.83GHz (for the reflection
coefficient ≤ −10 dB) and obtains average gains of 5.8 dBi and 6.8 dBi at both bands. The cross-polarization level is below −20 dB.
Measured results agree well with the simulation.

1. Introduction

With the development of the wireless communication, the
wireless networks should be compatible with dual-band and
dual-mode standards such as 2.4GHz WLAN band and
3.5GHzWiMAX band. Accordingly, the dual-band antennas
are required in the modern wireless systems [1–4].

Patch antennas with dual-band operation are attractive
due to the inherent advantage of low profile, broadside
radiation, and easy fabrication [5–7]. In the past, a lot of
techniques have been proposed.An effective design is to add a
stacked patch to the driven patch [7] which generates double
resonances. In addition, the patch antenna with a U-shaped
slot can also realize dual-band operation [8] but it may suffer
from the inherentweakness of narrow impedance bandwidth.
Although the method of using an L-shaped probe feed can
enhance the impedance bandwidth for the dual-band patch
antenna [9]; this design may cause an asymmetric radiation
pattern and a high cross-polarization radiation.

The high cross-polarization is a problematic issue in a lot
of dual-band patch antennas, especially at upper bands [7–
9]. To solve this problem, differential feed [10] is proposed
to suppress the cross-polarization radiation. However, if the
isolation between two differential ports is low, it may lead
to lower gain and thus complex feeding networks should be

designed to enhance the isolation. The meandering probe
[11] is one of effective techniques for suppressing the high
cross-polarization radiation of the patch antenna. However,
the reported work in [11] only demonstrates low cross-
polarization levels only in one frequency band. Besides,
the air loaded meandering probe increases the fabrication
tolerance.

In this paper, a patch antenna fed by the substrate-
integrated meandering probe (SIM-probe) is proposed to
achieve dual-band low cross-polarization performance. The
dual-band operation is realized by the patch loaded with two
U-shaped slots which provide the patch with two broadside
resonances at the frequencies of 2.45 and 3.65GHz.Moreover,
the dual-band patch antenna achieves low cross-polarization
levels within the two bands due to the symmetrical current
distribution on the patch and the meandering probe. The
characteristics of L-probe fed dual-band patch antenna are
also presented for demonstrating the advantage of the pro-
posed M-probe.

2. Antenna Geometry

Figures 1 and 2 show the geometry of dual-band patch
antenna.The antenna consists of four pieces of PCB substrate
(Substrates 1–4 with thickness ℎ).The ground plane is printed
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Figure 1: 3D view of the proposed substrate-integrated M-probe fed dual-band patch antenna.
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Figure 2: Geometry of substrate-integrated M-probe fed dual-band patch antenna. (a) Side view. (b) Top view.

on the bottom layer of Substrate 1 and the patch is printed
on the top layer of Substrate 4. Substrate 1 has the same size
as the ground plane with 𝐺

𝐿
× 𝐺
𝑊
, while Substrates 2-3 are

in square shape with the size of 𝑆
𝐿
× 𝑆
𝑊
. The patch loaded

with two U-slots which separate it into two parts as the inner
patch and the outer patch as shown in Figure 2(b). The inner
patch with the length 𝑃

𝐿2
and the width 𝑃

𝑊2
is located at

the center. The width and length of the outer patch are 𝑃
𝑊1

and 𝑃
𝐿1
, respectively. The parameters of𝑊LH, 𝐿1, and 𝐿2 are

presented to define the size and position of the face-to-face
U-slots. The patch is fed by the meandering probe which is
integrated in the substrate F4B with a dielectric constant of
2.65 and a layered thickness of 3mm as shown in Figure 2(a).
Themeandering probe is formed by the folded strip with two
horizontal arms and three vertical portions. The horizontal
arms of the meandering strip are formed by the printed strips
on Substrates 2 and 3 and the vertical portions are realized by
the metallic vertical-plated-through holes with a diameter of
1mm.

A 50Ω SMA connector is located underneath the ground
plane through the dug hole with a diameter of 2.3mm. The
detailed values of the parameters are tabulated in Table 1.

Table 1: Values of key parameters.

Parameters 𝐺
𝐿
𝐺
𝑊
𝑆
𝐿
𝑃
𝐿1
𝑃
𝑊1
𝑃
𝐿2
𝑃
𝑊2

Values/mm 63 40 40 27 22 24 10
Parameters 𝑊LH 𝐿

1
𝐿
2
𝑀 𝑊

𝑚
ℎ

Values/mm 1 7 26 5.5 2.4 3

3. Dual-Band Operation

The current distributions of the proposed antenna are illus-
trated in Figure 3. As shown in Figure 3(a), the current dis-
tribution at 2.45GHz is concentrated at the edge of the outer
patch with the electrical length of half guided wavelength.
The current vectors on the edges of the patch (along the 𝑦-
axis) are in-phase, which contributes to the copolarization
radiation. At 3.65GHz, the radiation is generated by the inner
patchwhere the current distribution is concentrated as shown
in Figure 3(b). Figure 4 shows the electric field distributions
of the proposed antenna at 2.45GHz and 3.65GHz. It is
demonstrated that the radiation of the proposed antenna
at 2.45GHz is from the edges of the outer patch as shown



International Journal of Antennas and Propagation 3

z y

x
⨀

3.0000e + 001
2.7857e + 001

2.3571e + 001
2.1429e + 001
1.9286e + 001
1.7143e + 001
1.5000e + 001
1.2857e + 001
1.0714e + 001
8.5714e + 000
6.4286e + 000
4.2857e + 000
2.1429e + 000
0.0000e + 000

2.5714e + 001

J s
ur

f
(A

/m
)

(a)

z y

x

3.0000e + 001
2.7857e + 001

2.3571e + 001
2.1429e + 001
1.9286e + 001
1.7143e + 001
1.5000e + 001
1.2857e + 001
1.0714e + 001
8.5714e + 000
6.4286e + 000
4.2857e + 000
2.1429e + 000
0.0000e + 000

2.5714e + 001

⨀

J s
ur

f
(A

/m
)

(b)

Figure 3: Current distributions of the proposed antenna at (a) 2.45GHz and (b) 3.65GHz.
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Figure 4: Electric field distributions on the patch of the proposed antenna at (a) 2.45GHz and (b) 3.65GHz.

in Figure 4(a). For the upper frequency of 3.65GHz, the
radiation is mainly from the edge of the inner patch as shown
in Figure 4(b).

To further verify the working mechanism of the antenna,
the effect of parameters 𝑃

𝐿1
and 𝑃

𝐿2
on the antenna’s reflec-

tion coefficient is studied. Figure 5 presents the simulated
reflection coefficients of the proposed antenna with different
𝑃
𝐿1
. It is observed that the first resonant frequency shifts

from 2.38 to 2.6GHz as 𝑃
𝐿1

varied from 26.5 to 27.5mm
while keeping other parameters fixed. This indicates that the
length of the patch is related to the resonance of the lower
band which is presented in Figure 3(a). Similarly, the effect of
different inner patch lengths (𝑃

𝐿2
) on the simulated reflection

coefficients is also taken out. As shown in Figure 6, the second
resonance shifts to lower frequencies as 𝑃

𝐿2
increases. It is

found that the optimized length of the inner patch should be
half guided length at 3.65GHz approximately. On the other
hand, the matching at lower band changes as 𝑃

𝐿2
increases.

This is due to the electric coupling between the inner and
the outer parts which becomes stronger as 𝑃

𝐿2
increased and

this can improve the capacitance of the total circuit, which
may influence the matching of the lower band as shown in
Figure 4(b).

The dual-band operation is due to two current paths,
while the cross-polarization level is mainly related to the
substrate-integrated meandering probe. The effect of the
horizontal strip length 𝑀 on the radiation patterns in both
bands is presented in Figures 7 and 8. As 𝑀 increases, the
cross-polarization levels of the proposed antenna at 2.45GHz
decrease. On the other hand, as 𝑀 increases, the cross-
polarization levels at 3.65GHz increase. The results indicate
that the length of the meandering probe should be optimized
to obtain low cross-polarization levels within both bands.

4. Results and Discussion

To demonstrate the idea for SIM-probe fed dual-band patch
antenna loaded by two U-shaped slots, the proposed antenna
was fabricated andmeasured.All of the simulated resultswere
carried out by the AnsoftHFSS.The impedance and radiation
pattern measurement were carried out by an Agilent Tech-
nologies E5071C network analyzer and the Satimo StarLab
measurement system, respectively.

Figure 9 shows the simulated reflection coefficients and
gains. It is seen that the measured impedance bandwidth is
9.4% (2.34–2.57GHz) and 9% (3.5–3.83GHz), which covers
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Figure 8: Simulated radiation patterns in𝐻-plane at 3.65GHz for different𝑀.
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Figure 9: Simulated and measured reflection coefficients and gains for the proposed patch antenna at (a) 2.45GHz band and (b) 3.5 GHz
band.

the 2.4GHz WLAN band and 3.5GHz WiMAX band. Com-
pared to the simulated bandwidth of 2.3–2.54GHz and 3.51–
3.83GHz, the frequency shifts a little and good agreement
between the measured and simulated results are achieved. In
addition, the simulated and measured gains of the proposed
antenna are presented and compared in Figure 9(b). The
simulated gains for the lower band and the upper band are
from 5.6 to 6.2 dBi and from 6 to 7 dBi, respectively. The
measured gains are from 5.5 to 6 dBi for the lower band and
from 6 to 7.1 dBi for the upper band.

Radiation patterns were simulated and measured at 2.45
and 3.65GHz in the 𝐸-plane (𝑦𝑧-plane) and the 𝐻-plane
(𝑥𝑧-plane) as shown in Figure 10. It can be seen that the
proposed antenna has stable, symmetric, and boresight radi-
ation patterns at both frequencies of 2.45 and 3.65GHz. At
2.45GHz, the measured 3 dB beamwidths are 62∘ and 116∘ in
the 𝐸- and 𝐻-planes, respectively. The measured maximum
cross-polarization levels are −38 dB and −24 dB in the 𝐸-
and 𝐻-planes, respectively. At 3.65GHz, the measured 3 dB

beamwidths in the 𝐸- and𝐻-planes are 73∘ and 102∘, respec-
tively. The measured maximum cross-polarization levels are
−38 dB and −20 dB in the 𝐸- and 𝐻-planes, respectively. In
addition, the measured front-to-back ratios are around 20 dB
at both frequencies, which is lower than the simulated results
of 20 dB and 24 dB at 2.45 and 3.65GHz, respectively. The
difference may be due to the inaccuracies in the fabrication
process.

L-shaped probe is also an effective method for achieving
wide bandwidth in patch antennas.The reflection coefficients
and gains of the L-probe fed patch antenna with U-slots are
depicted in Figure 11 as compared with those of the proposed
M-probe fed patch antenna. It can be seen that the bandwidth
of the L-probe fed dual-band patch antenna at lower band
(2.45GHz band) is comparable with that of the proposed
M-probe fed patch antenna. However, the bandwidth at
higher band (3.6GHz band) is narrower than that of the
proposed antenna. Besides, as shown in Figure 12, the cross-
polarization at higher band is much higher than that in
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Figure 10: Simulated and measured radiation patterns for the proposed antenna at (a) 2.45GHz and (b) 3.65GHz.
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Figure 12: Simulated radiation patterns for the patch antenna fed by L-probe at (a) 2.44GHz and (b) 3.61 GHz.
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the proposed antenna. This is due to the radiation of the
asymmetric currents on the L-shaped probe.The results show
that the proposedM-probe fed scheme benefit from the wide
bandwidth and low cross-polarization at both bands, which
makes it as a better candidate for dual-band application than
the L-probe patch antenna.

5. Conclusion

In this paper, a compact dual-band patch antenna with
low cross-polarization levels fed by substrate-integrated M-
probe has been demonstrated. The dual-band characteristic
is attributed to the patch with two current paths. The low
cross-polarization radiation has been achieved by the pro-
posed SIM-probe fed technique. The antenna exhibits good
performance at 2.4GHzWLAN and 3.5GHzWiMAX bands.
The cross-polarization levels are as low as −20 dB within both
bands. On the other hand, the substrate-integrated structure
makes it convenient to be fabricated by the mature PCB
technology and be integrated with RF front-end. Hence, the
proposed antenna is useful in modern wireless communica-
tions.
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