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ABSTRACT A dual-band sleeve monopole antenna with the substrate-integrated coaxial line (SICL)
technology is proposed in this paper. Both the radiation structure and the feeding network are modified from
the SICL structure. The antenna provides dual-band operation for LoRa (Long Range Radio) applications
covering 433 MHz and 868 MHz bands. This antenna operates as a quarter-wavelength monopole with
practical omnidirectional radiation performance for each band. The antenna exhibits a gain of 2.0 dBi at
433 MHz with more than 90% radiation efficiency, and a gain of 1.7 dBi at 868 MHz with more than
90% radiation efficiency. The measured −10 dB impedance bandwidths are from 393 ∼ 450 MHz and
826 ∼ 931 MHz, respectively. A good agreement is observed between the measured and the simulated
results, which demonstrates that the proposed scheme can be a possible candidate for LoRa applications.

INDEX TERMS Dual-band antenna, LoRa, sleeve monopole antenna, substrate integrated coaxial line.

I. INTRODUCTION

WITH the rapid progress of the Internet of Things
(IoT), the LoRa technology as one of the hotspot

technologies attracts great interest because of its char-
acteristics of supporting long-distance transmission while
consuming low power. The current bands the LoRa stan-
dard utilized are 433 MHz and 868 MHz [1]. Sub-GHz
frequency bands provide many excellent propagation char-
acteristics, such as low power and long distance. Recently,
dual-band characteristics have been preferred for network
capacity expansion. Monopole is widely applied in wireless
communication systems because of its simple structure,
omnidirectional radiation, and good impedance matching [2],
[3], [4]. Recently, in order to meet modern wireless
communication systems, more research has focused on
dual-band and multi-band design. A dual-band monopole
design with strip sleeves was designed in [5]. A dual-
band monopole antenna with a dual-sleeve structure was
presented in [6]. Reference [7] proposed a wideband
monopole antenna and introduced dual band-notched to
achieve multi-band performance. However, these reported

antennas require to be configured above a large ground plane,
which is not in accordance with the development of modern
communication systems on miniaturization and integration.
Reference [8] presented a dual-band antenna fed by a
coplanar waveguide (CPW) combining slot and F-shaped
monopole. In [9], a printed double-T monopole antenna
with monopoles of different sizes fed by a microstrip line
was proposed. A dual-band circularly polarized monopole
antenna with common-feed monopoles of different shapes
and sizes was adopted in [10]. Lately, substrate-integrated
coaxial line (SICL) technology has attracted much attention
due to its ultra-band and non-dispersive properties [11],
[12], [13], [14]. However, few monopole antennas fed
by SICL have been reported yet. This paper presents a
dual-band planar sleeve monopole with a dual-sleeve fed
by SICL. This antenna comprises two strip-sleeve struc-
tures for dual-band operation and obtains well impedance
matching at each frequency band. Moreover, this antenna
can operate as a quarter-wavelength monopole and achieve
omnidirectional radiation characteristics at the operating
frequency bands. To the authors’ knowledge, no SICL-based
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FIGURE 1. Proposed dual-band monopole antenna fed by SICL.

dual-band sleeve monopole antenna has been reported
yet.

A. DUAL-BAND ANTENNA DESIGN
The proposed dual-band antenna consists of a monopole
surrounded by dual strip sleeves. The inner conductor of
SICL is positioned between two layers of substrates and
cannot be directly connected to the SMA connector, a
SICL feed structure in connection with a grounded coplanar
waveguide (GCPW) is designed for the convenience of
measurement, as shown in Fig. 1. The inner conductor of
the SICL is extended out of a monopole as the center of
the sleeve antenna. The strip sleeves, with respect to the
monopole’s symmetry, are designed to achieve dual-band
operation. In order to achieve a similar E-field distribution to
the classical sleeve monopole antenna, the planar sleeves are
built on the surface of upper and lower substrates. A more
stable radiation pattern can be obtained with the symmetrical
dual-sleeve structure.
In this design, the inner conductor of the SICL and the

monopole are of the same width of w and easily impedance
matched with the 50-� GCPW transmission line. Meanwhile,
the outer conductor of SICL with the size of W × L can

FIGURE 2. Electric field distribution at different frequencies.

operate as the ground plane. The sleeve close to the feed
is named sleeve A, and the other is named sleeve B, as
shown in Fig. 1(b). The length of sleeve A is LA, and its
bottom is g1 away from the ground. Sleeve A is connected
to the widened monopole through several metalized vias at
the bottom, while the top is open-ended in a length of L1.
The length of sleeve B is LB, and there is a gap g2 between
sleeve A and B. Sleeve B exhibits open ends at both the
top and the bottom. The length of the monopole surrounded
by sleeve B is L2. To simplify the design, the width of the
strip-sleeve (ws) and the offset to the center of the monopole
(s) are designed to be the same, the proposed dual-sleeve
structure achieves dual-band function by changing the current
distribution on the inner conductor of SICL.
Since the higher frequency band operation is implemented

relatively simply and is determined by sleeve A, we consider
the design of sleeve A first. The length L1 of monopole
surrounded by open-ended strip-sleeve in sleeve A is

L1 = 1

4
· λH√

εr
(1)

where λH is the wavelength in free space of the higher
frequency (fH) and εr is the dielectric constant of the sub-
strates. The monopole is connected to the bottom of sleeve
A and appears to be a short circuit at this position. With
the one-quarter-wavelength monopole below, the monopole
appears open-circuited at the top of sleeve A. The monopole
equals to be cut at the top of sleeve A, where the E-field
distribution is also affected, as shown in Fig. 2. In order
to radiate at the specified frequency, the length of sleeve A
needs to satisfy

LA + g1 = λH

4
. (2)

Moreover, the total width of both sleeves is much shorter
than the operating-frequency wavelength, and sleeve B is
located in the null direction of the radiation pattern so that
the radiation is little influenced.
At the lower frequency band, the input impedance of

sleeve A can be given by the transmission line theory as

ZA = jZ0 tan

(
2πL1

√
εr

λL

)
(3)

where Z0 is the characteristic impedance of the sleeve
monopole and λL is the wavelength in free space at the lower
frequency (fL). With (1), ZA is inductive.
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FIGURE 3. Reflection coefficients performances.

The monopole is open-circuited at the top end of sleeve
B, and the input impedance is expressed as

ZB = −jZ0 cot

(
2πL2

√
εr

λL

)
. (4)

Similarly, ZB is capacitive. Therefore, the dual-sleeve is
equivalent to an LC series resonance circuit. The circuit is
in resonance when

ZA + ZB = 0. (5)

The electric field between the sleeves is continuous, and the
sleeves can be considered directly connected, as shown in
Fig. 2. If the length of the total sleeve is satisfied

g1 + LA + g2 + LB = λL

4
(6)

the sleeve monopole can also perform as a quarter-
wavelength monopole. Substitute (3) and (4) into (5) and L2
is given by

L2 = 1

4
· λH√

εr
− L1. (7)

Therefore, the bandwidths of the proposed dual-band
monopole antenna can be determined by the positions and
lengths of the sleeves.
Fig. 3 illustrates the comparison of reflection coefficients

between the original monopole and the proposed dual-sleeve
monopole, in order to validate the accuracy of the dual-band
design. It is evident that the introduction of the dual-sleeve
structure results in a new resonant frequency f3, while leaving
the original quarter-wavelength monopole antenna’s resonant
mode unaffected.

II. SIMULATION AND EXPERIMENT RESULTS
In this design, the antenna operates at fL = 433 MHz
and fH = 868 MHz bands for LoRa applications. It
should be noted that this design is applicable for the
dual-band omnidirectional antenna in various frequency
bands.
This antenna consists of two 0.762 mm thick substrates

(TU-883, εr = 3.6, and tanδ = 0.0030) and a 0.2 mm
thick prepreg (TU-883P, εr = 3.6, and tanδ = 0.0030).
The dimensions of the sleeves can be obtained through the

FIGURE 4. Comparison of the reflection coefficient.

TABLE 1. Antenna performances.

process of calculability in Section II. Full-wave simulations
are performed to simulate and optimize the proposed design.
Since the wavelength in free space (λH) is 345.6 mm at
868 MHz, L1 = 45.5 mm, and LA + g1 = 86.4 mm. At
433 MHz, λL is 692.8 mm, then LB + g2 = 86.8 mm
and L2 = 45.75 mm. Nevertheless, the simulated reflection
coefficient shown in Fig. 4(a) differs from the expected. The
resonant frequencies are shifted to 454 MHz and 813 MHz,
respectively. In contrast to the lower frequency, the res-
onance of the higher frequency is shifted down because
the short-circuited monopole is equivalent to widening the
monopole, and the resonance length of the monopole is
shortened.
Fig. 4(b) shows the reflection coefficient concerning L,

which can indicate that proper dimension L can improve
impedance-matching performance and extend bandwidth.
The optimized geometry dimensions of the proposed
monopole antenna are follows (in mm), LA = 85.6, LB =
84.4, L1 = 35, L2 = 61.2, L = 80, W = 75, w = 0.85,
ws = 4.9, g1 = 5, g2 = 7.5, d1 = 4, d2 = 2, d3 = 0.5,
s1 = 6, s2 = 3, s = 4.5. The simulated performances are
compared with recent reports in Table 1. It is obvious that
the radiation efficiency of the proposed antenna is evidently
superior to that of other antennas.
The antenna was fabricated by the standard multi-layer

PCB process for experimental verification, as shown in
Fig. 5(a). The antenna has a compact profile with a dimen-
sion of 270.5 × 75 × 1.794 mm3. A vector network analyzer
of DEVISER-NA7662A was used to measure the reflection
coefficient of the prototype. Fig. 6(a) displays the measured
reflection coefficient compared with the simulated results.
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FIGURE 5. Prototype and test environment.

The measured −10 dB impedance bandwidths are 393 ∼
450 MHz with a peak gain of 0.2 dBi, and 826 ∼ 931 MHz
with a peak gain of 3.1 dBi, respectively.
Subsequently, the gain performance and the radiation

pattern were measured in a far-field anechoic chamber,
as shown in Fig. 5(b). The corresponding measured gains
compared with simulations of the prototype are illustrated in
Fig. 6, which demonstrates that the proposed scheme radiates
omnidirectionally in the xz-plane at both operating bands of
433MHz and 868MHz.

III. CONCLUSION
This paper presents a method for designing a dual-band
planar monopole antenna fed by SICL technology. The
enclosed SICL feed structure reduces transmission loss
and makes it easy to integrate with complex circuits.
The measured −10 dB impedance bandwidths are from
393 ∼ 450 MHz and 826 ∼ 931 MHz, respectively.
The radiation efficiency of the proposed antenna obtained
97.1% at 433 MHz and 97.4% at 868 MHz. A good agree-
ment between the simulated and measured results verifies
the design’s feasibility. The proposed antenna operates at

FIGURE 6. Comparison of simulated and measured results.

sub-GHz bands covering 433MHz and 868MHz and can be
utilized for LoRa applications.
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