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and WLAN Applications
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Abstract—A low-profile coplanar waveguide fed four-band compact antenna for 5G and WLAN
applications is presented in this letter. Multiple bands are generated using a cactus-shaped patch,
which consists of several inverted L-shaped slots and branches. The proposed antenna provides 150 MHz
(2.10 GHz—2.25 GHz), 400MHz (3.25 GHz-3.65 GHz), 1022MHz (4.42 GHz-5.44 GHz), 1400 MHz
(5.60 GHz-7.00 GHz) bandwidths of 10dB return loss, corresponding to the target N1/N78/N79 5G
bands and 5.8 GHz WLAN band, respectively. Moreover, the proposed antenna has a low profile of
21lmm x 29mm x 1.6 mm, while maintaining tolerable gain in these operation bands. In addition,
monopole-like radiation patterns are obtained, which is suitable for wireless communication. In order
to verify this design, a prototype has been fabricated and measured. The measured results show
satisfactory agreement with the simulated ones.

1. INTRODUCTION

With the continued development of communication technology, low-profile multi-band antennas of easy
fabrication are required to cover various applications, such as 5G and WLAN. In order to constantly
improve the performance of multi-band antennas, much progress has been made [1-18]. Various
structures based on patch antenna are reported in [1-7] due to easy integration of antenna to the
printed circuit board (PCB). For instance, in [2], multiple resonant modes are provided through F-
shaped slots, and circular patches are added on the bottom layer to improve impedance matching so
as to increase bandwidth. Furthermore, different types of low-profile multi-band antennas have been
investigated for WLAN [8-12]. In [8], a radiating slot is a kind of asymmetric T gap, which can be easily
tuned for dual-frequency operation by adjusting the length of the gap. Specifically, multi-band antennas
are investigated in [10-12] to meet the needs of laptop computers. Also, multi-band compact multiple-
input multiple-output (MIMO) antennas are proposed for 5G in [13-18]. For example, in [15,16],
these antennas adopt multi-curved structures to the radiation patch for overall miniaturization. In
the previous antenna research, cactus shape is also often applied. Although all the reported antennas
in [1-18] create multiband performance, in comparison, the proposed antenna covers more bands and
has a very high area usage efficiency for each band compared to other antennas as shown in Table 1.
Particularly, the radiation patterns are monopole like with satisfactory gain. In [19-22], cactus shape
radiation structures are used to obtain ultra-wideband or multiband resonance. In [19,20], wideband
has been realized; however, the realized gain is not reported. In [21,22], tri-band operation is realized,
and it is very interesting to find that the realized gain in [22] is less than 0dB. In addition, the sizes
in [19-22] are much larger than the proposed work in this paper.
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Table 1. Performance comparison of the proposed antenna with reported antennas in the literature.

Ref Operating bands (GHz) Size (mm?) Peak gain (dB)
[1] 2.3-4, 5-6.6 40 x 45 x 1 3.2
2] 2.0-2.76, 3.04-4.0, 5.2-6.0 19 x 25 x 1.6 3.1
3] 2.39-2.51, 3.38-3.72, 4.79-6.24 21 x 29 x 1.6 3.7
[4] 2.29-3.8 14.8 X 29.6 x 1.5 21
5] 2.35-2.53, 3.34-3.85, 5.05-6.28 13 x27.5 x 1.6 2.36
[6] 2.40-2.51, 3.35-3.94, 5.02-6.63 18 x 19 x 1 2.6
[7] 2.25-2.85, 3.4-4.15, 4.45-8 15 x 15 x 1.6 3.8
8] 2.4-2.5, 5.725-5.825 15 x40 x 0.8 4.2
9] 2.382.52, 4.92-6.90 93 x 135 x 1.5 1
[10] 2.4-2.5, 4.6-6.0 2 x40 x 2 7.9
[11] 2.4-2.5, 5.1-5.85 5 x 20 x 2.2 5.6
[12] 2.4-2.5, 5.15-5.85 5 x42 x 0.8 4.8
[13] 3.3-3.6, 4.8-5.0 70 x 150 x 0.8 4.3
[14] 0.824-0.96, 1.71-2.69, 3.4-3.6 70 x 140 x 0.8 3.7
[15] 1.95-2.5, 3.15-3.85, 4.95-6.6 40 x 40 x 1.6 4.15
[16] 2.24-2.45, 3.3-4, 5.6-5.75 48 x 49 x 0.8 -
[17] 2.37-2.64, 3.39-3.58, 4.86-6.98 25 x 45 x 1.57 -
[18] 3.42-3.6, 4.7-5.1 44 x 58 x 1.2 4.8
[19] 2.9-12 28 x 32 x 0.225 -
[20] 0.7-5.6 150.5 x 180.97 x 1.6 -
[21] 2.32-2.51, 2.72-3.02, 3.39-4.43 37 x 71.6 x 1.524 -
[22] 2.13-2.48, 3.51-3.88, 5.56-6.70 45 x 80 x 1.5 —13.96
This work | 2.10-2.25, 3.24-3.65, 4.42-5.44, 5.60-7.00 21 x 29 x 1.6 4.2

In this letter, a low-profile coplanar waveguide fed four-band compact antenna for 5G and WLAN
applications is presented. The cactus-shaped patch with inverted L-shaped slots and L-shaped branches
is used as a radiator to create four operation bands, covering the 5G bands of N1/N78/N79 (2.11 GHz~
2.17 GHz, 3.3 GHz-3.8 GHz, 4.4 GHz-5.0 GHz) and the 5.8 GHz WLAN band (5.725 GHz-5.825 GHz).
Such a structure is easy of fabrication and integration with PCB circuits. In addition, the radiation
patterns are monopole like with good peak gains in these bands. These properties are preferred in
wireless communication.

2. ANTENNA DESIGN

The structure of the proposed microstrip antenna is depicted in Fig. 1. It is shown that the radiator and
ground plane are printed on a 1.6 mm thick FR4 dielectric substrate (relative permittivity is 4.4, and loss
tangent is 0.02). The geometry of the substrate is a rectangular solid with the size of 21 x 29 x 1.6 mm?.
The proposed microstrip antenna is fed by coplanar waveguide. The impedance of the SMA connector
in our work is 502, so we have designed the feeding line to be 502 as well. To obtain 50 €2 impedance
matching, the calculated width W for the feed line is 3.5 mm, and the gap is 0.5 mm. The cactus-shaped
patch acts as the radiator of the antenna, which is composed of two inverted L-shaped slots and L-shaped
branches. All parameters of the antenna are given in Table 2. The simulation and optimization are
performed by using the commercial software ANSYS HFSS 15.

The design evolution is presented in Fig. 2. The antennas of each step are marked as 1 to 4. For
antenna 1, three stubs are used, and three operation bands (2.30 GHz—2.39 GHz, 3.20 GHz—3.68 GHz,
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Figure 1. Configuration of the proposed antenna.

Table 2. Parameters of the proposed antenna.

Parameters Unit (mm) Parameters Unit (mm)

L 29 W, 8.25
L, 12 W 3.5
L 5.4 Wi 0.6
Lo 3 Wis 1.2
Ly 9 W 0.8
L3 9.5 Wi 0.3
Lo 14.4 Wio 5.9
Ly 13.4 Wis 7.8
Lsi 7.8 Wy 0.9
Lo 2 Wi 0.6
0% 21 Wio 1

4.78 GHz-6.43 GHz) are created. The middle stub is loaded at the end with a patch to resonate at low
frequency. For antenna 2, an L-shaped branch is added to create the fourth band (4.85 GHz-5.18 GHz).
This L-shaped branch is added near the feeding line, while a certain distance is maintained to the
ground plane to avoid strong coupling to the ground. However, it is clearly seen that the third band
has insufficient bandwidth. To solve this problem, another L-shaped branch is added to the left side of
Antenna 2. It is seen that the fourth band shows satisfactory bandwidth. The third band also shows
good bandwidth. The last issue is related to the N1 5G band, which is determined by the middle
stub. To tune the mode to lower frequency, one straightforward way is to prolong the stub, which will
inevitably increase the size. For this reason, we further increase the width of the patch to increase the
path length of the current. By doing so, the first mode shifts to the N1 band. Meanwhile, other modes
do not see obvious change. The bandwidths of each band also meet the requirements.

To further understand the operating principle, the simulated surface current distributions are
plotted in Fig. 3 at frequencies of 2.15 GHz, 3.5 GHz, 4.8 GHz, and 5.8 GHz, corresponding to the central
frequencies of each band. From Fig. 3(a), one can find that the strong surface current concentrates on the
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Figure 2. The evolution of the proposed antenna.
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Figure 3. Simulated surface current distributions of the proposed antenna at (a) 2.15 GHz, (b) 3.5 GHz,
(c) 4.8 GHz, (d) 5.8 GHz.

central radiation line. Then, the current distributes to the end patch. Therefore, it can be understood
that the 2.11 GHz—2.17 GHz N1 5G resonance occurs due to the middle branch. Actually, one could
roughly estimate the resonant frequency by using the equation of fo = ¢/(Ag,/Eeff), Where €5 is the
effective permittivity, and Ay ~ 4(L — Ly 4 W33). The coeflicient 4 is because this antenna is a monopole
antenna. The calculated frequency is 2.05 GHz, which is very close to the simulated results. For the
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3.5 GHz band, the current goes to the second branch on the right side, and part of the current is also
seen on the second branch on the left side, as shown in Fig. 3(b). In this connection, one could use
Ag = 4(Ly + Wy /2), leading to 3.36 GHz, in good agreement with the simulated value. The reason for
involving Wy is that the current has crossed the feed line. The third resonant mode of the antenna
arises from the two branches on the left side of the antenna and the central branch, as see in Fig. 3(c).
By using two branches, the required bandwidth of the third band can be obtained. The frequency in
this case can be predicted using A\, ~ 4(Lg + Wy /2), giving 4.76 GHz, also within reasonable error.
From Fig. 3(d), one can find that the strongest surface current concentrates on the first branch on
the right side. This is in line with the design procedure shown in Fig. 2. The frequency prediction
can be done by using Ay ~ 4(Ls1 + Ws;), which gives 5.88 GHz, showing a very good agreement with
simulation. The calculations indicate that this design method can be easily employed for the operation
frequency prediction, which will significantly reduce the optimization time. This observation is obviously
supported by the simulated Sy in Fig. 2.

Parametric study on several key parameters is plotted in Fig. 4. In Fig. 4(a), it is shown that the
width of the central patch (W33) of the radiator is critical to the first resonance. This is because by
tuning Wss, the first resonance can be changed, while other bands are quite stable, which is in line with
the described principle in Fig. 2. In other words, parameter W33 influences the equivalent length of the
middle branch and consequently affects the resonate frequency. The second band is determined by the
length of L4, as can be seen in Fig. 4(b). The frequency is inversely proportional to the value of L.
It is also found that with the increase of L4, S11 decreases slightly. However, the bandwidth does see
significant variation. Similarly, the parameters of Ls and Ls; determine the third and fourth bands.
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Figure 4. Simulated Sj; against frequency for the proposed antenna with various units (a) Wss, (b)
L47 (C) L27 (d) L51'

3. MEASUREMENT AND DISCUSSION

The fabricated prototype is shown in Fig. 5 in comparison with a metric ruler. It is clearly seen
that this design shows a very compact size. The comparison between measured reflection coefficients
S11 and simulated ones is plotted in Fig. 6. It is shown that the agreement is good. There is a
frequency deviation for band 4. It is likely due to fabrication error, or that the soldering part is more
influential to higher frequency. In addition, it shows that the 10dB impedance bandwidths for the
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Figure 5. A photography of the fabricated Figure 6. Simulated and measured return losses
antenna in comparison with a ruler. of the proposed antenna.

four bands are 150 MHz (2.10 GHz—2.25 GHz), 400 MHz (3.25 GHz-3.65 GHz), 1022 MHz (4.42 GHz-
5.44 GHz), 1400 MHz (5.60 GHz-7.00 GHz), respectively.

Radiation characteristics, including radiation patterns and peak gains of the antenna have been
measured in an anechoic chamber. The measurement was conducted in comparison with a standard horn
antenna. The normalized radiation patterns of E-plane and H-plane at 2.15 GHz, 3.5 GHz, 4.8 GHz,
and 5.8 GHz are plotted in Fig. 7. Overall, the agreement between measurement and simulation is
pretty good. The monopole-like pattern is well recognized. For the last two bands, the patterns in
the E-plane are slight distorted, which can be explained by the current distribution in Fig. 3(c) and
Fig. 3(d). The cross polarization in the E-plane shows very good omnidirectional form. In the H-plane,
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Figure 7. Measured and simulated radiation patterns of the fabricated antenna. (a) 2.15 GHz E-plane,
(b) 3.5 GHz E-plane, (c) 4.8 GHz E-plane, (d) 5.8 GHz E-plane, (e) 2.15 GHz H-plane, (f) 3.5 GHz H-
plane, (g) 4.8 GHz H-plane, (h) 5.8 GHz H-plane.
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the omnidirectional shape can be well seen. Furthermore, it is easy to see that the beam efficiency of the
four frequency points of the antenna is very high, and the small side lobe appears only at the highest
frequency point. Such properties are preferred for mobile and WLAN communications.

The peak gain over the frequency range of 2 GHz—7 GHz is plotted in Fig. 8. It is demonstrated that
the agreement between the measurement and simulation is satisfactory. The feasibility of the proposed
antenna is hence verified.
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Figure 8. Gain peak of the proposed antenna.

A four-band compact microstrip antenna with coplanar waveguide fed for 5G and WLAN is
presented. Multiple bands are generated by using a cactus-shaped patch, which consists of inverted
L-shaped slots and L-shaped branches. The proposed antenna can provide impedance bandwidths
of 150 MHz (2.10 GHz—2.25 GHz), 400 MHz (3.25 GHz-3.65 GHz), 1022 MHz (4.42 GHz-5.44 GHz),
1400 MHz (5.60 GHz-7.00 GHz) with 10 dB return loss, among which three passbands are in 5G bands,
and the remaining one covers 5.8 GHz WLAN band. The realized gains in each band are satisfactory.
Monopole-like radiation patterns are obtained for wireless communication.
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