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Abstract

A compact coplanar waveguide-fed monopole antenna is presented in this paper. The pro-
posed antenna is composed of three monopole branches. In order to achieve the miniaturiza-
tion, the longest branch was bent. The antenna is printed on an FR4 dielectric substrate,
having a compact size of 0.1444, x 0.1054¢ % 0.0034, at its lowest resonant frequency of
900 MHz. The multiband antenna covers five frequency bands: 820-990 MHz, 1.87-2.08
GHz, 2.37-2.93 GHz, 3.98-4.27 GHz, and 5.47-8.9 GHz, which covers the entire radio fre-
quency identification bands (860-960 MHz, 2.4-2.48 GHz, and 5.725-5.875 GHz), Global
System for Mobile Communications (GSM) bands (890-960 MHz and 1.850-1.990 GHz),
WLAN bands (2.4-2.484 GHz and 5.725-5.825 GHz), WiMAX band (2.5-2.69 GHz),
X-band satellite communication systems (7.25-7.75 GHz and 7.9-8.4 GHz), and sub 6 GHz
in 5G mobile communication system (3.3-4.2 GHz and 4.4-5.0 GHz). Also, the antenna
has good radiation characteristics in the operating band, which is nearly omnidirectional.
Both the simulated and experimental results are presented and compared and a good agree-
ment is established. The proposed antenna operates in five frequency bands with high gain
and good radiation characteristics, which make it a suitable candidate in terminal devices
with multiple communication standards.

Introduction

With the development of wireless communication technology, more and more spectrum is
being developed and utilized, and many terminal devices need to work in multiple frequency
bands. The multi-band technology of the antenna allows a single antenna to realize multiple
working frequency bands in multiple communication standards, which is gaining increasing
attention. Researchers have proposed a series of methods, such as gap loading technology
[1-8], multi-branch technology [9-15], reconfigurable technology [16, 17], loading a soft mag-
netic ferrite film [18], and so on.

A tri-band E-shaped printed antenna with C-shaped slots was presented by Kim Ho Yeap
[1], which operated at a tri-band of 1.51/2.46/6.11 GHz. A coplanar waveguide (CPW)-fed
compact tri-band antenna composed of three monopole radiators is proposed by Liu in [9].
The antenna works at three bands 2.36-2.82, 3.28-3.88, and 4.50-6.53 GHz for WLAN/
WiMAX application. Ullah proposed an antenna that works at six frequencies: 2.10, 2.40,
3.35, 3.50, 5.28, and 5.97 GHz for Wi-Fi, 3G advanced, WiMAX, and WLAN wireless applica-
tions; the antenna uses reconfigurable technology, operates in four different frequency modes
by the state of the two lumped element switches [16]. However, as the size of the antenna
increases with decreasing frequency, the present multi-band antenna technology is mainly
concentrated above 1 GHz, and the research on multi-band antenna below 1 GHz is relatively
few. On the other hand, low-frequency communication has the advantages of long coverage
distance, and many communication frequencies are lower than 1 GHz, such as GSM 850/
900, radio frequency identification (RFID), etc.

A multiband planar antenna was reported in [13], which covers four frequency bands
(—6 dB impedance): 696-970 MHz, 683-2700 MHz, 3070-3755 MHz, and 4590-7604 MHz.
The size of the antenna is 15mm x 65mm, and the dimension of ground plane is
110 mm x 65 mm. In [18], by loading a soft magnetic ferrite film on the strong radiation
area, the frequencies (—6 dB impedance) shifted to cover the range of 692-1191 MHz and
1698-3020 MHz. The antenna area occupies a size of 11 mm x 30 mm on the left corner
above the system circuit board which has a standard dimension of 115 mm x 60 mm. These
planar antennas have a low profile, but they need a large ground plane.

A planar monopole antenna with added L- and U-shaped monopoles was presented in [12]
to provide four operating bands: 858-931 MHz, 1.571-2.845 GHz, 3.42-4.42 GHz, and 5.26-
6.32 GHz. In [15], a monopole reader antenna for RFID portable devices was developed to
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cover three frequency bands: 902-928 MHz, 2.4-2.48 GHz, and
5.725-5.875 GHz. However, the size of the antenna is too large
for the miniaturization of the terminal devices.

In [8], an antenna of size 30 mm x 30 mm for RFID applica-
tions was reported, operating at 0.915-0.925, 2.425-2.455, and
5.45-6.16 GHz. However, the gain at the low resonant frequency
0.92 GHz was only —12.1 dBi.

Moreover, the available designs have a small number of fre-
quency bands, narrow frequency coverage, which cannot meet
the application requirements of multiple communication stan-
dards [19, 20].

The main factor that differentiates our study from the sum-
marization study is a compact multiband antenna without large
ground plane, which covers the lowest frequency band 820-990
MHz, and the highest band 5.47-8.9 GHz. With three branches,
the antenna resonate at five frequencies (—10dB impedance)
0.9/2.0/2.7/4.15/5.8 GHz, the simulated gain at the five frequen-
cies is —3.30, 0.82, 1.08, 3.42, and 3.00 dBi, respectively, which
can meet RFID (0.92/2.45/5.8 GHz), GSM900 (0.9 GHz),
GSM1900 (1.9 GHz), WLAN (2.4/5.8 GHz), WiMAX (2.5 GHz),
sub 6 GHz in 5G mobile communication system, satellite commu-
nication, and other application requirements.

Antenna description
Antenna structure

The traditional monopole antenna is formed by removing one
arm of the dipole antenna according to the mirror principle
through an infinite ground plane. The planar monopole and the
ground plane of the proposed antenna are printed on the same
side of the dielectric substrate. Impedance matching is achieved
by adjusting the ground area and the gap size between the mono-
pole and the ground.

The length of monopole antenna is about a quarter wave-
length, and the wavelength A of electromagnetic wave in free
space can be calculated by using equation (1). However, due to
the use of a dielectric substrate, part of the electromagnetic
wave propagates in free space, while the other part propagates
in the dielectric substrate. The wavelength A, in the dielectric sub-
strate is determined by using equation (2). Therefore, the wave-
length corresponding to the length of monopole should be
between A and A.:

c

A= (D

c

=T e

where ¢ represents the propagation velocity, f represents the fre-
quency of the electromagnetic wave, and &, represents the dielec-
tric constant of the dielectric substrate.

Configuration of the proposed antenna is shown in Fig. 1. The
antenna was designed on a low cost FR4 substrate, with a dielec-
tric constant of 4.4, loss tangent angle of 0.02, and thickness of 1
mm. The antenna is fed by a CPW. In order to achieve multi-
band coverage, the monopole adopts three branches with different
lengths. Because the wavelength of low frequency 900 MHz is very
long, the longest branch was bent to achieve the miniaturization
of the antenna. The space occupied by the left and right branches
is different, the ground plane of the short branch is cut

)
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Fig. 1. Geometry of the proposed antenna.

Table 1. Lengths of the three branches

5.8 GHz 2.0 GHz 900 MHz
Parameters Ly Ly Lo Ly Ly Ls Lg
Calculated (mm) 3 7 25 8 32 10 25
Simulated (mm) 3 9 26 6 31 13 31

accordingly, and then the feeding position is not in the central
position of the antenna.

According to the quarter wavelength of formulas (1) and (2),
the initial length and the final optimized simulation length of
each branch are shown in Table 1. The shortest branch is 10
mm for 5.8 GHz, the longest branch is 75mm for 900 MHz,
and the middle length branch is 25 mm for 2 GHz.

Principle of operation

In order to explain the principle of the antenna, several key para-
meters are studied as shown in Fig. 2. In Fig. 2(a), it can be seen
that the length L, of the shortest branch mainly affects the high-
frequency bands, and has no effect on the low frequency 0.9/2.0
GHz. As L, increases, the resonant frequency moves to low fre-
quency. Figure 2(b) depicts the effect of the length L, of the mid-
dle branch. Ly mainly affects 2.0/2.7/5.8 GHz, has no effect on low
frequency 0.9 GHz, and has little effect on 4.15 GHz. The impact
of the length L4 of the longest branch on the antenna is shown in
Fig. 2(c). The low-frequency resonant frequency decreases with
the increase of Lg, but L¢ has no effect on the high frequency of
5.8 GHz. Figure 2(d) illustrates that the length of Ly of the feed
microstrip line affects the impedance matching of all resonant
frequency points. Meanwhile, as the Ly increases, the resonant
frequency decreases in the high band. However, it has almost
no effect on the 0.9 GHz resonant frequency, because the length
of the branch in this frequency is much longer than L; and the
change of Ly has little effect on the total length, so it does not
affect the resonant frequency.

The surface current distribution of the antenna at five different
resonant frequencies is shown in Fig. 3. In Fig. 3(a), the current
mainly flows at the longest branch, it indicates that the low-
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Fig. 3. Surface current distributions of at different
frequencies: (a) 0.9GHz, (b) 2.0GHz, (c) 2.7 GHz,
(d) 4.15 GHz, and (e) 5.8 GHz.
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Table 2. Dimensions for the proposed antenna

YunYan Zhou et al.

Parameters L w H Ly Ls We g Dq
Value (mm) 48 35 1 13 16 2.5 0.8 9
Parameters W, Lo Ly Ly, Ls La Ls Le
Value (mm) 2 26 3 9 6 31 13 31

Fig. 4. Prototype of the proposed antenna.

frequency band at 0.9 GHz is determined by the longest branch.
The current at 2.0 GHz spreads at the middle branch with middle
length as shown in Fig. 3(b). At the resonant frequency of 2.7
GHz, the strong current flows at the microstrip line and the left
short branch. In Fig. 3(d), we can see that the strong current dis-
tributes at the longest branches, but two obvious current zero
points can be seen, indicating that the resonance point is in the
form of high mode. The highest frequency 5.8 GHz current
spreads at the shortest branch. The current distributions are con-
sistent with the previous parameter analysis results.

Results and discussion

Through detailed simulation and optimization, the dimensions of
the antenna are shown in Table 2. The prototype is fabricated and

(a)

displayed in Fig. 4. Measured results of return loss and radiation pat-
terns were obtained by a network analyzer and a chamber antenna
measurement system, and Fig. 5 shows the actual environment of
far-field radiation characteristics measurements. Experimental results
show that the proposed antenna with a compact size of 48 mm x 35
mm x 1 mm has good impedance matching and nearly omni-
directional radiation patterns at five resonant bands.

Figure 6 depicts simulated and measured return loss of the
proposed antenna. There is reasonably good agreement between
the measured and the simulated results. It can be seen that the
antenna has —10dB impedance band widths of 170 MHz
(0.820-0.990 GHz), 210 MHz (1.87-2.08 GHz), 560 MHz (2.37-
2.93 GHz), 290 MHz (3.98-4.27 GHz), and 3.43 GHz (5.47-8.9
GHz). The first band is essentially useful for the RFID (860-
960 MHz) and GSM900 (890-915MHz and 935-960 MHz).
The second band finds wide applications in the GSM. The third
band serves the RFID (2.4-2.483 GHz), WLAN (2.4-2.484
GHz), and WiMAX (2.5-2.69 GHz). The fourth frequency band
can be used for 5G communications. And the fifth band is essen-
tially useful for RFID and WLAN (5.725-5.875 GHz), the WiFi 6
band form the IEEE 802.11ax (5.925-7.125GHz), and the
unlicensed frequency bands are commonly used for satellite com-
munications, and may soon be opened for mobile services.

The simulation peak gain and radiation efficiency of the
antenna are depicted in Fig. 7. The gains of the resonant frequen-
cies we interest at 0.9/2.0/2.7/4.15/5.8 GHz are —3.30/0.82/1.08/
3.42/3.00 dBi respectively. The highest peak gain is 5.1 dBi, the
mid-to-high-frequency band does not change much. But, the
gain of the low-frequency band is significantly reduced due to
the reduction of the antenna size, which will shorten the radiation
distance of the antenna. The minimum gain is —4 dBi in 0.820-
0.990 GHz bandwidth. The radiation efficiency of the antenna
in the operated bands is more than 88%, and reached a maximum
of 96%, while a huge decrease in antenna efficiency is noticed at
1.3 GHz. This sudden decrease in efficiency shows that the
antenna cannot operate in this band.

(b)

Fig. 5. Prototype of the measurement environment: (a) far-field radiation characteristics and (b) return loss.
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The simulated and measured radiation patterns in the xz plane
and yz plane at five resonant frequencies are shown in Fig. 8. In
the yz plane at the five resonant frequencies the radiation patterns
are approximately circular, indicating that the antenna has good
omni-directionality.

In Table 3, the performance of the proposed multiband
antenna is compared with the antennas reported in the litera-
ture, which can cover the frequency band below 1 GHz. The
size comparisons are performed based on the air wavelength
Ao at the lowest resonant frequency. The bandwidths are —10
dB impedance bandwidth in [8, 12, 14, 15], while the band-
widths are —6 dB impedance bandwidth in [13, 18]. The —10
dB impedance bandwidth in [13, 18] is smaller than the
given value in the table. The proposed antenna has compact
size with simple structure, without large ground plane. At the
lowest resonant frequency 900 MHz, the size of the proposed
antenna is much smaller than a quarter wavelength from equa-
tions (1) and (2). Although the dimension of the proposed
antenna is a little larger than that in [8], the antenna gain at
900 MHz is —3.30 dBi, which is much higher than —12 dBi in
[8]. And the proposed antenna has the widest impedance
band and the maximum number of frequency bands, which
covers the lower band 0.82-0.99 GHz and the higher band
5.47-8.9 GHz.

Conclusion

A compact CPW-fed monopole antenna with three branches is
designed, fabricated, and tested. According to the measured

(c)

(d) (e)

Fig. 8. Measured and simulated radiation patterns of the proposed antenna at xz plane and yz plane: (a) 0.9 GHz, (b) 2.0 GHz, (c) 2.7 GHz, (d) 4.15 GHz, and (e) 5.8

GHz.
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Table 3. Comparison of the proposed antenna with existed literatures

YunYan Zhou et al.

Ref. Size Bandwidth (GHz) Gain (dBi)
[8] 0.09214 x 0.0924 x 0.0054¢ 0.915-0.925 —12.1 (0.92 GHz)
2.425-2.455 —1.7 (2.45GHz)
5.45-6.16 5.2 (5.8 GHz)
[12] 0.27610 % 0.1444, x 0.00484, 0.858-0.941 1.83 (0.901 GHz)
1.57-2.845 2.98 (2.4 GHz)
3.42-4.429 2.33 (3.73 GHz)
5.26-6.32 2.91 (5.9 GHz)
[13] 0.17424 % 0.044, x 0.00134¢ 0.696-0.97 2.5 (0.800 GHz)
Ground: 0.174, % 0.294, p— 32 (2GH2)
3.07-3.755 4.5 (3.5GHz)
4.59-7.604 5.4 (5.5GHz)
[15] 0.354¢ x 0.071¢ x 0.00494, 0.883-1.560 2.2 (0.915 GHz)
2.31-2.89 5.5 (2.4 GHz)
5.645-5.9 7.5 (5.8 GHz)
[18] 0.0264, X 0.074 X 0.0024¢ 0.692-1.191 —5.0 (0.698 GHz)
Ground: 0.26840 x 0.1440 1.698-3.020 5.9 (2.35 GHz)
Proposed 0.1442, % 0.1051, X 0.0032¢ 0.82-0.99 —3.30 (0.90 GHz)
1.87-2.08 0.82 (2.0 GHz)
2.37-2.93 1.08 (2.7 GHz)
3.98-4.27 3.42 (4.15 GHz)
5.47-8.9 3.00 (5.8 GHz)

results, the —10 dB matching bandwidth is 170 MHz (820-990
MHz), 210 MHz (1.87-2.08 GHz), 560 MHz (2.37-2.93 GHz),
290 MHz (3.98-4.27 GHz), and 3.43 GHz (5.47-8.9 GHz). The
radiation pattern in the yz plane of the antenna is nearly omnidir-
ectional. The minimum antenna gain is —3.30 dBi at the lowest
resonant frequency 900 MHz. The antenna may be applied to ter-
minal devices of wireless communication system with multiple
communication standards.
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