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ABSTRACT This paper presents a novel CB-CPW wideband antenna design. HFSS software simulations
reveal that the proposed design has a semicircle ground structure, transmission line, parasitic ground,
CPW, relatively low return loss, broadband effect of 3.3377 GHz (4.8337 GHz-8.1714 GHz), double
beam capability at 5.2 GHz, and four-beam capability at 5.5 GHz (5.8 GHz). It is compact in size at
only 40 mmx40 mm x1 mm. A prototype of the proposed antenna was fabricated and measured to
validate the simulated design; the results show a bandwidth of 3.38 GHz (3.95 GHz-7.33 GHz), relative
bandwidth of 74%, and maximum gain of 3.87 dBi in the range of 5 GHz to 6 GHz; the prototype also
achieves two and four-beam performance. Its working frequency covers WLAN (5.15 GHz-5.25 GHz and
5.725 GHz-5.825 GHz), radio frequency identification RFID (5.8 GHz), and global microwave internet

access WiMAX (5.25 GHz-5.85 GHz) frequency bands.

INDEX TERMS Microstrip antenna, parasitic ground, CB-CPW, bandwidth, gain.

I. INTRODUCTION
Modern wireless communication systems [1] require multi-
function, high-speed, small-size, high-performance com-
munication equipment. The performance of traditional
communication equipment in today’s communications field
does not satisfy the requirements of 5G wireless sys-
tems [2], [3]. Newer 5G antennas [6]—[8] are designed for
multi-adaptation, multi-function, and multi-demand char-
acteristics. Similarly, the fields of Big Data [1] and
LiDAR [4], [5] also need the receiving and transmitting func-
tions of new antennas. Reducing the antenna’s size is also a
hot topic in the communication equipment research field.
Among them, microstrip antenna is a thin dielectric sub-
strate, one side of which is attached with a thin metal layer
as the grounding plate, and the other side is made into a
certain shape of metal patch by photography. However, sim-
ply shrinking the antenna can affect its standing-wave, gain,
bandwidth, and other index characteristics. It is a challeng-
ing task to reduce the size of the antenna properly with-
out sacrificing its performance. The antenna may instead be
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optimized using such structures as the coplanar waveguide
(CPW) [9]-[12].

There are currently several wireless band standards such as
IEEE 802.16 [13], [14], the Worldwide Interoperability for
Microwave Access (WiMAX) system around 2.5-2.69/3.4-
3.69/5.25-5.85 GHz, and IEEE 802.11a [15], [16], the Wire-
less Local Area Network (WLAN) in the frequency band of
5.15-5.25 and 5.725-5.825 GHz, which are widely applied in
wireless communication systems.

The CPW has many advantages. It can be integrated with
other microwave devices for miniaturization while retaining
the integrity of the circuit. The dispersive property of CPW
transmissibility is better than that of the microstrip line; it can
realize broadband effects in the circuit and antenna. The CPW
can also transmit odd and even modes, which makes the
antenna design highly flexible. CPW designs have garnered
a great deal of research interest to this effect.

Previous researchers have indeed developed a number of
CPW structures. These include special slot antennas fed by
the CPW structure, such as the stair-shaped slot [17] and
regular-hexagonal slot [18]. Other scholars have developed
a dual-band and dual-sense circularly polarized CPW-fed
monopole antenna with two rectangular parasitic elements
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TABLE 1. Comparison Of proposed antenna with other reported
antennas.

AL S O
[16] 60x40x%0.8 2.3-3.15
[17] 62%62x3 1.8-4.5
[18] 63x75%1.6 1.81-3.83
[19] 100x120%0.762 1.73-3.11
[20] 70x70x1.6 1.5-2.5
[21] 50x50x1 1.71-3.66
[22] 30x20x1.6 2.33-3.56
[6] 60%60x%0.8 2.67-13
[23] 48x42x2 3-13

Proposed 40x40x1 4.8337-8.1714

and an I-shape grounded stub [19]. Some devices have rel-
atively large size and relatively small bandwidth [17]-[19].
An antenna with a compact and broadband CPW-fed
meander-slot structure [6] is effectively miniaturized but its
bandwidth is only 2.33-3.56 GHz. By contract, an antenna
that is ideal for broadband is relatively large in size [23].
Other broadband-capable, small-size antennas have been pro-
posed as well [24]. The bandwidth and size of some represen-
tative devices are listed in Table 1.

This paper proposes a conductor-backed (CB-CPW)
broadband antenna with multi-beam performance for WLAN,
RFID, and WiMAX applications. The proposed device has a
semi-circular grounding structure, parasitic grounding, and
three CPW structures that achieve its broadband effect.
It readily dissipates heat and has high mechanical strength;
it also is compact in size and has a simple, straightforward
configuration. A prototype of the antenna shows satisfactory
performance, as discussed in detail below.

Table 1 shows a comparison of the size and broadband
effect of the proposed antenna and various other antenna
designs. Each has advantages and disadvantages. The pro-
posed antenna was designed and optimized on the basis of
such advantages. It can realize radiation in double-beam
and four-beam directions, among other advantageous perfor-
mance characteristics as discussed in greater detail below.

Il. ANTENNA ANALYSIS AND DESIGN

A. THEORETICAL ANALYSIS

The coplanar waveguide structure is composed of two
grounding planes on the same side of the transmission
line and the transmission line on the dielectric substrate,
as shown in Fig. 1(a). The fed planar antenna system mainly
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FIGURE 1. (a) Traditional CPW and (b) CB-CPW.

includes a broadband antenna, circular polarization antenna,
multi-mode antenna, and other equipment related to the CPW
structure; among them, the broadband antenna is the most
commonly used. Its primary mode is TEM. The CB-CPW
structure, as shown in Fig. 1(b), presents the favorable trans-
mission performance of CPW as well as easy heat dissipation
and high mechanical strength characteristics.

The CB-CPW structure is mainly capable of producing res-
onance phenomena. Under cavity model theory, the ground
plane at both ends and the back plane can be regarded as
two patch resonators which are surrounded by ideal magnetic
walls. Throughout the structure, the signal in the middle
passes through the gap of S on both sides as coupling elec-
tromagnetic energy is provided to the two resonant cavities.
This generates a resonant frequency. Under transmission line
theory, the ratio of wave voltage to current on the transmission
line can be defined as the characteristic impedance of the
transmission line, namely Zy. The input impedance is Z;,,.

The resonant frequency [25] and the impedance of the
CPW structure can be calculated as follows:

0.5
S = 5= [ (m/w) + (n/1)°] M
Z = JLJC @

where f;,, is the resonant frequency, Zy is the impedance,
c is the speed of light, ¢, is the relative permittivity of the
material, m and n are factors of the resonant mode, w, and
l, are the width and length of the ground plane at both
ends of CPW, respectively, and L and C are the distributed
capacitance and distributed inductance of the transmission
line, respectively.

The simplified network mode of the microstrip antenna
was also analyzed for the purposes of this study as shown
in Fig. 2.

Based on the equivalent circuit (Fig. 2) and the approxima-
tion of L’ ~ 0, the input impedance reduces to:

1
- 1/Ryn + jlwCun — 1/(wLpy))

where Z;, is the input impedance for the TM,,, mode
and R, = 1/Gy,. At resonance, Q is given by Eq. (4)

3

Zin

VOLUME 8, 2020



Z. Ding et al.: Broadband Antenna Design With Integrated CB-CPW and Parasitic Patch Structure

IEEE Access

FIGURE 2. Simplified network mode (valid when @ mn is well-separated
from all other resonant frequencies).

and @y = 1/~/Linn Conn.-

Cmn V2 / 2 Rm”
0 = 20mn( ) = “
" V2[R * " Lo/ Con
Thus, Eq. (3) may be rewritten as:
1 R
Zin ®)

T 14O [fom — fonlf1 1 +0OS

Assuming that the characteristic impedance of the feed line
equals to R,,;,, then the norm of the reflection coefficient ||
is:

Zin - Rmn 4 -2
| | ‘Zin +Rmn [ * Q2S2:| ( )
Consequently,
11 4 712
Pl L iy 7
p+1 | 0?52
and
-1
S = L _ @ — :|:'O_ (8)
S S oJp

where p is the Voltage Standing Wave Ratio (VSWR).

In Eq. (8), the minus sign represents the lower frequency
/1 and the plus sign the higher one fy. As per Eq. (8), both
fr and fy can be resolved to ultimately express the relative
bandwidth (BW) as follows:

- —1
Bw =117 000 = P71 100 9)
Smn 2
1 [e V% [ sin*(kacosf/2
P, = — i_/ wshp 0do  (10)
2V u w Jo cos2 6
2P,
Gr =73 (11)
Gy = 1/2G, = §/1207> (12)

The directivity Dg can be obtained from Eqs. (10)-(12). The
maximum radiation is at 0 = ¢ = 90° and

|Emax|? 12 2 a 1 a,
Dy = = N=——(= 13
0 60P, 15G,(A 15Gs(k) (13)

where Emax is the maximum electric field strength, a = w is
the radiation edge, and A is the wavelength in free space.

)2
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FIGURE 3. Geometry of proposed antenna: (a) front side and (b) back
side, where L=W=40 mm, R1=12 mm, R2=18 mm, H=1 mm, R=4.5 mm,
a=2 mm, b=20 mm, c=4.5 mm, d=1.4 mm, e=2.4 mm, f=24 mm.

R2=12mm

(a) Antenna 1 (b) Antenna 2 (c) Antenna 3

FIGURE 4. Comparison of three antenna geometric shapes. (a) Antenna 1,
(b) Antenna 2 and (c) Antenna 3 respectively correspond to the square,
circle and ellipse to be cut off.
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FIGURE 5. Return loss comparison of three antenna shapes.

B. ANTENNA DESIGN
The antenna proposed in this paper is based on a CB-CPW
with a rectangular parasitic patch, transmission line and back
semi-circular grounding structure. It is similar to a previously
published CB-CPW design [25] and differs from the tradi-
tional CB-CPW due to its parasitic patch. The a back ground
of the antenna in this paper is a small semicircle structure.
Some references [26], [27] also have some small a back
ground. The proposed antenna design is illustrated in Fig. 3.
The antenna structure is composed of a dielectric base
unit, a transmission line unit, a back ground, and a coplanar
ground. The material of the dielectric base unit is FR4 with a
relative dielectric constant of 4.4, and the size is Lx W xH.
Other unit materials are all metallic copper. Their specific
dimensions and values are also shown in Fig. 3.
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FIGURE 6. Size optimization (a) e parameter optimization for S11 and

(b) a and b parameter optimization of S11.
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FIGURE 7. Size optimization (a) R parameter optimization for S11 and

(b) c and g parameter optimization of S11.
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FIGURE 10. Simulated surface current distributions for proposed antenna
at (a) 5.2 GHz, (b) 5.5 GHz, (c) 5.8 GHz.
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As shown in Fig. 4, Antenna 1 is a square cut off from the
common surface, Antenna 2 is a circle cut off from the com-
mon surface, Antenna 3 is an ellipse cut off from the com-
mon surface; in the three structures, R2=12 mm. As shown
in Fig. 5, Antenna 3 has the best effect; but its return loss
cannot be less than —10 dB at 5.9 GHz, so it yet merits
optimization for further improvement.
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FIGURE 13. Simulation and measurement data of proposed antenna
return loss.
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As shown in Fig. 6(a), the influence on return loss was requency (Gillz)

observed in this study by adjusting the size of the gap on FIGURE 14. Simulation and measurement data of proposed antenna
both sides of the transmission line and taking four sizes, gain(5GHz to 6GHz).

e=2.2 mm, e=2.4 mm, e=2.6 mm, and e=2.8 mm, respec-

tively. The effect is best when e=2.4 mm, but the return loss so a parasitic square patch antenna was added to the CPW
in this case is still higher than —10dB. As shown in Fig. 6(b), structure (Fig. 7(b)) with length and width of ¢ = 3.5 mm
the length and width of the transmission line were adjusted and g =1mm,c =4 mm and g = 1.2 mm, ¢ = 4.5 mm and

to select four displays, a=2.4 mm and b=18 mm, a=2.2 mm g =14 mm, and c =5 mm and g = 1.6 mm, respectively.
and b=19 mm, a=2 mm and b=20 mm, and a=1.8 mm and As shown in Fig. 7(b), the bandwidth is broad with favorable
b=21 mm, respectively. The effect is best when a=2 mm and return loss when ¢ = 1.4 mm and g = 4.5 mm.

b=20 mm, and the return loss is higher than —10 dB. According to the simulation results, the antenna achieves

As shown in Fig. 7(a), the size of the back ground resonance at the frequency f = 5.25 GHz and return loss
patch was adjusted next and radii R=3 mm, R=3.5 mm, S11= —50.81511 dB at the optimal resonance point. When
R=4 mm, and R=4.5 mm were respectively tested. The S11= —10dB, f;, = 4.8337 GHz and fy = 8.1714 GHz.
effect is best when R=4.5 mm and the return loss is just Between fy and f;, S11 < —10 dB. The absolute bandwidth
below —10 dB. The antenna was designed for expanded band- of the antenna B = fy-f; = 3.3377 GHz and the relative
width. Joining the parasitic patch can expand the bandwidth, bandwidth Br = 64%.
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FIGURE 15. Measured 2-D radiation pattern (E-plane and H-plane) at
(a) 5.2 GHz, (b) 5.5 GHz, (c) 5.8 GHz.

C. SIMULATION INDEX

The shape and size of the proposed antenna were optimized
as discussed above. Other parameters of the antenna were
also simulated as discussed in this section. HFSS software
was to test parameter performance. Return loss and standing
wave are one index which can be converted into each other.
As shown in Fig. 8, VSWR is generally required to be less
than 2 or 2.5 in engineering practice. The VSWR (Fig. 8) is
all less than 2 in the bandwidth, indicating effective VSWR
performance in the proposed design.

The relationship between simulation gain and frequency is
shown in Fig. 9. The gain of 5.2 GHz, 5.5 GHz, and 5.8 GHz
is 3.45 dBi, 2.59 dBi, and 1.76 dBi, respectively, among
which the maximum gain at 8.01 GHz is 5.23 dBi. As shown
in Fig. 10, the strong current of the three frequencies is mainly
distributed at the feeding point and on the transmission line.

IIl. MEASUREMENTS
The proposed antenna is a combination of three technologies:
CPW, back ground, and parasitic on CPW. This structure
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was subjected to precision machining and measurements
to further validate the design. The antenna was measured
using a network analyzer (CETC41, AV3629A) with a 502
SMA connector for back-feed at the feed point. A photo of
the antenna prototype is shown in Fig. 12. The simulated
return loss with a bandwidth of 3.3377 GHz (4.8337 GHz-
8.1714 GHz) and measured return loss with a bandwidth
of 3.38 GHz (3.95 GHz-7.33 GHz) values are shown
in Fig. 13. Fig. 13 also shows that the simulated return loss
is —50.8151dB at 5.25GHz and the measured return loss
is —34.7348dB at 4.57GHz. Fig. 14 shows the simulation
and measurement data of proposed antenna gain in the range
of SGHz to 6GHz. The measured gain range is 1.61 to
3.87dBi. The 2-D radiation pattern (E-plane and H-plane)
was measured at 5.2 GHz, 5.5 GHz, 5.8 GHz, respectively
in Fig. 15. As can be seen from the figure, The 2-D radi-
ation pattern realizes circular polarization with H-plane of
Fig. 15(a), double beam with E-plane of Fig. 15(a)-(c) and
four directions with H-plane of Fig. 15(b)-(c).

IV. CONCLUSION

The results of this study suggest that a miniaturized patch
antenna with extended bandwidth can be realized after param-
eter optimization by ANSYS HFSS (Ver. 15). The analysis
results combining return loss and ellipse slice are relevant to
the design (Fig. 4), so the proposed design includes an ellipse
slice. A parasitic rectangular patch was built into the CPW
(Fig. 7(b)) to achieve optimal broadband effects. A prototype
of the antenna was fabricated to test it by comparison against
the simulated antenna; in both cases, the design achieved
two-beam and four-beam performance.

The proposed broadband antenna was designed based on
careful review of the literature, design optimization, guidance
from an instructor, and multiple measurements. Simulation
and experimental results are in accordance. The materials
used to fabricate the prototype are low in cost; additionally,
the antenna is small in size and has high bandwidth, low
radiation, easy heat dissipation, high mechanical strength,
and a simple structure which can be easily manufactured.
It can be used in WLAN, RFID, and WiMAX frequency
bands.
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