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A Circular-Ring Monopole Antenna with a

Half-Circular Ring and Ground Slot for
WLAN/WiIMAX Triple-Band Operations

Joong Han Yoon" - Dae Soo Im' - Sung Jae Ha? - Young Chul Rhee?

Abstract

In this paper, a novel triple-band circular-ring monopole antenna with a half-circular ring and ground slot for wireless local area
network/Worldwide Interoperability of Microwave Access (WLAN/WiMAX) applications is proposed. The proposed antenna

consists of one circular ring, a half-circular ring and a rectangular slot in the ground plane. Based on the concept, a prototype of the

proposed triple-band antenna was designed, fabricated and tested. The numerical and experiment results demonstrated that the

proposed antenna satisfied the —10 dB impedance bandwidth requirement while simultaneously covering the WLAN and

WiMAX bands. Furthermore, this paper presents and discusses the 2D radiation patterns and 2D gains according to the results of

the experiment.
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[. INTRODUCTION

With the rapid development of wireless technology, there has
been a great demand for wireless devices with multi-standard
applications. Wireless local area network (WLAN) technology
is one of the most successful and fastest-growing wireless
communications technologies in the world today. Among the
components of WLAN-enabled consumer electronic devices,
the antenna plays an important role in the key components that
determine the radio frequency performance of the end-product.
Therefore, as WLAN communications become increasingly
popular, the need for a WLAN antenna that is low-profile,

lightweight, flush-mounted WLAN antenna with a simple
structure is growing. Furthermore, Worldwide Interoperability
of Microwave Access (WiMAX) has been deployed to provide
mobile broadband Internet services with large coverage areas in
many countries [1, 2]. Therefore, for its short- and long-range
applications in modern wireless communication systems, we
need multiband and broadband antennas that simultaneously
meet WLNA and WiMAX standards. To come up with multi-
and wide-band WLAN/WiMAX  antennas, various types of
antenna designs for WLAN/WiMAX band operation have
been reported [3-12].

Among such antennas, printed monopole antennas play an
important role due to their attractive features, which include of a
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simple structure, a low profile, and reasonably good perfor-
mance. Among printed monopole antennas, the circular-ring
monopole antenna [5-7, 13-21], the ring monopole antenna
with double-coupled C-shaped strips [5], the dual-band ring-
shaped antenna [6], and the ring monopole antenna with a
defected ground plane [7] for WiMAX/WLAN application
have been studied. In particular, the double-coupled C-shaped
strips [5] antenna is designed and fabricated at a substrate with a
relative permittivity of 2.65. This proposed antenna is made of
expensive materials, unlike the conventional FR4 materials. The
circular-ring, printed monopole antenna [13], the M-shaped
antenna surrounded by a ring monopole [14] for wideband
operations, the band-notched circular-ring monopole antenna
[15-17], the CPW dual-ring loop antenna for dual-band
operation [18], the ring monopole UWB antenna with a band
notch [19] and the compact-ring monopole antenna for Wi-
BAN [20], and the CPW-fed circular-ring monopole with an
inverted T-strip line for dual-band operation [21] have already
been proposed.

In this study, a novel microstrip-fed monopole antenna for
WLAN and WiMAX band applications was designed. The
study goals were achieved by properly selecting the dimensions
of the proposed antenna, good triple-broadband bandwidth
capabilities, and suitable radiation characteristics for two multi-
band wireless communication systems, WLAN (2.4-2.484 and
5.15-5.85 GHz) and WiMAX (2.5-2.69, 3.3-3.7, and 5.25-
5.85 GHz) operations. The antenna configuration and simu-
lation data, as well as the constructed prototype and measu-
rement data, will be carefully examined and discussed in the
succeeding sections.

II. ANTENNA DESIGN

The schematic configuration of the proposed design of the

WLAN/WiMAX printed monopole antenna is shown in Fig. 1.

The proposed antenna is based on a circular-ring planar mo-
nopole design. To satisfy the specifications of the 3.5 GHz
WiMAX and the 5 GHz WLAN/WiMAX bands, a half-
circular ring and rectangular slot in the ground plane were
introduced in this design of the proposed antenna, respectively.
The total sizes of the substrate and the ground plane of the
proposed antenna were 25.0 X 42.0 mm? (J#; X L) and 25.0
% 18.2 mm? (Wi X L), respectively. The radiating element
was placed on the same side as the feeding strip line, and the
ground plane was placed on the other side of the substrate. In
this design, the antenna was printed on a 1.0 mm-thick FR4
substrate with a 4.4 relative permittivity and fabricated with the
use of a conventional FR4 material, which that is often used to
make printed circuit boards, and was easy to manufacture.

The proposed antenna had one circular ring and one half-
circular ring with a uniform width for design convenience. In
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Fig. 1. Configuration of the circular-ring monopole antenna with a
half-circular ring: (a) front view and (b) back and side views.

this design, the first circular-ring was resonant for the 2.4/2.5

GHz WLAN/WiMAX and 5 GHz WLAN/WiMAX bands.

To obtain the resonance of the 3.5 GHz bands for the WiMAX
operation, the half-circular ring was introduced. To satisfy the
specifications for the 5 GHz WLAN/WiMAX bands, a 6.0 X

2.0 mm? (Ws X Lg) rectangular slot was introduced into the
ground plane. Also, to meet the impedance matching require-
ments for the 3.5 GHz band and the 5 GHz band, 2 2.0 X 2.0
mm?* (Wi X L) rectangular stub was introduced from the
center of the feed line. A 50-Q microstrip feed line, /5 =2 mm,
was used to centrally feed the circular-ring antenna from its
bottom edge. In particular, in comparison with the paper [7],
we proposed the rectangular slot in the ground plane and simple
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rectangular ground plane for WLAN and WiMAX band
applications. Also, unlike the paper [7], rectangular stub was
introduced from the center of the feed line for impedance
matching. The total volume of the proposed antenna (25.0 X
42.0 X 1.0 mm’) is 43.86% smaller than that of the paper [7]
(38.0 X 25.0 X 1.59 mm’). The design of the proposed an-
tenna is in accordance with the described guidelines followed for
the optimization with the commercially available software An-
soft High-Frequency Structure Simulator (HFSS) ver. 10.0
(ANSYS Inc., Canonsburg, PA, USA), a full-wave commercial
EM software capable of simulating a finite substrate and a finite
ground structure. Parametric studies were conducted to in-
vestigate the triple-band characteristics of the proposed antenna.
The parametric study is important for a new design because it
enables the antenna designer to better understand the antenna
characteristics. Therefore, the effects of the design parameters
for the radiators and ground plane on the antenna characteristics
were investigated.

1. Effect of the Ground Plane (W;)

Fig. 2 illustrates the return loss for the different values of the
ground plane. The figure shows that the impedance bandwidth
and characteristics of the return loss slightly changed when 7
changed from 23.0 to 27.0 mm in all the WLAN/WiMAX
bands. It should be noted that the ground plane dimensions can
affect the resonant frequencies and impedance matching of the
three operating bands. To design a good triple-band WLAN/
WiMAX operation, ¥ was set at 25.0 mm.

2. Effect of the Gap Length between Circular Ring and the Ground
Plane (Ls)

Return Loss(dB)

254 = W,=23.0mm
— W,=25.0mm
—— Wi=2?.0mm

_30 1 1 1 1 1
1 2 3 4 5 6 7
Frequency(GHz)

Fig. 2. Simulated return loss of the proposed antenna with different
values of the ground plane (7).
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Fig. 3. Simulated return loss of the proposed antenna with different

values of the gap length between the circular ring and the
ground plane (Ls).

Fig. 3 illustrates the return loss for the different values of the
gap length between the proposed the circular ring and the
ground plane. It can be seen in the figure that the impedance
bandwidth and characteristics of the return loss somewhat
changed when Ls changed from 0.75 to 1.75 mm in the
required frequency bands. To satisfy a good trip-band operation,
Ls was set at 1.25 mm. This implies that the gap length was
significantly affected by the characteristics of the return loss in
the triple-band characteristics. The figure also showed that the
impedance bandwidth of the 5 GHz band was critical for the
specifications of the WLAN/WiMAX operation. To fully sa-
tisfy the specifications of the WLAN/WiMAX operation, Ls

was set at 1.25 mm.

3. Effect of the Half~Circular Ring Length

Fig. 4 illustrates the return loss for the different values of the
half-circular ring length. The figure shows that the half-circular
ring was used to generate the second resonant mode at the 3.5
GHz WiMAX band. The 3.5 GHz band resonance was not
generated when the half-circular ring did not exist. This implies
that the length of the half-circular ring is greatly affected by the
characteristics of the return loss in the 3.5 GHz band. Thus, the
length of the rectangular strip should be considered when
determining the proper parameters for the proposed design, to
achieve the 3.5 GHz operating band. To design a good triple-
band WLAN/WiMAX operation, L, was set at 7.83 mm.
Effect of the rectangular slot in the ground (W X Lg). To
realize the triple-band operation of the proposed WLAN/
WiMAX antenna, a rectangular slot in the ground plane was
introduced to alter the input impedance characteristics. The

optimal values of the rectangular-slot width (/) and length (Ls)
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Fig. 4. Simulated return loss of the proposed antenna without a half-
circular ring and with different values of the half-circular strip
length (Ls).
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Fig. 5. Simulated return loss of the proposed antenna with and without
a rectangular slot in the ground (We X Ls).

in the ground plane were determined. To design a triple-band
WLAN/WiMAX antenna, W; was set at 6.0 mm, and Lg was

set at 2.0 mm.

4. Effect of the Rectangular Slot in the Ground Plane

Fig. 5 shows the return loss with and without a rectangular
slot in the ground plane. It can be seen in the figure that the
resonant frequency was not generated in the 5 GHz band, and
that the return loss had wideband characteristics when there was
no rectangular slot in the ground plane. These indicate that the
return loss of the 5 GHz band in the proposed antenna heavily
depends on the rectangular slot in the ground plane. Certainly,
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Fig. 6. Simulated return loss of the proposed antenna with and without
a rectangular stub (W, X Le).

with the variation of the width and length in the rectangular slot
in the ground plane, the return loss can be maintained at less
than —10 dB, thus covering the frequency bandwidths for
WLAN (2.4-2.484, 5.15-5.35, and 5.75-5.85 GHz) and
WIiMAX (2.5-2.69, 3.4-3.7, 5.15-5.35, 5.47-5.725, and 5.725
-5.825 GHz).

5. Effect of the Rectangular Stub in the Feed Line

Fig. 6 shows the return loss with and without a rectangular
stub in the feed line. It can be seen in the figure that resonant
frequencies were generated in the 3.5 GHz and 5 GHz bands
when there was no rectangular stub in the feed line in the
required frequency bands. However, the characteristics of the
return loss deteriorated for the WLAN and WiMAX ope-
rations. Also, the impedance bandwidth did not match the
required frequency bands. However, it can be seen in the figure
that the characteristics of the return loss improved and the
impedance bandwidth matched the required frequency band
when there was a rectangular stub in the feed line. Thus, to fully
satisfy the specifications of WLAN/WiMAX operations, a 6.0
X 2.0 mm? (W, X L) rectangular stub was attached to the feed
line.

The values of the design parameters shown in Fig. 1 were
calculated using the optimized Ansoft HFSS. Thus, the
dimensions of the proposed antenna were set as follows: R1 =
11.0 mm; R, =9.0 mm; R; = 8.0 mm; Rs= 6.0 mm; L; =42.0
mm; [,=7.83 mm; L;=1.0 mm; Ls=2.0 mm; Ls=125
mm; L¢=2.0 mm; L7;=18.2 mm; Lg=2.0 mm; Ls=9.0 mm;
W1 =25.0 mm; W,=2.0 mm; W53=11.5 mm; W4=2.0 mm;
Ws=16.0 mm; W¢=6.0 mm; W7;=10.5 mm; and #=1.0 mm.
From the simulation results, the following impedance —10 dB
bandwidths were derived: 600 MHz for the 2.4 GHz band
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(from 2.17 to 2.79 GHz); 890 MHz for the 3.5GHz band
(from 3.35 to 4.24 GHz); and 1,010 MHz for the 5GHz band
(from 4.98 to 5.99 GHz).

III. MEASUREMENT

Based on the design dimensions, a prototype of the proposed
triple-band WLAN/WiMAX antenna was fabricated and mea-
sured. A prototype of the proposed antenna was fabricated with
the aforementioned design parameters and is shown in Fig. 7(a)
and (b). The results were obtained using the Anritsu MS4644A
vector network analyzer in Silla University, Busan, Korea. The
far-field radiation patterns and gains were measured using a far-
field anechoic absorber obtained from Foxconn Corporation in
Korea. Simulated and measured return loss characteristics for
the dual-band WLAN antenna without a half circular ring and
the proposed antenna triple band antenna with a half-circular
ring are compared in Fig. 8. As shown in Fig. 8, it is observed
that 3.5 GHz band resonance is affected by using a half-circular
ring and simulated and experimental return losses are generally
acceptable agreements between them was achieved. As the si-
mulation used a waveguide port, and as an SMA connector was
used for the measurement, there is a difference between the
measurement and simulation results. To confirm the accuracy of
the return loss characteristics of the designed antenna, it is
recommended that the antenna be manufactured and measured
more carefully. The measurement results showed that three
relative impedance bandwidths with —10 dB return losses of
about 860 MHz (37.89%, 1,840-2,700 MHz), 1,470 MHz
(38.03%, 3,130-4,600 MHz) and 900 MHz (16.36%, 5,050-
5,950 MHz), respectively, can satisfy the typical bandwidth
requirement for the 2.4-2.484 and 5.15-5.825 GHz WLAN
and the 2.5-2.69, 3.4-3.7, and 5.25-5.85 GHz WiMAX bands,
respectively.

Theoretically, HFSS was used to evaluate and verify the three
resonant frequencies of 2.48, 3.58, and 5.61 GHz, which mainly
depended on the lengths of the different current paths along the
circular ring with a half-circular ring. As expected, it was evi-
dent that the different surface currents were excited by the 2.48

(b)

Fig. 7. Prototype of the proposed dual-band antenna: (a) front view and
(b) back view.
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Fig. 8. Simulated and measured return losses vs. frequencies of the
proposed antenna.
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Fig. 9. Surface current distributions at (a) 2.48 GHz, (b) 3.58 GHz,
and (c) 5.61 GHz.

and 5.61 GHz frequencies. Fig. 9(a)—(c) show the surface
current density excitations along the circular-ring antenna in the
cases of the three resonant frequencies of 2.48, 3.58, and 5.61
GHz, respectively. As shown in Fig. 9(a), the lowest band
surface current density excitations along the circular ring and the
half-circular ring were observed when the resonant frequency
was 2.48 GHz. Thus, it is implied that the 2.4/2.5 GHz band
excitation was contributed by the circular ring patch and a half-
circular ring patch. As observed in the 3.5 GHz band excitation
in Fig. 9(b), a larger surface current density was observed
flowing along the half-circular ring when the resonant
frequency was 3.58 GHz. Thus, it is implied that the 3.5 GHz
band excitation was contributed by the half-circular ring patch.
As shown in Fig. 9(c), however, larger surface current densities
were observed as flowing along the rectangular slot in the
ground plane when the resonant frequency was 5.61 GHz.
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Fig. 10. Radiation patterns of the proposed antenna for the WLAN/WiMAX operation frequencies in the (a) 2,500 MHz, (b) 3,500 MHz, (c)

5,300 MHz, and (d) 5,700 MHz bands.

Thus, it is implied that the 5 GHz band excitation was con-
tributed by the circular ring patch and by the rectangular slot in
the ground plane.

Fig. 10 shows the simulated and measured 2D far-field
radiation patterns in the E-plane (x-z plane) and H-plane (y-z
plane). Fig. 10(a)—(d) show the 2D simulated and measured
radiation patterns at 2,500, 3,500, 5,300, and 5,700 MHz,
respectively. Based on these measured radiation patterns, the
proposed antenna displayed nearly omnidirectional radiation
characteristics in the H-plane and monopole-like radiation
pattern characteristics in the E-plane at the considered fre-
quencies.

Fig. 11 shows the 2D measured antenna peak and average
gain for the frequencies across the 2.4/2.5, 3.5, and 5 GHz
bands. The 2.4/2.5 GHz band had an antenna peak gain level
of about 1.59 to 2.93 dBi, and the 3.5 GHz band, about 1.20 to
2.39 dBi. The measured antenna gain levels were about 0.71 to
2.43 dBi in the 5 GHz band. The 2.4/2.5 GHz band had an
antenna average gain level of about —2.74 to —2.26 dBi, and the
3.5 GHz band, about —3.87 to —2.82 dBi. The measured
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antenna gain levels were about —5.11 to —2.26 dBi in the 5 GHz
band. The 2.4/2.5 GHz band had an antenna simulated gain
level of about 0.57 to 1.22 dBi, and the 3.5 GHz band, about
—1.15 to 2.10 dBi. The measured antenna gain levels were about
3.9 to 4.22 dBi in the 5 GHz band. As shown in Fig. 11, there
are small discrepancies between the simulation and measure-
ment results. These discrepancies may have occurred: first, as
the simulation used a waveguide port, an SMA connector was
used for the measurement. The effect of the SMA conductor
broadened the size of the ground plane. As a result, SMA
conductor could have caused these discrepancies. Second, the
effect of the lossy substrate material was influenced on radiation
patterns and gains. Practically, permittivity and lossy tangent of
substrate material is different from those of simulation model
each other. These results may have been due to these dis-
crepancies Third, as the simulation used infinite boundary con-
ditions to obtain a far field, an artificial wave absorber was used
to obtain measurement of the far field. These results may have
caused the difference between the measurement and simulation
results.
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Fig. 11. Measured antenna peak, average, and simulated gains for the
following operating frequencies.
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Fig. 12. Measured radiation efficiencies for the following operating
frequencies.

Fig. 12 shows the measured radiation efficiencies for the
frequencies across the 2.4/2.5, 3.5, and 5 GHz bands. The
2.4/2.5 GHz band had a radiation efficiency level of about
76.41-80.9%, and the 3.5 GHz band had a radiation efficiency
of about 26.61-62.17%. The measured antenna gain levels were
about 23.16-54.04% in the 5 GHz band.

IV. CONCLUSION

A circular-ring planar monopole antenna with a half-circular
ring and ground slot for WLAN/WiIMAX applications was
proposed. Applying the circular ring and half-circular ring will
enable the proposed antenna to yield two different resonances
(2.5/3.5 GHz bands) to cover the desired bands. Also, the
rectangular slot in the ground plane will enable the proposed
antenna to yield 5 GHz band resonances to cover the desired

bands. The results of the parametric studies on the proposed
antenna are discussed herein. In particular, the rectangular stub
depended heavily on the return loss characteristics of the pro-
posed antenna in the 3.5 GHz and 5 GHz bands. Furthermore,
the results of the studies on the surface current distributions of
the operating frequencies are discussed herein. The measure-
ment results showed that the obtained impedance bandwidths
were 860 MHz (37.89%, 1,840-2,700 MHz), 1,470 MHz
(38.03%, 3,130—4,600 MHz), and 900 MHz (16.36%, 5,050—
5,950 MHz), respectively, which are suitable for WLAN and
WiMAX applications. In addition, the proposed antenna sh-
owed good radiation characteristics and gains in the three ope-
rating bands.
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