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I. INTRODUCTION 

In recent years, remarkable interest has been generated in an-

tennas characterized by a miniaturize size and the potential to 

operate at different frequency bands suitable for modern wireless 

communication systems, such as radio frequency identification 

(RFID), wireless local area networks (WLAN), and worldwide 

interoperability for microwave access (WiMAX). Thus, multi-

band antennas should operate in the desired frequency bands 

allocated for these applications: 2.45 GHz (2.4–2.5 GHz), 5.8 

GHz (5.725–5.875 GHz), and 3.5 GHz (3.4–3.7 GHz), re-

spectively. In order to meet these requirements, in addition to 

meeting the widespread demand for antennas that are light-

weight, low-cost, and easy to fabricate, microstrip antennas rep-

resent the best solution for use in most applications [1–8].  

It is well known that designing a miniaturized antenna for 

dual-band or multi-band applications is a difficult task, with se-

veral attempts to do so already reported in the literature [9–13]. 

In these papers, many techniques for designing dual-band an-

tennas that cover WLAN and WiMAX bands were successfully 

demonstrated, like using shorting pins [9], employing a rectan-

gular-shaped strip ring along with a defected ground structure 

[10], implementing fractal-shaped geometry [11, 12], or design-

ing a 9-pointed-star monopole antenna [13]. In addition, a cir-

cular ring [14] and two arc-shaped strips [15] with a slot in their 

ground were successfully designed to satisfy the specifications of 
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the 2.4/2.5 GHz WiMAX/WLAN and 3.5/5.5 GHz WiMAX 

bands.   

In recent years, researchers have mostly used a coplanar wave-

guide (CPW) mechanism to feed their proposed antennas be-

cause of its attractive features, such as a simple feeding structure, 

a wider impedance bandwidth with good radiation characteris-

tics, and easy integration with passive and active devices [16–18]. 

For instance, in literature [19, 20], new ideas were demonstrated 

for designing compact, CPW-fed microstrip antennas with du-

al-band characteristics. In [19], a novel approach was proposed 

for designing a compact-size (20 × 22 mm2) microstrip anten-

na with dual-band characteristics for 3.5-GHz WLAN and 

5.5-GHz WiMAX band systems. This proposed antenna uses a 

grounded CPW mechanism for feeding the antenna, and two 

strip-shaped patch radiators to maintain 3.5 GHz and 5.5 GHz. 

When using only one strip, the lower resonant frequency at 3.5 

GHz is excited with a frequency band at 3.06–3.89 GHz, while 

another resonant frequency at 5.8 GHz with a frequency band 

at 5.14–5.93 GHz is achieved by the antenna when the other 

arm is included. A planar meandered line monopole antenna 

with a fork- and double fork-shaped strip were presented in [20] 

for the design scheme of compact antennas with a size of 21 × 

21 mm2 and improved dual-band performance for 3.5- and 5.5-

GHz wireless applications. 

Due to their interesting features, metamaterials have been re-

ported by researchers for antenna miniaturization and multi-

band applications. For instance, a folded monopole dual-band 

antenna [21] consisting of a composite right- and left-handed 

metamaterial was proposed for 2.5- and 5.8-GHz center fre-

quencies (from the normal strip and a single metamaterial cell, 

respectively), which can be controlled independently by varying 

their geometrical parameters. Although the above techniques 

have achieved remarkable success in designing antennas with 

the potential for operating within multiple frequency bands, 

most of these antennas have large dimensions or a complex 

structure, or they are difficult to manufacture.  

Unlike the previous dual-band antennas mentioned above, 

the present proposed antenna meets the requirements of Wi-

MAX and WLAN devices. Therefore, it is useful to introduce a 

two-band, semi-circular-shaped monopole antenna with a sim-

ple miniature structure that enables the independent tuning of 

the two bands. This issue is addressed here. 

In this paper, a semi-circular slotted antenna (SCSA) is de-

scribed. The conventional semi-circular patch is loaded with a 

folded U-slot structure to achieve dual-band characteristics and 

3.5-GHz WiMAX and 5.8-GHz WLAN bands. An imped-

ance bandwidth over the dual-band frequency spectrum is ob-

tained by feeding the radiating patch by a CPW feedline mech-

anism. The proposed antenna structure is created by using a 

finite integration method-based CST Microwave Studio simu-

lator to confirm the results, Ansoft’s finite element technique-

based High-Frequency Structure Simulator (HFSS) was used. 

To validate the simulated results, the prototype antenna struc-

ture was fabricated, and good agreement was achieved between 

the experimental and simulated results. The designed antenna 

has a miniaturized size, a simple structure, and is easy to manu-

facture in comparison with previously reported antenna struc-

tures. 

II. DESIGN CONCEPTS OF THE DUAL-BAND ANTENNA 

This section describes the geometry of a miniaturized dual-

band antenna structure and outlines the four basic steps of the 

procedure applied to the designed antenna. The concept of a 

folded U-shaped loaded structure to achieve a miniaturized du-

al-band antenna is presented here. Initially, the design procedure 

begins with a conventional reference antenna, which is inset-fed 

with a circular microstrip patch antenna (CMPA). Then, inter-

mediate design steps are successively applied to achieve an 

SCSA with a size reduction of 32% compared with the refer-

ence antenna. 

 

1. Antenna Geometry 

The geometry of the proposed antenna is shown in Fig. 1. 

The semi-circular patch antenna’s radiator of radius 𝑅 is etched 

on the top side of one side of an FR4 glass epoxy substrate of 

dimensions 𝐿 𝑊  (17 mm × 18 mm); its other para-

meters are as follows: a substrate height of ℎ  0.8 mm, a 

dielectric constant of 𝜀 4.4, a loss tangent 𝑡𝑎𝑛 𝑜𝑓 𝛿  

0.025, and a conductor thickness of 35 μm. The feed conductor 

of the CPW structure of length 𝐿  is connected to the center 

of the semi-circular patch, and the CPW feed width 𝑊  and 

gap 𝑔 are calculated using CST MWS to yield a characteristic 

impedance of 50 Ω. The calculated CPW dimensions are 𝑊2.0 mm and 𝑔 0.25 mm. Two symmetrically tapered gr-

ound planes for bandwidth enhancement with a length of 𝐿  

are placed at distance 𝑔 around the CPW feedline. A folded 

U-shaped slot structure (large and short widths, 𝑤  and 𝑤 , 

respectively, length 𝑙  and thickness 𝑡  is cut at distance 𝑑 

from the semi-circular patch.  

An SMA connector is used for correctly modeling the pro-

posed antenna in CST and HFSS simulators in order to ac-

count for its effect on the result, and a waveguide port is used to 

feed the antenna. All metallic conductors used for simulating 

the designed antenna, depicted as brown in Fig. 1, are chosen as 

a perfect electric conductor (PEC). Table 1 lists the optimized 

geometrical dimensions of the proposed antenna. 

 

2. Design Details 

The design concept is introduced here for a reference antenna 
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(a) (b) 

Fig. 1. Geometry of the proposed antenna: (a) front view and (b) 

side view. 

 

Table 1. Geometric parameters of the proposed antenna 

Geometric parameter Symbol Value (mm)

Substrate length 𝐿  17.0

Substrate width 𝑊  18.0 
Substrate height ℎ  0.8

Patch radius 𝑅 8.0

CPW-fed width 𝑊  2.0

CPW-fed length 𝐿  8.0

CPW-fed gap 𝑔 0.25

The major width of U-slot  𝑤  11.0

The length of U-slot 𝑙  3.0

The minor width of U-slot 𝑤  1.75

The thickness of U-slot 𝑡 0.5

The location distance of U-slot 𝑑 1.0

 

(RA) with a circular-shaped patch configuration, and the design 

steps can also be applied for other patch geometries. Thus, a 

circular patch was chosen as an RA in this work, as it offers a 

minimum footprint area in the final antenna compared with 

other, conventional geometries. Fig. 2 illustrates the procedure 

for the four design steps applied to develop the proposed dual-

band antenna, namely: 

Step-1 (Ant0): In this step, a reference antenna, or Ant0, is a 

conventional inset-fed CMPA which is designed by assuming 

that the specified information includes the resonant frequency 𝑓  (in Hz), a dielectric constant 𝜀 , and the height of the sub-

strate ℎ  (in cm). Then, the actual radius 𝑅 (in cm) of the 

patch is calculated as in [22]:  

 𝑅 . ⁄             (1a) 

 

where 
 𝐹 . √                      (1b) 
 

 

By substituting 𝑓 5.8 GHz, 𝜀 4.4 FR4 , and ℎ  0.8 mm in Eq. (1), one can see that 𝐹 0.7309 and 𝑅0.693 cm. Then, 𝑅 6.93 mm is used as an initial value in 

designing Ant0, and subsequently CST MWS is performed to 

fine-tune 𝑅, and the other geometric dimensions are optimized 

to make Ant0 resonate at 5.8 GHz. The final optimized dimen-

sions of Ant0 were set as follows: 𝑅 7.3 mm;  𝐿25 mm;  𝑊 18  mm; ℎ 0.8 mm; 𝐿 8  mm; 𝑊 1.6 mm; 𝐿 5 mm; and 𝑊 0.5 mm. Fig. 3 shows 

the reflection coefficient (S11) curves of the various antennas 

(Ant0–Ant3). As can be observed from this figure, Ant0 is a 

single-band antenna that resonates at 5.8 GHz with S11 = –13.25 

dB. 

Step-2 (Ant1): This step presents the design of a convention-

al CPW-fed circular patch antenna (Ant1) to resonate at 𝑓3.5 GHz by removing the ground plane in the back side of  

 

               Ant0     Ant1 Ant2 Ant3 
Fig. 2. Geometry of various antennas (Ant0–Ant3) involved in the design evolution of the proposed antenna. 
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Fig. 3. CST simulated reflection coefficient curves of various an-

tennas (Ant0–Ant3). 

 

Ant0 and placing a pair of ground planes of height 𝐿5 mm around the CPW stripline (length 𝐿 8 mm and 

width 𝑊 2 mm) at a distance of 𝑔 0.25 mm. The total 

dimensions 𝐿 𝑊  of Ant1 are the same as those of 

Ant0 (25 mm  18 mm). As shown in Fig. 3, Ant1 oper-

ates at a 3.5-GHz resonant frequency with –10 dB impedance 

bandwidth ranging from 3.20 to 3.87 GHz. Thus, Ant1 repre-

sents the main designed antenna operating at the desired lower 

frequency band suitable for a 3.5-GHz application from which 

the proposed antenna is obtained. 

Step-3 (Ant2): In this step, a semi-circular patch antenna 

(Ant2) is produced by removing the lower half circle of Ant1. 

Thus, the size of Ant2 𝐿 𝑊  is the substrate length 𝐿 17 mm, which is lower than that of Ant1 by the value 

of a circular patch radius 𝑅 7 mm, and its substrate width 𝑊  is the same as that for Ant1, 18 mm—that is, there is a 

gain in size reduction of 32%. As shown in Fig. 3, Ant2 reso-

nates at 𝑓 4.23 GHz. It can be noticed from this figure that 

the three previously designed antennas (Ant0–Ant2) cover a 

single band at the following resonant frequencies: 5.8, 3.5, and 

4.23 GHz; and thus a modification must be made on Ant2 for 

possessing a dual-band characteristic. 

Step-4 (Ant3): In this fourth and final step of the design pro-

cedure, the proposed antenna (Ant3) is obtained by adding a 

folded U-shaped slot structure on the lower side of the semi-

circular patch of Ant2, as shown in Fig. 2. It can be noted from 

Fig. 3 that the proposed antenna covers the desired bands: 3.5-

GHz WiMAX band (3.4–3.7 GHz), and 5.8-GHz WLAN 

ISM band (5.725–5.875 GHz). The proposed antenna has ex-

quisite features, such as a simple structure, miniaturized dimen-

sions (17 × 18 × 0.8 mm3), and easy fabrication. 

III. PARAMETRIC STUDY AND ANALYSIS 

In this section, the return loss performance of the proposed 

dual-band antenna is examined by analyzing its important key 

geometrical parameters, and interesting conclusions can be 

drawn from these analyses. These parameters include a half-

circle patch radius 𝑅, the CPW feedline length 𝐿 , and the 

ground length 𝐿 , in addition to U-shaped slot parameters 

(major and minor widths, 𝑤  and 𝑤 , respectively, the length 𝑙 , the width 𝑡, and the distance 𝑑, from which the slot is cut 

from the patch). In order to study the impact of varying the 

aforementioned parameters on return loss, only one target pa-

rameter is varied at a time, whereas all other geometrical para-

meters retain their same values, as in Table 1. 

Figs. 4 and 5 show the impact of the variation of the follow-

ing geometrical parameters, 𝑅, 𝐿 , 𝐿 , and U-shaped slot pa-

rameters (𝑤 , 𝑙 , 𝑤 , 𝑑, and 𝑡), on the simulated reflection 

coefficient, respectively. One can notice from these figures that 

the variation of each of the abovementioned parameters has a 

different impact on the two resonant modes excited on the an-

tenna, the first and second resonance frequencies, 𝑓  and 𝑓 , 
and their corresponding level of return loss, 𝑆  and 𝑆 , re-

spectively. Table 2 summarizes the effect of these eight parame-

ters on both resonant frequencies, for which the following nota-

tion is used: slight increase (↑), strong increase (↑↑), slight de-

crease (↓), strong decrease (↓↓), and approximately negligible 

change ( ). 

It can be seen from Figs. 4(a)–(c) and the three pink-shaded 

rows in Table 2 for parameters 𝑅, 𝐿 , and 𝐿  that 𝑓  of the 

Table 2. Simulated influence of geometrical parameters of the antenna on reflection coefficient peak frequencies 

Parameter Variation range (mm) Step size (mm) 

Frequency shift Reflection coefficient shift 𝑓  𝑓  𝑆  𝑆  𝑅 7.50–9.00 0.50 ↓ ↑ ↓ ↓𝐿  6.00–9.00 1.00 ↓ ↓ ↑ ↓↓𝐿  2.00–5.00 1.00 ↑ ↑ ↑ ↑𝑤  9.00–12.00 1.00 ↓ ↓↓ ↓ ↑𝑑 0.50–2.00 0.50 ↑ ↓↓ ↑ ↑↑𝑤  1.25–2.00 0.25 ↓  𝑙  2.00–3.50 0.50 ↓↓  𝑡 0.25–1.00 0.25 ↑↑  ↑↑
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(a) 
 
 

(b) 
 

(c) 

Fig. 4. Impact of varying (a) the half-circle patch, (b) the feed 

length, and (c) the ground length on the reflection coeffi-

cient. 
 

lower band is slightly decreased with increasing 𝑅 and 𝐿 , and 

is slightly increased with increasing 𝐿 . Meanwhile, 𝑓  of the 

higher band is slightly increased with increasing 𝑅 and 𝐿 , and 

is slightly decreased with increasing 𝐿 . Thus, there is a slight 

shifting in both resonance frequencies of the lower and higher 

band, but with acceptable values of their return losses, 𝑆  and 𝑆 , respectively, when 𝑅, 𝐿 , or 𝐿  is varied.  

As mentioned earlier, one objective of slot loading is to make 

the proposed antenna operate on an additional higher-order 

mode, and it is easily controlled by slot dimensions without af-

fecting the dominant lower resonant mode patch antenna. This 

concept is investigated by studying the effect of varying U-

shaped slot dimensions (𝑤 , 𝑙 , 𝑤 , 𝑡, and 𝑑, which are dis-

played as five green-shaded rows in Table 2) on the reflection 

coefficient of the proposed antenna. The main idea behind using 

the proposed slot-loading technique can be clarified with the aid 

of plotting the surface current distribution at the higher- and 

lower-order modes of the patch antenna. 

It can be observed from Table 2 and Fig. 5(a) that the effect 

of increasing the major slot width 𝑤  from 9 to 12 mm 𝑓  

(𝑓 ) is strongly (slightly) decreased, and its 𝑆  (𝑆 ) is slightly 

increased (decreased). Fig. 5(b) shows the impact of sweeping 

the slot distance 𝑑 from 0.5 to 2 mm on the return loss of the  
 

 

(a) 
 

(b) 
 

(c) 
 
 

(d) 

(e) 

Fig. 5. Impact of sweeping (a) the major width 𝑤 , (b) the distance 

location 𝑑, (c) the minor width 𝑤 , (d) the length 𝑙 , and 

(e) the thickness 𝑡 of the U-slot on the reflection coeffi-

cient of the proposed antenna. 
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antenna. It can be seen from this figure that increasing 𝑑 causes 𝑓  (𝑆 ) to strongly decrease (increase), whereas both 𝑓  and 𝑆  are slightly increased. On the other hand, it can be seen 

from Fig. 5(c), (d), and (e) that the minor slot width and length, 𝑤  and 𝑙 , and the thickness 𝑡, respectively, play a main role in 

strongly controlling the shifting of higher resonant frequency 𝑓  without any affect on either the lower resonant frequency 𝑓  or on the peaks of return loss at 𝑓  and 𝑓 —that is, 𝑆  

and 𝑆 , respectively. 

To confirm that the antenna prototype operates over two dif-

ferent frequency bands, Figs. 6 and 7 show the simulated reflec-

tion coefficient curves and the surface current distribution on 

the metallic region for the proposed antenna, with and without 

a U-slot structure. It can be seen from Fig. 6 that when an an-

tenna is loaded by a U-slot, two resonance frequencies appear in 

the frequency response; in the case where the U-slot is not used, 

only one resonance mode is excited by the antenna. As expected, 

the behavior of the surface current distribution at 𝑓3.5 GHz (Fig. 7(a)) significantly differs from that at 𝑓5.8 GHz (Fig. 7(b)) when the U-slot is used. As seen from Fig. 

7(a), at a low resonant frequency of 3.5 GHz, the maximum 

current (appearing as a red color) flows from the SMA connect-

or toward the half-circle patch antenna’s radiator via the CPW 

feedline, concentrating around the edges of the U-slot structure. 

Thus, the guided wavelength 𝜆  and the effective path of the 

current to flow at 𝑓 3.5 GHz, 𝐿 , are calculated as 
 

 𝐿 𝐿 0.5𝑤 𝑙 𝑤 𝑑              (2a) 𝜆 𝑐/𝑓 √𝜖                       (2b) 
 

where c is the speed of light in free space. By substituting in Eq. 

(2) the specified parameters listed in Table 1, one can get 𝐿 ≅19.25 mm, which is nearly equal to 𝜆 20.60 mm.  

In the same manner, the surface current at higher resonant 

frequency 𝑓 5.8 GHz still flows to the top of the radiating 

structure (Fig. 7(b)), but it is significantly concentrated (red col-

or) around the edges of the U-slot, moderately distributed 

(green color) at the CPW stripline, and nearly no current flows 

(blue color) at the region above the center of the U-slot struc- 

 

Fig. 6. CST simulated reflection coefficient curves of proposed 

antenna, with and without the U-slot. 

 

(a) (b) 
 

(c) (d) 

Fig. 7. Simulated surface current distributions for the proposed 

antenna with a U-slot at (a) 3.5 GHz and (b) 5.8 GHz, 

and without a U-slot at (c) 3.5 GHz and (d) 5.8 GHz. 

Red color represents maximum, blue color represents min-

imum, and green color represents moderate current. 

 

ture. Thus, the nearest region to the slot structure represents the 

effective path 𝐿  over which the surface current at 𝑓5.8 GHz flows. The value of 𝐿  and the guided wavelength 

at 𝑓  are calculated as  
 𝐿 0.5𝑤 𝑙 𝑤                   (3a) 𝜆 𝑐/𝑓 √𝜖                      (3b) 

 

and from (3), it is found that 𝐿 ≅ 10.25 mm, which is close 

to one-half of 𝜆 —that is, 𝜆 12.45 mm.  

On the other hand, as can be seen from Fig. 7(c) and (d), for 

the case without using the U-slot structure, there is more cur-

rent to flow (red color) at the two side edges of the CPW-fed 

stripline nearer to the resonant frequency 3.5 GHz (Fig. 7(c)), 

and no current (blue color) flows at 5.8 GHz (Fig. 7(d)). There-

fore, it is clear from the previous discussion that inserting proper 

dimensions of the U-slot structure into the half-circle patch 

plays a key role for the proposed antenna to operate over the 

desired DB frequency ranges. 

IV. EXPERIMENTAL AND SIMULATED RESULTS  

AND DISCUSSION 

In the previous section, the proposed antenna was successfully 

designed to cover the desired bands using a full-wave CST 

MWS simulator. In this section, a commercially, widely known 

software tool—namely, HFSS—is used to validate the simulated 
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return loss S11, and a measured result of the fabricated prototype 

is compared with the simulated results. Then, the performance 

of the antenna, such as far-field characteristics, gain, efficiency, 

and radiation patterns, using CST and HFSS software is dis-

cussed. Finally, a comparison of the proposed antenna with oth-

er reported antennas is addressed 

 

1. Reflection Coeff icient 

To validate the CST and HFSS simulated results in terms of 

reflection coefficient 𝑆 , an optimized version of the proto-

type designed antenna, with a miniaturized size of 17 × 18 × 

0.8 mm3, was fabricated on an FR4 substrate as shown in Fig. 8. 

An Agilent/HP N9923A 6 GHz Handheld RF vector network 

analyzer (VNA) was used for obtaining the measured result. 

The comparison of the simulated and measured 𝑆  of the 

fabricated antenna is displayed in Fig. 9. 

As can be seen from Fig. 9, good agreement between the 

CST and HFSS simulated results were obtained, and a slightly 

marginal deviation in these simulated results can be attributed 

to differences in the numerical methods and boundary condi-

tions used by the two simulator programs.  The measured and 

simulated results are nearly identical over the two operating 

bands, and the slight difference between them is due to the un-

certainty in relative permittivity, heights, and properties of avail-

able dielectric materials, or due to inaccuracies in the fabrication 

process. Table 3 summarizes the simulated and measured fre- 

 
 

 

(a) (b) 

Fig. 8. Prototype of the proposed dual band antenna: (a) front view 

and (b) back view. 

 
 

Fig. 9. Comparison of measured and simulated 𝑆 . 

Table 3. Comparison of the measured and simulated CST 

MWS and HFSS results of the frequency bands cov-

ered by the proposed antenna (unit: GHz) |𝑆11|  dB  

Band 1 Band 2𝑓𝑟1 𝑓𝐿1 𝑓𝐻1  𝑓𝑟2 𝑓𝐿2 𝑓𝐻2
CST 3.50 3.30 3.71 5.80 5.70 5.94

HFSS 3.50 3.35 3.71 5.85 5.69 > 6.00

Measured 3.45 3.33 3.78 5.76 5.65 5.87

 

quency bands covered by the antenna in terms of resonant fre-

quency (𝑓  and 𝑓 ), lower frequency (𝑓  and 𝑓  , and high-

er frequency (𝑓  and 𝑓   for band 1 and band 2, respectively. 

It can be observed from Fig. 9 and Table 3 that the simulated 

band 1 is 3.5 GHz (3.30–3.71 GHz) using CST and 3.5 GHz 

(3.35–3.71 GHz) using HFSS, whereas the measured band 1 is 

3.45 GHz (3.33–3.78 GHz). The simulated band 2 is 5.8 GHz 

(5.70–5.94 GHz) and 5.86 GHz (5.69–greater than 6 GHz) 

using CST and HFSS, respectively, and the measured result is 

5.76 GHz (5.65–5.87 GHz). Hence, the proposed antenna suc-

cessfully covers the desired bands required by WiMAX and 

WLAN systems. 

 

2. Far-field Radiation Performance 

Regarding the study of radiation properties, Fig. 10 elucidates 

the CST (right) and HFSS (left) three-dimensional (3D) simu-

lated gain radiation patterns of the proposed antenna at the res-

onant frequencies of 3.5 and 5.8 GHz. At both the lower fre-

quency, 3.5 GHz (Fig. 10(a)), and higher frequency, 5.8 GHz 

(Fig. 10(b)), a radiation pattern close to the conventional mono-

pole antenna pattern is exhibited by the proposed antenna with  
 

(a) 

(b) 

Fig. 10. Comparison between CST (right) and HFSS (left) simu-

lated 3D radiation patterns of the proposed antenna at two 

frequencies: (a) 3.5 GHz and (b) 5.8 GHz.  
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an omnidirectional characteristic in the azimuthal (xz-plane or 𝜙  0°), and a butterfly-shaped pattern in the elevation (yz-

plane or 𝜙  90°) with null radiation is exhibited along the y-

axis. It is clear from this figure that there is good agreement be-

tween CST and HFSS simulated results for the 3D radiation 

patterns of the antenna. 

For further validation and comparison purposes, Fig. 11 

shows the CST and HFSS simulated two-dimensional (2D) 

radiation patterns of the antenna at 3.5 and 5.8 GHz in the two 

fundamental cut planes: E- or xz-pane, and H- or yz-plane. 

At the lower frequency (Fig. 11(a)) and higher frequency (Fig. 

11(b)), an almost (nearly) similar 2D gain radiation pattern in 

both the E- and H- planes can be seen, as omnidirectional and 

figure-eight-shaped pattern behavior, respectively, is observed 

for the CST and HFSS software. As deduced from the above-

mentioned study of the surface current characteristic, the radia-

tion behavior of the prototype antenna further confirms that 

both the semi-circular patch radiator and the U-shaped slot 

structure act like a half-wave bipolar at 3.5 and 5.8 GHz. More-

over, the total values of 3D gain achieved from the antenna 

along the maximum radiation at 3.5 and 5.8 GHz are 1.58 dB 

(1.84) and 0.94 dB (1.37 dB), respectively, for the HFSS (CST) 

EM simulator. 

 

3. Realized Gain and Efficiency 

The simulated peak realized gain and efficiency for the pro-

posed antenna at both the desired lower and upper frequency  

 
 

(a) 
 
 

(b) 

Fig. 11. Comparison between CST and HFSS simulated 2D radia-

tion patterns of the proposed antenna at two frequencies: 

(a) 3.5 GHz and (b) 5.8 GHz. 

bands (3.4–3.7 GHz and 5.725–5.875 GHz) are plotted in Fig. 

12. As seen from Fig. 12(a), using CST (HFSS), a maximum 

gain of 1.83 dB (1.58 dB) and 1.37 dB (0.94 dB) at 3.5 and 5.8 

GHz, respectively, is achieved, and the gain ranges in the lower 

and upper bands are 1.32–1.57 dB (1.12–1.43 dB) and 0.79–

1.41 dB (0–1.22 dB). Thus, nearly acceptable results are ob-

tained from the simulated realized gain of the antenna using the 

CST and HFSS programs.  

Fig. 12(b) shows the plot of total efficiency at the desired 

aforementioned lower and upper frequency bands. As is clear 

from Fig. 12(b), a maximum efficiency of 94.2% (97.6%) and 

79.2% (84.1%) at 3.5 and 5.8 GHz, respectively, is gained, and 

the ranges of efficiency in the lower and upper bands are 84.6%–

87.8% (82.2%–85.6%) and 68.4%–80.9% (82.1%–85.2%) using 

CST (HFSS). 

 

4. Comparison of Proposed Antenna with Other Reported An-

tennas 

Table 4 provides a comparison between the proposed antenna 

and some other reported compact dual-band antennas from the 

open literature. In Tale 4, 𝜆  is calculated at the lower frequen-

cy in the first band. As can be observed from Table 4, the pro-

posed antenna has a miniaturized size of 𝐴  306 mm  or 0.0413𝜆 , which is considered the smallest area among the 

published antennas’ areas 𝐴  listed in Table 4. Hence, a gain 

in the criterion of relative area 𝐴 , which is calculated by divid-

ing 𝐴  in 𝜆  by 𝐴  in 𝜆 , results in 𝐴 0.73 

being achieved by the proposed antenna with respect to the 

smallest area of the reported antenna in literature [10]. 
 

(a) 
 

(b) 

Fig. 12. Comparison between CST and HFSS simulated results: (a) 

gain and (b) efficiency. 
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V. CONCLUSION 

A miniaturized CPW-fed SCSA is proposed for operation at 

3.5-GHz WiMAX and 5.8-GHz WLAN ISM band systems. 

A thin folded U-shaped slot structure was employed for gener-

ating the higher resonance frequency to cover the 5.8-GHz 

band. The effects of varying various design parameters on the 

antenna’s frequency bands were comprehensively addressed. A 

valuable conclusion was drawn from this study that via the 

proper insertion of an optimized slot structure in the patch, the 

proposed antenna has the ability to easily generate the second 

resonant frequency with sufficient bandwidth without affecting 

the first resonant frequency in the lower band.  

The antenna model was designed by using the full-wave CST 

MWS program, and the simulated results were validated by 

using the HFSS simulator; good agreement between these re-

sults was achieved. The simulated and measured results of the 

fabricated prototype structure are also in good agreement, con-

firming that the designed antenna is useful for compact, multi-

standard WiMAX and WLAN applications. 
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