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Abstract
This communication presents a novel, low-profile coplanar waveguide (CPW)-fed dual-band microstrip antenna for wireless 
applications. The proposed antenna consists of an inverted L-shaped slot radiator coupled with a U-shaped ground plane 
and two vertical ground terminals. It is implemented on FR4-epoxy dielectric substrate material (εr = 4.4, tan δ = 0.02) with 
dimensions of 56  × 56 mm2 and generates two desired resonant frequencies at about 2.40 GHz and 3.48 GHz for WLAN 
and WiMAX applications, respectively. The antenna shows two distinct bands, first from 2.34 to 2.54 (200 MHz at −20 dB) 
and second from 3.25 to 3.60 (350 MHz at −12 dB), which cover the entire WLAN (fc = 2.4 GHz, 2.400–2.484 GHz) and 
WiMAX (fc = 3.5 GHz, 3.400–3.690 GHz) bands. This work aims to combine WLAN and WiMAX communication standards 
simultaneously into a single device by designing a single antenna that can excite dual-band operation. Also, numerical find-
ings are presented for the antenna's return loss and 2D radiation patterns. Good agreement between measured and simulated 
outcomes is established. The results indicate that the proposed antenna, which performs well, may be appropriate for WLAN/
WiMAX applications, including those involving portable electronics and emerging technologies.
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Introduction

Wireless local-area networks (WLAN) and Worldwide Inter-
operability for Microwave Access (WiMAX) are commonly 
used by mobile devices such as handheld computers and 
smartphones to access the Internet. The WLAN/WiMAX 
modules which are utilized to access these environments 
are able to function over a number of frequency bands. The 
most common options for these devices are microstrip patch 
antennas because of their appealing properties, including 

easy feeding, low profile, affordable production, and ease 
of integration. The WLAN and WiMAX frequencies speci-
fied by the Federal Communications Commission (FCC) are 
respectively centered at 2.4 GHz, 5.2 GHz, and 5.8 GHz 
and 2.5 GHz, 3.5 GHz, and 5.5 GHz. For WLAN/WiMAX 
applications, a variety of microstrip antennas with various 
shapes have been experimentally studied to minimize size 
and increase bandwidth.1–4 Coplanar waveguide (CPW)-fed 
wide slot antennas have received much attention and are 
being increasingly used because of the advantages of wide 
bandwidth, low profile, planar geometry, and easy integra-
tion with monolithic microwave integrated circuits and sta-
ble radiation patterns.5–7

A nonuniform meander-line and a fork-type ground 
were proposed for triple-band WLAN applications by Wu 
et al.8 To enhance the bandwidth, a dual-wideband mono-
pole antenna was realized with a parasitic patch using an 
electromagnetic coupling mechanism to cover the entire 
WLAN and WiMAX bands.9 An asymmetric M-shaped 
patch was used to design a triple-band antenna, and vias on 
the long arm of the patch are used for the purpose of com-
pactness.10 A compact wideband monopole antenna with 
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enough bandwidth to cover the WLAN operating bands was 
obtained by Huang and Yu.11 A CPW-fed printed mono-
pole antenna with an n-shaped slot for dual-band operation 
was presented by Fan et al.12 An asymmetric coplanar strip 
(ACS)-fed structure was introduced by Li et al.13

For dual-, triple-, and quad-band applications, CPW-fed 
patch antenna designs with various structural form have been  
proposed. As reported in previous works,14–16 slot-loading 
techniques have been used to minimize the size of a patch 
antenna and create multiband functioning within a certain 
frequency range. Size reduction and impedance matching are 
accomplished using substrate material and slot approaches 
for numerous communication systems, as reported by Singh 
et al.17 Therefore, several microstrip antenna designs for 
both WLAN and WiMAX applications have been proposed 
in order to develop an antenna that covers multiband and 
broadband operations. Most of these designs, like CPW-
fed patch monopole and defected ground structure (DGS) 
antenna approaches, are based on slot antennas and fed by 
a CPW.18

In this work, a simple configuration of a CPW-fed dual-
band microstrip antenna is proposed to cover the operational 
bands of WLAN and WiMAX. The proposed antenna con-
sists of an inverted L-shaped slot radiator coupled with a 
U-shaped ground plane and two vertical ground terminals 
of the same thickness that are etched on a square patch to 
achieve dual-band operation. The design and analysis are 
performed using the CST MICROWAVE STUDIO  full-
wave electromagnetic simulator. In order to validate the 
technical proposal, the optimized antenna is realized and 
measured. The proposed antenna with a compact size 
of 56 × 56 mm2 generates two desired resonant frequen-
cies at around 2.40 GHz (2.34–2.54 GHz) and 3.48 GHz 
(3.25–3.60 GHz), and provides good omnidirectional radia-
tion patterns. The measured and simulated return loss of the 
antenna is presented.

The details of the antenna design and the simulated 
results are presented and discussed in the following sec-
tions. The dimensions and evolution process of the proposed 
antenna are introduced in the "Introduction" section. In the 
"Antenna Geometry and Design Steps" section, a parametric 
study is carried out to determine the effects of the different 
parameters of the antenna and to obtain an optimal design 
structure. The results of the measurement are given in the 
"Parametric Study of the Proposed Antenna" section, and 
then the conclusion is presented in the "Results and Discus-
sion" section.

Antenna Geometry and Design Steps

Antenna Geometry

The shape of the proposed CPW-fed square patch antenna 
is depicted in Fig. 1d, with geometrical design parameters. 
The proposed antenna (step-4) was designed on an FR4 
substrate with a thickness of 0.76 mm, dielectric constant 
(εr) = 4.3, loss tangent (tanδ) of 0.017, and overall dimen-
sions of 56 (L) × 56 (W) mm2. An inverted L-shaped radia-
tor stub and square ring ground plane with a thickness of 
0.08 mm are implanted on the upper layer of the substrate. 
The outer dimensions of the square ring are 56 × 56 mm2 
and the inner dimensions are 40  × 40 mm2, with a U-shaped 
ground plane and two vertical ground terminals. The radiat-
ing patch is made of an inverted L-shaped stub with a thick-
ness of 5.7 mm and lengths LX and LY of 30 mm in both 
directions with 50 Ω impedance.

Design Steps

Figure 1a, b, c and d illustrates the evolution of several 
prototypes of the antenna which have been developed and 

Fig. 1   Design steps of the CPW-fed broadband square slot antennas. 
(a) Design step-1: antenna-1, inverted L-shaped CPW-fed-line cou-
pled with U-shaped ground terminal. (b) Design step-2: antenna-2, 
simplified step-1 structure with straight-line lower-ground tuning 

stub. (c) Design step-3: antenna-3, simplified step-2 structure with 
straight-line upper-ground tuning stub. (d) Proposed design step-4: 
Proposed antenna-4, modified with both lower and upper ground ter-
minals.
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investigated. The antenna design in step-1 simply used an 
inverted L-shaped CPW-fed line coupled with a U-shaped 
ground terminal, shown in Fig. 1a. The step-2 design used 
a simplified structure of step 1 with a vertical straight-line 
lower-ground terminal tuning stub, as shown in Fig. 1b, 
and in the step-3 design, the author merely simplified the 
antenna-2 structure with a vertical straight-line upper-
ground terminal tuning stub, shown in Fig. 1c. In step-4, the 
author adapted the antenna-2 and antenna-3 structures with 
both lower- and upper-ground terminals, shown in Fig. 1d. 
The simulated results of the impedance bandwidth (IBW) 
and return loss (S11-parameter) demonstrated in Fig. 2a, b, 
c and d reveal that the wideband performance is controlled 
by four-resonant-mode geometry.

The antenna design steps are investigated for dual-band 
applications with various geometrical configurations as 
shown in Fig. 1a, b, c and d. The obtained results show that 
the first resonant frequency (fr1) is approximately fixed at 
3.5 GHz, and the second resonant frequency (fr2) is shifted 
towards the lower-frequency range near 2.5–1.8 GHz, as dis-
played in Fig. 3. The optimal values (|S11|) of several proto-
types of the antenna are listed in Table I.

Parametric Study of the Proposed Antenna

To obtain optimal antenna performance, parametric research 
is important for understanding how each parameter affects 
the outcomes of the antenna. This study, during which just 
one parameter is varied and the others are fixed, is based on 
antenna design step-1 to step-4. The effects of the antenna 
size on the impedance bandwidth and the frequency range of 
the antenna are explored using a variety of factors.

Performance of |S11| Parameter

The length of ground terminal stub resonators is widely con-
sidered during the design of the antenna to achieve the num-
ber of resonant frequencies and bands of CPW-fed antennas. 
Resonant frequencies and bands can be controlled by chang-
ing the length of the ground terminal stubs according to the 
user requirements.18 The parametric study is based on an 
inverted L-shaped radiating stub coupled with a symmetrical 
U-shaped ground plane and two vertical ground terminals.

The effects of the resonant path length (inverted-L length 
in x-direction, LX) on the return loss |S11| of antenna-1 (step-
1) are displayed in Fig. 4. The length of the stub (Lx) var-
ies from 25 mm to 30 mm. The fundamental resonant fre-
quency (fr1) is approximately 3.5 GHz for the entire range 
from 26 mm to 29.75 mm for the single-band operation. 
The variation in the |S11| parameter of antenna-1 for step-1 
is illustrated in Fig. 4.

The effects of the resonant path length (lower vertical 
ground terminal, LLT) on the return loss |S11| of antenna-2 
(step-2) are presented in Fig. 5. The stub length is varied 
with the help of the lower vertical ground terminal (LLT). 
The LLT is changed as 9.50 mm to ≤ LLT ≤ 11.50 mm. The 
stability of magnitude of |S11| increases as the length of LLT 
is increased. The two resonant frequencies are found for 
dual-band application as fr1 = 3.4 GHz and fr2 = 1.8 GHz 
for the first and second bands operation. The variation in 
the return loss of the step-2 antenna is displayed in Fig. 5. 
The length of the lower vertical ground terminal stub is opti-
mized at LLT = 9.5 mm, 10.0 mm, 10.5 mm, 11.0 mm, and 
11.5 mm, with fixed inverted-L stub length.

The length of the upper vertical ground terminal (LUT) 
stub is varied to analyze the characteristics of antenna-3 
(step-3). The stub length used to enhance the |S11| charac-
teristics with the ground stub LUT variation (14.50 mm ≤ 
(LUT) ≤ 16 mm) are presented in Fig. 6. A significant change 
in resonant frequencies fr1 (1.3 GHz), fr2 (2.15 GHz), and fr3 
(3.6 GHz) occurs for the first, second, and third bands. The 
Opti-1 result proves that LUT = 16 mm produces wide IBW 
with a maximum magnitude of |S11| and fixed inverted-L 
stub length (LX).

The optimal length of the U-shaped arms (UXA) stub with 
two vertical ground terminals, namely lower (LLT) and upper 
(LUT), can be used for the best |S11| characteristics of the pro-
posed antenna (step-4). The variation in the length of plane 
ground stub UXA in the range of 23 mm ≤ UXA ≤ 26 mm, 
with a fixed length of vertical ground terminals (LLT/LUT) 
and (LX), used to improve the |S11| characteristic is presented 
in Fig. 7. In the step-4 design, the first resonant frequency 
(fr1) is fixed at 3.5 GHz and the second resonant frequency 
(fr2) is shifted to lower bands ranging from 2.4 GHz to 
2.25 GHz according to optimization (From Opti-1 to Opti-5) 
of the length of UXA. When the length of stub UXA is taken 
as 26 mm, the antenna produces appropriate resonant fre-
quencies fr1 and fr2 which are close to each other at 2.5 GHz 
(− 27 dB) and 3.5 GHz (− 38 dB) for WiMAX bands, as 
displayed in  the Opti-1 result in Fig. 7.

Results and Discussion

Return Loss

The performance and results of the proposed antenna-4 were 
measured with the CST EM Studio version 17 simulator 
and vector network analyzer (N5224B). The parametric 
analysis of the antenna, which is expected for WLAN and 
WiMAX broadband antennas, is carried out and presented 
in Fig. 8(a, b). Simulated and measured results (return loss, 
S11 ≤−10 dB) of antenna-4 are in reasonable agreement, 
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Fig. 2   Optimal values of |S11| parameter for all design steps: (a) step-1, (b) step-2 (c) step-3, and (d) step-4.
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and the best value of IBW can reach 47.46% (1.40 GHz, 
2.25–3.65 GHz), as displayed in Fig. 8a and b.

The measured return loss of antenna-4 ensures a dual-
band operation as shown in Fig. 8b, which indicates resonant 
frequency (fr1) of 3.5 GHz with −28 dB return loss and 
an impedance bandwidth of 350 MHz (3.25–3.60 GHz) at 
−15 dB. The second resonant frequency (fr2) is 2.4 GHz 
with −58 dB return loss and an impedance bandwidth of 
200 MHz (2.34–2.54 GHz). Thus, the proposed antenna-4 
shows the desired dual-band characteristics, and these are 
WLAN and WiMAX bands (Table II).

Radiation Pattern

The radiation pattern of an antenna is a graphical represen-
tation of the radiation properties of the antenna. The simu-
lated E-plane and H-plane radiation patterns of the CPW-fed 
antenna-4 with two resonant frequencies of 2.5 and 3.5 GHz 
are presented in Fig. 9.

Figure 9a and b depicts far-field co-polarization pat-
terns in the E-plane (ϕ = 0°) and H-plane (ϕ = 90°), 
respectively at 2.5 GHz. It can be seen that the antenna 
has bidirectional co-polarized patterns for the WLAN 

Fig. 3   Comparison of |S11| parameter from design step-1 to step-4.

Table I   Best electrical 
performance |S11| comparison of 
the design antennas

Antenna design 
steps

Resonant frequency (fr) and impedance bandwidth (IBW)

fr1
(GHz)

IBW1 (S11 ≤−10 dB)
(GHz, −dB)

fr2
(GHz)

IBW2 (S11 ≤−10 dB)
(GHz, −dB)

Bands

Step-1 3.50 2.80–3.75, 10 − − Single
Step-2 3.40 2.75–3.65, 10 1.80 1.75–1.85, 10 Dual
Step-3 3.48 3.20–3.65, 10 2.05 1.95–2.20, 10 Dual
Step-4 3.50 3.35–3.60, 15 2.50 2.35–2.75, 15 Dual

Fig. 4   |S11| performance of antenna design step-1 under development investigation.
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band. Figure 9c and d illustrates that the co-polarization 
patterns of antenna-4 are fairly improved at 3.5 GHz as 
compared to 2.5 GHz in the E-plane and H-plane, respec-
tively. At 3.5 GHz frequency, the proposed antenna-4 

has omnidirectional radiation patterns in both the E- and 
H-plane for the WiMAX band.

Fig. 5   |S11| performance of antenna design step-2 under development investigation.

Fig. 6   |S11| performance of antenna design step-3 under development investigation.

Fig. 7   |S11| performance of antenna design step-4 under development investigation.
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Current Density

To better understand the antenna performance, the surface 
current density of the dual-band proposed antenna-4 at 
frequency of 2.5 GHz and 3.5 GHz is simulated and illus-
trated in Fig. 10a and b, respectively. In Fig. 9a, the current 
density at 2.4 GHz is observed along with lower and upper 
vertical ground terminals and the near-to-gap area between 
the inverted L-shaped radiating patch and ground plane. 

Fig. 8   Simulated and measured return loss of proposed antenna: (a) simulated, (b) measured.

Table II   Performance comparison of simulated and measured data of 
proposed antenna-4

Results fr (GHz) S11 (−dB) IBW (GHz) at 
−dB

Gain (dB)

Simulation 
(CST)

3.5 38 3.35–3.60, 
−15 dB

4

2.5 27 2.35–2.75, 
−15 dB

2

Measurement 3.5 28 3.25–3.60, 
−15 dB

–

2.4 58 2.34–2.54, 
−20 dB

–

Fig. 9   Radiation patterns of proposed antenna: (a) 2.5  GHz and (b) 
3.5 GHz.
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Similarly, it can be seen from Fig. 10b that at current den-
sity of 3.5 GHz, a large surface current density is observed 
along the L-shaped radiating patch.

Gain

The gain of the antenna is equal to the directivity of the 
antenna times its efficiency. The gain represents the focus-
ing power of the antenna including its losses. Although the 
directivity of an antenna is often reported, very often its 
maximum gain is quoted. Figure 11 shows the maximum 
gain of antenna-4, which is approximately 2.0 dB at 2.5 GHz 
and 4.0 dB at 3.5 GHz.

Table III compares the performance of the final optimized 
antenna with previously reported antennas8–16 fabricated on 
the same dielectric substrate (FR4, �r = 4.4, tan δ = 0.02) 
for a fair comparison. Although the size of the proposed 

antenna-4 is approximately the same as those previously 
reported,9,10,12,15 the IBW is higher.

Conclusions 

The proposed novel dual-band CPW-fed antenna suitable 
for compact wireless communication devices in WLAN and 
WiMAX standards has been successfully simulated. This 
antenna is fabricated using FR4 substrate with dimensions 
of 56 × 56 × 0.76 mm3. It has a simple structure and is easy 
to fabricate due to its planar structure. Moreover, the simu-
lated and measured results confirm that the antenna is able 
to cover two bands of operation. The experimental results 
confirm that this antenna has two bands at 2.34–2.54 GHz 
and 3.25–3.60 GHz and two resonant frequencies at 2.4 GHz 
and 3.48 GHz, which cover the WLAN band (2.4 GHz) and 
WiMAX band (3.5 GHz), respectively; hence it effectively 

Fig. 10   Current density of proposed antenna at 2.5 GHz and 3.5 GHz.

Fig. 11   Gain of proposed antenna at 2.5 GHz and 3.5 GHz.
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integrates both standards with a single miniature device. 
This antenna provides gain of 2.0 dB and 4.0 dB at 2.5 GHz 
and 3.5 GHz, respectively. In addition, the proposed antenna 
achieves omnidirectional radiation patterns in the E/H-plane 
at 3.5 GHz and bidirectional in the E/H-plane at 2.5 GHz.
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