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Abstract — In this paper, a microstrip fed printed antenna for WLAN and WiMAX wireless communication applications is 
presented. The proposed antenna is simply composed of a rectangular patch with two straight open-ended slots and a ground 
plane. By adjusting the positions and the sizes of these slots, three different current paths can be created for desired frequency 
bands. A prototype of the proposed antenna was fabricated and measured. Measured results show that the antenna can provide 
triple-band operation with -10dB impedance bandwidths of 100 MHz (2.4-2.5 GHz), 500 MHz (3.25-3.75 GHz), and 610 MHz (5.22-
5.83 GHz), covering 2.4/5.2/5.8 GHz WLAN and 3.5/5.5 GHz WiMAX bands. In addition, monopole-like radiation patterns and 
stable antenna gains across the operating bands have been obtained. 
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I. INTRODUCTION 

In recent years, wireless local area network (WLAN) and 
Worldwide Interoperability for Microwave Access 
(WiMAX) technologies have been widely applied in mobile 
devices. It leads to a great demand of multiband and compact 
antennas for more than one communication standards. With 
advantages of simple structure, low profile, and easiness of 
fabrication, printed monopole antenna has become the most 
promising candidate for multiband antenna design. Various 
types of printed antenna have been proposed to achieve 
multiband functions and applications [1-6]. However, some 
of them can only cover parts of the WLAN and WiMAX 
band, such as the monopole antennas [1-3] and the slot 
antennas [4-6]. Antennas were proposed to cover the whole 
required bands such as C-shaped and S-shaped meander 
strips monopole antenna [7], opened rectangular ring with 
asymmetrical L-shaped antenna [8], and using defected 
ground structure (DGS) antenna [9]. In [8], the designed 
antenna has a relative large overall size of 37 mm× 42 mm. 
Antennas [7], [9] have complex structure. These antennas 
having either a complex structure or a large size [7-11], are 
not suitable to the portable wireless terminal with limited 
space. Furthermore, triple-band antenna [12], [13] with too 
wide bandwidth may cause interference with other 
communication systems such as UWB and X-band satellite 
communications.  

In this letter, a compact printed antenna for 
WLAN/WiMAX applications is presented. The monopole 
antenna consists of a rectangular radiator with two straight 
open-ended slots; a micro strip feed line and a rectangular 
ground.  

By properly selecting dimensions of the proposed 
antenna, triple resonant modes with suitable bandwidth can 
be obtained. An experimental prototype has been fabricated 
and measured to validate the proposed design. The 
measurements show that the antenna can sufficiently covers 
the 2.4/5.2/5.8 GHz WLAN and 3.5/5.5 GHz WiMAX 

bands. What is more, the antenna has monopole-like 
radiation patterns and stable antenna gains across the 
operating bands. Details of the design and experimental 
results are presented and discussed in Section 2 and 3. 

II. ANTENNA DESIGN 

Geometry of the triple-band monopole antenna is shown 
in Fig 1. The proposed antenna is fabricated on a 1.0 mm 
thick FR-4 substrate with relative permittivity of 4.4, and 
loss tangent of 0.02. The overall dimension of this antenna is 
30 mm (L) × 20 mm (W) × 1.0 mm (H). The width of the 
micro strip feed line (wf) is calculated and fixed as 2.5 mm. 
The proposed antenna is simulated and optimized by the An 
soft High Frequency Structure Simulator (HFSS). Optimized 
parameters are indicated in Table 1. 

   
      

 
Top view           Side view            Bottom view 

Fig.(1): Geometry of the proposed triple-band monopole antenna 
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TABLE 1. PARAMETERS OF THE PROPOSED ANTENNA 

Parameter L W lf lg l1 w1 d1 l2 w2 d2 

Value(mm) 30 20 14 11 17.5 2 3 6.5 2 3 

 
 Fig 2 shows the design evolution process and its 

corresponding return losses. Firstly, a monopole antenna 
(denoted as antenna #1) with rectangular patch is used to 
achieve the WiMAX band at 3.5 GHz. Then two open-ended 
slots are embedded in the right-side and left-side of the 
rectangular radiation patch to produce the radiation band at 
5.5 GHz and 2.45 GHz, respectively (denoted as antenna #2-
1 and antenna #2-2). Finally, the proposed antenna is 
obtained by simultaneously embedding the two slots into the 
patch. By adjusting the positions and the sizes of slots, triple 
resonances are excited and accordingly provide a suitable 
bandwidth. From the S11 results presented in Fig 2(b), the 
proposed antenna has impedance bandwidth for S11 ≤ -10 
dB of 110 MHz (2.40-2.51GHz) resonating at 2.46 GHz, 700 
MHz (3.3-4.0 GHz) resonating at 3.53 GHz, and 710 MHz 
(5.15-5.86 GHz) resonating at 5.65 GHz. The obtained 
operating band sufficiently covers the requirement of the 
WLAN and WiMAX standards. 

           
#1                                     #2-1 

           
#2-2                        Proposed antenna 

(a) 

 
(b) 

Fig.(2): (a) The design evolution process. (b) Simulated S11 of the antenna 
involved in the design evolution process 

 
(a) 

 

 
(b) 

Fig.(3): Simulated S11 of the proposed antenna. (a) Various value of l1. (b) 
Various value of l2 

 The effects of the slots on the antenna performance 
are studied. The simulated S11 for the proposed antenna with 
different dimensions of the two open-ended slots are plotted 
in Fig 3. Fig 3(a) shows the return losses when l1 changes. It 
is found from the Fig that changing of the length l1 of the 
slot has a significant impact on lowest resonant frequency, 
but has little effects on other resonant frequencies. When the 
length of l1 decreases, the lowest and median bands shift to 
higher frequencies, and the highest band is nearly not 
affected. In Fig 3(b), as l2 increases from 6 mm to 7 mm, the 
highest resonant mode moves toward lower frequency and 
the impedance bandwidth becomes narrower. And, slight 
shifting of the lowest and median resonant frequencies 
occurs, when l2 changes. 

 Simulated surface current distributions at 2.4, 3.5, 
5.6 GHz are displayed in Fig 4 to study the excitation 
mechanism of the proposed antenna. We can be clearly seen 
from the Fig that three different current paths are created on 
the radiation patch. The lowest band (2.4 GHz band) 
excitation can be seen in Fig 4(a). A large surface current 
density flows along the open-ended slots on the left-side and 
right-side of the patch, whereas for the highest band (5.6 
GHz band) excitation, the current distribution just 
concentrated along the slot on the left-side. For the median 
resonant mode (3.5 GHz band), the current mostly distributes 
on the edge of radiation patch. According to the phenomenon 
observed above, we can be concluded that the slot on the 
right side will affects the impedance matching condition of 
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the lowest and median resonant mode, but the slot on the left 
side will affects the three resonant frequencies. This 
conclusion agrees well with the phenomena shown in Fig 3 
that changing of l1 seems little affects the highest band, but 
changing of l2 will affects the three resonant modes.  

    
 

                             (a)                       (b)                      (c) 
Fig.(4): Surface current distributions of the proposed antenna at (a) 2.4 

GHz. (b) 3.5 GHz. (c) 5.6 GHz 

III. RESULTS AND DISCUSSIONS 

Based on optimized parameters shown in Table 1, a 
prototype of the triple-band monopole antenna is fabricated 
and measured. The S11 of the proposed antenna is measured 
by an Agilent E8363B vector network analyzer (VNA). For 
comparison, the simulated and measured results are plotted 
in Fig 5 and listed in Table 2. The measured results show 
three resonant bands at frequencies of 2.45, 3.45, and 5.6 
GHz with bandwidths of about 100 MHz (2.4-2.5 GHz), 500 
MHz (3.25-3.75 GHz), and 610 MHz (5.22-5.83 GHz), 
respectively. Apparently, the above obtained bandwidths 
cover the 2.1-2.485 GHz, 5.15-5.35 GHz, and 5.725-5.825 
GHz WLAN bands, and the 3.4-3.69 GHz, and 5.25-5.85 
GHz WiMAX bands. As seen in Fig 5, the measured return 
loss agrees well with the simulated results. 

 
Fig.(5): Measured and simulated return losses of the 

proposed antenna 
 
Table 2. Measured and simulated impedance bandwidth of the 

proposed antenna 
 Lowest resonant mode Median resonant mode Highest resonant mode
 f1 (GHz) BW (GHz) f2 (GHz) BW (GHz) f3 (GHz) BW (GHz)

Measured 2.45 2.4-2.5 3.45 3.25-3.75 5.6 5.22-5.83

Simulated 2.46 2.4-2.51 3.53 3.3-4.0 5.65 5.15-5.86

 

Radiation characteristics of the designed antenna for 
frequencies over the working bands have also been 
investigated. Fig 6(a)-6(c) present the measured E-plane (Y-
Z plane) and H-plane (X-Z plane) radiation patterns of the 
proposed antenna at 2.45 GHz, 3.5 GHz, and 5.6 GHz, 
respectively. The measured results show that the radiation 
patterns of the antenna are nearly omni-directional in the H-
plane and monopole-like in the E-plane over the operation 
bands. The measured peak gains against frequency for the 
proposed antenna across the work bands are shown in Fig 7. 
The ranges of peak gain are about 1.52 to 1.58 dBi, 1.58 to 
1.72 dBi, and 1.95 to 2.15 dBi with an average value of 1.55, 
1.6 and 2.05 dBi, respectively. 

 
(a) 

 

 
(b) 

 

 
 

(c) 

Fig.(6): Measured radiation patterns of the proposed antenna at (a) 2.45 
GHz. (b) 3.5 GHz. (c) 5.6GHz 
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Fig.(7): Measured peak gains of the proposed antenna 

IV. CONCLUSION 

A compact triple-band monopole antenna designed by 
slotting the patch has been proposed and implemented. The 
antenna has a simple structure and compact size of 30 mm 
(L) × 20 mm (W) × 1.0 mm (H). The measured results show 
that the antenna has triple-band operation with impedance 
bandwidths of 100 MHz (2.4-2.5 GHz), 500 MHz (3.25-3.75 
GHz), and 610 MHz (5.22-5.83 GHz), which cover the 
WLAN (2.4/5.2/5.8 GHz) and WiMAX (3.5/5.5 GHz) 
frequency bands. In addition, good radiation patterns and 
applicable gain are also obtained across the operation bands. 
Thus, this triple-band antenna could be a good candidate for 
modern wireless communication systems. 
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