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Abstract  Öz 

In this paper, an application for a monopole antenna which complies 
with worldwide interoperability for microwave access (WiMAX) is 
presented. The proposed antenna operates in the frequency range of 
3.43-3.61 GHz applicable for WiMAX. The antenna is fabricated on FR4 
plate of 33.25 x 33.25 x 1.6 mm3. The performance of the antenna is 
analyzed in terms of radiation pattern, gain and s-parameters. The  
s-parameter of the antenna are verified through measurements. The 
obtained results illustrate that the presented antenna has better 
characteristics in terms of operating band as well as return loss as 
compared to the antennas previously published in the literature. 

 Bu çalışmada, mikrodalga erişim için dünya çapında birlikte 
çalışılabilirlik (WiMAX) uygulamasına uyumlu bir monopol anten 
sunulmuştur. Önerilen anten WiMAX’e uygun olan 3.43-3.61 GHz 
frekans aralığında çalışmaktadır. Anten, FR4 plaka üzerinde  
33.25 x 33.25 x 1.6 mm3 boyutlarında üretilmiştir. Anten kazanç, ışıma 
paterni ve s parametreleri açısından analiz edilmiştir. S parametreleri 
yapılan ölçüm sonuçları ile doğrulanmıştır. Elde edilen sonuçlar 
göstermiştir ki sunulan antenin önceden literatürde yayınlanan 
antenlere kıyasla çalışma bandı ve geri dönüş kaybı gibi anten 
karakteristikleri daha iyidir. 

Keywords: WiMAX, Monopole antenna, C-shape antenna, 4G antenna  Anahtar kelimeler: WiMAX, Monopol anten, C-şekilli anten, 4G anten 

1 Introduction 

With the development of technology, communication devices 
need the antenna that operates in a multi-band manner. 
Therefore, the basic aim of the antenna designers is to develop 
an antenna that integrates different wireless communication 
applications operating at different frequency bands. The 
applications such as UMTS (Universal Mobile 
Telecommunications System) and WiMAX (Worldwide 
Interoperability for Microwave Access) have been widely used 
in wireless communication. Standards for WIMAX networks are 
defined by IEEE 802.16 Broadband Wireless Access Working 
Group [1]. In order to meet the requirements of such broadband 
operations as well as size reduction, the microstrip antennas, 
particularly the compact microstrip antennas, have been 
preferred because of their various advantages such as good 
radiation pattern, low cost, small size, easy fabrication and 
integrability with microwave devices. [2]. The traditional 
microstrip antennas commonly gives narrow bandwidth and 
work in single band [3]. After some modification these antennas 
have been designed to work in multiple frequencies. Several 
techniques such as changing the distance between ground 
plane and patch [4], connecting variable inductive loads or 
capacitive loads to the patch [5], making slots of different 
shapes on the radiating patch [6]-[8], stub loading technique 
[9], loading with shorting walls [10],[11] are applicable to 
design the antenna for multiple band. The basic slot monopole 
antenna is an antenna having linear slot [12],[13]. This antenna 
makes easier to adjust the resonance frequency by varying the 
length of slot. 

Huynh and Lee [14] improved the slot antenna in 1995 as a 
single-patch, single-layer wideband antenna having linear 
polarization. Lee et al. antennas are followed by lots of studies. 
The studies published recently indicate that the U-shaped 

slotted patch antenna can be designed both for dual-band 
applications and for wideband applications [15],[16]. 

The antennas given above were designed by either adding a 
single or more shorting walls to the antenna or by modifying 
the shape of antenna in order to design it for single-band and 
multi-bands. Characteristics of the tri-band U-shaped 
microstrip patch antenna having complicated design has been 
verified by published papers [17]. 

This study presents the result of the design, optimization and 
production of a slot loaded C-shaped antenna working at single 
frequency band of 3.5 GHz. The proposed antenna is composed 
of single C-shaped slot loading. The operating band is tuned by 
varying the lengths of patch. An extensive parametric study is 
made to grasp the effects of varying size of the patch over 
return loss by using Ansoft HFSS software. In addition to the 
study characteristics of antenna including peak gain and 
radiation patterns are investigated and analyzed. 

2 Antenna configuration and measurements 

The proposed antenna is designed on FR-4 substrate (∈𝑟 is 4.4 
and loss tangent is 0.02) height of substrate ℎ = 1.6 𝑚𝑚 . The 
antenna coordinate drawing on rectangular coordinate system 
(RCS) is given in Figure 1(a). The origin of the RCS is positioned 
approximately in the middle of the c-shaped patch. The 
designed C-shaped antenna is fed via sma connector at the 
point represent as C (-14 mm) as shown in Figure 1(a). The 
designed antenna has one vertical slot of dimensions 8 ×
8 𝑚𝑚2 and one-cylinder slot having dimensions 
(5 𝑚𝑚 𝑟𝑎𝑑𝑖𝑢𝑠 𝑎𝑛𝑑 0.1 𝑚𝑚 ℎ𝑒𝑖𝑔ℎ𝑡) as shown in Figure 1(a). 

Geometry and dimension of the antenna and the photo of the 
fabricated antenna are given in Figure 1. The ground plane 
dimensions are 33.25 𝑚𝑚 ×  20.25 𝑚𝑚 ×  0.1 𝑚𝑚 and total 
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antenna dimensions are 33.25 𝑚𝑚 ×  33.25 𝑚𝑚 ×  1.5 𝑚𝑚 
for the proposed antenna. 

 

(a) 

 

(b): Top view of the fabricated antenna. 

 

(c): Bottom view of the fabricated antenna. 

Figure 1: Configuration of proposed 3.5 GHz C-shape slot 
loaded antenna.  

Antenna matching measurements (S11 measurement) are done 
with HEWLETT PACKARD 8720D Network Analyzer 
instrument, after calibration process is performed with using 
Agilent Standard components. Photograph of the measurement 
setup is given in Figure 2. 

 

Figure 2: Photograph of the measurement setup. 

3 Results and discussion 

Three dimensional finite element analysis (FEA) models are 
developed in HFSS for proposed antenna. The parametric study 
results show a satisfactory convergence with the experimental 
results as discussed below. 

3.1 Parametric study 

The effect of the all of parameters are investigated on the 
performance of the antennas. “𝐿1” and “𝐿2” are main 
parameters of lengths that change the performance 
significantly. Resonance frequency and bandwidth changes are 
checked by parametric study. In this study, all of parameters 
have been optimized with simulation. 

3.1.1 Effect of changing the lengths of patch (L1, L2) 

The fluctuation in the return loss with respect to frequency is 
given in Figure 3. The figure given below shows the fluctuation 
in the return loss vs. frequency by taking the lengths “𝐿1”, “𝐿2” 
of patch as variables. In this study, all other variables were kept 
constant and 𝐿1 =  𝐿2 situation is considered. When  
𝐿1 =  𝐿2 = 28.25 𝑚𝑚 it was observed that center frequency is 
shifted approximately 900 MHz to left. When 𝐿1 =  𝐿2 =
28.25 𝑚𝑚 it was realized that center frequency is shifted 
approximately 335 MHz to right. When 𝐿1 =  𝐿2 = 33.25 𝑚𝑚 it 
was observed that the return loss greater than the value it has 
been shifted from the center frequency. 

 

Figure 3: Effect of variation in the patch length 𝐿1, 𝐿2  
(Taking all other parameters were constant). Frequency 

versus fluctuation in return loss of the antenna by taking the 
lengths “𝐿1”, “𝐿2” as variables for proposed antenna. 
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3.1.2  Peak gain 

The gain of the antenna vs. frequency in the considered 
operating band is as shown in the Figure 4. Maximum value of 
the gain is approximately 4.60 dB at 3.5 GHz. 

 

Figure 4: Simulation peak gain of the proposed antenna. 

3.2 Optimized results 

3.2.1 Return loss 

After excuting the parametric study, the proposed antenna 
design has been optimized and improved with Ansoft HFSS 
software. Bandwidth and the return loss characteristics were 
optimized in the desired bands when the patch lengths are 
33.25 mm, 33.25 mm. The dimensions of proposed antenna are 
given in Table 1. 

Table 1: Optimized 3.5 GHz C-shaped compact microstrip 
antenna elements dimensions. 

Parameters Symbols Dimensions (mm) 
Patch width 𝐿1 33.25 
Patch length 𝐿2 33.25 
Vertical slot length 𝐿3 5 
Horizontal slot width 𝑊1 8 
Radius of cylinder slot 𝑟 5 
Feed position 𝐶 -14 
Substrate thickness 𝑡 1.6 

The return loss of the antenna is lower than 10 dB at 
frequencies of 3.5 GHz as shown in Figure 5, this shows that this 
antenna can be operate in 4G. The corresponding bandwidth is 
found to be 5.14%. 

 

Figure 5: Simulation and measurement return loss of the 
proposed antenna with respect to frequency after 

optimization. 

3.2.2 Voltage standing wave ratio (VSWR) 

VSWR graph of the designed antenna is given in Figure 6. By 
looking the figure especially for 3.5 GHz, It can be said that 
VSWR result is very good (approx. VSWR is 2.34) Acceptable 
region for the VSWR value is between 2 and 2.5 for the antenna 
having lengths of patch 33.25 mm. 

 

Figure 6: Simulation result (VSWR) of the proposed antenna. 

3.2.3 3D Radiation patterns 

The radiation patterns of the designed C-shaped microstrip 
patch having circular slot antenna at the afore-mentioned band 
of three different resonance frequencies are as shown in 
Figure 7. 

 

(a): 3.45 GHz. 

 

(b): 3.50 GHz. 

 

(c): 3.55 GHz. 

Figure 7: Radiation patterns simulation results of the 
proposed antenna for 3.45 GHz. (a): 3.50 GHz, (b) and,  

(c): 3.55 GHz. 
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4 Conclusion 

Although it numerous times it has been reported that  patch 
antenna has narrow bandwidth, in this study an antenna with a 
wider bandwidth than regular patch antenna has been 
designed for 4G systems. In order to widen the antenna 
bandwidth a circular type slot is added. Afterwards the antenna 
has been fabricated and return loss is measured as well as 
simulated in HFSS. Simulation results indicate that the 3D 
radiation patterns in the 3.45–3.55 GHz range are acceptable, 
thus covering the band specified for 4G (WiMAX). Good gain 
figure of the antenna is reported in the paper. 
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