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Abstract This paper presents the effect of the slotting in the base of microstrip on bandwidth of an equilateral 

triangular microstrip antenna. The proposed antenna was excited by coaxial feed, at a resonant frequency of 

3.5GHz, and the dielectric constant was 𝜀𝑟 = 1.07 for the dielectric substance. Bandwidth enhancement due to 

the slot of the base of this antenna was noticed to be 34.06% at h=1.59mm. When changing the height of the 

substrate (1.59 mm to h=3mm), the increasing in the bandwidth becomes 54.94%. The microstrip design was 

achieved theoretically and solved using FDTD method by MATLAB language. 
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Introduction 

Microstrip antenna in short (MSA) is one of the most common kinds of printed antenna. MSA can be defined as 

a device that sends or receives electromagnetic waves, composed of a radiating patch on one facet of dielectric 

substrate that includes a ground plane on the opposite facet [1]. In comparison to the conventional antenn as the 

microstrip antenna has several merits like light weight, small volume, low profile planar configuration, low 

fabrication cost, supports both, linear as well as circular polarization, capable of dual and triple frequency 

operations, can be easily integrated with microwave integrated circuits (MICs) on the same substrate, and [it] 

can be made compact for use in personal mobile communication [2,3]. But it has several demerits such low 

Gain, narrow bandwidth, and low power handling capacity [4,5]. Researchers had already proved that the patch 

arrays can provide much higher gains than a single patch at little additional cost. Microstrip antennas are 

becoming very important electronic component in communication devices, particularly with mobile phone and 

wireless communication systems [6]. Due to compact in size, and light in weight, they can be mounted on the 

exterior of aircraft and spacecraft. Nowa-days, microstrip patch antennas are preferred in satellite and military 

applications due to their performance, small size, and light weight [7]. 

 

2. The finite-difference time domain (FDTD) method 

In 1966 Yee introduced the finite difference time domain (FDTD) method to solve electromagnetic problems 

depending on Maxwell’s curl equations. Yee assumed that every point as a cell of volume ∆x∆y∆z square or 

rectangle shape known Yee cells and the components of E and H   were distributed as shown in figure (1). So 

the space will become grid of these cells [8].  
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Figure 1: Yee cell in three dimensions, the dimensions of cell are   ∆𝑥, ∆𝑦 and  ∆𝑧  in     𝑥, 𝑦 and  𝑧 direction 

respectively [8]. 

The size of cell is determined by highest frequency, therefore, the biggest size of the cell must be smaller than 
𝜆𝑚𝑖𝑛

10
 or 

𝜆𝑚𝑖𝑛

20
 and a time-step limit in three dimensions of the FDTD is [3]. 
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∆z2

                                                                                             (1) 

Where c is the speed of light. 

In FDTD method, equations for electric and magnetic field components can be written as [9,10]: 
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Where 𝜀 𝑖, 𝑗, 𝑘 , 𝜇(𝑖, 𝑗, 𝑘) are the permittivity and permeability respectively 

𝜎ⅇ(𝑖, 𝑗, 𝑘),𝜎𝑚 (𝑖, 𝑗, 𝑘)are the electric and magnetic conductivity respectively. 

𝐽𝑛+1/2(𝑖, 𝑗, 𝑘),𝑀𝑛(𝑖, 𝑗, 𝑘) are the electric and magnetic current density respectively. 

The system is excitation by Gaussian pulse [11]. 

𝑔 𝑡 = 𝑒
−

 𝑡−𝑡0 2

𝜏2                                       (8) 

where 𝜏  is a damping factor has a value depends on the frequency range of problem,  t0is a time delay. 

The propagation of the wave in space reduces the values of its compounds and their values are very small 

compared to the values of the compounds at their highest values. 

Thus, after Nof repeat calculations, Fourier transforms can be used to find the impedance values [12]. 
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𝑛=0
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)∆𝑡)𝑒
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      (9) 

Where 𝑍𝑖𝑛  input impedance, 𝜔 angular frequency,  ∆𝑡 time step. 
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The voltage 𝑉(𝑡) can be calculated in the time domain at the feed pointfrom Faraday’s law. 
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The current 𝐼(𝑡) can be calculated in the time domain at the feed point from Ampere’s law. 
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The return loss 𝑆11  can be calculate as  

𝑆11 (𝜔) = (
 𝑉(𝑡)𝑒−𝑗𝜔𝑡 𝑑𝑡
∞
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                                  (12) 

Where 𝑝(𝑡)Gaussian pulse at feed point. 

 

3. Geometry of an Equilateral Triangular Microstrip Antenna (ETMSA) 

Equilateral triangular patch is one of the basic microstrip geometries ever investigated and implemented for 

different application. The geometry is versatile for being conformable over a curved surface and also being 

physically smaller compared with other common patch shapes [13]. The triangular patch is more compact than 

its rectangular and circular counterparts at a given frequency. In comparison to shorting post loaded circular and 

rectangular microstrip antenna configurations, the equilateral triangular patch yields a much larger reduction in 

resonant frequency and hence yields the most compact configuration [14]. Based on the magnetic wall cavity 

model analysis by Helszajn, the resonant frequencies of the equilateral microstrip patch (ETMP) antenna are 

given by formula [15,16]. 

𝑓𝑚 ,𝑛 =
2𝑐

3𝑎𝑒𝑓𝑓  𝜀𝑟 ,𝑒𝑓𝑓
 𝑚2 + 𝑚𝑛 + 𝑛2        (13) 

Where c is the velocity of light in free space. 

𝑎𝑒𝑓𝑓  is the effective side length of ETMP. 

𝜀𝑟 ,𝑒𝑓𝑓 is the effective relative permittivity of the medium below the patch. 

The effective side length 𝑎𝑒𝑓𝑓  is given by 

𝑎𝑒𝑓𝑓 = 𝑎 +
ℎ

 𝜀𝑟 ,𝑒𝑓𝑓
          (14) 

And the effective relative permittivity of the medium 𝜀𝑟 ,𝑒𝑓𝑓  is 

𝜖𝑟 ,𝑒𝑓𝑓 =
𝜀𝑟+1

2
+

𝜀𝑟−1

4
(1 +

12ℎ

𝑎
)−

1

2         (15) 

ℎ is the dielectric substrate thickness, a is side length of ETMP. 

The figure (2) shows how to arrange an ETMSA geometry. In order to show the performance of the new 

antenna, we will first briefly present some results for the ETMSA, with dielectric constant 𝜀𝑟 = 1.07, Length of 

the side 𝑎 = 48.24 𝑚𝑚, dielectric substrate thickness   ℎ = 1.59 𝑚𝑚, feed point 𝑑 = 20.89 𝑚𝑚 from head of 

triangle.  
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Figure 2: ETMSA  𝑎 = 48.24, ℎ = 1.59𝑚𝑚, 𝜀𝑟 = 1.07, 𝑓0 = 3.5𝐺𝐻𝑧 

 

4. Results and Discussion 

In order to operate the antenna efficiently, the input impedance must be matching at 50Ω as shown in figure (3). 

To calculate the bandwidth, we need to know the return loss relationship 𝑆11versus the frequency shown in 

figure (4) of the antenna which shown it dimensions above. 

The bandwidth of an antenna means the range of frequencies that the antenna can operate and can be calculated 

by equation [17]. 

max min

max min

2( )
100%

( )

f f
Bandwidth

f f





(16) 

𝑓𝑚𝑎𝑥 , 𝑓𝑚𝑖𝑛  are frequencies at 𝑆11 = −10 𝑑𝐵, where the bandwidth was ≈ 1.68% and the directivity ≈

10.2257 𝑑𝐵 

d=20.89mm 

a=48.24mm 
𝑑 = 20.89 𝑚𝑚 

a= 48.24 𝑚𝑚 
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Figure Error! No text of specified style in document.: Input impedance of the ETMSA calculated by FDTD 

method " a= 48.24 mm, h= 1.59mm, 𝜀𝑟 = 1.07 

 
Figure 4: Return loss of the ETMSA calculated by FDTD method " a= 48.24mmh= 1.59mm, 𝜀𝑟 = 1.07 

The following figures shown the radiation pattern and directivity. 

𝑓𝑚𝑎𝑥 = 3.537𝐺𝐻𝑧 𝑓𝑚𝑖𝑛 = 3.478GHz 
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Figure 5: Radiation pattern of the ETMSA calculated by FDTD method " 

a= 48.24mm , h= 1.59mm   , 𝜀𝑟 = 1.07 
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Figure 6 : Directivity of ETMSA 𝜀𝑟 = 1.07 

In order to enhance the bandwidth of the proposed antenna, we modified the original ETMSA by slotting the 

base of microstrip as show in figure (7). This method led to the design of another antenna called the modify 

equilateral triangular microstrip antenna in brieflyM-ETMSA. 

 
Figure 7: The Modified shape for an equilateral triangular microstrip antenna (M-ETMSA) 

and by using a=48.7 mm , 𝜀𝑟 = 1.07 and h=1.59 mm andf0= 3.5 GHz , we obtained increase in bandwidth 

about 34.06% as shown in figure . 

 
Figure 8: Return loss of the M- ETMSA calculated by FDTD method " a= 48.7mm  , h= 1.59mm, 𝜀𝑟 = 1.07 

Since increasing the thickness of the insulating substrate lead to increasing the bandwidth, we will change the 

height of substrate (h= 1.59 mm to h=3mm) in ETMSA and M_ETMSA and the results obtained are shown in 

the following table 

Table 1: The Bandwidth and Directivity forεr = 1.07, f0 = 3.5GHz 

 Antenna ETMSA 

h=1.59mm  

 M-ETMSA    

  h=1.59mm  

 ETMSA 

 h=3mm   

M-ETMSA 

h=3mm 

  Bandwidth 1. 68% 34.06% 2. 61% 54.94% 

Directivity 10.2257 6.5372 10.0512 4.9079 

 

5. Conclusion 

The main objective of the study is to find a new way to bandwidth enhancement, because increasing the 

bandwidth causes more information to be transferred. Slotting the base of an equilateral triangular microstrip 

13mm 

34mm 

2.615mm 
3.487mm 

𝑓𝑚𝑎𝑥 = 4.607GHz 𝑓𝑚𝑖𝑛 = 3.266GHz 
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antenna lead to increasing the bandwidth. Then we notice that when the increases the thickness of the insulating 

substrate, the bandwidth enhancement in ETMSA and M-ETMSA antenna. 
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