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 A conformal antennas are plays an important role due to its 

multitasking possibilities , which have many opportunities in several 

applications. In this study, a new design of cylindrical rectangular 

microstrip antenna(CRMA ) excited at      mode, was achieved in 

order to operate at the frequency of 5.6GHz. The simulation was done 

by Finite Difference Time Domain(FDTD) method using MATLAB 

program. The input impedance , return loss and radiation pattern of 

antenna were calculated and plotted. By using the slots technique and 

dual-layers substrate technique , the bandwidth(BW) is increased to 

88.88% . Also BW is  increased as the dielectric constant value is 

decreased. 
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3
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 ةـــلاصـــخ  ــــال  الوفتاحية:الكلوات 

 انهوائياث انشريطيت غير انًسخويت

 الاقخراٌ انًخبادل

فجوووووووة انطاقووووووت انكهر ي ُا يسوووووويت 

 ريقووت انفوور م انً وو دة فوو  يجووال  

 .انزيٍ 

نًوا نهوا كولنك حهعب انهوائياث الايخثانيت د را يهًا  ذنك َخيجت لإيكاَياحها يخع دة انًهواو   

يوٍ حطبيقوواث .و ة. فوو  دوولِ ان راسوتت اَجزَووا حصوًيًا ج يوو ا نهوووائ  شوريط  اسووطواَ  بًشوو  

. َفولث انً اكواة بطريقوت انفور م 5.6GHzنك  يعًم .ُ  انخردد        يسخطيم يثار بانًُط

(  باسووخا او ن ووت انبريجووت انًوواحل . اٌ كووم يووٍ يًاَعووت FDTDانً وو دة فوو  يجووال انووزيٍ  

ان خمت .ايم انفق   انهيكم الاشعا.  نههووائ  حوى اسوابها  رسوًها. ا داد .ورز ان زيوت انو  

ا  يووادة .وورز باسووخا او حقُيووت انشووقوم  حقُيووت يطووا.فت انطبقووت انعا نووت كًووا لاا ُوو 88.88%

 .ان زيت ي  حُاقص قيًت ثابج انعزل
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1. INTRODUCTION 

Antenna is an essential part of a transferrer 

of the energy system for multipoint 

communication purpose for which increased the 

efficiency and the gain and decreased the wave 

interference. Nowadays, there is continuous 

spread in the area of multiband communication 

system to meet requirement of development. 

Information can be transfer in the form of video, 

e- mail, text ,audio, etc. by communication 

network's users. The development of networks 

provides  users with  the services they need. 

Through the modernization of communication, 

microstrip antenna exists in several 

applications, like the spacecrafts, satellite and 

missile applications [1]. 

The conformal antennas technique is 

pertinent with the evolution of space 

information technique and the evolution of 

microwave devices technique [2]. 

A conformal antennas is defined as those 

antennas that can be constructed to a specific 

shape or with curved surface by just changing 

the shape of the antenna ground plane. The 

patch can also be rolls on the base without 

getting any unacceptable changes in its 

radiation characteristics and does not cause an 

additional drawback. They can be found  in a 

high-speed train, airplane or in defense systems, 

navigation, various communication systems, 

equipment landing systems, altimeter radar, 

wearable devices and so on [3]. 

The conformal antennas are divided into 

singly curved (such as cylindrical antennas) and 

doubly curved(such as spherical antennas), 

depending on how many curvatures the 

geometry has[4]. 

Generally, conformal antennas have some 

advantages such as special angular coverage 

,wide band and lower radar cross section(RCS). 

However, the conformal antennas are not 

widespread for many various reasons. For 

example, Its technology is more difficult than 

the planar antennas. In addition, the market 

lacks of design tools of these antennas. Finally, 

narrow bandwidth is the major disadvantage of 

these antennas and the efficiency of their 

performance have a high sensitivity to any 

frequency change [5]. 

2. Theory 

2.1 Cylindrical  Rectangular Microstrip 

Antennas(CRMAs) 

Antennas on singly curved surfaces are the 

easiest conformal antennas. It is the most 

obvious in non-planar geometry. Specifically 

the cylindrical antennas are commonly used in 

conformal antenna applications such as 

aerospace, communication systems and in many 

experimental radars[4]. 

These antennas are easy manufacturing 

compare with conical and spherical antennas. 

Our study is concentrated on cylindrical 

conformal microstrip antenna with rectangular 

patch which is known by the cylindrical 

rectangular microstrip antenna  (CRMA)[6]. 

The basic structure of (CRMA) is shown in 

Figure (1). The excitation was chosen by a 

probe feed method for several reasons including 

providing less spurious radiation from the probe 

current, further to the simplicity in theoretical 

engineering installation and practical 

manufacturing. The ground plane of the CRMA  

is a metal cylinder of radius (a). The dielectric 

substrate is of relative permittivity     and 

having thickness h extends around the body of 

the ground plane. The rectangular metal patch is 

etched on the surface of the substrate[7].  

The width and length of the patch are given 

by          )  ) and (L=2b) [4], 

respectively. The ground plane have been 

assumed infinite along z-axis. The probe feed is 

extends from (Y= a ) to (Y= a+h). 
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The resonant frequency for the      mode 

is given by[4]: 
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Where c is the light velocity in free space 

 

Figure(1): Cylindrical  Rectangular Microstrip 

Antennas. 

2.2 Bandwidth 

Bandwidth expansion requisites do not 

satisfy in pure shape of the microstrip antenna 

for most wireless communication systems[8]. 

There are a numerous methods, with different 

degree of complexity to enhance the bandwidth. 

The general procedure of most of these 

techniques is to add elements which may be 

patches or in the form of slots[9]. 

Nonetheless, narrow bandwidth is desirable 

in some applications, such as in government 

security systems. 

Various shapes of cutting slots such as V-

shape and L-shape, have been designed[10]. 

A broader bandwidth of microstrip antenna 

is possible by choosing a lowest of the dielectric 

constant   [11]. 

To increase the bandwidth, an additional 

substrate can be used between the ground plane 

and substrate. Practical implementation for this 

structure  is achieved with an air gap ,for 

example, is placed below the substrate with 

dielectric constant     . In this case, BW will 

increase because of increasing the thickness of 

the dielectric medium and decreasing the 

permittivity. One of the applications of this 

structure  is in a (GPS) system. 

An antenna bandwidth is defined as [11]: 

        
      )

      )
                              

Where   : upper frequency. 

              : lower frequency.  

3. FDTD method 

Simulation model of FDTD method in 

time-domain is obtained by solving Maxwell 

curl equations. Due to the huge memory 

capacity of the modern computers, the 

simulation of electromagnetic problems 

becomes possible in the time domain [12]. 

FDTD method provides us with an 

understanding about the propagation  of the 

electromagnetic waves in microstrip antennas 

.FDTD method is used in both radiation and 

scattering problems to obtain the radiation and 

the scattering patterns , respectively. 

In 1966 Kane Yee proposed a modified of 

Transmission Line Matrix (TLM) method which 

is today called Finite Difference Time Domain 

(FDTD) method.  This method is used to solve 

Maxwell’s  time –dependent  equations in the 

time domain by converting  it into finite 

difference equations. Simulation steps of FDTD 

method are starts by representing the physical 

structure depending on material type 

(conductor, dielectric or boundaries). The 

second step is applied Gaussian pulse to 

simulate all the sources. Then all the fields 

(electric and magnetic) are calculated at any 

increments of time. These fields are recalculated 

again after each increment until they decay to 

zero in the system. Finally, the frequency 

information are extracted by Fourier 

transformation. Yee supposed that FDTD space 
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are cells of a       -volume and the 

components of electric and magnetic fields in 

3D space are distributed as shown in figure (2). 

Every E field component is surrounded by four 

H field components and every H field 

component is surrounded by four E field 

components [11]. 

 

Figure 2: Yee's  cell  FDTD in 3D . 

3.1 Basic Formulation of FDTD 

Based on the system of central difference , 

Maxwell’s curl equations can be replaced by a 

sets of finite difference equations . The curl 

operator is yield to six coupled scalar equations  

which are equivalent to Maxwell’s curl 

equations in 3D rectangular coordinate system. 

These equations can be written as follows[10]: 
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the FDTD simulation space is bounded, and 

these radiated or scattered fields will be 

reflected back into the simulation space when 

they are arrived the boundary of FDTD space. 

The perfect matched layer(PML) technique 

is presented by Berenger[13], who proposed an 

absorbing layer designed to absorb EM waves 

without any reflections[14]. The excitation of 

the system can be done by Gausses pulse   

   )    (
    

 
)
 

where   is a damping factor 

that has a value depends on the frequency range 

of problem,    is the time delay. When  a FDTD 

simulation is completed , then, the input and 

output time functions will be transformed to the 

frequency domain by  using Fourier transform 

[14].  

4. Results and Discussion 

4.1 Design of Cylindrical Rectangular 

Microstrip Antenna(CRMA) 

The CRMA is fed by the coaxial probe feed 

technique,  it is excited with the dominant mode 

     . The dimensions of the patch are 

determined in terms of its resonant frequency 

formula     
 

  √  
) where (L) is the length of 

patch. The cylindrical antenna has a radius 

(R=5cm).  

It is very suitable for the wireless local area 

network (WLAN) applications. WLAN  

operates at the frequency spectrum (3 GHz – 10 

GHz) . In addition, it is used in civilian and 

military fields , specially ,for unmanned aerial 

vehicle, which need broadband antennas.  

In this study, the standard operating 

resonant frequency is 5.6GHz. The proposed 

antenna contains a           material as a 

dielectric layer with dielectric constant        

and dielectric substrate of thickness 

(h=0.795mm). From the equation(  
 

   √  
) 

where C is the light velocity in free space , 

resonant frequency              and 

      , so the patch length obtained is equal 

(L=18.05mm) and the optimum patch width is  

   
 

  5
        ). 
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4.2 Input impedance     and resonant 

frequency    

The results bellow were obtained after 

change of feeding point on the patch length 

(using trying and error method). The optimum 

feed point was    
              ). 

Figure(3) shows the simulation result calculated 

by FDTD method for the proposed antenna. 

 

Fig.(3): CRMA by FDTD method 

Fig.(4) shows that the value of the input 

impedance is         )  and the calculated 

ressonant frequency is    

       .Impedance matching between the 

transmisssion line and the microstrip antenna is 

very important to transmist the power from 

transmisssion line to the microstrip antenna.  

 

Fig.(4): Input impedance versus frequency  by 

FDTD method.  

4.3 Return loss(RL) and bandwidth 

Figure(5) shows the calculated result of the 

return loss is       ). Return loss is a 

measure of the reflected energy at a certain 

frequency, whereat, the higher the energy 

radiated versus the less return energy. If the 

return loss equals 0dB, this means, all the power 

will return to the source, while at RL=-33dB 

very little of the incident energy is returned ,and 

the higher amount of the incident energy will be 

radiated. The bandwidth of microstrip antenna 

was calculated from the frequency range at  two 

sides of return loss at -10dB. The bandwidth 

percentage was calculated by eq.(2) and its  

value is      . 

  

Fig.(5): Return loss versus frequency by FDTD 

method. 

4.4 Effect of low dielectric constant    

The result bellow was obtained using foam 

material as a dielectric layer in the design of the 

antenna. Foam material have a relative 

permittivity at         ). At the remaining 

thickness (h=0.795mm), the bandwidth 

increased from 1.19% to 12.43% and the 

resonant frequency from 5.44GHz to 5.9GHz as 

shown in figure(6). So, the thickness of the 

substrate and the dielectric constant are plays an 

important role on performance of antenna. It is 

shown clearly that low dielectric constant will 

increase fringing fields and radiated energy 

from microstrip antenna. 



JOURNAL OF KUFA–PHYSICS  |  Vol. 12, No. 1 (2020) Nabeel A. Areebi, Zeki A. Ahmed, Mahmoud M. Aubais 

  6 

 

Fig.(6): Return loss  by FDTD method,    

    . 

4.5 Design of Meandering-slotted CRMA 

In this section, we presents the slot 

technique model for the enhancement of the 

performance of the microstrip antenna. There 

are different shapes of cutting slots to reduce 

patch size. These slots are embedded in 

microstrip antenna to increase the surface 

current. The proposed slot is a meandering slot 

in rectangular patch. The dimensions of the 

proposed meandering slot are determined by 

using the try and error method as shown in the 

table (1). The new dimensions of patch with slot 

are shown in figure (7).  

 

Fig.(7):Top view of CRMA with meandering 

slot. 

Table(1): The optimum values of 

meandering slot dimensions. 

Value(

mm) 

Dime

nsion 

2.256    

4.512    

1.504    

9.776    

Figure(8) shows that the result calculated of 

the return loss is       ) at the resonant 

frequency of           . The bandwidth of 

the microstrip antenna was increased from 

      to 28.57% as calculated from eq.(2) for 

the frequency range (5.19 GHz-6.92 GHz). 

 

Fig.(8): Return loss versus frequency of CRMA 

with the meandering slot. 

The polar distribution of the electric field 

for E-plane and H-plane is shown in figure(9a) 

and (9b) respectively. This figure shows that the 

radiation pattern is broadside and without side 

lobes. A 3D plot of radiation pattern in E-plane 

and H-plane is shown in figure(9c). 

 

𝑡  

𝑡  

𝑡3 

𝑡 4
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 (a) 

 

  (b) 

 

                                (c)   

Fig.(9): The radiation pattern of CRMA with 

the meandering slot .  a,b. 2D polar plot. c. 3D 

polar plot. 

4.6 Dual-layers substrate 

The cylindrical rectangular microstrip patch 

with modified U-shaped slot is consists of a 

single dielectric substrate 

(                        ,        
       ) . Currently, the proposed design 

includes adding  a second dielectric substrate 

under the first substrate, which describe as 

(         ,      ,               ).  

Figure(10) shows the broadband frequency 

range (2.7 GHz to 7.07 GHz) with percentage 

bandwidth that increased from 28.57% to 

88.88%. The resonant frequency is     
         

 

Fig.(10): Return loss of rectangular microstrip 

patch with meandering  slot with dual-layers 

substrates. 

5.Conclusions  

The slot technique plays an important role 

for improving the performance of CRMA. 

Bandwidth is increased due to cutting slots in 

antenna's patch and by using lower dielectric 

constant. Dual-layers substrate is a good 

technique to increase  the bandwidth. 
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