
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    متعذد الحزم Hللهىائي الشريطي المستطيل رو الشكل  الأداءتحليل 
 

 

 الخلاصة 

يستطٍم رو فتحت اخذود شرٌطٍت  Hعهى شكم  ٌهذف هزا انبحث إنى تصًٍى هىائً شرٌطً يتعذد انحزو

يع افتراض ثباث سًك انركٍزة انشرٌطٍت  H( , وهى تركٍب خاص عهى شكم   RMSAباستخذاو )

كٍكاهرتز( .تى انتحقق  6.5انى  1نههىائٍاث انًقترحت . اختبرث انهىائٍاث انًصًًت عهى اننطاق ترددي )ين 

نًحاكاة  COMSOL Multiphysics ذاو برنايجين اداء انهىائٍاث انًقترحت )بًختهف الابعاد( باستخ

انهىائً. تى تحهٍم انتردداث انرنانت وخصائض الإشعاع نهزه انهىائٍاث .وين خلال انهىائً انًصًى تى 

  RFID  ,Wimax نتحذٌذ انهىٌت ( انحصىل عهى انتردداث انتً تستخذو فً انتطبٍقاث )تردداث انرادٌى

 .وتطبٍقاث شبكت انكًبٍىتر 
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احية ت مف ل ا مات  كل ل ا  

COMSOL    ً ئ هىا ن ا  , نحزو  ا د  عذ يت  ,

ً ن ٍ رن ن ا د  رد ت ن ا  , نشرٌطً   ا

    PERFORMANCE ANALYSIS OF H-SHAPE MULTI-BAND WITH 

RECTANGULAR PATCH MICRO STRIP ANTENNA 
Ahmed Ghanim Wadday  

                                  College of Electrical and Electronic Engineering Techniques  

 ABSTRACT 

          This paper introduces the design of rectangular multi-band H-shaped microstrip 

antenna with rectangular slot (RMSA). A special H-structure with constant substrate 

thickness was simulated for the proposed antenna, and the effects of different stub sizes on 

rectangular patch antenna performance were investigated. A balanced patch antenna has 

been designed and analyzed at frequencies of (1 to 6.5 GHz). COMSOL Multiphysics 

program was used for the simulation. The resonant frequencies and radiation characteristics 

were analysed. Different frequencies used for Radio Frequency Identification RFID, 

Worldwide Interoperability for Microwave Access (Wimax) and computer network 

applications were tackled. 

 

 

 

 

 

 

 

ARTICLE INFO     

 

Received: 21/6/2015 

 

 

Accepted: 27/10/2015

 
Keywords  

COMSOL, Muti-band, micro strip 

antenna, resonant frequency. 

AL-MUTHANNA JOURNAL FOR ENGINEERING SCIENCES 
 

Available online at www.mjesci.com 

.  

      يجهت انًثنى نهعهىو انهنذسٍت                                   

http://www.mjesci.com/


Ahmed Ghanim Wadday/Al-Muthanna Journal for Engineering Sciences 

 

Introduction  

       Light weight, ease of fabrication, low cost and small size 

are the main reasons for adopting microstrip antenna in wireless 

systems [1-3]. It was used for various frequency bands such as 

Wimax and Wifi, GPS, GSM, WLAN and RFID. The evolution 

of design technology for planar patch antennas in past decades 

have achieved wider bandwidth, improved resonant frequency, 

mechanical robustness, better polarization patterns [2, 4-6]. 

There are many well-known methods for increasing bandwidth, 

the most common ways are increasing the thickness of the 

substrates and using substrate material with low dielectric 

constant. However, the size and bandwidth of an antenna are 

mutually conflicting properties, which means, degradation of 

one of the characteristics usually results in the improvement of 

the other [3]. 

Embedding a slot in the patch is one method to obtain multi-

band in a microstrip antenna. Enhancement of the impedance 

bandwidth by embedded slots can also be used for a single band 

antenna [6].  

Through this work, we have managed to achieve antennas with 

multi-band frequency by adding more rectangles to the original 

H-shaped antenna. Different resonant frequencies can be 

prepared by altering the dimensions of the H-shaped antenna.  

In this paper, multiband microstrip antenna was established by 

changing the dimensions of the initial antenna. The proposed 

antennas can operate at (2, 2.1, 2.25, 2.4, 3.25, 3.7, 4.1, 4.5, 4.7, 

4.75, 5, 5.1, 5.4, 5.6) GHz for |S11| = -8 dB or less. Moreover, 

the designed antennas have smaller sizes ranging from 80 × 80 

mm
2
 to 36 × 36 mm

2
. Results were presented to show the 

usefulness of the proposed antenna for Radio Frequency 

Identification RFID, UWB and wireless computer network 

applications. 

The rest of this paper is organized as follow. Section II describes 

the rectangular micro strip antenna design. The proposed 

antenna geometry is presented in Section III. Results and 

discussions are presented in Section IV. Section V demonstrates 

the conclusions of the whole work 

 

Rectangular Micro strip Patch Antenna Design 

        
      One element of the rectangular Micro strip Antenna (MSA) 

is a rectangular metallic radiating patch. The patch dimensions 

width (WP) and length (Lp) which is mounted on one side of a 

dielectric substrate which has a size of Ls×Ws, thickness h and 

relative permittivity εr. On the other substrate side there is a 

metallic ground plane as shown in Figure (1). Many possible 

shapes can be taken as a radiating patch, as well as the feeding 

network, which could be implemented with different techniques 

and are usually photo etched on the dielectric substrate [8-13]. 

 
Figure (1) Basic structure of micro strip antenna  

 

There are different substrates which can be used for the design 

of MSAs, and the dielectric constants are normally in the range 

of 2.2 < εr < 12. In this paper, two values were adopted for the 

dielectric constant.  

The design of rectangular MSA can be described as follows    

[3, 5]: 

For a resonant frequency fr and a substrate with dielectric 

constant (   , the efficient radiation for patch Width (W) must 

be; 
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Where, co is the speed of light. 

 

Due to wave propagation and fringing in the field line, an 

effective dielectric constant (εreff) can be determined by equation 

(2) [3, 9, 10]: 
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Where, h is the dielectric substrate height. The Effective Length 

(    ) and the Length Extension (  ) for a given resonance 

frequency fr are given in equations (3) and (4) [3, 9]; 
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So that, the actual length of patch should be; 
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and the bandwidth (BW) 
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Where,     is the free space wavelength.  

 

The feed points are calculated as in equations (7) and (8) when 

coaxial probe-fed technique is used [2]; 

 
   

 

 √     
………..………..………………………..(7) 

 

   
 

 
…………..…………..………………………..(8) 

Where, Xf  and  Yf are the feed co-ordinates in the patch length 

and width respectively. 

 

III. Proposed Antenna Geometry 

 

         The geometry of the proposed antennas is shown in Figure 

(2). The patch antenna is simulated using COMSOL program 

with a relative dielectric constant of 3.5 and 4.4.  The x–y plane 

is used for the location of the antenna and the z–axis as the 

normal direction. It is made up of symmetrical H planar with 

added rectangles patch. It is to be noticed that, the feed line of 

the antenna is fed by a micro strip similar to many planar 

antennas with characteristic impedance of 50Ω. 

In this work, the value of dielectric constant (εr) was initially 

selected to be (3.5, 4.4) and the substrate thickness (h) as 
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0.508mm. On the next dielectric substrate side, a ground plane is 

printed with the width Ws and length Ls under the micro strip 

feed line. The details of parameters for the proposed antenna are 

as shown in Table (1).  

Initially the H-shaped patch was simulated (using COMSOL 

Multiphysics) and the resonant frequency was recorded as a base 

value for later comparison. Then, the dimensions of the patch 

were changed to try to get a better performance for the antenna, 

i.e. more suitable resonant frequency, better radiation patterns, 

less reflected loss and  higher efficiency. 

 

Table (1): Parameters of the proposed antennas for εr=3.5 or   

4.4  
 

Basic 

configuration 
Sym. 

Dimensions (mm)  

Ant. 1 Ant. 2 Ant. 3 Ant. 4 

Substrate  W 80 72 68 32 

 L 80 72 68 32 

Patch Ant. L1 40  36 34 16 

 L2 15 13.5 12.75 6 

 L3 12 10.8 10.2 4.8 

 L4 7 6.3 5.95 2.8 

 W1 40 36 34 16 

 W2 15 13.5 12.75 6 

 W3 5 4.5 4.25 2 

 W4 5 4.5 4.25 2 

Subst. thickness h 0.508 0.508 0.508 0.508 

 
Results and Discussions  

             The H-shaped patch was first simulated using the finite 

element method in COMSOL as a reference case, as pointed out 

in table (1) column three, then the parameters of the patch and 

the substrate was changed. After an exhaustive efforts, the more 

suitable parameters to meet the required specifications for radio 

frequency identification RFID, Wimax and computer network 

applications. The final requirement is a better S-parameter and 

more frequency bands as compared to the reference case. 

When figures (3-7) were compared, an improvement in the 

return loss (S11) can be observed when the value of the dielectric 

constant was increased. On the other hand, an antenna with 

larger dimensions has more frequency bands as compared to the 

smaller size, which indicated a proportional relation between the 

size and number of frequency bands, while smaller dimensions 

showed an improvement in the S-parameter as compared to the 

larger size. 

The electric field intensity was also drawn for selective resonant 

frequencies of various antenna dimensions and dielectric 

constants as in figures (8-12) to estimate the total energy density 

per cubic meter. Three dimensional radiation patterns for the 

proposed antenna were also included as well as those for the two 

dimensional which denotes the efficiency of the antenna as in 

Figures (13-30). 

An observation of figures (3-7) shows that the best antennas are 

in figures (5) and (7), where the relative permittivity was equal 

to 3.5. The return loss reached values of -17dB, -16.5dB for 

resonant frequencies of 2.4 and 5.4 GHz respectively for the 

second antenna and the return loss values of -15dB, -18dB for 

resonant frequencies of 4 and 4.6 GHz respectively for the 

fourth antenna. 

. 

 

 
Figure (2) the photograph of the proposed fabricated 

antenna. 
 

 

Figure (3) S-parameter (S11) for the first antenna (Ant.1) 

prototype εr=3.5 
 

 

 
Figure (4) S-parameter (S11) for the first antenna (Ant.1) 

prototype εr=4.4 
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Figure (5) S-parameter (S11) for the second antenna (Ant.2) 

prototype εr=3.5 
 

 
 

Figure (6) S-parameter (S11) for the third antenna (Ant.3) 

prototype εr=3.5 
 

 

 
Figure (7) S-parameter (S11) for the fourth antenna (Ant.4) 

prototype εr=3.5 

 

 

 

 
 

Figure (8) Electrical Field (emw) in (V/m) for first antenna 

(Ant.1) 4.15GHz εr=3.5 

 

 
 
 

Figure (9) Electrical Field (emw) in (V/m) for first antenna 

(Ant.1) 4.5GHz εr=4.4 
 

 
 

Figure (10) Electrical Field (emw) in (V/m) for first antenna 

(Ant.1) 5.1GHz εr=4.4 
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Figure (11) Electrical Field (emw) in (V/m) for second 

Antenna (2GHz , εr=3.5) 

 

 
 

Figure (12) Electrical Field (emw) in (V/m) for fourth 

Antenna (Ant.4) (4GHz) 

 

 
 

 
 

Figure (13) 3D radiation pattern for the first antenna 

prototype (2GHz) εr=3.5 

 

 
 

Figure (14) 3D radiation pattern for the first antenna 

prototype (4.15GHz) εr=3.5 

 

 
 

Figure (15) 3D radiation pattern for the first antenna 

prototype (5GHz) εr=3.5 
 

 

 
 

Figure (16) 3D radiation pattern for the first antenna 

prototype (4.5GHz) εr=4.4 
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Figure (17) 3D radiation pattern for the second antenna 

prototype (2GHz) εr=3.5 

 

 
 

Figure (18) 2D radiation pattern for the second antenna 

(Ant.2) (2.25GHz) εr=3.5 

 

 
 

Figure (19) 3D radiation pattern for the third antenna 

(Ant.3) (2.4GHz) εr=3.5 

 

 

 

 
 

Figure (20) 3D radiation pattern for the fourth antenna 

(Ant.4) (4GHz) εr=3.5 

 

 
 

Figure (21) 2D radiation pattern for the first antenna 

(2GHz) εr=3.5 

 

 

Figure (22) 2D radiation pattern for the first antenna 

(4.15GHz) εr=3.5 
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Figure (23) 2D radiation pattern for the first antenna 

(3.25GHz) εr=4.4 

 

 

Figure (24) 2D radiation pattern for the first antenna 

(5GHz) εr=4.4 

 

 
 

Figure (25) 2D radiation pattern for the second antenna 

(Ant.2) (2GHz) εr=3.5 

 

 
 

Figure (26) 2D radiation pattern for the second antenna 

(Ant.2) (2.25GHz) εr=3.5 

 

 

 
Figure (27) 2D radiation pattern for the third antenna 

(Ant.3) (2.4GHz) εr=3.5 

 

 

 

 

Figure (28) 2D radiation pattern for the third antenna 

(Ant.3) (4.75GHz) εr=3.5 
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Figure (29) 2D radiation pattern for the fourth antenna 

(Ant.4) (4GHz) εr=3.5 

 

Conclusions 

        In this paper H-shaped MSA has been designed and 

analyzed at frequencies of (1 to 6.5 GHz) using COMSOL 

Multiphysics finite element method. Four different structures of 

H-Shaped multi-band rectangular microstrip patch antenna are 

presented for different microwave applications. It was observed 

that larger patch configurations yield more frequency bands and 

less S-parameter, while increasing the dielectric constant does 

improve the S-parameter. Therefore combining these two facts 

can help in the design of an antenna with more frequency bands 

and better S-parameters. 

Radiation characteristics of the antennas are investigated by 

numerical simulations.  The proposed antenna configurations 

were analyzed to show that the antenna has achieved satisfactory 

parameters (resonant frequency and radiating properties). 
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