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Abstract 
In the present work, design of circularly polarized microstrip patch 
antenna is presented in S-band of centre frequency 2.29 GHz. This 
microstrip patch antenna is considered to be the basic element of an 
array consisting of eight microstrip patches distributed and mounted 
on eight surfaces of cylindrical structure of octagonal shape. The field 
of radiation pattern of the antenna array is calculated for E and H-
planes and it seems to be an omnidirectional pattern. A 90°-hybrid 
feed for each element is designed to excite the antenna with circular 
polarization within suitable matching for patch antenna and the 

hybrid.  
 

 

 

 

 

 

 

 



2 
 

 

 الخلاصة

يتنااا البحث تااامبوبااا هوباينااا يبذاااطحة باااا يب بمابتب ااا باح ااا  بي ااامب ط تااا ب ااا ب

واااوبحات ااا  بذااا  ب.باي ساااتبب ابدحةااا  بGHz 2.29و ددذااا بحث   اااز ببSب– ز ااا ب

حثبب ااااا بحثةااااا يبه ب اااااكبا ااااا  بولااااا يتم ب  نبااااا ب س سااااا بث ماااااطحة بحث ت   ااااا ب

حث تضااا وبوط ياااكبط ااا طبتباااكباااا يبه با ااامبط  لهااا بحا ااا ب اااوبل اااطم بثمه ااا بت ااا ب

صاااااان ا بمابااااااا  ب اااااال وطب هاااااامبوااااااوب  اااااا ابحث  باااااا بح ااااااا  ا بث مااااااطحة ب

وااااوب.بخااااطحيب  هاااا بح و اااا  احياااا  ب(بE,H )بحث ت   اااا بث   ااااتطيهوبح س سااااههوب

وبااا هوبا ااا  بذ هنااا بث ااا بتب ااا باااا يبه بثمااا ب ااا خ باح ااا با  ااا  هوب اااا  وهوب

د  ااا ب ااا هبح ااا حذ  بااااوبح خااا  بب90)ب ت ااا ايتهوبي ث بااا ح با  ت اتاااهوبيااا ثبط ب

طبذااا حطبحث    ااا طبيلااا ي طبحثبب ااا بحثةااا يبه بحث  ي ااا ب اااوب   تهمااا بحث ت   ااا وهوب(

خااا يوبيناااا بح ات ااا  بحث طحة ااا بحث ن سااا  بياااهوبثتطثهااا ب ط ااا بمحطبحساااتبب ابدحةااا  ب 

 .   ل ت بحثبب  بحثة يبه باحثط   بحثم هن 
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1- Introduction:  
The microstrip antennas are finding to increase popularity due to 
their advantages of low profile, small size, lightweight, low cost, 
mechanical rigidness with good conformity to the supporting structure 
and ease of fabrication therefore the microstrip antennas are widely 
used as an efficient radiator in both mobile and aerospace 
communication systems [1,2,3]. Since they are manufactured by the 
photolithographic process developed for printed circuits, they can be 
mass - produced to be combined in antenna arrays and could thus 
provide inexpensive antenna for direct reception of microwave 
signals from satellites, for television and mobile communication 
services. The omnidirectional pattern can be obtained by arranging a 
number of microstrip patches that are conformable to a surface of 
cylindrical body such as a spinning satellite .The aim of the present 
work is to design a circularly polarized microstrip patch which is a 
basic element of array arranged on eight surfaces of a cylindrical 
body of octagonal shape. 
 

2- Antenna Array Design: 
 The designed antenna array is consist of eight microstrip patches distributed 

and fixed on eight surfaces of the cylindrical structure of octagonal shape as 

shown in Fig. (1) The cylindrical body of octagonal shape has a diameter of 

110 cm and height of 85 cm. The microstrip patches of the antenna array are 

fed by signals of same amplitude and phase trough a combinations of power 

dividers. The resonant length of microstrrip patch “a” can be determined by: 

        
                             a = 0.49 λd --------------(1) 
 
Where λd is the wavelength in a dielectric substrate 
The width of the microstrip patch is assumed to be “b” and will be 
equal to the resonant length to excite the circular polarization. 
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3 - Antenna Feeding Unit: 

3.1 Input impedance of the patch element:   
 The square microstrip path of (a= b= 37mm) is printed on duriod 
3003 Rogers substrate of dimensions 8.8cm × 16cm (the available 
area on the surface of the cylindrical body of octagonal shape) and of 
dielectric constant Єr = 3.2. Using the microwave office software the 
above microstrip patch element is been analysed for the available 
ground plane of 8.8cm × 44cm. The input impedance of two ports are 
shown in Fig. (2). The first port is at the patch edge, which is parallel 
to the largest length of the ground plane while the second port is at 
the other patch edge. The impedances at frequency 2.29 GHz are 
333 and 313 Ω for the first and second patch ports respectively. The 
difference in the impedances is due to the different limited 
dimensions of the ground plane. Practically the input impedance of 
the two patch ports has been measured as 325 Ω for the first port 
and 310 Ω for the second. 
 

3.2  90° – Hybrid Feed 
 First, it is required to transfer the impedance of the two ports from 
325 Ω and 310 Ω to 50 Ω by using a quarter-wave transformer. The 
line impedances are determined, 129 Ω of width 0.45 mm and 125 Ω 
of width 0.55 mm for the first and second ports respectively. The 
designed hybrid has two inputs (with one terminated by 50 Ω) and 
two outputs of 90 degrees out of phase. The coupling from the input 
to the output is calculated and plotted in Fig. (3).  
The maximum and minimum coupling were -2.97 dB and -3.65 dB 
respectively for the whole bandwidth. The isolation between the two 
inputs of the hybrids is calculated as shown in Fig. (4) while the 
phase of the outputs related to the input is shown in Fig. (5). The 
previous results are obtained using the Genesys software. The 
printed prototype consisting of hybrid and microstrip patch element  
is photographed in Fig (6).  
The return loss and SWR of the input hybrid practically measured by 
network analyzer (hp 8510) were 1.13 and -24.2 dB respectively at 

frequency 2.29GHz as demonstrated in Figs. (7) and (8) respectively. 
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4- Radiation Pattern:   
           The radiation pattern of antenna array can be determined by 
using the  calculations of the field depending on the field radiation 
pattern of the basic element (microstrip patch) of the array. The far 
field radiation pattern of a rectangular microstrip patch operating in 
the fundamental mode TM01 is of broadside type in both E and H 
planes. The pattern of a patch over a large ground plane may be 
calculated by modeling the patch radiator as two parallel uniform 
magnetic line sources of length “a”, separated by a distance “b” [4]. 
The effect of the ground plane and substrate is handled by imaging 
the slot at an electric distant Kt, where “K” is the wave number in a 
dielectric of thickness “t”. 
   
The electric field of single microstrip patch is Formulated by [5] :   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The image factor cos (Kt cos θ) is obtained by assuming that the 
path radiating slot is embedded in half – space of dielectric substrate. 
The microstrip patch of a = b = 3.7 cm is printed on a substrate have 
Єr =3.2 and thickness of 1.52 mm. The radiation patterns of principle 
(E- plane and H- plane) are obtained in Fig. (9) 
Far-field pattern of the array for H-plane can be calculated by 
summation of each field element fixed at reference point of 
observation taking into consideration the phase difference due to the 
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path difference between the elements, The summation of elements 
can be calculated by [6]:   
              
  
 
Where: 
Er = resultant field      
E1,2 = field element no 1,2 
Ψ = is the phase difference between element (1) and (2) 
 
Three cases for calculating the H-plane pattern of the designed array  
are considered with its element demonstrated in Fig. (10) when the 
satellite rotates around the spin-axis as follows: 

(a) The observation line is passing through the center of the 
microstrip patch and vertical to the plane containing the patch 
element (Ø = 0). 

(b) The observation line is centered between the two adjacent 
patches (Ø = 22.50). 

(c) The observation line is between “a” and “b” above (Ø = 
11.250). 

 
Based on the H-plane pattern of microstrip patch element, the 
normalized electric field of each element with the angle of inclination 
from the observation line are listed in Table (1) for the mentioned 
three cases above. The field radiation pattern is plotted in Fig.(11). 
The E-plane radiation patter of the array remains constant as the E-
plane radiation pattern of the element. 

5- Conclusions: 
         Design of circularly polarized microstrip patch antenna has been 
introduced in S - band with center frequency 2.29 GHz. The dimensions of 
this patch has been determined as 37mm x 37mm which has been printed 
on a dielectric material of Єr =3.2 and thickness of 1.5mm. 
Eight microstrip patches have been distributed on the surfaces of a 
cylindrical structure of octagonal shape. The beamwidth of the array has 
been calculated and found as 126 and 360 in E-and H plane with a ripple of 
5dB in the  H –plane. For the designed array , a 90° – hybrid feed has been 
designed and implemented for each patch element to obtain the circular 
polarization. It has been found that the measured SWR was 1.13 and the 
return loss was  - 24.2 dB at the input of  the hybrid feed.     
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Ɵ = angle of element inclination from the observation line 
Ø = angle of satellite rotation from the observation line. 

 
Table 1 : Field distribution of the antenna array 

 

 

 

 

 

Ø = 0 

Element No. 1 2 3 4 5 6 7 8 

Field 

amplitude 

1 0.64 0.64 0 0 0 0 0 

θ  0 + 45 - 45 + 

90 

- 90 - - - 

         

Ø = 

11.25
0
 

         

Element No. 1 2 3 4 6 6 7 8 

Field 

amplitude 

0.95 0.5 0.9 0 0.18 0 0 0 

θ amplitude +11.2

5 

56.2

5 

-

33.75 

- -

78.75 

- - - 

         

Ø = 22 

.5
0
 

         

Element No. 1 2 3 4 5 6 7 8 

Field  0.9 0.33

5 

0.9 0 0.335 0 0 0 

θ + 22.5 67.5 - 22.5 - - 67.5 - - - 
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Fig (1): Locations of Microstrip patch antenna elements on the satellite structure. 
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Fig (2): Input impedances of two ports 
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Fig(3): coupling between each output and input 
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Fig(4): Isolation between two inputs to the patch. 
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Fig(5): Phase in Degrees between the inputs and each output. 
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Fig(6): Photograph of the prototype of microstrip antenna (basic element) with 
90°- hybrid feed. 
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Fig(7): Measurement of Return loss by network analyzer (hp 8510). 

 

 
Fig(8):  Measurement of Standing wave ratio (SWR) by network analyzer (hp 

8510). 
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Fig(9): Radiation pattern in E and H-planes of the basic element of microstrip 

patch antenna. 
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Fig(10): Distribution of the patch elements on the surface of the satellite 

structure 

(Top view) 

 
 

Fig(11): Radiation pattern of the antenna array for H-plane. 

 


