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Abstract – This paper presents analysis and design of a 

dual circularly polarized 16×16 Ku band antenna array 

with emphasis on its feeding network. The proposed 

antenna is designed for on-move satellite communication 

system where the radiation pattern and the side-lobe 

level should meet the ITU standards to avoid interference 

with other satellite systems. This requirement is obtained 

by using non-uniform feeding distribution network. In 

addition, dual circular polarization operation requires 

sequential feeding networks with appropriate phase shift 

sequences. The proposed antenna is divided into 16  

sub-cells of 4×4 radiating elements. The elements inside 

the sub-cell are fed by uniform dual sequential feeding 

networks. These sub-cells are connected together via two 

non-uniform feeding networks on a single layer in the 

shape of two interlaced fork configurations. In addition, 

cascaded power dividers are used to achieve the required 

low power division ratios between some of the sub-cells 

according to the required feeding distribution. These 

modifications simplify the fabrication process of the 

proposed antenna structure and reduce the required 

layers while satisfying the required radiation parameters. 

 

Index Terms – Antenna array, circular polarized antenna, 

feeding network, Ku-band antenna, satellite antenna. 
 

I. INTRODUCTION 
On-move Ku-band satellite communication systems 

have a significant importance in different military and 

civilian applications where it may not be available other 

wired or wireless communication systems. This situation 

can usually be found in rural areas, in disserts, in ships 

away from shores and other similar situations. Parabolic 

reflector antennas with horn feeding are good candidate 

for fixed transceiver systems. However, for the case of 

moving situations like cars, trains and ships, the size and 

the aerodynamics of reflector antennas may not be 

suitable for these applications. In these cases, a planar 

antennas inside a radom represent a better choice for 

antenna structure than reflector antenna. The suitable 

planar antenna for such application usually has the 

configuration of an antenna array. Different planar 

antenna arrays for satellite communication systems were 

developed in X band and Ku band. The type of the 

radiating element and the feeding networks of such 

antenna arrays represent the main design parameters. On 

the other hand, the operating bandwidth, the radiation 

pattern, and the polarization represent some of the main 

specifications which should be included in the proposed 

antenna design. In addition, the weight, the manufacturing 

process and the number of layers represent important 

aspects in developing these antenna arrays.  

In this paper we present a dually circular polarized 

antenna array operating in Ku band in the frequency 

range from 10.5 to 14.5 GHz. The proposed antenna 

array is composed of 4×4 sub-cells where each sub-cell 

is composed of 4×4 radiating elements. Each radiating 

element is fed by wideband branch-line coupler to 

introduce dually circular polarization. Each 2×2 radiating 

elements are connected by dual sequential feeding 

networks for both circular polarizations [1]. These 2×2 

sequential fed elements are connected by uniform 

feeding networks to compose the sub-cells composed of 

4×4 radiating elements. To develop a total radiation 

pattern compatible with the required ITU standards for 

satellite communication systems [2], these sub-cells are 

connected by dual non-uniform feeding networks for 

both polarizations [3]. The distributions of these feeding 

networks have a significant effect on the error function 

between the obtained radiation pattern and the standard 

ITU Mask. On the other hand, developing such 

distribution function may require developing complicated 

power dividers with quite small power division ratios.  

In addition, integrating the dual non-uniform feeding 

networks on a single layer to reduce the number of layers 

in the designed antenna represents another critical aspect  
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in the proposed design. 

Similar antenna configurations can be found in 

literature. However, not all the previously mentioned 

specifications are found in these configurations. In [4] a 

LH circularly polarized slot antenna array is presented  

in the frequency range from 12.01 to 12.14 GHz with a 

uniform SIW feeding network. Another configuration is 

presented in [5] based on sequentially fed microstrip 

patches fed by a SIW feeding network to operate in  

the frequency range from 11.55 to 12.25 GHz with  

LH circular polarization. A dual band dual circularly 

polarized array is presented in [6] based on two layers  

of different polarization rotation artificial magnetic 

conductor operating at different frequency bands. The 

two bands in this case are 8.15 to 8.35 GHz for RH 

circular polarization and 14.2 to 14.8 GHz for LH circular 

polarization. Uniform feeding distribution function is 

used to feed the exciting double sided dipole array. On 

the other hand, other similar configurations are discussed 

in other frequency bands. A ridge gap waveguide feeding 

network is discussed to feed a RH circularly polarized 

array in mm-wave range [7]. A dual circularly polarized 

antenna based on slotted SIW is presented in [8] with  

a bandwidth extends from 11.6 to 13 GHz. Other 

configurations based on dual linearly polarized antenna 

arrays in Ku band are also discussed in [9 – 11]. In  

these configurations waveguide feeding networks with 

complicated manufacturing process were used. 

On the other hand, similar antenna structures are 

studied in X-band [12 – 14]. In [12] the main feeding 

networks is implemented by using corporate feeding 

networks on two different layers separated by a ground 

plane to implement the dual circular polarizations. 

However, in [13] these feeding networks are implemented 

on the same layer, but for smaller antenna array. Based 

on the results shown in [3], the feeding distribution 

function used in [12 – 13] are not the optimum to  

reduce the error with respect to the ITU mask. However, 

better distribution functions would require less power 

division ratios which are more complicated in physical 

implementation. This is the motivation here to introduce 

a new non-uniform feeding network which can be 

interlaced with another similar one on the same layer to 

feed dual polarized 4×4 sub-cells in Ku-band. This dual 

non-uniform feeding network is used to develop 16×16 

dual circularly polarized antenna array in Ku band in the 

frequency range from 10.5 to 14.5 GHz.                      

The organization of the present paper is as follows: 

In Sec. II we present in detail the geometry of the 

radiating element with its feeding network to introduce 

dual circular polarization. Then we introduce the designed 

dual sequential feeding networks for the sub-cell. The 

main properties for the sub-cell is given. In Sec. III, we  

present the analysis and design of the proposed non-

uniform feeding network which connect these sub-cells 

to compose the proposed 16×16 antenna array. In this 

section the main limits on implementing this non-uniform 

feeding networks and how it can be implemented by 

using cascaded power divider are given. In addition, we 

present in this section how to integrate the two feeding 

networks for the two polarizations on the same layer. 

Section IV presents the experimental results for the 

designed antenna array. Finally, Sec. V gives the 

conclusion. 

   
II. SEQUENTIAL FEEDING NETWORK 

FOR DUAL CIRCUALR POLARIZED 4×4 

ANTENNA ARRAY 

The proposed antenna array is composed of 4×4 

sub-cells. Each sub-cell is composed of a 4×4 antenna 

array. Different configurations for radiating elements 

can be used of this application [15 – 17]. However, in the 

present case, it is required to develop a wideband antenna 

element with dual circular polarization. The appropriate 

configuration in this case is a stacked symmetric 

microstrip patch fed by a wideband branch-line coupler 

[13], [18], and [22].       

The used radiating element in the present case is a 

stacked circular patch microstrip antenna as shown in Fig. 

1. The lower fed element is printed on a substrate RT/ 

duroid 5880 with substrate thickness 𝐿2 = 0.787 mm. 

The dielectric constant of RT/duroid 5880 is 2.2 and loss 

tangent is 0.0009. On the other hand, the upper parasitic 

element is printed on a substrate RO3003 with substrate 

thickness  𝐿1 = 0.25 mm. The dielectric constant of 

RO3003 is 3 and loss tangent is 0.001. The parasitic 

element is separated from the fed element by a foam layer 

of thickness  𝐿𝐹 = 2 mm. The radius of the lower patch is 

8.2 mm and the radius of the upper patch is 8.8 mm. This 

stacked configuration is designed to verify the required 

wideband operation of the proposed antenna in the 

frequency range from 10.5 to 14.5 GHz. This antenna 

element is fed by two feeding probes through vias which 

are connected in a separate layer by a wideband branch 

line-coupler (BLC) to introduce the required dual circular 

polarizations. The dimensions of the BLC are 𝐿4 = 4.95 

mm,  𝐿6 =  1.2 mm,  𝑇2 = 0.3 mm,  𝑇3 = 0.6 mm, and 

𝑇 = 0.9 mm as shown in Fig.1(c). The feeding BLC is 

printed on a substrate RO3003 with thickness 𝐿3 =
0.25 mm. These radiating elements are arranged in 2×2 

configurations. The separation between the elements is 18 

mm which is nearly 0.75𝜆0 at the center frequency. This 

2×2 antenna array is fed by two interlaced sequential 

feeding networks with two opposite sequences to compose 

dual circularly polarized 2×2 antenna array. 
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(a) 

  
 (b) 

 
 (c) 

 

Fig. 1. Geometry of the radiating element of the antenna 

array: (a) 3-D view, (b) side view, and (c) BLC. 
 

This sequential feeding networks include successive 

phase shifts of −900 in clockwise and counter clockwise 

directions to assets right hand and left hand circular 

polarizations, respectively. These successive phase shifts 

are obtained by increasing the feeding line sections  

by 𝜆𝑔/4 in a successive form where 𝜆𝑔 is the guided 

wavelength of the feeding microstrip line on the feeding 

substrate. These 𝜆𝑔/4 increments cannot be added directly 

in the form of straight lines due to the limited space 

between the radiating elements. Thus, multiple bends, U-

shapes and meander shapes are used as shown in Fig. 2. 

  

 

(a) 

 

(b) 

 

Fig. 2. Sequential feeding network for dual circularly 

polarized 2×2 radiating elements: (a) front view and (b) 

bottom view. 

 

These configurations have additional effects in the 

total matching and phase sequence. In addition the 

coupling between the nearby sections of these feeding 

lines has additional effects. Thus, a preliminarily design  

of these two interlaced sequential feeding networks is 

obtained by using Keysight Advanced Design System 

(ADS2019). Then, this design is simulated by using full 

wave analysis Ansoft HFSS to include the effects of  

these parameters. This full wave analysis is optimized to 

introduce reflection coefficients below -10 dB and axial 

ratios below 3dB for the two circular polarizations in the 

operating band from 10.5 to 14.5 GHz [19]. Then, these 

2×2 antenna arrays are arranged to compose the 4×4 sub-

cell as shown in Fig. 3. In this case, the 2×2 arrays are 

connected together by two uniform interlaced feeding 

networks with equal amplitude and phase distribution. 

The total dimension of the sub-cell is 72×72 mm2. To 

develop these uniform feeding networks in the available 

space, similar effects like bending and coupling should 

also be treated as in the case of the sequential feeding  
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networks of the 2×2 antenna array. In addition, to 

compensate the effects of mutual coupling between the 

nearby transmission line sections two matching stubs are 

added as shown in Fig. 3. The lengths of these matching 

stubs are optimized for both matching and axial ratio [19]. 

Figure 4 shows the fabricated 4×4 sub-cell.  

Figure 5 shows the simulated and measured reflection 

coefficients of the two feeding ports of this sub-cell. It can 

be noted that the obtained reflection coefficients is below 

-10dB in almost all the entire operating bandwidth. On the 

other hand, Fig. 6 shows the corresponding axial ratios 

and gain for both RH and LH circular polarizations. It  

can be noted that the condition of axial ratio below 3 dB 

is verified in most of the operating bandwidth. The 

normalized radiation pattern of the sub-cell for both RH 

and LH circular polarization at 12.7 GHz is shown in Fig. 

7. This sub-cell is the building block of the proposed 

16×16 antenna array. 

 

 
 

Fig. 3. Sequential feeding network with adjusting stubs for 

dual circularly polarized 4×4 radiating elements. 

 

 
 

Fig. 4. Fabricated 4×4 sequential fed antenna (bottom 

side). 

 

 

Fig. 5. Measured and simulated reflection coefficients of 

the 4×4 sequential fed antenna for LH and RH circular 

polarizations.  
 

 
 

Fig. 6. Measured and simulated axial ratios and gain for 

RH and LH circular polarizations at broadside direction.  
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         (b) 

 

Fig. 7. Measured and simulation normalized radiation 

patterns for circular polarizations at 12.7 GHz (a) RH and 

(b) LH.  

 

III. DESIGN AND ANALYSIS OF NON-

UNIFORM FEEDING NETWORK FOR SUB-

CELLS 
The following step is to design a non-uniform feeding 

network to connect these sub-cells to form a 16×16 

antenna array. Since the required radiation pattern is 

symmetric, the feeding distribution network should be 

symmetric as shown in Fig. 8, where A, B and C represent 

the amplitudes of the feeding current excitations at the 

different subcells. The amplitude A is normalized to be 

unity while B and C is less than unity. The total radiation 

pattern is a function of this distribution function and  

the radiation pattern of the sub-cell. The error function 

between the total radiation pattern and the required ITU 

Mask is defined as [3]:  

   ζ =
1

𝑁
∑

1+sgn(𝑃𝑟(𝜃𝑖)𝑑𝐵𝑖−Mask(𝜃𝑖)dBi)

2
[𝑃𝑟(𝜃𝑖)𝑑𝐵𝑖 −i

                                                                 Mask(𝜃𝑖)dBi].     (1) 

For the case of a uniform distribution function along 

the array elements the error function is nearly 2 dBi.  

Different configurations for distribution networks 

were discussed in [3] including continuous amplitude 

distributions, continuous phase distribution, complex 

distribution and complex distribution with discrete 

amplitudes. In the present case, continues amplitude 

distribution is used to implement the required non-

uniform feeding network. Thus, all the sub-cells have the 

same phase. The error function between the ITU Mask and 

the total radiation pattern as a function of the amplitude 

distribution is shown in Fig. 9, assuming that the 

amplitude of the central sub-cells 𝐴 = 1. It can be noted 

that the minimum error between the ITU Mask and the 

total radiation pattern can be obtained when 𝐶 ≈ 0.6 and 

𝐵 < 0.4. Previous implementations of similar feeding 

networks were based on distribution values 𝐵 = 0.8 and 

𝐶 = 0.6. However, these values correspond to an error 

value much greater than the minimum value as shown in 

Fig. 9, where the error function in this case is around 1.53 

dBi. 

 

 
 

Fig. 8. Symmetric distribution function of a 16x16 array 

(Each square consists of 4x4 sub-cell). 
 

 
 

Fig. 9. Error w.r.t the ITU Mask as a function of B and C. 

The value of A is fixed to unity.  

 

The key point in implementing these feeding 

distribution networks is the dimensions of the power 

dividers. These dimensions depend on the required 

characteristic impedances of the different transmission 

line sections of these power divider. For the case of a 

Wilkinson power divider with a non-equal power division 

ratio 𝑃3/𝑃2 = |𝑉3/𝑉2|2 = 𝐾, the required transmission 

line section of the power divider would have characteristic 

impedances of [20]:   

 𝑍03 = 𝑍0√
1+𝐾

𝐾3/2 ,                         (2-a) 

𝑍02 = 𝑍0√𝐾0.5(1 + 𝐾).                  (2-b) 

while the matching resistance between the two arms of the 

Wilkinson power divider is given by: 

𝑅 = 𝑍0(√𝐾 + 1/√𝐾).                    (2-c) 
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In this case, the output ports 2 and 3 of the Wilkinson 

power divider are matched to impedances 𝑍0√𝐾 and 

𝑍0/√𝐾, respectively. Thus, it would be required to add 

𝜆𝑔/4 transformer sections of impedances 𝑍0𝐾1/4 and 

𝑍0𝐾−1/4, respectively to match the non-equal Wilkinson 

power divider to 𝑍0 load. For the case of a power ratio 

𝐾 = 0.43, the required impedance of 𝑍03 would be nearly 

2.25𝑍0. The feeding substrate is RO3003 with a dielectric 

constant 𝜀𝑟 = 3 and substrate thickness ℎ = 0.25 mm. 

The matching impedance 𝑍0 = 50Ω. Thus, the required 

characteristic impedance of 𝑍03 in this case is 113Ω. The 

width of this transmission line section in this case would 

be about 120 µm. This corresponds to the limiting value 

for fabrication process. Thus, lower power division ratios 

could not be directly implemented. This explains why 

previously published feeding networks used large values 

of B in the distribution network to avoid small power 

division ratios.  

In addition, the feeding network in [12] is based  

on corporate feeding configuration. This configuration 

cannot be implemented for dual polarizations on the  

same layer. Thus, this corporate feeding network was 

implemented on multi-layered strip line configuration 

which increases the cost and the complexity of the 

fabrication process.  

The proposed feeding network in this paper is based 

on fork type feeding network configuration as shown  

in Fig. 10. In this case the two networks of the dual 

polarizations are interlaced on the same layer. Thus, this 

feeding network structure is composed on a single layer. 

The values of the distribution functions in the present case 

would be 𝐵 = 0.4 and 𝐶 = 0.6 which introduce an error 

function around 1.23 dBi which is less than the error 

function of previous feeding networks [3], [12 – 13]. 
 

 
 

Fig. 10. Fork type dual polarized array feeding network 

based on Wilkinson power dividers. 

 

Figure 11 shows the proposed distribution function 

for both amplitude and power ratios. The feeding network 

consists of four branches. Each two branches are 

connected by a power divider and these two power 

dividers are connected by an equal division power divider. 

On the other hand, each branch consists of four feeding 

points. Each two feeding points are connected by a power 

divider and the resulting two power dividers are connected 

by an equal division power divider. The assumed power 

division ratio in the first branch is 𝐾1 = 𝐵2/𝐶2 = 0.444, 

and in the second branch is 𝐾2 = 𝐵2/𝐴2 = 0.16 as shown 

in Fig. 11. The total normalized power in the first branch 

is 1.04 and in the second branch is 2.32. Thus, the power 

division ratio between the first and the second branches  

is 𝐾3 = (2𝐵2 + 2𝐶2)/(2𝐴2 + 2𝐵2) = 0.448. The first 

and the third power dividers, 𝐾1 and 𝐾3, can be fabricated 

directly with their ratios. However, the second power 

divider 𝐾2 cannot be fabricated with the present ratio. To 

implement the power division of 𝐾2, cascaded power 

division can be implemented as shown in Fig. 12. In this 

case, the power between the first and the second feeding 

points in the second branch is divided by a ratio 𝐾2 =
(𝐵2 + 0.36)/𝐴2 = 0.52. Then this power is divided 

again between the first feeding point and a matched load 

by a power division ratio 𝐾2
′ = 𝐵2/0.36 = 0.444 as 

shown in Fig. 12. In this case, both power dividers 𝐾2 and 

𝐾2
′ can be fabricated. However, this additional power 

divider increases the total normalized power of the second 

branch to be 3.02. Thus, the power division ratio between 

the second and the third branch is reduced to be 𝐾3 =
(2𝐵2 + 2𝐶2) / (2𝐴2 + 2𝐵2 + 0.72) = 0.344 which 

cannot be fabricated directly. Thus, the power divider 

between the two branches should be implemented by 

cascading two power dividers as in the case of 𝐾2. This 

can be done as shown in Fig. 13 where the power divider 

𝐾3 = (2𝐵2 + 2𝐶2 + 0.5)/(2𝐴2 + 2𝐵2 + 0.72) = 0.51 

is followed by power divider 𝐾3
′ = (2𝐵2 + 2𝐶2)/0.5 =

0.48. 

Thus, the final required power dividers have power 

division ratios 𝐾1 = 𝐾2
′ = 0.444, 𝐾2 = 0.52, 𝐾3 = 0.51 

and 𝐾3
′ = 0.48, in addition to equal power dividers. 

These power dividers are designed by using Keysight 

ADS2019 and the corresponding designs are verified by 

using full wave analysis by using Ansoft HFSS. Then, 

these power dividers are integrated together according  

to the distribution shown in Fig. 13. Figure 14 shows  

the geometry of a single arm of the designed fork type 

feeding network. The ports are arranged from 1 to 17, 

while the inner numbers in Fig. 14 correspond to the 

values of the required resistances in Ohms between  

the arms of the different power dividers. The feeding 

network shown in Fig. 14 is simulated by using Keysight 

ADS2019.   
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(a)             (b) 

 

Fig. 11. Proposed feeding distribution: (a) amplitude 

ratios and (b) power ratios. 

 

  
 

Fig. 12. Power distribution function with cascaded  

𝑲𝟐 power division. The red highlighted branches are 

terminated with matched loads. 

 

 
 

Fig. 13. Power distribution function with cascaded 𝑲𝟐 

and 𝑲𝟑 power division. The red highlighted branches are 

terminated with matched loads. 

 

Figure 15 shows the simulated reflection coefficient 

of the input port 17. It can be noted that the designed 

feeding network is good matched below -10 dB 

reflection coefficient in the operating frequency band 

from 10.5 to 14.5 GHz. 

Figure 16 shows the amplitude ratios of the different 

output ports with respect to the inner output ports 1-4. It 

can be noted that the obtained amplitude ratios coincide 

with the proposed designed values 𝐵 = 0.4 and 𝐶 = 0.6.  

 

 
 

Fig. 14. Geometry of a single arm of the designed fork 

type dual polarized array feeding network. 
 

 
 

Fig. 15. Simulated reflection coefficient of the input port 

of the designed fork type feeding network. 
 

 
 

Fig. 16. Simulated amplitude ratios B and C of the 

designed feeding network. 

 

IV. EXPERIMENTAL RESULTS AND 

DISCUSSIONS 
Figure 17 shows the complete fabricated 16×16 

antenna array structure including the non-uniform feeding 

network and the measurement setup inside the anechoic  
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chamber. The measurements are obtained by using the 

antenna measurement system Starlab 18 © [21] with a 

dynamic range of 60dB in the frequency range from 6 to 

18 GHz. The antenna is supported by a foam layer with  

a dielectric constant of about 1.07 which does not have  

a significant effect on the measured parameters of the 

fabricated antenna array. The sub-cells are fabricated and 

assembled separately and the connecting feeding network 

is fabricated on a separate RO3003 substrate. The sub-

cells are connected to the feeding network by using SMP 

miniaturized push-on connectors on both the sub-cells and 

the feeding network.  

 

 
(a) 

 
(b) 

 

Fig. 17. Fabricated 16×16 antenna array structure: (a) 

non-uniform feeding network, and (b) antenna inside the 

antenna measurement chamber. 

 

Figure 18 (a) shows the measured reflection 

coefficients of the two feeding ports of the main feeding 

networks. Port 1 corresponds to the feeding point of  

LH circular polarization while port 2 corresponds to  

the feeding point of the RH. It can be noted that good 

matching is obtained along the required operating 

bandwidth for both polarizations. On the other hand, Fig. 

18 (b) shows the isolation between the two feeding ports. 

It can be noted that the obtained isolation is less than  

-30dB over the entire operating bandwidth which is 

sufficient for the proposed application. 

 
      (a) 

 
     (b) 

 

Fig. 18. Measured S-parameters of the complete antenna 

structure: (a) measured reflection coefficients of the 

complete antenna structure for the two feeding ports, and 

(b) measured isolation between the two feeding ports. 

 

On the other hand, Fig. 19 shows the measured 

radiation patterns for both LH and RH polarizations 

compared to the ITU Mask at 12.7 GHz.  It can be noted 

that the obtained radiation patterns are satisfying the ITU 

Mask except at few separated angles. These are expected 

results because the proposed feeding distribution does not 

completely have zero the error function of the simulated 

radiation pattern with respect to the ITU Mask. In a similar 

way, Fig. 20 shows the radiation patterns at 11 GHz near 

the low frequency limit and Fig. 21 shows the radiations 

patterns at 14 GHz near the upper frequency limit. It can 

be noted that these radiation patterns also satisfy the 

required ITU Mask except at few separated angles.  

Figure 22 shows the measured peak antenna gain  

for the two feeding ports while Fig. 23 shows the 

corresponding axial ratios in the broadside direction. It can 

be noted that the axial ratio is almost less than 3dB in the 

required frequency band. Based on the measurement 

results it can be concluded that the designed non-uniform 

feeding network for the sub-cells introduces the required 

radiation parameters for the proposed antenna for on- 
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move satellite communication system in Ku-band from 

10.5 to 14.5 GHz. 

 

 
      (a) 

 
      (b) 

 

Fig. 19. Measured radiation patterns compared to the 

ITU Mask at the planes 𝝓 = 𝟎𝐨 and 𝝓 = 𝟗𝟎𝐨; at 

12.7GHz: (a) (Port 1) LH excitation, and (b) (Port 2) RH 

excitation. 

 

 

       (a) 

 
       (b) 

 

Fig. 20. Measured radiation patterns compared to the 

ITU Mask at the planes 𝝓 = 𝟎𝐨 and 𝝓 = 𝟗𝟎𝐨; at 11GHz: 

(a) (Port 1) LH excitation, and (b) (Port 2) RH excitation. 

 

 
       (a) 

 
       (b) 

 

Fig. 21. Measured radiation patterns compared to the 

ITU Mask at the planes 𝜙 = 0o and 𝜙 = 90o; at 14GHz: 

(a) (Port 1) LH excitation, and (b) (Port 2) RH excitation. 

 

Theta (Deg.)

R
a

d
ia

ti
o

n
 P

a
tt

e
rn

 (
d

B
i)

-90 -70 -50 -30 -10 10 30 50 70 90
-30

-25

-20

-15

-10

-5

0

5

10

15

20

25

30

Cp Phi=0o

Xp Phi=0o

Cp Phi=90o

Xp Phi=90o

MASK

Theta(Deg.)

R
a

d
ia

ti
o

n
 P

a
tt

e
rn

 (
d

B
i)

-90 -70 -50 -30 -10 10 30 50 70 90
-30

-25

-20

-15

-10

-5

0

5

10

15

20

25

30

Cp Phi=0o

Xp Phi=0o

Cp Phi=90o

Xp Phi=90o

MASK

Theta(Deg)

R
a

d
ia

ti
o

n
 P

a
tt

e
rn

 (
d

B
i)

-90 -70 -50 -30 -10 10 30 50 70 90
-30

-25

-20

-15

-10

-5

0

5

10

15

20

25

30

35

Cp Phi=0o

Xp Phi=0o

Cp Phi=90o

Xp Phi=90o

MASK

Theta (Deg)

R
a

d
ia

ti
o

n
 P

a
tt

e
rn

 (
d

B
i)

-90 -70 -50 -30 -10 10 30 50 70 90
-30

-25

-20

-15

-10

-5

0

5

10

15

20

25

30

35

Cp Phi=0o

Xp Phi=0o

Cp Phi=90o

Xp Phi=90o

MASK

Theta (Deg)

R
a
d

ia
ti

o
n

 P
a
tt

e
rn

 (
d

B
i)

-90 -70 -50 -30 -10 10 30 50 70 90
-30

-25

-20

-15

-10

-5

0

5

10

15

20

25

30

35

Cp Phi=0o

Xp Phi=0o

Cp Phi=90o

Xp Phi=90o

MASK

Theta(Deg)

R
a
d

ia
ti

o
n

 P
a
tt

e
rn

 (
d

B
i)

-90 -70 -50 -30 -10 10 30 50 70 90
-30

-25

-20

-15

-10

-5

0

5

10

15

20

25

30

35

Cp Phi=0o

Xp Phi=0o

Cp Phi=90o

Xp Phi=90o

MASK

HASSAN, IBRAHIM, ABDALLAH, ATTIYA: FEEDING NETWORK FOR A DUAL CP 16×16 KU-BAND ANTENNA ARRAY 123



 
 

Fig. 22. Measured peak antenna gains for the two feeding 

ports. 

 

 
 

Fig. 23. Measured axial ratios for the two feeding ports. 

 

V. CONCLUSION 
Analysis and design of a single layer dual feeding 

networks for 16×16 Ku band dual circularly polarized 

antenna array is presented. The antenna array is divided 

into sub-cells composed of 4×4 radiating elements and 

connected by a dual sequential feeding network. These 

sub-cells are connected by a dual non-uniform interlaced 

fork type feeding networks. New feeding distribution is 

used to minimize the error between the obtained radiation 

pattern and the required ITU Mask. The feeding 

distribution function is verified by using cascaded power 

dividers to obtain the required small power division ratios. 

The obtained experimental results satisfy the required 

properties for a Ku band antenna array for on-move 

satellite communication system.   
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