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Abstract 

So far, extensive research has been made, and researchers have shown that use of 

septum polarizer for feed designing not only provides the dual polarization but also 

improve the input reflection and cross-polar isolation performance of the feed. 

In this thesis design of the feed for satellite communication antenna has been 

investigated, which provides the transmission in right hand circular polarization and 

reception in left hand circular polarization. A feed which covers both receives and 

transmits bands, i.e. (7.25-7.75 GHz) and (7.9-8.4 GHz) was designed by using the low 

axial ratio stepped septum polarizer in square waveguide technology, and the circular 

horn with the round ring choke at the aperture of the feed. Choke at the aperture of the 

feed was reduced the level of side and back lobes and improves the gain and efficiency 

of the reflector antenna by putting more energy at the aperture of the reflector antenna. 

The excitation of the feed has been done by using the standard WR-112 rectangular 

waveguide at the input of the feed.  

Design and optimization of the feed have been done in High frequency structure 

simulator (HFSS) tool, and the simulation results show the input reflection performance 

of the feed less than -18 dB and the cross-polar isolation better than 25 dB. Finally, the 

optimized design of feed has been fabricated and measured results show that feed has 

reasonable input reflection and good cross-polar isolation performance over the entire 

bandwidth. 
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Chapter 1 

1   Introduction 

1.1 Background and Motivation 

Reflector antennas are commonly used for satellite communication applications due to 

their high-gain performance. To achieve the reception and transmission of microwave 

signals from the single feed device, This will motivate to design the dual polarized feed, 

which will provide separate ports for transmission and reception of microwave signals 

in a different sense of the polarization states and also provide low cross-polar radiation, 

high efficiency and low side lobes level.  

To achieve the dual polarization requirements of feed stepped septum polarizer in 

square waveguide technology has been proposed by M.H. Chen and G.N. Tsandoulas 

[1] in 1973, which provide dual circular polarization (RHCP and LHCP), good return 

loss and low isolation.  More work on the septum polarizer was done by Jens 

Bornemann and V. A. Labay [2], whose proposed the septum polarizer designs for C-, 

X-, Ku- and K-band applications. In 2010, Pert Lecian and Miroslav Kasal [3] proposed 

the feed design for parabolic antenna using septum polarizer and excitation was done by 

rectangular waveguides.  

The low cross-polar radiation and high efficiency of the reflector antenna can be 

achieved by optimizing the shape of the radiation pattern of the feed. This can be done 

by introducing the choke at the aperture of the antenna. The coaxial cavity feed has been 

proposed by A.A. Kishk [4] in 1999, which provide the low side lobe level, low cross-

polar radiation and also increased the efficiency of the reflector antenna. It consists on 

the circular horn, and round choke ring at the aperture of the feed. The usage of the 

choke in septum feed described by the Paul Wade and Tommy Henderson [5] who 

proposed various choke dimensions according to the f/D ratio of the dish antenna.     

Septum feed with the circular choke ring at the aperture of the feed was described in 

VE4MA feed [6]. In these types of the feed choke ring is added around the circular 

waveguide. Septum feeds with and without choke rings (circular or rectangular cross-

section) also discussed by Paul Wade [7]. 
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1.2 Problem Description 

The objective of this thesis was to design, simulate and measure the performance of 

feed for reflector antenna operating at receive band 7.25-7.75 GHz and transmit band 

7.9-8.4 GHz, which will provide the transmission in RHCP and reception in LHCP and 

feed design to meet the gain and side lobes requirements of the antenna pattern.   

1.3 Thesis Outline    

This thesis report divided into seven chapters. In the first chapter of the report, I have 

discussed the introduction of the thesis and fundamental theory about the antenna. The 

second chapter of the report included the essential knowledge of waveguides and 

waveguide bends.  

The third chapter of the report provided the basic introduction about the septum 

polarizer and how it works. Chapter four is related to the design and simulation in 

which all the design and the simulation results have shown. The integrated design of the 

feed discussed in chapter five. The sixth chapter of the report included the prototype 

manufacturing procedure and the measurement results.  The conclusion of the thesis is 

presented in chapter seven.  

1.4 Specification 

Table 1.1 contains the operating requirements of feed. 

Table 1.1 feed operating requirements 

Specification Receive Band Transmit Band 

Frequency Bands (GHz) 7.25-7.75 7.9-8.4 

Input reflection-S11/S22 

(dB) 

-17.70  -20.0 

Cross-Polar Isolation (dB) 25.0 30.0 

Mid band Gain (dB) 43.90 44.70 

Diameter of Reflector 

Antenna 

2.4 m 
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1.5 Basic Theory 

1.5.1 Return Loss 

Return loss is the measure of the input reflection coefficients from an electrical port of a 

microwave device. The ratio of reflected power to the applied power is also known as 

return loss. The expression of return loss in terms of SWR (Standing Wave Ratio) is the 

following:                                         (1.1) 

1.5.2 Plane waves and their Polarization 

The polarization of a radiated wave is defined as “that property of electromagnetic wave 

describing the time-varying direction and relative magnitude of the electric field vector. 

specifically, figure traced as a function of a time by the extremity of the vector at a fixed 

location in space, and the sense in which it is traced, as observed along the direction of 

propagation [8].” 

The time harmonic E- and H-fields of a plane wave propagating in the positive z-

direction are expressed [9] as.                                 (1.2)                                                              (1.3) 

Where η = 377 Ohms is free space wave impedance and k is the wave number.                                                               (1.4) 

Where そ is the wavelength in free space that can be calculated as.                                                                (1.5) 

Where c = 3×108 m/s is the speed of light in free space. 

The characteristics of E-field are always used to determine the polarization that can be 

described in terms of co- and cross-polar components. Co-polar component     is a 

desired component which is parallel to the co-polar unit vector     and cross-polar 

component     is an undesired component which is parallel to the cross-polar unit 

vector     that is orthogonal to the co-polar unit vector. The co- and cross-polar unit 
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vectors are orthogonal to the propagation direction     So, the total E-field can be written 

as.                                                              (1.6) 

By scalar multiplication of E-field (  ) with      and      then the co- and cross 

components can be found, respectively, i.e.                                                                   (1.7) 

1.5.2.1 Linear Polarization 

A “time harmonic wave is said to be linearly polarized at a given point in a free space if 

the electric or magnetic field vector at that points always oriented along the same 

straight line at every instant of time [8].”  The radiated field of an antenna can be x-

direction and y-direction, afterwards it said to be linearly polarized in x-direction and 

linearly polarized in y direction respectively.   

In case of linearly polarized in y-direction, the electric field vector in y-direction and if 

this is the desired co-polar component then we can write as.                                                                             (1.8)                                                                (1.9)                                                                    (1.10) 

Generally linearly polarization by using the co- and cross-polar unit vectors can be 

described as                                                               (1.11)                                                               (1.12) 

Where   = 0 for a desired polarization in x-direction and   = π/2 for desired polarization 

in y-direction. 

1.5.2.3 Circular Polarization 

A “time harmonic wave is said to be circularly polarized at a given point in a free space 

if the electric or magnetic field vector at that points traces a circle as a function of time  

[8].”  The circularly polarized wave must fulfill the following conditions: 

i. The electric or magnetic field must have two orthogonal linear components. 

ii.  The magnitudes of the both components are equal.  
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iii.  The time phase difference between both components is odd multiples of      
The states of the orthogonal components in case of circular polarization are left hand 

circular polarization (LHCP) and right hand circular polarization (RHCP). The sense of 

the circular polarization wave determined by the rotation of the field if the rotation in 

clockwise direction, then it said to be RHCP and if the rotation in counterclockwise, 

then it said to be LHCP.  

The RHCP for waves propagating in the z-direction by using the co- and Cross-polar 

unit vectors can be defined as.                                                              (1.13)                                                              (1.14) 

And the LHCP by using the co- and Cross-polar unit vectors can be written as                                                              (1.15)                                                              (1.16) 

More detailed about circular polarization can be obtain from [9]. 

1.5.3 Axial Ratio 

Axial Ratio (AR) is used to measure the quality of the circular polarization how pure the 

wave is circularly polarized. By using the co- and cross-polar fields AR for desired 

circular polarization can be expressed as  

                                     
                                   (1.17) 

In case of circular polarization the ideal value of AR is unity (0 dB) but for linearly 

polarized AR is infinite [9].  

1.5.4 Cross Polarization Isolation 

Another way to measure the quality of circular polarization is cross-polar isolation 

(XPI) which compared the co-polarized received power to the cross-polarized received 

power that is received in the same polarization state can be defined as 

                          
                                        (1.18) 

Where     is co-polarized field and     cross-polarized field [9]. 
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1.5.5 Radiation Pattern 

The radiation pattern is the graphical representation of the relative power which is 

radiated from the antenna in different directions. It is determined in the far-field region, 

and it is represented as the function of directional coordinates. The radiation pattern of 

antenna have two forms such as rectangular or polar plot but radiation pattern plot that 

is commonly used in reflector antenna is the rectangular plot which has a power in 

decibels against spherical angle ɵ. These plots have different types such as E-plane, H-

plane, φ=45o and φ=135o [10].  

1.5.6 Gain 

The ability of the feed to concentrate power into a narrow angular region is called gain, 

which can be expressed as.                                                                                                               (1.19) 

In case of an aperture antenna the effective area A of an antenna collects the enough 

power to produce gain which can be expressed as.                                                               (1.20) 

The gain of a dish antenna is given by                                                                 (1.21) 

Where D is dish diameter, そ is wavelength and η is the total efficiency.   

1.5.7 Efficiency 

The ratio between effective and physical radiated area of the antenna is called aperture 

efficiency. It can be calculated by using the equation 1.20. Where an effective area is 

calculated and then by dividing the physical area we get the efficiency.  

By combined arrangement of the feed and reflector antenna, aperture efficiency is given 

by                                                              (1.22) 

Where    is aperture efficiency,    illumination efficiency,    spillover efficiency,    phase efficiency and     cross-polar efficiency. 
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The illumination efficiency is a measure of nonlinearity of the field across the aperture 

of the reflector which is given by  

                                                                                                 (1.23) 

When a feed illuminates a reflector portion of power catches by the reflector and the 

remaining power spillover the reflector. So, the spillover efficiency is given by  

                                                                                                (1.24) 

The phase efficiency is the measure of the uniformity of the spherical phase across the 

aperture and the cross-polar efficiency measures the power lost due to the cross-polar 

radiation [10]. 

1.5.8 Phase Center 

Phase center is the theoretical point along the axis of the horn which is the location of 

the center of curvature of the wave front of the radiation field. In most of the feeds 

actually there is a phase center region except a phase center point because radiation is 

the summation of the spherical waves that originate from the aperture. In other words 

phase center is the phase reference point that makes the far field function constant. 

Phase center can be found by rotating the feed at different points along its axis and 

finding the point which provide more constant phase variation. More detail about the 

phase center can be found at [9, 10].   
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Chapter 2 

2   Waveguides 

2.1 Introduction and History 

The development of waveguides is the one of the earliest milestones in microwave 

engineering for high power and low loss transmission of the microwave signals. In 

1983, propagation of electromagnetic waves inside the hollow tube considered by 

Heaviside but later this idea has been rejected because he believed that two conductors 

are necessary for the propagation of electromagnetic waves [11]. Propagation of 

electromagnetic waves in waveguides (rectangular or circular cross section) 

mathematically approved by Lord Rayleigh [12] in 1897. He also had given an idea 

about the existence of the TE and TM modes in the waveguides. In 1936, George C. 

South worth of the AT&T Company in New York presented a paper on waveguides 

after successful experiments on waveguides for the transfer of electromagnetic energy 

[13].  

At microwave level waveguides are mostly used as a transmission medium because of 

low loss and high power handling as compared to the coaxial cables and micro strip 

lines. Today lot of microwave devices developed by using micro strip lines and strip 

lines but still need of waveguides for some applications such as high power handling 

microwave systems and millimeter wave systems.        

2.2 Rectangular Waveguide 

Rectangular waveguides are mostly used for propagation of microwave signals as a 

transmission line. Today, various components are developed by using the rectangular 

waveguides such as isolators, couplers, attenuators, and detectors operating at 1 GHz to 

20 GHz of waveguide bands. Rectangular waveguide consists of a hollow tube with 

rectangular cross section which is shown in Figure 2.1 Where た is the permeability of 

the material and ε is the permittivity of the material and a and b are the width and height 

of the rectangular waveguide respectively. 
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Figure 2.1: Geometry of rectangular waveguide 

Rectangular waveguide supports the propagation of TE and TM modes but TEM modes 

can’t be propagated through the rectangular waveguide because of only one conductor 

present in the rectangular waveguides [14].  

2.2.1 TE Modes 

TE means transverse electric waves which are also called H-waves. TE modes in 

rectangular waveguides have cutoff frequencies below which propagation is not 

possible. The cutoff frequency of the TE modes is given by  

                                                                 (2.1) 

The dominant mode in rectangular waveguide is TE10 (m = 1 and n = 0) because it has 

lowest cutoff frequency. Those modes which have a cutoff frequency greater than the 

operating frequency of the waveguide will not propagate. If more than one mode 

propagating through the waveguide then waveguide is said to be overmoded. 

2.2.2 TM Modes 

TM means transverse magnetic waves which are also called E-waves. The cutoff 

frequency of the TM modes in rectangular waveguide is same as the TE mode which is 

given in equation 2.1. TM11 (m = 1 and n = 1) is the lowest order TM mode that will 

propagate in the rectangular waveguide.    
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2.3 Circular Waveguide 

Circular waveguide also used for transfer of electromagnetic energy at microwave 

frequencies. It consists on a hollow metal tube with circular cross section. Circular 

waveguide operation at the desired operating frequency depends on the inner radius of 

the circular hollow tube. The geometry of the circular waveguide is shown in Figure 2.2 

with inner radius a. 

 

Figure 2.2: Geometry of circular waveguide 

Circular waveguide also supports the TE and TM modes but not TEM modes because of 

only one conductor is present in this waveguide [14]. 

2.3.1 TE Modes 

Propagation of TE modes in circular waveguides depends on the cutoff frequency. A 

first TE mode which has the lowest cutoff frequency and will propagate in circular 

waveguide is TE11 mode. The cutoff frequency of TE modes in a circular waveguide is 

given by                                                                       (2.2) 

Where values of      for calculating the cutoff frequency of TE modes in circular 

waveguide given in TABLE 2.1 which is taken from [14].  
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TABLE 2.1 Values of      for TE Modes of a Circular Waveguide 

n                

0 3.832 7.0106 10.174 

1 1.841 5.331 8.536 

2 3.054 6.706 9.970 

 

2.3.2 TM Modes 

Circular waveguides also support TM modes; the first TM mode will propagate in a 

circular waveguide is TM01 which has           which is greater than            

of the lowest order TE11 mode, so the dominant mode in a circular waveguide is TE11. 

The cutoff frequency of the TM modes is given by                                                                        (2.3) 

Where values of     for calculating the cutoff frequency of TM modes in circular 

waveguide given in TABLE 2.2 which is taken from [14].  

TABLE 2.2 Values of     for TM Modes of a Circular Waveguide 

n             

0 2.405 5.520 8.654 

1 3.832 7.016 10.174 

2 5.135 8.417 11.620 

 

2.4 Waveguide Bends 

Rectangular waveguides are widely used for many applications for their high-power 

handling and low loss capabilities. For connecting the different waveguide components 

waveguide bends are needed, so various types of the waveguide bends are introduced 

but the most popular waveguide bends are 90o or right angle bends. 90o E- and H- plane 

bends shown in Figure 2.3. 
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Figure 2.3: Waveguide bends 

Figure 2.3 (a) and (b) shows the E- and H-plane bends respectively. When two 

waveguides are connected by using the 90o E- or H-plane bends then the electric and 

magnetic energy stored in the bend region which will act as a discontinuity reactance in 

the equivalent circuit of the bend. Due to this discontinuity in the bend, it provides some 

level of reflection [15]. To reduce the reflection from the discontinuity in the bend, 

introduced a section of curved waveguide with reasonable radius or by mitering in the 

outer corner of the bend.    

Different techniques have been investigated for designing of the right angle waveguide 

bends. Circular bends proposed by the Mongiardo [16] who designed the bend in 

circular shape. Bend also could be designed by introducing a miter in the outer corner of 

the bend [17]. Right angle waveguide bends structure also investigated by Soon-Chun 

Lee [15] who designed the bends in circular, two steps and three steps and by 

comparison, he has shown that three steps right angle bends have low input reflection as 

compared to the circular and two-step bends. 

(b) E-plane bend (a) H-plane bend 
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Chapter 3 

3   Septum Polarizer 

3.1 Introduction 

Low loss dual polarization requirements are highly appreciated in satellite 

communication at microwave wavelengths. So far, extensive research has been done to 

get the dual polarization and septum polarizer has been developed, which is the easiest 

way to get dual circular polarization (RHCP and LHCP) at the microwave level. It will 

also provide good cross-polar isolation between two different senses of the polarization 

(RHCP and LHCP), input reflection, axial ratio and reasonable port to port isolation for 

the entire frequency band.   

In waveguide septum polarizer is widely used to provide circular polarization from the 

linear polarization. It is a key element which converts the linear polarization to the 

circular polarization. Physically, the septum polarizer have three ports, consists of two 

input ports and one output port where input ports have rectangular waveguides, and an 

output port can be rectangular or circular. The first septum polarizer which is introduced 

is a sloppy septum polarizer [18], which has limited bandwidth and isolation. Further 

stepped septum polarizer [1-3] developed to provide the more bandwidth and good 

isolation. In this report, we will discuss about the stepped septum polarization in square 

waveguide technology [1].   

3.2 Operation of Septum Polarizer 

The schematic of septum polarizer is shown in Figure 3.1. Physically, septum polarizer 

has three ports, but electrically it is a four port device. The common port of the septum 

polarizer is a square waveguide which divided by the septum into two standard 

rectangular waveguide. 
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Figure 3.1: Septum Polarizer in square waveguide 

When the common port of the septum polarizer excited by two orthogonal modes, TE10 

and TE01 that provide the RHCP signal in port 1 and the LHCP signal on port 2. The 

circular polarization wave entering in the common port of the septum polarizer have 

two orthogonal components one is parallel to the septum and other is perpendicular to 

the septum. The parallel component is equally divided by the septum into the both sides 

of the septum. 

Septum changes the cutoff frequency of perpendicular component because of  this 

wavelength of the perpendicular component decreases. Due to the shorter wavelength of 

the perpendicular component, septum provides longer wavelength to perpendicular 

component as compared to the parallel component. It maintained the quarter wavelength 

or 90o difference between parallel and perpendicular component’s electrical lengths. 

Due to the 90o difference, both components reach at the input of the septum in phase 

where both components added on the one side of the septum and canceled on the other 

side of the septum. The addition and subtraction of the parallel and perpendicular 

components in either sides of the septum depend on the sense of the polarization (RHCP 

or LHCP) of the incoming wave in the common port of the septum polarizer. RHCP 

wave coming into the common port of the septum polarizer coupled to the port 1 of the 

septum polar and LHCP wave coming into the common port of the septum polarizer 

coupled to the port 2 of the septum polarizer. On the other hand, exciting port 1 will 
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yield RHCP and port2 will yield LHCP signal into the common port of the septum 

polarizer respectively. Septum polarizer operation phenomenon with field configuration 

is shown in Figure 3.2, which taken from [19].  

 

Figure 3.2: Field’s configuration of Septum polarizer in square waveguide 

3.2.1 Even mode Excitation  

When an even mode is excited in the rectangular waveguide region, the field (electric 

and magnetic) distribution is the same in the left and right rectangular waveguide, but 

the direction of the current flow is opposite. Therefore, slot in the common wall 

between two rectangular waveguides will not disturb the field and current. however, 

current flow in the one guide and return from the other guide through the slot unaffected 

by the septum. So, propagation of the even mode wave will transfer its total energy into 

the TE10 mode in the square waveguide [1, 3].   

3.2.2 Odd Mode excitation 

When we excited the odd mode in the rectangular waveguide region, the direction of 

fields and currents of the left and right rectangular waveguides are reversed as 

compared to the even mode excitation. Current flow in the left and right side of the 

common wall between two rectangular waveguides have the same direction and field 

disturbance occurred due to the slot in the common wall, resulting in mode coupling and 

reflection. Consequently, propagation of the odd mode wave will transfer partially 

energy to the TE01 mode in the square waveguide and partially reflected [1, 3].    
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3.3 Mathematical Modulation 

In most cases septum polarizer represents as four ports passive circuit device shown in 

Figure 3.3, which has been taken from [9].  

                

Figure 3.3: Septum polarizer 

The scattering matrix of the septum polarizer is given by.  

                                                                        (3.1) 

                                                                 (3.2) 

Where     and     is the amplitude for the wave leaving port i and amplitude for the 

wave exciting port j respectively.  

Two orthogonal polarized antennas are used to excite the port 3 and port 4 of the 

septum polarizer; both antennas are impedance matched to the characteristic impedance 

of the ports. Circularly polarized wave coming to the port 3 and port 4 of the septum 

polarizer is given by.                                                                   (3.3) 

When port 1 is excited it provide the RHCP which is given by.                                                                (3.4) 

And when port 2 is excited we get the LHCP which given by.                                                                    (3.5) 

More detail about mathematical modeling of septum polarizer found in reference [9].  

(a) Ports illustration (b) Septum polarizer in square waveguide 
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Chapter 4 

4   Design and Simulation 

4.1 Introduction 

This thesis involved the designing and characterization of feed for reflector antenna 

operating over frequency bands 7.25-7.75 GHz and 7.9-8.4 GHz. To design and 

verification of the model, simulation technique plays a very important role. The first 

task was to select an appropriate simulation tool to carry out the feed designing process. 

4.2 Simulation Tool 

In this thesis we have to design the 3D model of the feed, so the ansoft [20] High 

Frequency structure simulator (HFSS) tool was selected to carry out the designing and 

simulating of feed.  

HFSS is 3D full-wave electromagnetic simulator, which integrates solid modeling, 

simulation, visualization and automation to easily solve the problems. To solve the 

problems such as differential equations and integral equations by using the FEM (Finite 

Element Method).     

Feed designing and simulating process has been divided into four different parts septum 

polarizer, choke, input right angle E-plane bend and integrated design. First, all parts of 

feed were designed, simulated and optimized individually in HFSS and then integrated 

design of feed have been optimized to achieve the desired results.  

4.3 Septum Polarizer design and simulation 

Septum polarizer has been discussed in detail in chapter 3. In this thesis stepped septum 

polarizer has been designed in square waveguide technology, which divided the square 

waveguide into two standard waveguides. Stepped septum polarizer provided high 

bandwidth, low input refection, pure circular polarization and high cross-polar isolation 

as compared to the sloppy septum polarizer [1-3].  

Initial dimensions of septum polarizer were taken from [1, 2], then the dimensions of 

five stepped septum polarizer scaled according to the desired specification. 

Optimization of septum polarizer has been done by varying the length, width of the each 
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step to acquire the wanted level of input reflection S11, axial ratio, cross-polar isolation 

and reasonable isolation between ports. 

 

Figure 4.1: Geometrical views of Septum polarizer 

Figure 4.1 (a) shows the 3D view of septum polarizer in square waveguide with electric 

field propagation, when port1 of the septum polarizer is excited it provided the RHCP in 

the common port and when common port of septum polarizer was excited by the RHCP 

then it coupled to the port 1. Due to the isolation between port1 and port 2, resulted 
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there was no field in port 2. By exciting, the port 2 of septum polarizer afterwards 

LHCP can be obtained in the same manner. Figure 4.1 (b) shows the top, side, front and 

back views of the septum polarizer where we clearly see the number of steps used in the 

septum polarizer. 

 

 

Figure 4.2: Input reflection and Isolation for septum polarizer 

Figure 4.2 (a) shows the input reflection for the septum polarizer where input reflection 

S11 is less than -22 dB for both receives (7.25-7.75 GHz) and transmits bands (7.9.8.4 

(a) Input reflection 

(b) Isolation 
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GHz) that satisfied the desired level of the input reflection according to specification 

given in Table 1.1. This shows that both input ports have very low input reflections over 

the entire frequency band. 

Figure 4.2 (b) shows the isolation between ports of the septum polarizer which is also 

better than 22 dB for entire bandwidth. Isolation is very important in case of dual 

polarization to separate the signals.  

 

 

Figure 4.3: Axial Ratio and Cross-polar Isolation for septum polarizer 

(a) Axial Ratio 

(b) Cross-polar Isolation 
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Figure 4.3 (a) shows the axial ratio for septum polarizer, which is less than 1 dB. By 

analyzing the axial ratio graph of the septum polarizer, as a result it provides the circular 

polarization. By applying input at port 1, it will generate the RHCP signal into the 

common port of the septum polarizer and when input is applied by port 2 then LHCP 

signal is generated in common port of the septum polarizer. 

From Figure 4.3 (b), we analyzed the cross-polar isolation between co-polar (wanted) 

and cross-polar (unwanted) components better than 25 dB. By exciting the port 1 then 

the co-polar component is RHCP, the cross-polar component is LHCP and when input 

applied to the port 2 then the co-polar component is LHCP and the cross-polar 

component is RHCP. The desired level of cross-polar isolation for both receive band 

(7.25-7.75 GHz) and transmit band (7.9-8.4 GHz) almost achieved, which is 25 dB and 

30 dB respectively.  

During the optimization of the septum polarizer in HFSS tradeoff occur between input 

reflection and cross-polar isolation. Improving the cross-polar isolation it degrades the 

input reflection performance of septum polarizer. After doing lots of work, best 

combination of input reflection and cross-polar isolation was selected. 

4.4 Choke design and simulation 

To improve the efficiency of the reflector antenna a choke has been used as a 

combination with the septum polarizer. A choke in the form of the circular ring 

surrounded around the circular horn has been designed separately in HFSS. This ring 

reduced the side and back lobe level by putting more energy from the feed on the 

reflector. To achieve the desired level of dish illumination and spillover, the shape of 

the radiation pattern of the choke has been optimized by varying the dimensions of the 

choke ring. 

The basic idea for designing the choke were taken from [4, 5], and then it has been 

designed and optimized in HFSS to acquire the desired shape radiation pattern over a 

specific frequency. 

Figure 4.4 shows the geometry of the choke where ‘a’ is the diameter of the circular 

horn, b is the diameter of choke ring, c is the projection of the choke ring,  d is the depth 

of the choke ring, e is the length of the circular horn. The optimization of the choke has 

been done by varying the radius of the ring, choke depth and position of the choke over 

the circular horn. 
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Figure 4.4: Geometry of choke   

Figure 4.5 shows the E-plane (phi = ‘0 deg’) and H-plane (phi = 90 deg) radiation 

patterns of choke at 7.5 GHz where edge tapered gain is more than 10 dB.   

 

Figure 4.5: Radiation pattern of choke at 7.5 GHz 
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Figure 4.6: 3D radiation pattern of choke at 7.5 GHz 

Figure 4.6 shows the 3D radiation pattern of choke at 7.5 GHz center frequency of 

receive band.  

4.5 Input Right Angle E-plane Bend design and simulation 

The excitation of feed has been done by using the standard WR-112 at the inputs of the 

feed. So, to make the standard WR-112 input flange, right angle E-plane bends have 

been used. The optimization of right angle E-plane bend has been done separately. The 

initial dimensions of the right angle E-plane three step bend have been taken from the 

reference [15].      

 

Figure 4.7: Right angle E-plane bend 

(a) Top view (b) 3D view 
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Figure 4.7 shows the top and 3D view of the structure of right angle E-plane bend. The 

standard WR-112 port of the bend used for excitation, and the other port connected to 

the square waveguide septum polarizer. The right angle E-plane bend has been designed 

in steps. The optimization of the bend has been done by varying the number of steps and 

dimensions of each step to obtain the desired level of input reflection and bandwidth. In 

our case, three step right angle E-plane bend satisfied our desired requirements.   

 

Figure 4.8: Input reflection for right angle E-plane bend 

Figure 4.8 shows the input reflection S11 for right angle E-plane bend, which is less 

than -28 dB over the entire frequency band for both ports of the bend. A number of the 

steps in the bend improved the bandwidth and input reflection performance.  

I have also designed and simulated the right angle bend with circular curve and  mitered 

shape in the outer corner of the bend but their performances were degraded the input 

reflection and reduced the bandwidth as compared to the three step right angle bend.  
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Chapter 5 

5   Integrated Design of Feed 

5.1 Overview 

In the previous chapter I had discussed the design and simulation results of the septum 

polarizer in square waveguide technology, choke and right angle E-plane bend. The 

performance of the septum polarizer was very good in terms of the input reflection and 

cross-polar isolation; it also provided the good circular polarization (RHCP and LHCP) 

by exciting the input ports of the septum polarizer. In this chapter, integrated design of 

the feed has been designed and optimized.  

5.2 Design and Simulation 

The geometrical views of the integrated design of feed have shown in Figure 5.1. Figure 

5.1 (a) shows the 3D view of the feed which clearly described  the structure of the feed 

where square waveguide septum polarizer was excited by the standard WR-112 with the 

right angle E-plane bend, circular horn directly connected to the square waveguide and 

choke was connected at the aperture of the circular horn. Transition from square to 

circular waveguide [21] was also checked by introducing the different circular sections 

between square and circular waveguide, but it degraded the input reflection performance 

of the feed. In our case, a direct connection between square and circular waveguide was 

provided the best input reflection performance of the feed. The top, side, front and back 

views of the feed have shown in Figure 5.1 (b), (c), (d) and (e) respectively.    

The port 1 of the feed used for transmission and reception of RHCP microwave signals, 

and pot 2 of the feed used for transmission and reception of LHCP microwave signals.  

By exciting either port 1 or port 2 both provided same performances of the feed 

parameters such as input reflection, cross-polar isolation, efficacy and gain due to the 

symmetrical design. So, all the simulation results have been shown by taking port 1 as 

reference for excitation of the feed. 

After designed and simulated the integrated design of the feed, the input reflection and 

cross-polar isolation performance of the feed have been degraded from the desired level 

which is given in Table 1.1. So, the design of feed has been again optimized to meet the 

desired specification by varying the dimensions of the septum polarizer steps.  
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Figure 5.1: Geometrical views of feed  

(a) 3D view of feed  

(b) Top view of feed  (c) Side view of feed  

(d) Front view of feed  (e) Back view of feed  

 Port 1  
Port 2  
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Figure 5.2 shows the input reflection performance of the feed after optimization. The 

input reflection (S11 and S22) performance of the feed less than -18 dB for receive band 

(7.25-7.75 GHz) and less than -26 dB for the transmit band (7.9-8.4 GHz) that satisfied 

the desired requirements of the feed operation. This also shows that both input ports 

have very low input reflections over the entire frequency band. Due to the symmetrical 

design, both input ports have the same input reflection performance. The resonance 

peaks occur due to the horn connected at the aperture of the feed. 

 

Figure 5.2: Input reflection 

Figure 5.3 (a) shows the axial ratio vs. frequency performance of the feed that is less 

than 1 dB for both receive and transmit band of the feed. For pure circular polarization, 

axial ration is equal to 0 dB, so, I have achieved axial ratio in between 0 and 1 dB that 

also satisfy to provide circular polarization. The resonance peaks occur due to the horn 

connected at the aperture of the feed that degraded the axial ration at few frequency 

points.  

Figure 5.3 (b) shows the cross-polar isolation performance of the feed that separated the 

co-polar (RHCP) and the cross-polar (LHCP) components. Feed structure has the 

performance of cross-polar isolation better than 25 dB for the receive band 7.25-7.75 

GHz that satisfied the desired level and in case of the transmit band 7.9-8.4 GHz, the 

cross-polar isolation desired level is 30 dB, but it will go down a little at some points 

from the desired level. So many iterations have been performed to achieve this goal but 
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it a still little bit lower from the desired level of 30 dB. This will not affect the 

performance of the feed; it can be improved by changing the width of the each step of 

the septum polarizer, but it will make the septum polarizer more complex as fabrication 

point of view. The resonance peaks occur due to the horn connected at the aperture of 

the feed. 

       

 

 

Figure 5.3: Axial Ratio and Cross-polar Isolation  

(a) Axial Ratio 

(b) Cross-polar Isolation 
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To determine the phase center point in the feed, it has been moved along the z-axis. By 

analyzing the phase of RHCP, I have selected the point which provided the minimum 

phase variation. The structure of the feed showing the phase center point which is 8 mm 

inside the aperture of the circular horn shown in Figure 5.4. More theory about the 

phase center point has given in chapter 1. 

 

Figure 5.4: 3D view of feed with showing phase center point 

Figure 5.5 shows the phase variation of the RHCP vs. angle theta. Where the phase 

variation for both planes (phi = 0 deg and Phi = 90 deg) is 4 degrees.   

 

Figure 5.5: RHCP Phase 
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The radiation pattern of feed used in conjunction with the reflector antenna has been 

optimized to achieve the desired level of gain and efficiency of the reflector antenna by 

varying the dimensions of the choke and also by varying the position of the choke over 

the circular horn. The optimized radiation patterns of the feed have been shown in 

Figure 5.6 at center frequency 7.5 GHz of receive band (7.25-7.75 GHz). 

 

 

Figure 5.6: Radiation pattern of feed at 7.5 GHz 
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Figure 5.6 (a) shows the  RHCP radiation pattern at center frequency 7.5 GHz and the 

cross-polarization radiation pattern of the feed shown in Figure 5.6 (b) where the co-

polar (RHCP) component shown with the solid lines and the cross-polar component 

(LHCP) shown by dotted lines.  

 

Figure 5.7: Polar radiation pattern at 7.5 GHz 

Figure 5.7 shows the polar radiation pattern of feed at 7.5 GHz after optimization. 

 

Figure 5.8: 3D radiation pattern at 7.5 GHz 

The 3D radiation pattern of the feed at 7.5 GHz is shown in Figure 5.8. 
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Figure 5.9 shows the RHCP radiation pattern vs. frequency (7.2 GHz to 8.4 GHz with 

step size of 0.1 GHz). Radiation pattern at all frequencies had almost same 

characteristics.  

 

Figure 5.9: RHCP Radiation pattern vs. frequency 

In Figure 5.10, cross-polarization radiation pattern vs. frequency (7.2 GHz to 8.4 GHz 

with step size of 0.1 GHz) of the feed is shown. In which co-polar (RHCP) component 

is shown as solid lines and cross-polar (LHCP) component shown by dotted lines.  

 

Figure 5.10: Cross-polarization radiation pattern vs. frequency  
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5.3 Mat Lab Simulation and Results 

In reflector antenna, a feed play very important role to improve the gain and efficiency 

of the reflector antenna. Feed should be designed in such a way that the reflector is 

perfectly illuminated by the feed which means that maximum energy from the feed 

intercepted by the reflector, and it reduced the spillover. This depends upon the shape of 

the radiation pattern that was transmitted by the feed.  

So, to calculate the total gain and efficiency in case of a combined arrangement of feed 

and reflector antenna according to the diameter and focal length of the reflector antenna, 

the optimized radiation pattern of the feed has been exported in .CVS format in HFSS, 

this file contained all the data from the radiation pattern of the feed which was obtained 

after optimization. Then this file has been used in mat lab simulation, to calculate the   

total gain and efficiency in case of a combined arrangement of feed and reflector 

antenna. The results obtained from the mat lab simulation are shown in Table 1.4. 

Table 1.4: Mat lab simulation results 

  

Diameter of reflector 

Antenna [m] 

2.4 

Focal length [m] 1.2 

Frequency [GHz] 7.5 8.15 

Total Gain [dB] 43.92 44.68 

Spillover efficiency 0.81 0.81 

Illumination  efficiency 0.86 0.86 

Polarization efficiency 0.99 0.99 

Total efficiency 0.69 0.70 

       

In Table 1.4, the calculated gain and efficiencies in case of a combined arrangement of 

feed and reflector antenna at the center frequency 7.5 GHz of receive band (7.25-7.75) 

and the 8.15 GHz frequency of transmit band (7.9-8.4 GHz) have been given that 

satisfied the desired level of gain according to the specification. By analyzing the 
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efficiencies have given in Table 1.4, we checked that spill over efficiency is less as 

compared with the illumination efficiency and polarization efficiency. More detail about 

the spillover, illumination and polarization efficiency has been in chapter 1. I also verify 

the results of gain and efficiency at different frequencies that as well satisfied the 

desired requirements of the gain.  

Figure 5.11 shows the field distribution over the aperture of the reflector antenna.   

 

Figure 5.11: Field over the aperture of reflector antenna at 7.5 GHz 

In Figure 5.12, co-polar (RHCP) and cross-polar (LHCP) components are shown with 

their field configuration.  

 

Figure 5.12: Co-polar and Cross-polar components at 7.5 GHz 

The cross-polarization between RHCP and LHCP also measured in mat lab simulation. 

The difference between co-polar (RHCP) and cross-polar (LHCP) components is the 

same as obtained in HFSS simulation, which is 28.96 dB at 7.5 GHz. The cross-

polarization radiation pattern, which is acquired after mat lab simulation is shown in 
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Figure 5.13 and cross-polarization radiation pattern which is obtained by simulation in 

HFSS is also shown in 5.14.    

 

Figure 5.13: Cross-polarization at 7.5 GHz in mat lab 

 

Figure 5.14: Cross-polarization at 7.5 GHz in HFSS 
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The difference between co-polar (RHCP) and cross-polar (LHCP) components at 8.15 

GHz in mat lab and HFSS simulation is shown in Figure 5.15 and 5.16 that is also same 

in both cases.  

 

Figure 5.15: Cross-polarization at 8.15 GHz in mat lab 

 

Figure 5.16: Cross-polarization at 8.15 GHz in HFSS 



39 
 

Chapter 6 

6   Prototype Fabrication and Measurements 

6.1 Introduction 

I have established the feed design in the previous chapter by using the septum polarizer 

and choke at the aperture of the feed. It has been proven that septum polarizer provided 

the very good performance in terms of input reflection and the cross-polar isolation. It 

also provided the well circularize polarization over the entire frequency band. And the 

usage of choke at the aperture of the feed as well very efficient to vary the shape of 

radiation pattern of the feed by putting the more maximum energy from the feed 

towards the reflector aperture area because of this gain and efficiency of the reflector 

antenna had been improved.  

6.2 Analysis of Feed design after modification 

Figure 6.1 shows the prototype of the feed structure which has been submitted for the 

fabrication after doing some changing according to the design point of view.  

 

Figure 6.1: Modified structure of feed for fabrication 

(a) 3D view  

(c) Top view  (b) Side view  
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It can be observed that at the input of feed where steps have been used to design the 

bend have been introduced radii depending on the sensitivity of the milling machine that 

will be used for fabrication. And the length of the septum has been extended towards 

the bend. The input reflection and cross-polar isolation performance of modified feed 

design shown in Figure 6.2.  

 

 

Figure 6.2: Input reflection and Cross-polar Isolation performance of modified feed 

structure 

(a) Input reflection 

(b) Cross-polar Isolation 
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After doing the modification to the feed design it has been simulated again in HFSS. 

This modification has only little effects upon the performance of the feed such as input 

reflection and cross-polar isolation. Input reflection performance of feed shown in 

Figure 6.2 (a) and cross-polar isolation shown in Figure 6.2 (b). These results are almost 

same as the results obtained before modification and satisfied the desired specification. 

6.3 Modeling of Prototype in Auto CAD 

After completing the modification and optimization process of the feed then the 

structure of the feed has been modeled in Auto CAD (Automatic Compute Aided 

Design) [22] for providing overall dimensions of the feed to fabricate. Feed structure 

has been divided into three main parts such as septum, Choke and the square waveguide 

with the input rectangular waveguides.   

Steps involved during the modeling of the feed have shown in Figure 6.3 (a-k) in which 

we can observe each step individually. Holes in the model to the feed structure were 

used to join the all parts of feed by using screws. 
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Figure 6.3: Modeling steps of Feed structure in Auto CAD 

(a) (b) 

(c) (d) 

(e) 
(f) 

(g) (h) 

(i) (j) 

(k) 
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6.4 Prototype Measurements 

6.4.1 Measurement without Horn 

After design and optimization of feed according to the desired specification, then the 

optimized design of feed was fabricated. Afterwards we measured the axial ratio and 

cross-polar isolation without connecting horn at the aperture of the feed. The geometry 

of feed without horn has shown in Figure 6.4 and Figure 6.5 shows the measurement in 

Anechoic Chamber.  

 

Figure 6.4: Geometry of feed without horn 

 

Figure 6.5: Measurement of feed without horn in Anechoic Chamber 
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Figure 6.6: Input reflection Coefficients 

Figure 6.6 shows the S11 and S22 input refection that is less than -18 dB over the entire 

bandwidth.  

 

Figure 6.7: Isolation 

Figure 6.7 shows the S21 port to port isolation over the whole bandwidth that is less 

than -20 dB.  
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Figure 6.8: Axial Ratio 

Figure 6.8 shows the measured axial ratio without connecting horn at the aperture of the 

feed. From which we analyzed that axial ratio  is almost less than 1 dB for entire 

bandwidth in case of measured results. 

 

Figure 6.9: Cross-polar Isolation 

Figure 6.9 shows the Simulated and measured cross-polar isolation without connecting 

horn at the aperture of the feed. From which we analyzed that cross-polar isolation is 
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almost greater than 25 dB for entire bandwidth in case of measured cross-polar 

isolation.  

6.4.2  Measurement of Feed Prototype with horn 

After design and optimization of feed according to the desired specification, then the 

optimized design of feed was fabricated. The fabricated prototype of feed is shown in 

Figure 6.10. 

 

Figure 6.10: Prototype of Feed 

The performance of feed in terms of S-parameters measured by using the Network 

analyzer, where excitation was done by using the standard WR-112 waveguide shown 

in Figure 6.11. 

 

Figure 6.11: S-parameters measurement using Network Analyzer 

Figure 6.12 shows the measured input reflections S11 and S22 where we can analyze 

that the input reflection less than -14 dB for receive band (7.25-7.75 GHz) that is lower 
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than the desired level of -17 dB due to the fabrication error, and the input reflection for 

the transmit band (7.9-8.4 GHz) is also less than -14 dB but only at one frequency 

resonance occur due to the horn which reduced the input reflection to -8 dB.  

Figure 6.13 shows the simulated and measured S21 for both receive and transmit band 

that is less than -12 dB over the entire bandwidth.  

 

Figure 6.12: Input reflection coefficients 

 

Figure 6.13: Isolation 
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To measure the axial ratio, cross-polar Isolation and radiation pattern of the prototype, 

we placed the prototype in the anechoic chamber that is shown in Figure 6.14. 

 

Figure 6.14: Prototype Measurements in Anechoic Chamber  

 

Figure 6.15: Simulated and Measured Axial Ratio 

Figure 6.15 shows the measured axial ratio vs. frequency performance of the feed that is 

almost less than 1 dB for both receive band (7.25-7.75 GHz) and transmit band (7.9-8.4 

GHz) of the feed except at only very narrow band resonance occured due to the horn 

that reduced the axial ratio. For pure circular polarization axial ration is equal to 0 dB. 
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So, in our case, axial ratio is in between 0 and 1 dB that are satisfied to provide circular 

polarization. 

 

Figure 6.16: Simulated and Measured Cross-polar Isolation 

Figure 6.16 shows the simulated and measured cross-polar isolation performance of the 

feed that separated the co-polar and the cross-polar components. Feed prototype has the 

performance of cross-polar isolation better than 20 dB for the receive band (7.25-7.75 

GHz) that almost near to the desired level of 25 dB and in case of the transmit band 

(7.9-8.4 GHz), the cross-polar isolation desired level is 30 dB, but it will go down a 

little at some points from the desired level due to the horn connected at the aperture of 

the feed.  

Figure 6.17 and 6.18 show the Simulated and measured cross-polarization radiation 

pattern in the form of Cartesian plot at a mid band frequency 7.5 GHz of receive band 

(7.25-7.75 GHz). Where cross-polar isolation between co-polar (LHCP) and cross-polar 

(RHCP) components more than 30 dB that are very good and satisfied the desired level 

of cross-polar isolation according to the specification. The measured radiation pattern 

shows better cross-polar isolation as compared to the simulated results.   

Figure 6.19 and 6.20 show the Simulated and measured cross-polarization radiation 

pattern in the form of the polar plot at a mid band frequency 7.5 GHz of receive band 

(7.25-7.75 GHz). Where cross-polar isolation between co-polar (LHCP) and cross-polar 

(RHCP) components more than 30 dB that are very good and satisfied the desired level 
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of cross-polar isolation according to the specification. The measured radiation pattern 

shows better cross-polar isolation as compared to the simulated results.   
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Figure 6.17: Simulated cross-polarization Radiation Pattern at 7.5 GHz 

 

Figure 6.18: Measured cross-polarization Radiation Pattern at 7.5 GHz 
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Figure 6.19: Simulated cross-polarization Radiation Pattern (polar plot) at 7.5 GHz 

 

Figure 6.20: Measured cross-polarization Radiation Pattern (polar plot) at 7.5 GHz 
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Figure 6.21 and 6.22 have shown the simulated and measured cross-polarization 

radiation pattern in the form of Cartesian plot at a mid band frequency 8.15 GHz of 

transmit band (7.9-8.4 GHz) respectively. Where cross-polar isolation between co-polar 

(LHCP) and cross-polar (RHCP) components more than 35 dB that satisfied the desired 

level of cross-polar isolation according to the specification.  

Figure 6.23 and 6.24 have shown the Simulated and measured cross-polarization 

radiation pattern in the form of the polar plot at a mid band frequency 8.15 GHz of 

transmit band (7.9-8.4 GHz). Where cross-polar isolation between co-polar (LHCP) and 

cross-polar (RHCP) components more than 35 dB that are very good and satisfied the 

desired level of cross-polar isolation according to the specification. Both simulated and 

measured radiation pattern show better cross-polar isolation that is greater than 35 dB.   

 

  



54 
 

 

Figure 6.21: Simulated cross-polarization Radiation Pattern at 8.15 GHz 

 

Figure 6.22: Measured cross-polarization Radiation Pattern at 8.15 GHz 
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Figure 6.23: Simulated cross-polarization Radiation Pattern (polar plot) at 8.15 GHz 

 

Figure 6.24: Measured cross-polarization Radiation Pattern (polar plot) at 8.15 GHz 
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Figure 6.25 shows the simulated and measured co-polar (LHCP) and cross-polar 

(RHCP) component field at 7.5 GHz mid band frequency of receive band (7.25-7.75 

GHz). Where the difference between co-polar and cross-polar component’s field 

intensity is more than 30 dB.  

Figure 6.26 shows the simulated and measured co-polar (LHCP) and cross-polar 

(RHCP) component field at 8.15 GHz mid band frequency of transmit band (7.9-8.4 

GHz). We clearly analyzed that both component’s field have more than 30 dB 

difference. 
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Figure 6.25: Simulated and Measured co-polar (LHCP) and cross-polar(RHCP) 

Component field at 7.5 GHz 

 

Figure 6.26: Simulated and Measured co-polar (LHCP) and cross-polar (RHCP) 

Component field at 8.15 GHz 

 

(a) Simulated co-polar (b) Simulated cross-polar 

(c) Measured co-polar (d) Measured cross-polar 

(a) Simulated co-polar (b) Simulated cross-polar 

(c) Measured co-polar (d) Measured cross-polar 
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6.5 Comparison of Feed Prototype with and without Horn 

Figure 6.27 shows the input reflection with and without connecting horn at the aperture 

of the feed which shows that feed has better input reflection performance in case of 

without connected horn as compared to the connected horn at the aperture of the feed. 

Input reflection is less than -17 dB for both receive band (7.25-7.75 GHz) and transmit 

band (7.9-8.4 GHz) without horn at the aperture of the feed when horn is connected at 

the aperture of the feed resonance peaks occur, which reduce the input reflection 

performance at few frequency points.  

 

Figure 6.27: Input reflection with and without Horn 

Figure 6.28 shows the isolation with and without connecting horn at the aperture of the 

feed which shows that feed has good isolation performance in case of without horn as 

compared to the with horn at the aperture of the feed. Isolation is less than -20 dB for 

both receive band (7.25-7.75 GHz) and transmit band (7.9-8.4 GHz) without horn at the 

aperture of the feed. When the horn is connected at the aperture of the feed resonance 

peaks occur, which reduce the isolation performance at few frequency points.  
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Figure 6.28: Isolation with and without Horn 

Figure 6.29 shows axial ratio graph for with and without using horn at the aperture of 

the feed where we can analyze that when the horn is connected at the aperture of feed 

resonance peaks occur, which reduced the axial ratio performance of the feed at few 

frequency points.  

 

Figure 6.29: Axial Ratio with and without Horn 
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Figure 6.30 shows the cross-polar isolation performance of the feed with and without 

using horn at the aperture of the feed. In case of without connecting horn at the aperture 

of the feed, cross-polar isolation greater than 20 dB for entire bandwidth but in case of 

with a horn at the aperture of the feed resonance peaks occur, which reduced the cross-

polar isolation at few frequency points.  

 

Figure 6.30: Cross-polar Isolation with and without Horn  

Comparison of a feed device with and without horn shows that the resonance peaks 

occur, when a horn is connected at the aperture of the feed because of mismatch 

between septum polarizer and horn, the input reflection and cross-polar isolation 

reduced on few frequency points. This behavior repeats at approximately 7.3, 7.85 and 

8.3 GHz (every 0.5 GHz approximately). If I made the section of waveguide filter 

between septum polarizer and horn, feed shorter these resonances should move further 

apart and take them out the operating band.  
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Chapter 7 

7   Conclusion  

The performance of the feed device shows that it can be used for transmission and 

reception for circularly polarized wave with below 1 dB axial ratio over the entire 

bandwidth. In case of receive band (7.25-7.75 GHz), the device shows input reflection 

performance less than -18 dB and cross-polar isolation better than 25 dB that satisfied 

desired specification of Table 1.1 and in case of transmit band (7.9-8.4 GHz), the feed 

device shows the input reflection performance to a lesser degree -20 dB but the cross-

polar isolation is almost 30 dB over the entire bandwidth. 

Port 1 of the feed device provided transmission and reception of the RHCP signals and 

port 2 used for transmission and reception of the LHCP signals with the cross-polar 

isolation better than 25 dB between co-polar and cross-polar components.  

It has been shown in the mat lab simulation results, when the device used to feed the 

reflector antenna, it improves the total mid band gain of feed and reflector antenna to 

43.92 dB at 7.5 GHz and 44.68 dB at 8.15 GHz that satisfied the desired specification of 

the gain performance of  a feed device. The total efficiency of the feed and reflector 

antenna improved to 70 % that is very good for maximum of power transfer from the 

feed to the reflector antenna. 

The measurement results had shown that feed device has input reflection performance 

less than -14 dB and cross-polar isolation better than 20 dB over the whole bandwidth 

and in case of without using the horn at the aperture of the feed, the measured cross-

polar isolation greater than 25 dB over the entire bandwidth. Comparison of a feed 

device with and without horn shows that the resonance peaks occur, when a horn is 

connected at the aperture of the feed because of mismatch between septum polarizer and 

horn, the input reflection and cross-polar isolation reduced on few frequency points. 

The measured radiation pattern of the feed shows that feed has very good cross-polar 

isolation that is greater than 30 dB at 7.5 GHz a mid band frequency of receive band 

(7.25-7.75 GHz) and greater than 35 dB at 8.15 GHz a mid band frequency of transmit 

band (7.9-8.4 GHz) that satisfied the desired specification.  
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