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Abstract: - The need for antenna with multiband capability is miniaturization of design and improvement of 

bandwidth. Planar antennas suffer narrow bandwidth problem. This paper focuses on the implementation of 

multiband high gain antenna array for wireless satellite and aircraft applications with improved bandwidth. The 

proposed antenna structure consists of three pair of radial coaxial stubs in a zigzag manner. The stub pair 

consists of one large stub and another small one to radiate for multiple frequency bands.  This cascaded 

structure offers high directivity and gain with minimum return loss. This proposed antenna structure covers the 

frequency range of 10 GHz to 26 GHz. The fabricated antenna of the proposed structure radiated for four 

frequency bands with minimum return loss. These frequencies are well suited to satellite, space craft and 

military applications.  

Key-Words: - Coaxial antenna, Multiband, Omni directional radiation pattern, S-Parameter, Directivity and 

Gain. 

 

1 Introduction 
 

Multiband continuous transverse stub (CTS) 

technology developed in the early 1990’s by Hughes 

Aircraft Company [10-14, 17]. This technology 

offers Omni-directional radiation pattern in the 

horizontal plane or perpendicular to the transmission 

line plane. CTS technology offers greater tunable 

bandwidth than waveguide or patch antennas. The 

different forms of CTS antenna include coaxial, 

coplanar and rectangular waveguide [2-4, 16]. This 

structure exhibits very low Q and impedance 

characteristics. CTS structure offers several 

advantages over planar CTS. The impedance 

matching is inherently easier in coaxial structures, 

providing higher efficiency and facilitating system 

integration with other coaxial structures. The 

designed antenna structure can cover the operating 

frequency range of 10 GHz to 26 GHz. There are 

three important methods used to improve the 

performance of coaxial CTS antenna array. The 

performance can be improved by varying the 

inclination between stubs, physical dimension 

alteration and adding terminal elements. This paper 

describes the physical dimension alteration property 

based performance improvement of CTS antenna 

array.  

CST Microwave Studio® is used to analyze 

coaxial CTS antenna, which is electromagnetic 

simulation software based on finite integral method. 

The finite integration technique (FIT) is a spatial 

discretization [15]   to solve electromagnetic field 

problems in time and frequency domain 

numerically. It preserves basic topological 

properties of the continuous equations such as 

conservation of charge and energy. This method 

covers the full range of electromagnetic spectrum, 

from static to high frequency and optic applications 

and is the basis for the commercial simulation tool 

CST Studio Suite. The basic idea of this approach is 

to apply the Maxwell’s equations in integral form to 

a set of staggered grids. This method stands out due 

to high flexibility in geometric modeling and 

boundary handling as well as incorporation of 

arbitrary material distributions and material 

properties such as anisotropy, non-linearity and 

dispersion. Furthermore, the use of a consistent dual 

orthogonal grid in conjunction with an explicit time 

integration scheme leads to extremely high efficient 

algorithms referred to both computation time and 

memory requirements which are especially adapted 

for transient field analysis in RF applications. 

 

2 Structure and Design Procedure 

 
 Design procedures for a coaxial CTS array 

includes selection of the following parameters [3-5] 

distance between two adjacent stub elements (L2),  

width of the dielectric fill material (L1), dielectric 
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constant of filler dielectric ( r ), diameter of inner 

conductor (D1), diameter of the outer conductor 

(D2), diameter of the stub (D3). For the purpose of 

an illustrative design, the width of stub element L1 

has been selected to be of half a wavelength of 

dielectric material. The length of the transmission 

line segment L2 and dielectric constant of dielectric 

material ( r ) has been chosen to fulfil distance and 

phase demands between stubs. The diameter of the 

inner and outer conductor D1 and D2 of the coaxial 

transmission line can be adjusted to form the desired 

value of impedance, such as 50Ω or 75Ω in the case 

of a coaxial transmission line. The ratio between D3 

and D2 determines the radiation pattern, voltage and 

the radiated power from each stub. The small value 

of D3 /D2 tends to lead to increased radiation, but 

more care must be taken to achieve impedance 

matching. Also, D3 must be chosen so as to limit the 

level of mutual coupling between the stub elements 

in the coaxial CTS array. Control of mutual 

coupling between elements in the array can be 

generally achieved by meeting the condition D3 

greater than L1. 
 Clearly, the diameters of the inner and outer 

conductors D1 and D2 do not need to be uniform 

along the transmission line, instead, they can be 

changed periodically to adjust the matching and 

phase relationship between elements. Actually, the 

coaxial CTS array structure offers are excellent self-

matching. By properly controlling the ratio of D3 

and D2 and the ratio of D3 and L1, it is possible to 

achieve low reflection stub elements. As one might 

expect, the design parameters D2, D3, L1 and L2 

impact various aspects of the characteristics of the 

array including impedance matching, percentage of 

output power radiation, and radiation pattern. The 

value of coaxial transmission line impedance [1] is, 

 1

2ln
60

0
D

D

r
Z




          (1)                     
Another significant feature in the design is 

dependency of operation band and parameters L1, 

D3. To increase the value of D3 or reduce the value 

of L1, involves a shift in frequency of operation 

towards low frequency. The total length [1] of the 

array can be calculated using equation (2).   

 
  LENGTH = L1 * N + L2* (N-1)                 (2) 

Fig.1 shows the existing, basic two element 

continuous transverse stub antenna arrays. Fig. 2 

and Table.1 shows the physical structure and 

dimensions of proposed CTS antenna array which 

shows that the total length of the antenna is 135 mm 

only to operate a frequency range of 10 GHz to 26 

GHz. The length of the stub should be reduced by 

50mm compared to previous models [3-7]. For the 

previous designs the gap between two parallel plates 

are fully filled with dielectric material. This model 

fills dielectric material only in the gap between 

inner and outer conductors to reduce the weight of 

the entire antenna structure. This proposed antenna 

structure came under low cost low loss multiband 

category. 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig.1. Geometry of basic continuous transverse stub 

(CTS) antenna array. 

 

 

 

 

 

 

 

2.1 Subsection 
When including a subsection you must use, for its  

 
 

Fig.2. Geometry of proposed unevenly arranged stub 

CTS antenna array. 

Table 1:  Dimensions of proposed CTS antenna array 

Component Material 

Used 

Dimension  

Stub diameter (D3) 

Stub thickness 

Brass 80 mm 

1 mm 

Distance between outer 

conductor  

and stub (L2) 

Distance between two stubs 

(L1) 

 8 mm 

6 mm 

Length of inner conductor 

Diameter of outer 

conductor (D2) 

 

Brass 

135 mm 

6.9 mm 

Diameter of inner 

conductor (D1) 

Total  length of the   

Brass 3 mm 

 

proposed CTS antenna 

Array
 135mm 
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3 Simulation Results and Discussion 
 

The surface current distribution of proposed 

continuous transverse stub antenna structure has 

been shown in Fig.3, which shows that around the 

conductor the current flow is high. Fig.4 to Fig.11 

shows the return loss (S11), VSWR, gain and 

directivity plot of proposed CCTS antenna over the 

entire operating frequency range. The simulated 

result shows that for all operating frequency ranges 

the return loss and voltage standing wave ratio 

obtained is optimum. For a good antenna the VSWR 

value is 1:2. Here the VSWR value is within 1:2 and 

return loss values are above 10 (below 0 dB scale) 

which imply that the proposed antenna is an 

excellent radiator or receiver, to transmit and 

receive electromagnetic waves. These CTS antenna 

systems can be employed in numerous 

implementations due to its low profile. Fig.12 and 

Fig.13 shows the electric and magnetic field 

distribution of proposed antenna array in maximum 

of z direction. The low profile antenna systems of 

the present embodiments can be utilized on 

airplanes to provide direct communication with 

satellites and other stations or mobile 

communication platforms. The proposed antenna 

structure is primarily suitable for high frequency 

Satellite communication and Military applications. 

The obtained radiation pattern during CST software 

simulation shows that the designed antenna structure 

produced Omni-directional radiation pattern in the 

horizontal plane and end fire pattern in the vertical 

plane. These 2D and 3D radiation pattern show that 

the proposed antenna structure radiates for 

multiband frequency bands. The directivity and gain 

obtained are excellent with high radiation 

efficiency, above 90% for all bands. 

 

 
 

Fig.3.Surface current distribution in proposed CCTS 

antenna array. 

 
 

Fig.4.Return loss plot of proposed CCTS antenna array 

for 10 GHz to 13 GHz frequency range. 

 

 
 
Fig.5.Return loss plot of proposed CCTS antenna array 

for 16 GHz to 27 GHz frequency range. 

 

 
 

Fig.6. VSWR plot of proposed CCTS antenna array for 

10 GHz to 13 GHz frequency range. 
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Fig.7.VSWR plot of proposed CCTS antenna array for 16 

GHz to 27 GHz frequency. 

 

 
 
Fig.8.Directivity plot of proposed CCTS antenna array 

for 10 GHz to 12 GHz frequency. 

Fig.9. Gain plot of proposed CCTS antenna array for 10 

GHz to 12 GHz frequency. 

 
 

Fig.10.Directivity plot of proposed CCTS antenna 

array from 16 GHz to 27 GHz frequency. 

 

 
 
Fig.11.Gain plot of proposed CCTS antenna array from 

16 GHz to 27 GHz frequency. 

 

 
 

Fig.12.Electric field distribution in proposed CCTS 

antenna array in z direction. 
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Fig.13.Magnetic field distribution in proposed CCTS 

antenna array in z direction. 

 

 
 

Fig.14.3-D radiation pattern of proposed CCTS antenna 

array at 11.305 GHz frequency. 

 

 

 
 

Fig.15.3-D power pattern of proposed CCTS antenna 

array at 11.305 GHz frequency. 

  
 

Fig.16.Far filed polar (phi plane when phi=0) plot of CTS 

antenna array at 11.305 GHz frequency (directivity).  

 

 
 

Fig.17. Far filed polar plot of (phi plane when theta=0) of 

CCTS antenna array at 11.305 GHz (directivity). 

 

 
 

Fig.18. Far electric field polar (phi plane when theta=0) 

plot of CCTS antenna array (directivity). 
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Fig.19. Far magnetic field polar (phi plane when theta=0) 

plot of CCTS antenna array (directivity). 

 

 
 

Fig.20. 3-D radiation pattern of proposed CCTS antenna 

array at 19.9 GHz frequency. 

 

 
 

Fig.21.3-D power pattern of proposed CCTS antenna 

array at 11.305 GHz frequency. 

 It is very hard to achieve highly efficient antenna 

for multiband frequency range, so CTS antenna 

performs well for multiple bands of operation. The 

return loss and voltage standing wave ratio of the 

proposed antenna over entire operating frequency 

range is summarized in table 2 which shows that the 

values are optimum compared to previous results [3-

9]. Fig.14 to Fig. 21 show the far field radiation 

pattern of proposed antenna structure for two 

different frequency bands. Results were observed 

for entire operating frequency range and have been 

summarized in Table.2. 

Table 2:  Extracted parameters of proposed CCTS 

antenna array for entire band of operation 

 
 

4 Implemented Coaxial CTS Antenna 

Array, Results and Discussion 

 
The front view and top view of the 

fabricated proposed coaxial continuous transverse 

stub antenna array with connector is shown from 

Fig.22 to Fig.24. The performance of antenna array 

was tested using network analyzer. The results were 

observed and comparison made between the 

simulated and fabricated structure.  Fig. 25 to Fig. 

27 shows the compassion of the return loss and 

voltage standing wave ratio results over the entire 

frequency range, these results show that the 

fabricated antenna structure supports four operating 

frequency ranges, with minimum loss and better 

impedance matching characteristics. There may be a 

slight deviation between simulated and measured 

results, due to material availability and machine 

cutting process during fabrication. The antenna 

structure can be fabricated using a single piece of 

conducting material, eliminates the structural 

deficiency. Fig. 28 to Fig.30 shows the measured 

vertical and horizontal plane radiation pattern of 

proposed coaxial CTS antenna, which shows that 

the proposed antenna produces figure of eight 

pattern on the vertical plane and omnidirectional 

pattern in the horizontal plane.   
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Fig.22. Prototype of Fabricated proposed continuous 

transverse stub antenna array (Front view). 

 

 
 

Fig.23. Prototype of Fabricated proposed continuous 

transverse stub antenna array (Top view). 

 

 
 

Fig.24. Prototype of Fabricated proposed continuous 

transverse stub antenna array with connector. 

 
 

Fig.25. Return loss comparison plot of proposed CCTS 

antenna array for the frequency of 11.305 GHz. 

Fig.26.Return loss comparison plot of proposed CCTS 

antenna array for the frequency range of 12 GHz to 27 

GHz. 

 

Fig.27. VSWR comparison plot of proposed CCTS 

antenna array from 10 GHz to 27 GHz frequency. 
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Fig.28.Photograph of radiation pattern measurement 

experimental setup.  

 

 
 

Fig.29. Measured vertical plane .polar radiation pattern at 

11.305 GHz 

 

 
 

 

Fig.30 Measured horizontal plane polar radiation pattern 

at 11.305 GHz 

Table 3:  Comparison between simulated and 

measured return loss and VSWR 

 

 5 Conclusion 
 

The simulated and measured result shows 

that the proposed CCTS antenna structure is well 

suited to radiate in microwave frequency bands. 

These frequency bands are suitable for satellite and 

RADAR applications. The proposed antenna 

structure offers good radiation efficiency for all the 

frequency bands with minimum side-lobe level. 

These results show that the same structure can be 

radiated over multiple high frequency bands. The 

structure can be further fine-tuned, in future, and 

fabricated using single piece of material to reduce 

the design mismatch effects. This work was not 

proposed by any one. This can be enhanced in future 

for practical applications. 
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