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ABSTRACT 
 
 

PARAMETRIC STUDY AND DESIGN  OF VIVALDI ANTENNAS AND 
ARRAYS 

 
 

Erdo�an, Yakup 

M.S., Department of Electrical and Electronics Engineering 

                     Supervisor: Prof. Dr. Gülbin Dural 

 

 

March 2009, 149 pages 
 
 
 
 
 
 
 

In this thesis, parametric study and design of Vivaldi antennas and arrays are studied. 

The parameters of single element antennas and arrays are investigated regarding their 

effects on the design. The return loss responses and radiation patterns are considered 

in the parametric study. The results of simulations realized using Ansoft HFSS®, a 

high frequency electromagnetic field simulation program, are shown and discussed. 

 

Two different Vivaldi antennas operating in 8.5-10.5 GHz frequency band with 

return loss responses better than 15 dB are designed based on the results of 

parametric study. Stripline to slotline transition is used in the feeding section of both 

antennas. In the same manner, two different 8-element uniform linear arrays 

operating in 8.5-10.5 GHz with half power beam widths smaller than 12˚ and side 

lobe levels smaller than 13 dB are designed. Binomial and Dolph-Chebyshev feeding 

techniques are also investigated in order to improve half power beamwidths and side 

lobe levels of the designed arrays.  

 



 v 

The designed single element Vivaldi antennas and a linear array of Vivaldi antennas 

are fabricated. The return loss response and radiation patterns of the fabricated 

antennas and the array are measured and compared with the simulation results.        

 
Keywords: Vivaldi Antennas, Stripline to Slotline Transition, Linear Arrays, 

Parametric Study 
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ÖZ 
 
 

V�VALD� ANTEN VE ANTEN D�Z�LER�N�N PARAMETR�K �NCELENMES� 
VE TASARIMI 

 
 
 
 

ERDO�AN, Yakup 

Yüksek Lisans, Elektrik ve Elektronik Mühendisli�i Bölümü 

                    Tez Yöneticisi: Prof. Dr. Gülbin DURAL 

 
 

Mart 2009, 149 sayfa 
 
 
 
 
 
 
 
 

Bu tez çalı�masında, Vivaldi anten ve anten dizilerinin parametrik incelenmesi ve 

tasarımı çalı�ılmı�tır. Tek anten ve anten dizilerinin parametreleri tasarım üzerindeki 

etkilerine göre incelenmi�tir. Parametrik çalı�mada geriye dönü� kayıpları ve ı�ıma 

diagramları dikkate alınmı�tır. Yüksek frekanslı elektromanyetik alan simülasyon 

programı Ansoft HFSS® kullanılarak gerçekle�tirilen simülasyon sonuçları 

gösterilmi� ve tartı�ılmı�tır. 

 

Parametrik çalı�manın sonuçları baz alınarak 8.5-10.5 GHz frekans bandında 15 

dB’den daha yüksek geriye dönü� kaybına sahip iki farklı Vivaldi anten 

tasarlanmı�tır. Her iki antenin besleme bölümünde �erit kılavuzdan yarık hatta geçi� 

kullanılmı�tır. Aynı biçimde, 8.5-10.5 GHz frekans bandında 12˚’den dü�ük yarı güç 

hüzme geni�li�i ve 13 dB’den dü�ük yan lop seviyesine sahip 8 elemanlı iki farklı 

düzgün do�rusal anten dizileri tasarlanmı�tır. Anten dizilerinin yarı güç hüzme 



 vii 

geni�liklerini ve yan lop seviyelerini iyile�tirmek için Binomial ve Dolph-Chebyshev 

besleme teknikleri de incelenmi�tir.  

 

Tasarlanan her iki Vivaldi anten ve Vivaldi anten elemanlarından olu�an do�rusal bir 

anten dizisi üretilmi�tir. Üretilen antenlerin ve anten dizisinin geriye dönü� kayıpları 

ve ı�ıma diyagramları ölçülmü� ve simülasyon sonuçlarıyla kar�ıla�tırılmı�tır.  

 
Anahtar Kelimeler: Vivaldi Antenler, �erit Kılavuzdan Yarık Hatta Geçi�, Do�rusal 

Anten Dizileri, Parametrik �nceleme 
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CHAPTER 1 
 
 

INTRODUCTION 
 
 

 
Rapid developing technology of satellite, wireless communication, remote sensing 

and radar has led to the ultra wide band (UWB) electronic systems. Any radio 

technology using signals with a spectrum occupying a bandwidth either greater than 

20% of the centre frequency or a bandwidth greater than 500MHz is defined as UWB 

technology [1]. UWB technology requires antennas with broad bandwidth and 

minimum distortion of received and radiated pulses. Moreover, UWB airborne 

applications have strict requirements on the size of antenna arrays to be used due to 

the limited space. 

 

The tapered slot antennas (TSA) are the best candidates for use in UWB technology. 

These antennas offer a wide bandwidth, significant gain and symmetric patterns in 

both co-polarization and cross-polarization. TSAs are efficient and light weight. In 

addition, TSAs are appreciably simple in geometry making them more advantageous. 

The most commonly used class of TSA in UWB technology is Vivaldi antenna. 

Vivaldi antenna, first introduced by Gibson [2] in 1979, has an exponentially tapered 

slotline. As a member of the class of TSA, Vivaldi antenna provides broad 

bandwidth, low cross polarization and directive propagation at microwave 

frequencies. Vivaldi antennas are low cost, easy to fabricate and fairly insensitive to 

dimensional tolerances in fabrication process due to printed circuit technology used 

for the construction of these antennas. Moreover, Vivaldi arrays are small size and 

low weight enabling compact arrays. It shall be also noted that the beamwidth and 

directivity of a Vivaldi antenna might be considerably improved varying the design 

parameters. 

 

This thesis deals with small size Vivaldi antennas and arrays. The parameters 

affecting antenna and array designs are studied comprehensively. The designs of 



 2 

Vivaldi antenna and array with the requirements given in following chapters are 

realized as well, based on this parametric study.           

     

1.1 A Brief Review of Previous Works 

Lewis et al. [3] introduced tapered slot antenna as a broadband stripline array 

element capable of multioctave bandwidths in his study in 1974. Following TSA, 

Vivaldi antenna, an exponentially tapered slot antenna, was originated by Gibson [2] 

in 1979. Gibson stated that Vivaldi antenna had significant gain and linear 

polarization in a frequency range from below 2 GHz to above 40 GHz. Gibson’s 

Vivaldi antenna with an asymmetric one sided microstrip to slotline transition was 

constructed on alumina using microwave photolithographic thin film techniques. It 

served fairly well as an 8-40 GHz video receiver module. 

 

Yngvesson et al. [4] compared three different TSAs, linearly tapered slot antenna 

(LTSA), constant width slot antenna (CWSA) and Gibson’s exponentially tapered 

slot antenna, Vivaldi antenna. Yngvesson found that Vivaldi antenna had the smallest 

side lobe levels followed by CWSA and LTSA whereas it had the widest beamwidth 

and CWSA had the narrowest one. He also investigated the effect of dielectric 

substrate thickness and the length of Vivaldi antenna on the beamwidth. 

 

E. Gazit [5] proposed two important changes to the traditional Vivaldi design. He 

used a low dielectric substrate (cuclad, �=2.45) instead of alumina and an antipodal 

slotline transition. The antipodal slotline transition was constructed by tapering the 

microstrip line through parallel strip to an asymmetric double sided slot line. This 

type of transition offered relatively wider bandwidth which was restricted by the 

microstrip to slotline transition of the traditional design. However, antipodal slotline 

transition had the problem of high cross polarization.  

 

Langley et al. [6] improved the antipodal transition of E. Gazit with a new and 

balanced structure in order to improve the cross polarization characteristics. This 

type of structure, known as balanced antipodal transition, consists of three layers of 

tapered slots fed directly by a stripline. E-field distribution of the antipodal transition 
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is balanced with the addition of the mentioned layer. The tapered slots on both sides 

of the antenna serve as ground planes. The balanced antipodal transition offered a 

18:1 bandwidth with fairly well cross polarization characteristics. Then, Langley et 

al. [7] also constructed a wide bandwidth phased array using this balanced antipodal 

Vivaldi antenna. He achieved good cross polarization levels as well as wideband 

wide angle scanning. 

 

The cross polarization of the antipodal Vivaldi antenna was also improved using 

different techniques. Kim et al. [8] placed the antipodal antenna and its mirror image 

alternately in the Cross-polarization. The cancellation of cross polarization fields was 

aimed in this study and more than 20 dB reduction of cross polarization level at 

broadside was obtained. 

       

Schuppert [9] came up with circular stubs applied to microstrip to slotline transitions 

in order to offer an easier fabrication whereas Sloan et al. [10] used radial stubs 

instead of circular ones and improved the bandwidth of these kind of transitions. 

Schaubert [11] used both circular and radial stubs in order to design a stripline-fed, 

metal fins placed on both sides of the element, Vivaldi antenna. He stated in his 

study that the bandwidth of the antenna was improved with these nonuniform stubs 

and also noted that radial stub was more advantageous regarding the overlapping 

between circular stripline and slotline stubs. It was also shown in this study that the 

stripline feeding increased the antenna bandwidth compared with the microstrip 

feeding.    

   

1.2 Objectives of the Thesis 

Vivaldi antennas and arrays are used in a broad range of applications as stated 

earlier. However, physical structure of these antennas has not been yet understood 

well and very few studies [11], [12], [13], [14] exist dealing with parametric aspects 

of Vivaldi antennas or arrays and these papers are not comprehensive enough. 

Experimental studies are much time consuming and analysis methods with simple 

structures do not give exact results for this type of antennas. Thus, in this work, it is 

aimed to investigate Vivaldi antenna design parameters regarding their effects on 
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antenna impedance, return loss response, and reverse gain characteristics and array 

parameters regarding their effects on radiation pattern. Ansoft HFSS®, a high 

frequency electromagnetic field simulation program utilizing full-wave finite 

element method (FEM) is used for simulations.  

 

Another objective of this thesis is to design and construct Vivaldi antenna and array 

operating in 8.5-10.5 GHz frequency band based on the parametric study. A half-

power beamwidth smaller than 12˚ and side lobe levels smaller than 13 dB in H-

plane are the requirements of the array design. Two different Vivaldi antennas 

operating in 8.5-10.5 GHz frequency band with stripline to slotline transition are 

designed. Using these two Vivaldi antennas mentioned, 8-element linear arrays are 

also designed. The arrays are fed uniformly as well as using binomial and Dolph-

Chebyshev feeding techniques improving the side lobe level and half-power 

beamwidth characteristics. Finally, both Vivaldi antennas and array are fabricated 

and the return loss responses and radiation patterns of these single elements are 

measured.       

 

1.3 Outline of the Thesis 

This thesis is organized in six chapters as follows:  

 

Chapter 2 starts with an introduction to the class of TSA. The principle of operation 

for Vivaldi antenna is described followed by the explanation and comparison of 

feeding techniques commonly used for this type of antennas. Antenna arrays are 

investigated in terms of basic array concepts, commonly used configurations and 

simulation techniques at the end of this chapter. 

 

In Chapter 3, Vivaldi antenna parameters are investigated in three different models: 

stripline model, stripline&slotline model and antenna model. The effects of these 

parameters on antenna impedance, return loss response and reverse gain curves are 

evaluated using Ansoft HFSS®. Vivaldi antenna, operating in 8.5-10.5 GHz 

frequency band, designed regarding this parametric study and its simulation results 

are also given.  
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Chapter 4 starts with an 8-element uniform linear array design using Vivaldi antenna 

mentioned in Chapter 3. Parametric study of Vivaldi arrays is given next regarding 

the effects on half-power beamwidth, gain and side lobe level of the array. Binomial 

and Dolph-Chebyshev feeding techniques are also discussed in order to improve 

radiation pattern of designed array. Based on the parametric study of arrays, a second 

Vivaldi antenna and array are designed. Radiation pattern of this second array with 

uniform, binomial and Dolph-Chebyshev feeding simulated using Ansoft HFSS® are 

given at the end of this chapter.  

 

Fabrication process and measurement results of both Vivaldi antennas and the 

improved array are given in Chapter 5 as well as the description of measurement 

setup. Measurement results, return loss response and radiation pattern of the antennas 

and the array are discussed and compared with simulation results.  

 

Finally, both parametric study and design of Vivaldi antennas and arrays are 

summarized. Moreover, recommendations to extend parametric study and improve 

array performance are discussed in Chapter 6. 
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CHAPTER 2 
 
 

 VIVALDI ANTENNAS AND ARRAYS 
 
 
 

The Vivaldi antenna is a member of class of aperiodic continuously scaled traveling 

wave antenna structures. It is first originated by Gibson [2] in 1979. Vivaldi antenna 

gives significant advantages of efficiency, high gain, wide bandwidth and simple 

geometry. 

 

The Vivaldi antenna, having an exponentially tapered slot profile, is a type of tapered 

slot antenna (TSA). TSA is discussed below with its typical characteristics and 

different types before discussing the Vivaldi antenna and its principle of operation in 

detail. 

 

2.1 Tapered Slot Antennas (TSA) 

The distinctive feature of TSA is a slotline widening with distance from the feed 

forming the radiating section of the antenna. The profile of radiating section or taper 

specifies the different types of TSA. The best known types of TSA which are linearly 

tapered slot antenna (LTSA), constant width slot antenna (CWSA) and exponentially 

tapered slot antenna (Vivaldi) are shown in Figure 2.1 below. 
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Figure 2.1 Types of TSA; (a) exponentially tapered (Vivaldi), (b) linearly tapered (LTSA) and 

(c) constant width slot antenna (CWSA) 
 

 

TSAs are efficient and geometrically simple with significant gain and wide 

bandwidth and appreciably light weight as mentioned before. Moreover, this kind of 

antennas produce symmetrical radiation patterns with high directivity and low side 

lobe levels. 

 

2.2 The Principle of Operation  

The Vivaldi antenna belongs to the surface wave class of traveling wave antennas 

(the other traveling wave antenna type is the leaky wave antenna). In order to 

describe principle of operation, the surface wave antennas can be divided into two 

sections: propagating section and radiating section. 

 

The slot width (separation between the conductors) is smaller than one-half free 

space wavelength (�0/2) and the waves traveling down the curved path along the 

antenna are tightly bound to the conductors in the propagating section. The bond 

becomes progressively weaker and the energy gets radiated away from the antenna 

coupling to the air in the radiating section where the slot width is increasing beyond 

the one-half wavelength [2]. 

   

The waves are traveling along the antenna surface until the limiting case of phase 

velocity is equal to the free space velocity of light (c=3x108). The limiting case 

intends the antenna with air as dielectric. That is to say, radiation from low dielectric 
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substrates is considerably high and crucial for the antenna operation. The choice of 

dielectric as the antenna substrate material will be detailed in the next chapter.  

 

2.3 The Feeding Techniques  

The Vivaldi antenna, as a member of class of TSA, is most effective with a slotline 

feeding. Thus, a transition shall be designed to couple signals to the slotline of 

Vivaldi from the transmitter or receiver circuitry. The transition shall be low loss 

over a wide frequency range so as not to limit operating bandwidth. It shall also be 

compact and easy to fabricate. 

 

The feeding techniques may be divided into two types mainly as directly coupled 

transitions and electromagnetically coupled transitions.  

 

2.3.1 Directly Coupled Transitions 

A wire or a solder connection can act as the direct current path providing the 

electrical contact for this type of transition. The best known directly coupled 

transition type is coaxial line to slotline transition.  

 

2.3.1.1 Coaxial to Slotline Transition 

In this type of transition, the signals are coupled to the slotline from the actual 

antenna feed through a coaxial line. An open circuited slot and a coaxial line placed 

perpendicular to it form the transition. The electrical connection of the coaxial cable 

to the ground plane is provided by the outer conductor on one side of the slot while 

the inner conductor of the cable is placed over the slot forming a semicircular shape 

[15]. Figure 2.2 shows coaxial to slotline feed structure.    
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Figure 2.2 Coaxial to slotline transition 

 

 

The characteristic impedance of the slotline is too high to get an adequate matching 

characteristic with the slotline etched on single side of the substrate. A better 

matching, thereby a wider bandwidth, is obtained etching the slotline on both sides of 

the substrate. However, coaxial feeding is still unfavorable to implement successfully 

due to etching difficulties. 

 

2.3.2 Electromagnetically Coupled Transitions 

The coupling of signals to the slotline is through the electromagnetic fields in this 

type of transition. Microstrip to slotline, stripline to slotline, antipodal slotline and 

balanced antipodal slotline are the best known types of electromagnetically coupled 

transitions. 

 

2.3.2.1 Microstrip to Slotline Transition 

The basic microstrip to slotline transition is constructed with microstrip and slotline 

crossing each other at a right angle. The microstrip is etched on one side of the 

substrate and the slotline on the other side of the substrate. The microstrip crosses the 

slotline and extends one quarter of a wavelength further from the slotline in the same 

way as the slotline extending one quarter wavelength further from the microstrip. 

The quarter wavelength microstrip stub is open circuited but appears as a short 
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circuit at the crossing with slotline. The slotline stub is bonded to the ground plane 

and short circuited but obviously it appears as an open circuit at the crossing. This 

mechanism makes electromagnetical coupling between the microstrip and the slotline 

possible. Figure 2.3 shows the basic microstrip to slotline transition structure.    

 

 

 
Figure 2.3 Microstrip to slotline transition 

 

 

This kind of transition reduces the operating bandwidth considerably. Six-port 

microstrip to slotline transition was proposed by Scieck and Kohler [16] to overcome 

this problem. However, the transitions of these six ports are too difficult to 

implement. The structure is shown in Figure 2.4 below. 
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Figure 2.4 Six-port microstrip to slotline transition 

 

 

2.3.2.2 Stripline to Slotline Transition 

The stripline to slotline transition consists of slots etched on both sides of the 

substrate and a stripline feeding the slotlines at the center of the substrate. The 

quarter wavelength stub mechanism of microstrip to slotline transition is also used 

for this structure. The most important advantage of stripline over the microstrip is the 

increased bandwidth.  

 

Non-uniform stubs may be used for both stripline to slotline and microstrip to 

slotline transitions in order to increase the bandwidth. The first idea was to use 

circular quarter-wavelength stubs. Then, it was found out that radial stubs would be 

the best to increase the bandwidth and reduce overlapping between the 

microstrip/stripline and slotline at the same time. Figure 2.5 shows this latter 

application; radial quarter-wavelength stubs. 
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Figure 2.5 Radial quarter-wavelength stubs  

 

 

2.3.2.3 Antipodal Slotline 

Microstrip/stripline to slotline transitions require drilled short holes to connect the 

conductors on both sides of the substrate; they also limit the bandwidth noticeably 

due to quarter-wavelength transmission line stubs [5]. Antipodal slotline was first 

proposed by E. Gazit, overcoming the mentioned disadvantages of the former 

transitions. Moreover, fed by a microstrip directly, antipodal slotline transition offers 

a lower impedance compared to that of a slotline. Figure 2.6 gives the antipodal 

transition.  
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Figure 2.6 Antipodal slotline transition [18] 

 

 

The input feed of this type of transition is a microstrip as mentioned before. The 

paired-strip seen in Figure 2.6 is the transition region and the slotline serves as 

radiating section. The antipodal slotline has a poor cross polarization characteristic 

despite the improved bandwidth.        

 

2.3.2.4 Balanced Antipodal Slotline 

An additional dielectric and metallization layer to the antipodal slotline balance the 

E-field distribution in the flared-slot, improving the Cross-polarization and forming 

the so called balanced antipodal slotline. The antenna is fed by a stripline directly in 

this type of transition. The flared input track on one side of the board and the ground 

planes on the other side flared out in the opposite direction yield the balanced 

structure. In Figure 2.7, the balanced antipodal slotline structure is shown.  
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Figure 2.7 Balanced antipodal slotline transition  

 

 

2.4 Arrays  

The single element antenna has low gain throughout the bandwidth. Single element 

antennas also generate wide radiation patterns. Arrays, assemblies of single elements, 

are used to get fairly well gain characteristic and directive radiation pattern using 

rather smaller dimension antennas. The performance of individual elements, the 

spacing between the elements and their geometrical configuration, amplitude and 

phase of their excitation determine the radiation pattern of the array.   

 

The basic concepts and configurations of arrays and array simulation methods are 

described below. 

 

2.4.1 Basic Concepts 

2.4.1.1 Array Pattern 

The product of the single element pattern and the array factor form the actual array 

pattern. The array factor does not depend on the actual element pattern of the array 

and it is found with the elements of the array replaced with the isotropic radiators, 

the point sources that radiate equally in all directions. The array factor depends on 

the number of elements used, their spacing, geometrical arrangement, excitation 
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magnitudes and phases; thus, the isotropic radiators shall pertain to the mentioned 

setting of the actual element.   

 

Actual array pattern is found using pattern multiplication rule which is given in the 

following equations [17].    

 

 (2-1) 

 (2-2) 

 

Where, 

F(k) : the single element pattern factor 

A(k) : the array factor. 

 

2.4.1.2 Mutual Coupling 

The elements placed in an array are not isolated from each other and interact with 

each other consequently. This interaction changing the input impedance of the 

elements and disrupting the total radiation pattern of the pattern is known as mutual 

coupling. 

 

The spacing of the elements, geometrical configuration of the array and the 

frequency of operation determines the extent of mutual coupling. Mutual coupling is 

significant in the case of element spacing less than �/2 and decreases beyond this 

value.     

 

2.4.1.3 Array Directivity 

Array directivity tells how well the array directs energy toward a particular direction 

[19]. It is referenced to an array consisting of isotropic radiators directed in z-

direction. Array directivity is related to the element spacing and it gets the maximum 

value when the spacing is d = �.  
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2.4.2 Array Configurations 

Array configurations can be classified with the geometrical arrangement and the 

feeding characteristics of the array elements. 

 

2.4.2.1 Geometrical Arrangement 

Array configurations can be divided into three main classes as linear, planar and 

circular arrays in geometrical arrangement. Linear array is formed placing the 

elements along a line. Array factor pattern of the linear array is symmetrical about 

the line of the array. Figure 2.8 shows the linear array structure. 

 

 

 
Figure 2.8 Linear array configuration  

 

 

Arranging the array elements on a flat surface results in planar array as shown in 

Figure 2.9. Planar array gives the advantage of controlling the radiation pattern and 

scanning the main beam in the required direction easily. Symmetrical patterns are 

generated by planar arrays with lower sidelobes compared to those of linear arrays.  
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Figure 2.9  Planar array configuration 

 

 

A special class of uniform planar array configuration to be explained is the dual-

polarized arrays. E-plane and H-plane array terms are used to describe the array 

polarization. Assembling two orthogonal single polarized arrays, dual-polarized 

array is obtained. This structure gives the advantage of rapid scanning and 

characterization. Isolation between the individual elements of the array shall be 

succeeded in order to avoid resonances affecting the array performance.  Dual-

polarized array configuration is given in Figure 2.10.  
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Figure 2.10 Dual-polarized array configuration [12] 
 

 

In a circular array, the elements of the array are positioned along a circle. The 

circular array is generally used for specific applications like navigation, radar and 

sonar. 

 

2.4.2.2 Feeding Characteristics 

An array fed with identical amplitude and progressive phase is known as uniform 

array. Two common types of arrays with nonuniform amplitude distribution of the 

elements are binomial and Dolph-Chebyshev arrays. The amplitude distributions are 

determined in accordance with the coefficients of binomial series and Chebyshev 

coefficients respectively for binomial and Dolph-Chebyshev arrays. Nonuniform or 

tapered amplitude distribution gives the advantage of controlling the beamwidth and 

sidelobe level further. 

 

Nonuniform fed characteristics, their advantages and disadvantages over uniform fed 

will be discussed in Chapter 4. 
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2.4.3 Array Simulation 

The single element and array simulation will be realized using high frequency 

structure simulator Ansoft HFSS®. In this part of the thesis, the simulation and 

analysis methods used before the strong computational tools are to be studied.  

 

2.4.3.1 Method of Moments (MoM) Solution 

This method deals with the surface or volume Green’s function applied for the 

dielectric parts and surface conduction currents defined for the metallic parts. The 

complete array is analysed decomposing it into triangular or bilinear quadrilateral 

unit cells and formulating a frequency-domain integral equation.     

 

Large domain MoM provides a time consuming solution with complicated equations 

compared to small domain MoM. However, it offers much less number of unknowns 

and a careful optimization reduces solution time considerably [20].   

 

Finding the coefficients of I, J, JS and MS through the solution of equations, the 

required quantities to analyse the array performance can be found. Voltage standing 

wave ratio (VSWR), impedance, radiation efficiency, losses, near field, far field and 

radiation patterns are the main parameters to be analysed in order to evaluate array 

performance.       

 

2.4.3.2 Finite Difference Time Domain (FDTD) Solution 

FDTD solution is based on periodic boundary conditions applied for the unit cells of 

the array. The method includes computation of voltage and current, calculation of 

impedance and application of Fourier Transform.  

 

FDTD method is constituted assuming an infinite array. Thus, it is more efficient and 

accurate for considerably large arrays. A four wall structure of two perfect electric 

conductor (PEC) plates and two perfect magnetic conductor (PMC) plates in parallel 
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is formed with a single element positioned at the center. PEC walls are parallel to the 

cross-polarization where PMC walls are parallel to the co-polarization and each wall 

is at one half of element spacing distance to the element at the center of the structure.     

 

Mutual coupling effects on the radiation pattern of the array cannot be realized with 

FDTD method due to infinite array approach of the solution. Finite array simulation 

is much more time consuming and complicated whereas this method explains 

interaction between the elements of the array clearly [21]. Finite array analysis also 

deals with array feed network and edge effects. 

 

2.4.3.3 Conjugate Gradient Fast Fourier Transform(CG-FFT) 

Solution 

CG-FFT method intends to reduce the number of unknowns and equations generating 

the model with conjugate gradient (CG) method and save computation time using 

fast Fourier transform (FFT). Simple multiplications and short computation times of 

CG-FFT method enable an efficient analysis of both large arrays and small structures 

[22]. 

 

Different implementations of CG-FFT method are possible in order to get more 

efficient analysis. Fang et al. [23] proposed that an algorithm converging faster than 

the conventional implementation could be obtained using biconjugate gradient 

(BCG) method instead of CG method. A full-wave analysis technique can also be 

proposed combining CG-FFT method with the full-wave discrete image technique. 

The full-wave method contains closed-form spatial Green’s functions, different from 

the conventional method with spectral domain Green’s functions, resulting in a more 

accurate and efficient analysis.          

 

2.4.3.4 Linked Boundary Conditions Solution 

Linked boundary conditions, also known as periodic boundary conditions are used to 

simulate a large system performance analysing only small parts apart from the edges. 
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Linked boundary conditions can be applied to a large array to be analysed using a 

computational simulation tool so as to save memory and time.  

 

First, a single element model is set up and then the walls of the model are arranged to 

satisfy linked boundary conditions. The walls on the axis of the array are defined as 

master and slave boundaries. This model provides a match between each point on the 

slave and master boundaries regarding the E-field. The model is reduced 

considerably whereas the side effects are ignored in this method. The radiation 

pattern of the array is to be obtained with the post-processing. Rajaraman [24] stated 

that fairly well results for large arrays were obtained using linked boundary 

conditions method in his study. 
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CHAPTER 3 

 
 

 PARAMETRIC STUDY AND DESIGN OF 

VIVALDI ANTENNAS 
 
 
 

This chapter describes the parametric study of Vivaldi antennas regarding the design 

of an antenna with the given specifications. The effect of each parameter is 

investigated performing simulations with Ansoft HFSS®. The simulation method is 

described in Appendix-A. The Vivaldi antenna model is given in Figure 3.1. The 

following specifications are used as the case study to apply the design methodology 

discussed in this chapter: 8.5-10.5 GHz frequency bandwidth, return loss better than 

10 dB and 50 � characteristic impedance in the feeding section.  

 

3.1 Design Insight   

It will be convenient to discuss the feeding technique to be used as the first step of 

the design. Electromagnetically coupled transitions are more advantageous compared 

with direct coupling due to ease of implementation as discussed in Chapter 2. 

Microstrip to slotline and antipodal slotline transitions are unbalanced 

electromagnetically coupled feeding techniques. These kinds of transitions are 

unable to produce a spatially symmetric structure leading to perfectly linear 

polarization in the principal planes unlike the balanced transitions [25]. Besides, 

microstrip to slotline transition limits the wide bandwidth of Vivaldi antenna whereas 

antipodal slotline transition produces unacceptable cross polarization levels as stated 

earlier. Stripline to slotline and balanced antipodal transitions show symmetry owing 

to their balanced structures. Balanced antipodal slotline can operate in a multi-octave 

bandwidth with good cross polarization levels. However, the beamwidth of this type 

of transition increases with increasing frequency which is unacceptable when the 

beamwidth requirement of the design is too strict as in this study [7]. Thus, stripline 
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to slotline transition will be the most convenient choice with its beamwidth 

characteristic and fairly enough bandwidth performance. The stripline to slotline 

transition bandwidth is improved using nonlinear stubs, radial or circular stubs, as 

described before. However, a uniform stub will be used to take the advantage of 

better radiation characteristics since the bandwidth requirements of the design are not 

so strict. The parameters and design of stripline to slotline transition will be detailed 

later in this chapter. The designed antenna model with the design parameters are 

given in Figure 3.1 below. 
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Figure 3.1 Designed Vivaldi antenna model and the parameters 

 

 

The stripline to slotline transition design starts with the choice of substrate material 

and thickness. Stripline width is calculated using the stripline characteristic 

impedance formulas of Equation 3-1 [26] or Equation 3-2 [27]. 
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(3-1) 

 

 

(3-2) 

 

where, 

Z0 : characteristic impedance of the stripline (�) 

	0 : wave impedance of free space (�) 

�r : relative permittivity of the dielectric 

H : dielectric substrate thickness (mm) 

T : stripline thickness (mm) 

W : stripline width (mm) 

 

Slotline design completes the design of stripline to slotline transition. Slotline is 

defined by its wavelength and the characteristic impedance which are calculated for 

specified substrate material dielectric constant, �r and thickness, H. The equations for 

�r = 2.2, 3.0, 6.5, 9.8 and 0.0015 
 W/�0 
 1.0 are given in [17]. The following 

equations, Equation 3-3 and Equation 3-4 [17], are in accordance with the design 

specified in this study.  

 

For : 2.22
�r
3.8 and 0.0015
W/�0
0.075 

 
 

 
�

(3-3) 
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                     �

                                

                    

(3-4) 

 

where, 

�' : slotline wavelength  

�0 : operating wavelength 

W : slotline width 

d : dielectric substrate thickness 

Z0 : characteristic impedance of the slotline (�) 

�r : relative permittivity of the dielectric 

 

It will also be useful to discuss the theoretical background of the taper design. A 

tapered slot antenna with the exponential taper results in a Vivaldi antenna design as 

stated earlier. Taper design is described by opening rate, R, and end points of the 

taper, P1(x1,y1) and P2(x2,y2) shown in Figure 3.1. The following exponential relation 

[11] defines the taper section. 

   

 (3-5) 

 

where, 

 

          
 

The parametric study and design of single element Vivaldi antenna will be discussed 

in three different models: stripline model, stripline&slotline model and antenna 

model. Stripline model includes the choice of the substrate material, substrate 
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thickness and the stripline width. Stripline stub length, slotline stub length, slotline 

width, antenna length, antenna width and backwall offset are the parameters to be 

determined in the stripline&slotline model. Finally, the antenna model is constructed 

specifying the uniform slotline length, taper length and rate, mouth opening and the 

edge offset. These models and the effects of each parameter change will be detailed 

next.       

 

3.2 Stripline Model 

First of all, a model is formed to match the characteristic impedance of the stripline 

to that of the transmission line (feeding the antenna) and the slotline. The substrate 

material (dielectric constant) and thickness as well as the stripline width determine 

the characteristic impedance of the structure. Thus, the model consists of the antenna 

substrate and the stripline only since the whole antenna model will be inessential in 

order to find the characteristic impedance of the feeding section.  

 

Determining these parameters, the stripline model shown in Figure 3.2 is employed.  

 

 

 
Figure 3.2 Stripline model 
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Stripline will be designed to have 50 � characteristic impedance both in the slotline 

transition and the input of feeding section as stated earlier in this chapter. In fact, 

Yngvesson [4] showed that the characteristic impedance of the stripline that couples 

best to the slotline was 80 �. The stripline width shall be determined so as to satisfy 

80 � characteristic impedance in the slotline transition and 50 � characteristic 

impedance in the feeding as seen in Figure 3.3. This method provides a considerable 

bandwidth increase. However, 50 � characteristic impedance through the complete 

stripline will provide the bandwidth requirement of this work as well as an 

uncomplicated stripline structure. 

 

 

 
Figure 3.3 Stripline model with 80� to 50� transition 

 

 

3.2.1 Substrate Material 

Choosing a substrate material of appropriate dielectric constant and tangent loss shall 

be the first design step. Dielectric constant and the substrate thickness determine the 

phase velocity of the waves. Propagation of the waves along the antenna lasts until 

the limiting case of phase velocity is equal to the free space velocity of light, as 

stated earlier. Thus, the waves will merely radiate in an antenna with air as dielectric. 

A substrate with sensible dielectric constant will make the waves travel through the 
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stripline and slotline until the tapered section where the phase velocity approaches 

free space velocity of light and the radiation comes true. Moreover, the impedance of 

the antenna with air as dielectric increases with increasing frequency over the 

bandwidth. A substrate material with dielectric constant greater than that of the air 

shall be used in order to get constant antenna impedance and realize impedance 

matching. 

 

Dielectric constant and substrate thickness are the parameters determining the 

performance and radiation pattern, that is beamwidth, sidelobe level and gain of the 

antenna. Higher dielectric constant substrates give the advantage of smaller antenna 

dimensions for same performance. However, a more efficient design and a wider 

bandwidth is possible with low dielectric constant substrates. Low dielectric constant 

substrates also lower the scattering along the antenna and consequently spurious 

fields. Thus, the second parameter, tangent loss, shall also be considered to cope with 

this trade-off.  

 

For higher frequencies as in the case of this project, the dielectric losses dominating 

the conductor losses is the loss mechanism to be considered in a stripline design. 

Dielectric loss is generated by the polarized molecules moving in the substrate and 

heating the material in the presence of electromagnetic fields.  

 

Among the substrates with dielectric constant in the range of 2.2 to 10.2, Rogers 

RT/duroid™ 5880 has the minimum tangent loss (tan � = 0.0009) and a dielectric 

constant of �r = 2.2. Rogers RT/duroid™ 5880 is chosen as the substrate material to 

be used in this work. 

 

3.2.2 Substrate Thickness 

Substrate thickness is restricted to the standard thickness values given by the 

laminate productor. Standard dielectric thickness and tolerance shall be studied 

before choosing the substrate thickness of the antenna. In this design, two 0.062" 

(1.570mm) ±0.002" thick boards are to be used, i.e. the substrate thickness is 0.124" 

(3.140mm).  
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The performance of the antenna is dependent on the substrate thickness also, as 

stated before. An improvement in the performance is obtained using thicker 

substrates due to a decrease in the antenna reactance through the whole band. 

Besides, thicker substrate results in higher antenna gain narrowing the main beam 

and increasing the sidelobes. However, increasing the substrate thickness generates 

deeper nulls in the return loss curve. Any change (increase/decrease in substrate 

thickness) does not affect the bandwidth considerably.  

 

Substrate thickness may be re-evaluated analysing the return loss and the radiation 

performance with all the antenna design completed, since these parameters affect 

return loss and radiation pattern as well as the impedance.   

 

3.2.3 Stripline Width 

Stripline width is the last parameter to be determined in order to calculate the 

stripline impedance. Equation 3.1 or 3.2 given above might be used to calculate the 

characteristic impedance of the stripline. Based on these equations, the stripline 

width satisfying 50 � characteristic impedance with the substrate material and width 

determined above is found to be WST = 2.5 mm for the stripline thickness of 1 oz. 

(0.035 mm). Table 3.1 gives the calculated and simulated characteristic impedance of 

the stripline for various stripline width where 3.14 mm thick Rogers RT/duroid™ 

5880 dielectric is used. Simulations are carried out using Ansoft HFSS®. 

  

 

Table 3.1 Change in characteristic impedance of the stripline with stripline width 

WST (mm) 1,5  2,0 2,5 3,0 

Z0 (�) 

(simulated) 
65,605 57,283 50,27 44,107 

Z0 (�) 

(calculated) 
69,28 59,06 51,47 45,60 
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Stripline length, LST, and the slotline stub length, LSS, are the other parameters of the 

stripline model. It is more convenient to evaluate these parameters through the 

stripline&slotline model design section since they do not change the impedance 

noticeably. The effects of stripline length, LST, and the slotline stub length, LSS, are 

shown in Table 3.2. 

 

 

Table 3.2 Change in characteristic impedance of the stripline with stripline length and slotline 
stub length 

LST 
LSS 

21  21 

2 50,358 2 50,358 

4 50,286 4 50,286 

6 50,143 6 50,143 

 

 

3.3 Stripline and Slotline Model 

In this part, the feeding section of the antenna is modeled. The model is formed 

cascading two identical transitions designed. Thus, both return loss (20logS11) and 

reverse gain (insertion loss or 20logS21) of the antenna might be analysed of the 

mentioned system. The return loss and reverse gain responses of this model are 

expected to be fairly close to the complete antenna performance since the stripline 

model parameters and the parameters to be specified here mainly determines the 

return loss response and the reverse gain of the design. Figure 3.4 shows the 

cascaded transitions model. 
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Figure 3.4 Cascaded identical transitions 

 

 

In addition to the parameters determined in the stripline model section, stripline stub 

length, slotline stub length, slot width, antenna length, antenna width and backwall 

offset are to be determined for this model. This model offers a practical way to 

realize the effect of these parameters on the antenna performance without modeling 

the whole antenna design.  

 

3.3.1 Stripline Stub Length 

The striplines are extended along a finite length and terminated after the stripline to 

slotline transition. A short circuit is achieved soldering or using an open circuited 

quarter wavelength stub usually in order to reflect incident waves back to the 

transition. The stripline length providing the best reflection performance through the 

whole band shall be found where an open circuited stub is to be used as in this work. 

An acceptable return loss response is achieved using an open circuited stripline stub 

of length LSS = 4 mm. The simulated return loss and reverse gain responses for the 

design with LSS = 7 mm and LSS = 1 mm as well as LSS = 4 mm are given in Figure 

3.5 and Figure 3.6, it well agrees with the design specifications given in this chapter. 
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Figure 3.5 Return loss response with three different stripline stub length 

 

 

 
Figure 3.6 Reverse gain with three different stripline stub lengths 
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In this work, non-uniform stubs (radial or circular) widening the bandwidth are not 

used because of the relaxed bandwidth requirement.  

 

3.3.2 Slotline Stub Length 

The slotline stub length is another important parameter of the transition. This 

parameter determines the length of slot stub which shall be open circuited by the 

means of a short circuited quarter wavelength stub in order to improve field coupling 

as stated before. The slotline stub length providing the best field coupling through 

the whole band shall be found as in the case of stripline design. The return loss with 

slotline stub length of 4 mm is seen to generate acceptable return loss response. The 

simulated return loss and reverse gain responses for the antenna model with the 

slotline stub lengths of LSS = 4 mm, 6 mm and 2 mm are given in Figure 3.7 and 

Figure 3.8.  

 

 

 
Figure 3.7 Return loss response with three different slotline stub lengths 
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Figure 3.8  Reverse gain with three different slotline stub lengths 

 

 

As seen in the return loss and reverse gain responses of the stripline to slotline 

model, a slotline stub length of LSS = 4 mm results in the best performance.  

 

3.3.3 Slotline Width 

Slotline width, also known as throat width, is the separation between the slotline 

conductors before the tapered section, that is to say the width of uniform slotline. 

Throat width, an important parameter to be optimized, is to be determined carefully 

in order to get the desired return loss. 

 

Stripline to slotline transition determines the operational bandwidth and slotline 

width is an important parameter of this structure. Any change (increase/decrease) 

from the optimized value of the slot width degrades return loss response drastically 

lowering the effectiveness of the stripline to slotline transition. 

 

Schaubert [11] studied broadside bandwidth for various slotline width, stripline 

width and substrate thickness values. Rogers RT/duroid™ 5880 substrate was used 
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as in this work. The widest bandwidth was achieved with the slotline width, WSL = 

0.5 mm and WSL = 1.0 mm for which the substrate thickness, W = 2.88 mm and 

stripline width, WST = 2.0 mm were chosen. In this work, the substrate thickness is 

W = 3.14 mm is chosen while the stripline width is WST = 2.5 mm. Thus, the 

mentioned case suits the design parameters of this work best.  

 

The return loss response for WSL = 0.5 mm, WSL = 1.0 mm and WSL = 0.25 mm were 

investigated. Figure 3.9 and Figure 3.10 show the simulated return loss and reverse 

gain of stripline to slotline model for these three different values of slot width. 

 

 

 
Figure 3.9 Return loss response with three different slotline widths 
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Figure 3.10 Reverse gain with three different slotline widths 

 

 

Based on these results, slotline width is chosen as WSL = 0.5 mm satisfying the 

design requirements.  

 

3.3.4 Antenna Length 

Antenna length should be greater than a free space wavelength at the lowest 

frequency of operation, 8.5GHz in this case. This requirement guarantees fairly well 

gain and beamwidth performance. 

 

The lowest frequency of operation, thus the bandwidth, is also dependent on the 

antenna length; increasing antenna length provides a wider bandwidth. However, 

when the requirements on the gain and beamwidth are not so strict, an antenna length 

on the order of the �0 will also be enough to get the desired bandwidth. 

 

The wavelength of the minimum operating fequency, 8.5 GHz, is �0 = 35,29 mm. 

Thus, an antenna length of L � 36 mm will provide acceptable return loss 

performance. However, in order to achieve the strict beamwidth requirement of this 
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work, L = 61 mm antenna length was chosen. The return loss response for L = 36 

mm and L = 72 mm was also investigated. The return loss of stripline to slotline 

model for these three antenna length values is shown in Figure 3.11.  

 

 

 
Figure 3.11 Return loss response with three different antenna lengths 

 

 

As seen in Figure 3.11, the return loss performance with L = 36 mm is better than 

those with L = 61 mm and L = 72 mm. However, L = 36 mm is not a convenient 

choice considering the beamwidth requirements of the work as stated earlier. The 

antenna length of L = 61 mm seems to be the most convenient choice with 

satisfactory results and smaller size compared to L = 72 mm design. This claim will 

be reconsidered in the antenna model section. The reverse gain figures of these three 

designs are shown in Figure 3.12. 
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Figure 3.12 Reverse gain with three different antenna lengths 

 

 

3.3.5 Antenna Width 

Antenna width shall be greater than one-half wavelength at the lowest frequency of 

operation, �0/2, so as to accomplish the desired radiation performance. Decreasing 

antenna width below this value decreases the lowest frequency of operation, thus the 

antenna bandwidth considerably.  

 

The wavelength of the minimum operating fequency is �0 = 35,29 mm as calculated 

before. Thus, an antenna of width W � 18 mm will provide acceptable radiation 

performance. The simulated return loss and reverse gain responses for the antenna 

width values W = 20 mm, W = 40 mm and W = 60 mm were investigated and given 

in Figure 3.13 and Figure 3.14. 
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Figure 3.13 Return loss response with three different antenna widths 

 

 

 
Figure 3.14 Reverse gain with three different antenna widths 
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The performance of the antenna is found to be satisfactory with an antenna width of 

W = 40mm. 

 

3.3.6 Backwall Offset 

Backwall offset is the extra metallization planted at the beginning of the slotline to 

prevent the currents in this section coming across an abrupt end. Backwall offset is a 

parameter to be optimized which means any change (increase/decrease) from the 

optimum value ends up with deterioration in return loss response of the antenna.            

 

Backwall offset was chosen as 1 mm based on the studies of Schaubert [11]. The 

simulated return loss and reverse gain response of the antenna with backwall offset 

values of d = 1 mm, d = 2 mm and d = 0.5 mm is given in Figure 3.15 and Figure 

3.16 below. 

 

 

 
Figure 3.15 Return loss response with three different backwall offset 
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Figure 3.16 Reverse gain with three different backwall offset 

 

 

Backwall offset does not exist in all Vivaldi antenna designs. However, its absence 

results in an unacceptable antenna performance whenever a circular or radial slot 

stub is not used. The backwall offset is removed and the antenna performance is 

investigated. Figure 3.17 below shows the simulated return loss and reverse gain of 

the model with the backwall offset removed. 
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Figure 3.17 Return loss response and reverse gain of the design with zero backwall offset 

 

 

3.4 Antenna Model 

In this section, the complete antenna model is formed determining the uniform 

slotline length, tapered slotline length, taper rate, mouth opening and edge offset 

parameters. The complete antenna model with the air box, defined earlier, is given in 

Figure 3.18.  

 

The parameters to be determined in this section are evaluated regarding the effects of 

each parameter change in the actual return loss response and the H-plane radiation 

pattern (at f = 9.5 GHz, center frequency) simulating the antenna model using Ansoft 

HFSS®. The antenna length parameter of stripline&slotline model section is 

reconsidered here using the results of taper length parameter study.  
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Figure 3.18 Complete antenna model in HFSS® 

 

 

3.4.1 Uniform Slotline Length 

As mentioned in the feeding section, slotline extends a quarter-wave beyond the 

transition point with the stripline. Thus, a quarter-wavelength stub is achieved 

expecting to obtain desired transition performance.  

 

An increase further from quarter wavelength results in degradation of return loss 

response as expected. In the same way, a decrease beyond quarter wavelength 

degrades radiation performance widening the main pattern and increasing 3-dB 

beamwidth. Return loss response and the radiation pattern of the antennas with 

uniform slotline lengths of S = 8 mm, S = 11 mm and S = 5 mm are given in Figure 

3.19 and Figure 3.20. 

 

Uniform slotline length of S = 5 mm generates deeper nulls both in return loss and 

radiation pattern of the antenna as seen in Figure 3.19 and Figure 3.20. Uniform 

slotline lengths of S = 11 mm results in a fairly close response to that of S = 8 mm 

case. Antenna with uniform slotline length of S = 8 mm has a 3-dB beamwidth of 48º 

better than that of the antenna with S = 11 mm which is 50º. Thus, S = 8 mm is the 

most convenient choice for uniform slotline length of the design. 
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Figure 3.19 Return loss response with three different uniform slotline lengths 

 
 

 
Figure 3.20 H-plane radiation pattern with three different uniform slotline lengths (f = 9.5 GHz) 
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3.4.2 Taper 

The taper design includes choosing the tapered slotline length and the taper rate (or 

flare angle). In fact, the sum of backwall offset length, uniform slotline length and 

tapered slotline length gives the antenna length. That is to say, determining antenna 

length, backwall offset length and the uniform slotline length also determines the 

tapered slotline length. It shall be in the order of a wavelength at the smallest 

operating frequency in order to get the desired gain and beamwidth performance. The 

bandwidth is also increasing with an increase in the taper length. 

 

The taper length is chosen as 52 mm regarding the antenna length of L = 61 mm of 

the stripline&slotline model. The return loss responses and radiation patterns of the 

antenna models with the taper length of LT = 52 mm, LT = 63 mm and LT = 41 mm 

are given in the Figure 3.21 and Figure 3.22, respectively.  

 

 

 
Figure 3.21 Return loss response with three different taper lengths 

 



 47 

 

 
Figure 3.22 H-plane radiation pattern with three different taper lengths (f = 9.5 GHz) 

 

 

In this case, the taper length of LT = 63 mm generates deeper nulls in the return loss 

response and radiation pattern as well as higher sidelobe levels. LT = 41 mm results 

in a 3-dB beamwidth of 56º which is fairly higher compared to LT = 52 and LT = 63 

case. The taper length of LT = 52 mm, thus the antenna length of L = 61 mm, seems 

to be the most convenient choice regarding these results. However, the taper length 

will be evaluated again considering its effect on the array radiation pattern.   

   

The taper rate also has a significant effect on the return loss of the antenna. 

Decreasing the taper rate improves mid-band response effectively while the low-

band performance is deteriorated. Thus, the lowest frequency of operation is 

increased and bandwidth is decreased in expense of improving mid-band return loss. 

Besides, beamwidth is also dependent on the taper opening rate. Beamwidth is 

getting narrower and sidelobe power levels are rising with increasing taper rate. 

Figure 3.23 and Figure 3.24 below give the return loss response and radiation pattern 

for the taper rates of R = 0.23, R = 0.20 and R = 0.26. 
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Figure 3.23 Return loss response with three different taper rates 

 

 

 
Figure 3.24 H-plane radiation pattern with three different taper rates (f = 9.5 GHz) 
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Taper  rates of R = 0.23 and R = 0.20 gives comparable results as seen in Figure 3.23 

and Figure 3.24. The design with a taper rate of R = 0.23 has a 3-dB beamwidth of 

48º which is 2º better than that of R = 0.20 case. The taper rate of R = 0.26 has nearly 

the same radiation pattern with R = 0.23 case.  

 

The antennas with taper rates of R = 0.23 and R = 0.26 have fairly the same 

characteristics considering the single element performance. The taper rate was 

chosen to be R = 0.23 but, it shall be studied again considering array radiation 

patterns as in the case of taper length.   

 

3.4.3 Mouth Opening 

Mouth opening, or aperture size, is the maximum width of the tapered slotline 

section. Antenna width comprises of mouth opening and edge offset which will be 

described later. The radiation of the waves propagating through the slotline increases 

with increasing slot width further from the half-wavelength of the operating 

frequency, �0/2, as explained earlier. Thus, the mouth opening shall be on the order 

of one-half wavelength, at least, in order to improve radiation efficiency through the 

antenna. 

 

Bandwidth of the antenna is increasing with increasing mouth opening. However, 3-

dB beamwidth increases too much when the mouth opening is increased too much. 

Mouth opening is chosen as 36 mm, one wavelength of the smallest operating 

frequency. The return loss response and radiation patterns for this value and the 

effect of increase/decrease (D = 32 mm/D = 40 mm) in mouth opening are given in 

Figure 3.25 and Figure 3.26. 
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Figure 3.25 Return loss response with three different mouth openings 

 

 

 
Figure 3.26 H-plane radiation pattern with three different mouth openings (f = 9.5 GHz) 
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The sidelobe levels increased for both increased and decreased mouth opening as 

seen in Figure 3.26. It shall also be noted that 3-dB beamwidth increased too much 

(72º) with increasing mouth opening as foreseen. The design with mouth opening of 

D = 36 mm is the most convenient one.  

 

3.4.4 Edge Offset 

Edge offset is the extra metallization at the end of tapered slotline. It prevents edge 

currents to come across a sharp end. The sum of edge offset and mouth opening 

length gives the total antenna width as stated earlier.  

 

Edge offset is a parameter to be optimized just like the backwall offset. Increasing 

edge offset beyond this value would not improve return loss response noticeably; 

besides, the increase could result in deep nulls. Decreasing edge offset below the 

optimized value would deteriorate the radiation pattern. An edge offset of 2 mm 

results in better return loss response and radiation pattern as seen in Figure 3.27 and 

Figure 3.28, respectively. The antenna performance with increased and decreased 

edge offset values (3 mm and 1 mm respectively) is also shown. 
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Figure 3.27 Return loss response with three different edge offsets 

 

 

 
Figure 3.28 H-plane radiation pattern with three different edge offsets (f = 9.5 GHz) 
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The increased and decreased mouth opening values generated comparable return loss 

responses with the optimized value. However, the sidelobe levels increased with both 

increase and decrease in mouth opening. 

     

3.5 Final Design of Single Element Vivaldi Antenna 

The Vivaldi antenna parameters determined using the results of the stripline model, 

stripline&slotline model and antenna model are given in Table 3.3 below followed 

by the results of this final design in Figure 3.29 through Figure 3.36.  

 

 

Table 3.3 Final design parameters of the single Vivaldi element (see Figure 3.1) 

Design Parameter Value 

Substrate Material Rogers RT Duroid™ 5880 

Substrate Thickness 3.14 mm 

Stripline Width 2.5 mm 

Stripline Length 24 mm 

Stripline Distance to the Slotline 

Starting 
4 mm 

Slotline Width 0.5 mm 

Antenna Length 61 mm 

Antenna Width 40 mm 

Backwall Offset 1 mm 

Slotline Stub Length 4 mm 

Taper Length 52 mm 

Taper Rate 0.23 

Mouth Opening 18 mm 

Edge Offset 2 mm 
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Figure 3.29 Return loss response of the final design 

 

 

 
Figure 3.30 Reverse gain of the final design 
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Figure 3.31 H-plane co-polarization radiation pattern of final design (8.5 GHz) 

 
 

 
Figure 3.32 H-plane co-polarization and cross-polarization patterns of the final design (8.5 GHz) 
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Figure 3.33 H-plane total radiation pattern of final design (9.5 GHz) 

 
 
 

 
Figure 3.34 H-plane co-polarization and cross-polarization patterns of the final design (9.5 GHz) 
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Figure 3.35 H-plane total radiation pattern of final design (10.5 GHz) 

 

 

 
Figure 3.36 H-plane co-polarization and cross-polarization patterns of the final design (10.5 GHz) 
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Figure 3.37 E-plane pattern of the final design (8.5 GHz) 

 
 

 
Figure 3.38 E-plane pattern of the final design (9.5 GHz) 
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Figure 3.39 E-plane pattern of the final design (10.5 GHz) 

 

 

 

Figure 3.29 through Figure 3.39 are the simulated results of the designed Vivaldi 

antenna. The measurement results of the fabricated antenna designed in this chapter 

will be given in Chapter 5. 
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CHAPTER 4 
 
 

 PARAMETRIC STUDY AND DESIGN OF VIVALDI 
ARRAYS 

 
 
 

In this chapter, parametric study of Vivaldi arrays regarding the radiation pattern, 

half-power beamwidth and side lobe levels is studied. Array design, for which the 

model is given in Figure 4.1, is used as the case study to apply the design 

methodology discussed in this chapter with the following specifications: half power 

beamwidth smaller than 12˚ in H-plane and side lobe levels smaller than 13 dB. It 

shall be noted that a fairly directive array is to be designed. 

   

Arrays are used to get fairly well gain characteristics and directive radiation patterns 

as stated earlier. The total electric field radiated from an N-element array can be 

found using the following Equation 4-1 [30]. 

 

 
 

(4-1) 

 

where, 

Ci : relative amplitude of the ith element 


i : phase of the ith element 

ri : the position of the the ith element 

f(�,�) : electric field radiation pattern of the elementary antenna 

k0arri : propagation-phase delay of the distant field 

 

The array factor, F(�,�), obtained independent of the single element in the array is 

expressed by Equation 4-2 [30]. 
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(4-2) 

 

The array factor depends on the excitations, phases and locations of the single 

elements as seen in the equation. The array radiation pattern and thus the directivity, 

D(�,�), is observed to be proportional to 16�2r2|E|2 giving an important relation[30]. 

  

 
 

(4-3)  

 

The pattern multiplication rule, which states that the product of the single element 

pattern function and the array pattern function gives the total radiation pattern of the 

array, is expressed by the above Equation 4-3. It can be concluded that the vector 

addition of the radiation fields from the single elements gives the total array field. 

This expression assumes that all the single elements in the array have identical 

radiation patterns. Mutual coupling effect disturbs this assumption, but it can be 

neglected if the array spacing is chosen accordingly.  

   

 In this study, a uniform linear array configuration is designed at first. This chapter 

starts with the linear array design and the simulation results of the mentioned 

structure. Then, the parameters affecting the array performance are studied. The 

single element antenna parameters affecting the array performance are reconsidered 

and the geometrical parameters determining the array pattern are investigated. At the 

end of the chapter, the performance of the linear array fed with the signals of 

different amplitudes is presented. 

 

4.1 Uniform Linear Array Design 

The single element Vivaldi antennas designed through Chapter 3 are assembled 

along a straight line in z-axis and fed with identical magnitude and progressive 

phase, forming uniform linear array configuration. A symmetric pattern in � is 
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expected theoretically. The array factor of the structure with N-elements will be as in 

the following Equation 4-4 [29]. 

  

 

(4-4)  

 

where, 

� = kdcos� + � (progressive phase) 

 

The gain of the uniform linear array will be as in the Equation 4-5 [17]. 

 

 

(4-5)  

 

Detailed information on the theoretical background of uniform linear arrays can be 

found in [17] and [29]. 

  

The uniform linear array structure described above is formed and the parameters 

effecting the radiation pattern are investigated. Figure 4.1 shows the mentioned array 

model formed. 
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Figure 4.1 Linear array of 8 elements 

 

 

Designing the single element antenna and choosing the array structure, the element 

spacing, d, and the number of elements, N, shall be determined next. Besides the 

mutual coupling effect between the individual antennas, explained earlier, grating 

lobes should be also considered in this step.  

 

Grating lobes can be defined as the main beam lobes or maxima in other directions 

than the desired one. In order to avoid grating lobes completely, array spacing should 

be smaller than one-half wavelength of the maximum operating frequency, d 
 �/2. 

However, the grating lobes can still be avoided for a spacing up to d = ��for narrow 

beamwidth arrays. The element spacing is chosen as d = 18 mm � �/2. 
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The number of elements may be chosen considering the sidelobe levels of the 

radiation pattern. For the uniform arrays with the number of elements N � 6 and 

spacing d � �/2, the sidelobe level reaches the limiting value of 13dB [17]. Thus, the 

number of elements is chosen as N = 8 considering this claim as well as space and 

cost considerations.    

 

4.2 Array Parameters 

The parameters determining the radiation characteristics of the array are considered 

in this part of the work. The parametric study of array spacing and number of 

elements are studied as well as uniform slot width, antenna length and taper rate of 

the single antenna. The simulations are realized at 9.5 GHz in co-polarization H-

plane.     

 

4.2.1 Array Spacing 

Array spacing affects mutual coupling between the elements, grating lobes, sidelobe 

levels and resonances of the radiation pattern. It shall be less than one wavelength so 

as to avoid grating lobes completely as stated before. However, smaller spacing will 

increase mutual coupling between the individual elements. It should also be noted 

that larger array spacing will generate resonance in the array pattern in return.    

 

The simulated radiation pattern, sidelobe levels and 3-dB beamwidth of the array 

with spacing d = 18 mm, d = 12 mm and d = 24 mm are shown in Figure 4.2. 
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Figure 4.2 H-plane array pattern for three different element spacing values (f = 9.5 GHz) 

 

 

As seen in Figure 4.2, the half power beamwidth improves with the increasing array 

spacing. The array design with d = 24 mm has a beamwidth of ��3dB = 10º whereas 

the spacing chosen for this project, d = 18 mm, results in ��3dB = 12º half power 

beamwidth. Another important observation is that the grating lobes and resonance in 

the radiation pattern increase noticeably with the increasing array spacing. 

 

4.2.2 Number of Elements 

The number of elements, N, mainly determines the array directivity. In fact, both 

increasing element spacing and number of elements provide a decrease in main lobe 

and consequently an improvement in array directivity. The increase in element 

spacing causes grating lobes besides. Thus, the number of elements shall be 

increased in order to get desired directivity and 3 dB beamwidth. However, it should 

also be noted that the increase in the number of elements will result in a hard and 

costly fabrication process besides an increase in the space required to implement the 

designed array. 
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An array of 8-element is chosen in this work and the resultant radiation pattern is 

presented in  Figure 4.3 as well as the patterns of arrays with increased and decreased 

number of elements.  

  

 

 
Figure 4.3 H-plane array pattern for three different element numbers (f = 9.5 GHz) 

 

 

It is observed that the 3 dB beamwidth is deteriorated with the decrease in the 

number of elements. The beamwidth is improved with the increase in the element 

number and the narrowest result is obtained with 10-element array design. However, 

side lobe level is increased by about 7 dB compared with the radiation pattern of 8-

element array.  

 

4.2.3 Uniform Slot Width 

Schaubert [11] showed in his studies that the widest bandwidth would be achieved 

with the slotline width, WSL = 0.5 mm and WSL = 1.0 mm for which the substrate 
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thickness, W = 2.88 mm and stripline width, WST = 2.0 mm (fairly similar with this 

design) as stated in Chapter 3. The return loss response for WSL = 0.5 mm was found 

to be more satisfactory in the single element design. The same array structure is 

formed using the antennas with WSL = 1.0 mm and the resultant radiation pattern is 

given in Figure 4.4. 

       

  

 
Figure 4.4 H-plane array pattern for three different element slot width values (f = 9.5 GHz) 

 

 

The decrease in the slot width deteriorates the pattern considerably. Comparing the 

slot width values of WSL = 0.5 mm and WSL = 1.0 mm, the half power beamwidth is 

observed to be smaller for the increased slot width, ��3dB = 10º, whereas WSL = 0.5 

mm design generated smaller side lobes. The discussion on the slot width will be 

completed later in this chapter.  

 



 68 

4.2.4 Taper Length 

The single Vivaldi antennas work best when the taper length and consequently the 

antenna length is greater than one-wavelength but the arrays with the elements of 

smaller antenna length have better performance according to general consensus. 

Schaubert [11] showed that for array sizes up to at least  elements, longer 

elements (LT > 2�0) had weaker resonances, and therefore, would be better 

candidates than smaller elements for use in small arrays. Figure 4.5 shows the 

simulated radiation pattern of the arrays with the single elements of taper length LT = 

52 mm, LT = 63 mm and LT = 41 mm. 

  

 

 
Figure 4.5 H-plane array pattern for three different taper length values (f = 9.5 GHz) 

 

 

The array with the single elements of taper length LT = 41 mm has an unacceptable 

performance considering the half power beamwidth and side lobe levels. Figure 4.5 

shows that the performance is improved with the increasing antenna length. The 

beamwidth is slightly increased with the taper length of LT = 63 mm compared to the 
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taper length of L = 52 mm. It is also observed that the side lobe levels are lower for 

LT = 63 mm.  

  

In the single antenna design section, it was observed that the antenna with taper 

length of LT = 52 mm and LT = 63 mm had comparable return loss and radiation 

pattern characteristics as well as the array performance simulated in this chapter. 

These two designs will result in satisfactory performance both, apparently. Thus, the 

antenna length shall be chosen considering cost or space requirements of the design 

which makes the design with LT = 52 mm more advantageous.      

 

4.2.5 Taper Rate 

The phase velocity of the traveling waves along the antenna and thus the guide 

wavelength, �g, varies with the taper rate of the slotline. This will result in a change 

in the radiation characteristics and consequently the gain and beamwidth of the array. 

The taper rates R = 0.23 and R = 0.26 were found to have nearly same return loss 

response and radiation pattern considering the single element design. Thus the array 

radiation pattern for these taper rates and for R = 0.20 are investigated and shown in 

Figure 4.6. 
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Figure 4.6 H-plane array pattern for three different taper rates (f = 9.5 GHz) 

 

 

As seen in Figure 4.6, an increase or decrease from the chosen taper rate (R = 0.23) 

deteriorates the radiation pattern of the array design considerably, wider beamwidth 

with increasing rate and increasing side lobe and grating lobe level with decreasing 

rate. That is to say, the taper rate of R = 0.23 is the most convenient choice 

considering both the array radiation pattern. 

 

4.3 Array Feeding 

Nonuniform array feeding gives the advantage of controlling side lobe levels and 3 

dB beamwidth of array pattern easily as stated before. Two common types of 

nonuniform fed, binomial and Dolph-Chebyshev feedings, are investigated in this 

study to improve the radiation pattern characteristics. 

 



 71 

4.3.1 Binomial Array 

The array elements are fed in accordance with the binomial expansion coefficients in 

this type of array. The binomial function (1+x)n-1 can be expanded as in the Equation 

4-7 [17] to find the coefficients. 

 

 
(4-6) 

 

where, 

N : the total number of array elements 

n = 0, 1, …, N-1 

 

The binomial array factor, W(�), for an N-element array is defined as in the 

following Equation 4-7 [17] in �-space. 

 

 
(4-7) 

   

The above function has its peak at � = 0 and falls until W(�) = 0 on either sides of 

the peak. This statement gives the most apparent property of the binomial arrays: a 

binomial array has no side lobes.   

 

In practice, binomial arrays generate the smallest side lobe levels compared to 

uniform and Dolph-Chebyshev arrays. These arrays have even no side lobes with the 

array spacing less than �/2. On the contrary, the directivity is lost and the widest half-

power beamwidth is produced by the binomial arrays. Closed form expressions for 

half power beamwidth and directivity can only be derived for array spacing d = �/2. 

The following equations, Equation 4-8 and Equation 4-9 [29] give the directivity and 

half-power beamwidth of the binomial arrays for d = �/2. 

 

 
(4-8) 
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(4-9) 

 

The wide variations of amplitudes between the array elements, especially for the 

large number of elements, make the binomial array hard to implement practically. 

This also results in inefficient antennas.   

 

In our case, an 8-element array, the amplitudes of the elements will be as follows in 

order to get a binomial array: 

 

1     7     21     35     35     21     7     1 

 

Figure 4.7 shows the simulated radiation patterns of uniform fed and binomial array 

for the design detailed above. 

 
 

 
Figure 4.7 H-plane patterns of uniform and binomial arrays (f = 9.5 GHz) 
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The side lobes near the main lobe are decreased nearly by 10 dB using binomial 

array design as seen in Figure 4.7. Moreover, the grating lobe levels are decreased by 

nearly 5 dB compared to the uniform array design. However, the half power 

beamwidth is increased as predicted. Binomial array has a beamwidth of 18º which is 

unacceptable regarding the design requirements.  

 

4.3.2 Dolph-Chebyshev Array 

In Dolph-Chebyshev type feeding, the excitation amplitudes of array elements are 

chosen in accordance with Dolph-Chebyshev polynomial coefficients. The Dolph-

Chebyshev polynomial Tm(x) and array factor W(�) are given in Equation 4-10 and 

Equation 4-11 [17] respectively. 

  

 
�

(4-10) 

 

 (4-11) 

 

where, 

z0 : scaling factor (z0 > 1) 

 

Minimum side lobe level is obtained using binomial arrays followed by Dolph-

Chebyshev and uniform arrays, whereas comparing these three feeding techniques 

the minimum beamwidth is provided by uniform arrays followed by Dolph-

Chebyshev and binomial arrays. Thus, Dolph-Chebyshev arrays offer an 

optimization between side lobe level and 3-dB beamwidth of the array. For a given 

side lobe level, the most directive pattern and thus the smallest half power 

beamwidth is obtained with Dolph-Chebyshev array. In the same manner, Dolph-

Chebyshev array generates the smallest side lobe level for a given half power 

beamwidth. The directivity of Dolph-Chebyshev arrays can be found using Equation 

4-12 [30]. 
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(4-12) 

 

where, 

R0 : side lobe level (in dB)  

L : single element length (mm) 

d : array spacing (mm) 

f : beam broadening factor 

 

In the design process, the desired side lobe level, R, and the number of elements, N, 

shall be specified first. Next step is to calculate the side lobe level in voltage ratio, 

R0(VR), and scaling factor, z0, which gives the point where Chebyshev polynomial is 

equal to desired side lobe level, Tm(z0) = R0, as given in Equations 4-13 and 4-14 

[29].  

 

 (4-13) 

 
(4-14) 

  

where,  

R0(VR) : side lobe level in voltage ratio 

z0 : scaling factor  

P : order of Chebyshev polynomial  

 

Finally, Equation 4-15 [29] is used to calculate the Chebyshev polynomials and the 

array elements are fed in accordance with these coefficients. 
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(4-15) 

 

where, 

an : Chebyshev polynomial coefficients  

z0 : scaling factor  

n = 1, 2, ….., N 

 
 

The MATLAB function dolph.m [26] given in Appendix-B is used to determine the 

Chebyshev polynomials in order to construct an 8-element Dolph-Chebyshev array. 

Using the designed unifom array parameters N = 8 and R = 13 dB, the following 

coefficients are obtained. 

 

1.0000    0.6357    0.7512    0.8141    0.8141    0.7512    0.6357    1.0000 

 

The simulated radiation patterns of uniform fed and Dolph-Chebyshev array is given 

in Figure 4.8 below. 
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Figure 4.8 H-plane patterns of uniform and Chebyshev arrays (f = 9.5 GHz) 

 

 

The radiation patterns for uniform and Dolph-Chebyshev arrays are nearly same in 

general since the Dolph-Chebyshev polynomial coefficients are calculated for the 

side lobe level of SLL = 13 dB, as seen in Figure 4.8. Dolph-Chebyshev array has 

slightly better directivity compared with the uniform array. The half power 

beamwidth of Dolph Chebyshev array is observed to be improved by 2˚, ��3dB = 10˚.    

 

4.4 Final Design of Vivaldi Array 

The parameters of the linear Vivaldi array with Dolph-Chebyshev feeding, given in 

Table 4.1 Final design parameters of Vivaldi array are determined using the results 

of the parametric study of Vivaldi single element and array. The results of this final 

design are given below in Figure 4.9 through Figure 4.17. 
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Table 4.1 Final design parameters of Vivaldi array 

Design Parameter Value 

Substrate Material Rogers RT Duroid™ 5880 

Substrate Thickness 3.14 mm 

Stripline Width 2.5 mm 

Stripline Length 24 mm 

Stripline Distance to the Slotline 

Starting 
4 mm 

Slotline Width 0.5 mm 

Antenna Length 61 mm 

Antenna Width 40 mm 

Backwall Offset 1 mm 

Slotline Stub Length 4 mm 

Taper Length 52 mm 

Taper Rate 0.23 

Mouth Opening 18 mm 

Edge Offset 2 mm 

Array Spacing 18 mm 

Number of Elements 8 
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Figure 4.9 H-plane co-polarization pattern of the final design (8.5 GHz) 

 

 

 
Figure 4.10 H-plane co-polarization and cross-polarization radiation patterns of the final design 

 (8.5 GHz) 
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Figure 4.11 H-plane co-polarization pattern of the final design (9.5 GHz) 

 

 

 
Figure 4.12 H-plane co-polarization and cross-polarization radiation patterns of the final design  

(9.5 GHz) 
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Figure 4.13 H-plane co-polarization radiation pattern of the final design (10.5 GHz) 

 

 

 
Figure 4.14 H-plane co-polarization and cross-polarization radiation patterns of the final design  

(10.5 GHz) 
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Figure 4.15 E-plane pattern of the final design (8.5 GHz) 

 

 

 
Figure 4.16 E-plane pattern of the final design (9.5 GHz) 
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Figure 4.17 E-plane pattern of the final design (10.5 GHz) 

 

 

Table 4.2 Half-power beamwidth of the final design in 8.5-10.5 GHz frequency band 

Frequency of Operation 3-dB Beamwidth 

8.5 GHz 11˚ 
9.0 GHz 10˚ 
9.5 GHz 10˚ 

10.0 GHz 9˚ 
10.5 GHz 9˚  

     

 

Table 4.3 Side lobe and grating lobe levels of the final design in 8.5-10.5 GHz frequency band 

Frequency of Operation Side Lobe Level Grating Lobe Level 

8.5 GHz 16 dB 15 dB 
9.0 GHz 13 dB 14 dB 
9.5 GHz 13 dB 12 dB 

10.0 GHz 11 dB 10 dB 
10.5 GHz 11 dB 8 dB  
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4.5 An Improved Array Design 

Vivaldi antenna parameters were observed regarding their effects on array radiation 

pattern as well as single antenna return loss. Based on the results of single element 

study, another single Vivaldi antenna was designed and its array performance was 

investigated. The single element and the array performance of the mentioned design 

were satisfactory. It was also observed in the array design section that an antenna 

with a comparable single element performance and an improved array pattern could 

be designed with an increase in slot width and taper length. Thus, the second antenna 

is designed with a slot width of WSL = 1.0 mm and a taper length of L = 63 mm. The 

linear array design of 8-element described above is also constructed with the second 

antenna. 

 

The single element return loss response and array radiation pattern for the second 

antenna design are observed. Figure 4.18 and Figure 4.19 below gives the simulated 

single element return loss response and radiation pattern of the second design 

compared with the first antenna at 9.5 GHz and the radiation patterns at 8.5 GHz and 

10.5 GHz in Figure 4.20 through Figure 4.28. 
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Figure 4.18 Return loss response of the second antenna model 

 

 

 
Figure 4.19 H-plane radiation patterns of first and second antenna designs (f = 9.5 GHz) 
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Figure 4.20 H-plane total radiation pattern of the second antenna  (8.5 GHz) 

 

 

 
Figure 4.21 H-plane co-polarization and cross-polarization radiation patterns of the second 

antenna  (8.5 GHz) 
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Figure 4.22 H-plane total radiation pattern of the second antenna (9.5 GHz) 

 

 

 
Figure 4.23 H-plane co-polarization and cross-polarization radiation patterns of the second 

antenna  (9.5 GHz) 
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Figure 4.24 H-plane total radiation pattern of the second antenna (10.5 GHz) 

 

 

 
Figure 4.25 H-plane co-polarization and cross-polarization radiation patterns of the second 

antenna (10.5 GHz) 
 

 



 88 

 
Figure 4.26 E-plane pattern of the second antenna (8.5 GHz) 

 

 

 
Figure 4.27 E-plane pattern of the second antenna (9.5 GHz) 
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Figure 4.28 E-plane pattern of the second antenna (10.5 GHz) 

 

 

The return loss response of the first antenna design is better along the frequency 

band, especially in the lower band, compared to that of the second antenna design. 

However, the return loss response of the second antenna is still acceptable as seen in 

Figure 4.18. Besides, the second antenna is more directive with its half-power 

beamwidth of ��3dB = 36˚ at 9.5 GHz compared to the first antenna as seen in Figure 

4.19.   

  

The radiation pattern of 8-element uniform linear array constructed with the second 

antenna design is shown in Figure 4.29 
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Figure 4.29 H-plane patterns of arrays with the first and second antennas (f = 9.5 GHz) 

 

 

The array with the second antenna has side lobe levels of R = 17 dB, improved by 

nearly 4 dB compared to that of with the first antenna. The second antenna improved 

the half power beamwidth also. The beamwidth of the second array is ��3dB = 10˚ 

where the first array has a beamwidth of ��3dB = 12˚. 

 

Dolph-Chebyshev array is formed in order to improve the half-power beamwidth 

with the same side lobe level and improve the side lobe level with the same half 

power beamwidth. The Chebyshev polynomial coefficients for SLL = 17 dB and for 

SLL = 20 dB are given below respectively.  

 

1.0000    0.9117    1.1491    1.2833    1.2833    1.1491    0.9117    1.0000 

    
1.0000    1.1386    1.5091    1.7244    1.7244    1.5091    1.1386    1.0000 

 

Dolph-Chebyshev arrays with the second Vivaldi antenna design are given below for 

the side lobe levels of SLL = 17 dB and SLL = 20 dB respectively in Figure 4.30 and 

Figure 4.31. 
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Figure 4.30 H-plane radiation patterns of  Dolph-Chebyshev and uniform arrays (SLL = 17 dB) 

 (f = 9.5 GHz) 
 

 

 
Figure 4.31 H-plane radiation patterns of  Dolph-Chebyshev and uniform arrays (SLL = 20 dB)  

(f = 9.5 GHz) 
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Dolph-Chebyshev array designed for the same side lobe level with the uniform array, 

that is SLL = 17 dB has an improved half-power beamwidth. It has a beamwidth of 

��3dB = 8˚ where the uniform has ��3dB = 10˚. Besides, Dolph-Chebyshev array 

designed for the side lobe level of SLL = 20 dB has a deteriorated half power 

beamwidth, ��3dB = 11˚ which is still acceptable.   

 

The radiation patterns of Dolph-Chebyshev array in 8.5-10.5 GHz frequency band 

with the side lobe level of 17 dB at 9.5 GHz are given below in Figure 4.32 through 

Figure 4.40. 

 

 

 
Figure 4.32 H-plane co-polarization radiation pattern of the second array (8.5 GHz) 
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Figure 4.33 H-plane co-polarization and cross-polarization radiation patterns of the second 

array  
(8.5 GHz) 

 

 

 
Figure 4.34 H-plane co-polarization radiation pattern of the second array (9.5 GHz) 
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Figure 4.35 H-plane co-polarization and cross-polarization radiation patterns of the second 

array  
(9.5 GHz) 

 

 

 
Figure 4.36 H-plane co-polarization radiation pattern of the second array (10.5 GHz) 
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Figure 4.37 H-plane co-polarization and cross-polarization radiation patterns of the second 

array (10.5 GHz) 
 

 

 
Figure 4.38 E-plane pattern of the second array (8.5 GHz) 
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Figure 4.39 E-plane pattern of the second array (9.5 GHz) 

 

 

 
Figure 4.40 E-plane pattern of the second array (10.5 GHz) 
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Table 4.4 Half-power beamwidth of Dolph-Chebyshev array with R = 20 dB in 8.5-10.5 GHz 
frequency band 

Frequency of Operation 3-dB Beamwidth 

8.5 GHz 12˚ 
9.0 GHz 11˚ 
9.5 GHz 11˚ 

10.0 GHz 10˚ 
10.5 GHz 10˚  

 

 

Table 4.5 Side lobe and grating lobe levels of Dolph-Chebyshev array with R = 20 dB in 8.5-10.5 
GHz frequency band 

Frequency of Operation Side Lobe Level Grating Lobe Level 

8.5 GHz 17 dB 16 dB 
9.0 GHz 17 dB 17 dB 
9.5 GHz 18 dB 16 dB 

10.0 GHz 20 dB 16 dB 
10.5 GHz 18 dB 16 dB  
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CHAPTER 5 

 
 

 FABRICATION AND MEASUREMENTS 
 
 
 

The single element Vivaldi antennas and the array constructed with the second 

antenna are fabricated in Aselsan Inc. Laboratories. The fabrication process is 

explained early in this chapter. The fabricated antennas and the array are measured 

also in Aselsan Inc. and the measurement setup as well as the return losses and 

radiation patterns are given next. This chapter concludes with the comparison of 

simulation and measurement results.  

 

5.1 Fabrication 

Fabrication of both Vivaldi antennas is realized as three layer structures using printed 

circuit board technology. Each antenna is constructed on two 62 mils (1.575 mm) 

Rogers RT/duroid™ 5880 boards for which the detailed information is given in 

Appendix-C. Each board has the designed tapered slot on one side. Metallic layer on 

the other side of one of the boards is removed completely whereas the other board 

has the designed stripline on the other side. The two boards are bonded together 

forming a triplet structure with tapered slot sections on the top and bottom layers and 

stripline on the middle layer. Thus, a stripline fed three-layer structure is obtained. A 

50 � SMA connector, Suhner™ 23 SMA 50-0-2, is used to feed the stripline. The 

center pin of the connector is soldered to the stripline before bonding the two boards. 

Bonding is realized using Loctite adhesive substance. If physical strength and 

lifetime of the antennas are important, the boards shall be bonded using special 

purpose bonding films at a temperature above 200ºC. The final step of the antenna 

fabrication is to solder the outer pins of the connector to the slotline ground planes in 

order to realize ground connection of the feeding.   
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The array constructed with the second antenna and having better radiation pattern 

characteristics is also fabricated using Aselsan Inc. printed circuit board utilities. 8 

single antennas of triplet structure are fabricated and bonded as explained above. The 

array structure is constructed bonding the single elements to a metallic backplane. 

The metallic backplane is used to reflect radiations in the opposite direction and 

improve forward radiation in this way as well as keep the single elements together.  

 

The pictures of single element Vivaldi antennas and the array fabricated are given 

below in Figure 5.1 and Figure 5.2. 

 
 

 
Figure 5.1 Fabricated Vivaldi antennas  
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Figure 5.2 Fabricated Vivaldi array with its backplane  

 

 

5.2 Measurement Setup 

The return loss responses and radiation patterns of the single element Vivaldi 

antennas and the array are measured. The reflections from the other objects and the 

ground plane shall be minimized in both measurements, especially radiation patterns, 

for more accurate results. Measurement setups for return loss response and radiation 

pattern are detailed below respectively. 
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5.2.1 Return Loss Response Measurement 

The return loss response is measured to see the matching between an antenna and its 

feeding. This measurement, also known as S11 measurement, is done using a 

network analyzer and given in dB. Before the measurement, for which the setup is 

given in Figure 5.3, the network analyzer is calibrated in the required frequency band 

connecting open, short and load connectors to the Port-1 of the analyzer. The antenna 

is connected to the same port next and the return loss response of the antenna is 

obtained in dB through one port measurement with the calibrated network analyzer. 

 

 

 
Figure 5.3 Return loss measurement setup for the single antenna  

 

 

The return loss response of the array is measured in the same way. Power dividers 

are used between the network analyzer and the array different from the measurement 

setup of Figure 5.3 to feed all the single elements at the same time. Three identical 4-

way power dividers, Narda™ 4326B-4 for which the detailed information is given in 

Appendix-C, is used in this work. Two ports of the first power divider are terminated 

with 50 � loads to prevent reflections. It shall also be noted that the cables 

connecting the power divider and the array elements are to be identical in length and 

characteristics to ensure a proper measurement. Minibend™ L-10 cables are used in 

this work. The pictures of the array with the power dividers and the plot of return 

loss measurement setup for the array are given below. 
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Figure 5.4 Return loss measurement setup for the array  

 

 

 
Figure 5.5 Array structure with power dividers  
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The power divider in the first block and the dividers in the second block cause 6 dB 

losses resulting in a total of 12 dB loss in each antenna input. However, the total 

structure with the cables is observed to have 13.4 dB loss at the first array element 

input. This input is taken as reference and the losses at the array element inputs 

relative to this reference are measured using network analyzer and drawn below in 

Figure 5.6. It is observed that the maximum power difference between the ports of 

the power dividers is 3.3 dB through 2-18 GHz band and about 2 dB in the operating 

bandwidth of 8.5-10.5 GHz.  

 

 

 
Figure 5.6 Measured insertion loss of 4-way power divider  

 

 

The return loss response measurements of the single Vivaldi antennas and the array 

are realized in Aselsan Inc. RF Design Laboratories.  
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5.2.2 Radiation Pattern Measurement 

A graphical representation of the field magnitude at a fixed distance from an antenna 

as a function of direction is known as antenna pattern [31]. A standard and the 

antenna to be tested are included in the test setup. The standard antenna is used in 

transmitting mode and the antenna under test is used in receiving mode usually, as if 

the reciprocal is also acceptable. Incident wavefront illuminated by the source 

antenna must be uniform in magnitude and phase over the surface of the antenna 

under test. Moreover, the source antenna should have a sufficient beamwidth to 

illuminate the whole antenna under test. 

 

Pattern measurements may be made in an outdoor antenna range or an anechoic 

chamber. Reflections from the ground and nearby objects in an outdoor range may 

results in considerable errors, nulls and peaks due to reflections, in pattern 

measurements. Thus, an anechoic chamber, a reflection free room covered by 

absorbers, is more advantageous for pattern measurements.   

 

Pattern characteristics are measured in the anechoic chamber of Aselsan Inc., for 

which the detailed views are given in Appendix-D. The mentioned anechoic chamber 

is a tapered one in the shape of a pyramidal horn. It tapers from the small source end 

to a large rectangular test region covered with high quality absorbing material on the 

side walls, floor and ceiling. An azimuth positioner, Scientific Atlanta 5023 

Positioner, holds up the test antenna whereas a polarization positioner, Scientific 

Atlanta 56060 Polarization Positioner, holds up the standard transmitter antenna in 

this tapered anechoic chamber [32].  

 

The radiation pattern measurements are done on the plane of polarization and the 

plane perpendicular to the polarization. The plane of polarization, also known as E-

plane, is vertical in case of a vertically polarized Vivaldi antenna. H-plane is the 

plane perpendicular to the polarization and it is the horizontal plane in case of a 

vertically polarized Vivaldi antenna. 
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5.3 Measurement Results 

The measurements described above are performed for single Vivaldi antennas and 

the array fabricated. The measurement results are given below in two parts: return 

loss measurement results and pattern measurement results. 

 

5.3.1 Return Loss Measurement Results 

Return loss response measurement results compared to the simulation results for 

Vivaldi Antenna-1 and Vivaldi Antenna-2 in 8.5-10.5 GHz and 2-18 GHz frequency 

bands are given in Figure 5.7 through Figure 5.10. Simulations and measurements in 

2-18 GHz band are performed in order to determine the complete operating 

bandwidth of the antennas.  

 

 

 
Figure 5.7 Measured and simulated return loss responses of Antenna-1 (8.5-10.5 GHz) 
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Figure 5.8 Measured and simulated return loss responses of Antenna-1 (2-18 GHz) 

 

 

 
Figure 5.9 Measured and simulated return loss responses of Antenna-2 (8.5-10.5 GHz) 
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Figure 5.10 Measured return loss response of Antenna-2 (2-18 GHz) 

 

 

The measurement results of the Antenna-1 are in accordance with the simulation 

results. The measured responses of the antenna have deeper nulls compared to the 

simulation results because of the environmental reflections. The return loss response 

of the Antenna-2 could not be simulated due to convergence problems. Both 

antennas have return loss responses lower than 10 dB in 6-18 GHz and thus the 

antennas are expected to operate in this frequency band.    

 

Figure 5.11 and Figure 5.12 below show the measured return loss response of the 

array in 8.5-10.5 GHz and 2-18 GHz frequency ranges. 
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Figure 5.11 Measured return loss response of the array (8.5-10.5 GHz) 

 

 

 
Figure 5.12 Measured return loss response of the array (2-18 GHz) 
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The array return loss response with the power dividers in 8.5-10.5 GHz bandwidth is 

observed to be greater than 15 dB which is fairly satisfying. The array has an 

acceptable return loss response through 4-18 GHz frequency band. The return loss 

response of the array could not be simulated because of the inadequate convergence 

for the 8-element structure.      

 

Mutual coupling characteristics of the array are also measured using two-port 

calibration property of the network analyzer. The coupling throughout the operating 

frequency range is observed to be smaller than approximately 20 dB. Mutual 

coupling measurement results of the 1st and 5th elements of the array are given below 

in Figure 5.13 and Figure 5.14.  

 

 

 
Figure 5.13 Measured mutual coupling of the array elements (referenced to 1st element) 
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Figure 5.14 Measured mutual coupling of the array elements (referenced to 5th element) 

 

 

5.3.2 Pattern Measurement Results 

Radiation pattern measurements of the antennas and the array in H-plane co-

polarization are compared with the simulations in 2 GHz, 6 GHz, 8.5 GHz, 9.5 GHz, 

10.5 GHz, 15 GHz and 18 GHz. The comparison of measured and simulated H-plane 

cross-polarization patterns and E-plane patterns are also plotted in 8.5 GHz, 9.5 GHz 

and 10.5 GHz. These plots are given below. 

 

 



 111 

 
Figure 5.15 Measured and simulated H-plane co-polarization patterns of Antenna-1 (2 GHz) 

 

 

 
Figure 5.16 Measured and simulated H-plane co-polarization patterns of Antenna-1 (6 GHz) 
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Figure 5.17 Measured and simulated H-plane co-polarization patterns of Antenna-1 (8.5 GHz) 

 

 

 
Figure 5.18 Measured and simulated H-plane co-polarization patterns of Antenna-1 (9.5 GHz) 
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Figure 5.19 Measured and simulated H-plane co-polarization patterns of Antenna-1 (10.5 GHz) 

 

 

 
Figure 5.20 Measured and simulated H-plane co-polarization patterns of Antenna-1 (15 GHz) 
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Figure 5.21 Measured and simulated H-plane co-polarization patterns of Antenna-1 (18 GHz) 

 

 

 
Figure 5.22 Measured and simulated H-plane cross-polarization patterns of Antenna-1  

(8.5 GHz) 
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Figure 5.23 Measured and simulated H-plane cross-polarization patterns of Antenna-1   

(9.5 GHz) 
 

 

 
Figure 5.24 Measured and simulated H-plane cross-polarization patterns of Antenna-1 

 (10.5 GHz) 
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Figure 5.25 Measured and simulated E-plane patterns of Antenna-1 (8.5 GHz) 

 

 

 
Figure 5.26 Measured and simulated E-plane patterns of Antenna-1 (9.5 GHz) 
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Figure 5.27 Measured and simulated E-plane patterns of Antenna-1 (10.5 GHz) 

 

 

H-plane co-polarization and cross-polarization patterns of the Antenna-1 are given 

above in Figure 5.15 through Figure 5.24. Measurement and simulation results are 

consistent especially below 15 GHz. The reflections caused by the metallic structure 

in the test setup increase with the increasing frequency. Thus, deeper and more nulls 

are observed in the radiation patterns at 15 GHz and 18 GHz. Measured and 

simulated E-plane patterns of the antenna are also compared in Figure 5.25 through 

Figure 5.27. 
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Figure 5.28 Measured and simulated H-plane co-polarization patterns of Antenna-2 (2 GHz) 

 

 

 
Figure 5.29 Measured and simulated H-plane co-polarization patterns of Antenna-2 (6 GHz) 
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Figure 5.30 Measured and simulated H-plane co-polarization patterns of Antenna-2 (8.5 GHz) 

 

 

 
Figure 5.31 Measured and simulated H-plane co-polarization patterns of Antenna-2 (9.5 GHz) 
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Figure 5.32 Measured and simulated H-plane co-polarization patterns of Antenna-2 (10.5 GHz) 
 

 

 
Figure 5.33 Measured and simulated H-plane co-polarization patterns of Antenna-2 (15 GHz) 
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Figure 5.34 Measured and simulated H-plane co-polarization patterns of Antenna-2 (18 GHz) 

 

 

 
Figure 5.35 Measured and simulated H-plane cross-polarization patterns of Antenna-2 

 (8.5 GHz) 
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Figure 5.36 Measured and simulated H-plane cross-polarization patterns of Antenna-2 

 (9.5 GHz) 
 

 

 
Figure 5.37 Measured and simulated H-plane cross-polarization patterns of Antenna-2  

(10.5 GHz) 
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Figure 5.38 Measured and simulated E-plane patterns of Antenna-2 (8.5 GHz) 

 

 

 
Figure 5.39 Measured and simulated E-plane patterns of Antenna-2 (9.5 GHz) 
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Figure 5.40 Measured and simulated E-plane patterns of Antenna-2 (10.5 GHz) 

 

 

The plots comparing measured and simulated radiation patterns in co-polarization 

and cross-polarization are given above in Figure 5.28 through Figure 5.37. The 

reflections caused by the measurement setup result in deeper nulls in radiation 

patterns at higher frequencies as in the measurement of Antenna-1. It can be said that 

the measured and simulated patterns of Antenna-2 are fairly the same. Measured and 

simulated E-plane patterns of the antenna are also given in Figure 5.38 through 

Figure 5.40. 
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Figure 5.41 Measured and simulated H-plane co-polarization patterns of the array (2 GHz) 

 

 

 
Figure 5.42 Measured and simulated H-plane co-polarization patterns of the array (6 GHz) 
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Figure 5.43 Measured and simulated H-plane co-polarization patterns of the array (8.5 GHz) 

 

 

 
Figure 5.44 Measured and simulated H-plane co-polarization patterns of the array (9.5 GHz) 
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Figure 5.45 Measured and simulated H-plane co-polarization patterns of the array (10.5 GHz) 

 

 

 
Figure 5.46 Measured and simulated H-plane co-polarization patterns of the array (15 GHz) 
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Figure 5.47 Measured and simulated H-plane co-polarization patterns of the array (18 GHz) 

 

 

 
Figure 5.48 Measured and simulated H-plane cross-polarization patterns of the array (8.5 GHz) 
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Figure 5.49 Measured and simulated H-plane cross-polarization patterns of the array (9.5 GHz) 

 

 

 
Figure 5.50 Measured and simulated H-plane cross-polarization patterns of the array 

 (10.5 GHz) 
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Figure 5.51 Measured and simulated E-plane patterns of the array (8.5 GHz) 

 

 

 
Figure 5.52 Measured and simulated E-plane patterns of the array (9.5 GHz) 
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Figure 5.53 Measured and simulated E-plane patterns of the array (10.5 GHz) 

 

 

Radiation patterns of the array in co-polarization and cross-polarization are shown in 

Figure 5.41 through Figure 5.50. The measured and simulated radiation patterns are 

consistent especially in lower frequencies. The nulls observed in radiation patterns at 

15 GHz and 18 GHz are due to the reflections both from the test setup and the 

metallic backplane of the array. Measured and simulated E-plane patterns of the 

antenna are also compared in Figure 5.51 through Figure 5.53. Measured 3-dB 

beamwidth, side lobe and grating lobe levels of the array in H-plane are given below.   

 

 

Table 5.1 Measured half-power beamwidth of the array in 2-18 GHz frequency band 

Frequency of Operation 3-dB Beamwidth 

2.0 GHz 16˚ 
6.0 GHz 14˚ 
8.5 GHz 11˚ 
9.5 GHz 10˚ 

10.5 GHz 10˚ 
15 GHz 9˚ 
18 GHz 8˚  
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Table 5.2 Side lobe and grating lobe levels of the array in 2-18 GHz frequency band 

Frequency of Operation Side Lobe Level Grating Lobe Level 

2.0 GHz 1 dB 2 dB 
6.0 GHz 4 dB 3 dB 
8.5 GHz 15 dB 12 dB 
9.5 GHz 16 dB 18 dB 

10.5 GHz 13 dB 20 dB 
15 GHz 2 dB 2 dB 
18 GHz 2 dB 1 dB  

 

 

Table 5.1 and Table 5.2 show that the array provides the design requirements, half 

power beamwidth less than 12º and side lobe level greater than 13 dB in 8.5-10.5 

GHz operating bandwidth. It can be said that the Dolph-Chebyshev feeding 

discussed in Chapter 4 will result in extra decrease in the side lobe levels considering 

the consistency between simulated and measured results.  
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CHAPTER 6 
 
 

 CONCLUSION 
 
 
 

6.1 Summary 

The Vivaldi antenna, a type of TSA with its exponentially tapered profile, is 

observed in this thesis. As a member of the class of TSA, Vivaldi antenna provides 

broad bandwidth, low cross polarization and directive propagation at microwave 

frequencies. Vivaldi antennas are low cost and easy to fabricate due to printed circuit 

technology used for the construction of these antennas. Vivaldi arrays are also small 

size and low weight enabling compact arrays. The beamwidth and directivity of a 

Vivaldi antenna might be considerably improved varying the design parameters. 

  

Vivaldi antenna design parameters are investigated in this work. The effects of each 

antenna parameter on antenna impedance return loss response and reverse gain 

characteristics are simulated and observed. The simulations are realized using Ansoft 

HFSS®. Based on the results of this study, a Vivaldi antenna with the requirements of 

8.5-10.5 GHz frequency bandwidth, return loss better than 10 dB and 50 � 

characteristic impedance in the feeding section is designed. Stripline to slotline 

transition is chosen due to its beamwidth characteristic and fairly enough bandwidth 

performance. The simulation results reveals that the designed Vivaldi antenna has a 

return loss response better than 17 dB and reverse gain response smaller than 1.15 dB 

in the operating bandwidth. The antenna has also side lobe level better than 5 dB and 

half power beamwidth smaller than 48º in H-plane.  

 

The array parameters are also observed regarding their effects on radiation pattern. 

An 8-element uniform linear array with the designed single antenna. The array has 

side lobe level better than 11 dB, grating lobe level better than 8 dB and half power 

beamwidth smaller than 13º in H-plane observing simulation results.  
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The designed array is fed using binomial and Dolph-Chebyshev feeding techniques 

next. Binomial array provides a 10 dB decrease in side lobe level whereas the half 

power beamwidth is 18º for this type of feeding. The half power beamwidth is 

observed to be smaller than 11º with side lobe level better than 11 dB for Dolph-

Chebyshev feeding technique. The simulated results of the array are not satisfying 

regarding the design requirements: half power beamwidth smaller than 12º and side 

lobe level better than 13 dB in H-plane.  

 

The parametric study of arrays has led to another single element Vivaldi antenna 

design with a longer taper and wider slotline. The simulation results show that the 

second antenna is more directive with a half power beamwidth of 36º at 9.5 GHz and 

smaller than 44º through the operating bandwidth. 

 

 An improved uniform linear array design is realized using the second Vivaldi 

antenna designed. The array has a better radiation pattern with side lobe level of 17 

dB and half power beamwidth of 10º at 9.5 GHz. Dolph-Chebyshev feeding 

technique is applied to this array too. Dolph-Chebyshev polynomial coefficients are 

chosen to get a side lobe level of 17 dB first and this structure provides a half power 

beamwidth of 8º at 9.5 GHz. Then, the coefficients are chosen with a side lobe level 

of 20 dB which results in a half power beamwidth of 11º at 9.5 GHz. The latter 

Dolph-Chebyshev array is found fairly satisfactory regarding the design 

requirements. The simulation results in the operating bandwidth has revealed that the 

Dolph-Chebyshev array provides a half power beamwidth smaler than 12º, side lobe 

level better than 17 dB and grating lobe level better than 16 dB. 

 

The single element Vivaldi antennas and the improved array detailed above are 

fabricated in Aselsan Inc. using printed circuit board technology. Return loss 

responses and the radiation patterns of the fabricated antennas and array are 

measured and compared with the simulation results. 

 

The measured return loss responses of both single element Vivaldi antennas are 

consistent with the simulation results. These antennas are observed to have return 
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loss responses better than 15 dB in the operating frequency band. Moreover, the 

antennas have return loss responses better than 10 dB in 6-18GHz frequency band. 

The radiation patterns of these antennas are measured in 2-18 GHz frequency band in 

the anechoic chamber of Aselsan Inc. and observed to be in accordance with the 

simulation results in the operating bandwidth. However, the measured radiation 

patterns have deeper nulls at the higher frequencies, greater than 12 GHz, due to the 

reflections from the metallic structure of the test setup. 

 

The array is fabricated with a metallic backplane and fed using three identical 4-way 

power dividers. Return loss response of the array is measured in 2-18 GHz frequency 

band. It is observed to have return loss response better than 15 dB in 8.5-10.5 GHz 

operating band. The array has an acceptable return loss response, better than 10 dB, 

in 4-18 GHz frequency range. The return loss response of the array could not be 

simulated because of the convergence problem in the simulation tool used. The 

measured radiation pattern of the array is fairly consistent with the simulated patterns 

especially in the operating bandwidth. There exist deeper nulls at the higher 

frequencies as in the case of single antenna radiation pattern measurements. The 

metallic backplane of the array as well as the metallic structure of the test setup cause 

this generate this discrepancy. 

 

6.2 Future Work 

In the future, the followings might be considered in order to extend and improve this 

work : 

 

� The parametric study of Vivaldi antennas and arrays might be extended 

observing their effects on antenna and array performance in a broader 

bandwidth. 

 

� Dolph-Chebyshev feeding technique might be considered and realized 

when highly directive array designs with acceptable side lobe levels are 

to be fabricated. 
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� The backwall offset of the single element antennas might be chosen 

considering the metallic backplane to be used in order to reflect 

radiations in the opposite direction and improve forward radiation of the 

array. This will reduce the reflections observed in the radiation pattern 

measurements and prevent the discrepancy between measured and 

simulated results at higher frequencies. 

 
� The microstrip to slotline, antipodal and balanced antipodal transitions as 

well as the stripline to slotline transitions with nonuniform stubs might 

be considered in order to observe the effects of parameters on the designs 

with different antenna feeding techniques.      

 
� A dual-polarized array constructed with the designed Vivaldi array 

would have a fairly narrow beamwidth as well as the rapid scanning 

advantage of dual-polarized arrangement. This array might be used for 

Synthetic Aperture Radar (SAR) applications.  
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APPENDIX A 
 
 

 SIMULATION METHOD 
 
 
 

The simulations in this study are realized using Ansoft HFSS®, a high frequency 

electromagnetic field simulation program utilizing full-wave finite element method 

(FEM). The antenna model is constructed as in Figure A.1 below. 

 

 

 
Figure A.1 Complete antenna model in HFSS 

 

 

The perfect conductor seen in the Figure A.1 above is used to feed the stripline. A 

wave-port exciting the model is formed on the inner face of the perfect conductor, 

touching on the stripline. Wave-port excitation is used to indicate the area where the 

energy enters the system. A port-line is defined to direct the fields from the live 
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terminal, stripline in this case, to the ground. Figure A.2 below shows the wave-port 

structure and the port-line.       

 

 

 
Figure A.2 The wave-port structure 

 

 

The air box seen in the Figure A.1 is defined to represent open space. Ansoft 

suggests it to be placed to a quarter wavelength distance from the model. Air box 

boundaries are defined to be radiation boundary so that the radiation from the 

structure is absorbed not reflected back. 

 

The last step of the simulation model is to define a solution setup. Solution frequency 

is chosen as 9.5 GHz. The solution setup is defined including 8.5-10.5 GHz sweep in 

order to investigate the whole band antenna performance. Radiation patterns as well 

as return loss and reverse gain curves are obtained running the simulations.  
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APPENDIX B 
 
 

 MATLAB FUNCTION 
 
 

The function below is used to determine the coefficients of Nth order Dolph-

Chebyshev polynomial.  

 
 

N1 = N-1; % number of zeros 

Ra = 10^(R/20); % sidelobe level in absolute units 

x0 = cosh(acosh(Ra)/N1); % scaling factor 

i = 1:N1; 

xi = cos(pi*(i-0.5)/N1); % N1 zeros of Chebyshev polynomial 

psi = 2 * acos(xi/x0); % N1 array pattern zeros in psi-space 

zi = exp(j*psi); % N1 zeros of array polynomial 

a = real(poly(zi)); % zeros-to-polynomial form (N coefficients) 
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APPENDIX C 
 
 

 DATASHEETS 
 
 
 

 
Figure C.1 Rogers RT/Duroid 5880 high frequency laminate datasheet 
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Figure C.2 Rogers RT/Duroid 5880 high frequency laminate datasheet 
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Figure C.3 Narda 4326B-4 power divider  datasheet 
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Figure C.4 Narda 4326B-4 power divider  datasheet 
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APPENDIX D 
 
 

 ASELSAN TAPERED ANECHOIC CHAMBER 
 
 
 

The measurements and evaluation of the sinuous antennas are performed in an 

anechoic chamber, Figure D.1. Anechoic chamber is a reflection free (i.e. the 

reflectivity levels of the absorbers covering the whole room are very low, about–20 

dB) room inside of which is covered by absorbers. 

 

The tapered anechoic chamber is designed in the shape of pyramidal horn that tapers 

from the small source end to a large rectangular test region, and with high quality 

absorbing material covering the side walls, floor and ceiling. The tapered anechoic 

chamber in the R&D department of Aselsan Inc. is used with an azimuth over 

elevation positioner holding up the antenna under test, a polarization positioner 

holding up the standard transmitter antenna, an Agilent PNA model vector network 

analyzer, and HP PII series computers using programs written in HP VEE program at 

Aselsan and which communicate with the above listed equipment through the aid of 

HP-IB’s .Antenna measurement set up in anechoic chamber is shown in Figure D.2. 
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Figure D.1 Top view of the tapered anechoic chamber in ASELSAN Inc. 
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Figure D.2 Antenna measurement setup in the anechoic chamber 

 


