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Abstract— In this paper, the modelling and simulation of Vivaldi antenna which is a special type of tapered slot 

radiating element with an exponential flare profile is carried out. Excitation of radiating element is essential in the 

development of Vivaldi antenna. Vivaldi antenna consists of symmetrically etched slots in the metallization on the 

dielectric substrate and fed by wide band strip line to slot line transition. This antenna has been developed with reduced 

length using strip line to slot line transition for impedance matching. The Vivaldi antenna is modelled using HFSS 

software and thoroughly evaluated for various parameters like VSWR, directivity, gain, and radiation patterns. The results 

in terms of half power beam width, directivity, gain, and radiation patterns are obtained. The simulated results are in close 

agreement with the theoretical values. The designed Vivaldi antenna is capable of providing good impedance matching and 

stable directional radiation patterns across the UWB bandwidth. 
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I. INTRODUCTION 
 

The Vivaldi antenna is a special type of tapered slot antenna belongs to the family of end-fire travelling wave antennas 

and consists of a tapered slot etched onto a thin film of metal. This is done either with or without a substrate of dielectric 

on one side of the metal film. This antenna provides symmetrical E-Plane and H-plane beam pattern and produces greater 

directivity, more gain and widely used in ultra wideband applications [1-6]. An important step in the design of the antenna 

is to find suitable feeding technique for a slot line excited tapered slot antenna. The type of the feed that is used in the strip 

line which is unbalanced and the slot line is normally balanced, so a balun should be used here for the impedance matching 

purpose. Normally strip line is arranged perpendicular to the slot line and the balun is placed over it. The arrangement of 

the feed is quite complex in Vivaldi antenna while implementing arrays. The tapered slot antennas utilize a travelling wave 

propagating along the antenna structure because the phase velocity Vph is less than the light velocity in free space or Vph < 

C (and the limiting case when Vph = C). Therefore, they produce radiation in the end fire direction at the wider end of the 

slot in preference to other directions. The limiting case of Vph = C relates to the case of the antenna with air as the 

dielectric and consequently the beam width and side lobe level are considerably greater than with the change in the 

thickness, dielectric constant and taper design. These antennas have symmetric radiation pattern with side lobes. At 

different frequencies, the antenna radiates with constant wavelength. Thus the antenna is frequency independent and 

provides an infinite bandwidth of operation. As the wavelength varies, radiation occurs from a different section which is 

scaled in size in proportion to the wavelength and has same relative shape. This translates into an antenna with very wide 

bandwidth. As the antenna gets excited the travelling wave gets travelled and the pattern is radiated. When the impedance 

of the strip line matches the free space impedance, the pattern is radiated in the end fire direction [7-10]. Ideally the 

bandwidth of this antenna is infinite and so is used in ultra wide band applications. Theoretically, the Vivaldi antenna 

provides a bandwidth within the range of 2 GHz to 90 GHz and practically this is limited by the finite dimensions of the 

antenna and also by the transition from the feed to the slot line of the radiating element. The choice of dielectric substrate 

plays a major role in the simulation of the antennas. Normally these antennas include substrate and so effective dielectric 

constant plays a key role.  
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The typical dielectric constants range from 2.2 ≤ εr ≤ 12. Normally used value is 2.2 in practical sense. Substrates with 

low relative dielectric constants and high thickness are used to provide wider bandwidth and better efficiency. However, 

smaller antenna size can be obtained with thin substrates of high dielectric constants. But this also results negatively on the 

efficiency and bandwidth. Therefore, the design trade-off is to chosen between good performance of the antenna and the 

size of the antenna. 

II. ANTENNA DESIGN 
 

For the proposed tapered slot antenna, an exponential taper is designed and implemented. In the Fig.1, shown above, R is 

the rate of opening of the tapered slot and the taper profile terminates on the two end points P1 (z1, y1) and P2 (z2, y2). 

The point P1 is the starting point of the slot line flare and is close to the uniform line from the cavity. The flare length L is 

the difference Z2 – Z1, as shown in the Fig.1. It is to be noted that when taper rate R becomes zero, the slope of the taper 

remains constant making the taper profile linear and the antenna is commonly referred to as the Linearly Tapered Slot 

antenna (LTSA). 

21 CeCy RZ   

Where 

12

1

12

2
2

1
2

12
1

RZRZ

RZRZ

RZRZ

ee

eyey
C

ee

yy
C











 

 

 
Fig.1 Proposed Design with Feed  

A length L of the taper, 44mm, and the height H of the aperture, 42mm, are selected for this design. Increasing the 

length of the taper, keeping the aperture height constant, and the flare angle gets reduced correspondingly. It has been 

reported that, for small flare angles, the lowest operating frequency of the antenna reduces and subsequently enhances the 

bandwidth. For larger exponential opening rates R, the flare angle reduces, at the origin and the lower frequency of 

operation reduces and also exhibits significant improvement in the SWR [11-13], at the upper end of the operating 

frequency band. An optimum value of R,   0.09, is selected for this antenna. 
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III. MODELING AND SIMULATION 
 

Using the above design procedure, from the values obtained, the antenna is modelled in Ansoft HFSS V12 to verify the 

results. 

 

 
Fig.2. Initial Design of Antenna in HFSS 

Step1 

     Drawing the exponential curves, slot line circular cavity, a Perfect Electric Conductor (PEC) is used as the patch 

surface and a perfect E boundary is used to represent a perfectly conducting surface in a surface and assigning RT duroid 

material to box of thickness 0.8mm, length and width of 35mm and 25.5mm respectively. All these are shown in Fig. 2. 

 
Fig.3. Feed of Antenna 

Step2 

     The strip line feed is designed and wave port is assigned. The wave port connects the input signal to the radiating patch 

geometry. The wave port is used for modeling strip lines and waveguide structures. The setup of wave ports is selected, 

depending on the type of solution needed, such as modal or terminal. 

 
Fig. 4 Antenna with Radiation Box 

Step3 

     A rectangular box, extending λ/4 on all the sides of antenna is designed and assigned the radiation boundary by 

selecting all the sides of the box, except the feed side, that is shown in Fig.4. These boundary conditions specify the 

behavior of the field at the object interfaces and the edges of the problem region. The excitations in HFSS software are 

used to indicate the electromagnetic field sources such as currents, voltages and charges on surfaces or objects in the 

design. 
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Fig.5. Vivaldi Antenna 

After making many adjustments the final optimized model obtained is shown in Fig. 5. The S11 at the input port of the 

antenna is shown in Fig.6. 

 
Fig.6. The Return Loss plot for Vivaldi Antenna 
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Fig.7. Antenna Radiation Patterns at different operating Frequencies 

 

The radiation patterns of this antenna are shown in Figs.7. (a)-(d). The patterns are satisfactory, and the gain is very good. 
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IV. RESULTS AND CONCLUSIONS 
 

The main focus is to successfully design and model an ultra wide band exponentially tapered slot antenna and validate 

the design through simulation software. Figure 6 shows the simulated return loss between 6 to 18 GHz. The response is 

very similar to that of theoretical values. The UWB characteristic is confirmed in the measurement, with only slight shift of 

the upper edge frequency to 12 GHz. Figures 7 (a)-(d) show the simulated radiation patterns for the Vivaldi antenna at 6 

to 10 GHz in both the E- and H-planes. The directional radiation pointing bore sight is observed. The half power beam 

widths are 300 in the E-plane and 420 in the H-plane. The results also show desired radiation performance with stable 

radiation direction, beam widths and gain over the UWB band width. The ultra-wide band exponentially tapered slot 

antenna has wide applications for direction finding, as a radiating element in linear and planar arrays in microwave band. 
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