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ABSTRACT: 

In this paper, Microstrip-fed Vivaldi antenna is presented for Ultra-Wide Band (UWB) biomedical applications and 

antenna characteristic parameters such as radiation pattern, return loss (S11), and voltage standing wave ratio (VSWR) 

are evaluated. However, by using different values of antenna parameters such as stub angle, substrate thickness, and 

relative dielectric constant, antenna performance in the UWB frequency range is developed to create antenna structure 

with the best efficiency, gain, and directivity. The design and modeling of the antenna are performed in CST 

Microwave Studio. Additionally, this can be used in terms of an attractive configuration for biomedical applications. 
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1.  INTRODUCTION 

Cancer is a serious disease that has begun to emerge 

in living organisms. This sickness is caused by the 

uncontrolled division of DNA damage-resultant cells. 

One of the most important steps in the treatment of the 

disease is early detection of the cancerous cell. 

Mammography, ultrasonography and MR imaging 

methods are frequently used to image cancerous tissue 

[1]. Microwave imaging methods [3-6] have been 

investigated to overcome disadvantages of the exist 

methods to find the tumor at higher accuracy and 

sensitivity [2]. Some advantages of microwave imaging 

are that it is cheaper and less harmful than other 

methods and is more responsive and results are easier 

to interpret. The purpose of microwave imaging is to 

obtain the dielectric and conductivity properties of the 

examined object by taking advantage of the electrical 

field measured at the antennas and the electrical field 

information generated at the object. For this reason, 

antenna design [6-9] and integration into the 

microwave imaging system are crucial for achieving 

the desired results. 

Additionally, it is desired that the antennas should 

have a suitable radiation pattern at a fairly high 

efficiency and appropriate gain values for high 

accuracy detection of the location and size of the tumor 

tissue. Firstly, Vivaldi antennas presented by Gibson 

[10] are commonly used in microwave imaging 

applications due to their wide band operation [11-12]. 

In this study, a corrugated Vivaldi antenna was 

designed for microwave imaging systems. 

In this study, a Vivaldi antenna which can operate in 0-

10 GHz UWB frequency range has been designed. By 

using CST Microwave Studio program, antenna 

radiation pattern, return loss (S11) and voltage standing 

wave ratio (VSWR) were investigated and parameters 

were changed to determine the best performing antenna 

structure. 
 

2.  ANTENNA DESIGN 

There are various advantages of Microstrip-fed 

Vivaldi Antenna and this makes it popular for 

microwave imaging applications. It has a planar 

configuration and it is compact and lightweight. The 

antenna can achieve ultra wideband operation with 

admissible efficiency, gain, and directivity. Symmetric 

beam in the E-plane and the H-plane is realizable. 

UWB Vivaldi antenna is preferred for its attractive 

configuration for biomedical applications [13-15]. The 

designed antenna is shown in Fig. 1 and the antenna 

parameters and values are given in Table 1. 
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Fig. 1. The view of the designed antenna. 

 

Table 1. Antenna Parameters and values. 

Antenna Parameters Values 

Taper factor 30.0 

Tan delta 0 

Substrate height 0.63456 

Stub start angle 90 

Stub radius 5.65644 

Slotline width 0.32984 

Slotline length 0.44469 

Microstrip taper 

width 

1.50356 

Microstrip taper 

width 

16.38834 

Microstrip coupler 

width 

0.44469 

Microstrip coupler 

width 

7.50058 

Microstrip coupler 

inset 

0.22234 

Flare length 104.92732 

Flare height 54.96193 

Conductor height 69.95155 

Cavity diameter 10 

 

3.  SIMULATION RESULTS 

The S11 return loss graph for the different relative 

dielectric constants (εr) of the bottom layer used in the 

modeled annealing is shown in Fig. 2 and the VSWR 

graph is shown in Fig. 3. In the graphs in the figures, 

the effect of substrate’s relative dielectric constant 

according to S11 return loss and VSWR parameter was 

investigated. As εr increases, the bandwidth increases 

and the VSWR parameter decreases, thus improved 

antenna performance has been observed. 

 

 
Fig. 2. S11 return loss graph for different dielectric 

constant values 

 

 
Fig. 3. VSWR graph for different dielectric constant 

values 

 

In order to ensure that the antenna can operate 

efficiently at the desired frequencies (0-10 GHz 

frequency range), the behavior of the antenna with 

respect to the stub angle is investigated by choosing the 

dielectric constant εr = 3.67 where the best performance 

is obtained. The effects of stub angle on the S11 return 

loss and VSWR are shown in Fig. 4 and Fig. 5, 

respectively. 

Figure 4 shows the S11 return loss graph obtained 

when the stub angle is changed to 30o, 80o and 120o. It 

is seen here that the best S11 bandwidth is obtained at 

80° stub angle for 0 - 10 GHz frequency. Figure 5 

shows the VSWR change graph depending on the stub 

angle. It is also evident here that the lowest VSWR 

value is obtained at a stub angle of 80 °. The results of 

S11 and VSWR obtained in Fig. 4 and Fig. 5 support 

each other. 

 

 
Fig. 4. S11 return loss graph for different stub angles 

 

 
Fig. 5. VSWR graph for different stub angles 

 

In order to investigate the effect of substrate 

thickness (h) on antenna performance, S11 and VSWR 

plots are obtained according to different substrate 

thicknesses, results are given in Fig. 6 and Fig. 7, 

respectively. In the graphs, εr = 3.67 and stub angle = 
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80 are chosen. It can be seen that as the substrate 

thickness decreases, the -10 dB bandwidth and the 

VSWR value are improved, the best results can be 

achieved when the substrate thickness is 0.63456 mm. 

 

 
Fig. 6. S11 return loss graph for different substrate 

thicknesses 

 

 
Fig. 7. VSWR graph for different substrate thicknesses 

 

When antenna performance is examined in terms of 

bandwidth, return loss and VSWR parameters, it has 

been observed that the radiation performance of the 

antenna improves as stub angle and dielectric constant 

increase and the substrate thickness decreases. In 

addition, it is seen that the angle of propagation of the 

antenna showing the best behavior in this range is 80°, 

the substrate thickness h = 0.63456 mm and the relative 

dielectric constant εr = 3.67. 

In Fig. 8, radiation patterns of the antenna for different 

frequencies are shown. 

 

 

 

 

 
 

Fig. 8. Radiation patterns of the antenna for different 

frequencies 

 

4.  CONCLUSION 

In this study, a compatible Microstrip Vivaldi 

Antenna is designed in the frequency range of 0-10 

GHz for UWB applications. Additionally, the 

importance of the dielectric material, stub angle, and 

substrate thickness in determining the operating 

frequency of the UWB antenna is emphasized. For this 

purpose, the effects of the dielectric material, stub 

angle, and substrate thickness are investigated. It is 

seen that performance of the antenna improves, as stub 

angle and dielectric constant increase and the substrate 

thickness decreases. As a result, UWB Vivaldi antenna 

is designed and it is a good option that can be preferred 

in biomedical applications due to its attractive 

configuration. 



Majlesi Journal of Telecommunication Devices                                                                   Vol. 6, No. 2, June 2017 

 

52 

 

5.  ACKNOWLEDGMENT 

This article is supported by the Scientific Research Unit 

of Adana Science and Technology University (Project 

number: 16119001). 

 

REFERENCES 
1. Ch. Guy and Flytche D. “An introduction to the 

principles of medical imaging.” Imperial Coll., 

1976. 

2. Elise C. Fear and et al. “Confocal microwave 

imaging for breast cancer detection: 

Localization of tumors in three dimensions.” 

IEEE Transactions on Biomedical Engineering, 

49.8, 812-822, 2002. 556 

3. M. N. Akıncı and M. Çayören “Microwave 

subsurface imaging of buried objects under a 

rough air–soil interface.” Remote Sensing Letters 

5.8, 703-712, 2014. 

4. M. N. Akıncı and et al. “Qualitative microwave 

imaging with scattering parameters 

measurements.” IEEE Transactions on Microwave 

Theory and Techniques 63.9, 2730-2740, 2015. 

5. M. N. Akıncı, M. Çayören ve I. Akduman , “Near-

Field Orthogonality Sampling Method for 

Microwave Imaging: Theory and Experimental 

Verification,” in IEEE Transactions on Microwave 

Theory and Techniques, 64.8, 2489-2501, Aug. 

2016. 

6. M. Abbak, M. Çayören, and I. Akduman 

“Microwave breast phantom measurements with 

a cavity-backed Vivaldi antenna.” IET 

Microwaves, Antennas & Propagation 8.13, 1127, 

2014. 

7. M. Abbak and I. Akduman, “Miniaturized tapered 

slot antenna for microwave breast imaging,” 

Telecommunications Forum (TELFOR), 2012 20th, 

Belgrade, pp. 1214-1216, 2012. 

8. [8] J. J. Golezani, M. Abbak, and I. Akduman 

“Modified directional wide band printed 

monopole antenna for use in radar and 

microwave imaging applications.” Progress In 

Electromagnetics Research Letters 33, 119-129, 

2012. 

9.  CST Version, CST AG, 2014. 557 

10. P. J. Gibson, “The Vivaldi aerial,” in Proc. 9 th 

European Microwave Conf., pp 101–105, 1979. 

11. M. Abbak, M. Cayoren and I. Akduman, 

“Microwave breast phantom measurements with 

a cavity-backed Vivaldi antenna,” in IET 

Microwaves, Antennas &Propagation, Vol. 8, No. 

13, pp. 1127-1133, October 21 2014. 

12. M. Abbak and I. Akduman, “Miniaturized tapered 

slot antenna for microwave breast imaging,” 

Telecommunications Forum (TELFOR), 2012 20th, 

Belgrade, pp. 1214-1216, 2012. 

13. M. Aldhaeebi, M. Alzabidi, and I. Elshafiey, 

"Optimization of UWB Antenna Array for 

Hyperthermia Treatment of Brain Tumor," in 

Electronics, Communications and Photonics 

Conference (SIECPC), 2013 Saudi International, 

pp. 1-6, 2013. 

14. M. A. Alzabidi, M. A. Aldhaeebi, and I. Elshafiey, 

"Development of UWB Vivaldi Antenna for 

Microwave Imaging," in Electronics, 

Communications and Photonics Conference 

(SIECPC), 2013 Saudi nInternational, pp. 1-4, 

2013. 

15. I. Elshafiey, A. F. Sheta, Z. Siddiqui, and M. A. 

Alkanhal, "Ultra- Wideband Applicator for 

Brain-Tumor Ablation and Imaging System," in 

Signal Processing and Information Technology 

(ISSPIT), 2012 IEEE International Symposium on, 

pp. 000310-000314, 2012. 

 

 


