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Abstract 
This paper represents the performance analysis of the different shapes of an-
tenna balun and feeding techniques for step constant tapered slot antenna. 
This work also addresses the benefits of antenna balun (circular and rectan-
gular) along with two types of feeding techniques (Microstrip line L-shape 
and Microstrip line I-shape). The performance of the antenna for each tech-
nique is thoroughly investigated using Computer Simulation Technology 
(CST) Microwave Studio software simulation under the resonant frequency 
of 5.9 GHz. Results demonstrate that the proposed model is an effective tool 
for improving antenna performance. Moreover, an extensive comparison has 
been carried out between the two different shapes, with and without antenna 
balun and between two feeding techniques focusing on return losses, gain, 
directivity, and voltage standing wave ratio (VSWR).  
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1. Introduction 

Recently, different types of antenna have been manifested in the applications of 
ultra-wideband wireless communication [1]-[8]. Among the various types of 
antenna, tapered slot antenna (TSA) is one of the most important, which exhib-
its a wide operational bandwidth, improves gain, and identical radiation pattern. 
A typical Tapered Slot Antenna (TSA) consists of a tapered slot cut in a thin film 
of a metal plate with an electrically thin substrate on one side of the film [9] [10] 
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[11] [12]. Numerous research work has been conducted for improving the per-
formance of the TSA antenna and utilizing this antenna in wireless communica-
tions, remote sensing, biosensing, ground-penetrating radar (GPR) system, etc. 
[13]-[20]. Due to the technological revolution, wireless communication is in-
creasing at an exponential rate and the efficiency of the wireless system depends 
on these antennas that can efficiently radiate and accept UWB signals [21] [22] 
[23] [24] [25]. Tapered Slot Antenna was first introduced in 1979, and the basic 
three types of TSA antennas are linearly tapered slot antenna (LTSA), constant 
width slot antenna (CWSA), and Vivaldi antenna (VA) [26] [27] [28] [29] [30]. 
Tapered Slot Antennas are a traveling-wave antenna, whose voltage or current 
distribution can be represented by one or more traveling waves. TSAs contain 
high directivity and narrow beam width because of the traveling wave properties 
[31] [32] [33]. Additionally, it has almost symmetric E-plane and H-plane radia-
tion patterns over a wide frequency band as long as antenna parameters like 
shape, total length, dielectric thickness, and dielectric constant are selected ap-
propriately. TSAs have a lot of benefits over conventional antenna such as 
broadband operation, low sidelobes, planar footprints, and simple in fabrication 
[10] [31] [33]. It also shows a good match at both sides i.e. input side (transition 
from the feed line to slot line) and the radiation side (transition from the anten-
na to free space) of the antenna, then a TSA has a large bandwidth. At high op-
erating frequencies (greater than 10 GHz), tapered slot antennas are also suita-
ble, where a long electrical length corresponds to a considerably short geomet-
rical length. Despite the above benefits, TSA has some limitations such as only 
linear polarization can be obtained with conventional geometries [10] [11] [12]. 
This paper will describe the effect of with and without antenna balun and two 
different feeding techniques for the step constant tapered slot antennas (STSAs) 
and will find the optimum results. 

Over the last century, medical imaging technology has undergone a revolu-
tionary transformation by producing valuable pictures that show the inside of 
the human body. Imaging technology is widely used by medical practitioners in 
clinics to diagnose or guide the treatment of different kinds of diseases. Howev-
er, researchers continue to look for more accurate, safe, reliable, portable, and 
cost-effective imaging systems. In recent years, microwaves radiation has at-
tracted particular research interest in this direction, as they offer new possibili-
ties and prospects in imaging and spectroscopy of the biological tissues. There-
fore, the development of antennas in that frequency range for such applications 
is expected to have a huge impact on the upliftment of human healthcare. 
Among numerous biomedical application fields, human brain imaging is the one 
that attracts a wide research interest from the engineering and medical perspec-
tives. Detecting the presence and location of a tumor inside the human brain is 
one of the most important uses of brain imaging. The possibility of microwave 
imaging technology for brain cancer detection is increased recently as they offer 
a safe, rapid, low-cost, non-invasive, and highly accurate system solution that 
involves nonionizing radiation [10]. 
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A high directive step-constant tapered slot antenna (STSA) is suitable for mi-
crowave imaging as an early cancer detection method. This imaging system has 
advantages such as low cost, being non-invasive and easy-use, giving high image 
resolution, and thus with potential for early cancer detection. This antenna will 
use for an imaging system in future work. 

2. Antenna Design 

TSAs can be classified into three basic taper profiles such as linear tapered slot 
antenna(LTSA), constant width slot antenna (CWSA), and non-linear taper slot 
antenna (i.e., exponentially tapered slot antenna or Vivaldi) [34]. Many taper 
profiles exist for normal TSA [34]. Each antenna differs from one another only 
in the taper profile of the slot. Only the Vivaldi and linearly tapered profiles have 
been thoroughly studied over the past few years. But this thesis paper works on a 
step-constant tapered antenna. The basic architecture of the proposed step con-
stant tapered slot antennas is shown in Figure 1.  

The following parameters are used to design the proposed step-constant ta-
pered slot antenna. All the antenna parameters are calculated thoroughly and 
listed in Table 1. 
 

 
Figure 1. The geometry of step constant tapered slot antenna. 

 
Table 1. Design parameters of step-constant TSA. 

Parameters Dimension (mm) Parameters Dimension (mm) 

Minimum Frequency (GHz) 3.1 Taper length (LT) 60.0 

Maximum Frequency (GHz) 10.6 Taper width (LT) 58.7 

Step length (SL) 8.0 Slot width (S) 0.4113 

Step width (SW) 3.9 Slot length 5.5 

Total length (L) 70.5 Circular Balun Radius (R) 2.5 

Total width (W) 58.7 Substrate Thickness (h) 1.5 
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3. Antenna Balun 

Antenna balun plays an important role to design an antenna. The antenna balun 
may be different in shape. They may be circular, rectangular, square, etc. In this 
paper Figure 2 shows the structure of an antenna with and without a balun. In 
this design, circular and rectangular shape baluns are used. Between the two 
shapes balun, circular shape balun provides better results. The radius of the cir-
cular balun is 2.5 mm. 
 

 
(a) 

 
(b) 

 
(c) 

Figure 2. Structure of antenna with and without a balun. (a) With circular balun; (b) 
With rectangular balun; (c) Without antenna balun. 
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4. Feeding Techniques 

A feed line is used to excite/radiate the antenna by direct or indirect contact. 
Step constant tapered slot type antennas can be fed by different methods. In this 
work, two types of feeding techniques such as Microstrip line L-shape and 
Microstrip line I-shape are analyzed. For fabrication Microstrip line feed is one 
of the simplest techniques as shown in Figure 3. It is easy to model. But, the 
downside of this technique is, in case of increasing substrate thickness the sur-
face wave and spurious feed radiation increases that limit the bandwidth [35] 
[36] [37]. 

4.1. L-Shape Feeding Technique 

In the L-shape feeding technique, the feeding microstrip-line is placed on the 
right side of a substrate, which is shown in Figure 4. In one direction, the strip is 
0.4 mm wide and 7 mm long in the beginning part. Moreover, the strip is 0.4 
mm wide and 10 mm long in the second part. At the beginning end of the 
microstrip-line, a waveguide port is connected between the microstrip-line and 
the substrate. The feeding position and the width of the feeding line should be 
optimized in such a way that, optimum simulation results can be achieved. 

4.2. I-Shape Feeding Technique 

In this type of feeding technique, a conducting strip is directly connected to the 
slot line and the microstrip line is placed on the bottom side of the substrate, 
which is shown in Figure 5. The conducting strip width is thick as compared to  
 

 

Figure 3. Structure of microstrip line feeding. 
 

 

Figure 4. Microstrip line L-shape feeding. 

https://doi.org/10.4236/jst.2020.103003


M. Aktar et al. 
 

 
DOI: 10.4236/jst.2020.103003 36 Journal of Sensor Technology 
 

 

Figure 5. Microstrip line I-shape feeding. 
 

the slot line. The strip is 0.5 mm wide 38.175 mm long. In this technique, the 
width of the microstrip line is always greater than the slot line. Where the width 
of the slot line is 0.4 mm and the microstrip line is 0.5 mm. Also, consider the 
feeding position here. 

4.3. L-Shape with Balun Feeding Technique 

Figure 6 illustrates the L-shape feeding technique. In this technique, the feeding 
microstrip-line has four segments. At first segment, the strip is 0.4 mm wide and 
3.5 mm long horizontally. The strip is 0.2 mm wide and 3.5 mm long in the se-
cond part. In the third segment, the length and width are the same as the second 
segment but this is aligned in the vertical position. Finally, triangular shape bal-
un is connected with the vertically aligned segment.  

5. Simulation Results 

The simulated results on with and without antenna balun and three types of 
feeding techniques are bringing together in the following figures. 

5.1. Return Loss 

Return loss is one of the key factors for designing as an antenna. Return loss 
calculates the effectiveness of antenna power which is radiated from the source 
to the antenna [35] [36] [37]. Figure 7 represents the return loss for with and 
without antenna balun and L and I-shape feeding respectively. For circular 
shape, the balun antenna provides the minimum return loss and for the I-shape 
feeding technique the return loss is increasing with the increase in step size but it 
is not the same for the L-shape and L-shape with balun feeding techniques. 
Therefore, it will be effective to take the optimum result among the three feeding 
techniques. 

After observing Figure 7 it is clear that the return loss for circular shape balun 
has a better result than two others and L-shape feeding is greater than the 
I-shape feeding technique at the same operating frequency of 5.9 GHz. Where 
the value of circular shape balun is −46 dB, rectangular shape −24 dB and with-
out balun −26.64 dB respectively and the L-shape feeding is −46.22 dB, I-shape 
feeding is −25.15 dB at 5.9 GHz and L-shape with balun feeding is −49 dB at 4.6 
GHz. 
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Figure 6. Microstrip line L-shape with balun feeding. 
 

 
(a) 

 
(b) 

Figure 7. Return loss for (a) with and without antenna balun (b) L and I-shape feeding. 

5.2. Voltage Standing Wave Ratio (VSWR) 

Voltage Standing Wave Ratio is defined as the ratio of the peak amplitude of a 
standing wave to the minimum amplitude of a standing wave. The minimum 
value of VSWR is 1.0 [30]. The following figures show the VSWR for different 
balun and three feeding techniques. 

Figure 8 displays the voltage standing wave ratio for with and without balun 
and all feeding techniques. The VSWR is minimum for circular balun and 
L-shape feeding is 1.00. 

In this paper, different step size STSAs are analyzed with and without balun 
and with three feeding techniques and it represents optimum results for 15-step 
size antenna for circular shape balun and L-shape feeding. 
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Table 2 represents the performance of the STSA. After analyzing the perfor-
mance of the antenna with and without balun, it concluded that because of using 
balun the antenna provides better performance than without using a balun. Be-
tween two balun circular balun gives better results. So, antenna balun decreases 
the return losses of antennas and enhances the directivity as well as antenna 
gain. 

The performance parameters of the L shape feeding antenna are presented in 
Table 3. After analyzing Table 3 it is observed that the results of the perfor-
mance parameter for different step size are increasing to a specific step size (5 
steps to 15 steps) and after that if we increase the step size (15 steps to 25 step) 
the results of the performance parameter of STSA are decreasing. The optimum 
results achieved for 15-step size STSA.  

Table 4 displays that, the simulation results for different step size antenna for 
I-shape feeding, which are increasing with the increase in step size and it is ap-
proximate to 15-step size of L shape feeding technique. The best simulation re-
sult for I-shape feeding is less than the L-shape feeding technique. 
 

 
(a) 

 
(b) 

Figure 8. VSWR for (a) with and without antenna balun; (b) L and I-shape feeding. 
 
Table 2. Performance of the STSAs for with and without a balun. 

Antenna Balun 
with 15 Step size 

Reflection coefficient 
(dB) 

VSWR 
Directivity 

(dBi) 
Gain 
(dB) 

Without Balun −26.64 1.09 9.58 8.51 

Rectangular Balun −24.19 1.13 10.3 10.1 

Circular Balun −46.22 1.00 10.52 10.21 
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Table 3. Performance of the STSAs for L-shape feeding. 

Antenna Step size 
Reflection coefficient 

(dB) 
VSWR 

Directivity 
(dBi) 

Gain 
(dB) 

5 step −25.92 1.10 8.38 8.1 

10 step −28.66 1.07 8.71 8.47 

15 step −46.22 1.00 10.52 10.21 

20 step −35.82 1.03 10.55 10.2 

25 step −33.34 1.04 10.43 10.03 

 
Table 4. Performance of the STSAs for I-shape feeding. 

Antenna Step size 
Reflection coefficient 

(dB) 
VSWR 

Directivity 
(dBi) 

Gain 
(dB) 

5 step −24.00 1.13 8.11 7.82 

10 step −26.71 1.09 8.32 8.1 

15 step −25.15 1.11 10.05 9.83 

20 step −25.37 1.11 10.41 10.0 

25 step −31.50 1.04 10.55 10.20 

5.3. Gain and Directivity 

The ratio of the radiation intensity, in a given direction, to the radiation intensi-
ty that would be obtained if the power accepted by the antenna radiated 
isotopically is defined as gain (IEEE 1993, p. 547). The directivity of the pro-
posed model is shown in Figure 9. 

5.4. Radiation Pattern 

The radiation pattern is usually a graphical representation of the radiation prop-
erties including power flux density, radiation intensity, field strength, and polar-
ization as a function of angle [35] [36] [37]. The radiation pattern for the differ-
ent types of antenna patterns is illustrated in Figure 10.  

For L-shape, feeding technique the gain is 10.21 dB, Sidelobe level of −8.9 dB, 
and Angular width of 35.5 deg. is observed in the radiation pattern. At the same 
time, for I-shape feeding the gain of 9.83 dB, Sidelobe level of −9.1 dB, and An-
gular width of 37.1 deg. is observed in the radiation pattern.  

After analyzing the above figures and comparison Table 5, it is established 
that the use of antenna balun is necessary for better performance of antenna 
which provides best return loss, gain, directivity, and VSWR than without balun. 
Comparing with and without balun, we conclude that the antenna with circular 
balun has better radiation performance among others. 

After analyzing Table 6, it is established that the L-shape feeding techniques 
provide the best return loss, gain, directivity, and VSWR than others. Compar-
ing the feeding techniques, we conclude that the L-shape feeding has better radi-
ation performance. 
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Figure 9. Directivity of the proposed antenna. (a) Without a balun; (b) With a rectangu-
lar balun; (c) With a circular balun; (d) I-shape feeding; (e) L-shape feeding; (f) L-shape 
with balun feeding. 
 
Table 5. Comparison among without and with a balun. 

Performance 
Parameter 

Without 
Balun 

With 
Rectangular Balun 

With 
Circular Balun 

Return Loss (dB) −26.64 −24.19 −46.22 

VSWR 1.09 1.13 1.00 

Directivity (dBi) 9.58 10.3 10.52 

Gain (dB) 8.51 10.1 10.21 

 
Table 6. Comparison between two feeding techniques. 

Performance 
Parameter 

L-shape 
feeding 

I-shape 
feeding 

L-shape feeding 
with balun 

Return Loss (dB) −46.22 −25.15 −48.45 

VSWR 1.00 1.11 1.00 

Directivity (dBi) 10.52 10.05 8.99 

Gain (dB) 10.21 9.83 8.75 
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Figure 10. The radiation pattern of the proposed antenna with and without balun and 
different feeding techniques. (a) Without balun; (b) With rectangular balun; (c) With 
circular balun and L-shape & I-shape feeding; (d) L-shape with balun feeding. 

6. Conclusion 

This paper has examined the performance of step constant tapered slot antenna 
with and without balun along with three types of feeding techniques and com-
parisons are made among them in terms of S11 parameter, VSWR, directivity, 
gain, and sidelobe level. The optimal quantity and perfect matching of the an-
tenna have been found by varying the key parameters such as width and position 
of the feeding considering the fifteen steps constant antenna. Additionally, an 
extensive simulation has been done considering the effect of return loss, radia-
tion pattern, VSWR. Numerical results tell that the selection of balun and feed-
ing techniques is an effective tool because it affects the antenna parameter and 
the proposed antenna works well at the 5.9 GHz operating frequency. 
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