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ABSTRACT 

In this paper we propose the design of bow-tie antenna based on a simple modified transmission line 

model. The developed model is simple, accurate and takes into account all the antenna characteristics. 

The simulated antennas are designed to resonate at the frequencies 2.4 GHz and 8 GHz corresponding to 

RFID and Radars applications. To validate this last the obtained simulation results are compared to 

those obtained by the moment’s method (Agilent Momentum software). Using this transmission line 

approach the resonant frequency, input impedance, return loss can be determined simultaneously. The 

paper reports several simulation results that confirm the validity of the developed model. The obtained 

results are then presented and discussed. 
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1. INTRODUCTION 

In recent years, microstrip antennas are popular and getting more and more attention due to their 

excellent advantages such as light weight, thin profile configurations, low cost of fabrication, 

reliability, conformal structure and ease of fabrication [1-2]. Microstrip antennas have different 

geometrical shapes which are used depending upon the applications. Actually, researchers are 

interested in the design and development of compact microstip radiating elements such as Bow-

tie microstip antenna [3].  

In 1996, the bow-tie structure was first proposed by George and al [4]. A bow-tie patch is the 

combination of imaginary image of two triangular patches which are fabricated in a single 

substrate. This type of antenna is used extensively in many applications such as ground 

penetrating radar [5-6], wireless communications and mobile station [7-9].  

The printed antennas characterization requires the use of software using rigorous numerical 

methods such as integral equations solved by the moment’s method. These we offer precision 

course, but they require tedious calculations. Using the transmission line model provides the 

best solution. In the present paper, an attempt was made to design a bow-tie antenna by the 

equivalent model based on the transmission line model which makes it possible to take in 

account the whole antennas geometrical, electrical characteristics.   

The paper reports several simulation results that confirm the validity of the developed model. 

The obtained results are then presented and discussed. 
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2. TRANSMISSION LINE MODEL 

This model considers the patch as a transmission line of width W with two radiating slots on 

each end. For a desired frequency f0, the width W can be estimated using [10]: 
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Where: 

0λ  is free space wavelength. 

The microstrip patch has an inhomogeneous configuration (air above and dielectric below), 

which can be replaced by a homogeneous configuration. This is done by introducing a new 

medium with an effective permittivity (1<�reff< �r), which has the same electrical characteristics 

(impedance and phase velocity) as the original medium. 
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, the effective dielectric constant is [11]: 
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Where W is the patch width, h is the height of substrate and rε  is the dielectric constant of the 

substrate.        

 

The fringing fields around the edges of the patch as shown in figure 1 (a) make it appear 

electrically larger than its physical length by 2�L. This size increase can be seen in figure 1 (b). 

 

 

 

 

 

(a)                                                                                (b) 

 

 

                                   Figure 1.  Bow-tie antenna and its effective length. 
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The effective patch length can be written in terms of effective dielectric constant as: 

( )

( ) �
�

	


�

�
+−ε

�
�

	


�

�
++ε

=
∆

8.0
h

W
258.0

264.0
h

W
3.0

412.0
h

L

reff

reff

                                                                                        

(3) 

L2LLeff ∆+=
                                                                                                                                   

(4) 

The resonant frequency f0 (for dominant mode TM10) is: 

effeff
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(5) 

Where c is the speed of light in free space.

 
3. APERTURE COUPLED-FED MICROSTRIP BOW-TIE ANTENNA 

The antenna element is formed by two dielectric substrate layers separated in the middle by a 

ground plane. The radiating patch element is photo-etched on the upper substrate and this is 

known as the antenna substrate. The aperture or slot is placed on the ground plane [11]. In this 

work, our choice was made primarily on rectangular slot. 

The geometry of a basic aperture-coupled microstrip bow-tie antenna is shown in figure 2. 

 

 

 

Figure 2. Configuration of bow-tie antenna fed by Aperture-coupled. 

 

The proposed transmission line equivalent circuit for an aperture coupled bow-tie antenna fed 

via microstrip line is shown in figure 3. 
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Figure 3. Equivalent circuit of the proposed antenna. 

 

 

In this equivalent circuit, two ideal transformers are assumed between the slot ground plane and 

both sides of the line. The energy is transferred and store in these two transformers in term of 

load susceptance. In fact, all the energy is passed the slot aperture, and deliver to the patch for 

radiating. The ratios of these two transformers can be determined using [11] : 
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(6) 

Where La  is  the length of the slot. 

While the second transformation ratio n2 can be approximated by the expression : 
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To determine the capacitance C we use the formula of C dyn [10]. 
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4. RESULTS AND DISCUSSIONS 

The validity of the suggested model is highlighted by comparing the results of the return loss, 

the input phase, input antenna VSWR and input impedance locus to those obtained by the 

moment’s method of the Momentum Software. The simulated antennas are designed to resonate 

respectively at the frequencies 2.4 GHz and 8 GHz corresponding to RFID and Radar 

applications. 

4. 1. Multi-layered bow-tie antenna operating at the resonant frequency 2.4 GHz  

Using the transmission line model, the antenna was optimized to operate et the resonant 

frequency of 2.4 GHz. The antenna is to be designed on substrate which has a relative 

permittivity εr of 2.54, a dielectric thickness h of 1.6 mm, a loss tangent of about 0,019 and 0.05 

mm conductor thickness. A rectangular slot with Lap = 26 mm and width Wap =2.6 mm is used 

for coupling the patch to a microstrip line of length Lf =20 mm, etched on substrate witch has a 

relative permittivity εr of 2.54, a dielectric thickness h of 1.6 mm, a loss tangent of about 0.019 

and 0.05 mm conductor thickness. A single coaxial probe is connected directly to the antenna 

through a microstrip line (SMA connector). 

The mask of the bow-tie antenna with dimensions is shown in the figure below. 

 

 

 

Figure 4. Mask of the multilayered bow-tie antenna operating at the frequency 2.4 GHz. 
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The simulated input return loss of bow-tie antenna is displayed at the frequency 2.4 GHz in 

figure 5. 

 

 

Figure 5. Simulated input antenna return loss. 

At the frequency 2.4 GHz, we observe appearance of a resonant mode and a good matching by 

the proposed model and the Momentum software. It appears a peak of -24.62 dB using 

transmission line model with a light shift by the moment method. At the frequency 2.39 GHz 

we recorded a peak of -17.68 dB. 

The Moments results and those obtained from transmission line model of the input phase of 

return loss for this antenna is shown in figure 6. 

 

 

 

Figure 6. Reflected phase at the antenna input. 
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We note very well that the phase is null by the two models at the resonant frequencies, which 

means a perfect adaptation. The simulated VSWR is represented on the figure below. 

 

 

 Figure 7. Simulated input antenna VSWR. 

According to the figure 7, we note a perfect similarity between the two curves. In the vicinity of 

the resonant frequency, the VSWR is close to unity. 

The impedance locus of the bow-tie antenna is illustrated on Smith's chart in figure 8. 

 

Figure 8. Smith's chart of the input impedance return losses. 
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It can be seen from Figure 8 that the comparison for the input impedance between transmission 

line model and the moment method results are in good agreement. One notices that the resonant 

frequency is very close to the axis of 50 Ohm. 

 4.  2. Bow-tie antenna multi-layer operating at the resonant frequency 8 GHz 

The antenna is to be designed on substrate which has a relative permittivity εr of 2.54, a 

dielectric thickness h of 1.6 mm, a loss tangent of about 0,019 and 0.05 mm conductor 

thickness. A rectangular slot with La = 16 mm and width Wa =2.6 mm is used for coupling the 

microstrip line of 10 mm length to the patch, etched on a substrate which has a relative 

permittivity εr of 2.54, a dielectric thickness h of 1.6 mm, a loss tangent of about 0,019 and 0.05 

mm conductor thickness.The antenna was designed to operate with a resonant frequency of 8 

GHz. A single coaxial probe is connected directly to the antenna through a microstrip line 

(SMA connector). 

The bow-tie antenna architecture with dimensions in millimetre is represented in figure 9.  

 

 

 

Figure 9. Mask of the bow-tie antenna multilayer operating at the frequency 8 GHz. 

The simulated input return loss of bow-tie antenna is displayed at the frequency 8 GHz in figure 

10. 
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Figure 10. Simulated input antenna return loss. 

From figure 10, we observe that the resonance of the antenna is correctly predicted to 8 GHz 

with a peak of -23.46 dB in transmission line model; there is light shift at resonant frequency by 

the moment’s method with a peak of -18.71 dB. 

Reflected phases obtained by the two models are illustrated in figure 11. 

 

 

Figure 11. Reflected phase at the antenna input. 

We note that there is a good agreement between the transmission line model and moment’s 

method. The simulated VSWR at the frequency 8 GHz is represented on the figure below. 
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Figure 12. Simulated input antenna VSWR. 

We observe that the VSWR level is close to unity for the both models (model of the 

transmission line and the method of moments), which implies a good adaptation of the antenna. 

The impedance locus of the multi-layers bow-tie antenna at the frequency 8 GHz is illustrated 

on Smith's chart in figure 13. 

 

 

Figure 13. Smith's chart of the input impedance returns losses. 
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It can be seen from figure 13 that the comparison for the input impedance between 

transmission line model and the moment method results are in good agreement. We note 

that the resonant frequency is very close to the axis of 50 Ohm. 

 

5. CONCLUSION  

In this paper, two multilayer bowtie antennas are designed to resonate at the frequencies 2.4 

GHz and 8 GHz corresponding to RFID and Radars applications using an equivalent circuit. 

The proposed transmission line model showed its interest in the design of different multilayered 

bow-tie antennas predict the correct resonance frequency for different applications in 

telecommunications.Even though the model is conceptually simple, it still produces accurate 

results in a relatively short period of computing time. The results obtained highlighted an 

excellent agreement between the transmission line model and the moment’s method.  
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