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Abstract: This paper introduces a new concept of coplanar patch antenna (CPA), 
which consists of a bow-tie shaped patch surrounded by closely spaced ground 
conductor and a coplanar waveguide (CPW) feed line. This novel configuration is 
proposed for use as an element of a phased array antenna specifically designed for 
radar systems. The main design goal is to devise a patch antenna that operates at 
10 GHz with 50 C2 input impedance, having wideband characteristics. Simulation 
results for retum loss and radiation pattem are presented. 

1. INTRODUCTION 

In recent years, CPW 
fed antennas have gained 
popularity, mainly due to 
inherent advantages, including 
their uniplanar nature and the 
ease of shunt connection of 
circuit components. 
Furthermore, the performance 
of coplanar waveguides is 
comparable to and at times 
better than microstrip lines in 
terms of dispersion, and losses. 

In this paper, the bow- 
tie patch antenna is presented. 
As shown in Fig. 1, the antenna 
consists of a oatch surrounded 

Fig.1 Layout of CPW-fed coplanar 
Bow-Tie patch antenna. 

by closely spaced ground conductor, making it resembles a loop slot antenna. The 
inclusion of a conductor backing makes i t  possible to realize unidirectional 
radiation similar to that of microstrip patch antennas. 

From extensive electromagnetic simulations of this type of structure, 
several designs that operate around 10 GHz have been successfully obtained 
which yielded a wider bandwidth than the initial rectangular CPA introduced in 
I l l .  

2. SIMULATION AND DESIGN CONSIDERATIONS 

Simulations have been done using Momentum, which is part of Agilent's 
Advanced Design Systems (ADS) software package [2]. Momentum is based on 
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the method of moments, and uses full wave electromagnetic functions for planar 
analysis based on Maxwell’s equations, that includes substrate and space wave 
radiation effects. Instead of attempting to simulate the flow of electric current in 
the wide extent of the planar conducting media, Momentum only considers the 
electric field in the slot area surrounded by the conductor. The equivalence 
principle is applied to model this electric field as an equivalent magnetic current 
that flows in the slot [2]. 

For simulation validation, the CPA design outlined in [I]  was simulated, 
and the results were found to correspond with the findings in [l]. This gives 
credibility to the generated results based on Momentum simulation. Subsequently, 
two different designs were conceived using identical CPW feed line and dielectric 
substrate parameters. A third design with different parameters for the feed line 
and no conductor backing is also presented. The parameters of the dielectric 
substrate and geometric dimensions of the CPAs under consideration are listed in 

Table 1- Parameters of dielectric substrate and geometric dimensions of 
coplanar bow tie patch antennas. 

W 
4 

t. ‘I . .. 

...... 

S - 

...... 

---7 

L !  
....... L 

I I I Design3 I 9.50 I 38.4 I 0.5 I 1.0 [ I O  

Table 1. 
Figure 2 shows the electric field distribution in the slot region between the 

patch and the coplanar ground plane of all the four geometries of Table 1 at I O  
GHz. Radiation from the rectangular patch takes place due to the current 
distribution along the top and bottom sides. The left and right side slots contribute 
very little to the radiation because the fields go to zero and reverse direction at the 
mid-point of these sides. In contrast, the Bow-Tie patch radiation is due to 
concentrated fields at the sides. The fields mainly go to zero and reverse direction 
at the top and bottom. This occurs twice and four times for Design 1 and Design 
2, respectively, along the topside slot. Despite the differences of the field 
structure, both types of antenna (with conductor backing) share similar design 
considerations. The resonant frequency of both types of antenna is primarily 
determined by the patch length (L)  instead of the total loop size. For the Bow-Tie 
structures (of Design 1 & 2), the patch length is about 0.625/1,/& = $Ao/&, 
where 2, is the free space wavelength at I O  GHz. As for Design 3, the patch 
length L is very similar to that of the rectangular CPA. 

399 



Fig. 2 Electric field distribution at IOGHz along the slots surrounding the patch: 
(a) rectangular CPA; (b) Design 1; (c) Design 2; (d) Design 3. 

3. ANTENNA CHARACTERISTICS 

The Bow-Tie CPAs display considerable improvement in bandwidth over 
the rectangular CPA in [l]. As shown from the return loss in Fig. 3, bandwidths of 
484 MHz or 4.84% and 636 MHz or 6.36% for a -10 dB return loss level are 
achieved for Design 1 and Design 2 ,  respectively, as compared to the 322 MHz or 
3.22% relative to 10 GHz operating frequency, for the rectangular patch. In 
addition, Design 3 offers a significant improvement with bandwidth of 1.73 GHz 
or 17.3%, as shown in Fig. 4. 

The normalized far field radiation patterns of the conductor backed Bow- 
Tie antennas are presented in Fig. 5 along with the radiation pattern of the CPA 
proposed in [I]  for comparison and validation. All the field values are normalized 
by ADS momentum for each individual design separately. The directinties of 
these antennas are 9.62 dB, 7.42 dB, 8.06 dB, and 3.56 dB for the rectangular 
CPA, Design 1, Design 2, and Design 3, respectively. 

4. CONCLUSION 

In this paper, three new Bow-Tie CPA designs which exhibit considerable 
bandwidth improvement over the rectangular patch antenna for operation at 10 
GHz are presented. This type of antenna provides radiation patterns that are stable 
across the pass band, and are easy to integrate with other microwave circuits and 
devices. 
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Fig. 3 Retum loss for the 
grounded CPAs in the X-band. 
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Fig. 4 Retum loss for design 3 
in the X-band. 
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Fig. 5 Radiation pattern at 10 GHz of (a) Design 1 in the H-plane; (b) Design 1 
in the E-plane; (c) Design 2 in the H-plane; (d) Design 2 in the E-plane. 
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