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Abstract: In this paper, a new design for a coplanar waveguide (CPW) fed, aperture 
antenna is introduced. This CPW aperture antenna is designed at a central frequency 
around 10 GHz with an input impedance of approximately 50 R. Numerical simulation is 
performed for antenna analysis using Momentum from the Advanced Design System 
(ADS) software package of Agilent Technologies. The bandwidth of this basic Bow-Tie 
aperture antenna is about 1 GHz and the retum loss of approximately -18 dB. Another 
advanced design for this basic Bow-Tie aperture antenna shows a bandwidth of 1.3 GHz 
with a retum loss of -40 dB around 10 GHz. Simulation results for retum IOSS, input 
impedance and radiation pattem are presented. These characteristies make thsse two 
antennas suitable for antenna arrays for radar applications. 

1. Introduction 

The small size of dipole antennas makes them 
attractive for many applications but their frequency 
bandwidth is very narrow. No transverse currents 
flow on a narrow dipole, hence the cross-polarization 
level is inherently low [I]. Coplanar waveguide 
(CPW) fed antennas have been studied widely in 
recent years, especially for microwave frequencies, 
and are of interest in regard to printed circuit feeds 
for antennas. CPW fed antennas have somewhat 
broader relative bandwidth than dipoles. In contrast 
to thin dipole, CPW fed antennas may excite Some Figure 1. Basic shape of the E,ow-Tie 
surface currents tlowing across the transverse aperture antenna. 
direction and radiate some cross-polarized 
components. The radiation amplitude of this type antenna depends on the kind of feed 
and its location. Coplanar waveguide also has many useful design characteristies such as 
low radiation loss, less dispersion and unipolar configuration [2]. The CPW fed antenna 
can be connected to the CPW outputs of semiconductor device circuits and can be 
measured using a network analyzer directly. These types of antennas also can be used for 
RF frequency applications with easy mounting and integration with other microwave 
circuit components, which significantly simplifies the antenna design with components. 
Due to these characteristies, printed or planar antennas are most often fed using a 
coplanar waveguide. CPW fed antennas can consist of a wide variety of shapes for the 
antenna element such as a square, rectangle, triangle, etc. The antenna dimensions depend 
on the operating frequency and the parameters to be optimized, such as bandwidth, 
sidelobes, cross polarization and antenna size. 

In this paper, more complex geometrical shapes are investigated for. radar 
applications. The basic shape is a triangle aperture, as shown in Figure 1, where the apex 
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angle at the antenna can be varied from 0 to 90". The new designs are found to provide 
radiation characteristics similar to those of rectangular CPW fed antennas, but with a 
smaller overall size. Thus, these triangular radiation elements can usually be arranged in 
a manner to reduce the coupling between adjacent elements of an array configuration. In 
this work. two different triangular CPW fed aperture antennas are introduced. 
Simulations for these two antennas are performed using Momentum from the commercial 
simulation package, Advanced Design System (ADS) [3]. Momentum is a full wave 
simulator based on the method of moments for layered structures. For convenient 
comparison, the same kind of microwave substrate. with relative dielectric constant of 
2.17 at X-band, is used for both antennas. 

Dielectric 
Substrate 

Coplanar 
Waveguide 
(CPW) 

Coplanar 
Apertures 

2. Antenna Design Parameters 

For the first approximate design, the equivalent antenna width W, and the equivalent 
antenna length L;, are introduced and calculated according to [4]: 

W,,=1.6A,,/&,L,,=OSA,,/& (1) 

where A, is the wavelength in free space at 8 GHz, and€, is the dielectric constant of 
the substrate. From these two equations, the equivalent width of the antenna W, is longer 
than one guide wavelengths. The equivalent resonant length of the antenna La is close to 
one-third of a guide wavelength. The wavelength at 8 GHz in free space rather than 10 
GHz is used because the formula itself cannot completely compensate for the effect 
where some of the antenna fields are in homogeneous dielectric region, while some of the 
fields are in the air region. Thus, when the designed resonant frequency is chosen at 10 
GHz, the real resonant frequency would have a small shift from IO GHz. 

The coplanar waveguide is designed to have 50 R input impedance in order to match 
the characteristic impedance of the measurement system feed line. The geometry and the 
parameters of this new type of antenna are shown in Figure 2 and Table 1. 

Table 1. Parameters of the basic Bow-Tie aperture antenna. 

E, Thickness of substrate 

2 17 0.508 

s-w-s Lr 
Unit 
( m d  

0.6- 1 - 0 6  12 5 

W, La, La," Lad 

42 6 2  I 5.5 

1 

Figure 2. Geometry of the basic Bow-Tie aperture antenna with apex angle, ci=34.6". 

The parameters of the advanced CPW Bow-Tie aperture antenna are the same as the 
basic Bow-Tie aperture antenna except that there is a 45' angle etched from the comers of 
the antenna at the central fed ,area where the aperture antenna is connected to the CPW. 
This feature provides a tapered feed line that leads to a reduction of the retum loss 
(reflection) at the fed point and improves the impedance match across the operating band. 
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3. Simulation Results 
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Figure 3. The input impedance for basic 
Bow-Tie aperture antenna. 

Figure 4. Input impedance for the 
advanced Bow-Tie aperture antenna. 

The input resistance is almost flat over a 1 GHz range centered at the resonant 
frequency and the reactance variation is reasonably small and almost linear over this 
bandwidth, as shown in Figures 3 and 4. The antenna lies in the x-y plane of the 
Cartesian coordinate system which results in the radiation patterns presented in Figures 5 
and 6 for the two Bow-Tie Antennas. 
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(a) x-z planel E-plane (b) y-z planel H-plane 
Figure 5. Radiation pattern of basic Bow-Tie aperture antenna. 

(a) x-z plane/ E-plane (b) y-z planel H-plane 
Figure 6.  The radiation pattern of the advanced Bow-Tie aperture antenna. 
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The retum loss of the two antennas obtained from the numerical simulations is shown 
in Figure 7, where the bandwidth is highlighted. Further study of a two element array of 

Camcaration Retum 1055 amow dinerent parametem 

Figure 7. Comparison of bandwidth and reflection for basic and advanced aperture 
antennas. 

this type of antennas indicates that the operating frequency is still around 10 GHz with 
approximately lGHz bandwidth and enhanced gain. 

4. Conclusions 

This paper presents two wide bandwidth CPW fed antennas. Both of these two CPW 
fed aperture antennas have enough bandwidth for many antenna arrays and other RF and 
microwave applications. Simulation results demonstrate that the CPW aperture antenna 
behaves more like a dipole antenna rather than a microstrip patch antenna. The width of 
the aperture is comparable to the length of a ?J2 dipole. These configurations achieved 
good characteristies: bandwidth for basic Bow-Tie aperture antenna is 1.0 GHz with -18 
dB retum loss and for advanced Bow-Tie aperture antenna is 1.3 GHz with -40 dB return 
loss; and almost constant input resistance over the bandwidth (from 9.5GHz to 10.5 GHz) 
at the nominal 10 GHz center frequency. 
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