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Abstract: A bow-tie slot antenna fed by a coplanar waveguide is designed for wideband 
operation for radar applications. The new design exhibits 40% bandwidth with center 
frequency around 1 1  GHz. One and two elements are designed analyzed and verification 
with measurements is presented. 

I. INTRODUCTION 
For X-band operation, the coplanar waveguide (CPW) feeding mechanism has many 
advantages over microstrip type feed lines because of its low radiation loss, less 
dispersion, less dependence of the characteristic impedance on the substrate height and 
permittivity, and the ease of integration of active and passive circuit elements for gain 
enhancement. Slot antennas, as compared to microstrip patch antennas, have the 
advantage of wider bandwidth, good impedance match, and the hi-directional radiation 
patterns. Designs of slot bow-tie antennas fed by a CPW are available in the literature 
[ I  ,2] for personal communications and local area network frequency ranges. This paper 
provides a new design of a slot bow-tie antenna fed by a CPW for radar applications 
operating from 8-12 GHz. The main goal of this new design is to achieve at least 40% 
bandwidth with emphasis on small size antennas. The single element of this type antenna 
will be used in a two-dimensional phased antenna array to provide scanning capabilities. 
Results for one and two elements supporting the radar system requirements are presented 
in this paper. The numerical analysis is performed using the Momentum part of the 
Agilent Technologies, commercial computer software package, Advanced Design System 
(ADS), which is based on the method of moment (MOM) technique for layered media and 
the finite difference time domain technique (FDTD) for verification. 

11. ANTENNA ANALYSIS 
The geometry of the bow-tie slot antenna and its parameters are shown in Fig. 1 (a), 
where WI represents the width, Le,, is the feed line length, L,, L2, Lj, L4 and W2 define the 
bow shape, and SI and Sz define the feed line parameters. In addition to these parameters, 
h is the height of the substrate, and E, is the dielectric constant. The presented bow-tie 
design has the parameters Wl,  W2, Ll, Lz, L3, Ld, L,,,, S I ,  S2, and h being set equal to 22.9, 
8.7,3.5,20.75, 19.45,7.35, 18.5, 0.25,3, and 1.57 mm, respectively, and ~ 7 2 . 2 .  Figure 1 
(b) shows a comparison between ADS Momentum and FDTD results for the presented 
bow-tie slot antenna. By observing the influence of various parameters on the antenna 
performance, it is found that the center of the resonant frequency decreases when 
increasing h, &r, W, L2 and U ,  and when decreasing W2, L I ,  W and S I .  The bandwidth 
increases with the increase of S I ,  Ll  and L3. The bow-tie slot antenna is fabricated and 
the return loss is measured using the HP 85 IOC vector network analyzer (VNA). The 
fabricated antenna has a finite ground plane truncated at 1 cm away from the bow-tie slot 
edge. Figure 2 (a) shows the antenna and the SMA connector used to connect the CPW to 
the source. The antenna with the connector is simulated using ADS and Fig. 2 (b) 
presents the measured and simulated results, which reveals a good agreement. 
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Fig. I .  Bow-tie slot antenna geometry and return loss. (a) Geometrical parameters. 
(b) Return loss computed using ADS Momentum and FDTD simulation. 

According to the measured results, the finite ground plane bow-tie slot antenna has two 
operating frequency bands, measured at -10 dB return loss, centered at 8.3 and 1 1.7 GHz 
with bandwidths 18 % and 17.4 %, respectively. However, the antenna return loss from 
7.6 to 12.5 GHz is less than -9 dB, which means that at least 87 % of the input power is 
transmitted over this wide band. The finite size ground plane and the SMA connector 
influenced the appearance of the second resonance around 8.3 GHz. 

(a) (b) 
Fig. 2. (a) The finite ground plane bow-tie slot antenna used in the measurement. 

(b) Comparison between the measured and ADS Momentum. 

A two element configuration of slot bow-tie antenna is designed and measurements verify 
the numerical results for return loss less than -10 dB from 7.2 to 10.75 GHz. 
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