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Absfracf: This paper presents a set of coplanar patch antennas (CPA), designed to 
operate at a center frequency of.10 GHz with very wideband characteristics. The 
antenna is based on a rectangular patch surrounded by thin slot. and its 
performance is tuned by using slots, shorts, and by mitering the sharp edges and 
comers. These antenna parameters which include the patch dimensions, the length 
of the coplanar waveguide feed section, the thickness of the dielectric substrate. 
the length of a PEC tuning short in the slot, and the length of the additional 
vertical tuning slots are investigated for improved performa?ce across the entire 
X-band. The antenna characteristics (impedance, return loss, voltage standing 
wave ratio (VSWR). and far field radiation pattem) are computed for three 
designs yielding bandwidths that ranges from 3 to 4 GHz or 30.40% at -10 dB. 

I- Introduction 
Microstrip patch and slot antennas are widely used for military (aircraft. 

spacecraft, satellite and missile) and commercial (mobile radio and wireless 
communication systems) applications. These low profile antennas are required 
where size, weight, cost, ease of installation, and aerodynamic profile are 
constraints. In addition to these antennas lightweight, low radiation loss and less 
dispersion, they can be conformed to planar and nonplanar surfaces and they are 
simple and inexpensive to manufacture using modern printed-circuit technology 
11-21. Patch antennas, in most cases, are very flexible in achieving specific design 
in terms of resonant frequency, polarization, pattem and impedance. However, 
patch antennas have a main disadvantage of narrow bandwidth. Researchers have 
made efforts to overcome this problem and various configurations have been 
presented to extend the bandwidth. Recent investigations of CPAs yielded a 
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Fig. 1. The basic configuration and dimensions of the CPA. 
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bandwidth of 3.4% and 8.8% as presented in [3] and [4], respectively, at -10 dB. 

In this paper, a rectangular patch antenna surrounded by a uniform width 
slot similar to that introduced in 131 is re-designed along with the feed line for 
bandwidth improvement. The effects of shortening part of the slot, between the 
patch and the surrounding ground plane, of introducing two vertical slots, and of 
introducing miter rather than sharp edges and comers are investigated and 
presented. This analysis is 
performed using , the 
commercial software 
package, Momentum, of 
Agilent Technologies: 
Advanced Design System 
(ADS). The ADS 
Momentum is a full wave 
simulation based on the 
method of moment (MOM) 
technique for layered media. 
The dimensions of the basic 
antenna configuration 
presented in this paper is 
shown in Fig. 1. Verification 
of our simulation procedure 
is confirmed by comparing 
the numerical results of the 
original CPA configuration 
presented in [3] with the 
measured data as shown in Fig. 2. 

Fig. 2. Computed and measured retum 
loss for the original CPA. 

11- Antenna Analysis and Design 
Starting with the 10 GHz coplanar patch antenna (CPA) presented in 131. a 

shorted section of the top slot was added, as shown in Fig. 1, to observe its effect 
on bandwidth. Numerical simulation was performed to compute the return loss 
for the antenna published in [3]. as well as for the modified design. The addition 
of this short produced two wideband resonances, one at 7 GHz and the other at 14 
GHz. The length and width of the patch were then systematically shortened to 
increase the resonant frequency of the antenna as a whole. The modified version 
of the patch that exhibited the wideband resonance at 10 GHz was found to have a 
length of 6.6" and a width of 23mm. The original bandwidth of the antenna 
from 131 was computed to be 0.34 GHz, while the modified antenna bandwidth is 
1.7 GHz. Thus, with only the addition of a short and and few adjustments of the 
patch dimensions, the bandwidth has increased by a factor of 5 .  
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Fig. 3. Modified designs for CPAs. 

Table 1. Design parameters for the original and modified CPAs. 

Based on this 
preliminary results, in-depth 
analysis of other configuration 
parameters lead to three 
distinct designs presented in 
Table I .  All dimensions in 
Table ,1 are in mm. Design 1, 
configuration is deoicted in 
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2. regarding the geometrical 
dimensions, except for the use 
of miter bends in place of and modified CPAs. 
sharp edges and comers. It is 
obvious that each parameter affects the behavior of the antenna in certain range 
because of the coupled relationship between all parameters. It is found that 
decreasing the length of the feed line increases the bandwidth up to certain 
maximum value and then decreases it again. Decreasing the length of the shorted 
top slot decreases the bandwidth until the return loss reaches its lower level at the 
center frequency. Decreasing the width of the patch strongly shifts the center 
frequency to higher values, and produces lower loss levels, and it does not 
significantly affect the bandwidth for this chosen dimensions of the antenna. 
Increasing the height of the substrate results in a noticeable increase in the 
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Fig. 4. Retum loss of the original 



bandwidth. The addition of the vertical tuning slots improves the retum loss, 
while adding miter bends at the comers also improves the bandwidth. The three 
designs presented in this paper provide over 30% bandwidth at 10 GHz as shown 
in Fig. 4. Significant improvement of the VSWR of the three designs over the 
original antenna is clearly shown in Fig. 5. Furthermore, the input resistances of 
the new designs exhibit less variations relative to the original antenna, specially 
around 10 GHz as shown in Fig. 6. Although a significant bandwidth 
improvement is obtained out of these new designs, the maximum directivities of 
these antennas at 10.5 GHz are less than the 9.9 dB for the original design. The 
maximum directivities of designs 1.2. and 3 are 6.ldB. 5.1 dB, and 5.6 dB, 
respectively 

111- Conclusions 
New designs for 

printed microstrip patch-slot 
antennas far radar applications 
are presented. The antennas 
provide very wideband 
characteristics for X-band 
operation. 
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Fig. 5. VSWR characteristics of the original 
and modified CPAs. 

I (GHz) 

Fig. 6. The input resistance of the 
original and modified CPAs. 
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