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1 Introduction The use of fractal geometries in the design of antennas has been a 
subject of much attention. The self-similarity properties of certain fractals result in 
a multiband behavior of the antennas built after these fractals [ 13. On the other hand, 
the high convoluted shape of these fractals makes possible the reduction in size of 
certain antennas [2]. Another interesting property of fractals are found in resonators 
with a fractal boundary. Some theoretical and experimental work on what is known 
as the "fractal drum" show that certain high order vibrational modes of a membrane 
with a fractal boundary exhibit a localization property [3]. These vibrational modes, 
known as fractinos, have the interesting property of localizing the vibration in small 
areas of the membrane. As a first approximation there are similarities in the behav- 
ior of a vibrating membrane and a microstrip patch antenna. When the cavity model 
for the microstrip patch antenna is considered in both cases the solution is derived 
from the eigenfunctions of the Helmholtz equation. Different boundary conditions 
are considered in each case. The Dirichlet boundary condition for the vibrating 
membrane and the Neumann boundary condition for the microstrip fractal antenna. 
The solution of the Helmholz equation with the Neumann boundary condition ex- 
hibit fractinos that are localized near the boundary [4]. These Neumann fractinos 
in a microstrip patch antenna would result in high currents located at the edges of 
the antenna. As long as these currents are in phase a broadside radiation pattem 
for the antenna is expected. These current distribution must result in a directive 
pattern, since these modes occur at a resonant frequency above the fundamental. 
Therefore, the size of the patch is larger than half a wavelength. As an example of 
this phenomenon experimental data on the Koch island patch antenna is presented. 

2 

The Koch island patch antenna geometry is shown in Fig. 1. A three iteration ver- 
sion of the island has been built. The island has been etched on a 0.8" substrate 
with t, = 3.38. An additional air gap of 2.7" between the substrate and the 
ground plane is considered. The patch is fed through a coaxial probe. 

3 Results The measured input impedance at two resonant frequencies is shown 
in Fig. 2. The fundamental frequency corresponds to 1.26GHz. At the fundamental 
frequency the input impedance is well matched to 500  at the chosen feeding point. 
At the frequency of 4.04GHz an upper mode is excited. The impedance shows an 
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inductive behavior, probably due to the inductive effect of the feeding probe. At this 
higher frequency this effect is more evident than at 1.26GHz. On the other hand, 
the feeding point for this upper mode is not optimized and the input resistance is 
lower than 50R. In any case, there are different methods to match the antenna. 
The measured radiation patterns at these two frequencies are shown in Fig. 3. At 
the fundamental frequency, a broad broadside pattem with a directivity of 9dB is 
obtained. At the fundamental frequency the size of the patch is X/2, therefore 
a broad pattern is obtained. At the frequency of 4.04GHz a narrower broadside 
pattern is obtained. The directivity in this case is 13dB, that is 4dB higher than at 
the fundamental frequency. At this frequency the size of the patch is 1.5X. This 
also explains the observation of nulls in the pattern. 

4 Conclusion It has been shown that a patch antenna with fractal boundary ex- 
hibits, at a frequencies above the fundamental mode, localized modes. These modes 
can have broadside directive patterns. Fractal boundary microstrip patch antennas 
are patent pending. 
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Figure 1: Koch island patch antenna. The antenna has been etched on dielectric 
substrate. The height of the patch above the ground plane is 3.5". A coaxial feed 
has been used. 

Figure 2: Input impedance of the Koch island patch antenna at the fundamental 
resonant frequency (left) and at a higher localized mode (right). 
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Figure 3: Radiation pattem for the Koch island patch antenna. Plots (a) and (b) 
show the main cuts at the fundamental frequency, and (c) and (d) a higher reso- 
nant frequency. The localized fractino at this frequency results in a more directive 
pattem. 
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