




 

particular structure, shown in Fig. 4, is very compatible 
with monolithic microwave integrated circuits (MMICs) 
and has small radiation losses.  
 
 

 
Figure 4. Layout of a cactus-like shape reconfigurable 
antenna 
 
Figure 5 shows the dimensions of  an antenna with one 
sleeve on each side of the monopole. The antenna is 
printed on a Rogers RO 3203 substrate with a thickness 
of 1.524 mm and relative permittivity �r=3.02.  A 12 
mm long sleeve is attached to each side of the 
monopole. Switches are used to connect two additional 
patches of area 1 mm x 1 mm to each sleeve. An extra 
patch of length 12 mm is also connected to the 
monopole via a switch to vary its length. This 
arrangement produces frequency agility since the 
obtained resonant frequencies will vary depending on 
the states of the monopole and the sleeve switches as 
shown in Figs. 6 and 7. Figure 8 depicts the radiation 
patterns that one gets from such an antenna. 
 
 
 

 
 
Figure 5.  Layout of a monopole antenna with two 
attached sleeves 
 

 
 
Figure 6.  Simulated results of S11 vs. frequency for 
different sleeve switch states when monopole switch ON 
 
 
 

 
Figure. 7 Simulated results of S11 vs. frequency for 
different sleeve switch states when monopole switch 
OFF 
 
 
 
 

    
 
Fig. 8  Simulated and measured radiation patterns in 
the E-plane for the one-sleeve antenna when the 
monopole switch and both sleeve switches are ON 
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One can add several sleeves on each side of the 
monopole to achieve not only frequency agility but also 
radiation pattern diversity.  
 
2.3. Reconfigurable aperture coupled microstrip 

patch   

Another reconfigurable planar structure using RF 
MEMS to vary its frequency and modes of excitation in  
triangular patch is shown in Fig. 9.  This antenna 
fabricated at  Sandia National Labs [10]  uses 80 mµ  
by 200 mµ  capacitive RF MEMS switches to bridge 
two symmetric slots on the triangular radiating element.  
The slots are positioned perpendicular to the direction of 
RF current flow in order to vary  the dominant operating 
mode of the antenna.  The switches control the length of 
this perturbing slot which determines the direction of 
RF current flow along the patch.  When all of the 
switches are closed the antenna behaves essentially as if 
there were no slot present on the patch.  When all the 
switches are open, the slot reaches its full length and the 
resonant RF current is forced to travel a substantially 
longer distance producing a 30% lower resonant 
frequency as shown in Fig.  10. This antenna has 5 
different states. Each state is determined by the action of  
two symmetric switches on each slot.   
 
The switch positions and slot dimensions are optimized 
with the rest of the feed and coupling structure to 
provide near- contiguous coverage across the 32 to 
39GHz band.  Fig.  11 depicts the return loss for the 5 
different states.  
 
 
 

 
 
Figure 9.  Layout of monolithic reconfigurable 
triangular patch antenna 
 
The results of Fig. 11 clearly demonstrate the feasibility 
of this approach in designing reconfigurable monolithic 
triangular patch elements. 

 
 
 
 
 

                    
 
 
 
 
 
 
 
 
  
             Figure10. Current flow on the triangular patch 
 

 

 
                    Figure11. Return Loss for of  all 5-states 
 
 
One can  even use a MEMS reconfigurable feedline to 
improve  the bandwidth of the feedline technique in an 
effort to get better return loss performance across the 
tuning bandwidth. A single switch at the open end of the 
feedline structure can dramatically improve the 
impedance match across the full tuning range [10]. 
Another method uses low-Z stubs on the open end of the 
microstrip feedline to slightly enhance the impedance 
bandwidth of the feed as reported in [13-16]. 
 
Care of course must be taken in designing these 
switches since they can cause problems during their 
integration with the antenna. In this case the up-state 
isolation was properly accounted both in simulation and 
in the measured prototypes. However, the finite 
capacitance of the switch in the down-state (when it 
shortens the aperture slot)  was neglected in obtaining 
both the simulated and measured results. Surface-
roughness effects from the  fabrication process tend to 
reduce the down-state capacitance of capacitive RF 
MEMS switches even  further and one has to understand 
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these MEMS fabrication tolerances in order to take 
them into account during the actual design.  For 
example, the non-ideal impedance of the down-state 
switches is quite high relative to the surface impedance 
of  the antenna  center since it was made out of gold. If 
this is not accounted for in the original design, the 
resonant RF  current will always flow through the center 
of the antenna, and not through the switches,  causing a  
complete loss in the tunability of the antenna.   
 
2.4.  Fractal antennas 

Multiband antennas, have the ability to radiate different 
patterns at different frequencies. Self-similar antennas 
on the other hand, radiate similar patterns at different 
frequencies, due to their fractal shape [17-22].  In  Fig. 
12 we show  RF MEMS switches used in conjunction 
with a simple Sierpinski fractal antenna as the basis of a 
new re-configurable antenna approach. The use of 
fractal shapes permits a highly reconfigurable structure 
with different current path lengths that can be used in 
multiple frequency applications. The aim is to be able to 
adjust the current on each element and therefore the 
radiation pattern for the required frequency of operation 
and mission in general. The polarization of this antenna 
is inherently linear. Still, circular polarization can be 
achieved with the use of a second separately-fed 
antenna at a 90 degrees angle.  
 
The RF MEMS switches permit a controlled 
connectivity of sections of the antenna’s conductive 
parts, and therefore enhance the coupling between the 
triangular elements allowing clear multiple frequency 
operation. The antenna is fabricated on a quarter of a 
silicon wafer with a diameter of 4-inches.  Due to its 
small size, many antennas can be developed on a single 
silicon wafer with the same MEMS process, making it 
suitable for mass-production military or commercial 
applications.  
 
 
 

 
 
Figure 12. Antenna design and RF-MEMS switch 
connections 

Fig. 13 shows how the biasing network has to also be 
included in the design  since the bias lines have to be 
placed in such a way so they minimize their effect on 
the radiated patterns.  The figure also shows how the 
fractal antenna is fed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13.  A basic fractal antenna with the biasing 
network for the MEMS switches.  
 
 
There is a large number of possible resonant 
configurations that can be obtained from such a 
reconfigurable antenna design. The accurate  
computation of each configuration’s frequency response 
and radiation pattern is very time consuming  and it is 
often hard to predict  what switches should be on to 
achieve  a desired frequency response.  Since there is no 
closed form solution in this particular case that can be 
used to determine the optimal number and position of 
the switches we can use Neural Networks (NN).  NN 
techniques can be easily applied  in antenna simulation 
and synthesis, to facilitate the design process [23].    As 
an example, Fig. 14 shows a comparison of  the 
predicted  results obtained via an artificial neural 
network  (ANN) and measured data for the antenna 
structure shown in Fig.  15.  The ON switch positions 
are marked with small circles and the corresponding 
activated array elements are shown as black triangles.  
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