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Ahstmet- A new, concept Of combining RF MEMS switcheS with Fractal antennas is presented. 
The idea is to connect several antenna configurations together using RI MEMS switches to cover 
several frequency bands. By using a 'man  camhination' of fractal shaped antennas, wideband 
coverage can be achieved for ~atellite and wireless communications. Moreover the Same antennas 
can be used for phased array applications as well. The analysis and design principles are discussed 
and presented in here. Several examples are shown to demonstrate the proposed concept. 
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I. INTRODUCTION 

The requirements for increased functionaliry, such as direction finding and anti-jamming protec- 
tion, within a confined volume, place more requirements in today's antenna system. For single 
frequency operations, sufficient ~ o l u l i o n ~  can be achieved using switched beam arrays and adap- 
tive array antennas [1,2]. For mllitipk frequency operations. a Solution Can be an array of fractal 
antennas. In this work, RF MEMS arc used in conjunction wiih fractal antenna ~fm~hlrcs  as the 
basis of a new re-canfigurable array antenna approach. 

The RF MEMS switches permit the connectivity of sections of the antenna's conductive parts, and 
therefore enhance the coupling between the fractal elements allowing multiple frequency opera- 
tion with o m  antenna. Also, the RF MEMS switches in conjunction with a neural network can 
develop a new %e of re-configurahlc and smart antenna altogether, in which self- 
adaptatiodleaming theory plays a role in antenna optimization and gives the whole system great 
8UtOnOmy. 

The use of fractal shapes provides the multiband characteristic through the property of sclf- 
similarity at equal Or different physical scales. An array of fractal configurations lhat operate over 
different frequency bands providing different radiation mnems can be the basis for an ultra- 
wideband re-canfigurahle antenna [3] 

The electromagnetic performance of the RF MEMS switches is considered ideal, and their place- 
ment is accomplished by Small physical c~nnections of the antenna's adjacent conducting pans. 
Several configurations have been shldied and analyzed and some of the results are shown in the 
 section^ to follow herein. The analysis of 811 antenna configurations is accomplished with IE3D". 

11. FRACTAL ANTENNA CONFIGURATIONSAND RESULTS 

Most fractal antennas, including the Sierpinski Gasket antenna, have been studied extensively over 
the lasf few years [4,5]. A modified Sierpinski Casket antenna shown in Fig.1 is chosen for this 
paper. The selection was based on the antenna's single element pCrf0r"cC when used as a bow- 



Figure 1. The design eharactefirtics ofthe Sierpinti gasket antenna with obtuse angle. 

Figure 2(a.b). The radiation charactenstics ofthe antenna with all switches in OFF state 

tie antenna, or setting all the switches to the 'OFF' state. The antenna has a flare angle of 130" and 
provider constant radiation pattem all over its bandwidth. The radiation characteristics for this 
antenna are shown in Fig 2(a,b,e). The bandwidth is from I.5GHz to 2.lGHz and the radiation 
pattem is similar to the pnnted dipole antenna, making it ideal for receiveruse. 

111. RF hEMS SWITCHES CONFIGLIRA TlONS 

In general, fractal antennas show weak coupling between the different elements of the smcm. 
We comider the RF MEMS switches to be ideal. The switches have dimensions less than lxlmm 
and are modeled as small patches that connect/disconnect the adjacent conducting patches chang- 
ing the antenna's physical dimensions. In this implementation, gaps are created in the fractal an- 
tenna pattem, which are bridged by a number ofMEMS micro-relays. The switchss are embedded 
at the bottom side ofthe dielectric substrate 

The same antenna was simulated with all switches set to ON. The resulfs can be seen in Fig.3. The 
coupling behveen the antenna's elements has drastically increased. Also, multiband charactenstics 
have been accomplished at frequencies below ZGHz, as there are resonances at 0.6GHz, 1.55GHs. 

Another switches state is tested. We set the far end switches to OFF, making the antenna WO& 

with reduced dimensions. This configuration can be seen in Fig.4a, and the re~ulll in FigAb show 
a resonance at 0.85GHz. 
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By Nming other switches ON or OFF, interesting changes can be observed. By disconnecting the 
centered switches, we obtain the 2 lower resonances while we nullify the I.9SGHz as seen in 
Fig.S(a,b). Also, by activating the 6 diagonal elements we obtain an additional resonance at 
1.35GHz while we nullify the resonance at 0.9GHz, and we also obtain large bandwidth at a 
higher frequency resonance from 1.65 to 2.35GHz as seen in Fig.6(a,b). Finally, by deactivating 2 
of the 3 far end element% we obmin an additional reso~nce at 0.75GHz as seen in Fig.?(a,b). AS a 
result, we have at least 6 controllable frequency bands from 0 to 2Ghr with one antema. These are 
frsqusncy bands (0.6GHz. 0.75GHz. 0.85GHz. I.3GHe. 1.55GHz and I .8GHz) can be activated or 
deactivated wing  the W MEMS switches, depending on the specific application and the circum- 
stances. 
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Figwe 3. The SI, ofthe antenna with all the switches set lo ON 

Figure 4(a,b). The partially activated antenna with 3 switches ON, and its S , ,  response. 
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Figure S(a,b). The antenna with disconnected central switches and its SI, response. 
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V. CONCLUSIONS 
A new approach to multiplc frequency fractal antemas using RF MEMS switches was presented. 
RF MEMS switches in combination with neural neworb have the potential of leading to large 
increases in system performance. Further sNdy is required to achieve ben= matching at a$ many 
frequency bands as possible. Several eases are analyzed to find the optimum configuration and 
some results are presented here. 
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