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Abstract: Antennas with dual-, multi-, wide-, and extremely wide-band operation have been 

receiving considerable attention, in response to recent developments in communication systems, 

e.g., mobile, digital TV, and satellite communication systems. These antennas are categorized as 

either natural or metamaterial (MTM) antennas. The former have an electromagnetic property 

found in nature (right-handed property) and the latter have an electromagnetic property not 

existing in nature (left-handed property or composite right- and left-handed property).  

   This talk presents recent progress in natural and MTM antennas, with an emphasis on 

realization of dual-, multi-, wide-, and extremely wide-band operation, and is composed of three 

chapters. Chapter 1 describes a natural cross element that acts as an extremely wide-band 

antenna. The antenna design process is explained and a technique to generate a stopband within 

the VSWR frequency response is introduced. Chapter 2 presents MTM loop antennas. The 

analysis reveals that a closed MTM loop acts as a linearly polarized (LP) multi-band antenna. In 

addition, the analysis finds the fact that an open MTM loop realizes dual-band counter circularly 

polarized (CP) radiation. Chapter 3 focuses on natural and MTM spiral antennas. The effects of 

the natural spiral antenna height on the radiation characteristics are analyzed. Operation of 

counter CP radiation from the MTM spiral is investigated and the gain enhancement is 

discussed. 
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