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Thesis Abstract 

The rapid development of microwave systems requires a new generation of 

compact passive components. Metamaterials have the potential for novel types 

of components because of their new opportunities to realize physical 

phenomena that were previously only theoretical predictions. The response of 

metamaterials had a huge effect on physics, optics, guided wave, and radiated 

wave applications. Recently, the benefits of metamaterials structure got the 

attention for new systems with compact size and multiband operations with 

very simple structure.  

This thesis aims to use metamaterial in the design of compact, low loss, 

and efficient microwave passive components. The thesis is concerned with the 

design, analytical study, simulation, and fabrication of microwave components 

based on new configurations of metamaterials.  

Novel multiband and compact size resonators based on dual composite 

right left handed (D-CRLH) are presented. A dual band sharp-skirt resonator 

is introduced with high quality factors of 194.3 and 180.6 and insertion losses 

of 0.44 dB and 0.07 dB at frequencies 5.8 GHz and 7.7 GHz, respectively, with 

total compact size of 16.7×12 mm2. Another quad band resonator is introduced 

with high selectivity at frequencies 4 GHz, 5.8 GHz, 6.6 GHz, and 7.7 GHz 

with insertion losses of 0.69 dB, 1.9 dB, 3.9 dB, and 3.6 dB, respectively, and 

a total size of 11.55×12 mm2. The resonator quality factors are 151.28, 75, 125, 

and 82.7 at the four bands, respectively. Furthermore, a triple band resonator 

with the same compact size of the dual resonator is presented. The resonances 

frequencies are 7.4 GHz, 9.2 GHz, and 13 GHz with insertion losses 0.02 dB, 

0.05 dB and 0.5 dB, respectively.  
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New designs for compact power dividers based on D-CRLH are 

introduced. The first power divider is a two-way dual wide bands with the first 

band extended from 1 GHz to 4.8 GHz, and the second band extended from 

6.2 GHz to 9 GHz. The power divider has a stop band extended from 4.8 GHz 

to 6.2 GHz with very sharp immunity characteristics. The insertion losses for 

the both bands are 4 dB with total compact size of 21.4×16.6 mm2. Moreover, 

a three-way dual bands power divider is introduced. The dual frequencies band 

are extended from 1 GHz to 4.6 GHz for the first one and from 5.7 GHz to 11.1 

GHz for the second band with insertion loss of 5 dB for both bands and a total 

size of 22.5×39 mm2.  

A new efficient version of metamaterial (Loaded inductor composite right 

left handed "L-CRLH") is also proposed for the first time. Based on this new 

configuration, a novel ultra-wide band impedance transformer is introduced 

with operating bandwidth extended from 2 GHz to 11 GHz, insertion loss of 

0.2 dB and ultra-compact size of 2.7×8.6 mm2. Furthermore, new power 

divider based L-CRLH is introduced with ultra-wide band (UWB) 

characteristic extended from 3.1 GHz to 10.6 GHz with insertion loss of 3.3 

dB for both outputs and total compact size of 12.14×19.63 mm2. Finally, a new 

configuration named HS-L-CRLH, a new transformer based on HS-L-CRLH 

are introduced. In addition, a new ultra-compact power divider based HS-L-

CRLH is proposed with total ultra-compact area 14×16 mm2 and insertion loss 

equal 3.1 dB within pass band extended from 3.1 GHz to 10.6 GHz.  
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