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Figure I.17: S11 of 43° and -43° 

 

 

 

Figure I.18: S11 of 47° and -47° 

-43˚ 

-47˚ 
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Figure I.19: S11 of 50° and -50° 

 

Furthermore, three unit cells of three C-SRRs of negative angles rotation are 

simulated to compare its result with the one of positive angle rotation. In Figure I.20, 

a unit cell of inner ring rotation of 47°, 33° and 10° is compared with one with inner 

ring rotation of -47°, 33° and 10°; both units have the same behavior. While in      

Figure I.21, three units are compared; the two unit of 47°, 43°, 50° and -47°, -43°,          

-50° have exactly the same result. Besides, the third unit of angles 47°, 43°, -50° 

exhibits the creation of two bands from 14.009 GHz to 14.8078 GHz and from   

14.8649 GHz to 15.3023 GHz. 

Rotating the ring clockwise or counter-clockwise affects (𝑆11) results and 

resonant frequencies. This change in the results occurs due to the variation in the 

current direction and capacitance.        

 

 

-50˚ 
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Figure I.20: S11 of inner ring rotation of -47°, 33° and 10° 

 

 

Figure I.21: S11 of inner ring rotation of multiple angles 

 

After testing inner ring rotation of positive and negative multiple angles for a 

unit cell of one C-SRR and three C-SRRs and realizing its behavior, outer ring rotation 

is going to be examined. 

 

-47˚ 33˚ 10˚ 

 47˚ 43˚ -50˚ 

-50˚ -43˚ -47˚ 
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I.3 Outer Ring Rotation 

Outer ring rotation is the changing in gaps position according to a specified 

angle. The rotation of 7°, 13° and 30° of the outer ring is examined for a unit cell of 

one C-SRR in Figure I.22, Figure I.23 and Figure I.24 and it is combined with inner 

ring rotation for the same degree. Outer and inner rotation for 7° has mostly the same 

behavior but with minor differences; outer ring rotation has resonant frequencies at 

4.4424 GHz, 6.9339 GHz, 18 GHz and 19.3724 GHz of return loss up to -24.857 dB, 

-20.8598 dB, -17.0855 dB and -21.7063 dB, respectively. On the other hand, inner ring 

rotation has its resonant frequencies at 4.3854 GHz, 6.6677 GHz and 18.8969 GHz 

with return loss up to -42.5284 dB, -12.5744 dB and -29.2288 dB, respectively. 

Additionally, the rotations of 13° and 30° for the outer and inner ring have the 

same (𝑆11) performance with slight differences in their resonant frequencies; but it is 

noticed from the three figures that the first resonant frequency for the outer ring 

rotation is decreased with the increased in rotation angle till it loses its resonant 

characteristic. 

Two unit cells of three C-SRR with outer and inner rotation are simulated to 

compare their behavior; the same angles of the previous one unit cells are chosen that 

are 7°, 13° and 30°. It is observed in Figure I.25 that the behavior is almost the same 

for the two unit cells.  
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Figure I.22: S11 of inner and outer ring rotation for 7° 

 

 

 

Figure I.23: S11 of inner and outer ring rotation for 13° 

7° 

13° 



163 
 

 

Figure I.24: S11 of inner and outer ring rotation for 30° 

 

 

Figure I.25: S11 of inner and outer ring rotation for unit cells of three C-SRR 

 

At this point of this research, a comparison is going to be conducting for the 

rotation of the outer and inner rings from 7° to 180° to examine the behavior of the 

two rings in rotation. 

 

 

30° 

7˚ 13˚ 30˚ 7˚ 13˚ 30˚ 
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 Figure II.1: Arrays of S-SRR 




