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Abstract

In  this  study,  transmission  characteristics  of  single-sided  and  double-sided  (in  broadside-coupled 
configuration) U-shaped multiple ring resonators (UMRR) are investigated on a comparative basis for the purpose of 
miniaturization. Transmission spectra (i.e. |S21|  versus frequency curves) of both single and double sided UMRR 
topologies are computed by CST Microwave Studio for the special cases of unit cells with single ring and double 
concentric rings. Although all these unit cells have exactly the same physical size, simulation results have revealed 
that broadside-coupled UMRR topologies provide much smaller resonance frequencies (hence considerably smaller 
electrical sizes) as compared to their single-sided counterparts.

1. Introduction

Metamaterials are specially designed periodic structures which can show unique properties such as negative 
values of permeability and/or negative values of permittivity over finite frequency bands. Theoretical aspects and 
various applications of metamaterials have been investigated in detail in a vast amount of publications for the last 
decade [1-10]. Negative values of permittivity are known to be possible by using periodic thin wire array structures 
depending on plasma theory [2]. Negative values of permeability on the other hand, can be obtained by using some 
special  magnetic  resonator  structures  [3,  5-10]  including  the  well  known  split  ring  resonator  (SRR)  topology. 
However, these magnetic resonator structures promise negative values of permeability over narrow spectral bands. 
Therefore, there is a need to design multi-band metamaterial structures. 

Most of the multi-band magnetic resonator topologies reported so far make use of periodic arrays of super 
cells which are composed of two or more different unit cells [6,11,12]. Such topologies usually have larger electrical 
sizes due to the increased physical  size of the super cells. Electrical  size of a metamaterial  resonator structure, 
however, is an important design parameter and it should be kept as small as possible as the theory of metamaterials 
is based on the effective medium approach[5,8].  The U-shaped multiple ring resonator (UMRR) topology studied in 
this paper is constructed as a periodic array of a compact unit cell which includes concentrically printed multiple U 
rings. Therefore, this multi-band structure has inherently a smaller electrical size as compared to super-cell type 
multi-band magnetic  resonators.  In  the present  study,  effects of broadside coupling to the UMRR topology are 
investigated for further miniaturization. Single-sided and broadside-coupled versions of the single ring and double 
ring UMRR arrays are simulated by using CST Microwave Studio (MWS) to compute and compare their electrical 
sizes.  

2. Design and Simulation Setup

The schematic  top view and design  parameters  of  the single-sided,  double-ring UMRR unit  cell  (called 
UMRR-III) are shown in Figure 1.  The corresponding broadside-coupled topology is called BC UMRR-III which 
has the same conducting strip pattern printed on both faces of the dielectric substrate in the anti-parallel fashion (see 
Figure 2.a). Two more unit cell topologies (named as UMRR-I and UMRR-II) as well as their broadside-coupled 
versions (called BC UMRR-I and BC UMRR-II, respectively) are also shown in Figure 2.a.  The unit cell UMRR-I 
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has a single U-ring which is the same as the outer (larger) ring of the unit cell UMRR-III. Similarly, the only U-ring 
of the unit cell UMRR-II is the same as the inner (smaller) ring of UMRR-III.  In other words, the double-band 
structure UMRR-III is the combination of the single-band structures UMRR-I and UMRR-II. The proposed UMRR 
unit cells are designed on a planar dielectric substrate with relative permittivity εr = 3 and loss tangent tanδc = 0.002. 
Metallic inclusions are made of copper with the thickness  tmetal = 0.035 mm and conductivity  σcu = 5.8 ×107  S/m. 
Dimensions of the substrate in the x, y and z directions are 2 mm, 10 mm and 10 mm respectively. The gap distance 
(g) and strip width (w) are both 0.6 mm. 

Figure 1. Schematic top view and design parameters of the single-sided double ring UMRR (called UMRR-III)

Simulations of these six different magnetically excited structures are performed by using the CST Microwave 
Studio (MWS) with frequency domain solver. Field excitation directions are shown in Figure 2. Unit cell boundary 
conditions are applied along the x and y directions. Open boundary condition is applied along the z direction. Each 
simulated  array is  modeled as  having infinitely many unit  cells  with periodicity of  10 mm along the x and y 
directions as shown in Figure 2.b for the UMRR-III structure, as an example.  

a. b.

Figure 2. a. Unit cell topologies of simulated UMRRs.  b. Simulated array and field excitations in CST MWS.

3. Results

Transmission spectra for the UMRR-I (blue curve) and BC UMRR-I (red curve) topologies are shown in 
Figure 3 having single magnetic resonance dips at 7.42 GHz and 5.29 GHz, respectively. The electrical size (u) of a 
resonator structure is found by the expression  0/ λDu =  where D is the maximum linear dimension of the unit 



cell  structure  (i.e.  LD 2=  for  our  square  shaped  unit  cells  with  side  length  L)  and  λ0 is  the  free  space 
wavelength at resonance frequency. Therefore, the electrical sizes of the UMRR-I and BC UMRR-I are calculated to 
be 0.350 and 0.249. In other words, the double-sided BC UMRR-I structure is electrically smaller than the single-
sided UMRR-I structure by 28.86 percent.

Figure 3.  Magnitude spectra for the UMRR-I and 
BC UMRR-I arrays.

Figure 4.  Magnitude spectra for the UMRR-II and 
BC UMRR-II arrays.

Similarly, the transmission spectra of the UMRR-II (blue curve) and BC UMRR-II (red curve) structures are 
shown in Figure 4 with single magnetic resonance dips at 9.54 GHz and 7.94 GHz, respectively. Accordingly, the 
electrical sizes of the single-sided and double-sided topologies are calculated to be 0.450 and 0.374 which means 
that the broadside-coupled structure is electrically smaller as compared to the UMRR-II structure by 16.89 percent.

Finally, transmission spectra of the double-ring topologies UMRR-III (blue curve) and BC UMRR-III (red 
curve) are shown in Figure 5. As expected, each of these structures has two magnetic resonances. First resonance 
dips of UMRR-III and BC UMRR-III are observed at 7.06 GHz and 5.36 GHz, respectively, with the corresponding 
electrical sizes of 0.333 and 0.253. In other words, at the first resonance, the BC UMRR-III is electrically smaller 
than the UMRR-III structure by 24.02 percent. Second resonance dips of UMRR-III and BC UMRR-III are observed 
at 9.54 GHz and 8.51 GHz, respectively. Therefore, the electrical sizes of the UMRR-III and BC UMRR-III at their 
second resonances are calculated to be 0.450 and 0.401. The broadside-coupled structure is again found electrically 
smaller by 10.88 percent as compared to the single-sided UMRR-III structure concerning the second resonances. 
Computed  values  of  resonance  frequencies  and  the  corresponding  electrical  sizes  of  all  structures  under 
investigation are summarized in Table 1.

Figure 5.  Magnitude spectra for the UMRR-III and BC UMRR-III arrays.



Table 1.  Resonance frequencies and electrical sizes for the simulated UMRR topologies.

Structure
Resonance 1 Resonance 2

Resonance Freq. 
(GHz)  

Electrical 
Size - u

Resonance Freq. 
(GHz)  

Electrical Size 
- u

UMRR-I 7.42 0.350 N/A N/A
BC UMRR-I 5.29 0.249 N/A N/A

UMRR-II 9.54 0.450 N/A N/A
BC UMRR-II 7.94 0.374 N/A N/A

UMRR-III 7.06 0.333 9.54 0.450
BC UMRR-III 5.36 0.253 8.51 0.401

4. Conclusion
 
It  is  demonstrated in this study that  broadside coupling provided by double-sided topology may lead to 

significant amounts of reduction in the electrical size of U-shaped multiple ring resonator structures. The percentage 
reductions in the single-band (single-ring) and double-band (double-ring) U-shaped resonators are found to range 
from 11 percent  to 29 percent,  approximately.  Larger  miniaturization effects  are observed at  smaller  resonance 
frequencies  due  to  broadside  coupling.  As  miniaturization  is  an  important  issue  for  metamaterial  design, 
introduction of the broadside-coupled multiple ring U-Shaped magnetic resonator topology is considered to be a 
useful contribution to multi-band metamaterial research. 
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