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ABSTRACT 
Microwaves are constantly experiencing changes for many years. Microwave circuits use microstrip lines 

because it allows easy integration of active and passive surface mount components and it is less costly. In 

addition to a large number of benefits, microstrip lines have some disadvantages such as narrow-band loss, 

interference and low efficiency. To overcome the disadvantages, metamaterials are introduced. The proposed 

work shows various concentric U-shaped multi-split ring resonators(SRRs) metamaterial structures with & 

without broadside coupling. As compared to the conventional split ring resonators , broadside coupled 

resonators  shows decrease in the LC resonance frequency and provide an electrically small and easy-to-

fabricate alternative to the present multi-band metamaterial structures. The multi-band magnetic resonator 

topologies are simulated using CST Microwave Studio (MWS) to compute and compare their electrical sizes. 

Different types of U-shaped structures with inner and outer rings of SRR are used to realize transmission 

spectra,  resonant frequencies and electrical sizes. This topology has the flexibility of adjusting the resonance 

frequencies by changing the design parameters such as the gap width, metal width and inter-ring distances. The 

broadside-coupled multiple U-Shaped magnetic resonator topology is considered to be a useful contribution to 

multi-band metamaterial research applications. 

Keywords: Broadside coupled, CST MWS, Electrical sizes, Metamaterials, Multiband Characteristics, Split 

Ring Resonators. 

 

I. 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[1]. 

These materials show promises of exotic 

electromagnetic phenomena such as reversed Doppler 

shift and inverse Cherenkov radiation. All these 

exciting physics of negative refraction remained 

merely a mathematical curiosity since Veselago’s 

first prediction in 1968, until negative refraction 

phenomenon was observed experimentally by Shelby 

et al. at microwave frequencies in a wedge shaped 

negative index material. [2]. Negative values of 

permeability on the other hand, can be obtained by 

using some special magnetic resonator 

structures[3,4,5,12] including the well known split 

ring resonator (SRR) topology. Their purpose is to 

produce the desired magnetic susceptibility (magnetic 

response) in various types of metamaterials. These 

media create the necessary strong magnetic coupling 

to an applied electromagnetic field, not available in 

conventional materials. However, these magnetic 

resonator structures promise negative values of 

permeability over narrow spectral bands with 

periodic arrays of supercells which are composed of 

two or more different unit cells [6,7]. Such topologies 

usually have larger electrical sizes due to the 

increased physical size of the super cells. Therefore,  

 

 

there is a need to design multi-band metamaterial 

structures. 

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 [8,13]. The U-shaped multiple ring 

resonator (UMRR) topology studied in [10,11] is 

constructed as a periodic array of a compact unit cell 

which includes concentrically printed multiple U-

shaped rings. Therefore, this multi-band structure has 

inherently a smaller electrical size as compared to 

super-cell type multi-band magnetic resonators. In 

[9], 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. 

In the proposed work, U-shaped SRRs with 

broadside coupling structures which are widely used 

in many multiband and microwave applications are 

used. Resonance properties of broadside coupled 

structures are been compared with the conventional 

single sided structures to show that  broadside 

coupled structure gives higher control over resonance 

parameters such as frequency and bandwidth. A 

combined conventional SRR ,inner and outer rings 

separately designed with its broadside coupled 

structures and without broadside coupled SRR 
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structure to measure its transmission spectra (|S21|) 

against  frequency. 

 

II. DESIGN APPROACH 
Figure 1. shows the geometry of basic split ring 

resonator structure which uses square as its base 

shape.Fig.2.(a), (b), (c) (d), (e) and (f) shows the 

geometry of broadside coupled and without broadside 

coupled structures. Broadside coupled structures has 

the same conducting strip pattern printed on both 

faces of the dielectric substrate in the anti-parallel 

fashion. 

 
Fig 1:Basic Split Ring Resonator Structure  

 

The proposed structure is the combination of two 

rings (upper and lower) with the same gap distances. 

The structures has been proposed on FR4 substrates 

.The planar dielectric substrate has thickness of 

1.6mm with dielectric constant 𝝐𝒓 4.4 ,loss tangent 

0.02 and has dimensions of 10*10mm. 

 
Fig2(a): Broadside Coupled U-shaped SRR1 

 

 
 Fig2(b): U-shaped SRR2 

 

The propagation direction is in the direction of x-

axis, where H field is perpendicular to the SRR plane 

(i.e) in the direction of x-axis) and the incident E 

field is perpendicular to the gap containing edges of 

the SRR rings(i.e., in the direction of y-axis).The 

PEC type boundary conditions are applied at the 

boundary surfaces perpendicular to the E-field while 

the PMC type boundary conditions are applied 

applied at the boundary surfaces perpendicular to the 

H-field. 

 
Fig 2(c): Broadside Coupled U-shaped SRR3 

 

 
Fig 2(d): U-shaped SRR4 

 

Metallic inclusions are made of copper with the 

thickness of 0.035mm. The same gap distance 

g=0.8mm and the same metal strip width w=0.5mm 

are used in all these different unit cells. The length of 

the upper and lower rings are 7mm and 5mm 

respectively. 

 
Fig 2(e): Broadside Coupled U-shaped SRR5 

 

 
Fig 2(f): U-shaped SRR6 

 

III. SIMULATION  RESULTS 
Analysis and Simulation of proposed structure is 

carried out with the help of Computer Simulation 

Technology Suite (CST MWS) software. 

Transmission spectra, permittivity,     permeability  

were obtained which indicates that the proposed 

structure is a metamaterial and is most suitable for 

multiband applications. Fig 3(a), (b) shows the 

transmission spectra for fig. 2(a) and 2(b). 
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Fig 3(a): Magnetic Spectra for fig.2(a) arrays 

 

 
Fig 3(b): Magnetic Spectra for fig.2(b) arrays 

 

The topologies shown in Fig. 3(a), (b) have 

magnetic dips at 2.78GHz and 4GHz, respectively. 

The electrical size (u) of a resonator structure is 

found by the expression u = D / λ0 where D is the 

maximum linear dimension of the unit cell structure 

(i.e. D = 2 L 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 BC-SRR1 and SRR2 are calculated to be 0.131 

and 0.1885. In other words, the double-sided BC-

SRR1 structure is electrically smaller than the 

singlesided SRR2 structure by 30.5 percent. 

 
Fig 3(c): Magnetic Spectra for BC-SRR3 and 

SRR4 

 

Similarly, the transmission spectra of the BC-

SRR3(red curve) and SRR4 (green curve) structures 

are shown in Figure.3(c) with single magnetic 

resonance dips at 4.5 GHz and 5.9 GHz, respectively. 

Accordingly, the electrical sizes of the single-sided 

and double-sided topologies are calculated to be 

0.2121 and 0.27 which means that the broadside-

coupled structure is electrically smaller as compared 

to the SRR4 structure by 21.44 percent. Finally, 

transmission spectra of the inner ring topologies BC-

SRR5( red curve) and BC SRR6 (green curve) are 

shown in Figure 3(d). Resonance dips of BC-SRR5 

and SRR6 are observed at 4.65 GHz and 5.85 GHz, 

respectively, with the corresponding electrical sizes 

of 0.21917 

 
Fig 3(d): Magnetic Spectra for BC-SRR5 and 

SRR6 

 

and 0.2757. In other words, at the first resonance, the 

BC-SRR5 is electrically smaller than the SRR6 

structure by 20.5 percent. Computed values of 

resonance frequencies and the corresponding 

electrical sizes of all structures are summarized in 

Table 1. 

Structure Resonance 

Frequency(GHz) 

Electrical Size 

-u 

BC-SRR1 2.78 0.131 

SRR2 4 0.1885 

BC-SRR3 4.5 0.2121 

SRR4 5.9 0.27 

BC-SRR5 4.65 0.21917 

SRR6 5.85 0.2757 

 

IV. 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 20 percent 

to 31 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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