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Abstract—Electromagnetic compatibility (EMC) is a key 

requirement for electronic system design. Meeting the EMC 

regulations becomes more challenging as the component density 

increases and operation frequencies spread to multiple bands. 

Coupling between transmission lines is a common manifestation 

of electromagnetic interference (EMI). In this work, we present 

a novel method to suppress the noise between two transmission 

lines by using a metamaterial (MTM) structure. This MTM 

design helps to mitigate the coupling between the two 

transmission lines where one acts as an aggressor and the other 

as the victim. This approach helps miniaturize the solutions such 

as shielding or filtering to mitigate the noise. MTM provides 

good protection in terms of EMI isolation, is inexpensive, and 

has a smaller footprint compared to traditional EMC solutions. 

The second part of this article studies the impact of the relative 

permittivity (εr) of the MTM structure. Changing the εr modifies 

the transmission and absorption bands. Thus, that can help in 

modulating the operation of the MTM through appropriate 

designs. The MTM designs used in this work enhanced the 

isolation between the victim and aggressor by 1-13.5 dB across 

1-5 GHz. 

Keywords— Electromagnetic compatibility (EMC), 

Electromagnetic interference (EMI), Relative permittivity (εr), and 
Metamaterial (MTM). 

I. INTRODUCTION  

Electromagnetic compatibility (EMC) will impose key 
design constraints for future electronic systems with higher 
component densities and broadband functions. Any undesired 
coupling between the components, also referred to as 
electromagnetic interference (EMI), affects the component 
function and degrades the system’s performance. The noise 
source that initiates the EMI is known as the aggressor. The 
component that is affected by the noise becomes the victim. 
When the EMI results through the electromagnetic coupling 
modes within the substrate, it is known as conducting EMI.  
EMC engineers address this through low-pass filters, 
common-mode choke filters, and differential-mode filters to 
eliminate the noise from the desired signal [1-4]. EMI can also 
occur through coupling from radiated fields. Depending on the 
wavelength of the interfering fields and the distance between 
the aggressor and victim, radiated noise coupling can be 
classified as near- or far-field coupling. EMI shielding is used 
to mitigate the coupling by using materials such as copper, 
magnetic alloys, materials composites, and graphene [5-14]. 
Such shields are usually used in all electronic components, 
both at the component level and module level. Metal cans are 

used from conductive commercial materials such as copper 
(Cu), and aluminum (Al) due to their higher electrical 
conductivity for shielding at the module level as package 
enclosures [1, 4, 13]. Magnetic materials such as nickel (Ni), 
iron alloys (Fe), ferrite, and cobalt (Co) are also a common 
way for shielding against magnetic fields at low frequencies 
usually at the component level [7-8,10]. Graphene also has the 
potential to replace all commercial materials due to its 
superiority in terms of thermal and electrical conductivity, 
lightweight, ability to be processed as thin- or thick-films with 
innovative approaches,  as well as EMI shielding [5-6]. 
However, the previous two solutions require a large area for 
the implementation of the shield and filter. They also 
dramatically increase the thickness and resulting weight of 
components to achieve the required level of isolation. 

In contrast to current shielding and filter options, this work 
aims to investigate low-profile metamaterial (MTM) solutions 
for noise isolation between two transmission lines. MTM 
structures are periodic electromagnetic structures with a unit 
cell that is much smaller than the guided wavelength. These 
structures can be designed to refractively couple with the 
waves and thus induce a variety of functions such as isolation, 
lensing, steering, filtering, and others. MTMs are typically 
employed to enhance the gain of the antenna and increase 
efficiency [15-18]. They are also used in beam steering 
devices [19-21] and frequency selective surfaces (FSS) 
applications [22-24]. They are often used to reduce coupling 
between antennae in multiple input multiple output 
components (MIMO) [25-28]. In addition, they are 
implemented in power electronics applications such as 
wireless power transfer (WPT) and energy harvesting [29-30]. 

In this work, we used MTM structures to suppress the 
coupling between electronic components. Two metamaterial 
(MTM) structures are designed to illustrate how they can be 
used to reduce the coupling between feeding lines. The second 
part of this paper studies the enhancements of the performance 
of MTM by tuning the permittivity of its dielectric medium. 
The third part of the paper demonstrates the reconfigurability 
of the MTM by tuning its dielectric substrate properties. 
Reconfigurability is shown in two aspects. Firstly, tuning the 
permittivity of the MTM helps to change the operation of the 
MTM over several bands of frequency. Secondly, this work 
illustrates that hard tuning of εr helps to reverse the operation 
of the MTM from acting as a way to block the EM waves to 
transmitting the EM waves. The operation of the MTM, thus, 
switches from acting as an EMI shield to acting as a Radome. 
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II. BACKGROUND 

According to the EU guidance, an electronic system could 
be classified as electromagnetically compatible if it has the 
following attributes: 1)  should not disturb other devices, 2) 
should not be susceptible to interference from other sources, 
and 3) should not interfere with itself. Further, EMC can be 
classified into two areas of concern: EMI and electromagnetic 
susceptibility (EMS). The major difference between EMI and 
EMS is the source of noise and the victim component to which 
the noise is coupled. In EMI studies, the source of the noise is 
inside the circuits, whereas for EMS, the source is external. 
Therefore, EMI is also related to emission requirements, 
whereas EMS is concerned with immunity requirements.  

EMI suppression is critical for at least four reasons. First, 
EMI can act as an aggressor and disturb a neighboring victim 
component. In this case, the EMI source arises from the power 
or high-speed digital components in the electronic system with 
small rise times. For example, power components switch at 
speeds ranging from 1 to 100 MHz causing possible 
harmonics to interfere with the RF transceiver in the LTE 
bands. Also, components with steep signal edges such as 
switch-mode power supplies create EMI. Analog components, 
such as operational amplifiers, are typical victims because 
they require precise voltage or current margins. Thus, they are 
more sensitive to EMI. The major other sources of EMI arise 
from aggressor components associated with high-speed 
signals. Digital lines transmit timing clocks that switch from 
100s of MHz to GHz and can generate electromagnetic noise. 
Also, CPUs that switch at higher frequencies could be EMI 
sources. Potential EMI sources or noise aggressors can be 
shielded with suitable metal encapsulation materials. The 
victim, typically an antenna, also needs to be shielded or 
blocked through RF filters. A secondary issue is that EMI can 
be captured by a hacker in proximity to deduce sensitive 
information. Third, shielding is essential to isolate the transmit 
and receive bands. Finally, electronics need to be regulated to 
ensure power levels are below the threshold for the required 
compatibility requirements. 

Electronic component victims are coupled through four 
mechanisms: 1) galvanic coupling, 2) capacitive coupling, 3) 
magnetic coupling, and 4) far-field radiation coupling. 
Galvanic coupling is related to conductive coupling due to the 
common path impedance between components. Hence, it is 
typically associated with the parasitic inductance from 
components that are connected to the ground plane. 
Capacitive and magnetic coupling are related to the 
unintended antenna coupling in the near field. In this work, to 
represent the coupling between the aggressor and victim, two 
transmission lines are used, one of them is the aggressor and 
the other is the victim where all noise generated from the 
aggressor is coupled to the victim line caused interference. 
The mechanism of the coupling used in this article is 
illustrated in Fig. 1. 

 
Fig. 1: Coupling mechanism between aggressor and victim 

lines. 

III. MTM DESIGN 

As mentioned previously, two MTM structures are studied 
in this work. The first structure is a circular shape of three 
concentrated circles, where the outer diameter is 4.4 mm, and 
the inner diameter is 2 mm. Each of those circles has a gap of 
0.2 mm in width. The gap represents the opening of the split 
ring resonator in both shapes. The second MTM shape has two 
concentric squares.  The length of the outer square is 4 mm, 
and that of the inner square is 2 mm. Every square has a gap 
of 0.5 mm. Both of the single MTM shapes are illustrated in 
Fig. 2a. In this work, we used an array of MTM of 1 × 6 as 
shown in Fig. 2b.  

 
(a) 

 
(b) 

Fig. 2:  MTM design and its key features: a) single circular 
and square MTM geometry, b) 6 × 1 circular and square 
MTM array.  

IV. MTM TO MITIGATE THE NOISE  

The prototype that is used in this work is illustrated in Fig. 
3. The role of metamaterial (MTM) structures in enhancing 
the isolation between the feeding lines (TLs) is shown in Fig. 
4. Two MTM structures were used, with two shapes of square 
and circular split rings. Both designs rely on the split ring 
resonator principle. The MTM structures were inserted 
between two strip lines; one of the strip lines represents the 
aggressor line, which is connected to the power source, and it 
is denoted by TL#1. The second strip line is denoted by TL#2, 
and it refers to the victim component, which is affected by the 
noise.  

 
(a) 
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(b) 

Fig. 3:  Demonstration of the coupling between TLs: a) 
schematic of the prototype, b) fabricated circuit.  

 
(a) 

 
(b) 

Fig. 4: a) simulated square and circular MTM b) fabricated 
square and circular MTM prototypes. 

Square MTM structures help to enhance the isolation 
between the transmission lines, especially between TL# 1 and 
TL# 2; the isolation varies from 1-13.5 dB in the frequency 
range of 1-5 GHz. Circular MTM structures suppressed the 
coupling between the transmission lines, especially between 
TL#1 and TL# 2; the isolation varies from 1-13.5 dB in the 
frequency range of 1-5 GHz. Measurement and simulation 
demonstrate a good agreement for both MTM structures (see 
Fig. 5a and Fig. 5b). MTM designs show accepted 
performance in suppressing crosstalk between the lines. 

 
Fig. 5: Isolation measurements and simulation results using 
Square MTM (a) and Circular MTM (b). 

V. TUNABLE METAMATERIAL 

In the first part of the work, the permittivity of the MTM 

structure was fixed and equal to the permittivity of the 

medium between transmission lines. In this section, the shield 

performance is analyzed when the εr is varied across several 

values. Varying the permittivity of the dielectric materials can 

be accomplished through multiple approaches such as the 

application of electric field strength in ferroelectrics, magnetic 

field strength in case of multiferroics, mechanical sliding or 

shifting, and thermal stimulation in ferroelectrics or super 

paraelectrics. In this study, we are interested in assessing the 

impact of changing the electric permittivity in terms of 

enhancing or degrading the MTM performance. The εr was 

varied from 3.4 to 7.4 in the simulation models. The variation 

in the εr was applied specifically to the substrate where the 

MTM is printed. The substrate that holds the rest of the design 

including the TLs was kept the same in all trials (fixed at 4.4). 

As shown in Fig. 6, the changes in εr correspondingly shifted 

the S21 bands. This allows us to tune permittivity to control the 

behavior of the MTM. In addition, that leads to extra isolation 

of 20 dB at a certain operation frequency. 

 

(a) 
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(b) 

Fig. 6: (a) MTM structure with εr varying from 3.4 to 7.4. (b) 
transmission coefficient S21 for several εr. 

 

On the other hand, increasing the εr to several tens will 
change the function of the MTM from blocking the EM waves 
to transmitting the EM waves, as illustrated in Fig. 7. When 
the εr equals 100, the operating frequency shifts to 2.4 GHz 
instead of 3.2 GHz at εr of 5.4. On the other hand, at εr = 50, 
the MTM depicted transmission characteristics over this band. 
The MTM also provides an additional enhancement of 5 dB 
towards the transmitted signal. 

 
(a) 

 
(b) 

Fig. 7: (a) MTM structure with εr varying from 1, 10, 50, and 
100. (b) transmission coefficient S21 for several εr. 

VI. CONCLUSION 

This work illustrates two  MTM structures that show good 
performance in increasing the isolation between transmission 
lines and reducing the associated crosstalk coupling. This 
approach can be used as an alternative to traditional EMC 
solutions such as shielding and filters, especially in 
applications with some limitations in terms of volume and 
footprint. The MTM structures provide around 10 dB isolation 
across 1-5 GHz. After, applying the tunability approach to the 
dielectric materials, the MTM performance is enhanced by an 
additional 10 dB, achieving an isolation of 20 dB or more. 
Tuning the MTM can help to control the operation of the 
MTM. If the permittivity is tuned to lower values, the blocking 
will be shifted to another frequency band. In the second 
approach, the permittivity was increased by several tens 
compared to the original properties. The results showed that 
the MTM performance can be further controlled in terms of its 
operation frequency. In addition, it can completely change its 
performance to be a transmissive EMI shield instead of a 
reflective EMI shield. Moreover, if the tuning is towards 
higher values, the MTM can help to increase the power of the 
wave instead of attenuating it at a certain frequency band. 
Nonetheless, the design of the MTM needs to be optimized to 
enhance the isolation to an acceptable level.  
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