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Abstract—This paper presents shielding effectiveness 

measurements of board level shielding materials using the dual 

vibrating intrinsic reverberation chamber. Various sized board 

level shielding materials mounted on specifically designed 

printed circuit boards are examined in order to evaluate the 

shielding performance in each case. Experiments presented in 

this paper aim to investigate the effect of appropriate mounting 

of the test samples before performing a shielding effectiveness 

measurement, as well as to compare the shielding mechanisms 

of these kinds of materials. Additionally, based on the obtained 

measurement data, a discussion on the definition of shielding 

effectiveness and the effect of the aperture on the coupling of the 

two cavities of the dual VIRC is briefly conducted. 
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I. INTRODUCTION  

Over the last years, many developed technologies are 
focusing on fast data rates and high operating frequencies as 
e.g. 4G and 5G. This on-going tendency results to a growing 
interest towards the susceptibility of integrated circuits (ICs) 
to electromagnetic interference (EMI) [1]. Additionally, the 
increasing application of on-board components due to 
numerous wireless technologies in laptops, mobile phones, 
etc., increases the need for a wider investigation of board level 
shielding (BLS) materials [2]. These types of materials can act 
as shields for the ICs or other critical components in order to 
improve the immunity or minimize the emissions of an 
electronic system and are usually mounted on printed circuit 
boards (PCBs). The BLS materials usually contain multiple 
small holes for practical purposes as e.g. ventilation for 
thermal reasons [2]. An aperture influences the coupling 
between two mediums separated with a shield and therefore 
the penetration of energy [3]. Numerical results on aperture 
effects [4] have been investigated over the years along with 
experiments [5] in order to examine how the dimension and 
shapes of openings can affect the coupling [6]. Investigation 
of coupling through apertures of any dimensions, in general, 
is important considering e.g. effects that might occur between 
coupled compartments of a car chassis [7] or propagation of 
EM energy through a rocket before reaching a critical 
component [8]. It poses a significant difficulty and it is a 
critical subject in the recent risk-based EMC approach [9] 

In order for the SE of the BLS materials to be further 
investigated and understood, a project was initiated, the IEEE 
P2716 – “Guide for the Characterization of the Effectiveness 
of Printed Circuit Board Level Shielding” [10]. Aim of this 
guide is to discuss different shielding effectiveness 
measurement techniques through a round robin test and 
further investigate the effect of these techniques to mount 
shields on PCBs. As stated in IEEE P2716, the already applied 

SE methods as stated in IEEE 299 Standard [11] and IEEE 
299.1 Standard [12], which are about enclosures and boxes, 
respectively, are not applicable to the BLS materials. This is 
because a BLS material is not a complete cavity as it misses 
the 6th wall. It could become a semi-closed cavity once placed 
on the PCB, which becomes that 6th wall. However, the 
contact of the BLS with the PCB, with or without a ground 
plane is dependant on the user [13]. Therefore, there is need 
of new approaches in order for these materials to be assessed 
regarding their shielding performance.  

In the previous years, there have been already many 
proposed methods [14] that have simulated [15] and examined 
the SE of BLS materials as e.g. the stripline set-up [16], the 
TEM cell method [17] and the reverberation chamber 
technique presented in [18]. The same technique was also 
more recently published in [13] with a study on the variability 
of SE of BLS materials. This paper focuses on SE 
measurements of BLS materials using the dual Vibrating 
Intrinsic Reverberation Chamber (VIRC). Each SE measuring 
technique follows a specific procedure in order to define the 
shielding mechanism of a material as e.g. in reverberation 
chambers [19]. A similar research has been conducted also 
with the dual VIRC method [20]. Additionally, although the 
aperture effect has been thoroughly investigated by means of 
analytical [21] and numerical [4] calculations, as well as 
experiments [22], the aperture effect in the shielding 
effectiveness has not been evaluated using the dual VIRC 
method. Although the apertures placed on a BLS material are 
generally significantly smaller than the apertures in e.g. 
chassis, the underlying physics, and hence the resulting 
models remain usable in all cases. 

The dual VIRC [23] is a structure that provides easy, 
quick, and cost effective SE measurements. Due to its 
vibrating walls, it allows the modes to be stirred effectively 
and efficiently [23]. In this paper, the SE of various BLS 
materials using the dual VIRC is presented in the framework 
of the IEEE P2716. Appropriate mounting of the materials 
before SE measurements is briefly discussed. Additionally, an 
examination of various apertures on the interface of the two 
chambers of the dual VIRC is conducted in order to observe 
the effect of the openings in the coupling of the two cavities. 
The investigation aims at the better understanding of the 
coupling through small apertures and is very briefly 
discussing its inclusion on the definition of SE.  

The structure of the paper is as follows. The measurement 
procedure is presented in Section II with a brief description of 
the dual VIRC setup and the materials under test (MUTs). 
Section III presents the results of the investigation on the 
available BLS materials and apertures along with discussion 
and future suggestions. Finally, Section IV concludes the 
paper. 



II. MEASUREMENT METHOD 

A. Dual VIRC setup 

This paper focuses on measurements that were conducted 
using the dual VIRC setup operating in the frequency range of 
300 MHz to 18 GHz [24]. The dual VIRC setup consists of 
two identical VIRCs combined via a common wall with an 
open aperture that forms the interface between them. The 
transmitting VIRC (TX-VIRC) is used for generating an EM 
field and the receiving VIRC (RX-VIRC) is used to detect 
signals [24]. This particular setup makes it possible to achieve 
a very high dynamic range (DR) up to 120 dB [24], without 
the application of an amplifier [25]. The MUT is well mounted 
in a hatch, which is placed in the aperture between the two 
VIRCs [24]. The dimensions of the depicted VIRCs are 1.5 m 
x 1.3 m x 1 m, made of conductive fabric [26] and mounted in 
two metal frames by means of spiral rings [24]. Two small DC 
motors move the flexible walls such that the modes inside to 
be stirred and the EM environment to be randomly polarized, 
isotropic and spatially uniform. This allows to capture any sort 
of leakage though the MUT, not only the direct component 
perpendicular to the MUT surface, but also the energy leaked 
in the other angles caused by diffraction on the apertures, 
gaskets, or soldering.  

Two discone antennas [27] used  upto 1 GHz and two horn 
antennas used from 1 GHz to 18 GHz are placed in the two 
chambers - one of each in the transmission and receiving 
VIRC. The antennas are connected to feed-through connectors 
installed on the common wall. These are connected to a signal 
generator and a spectrum analyzer, both connected to a laptop 
(Fig. 1) [28]. The currently applied setup uses a specifically 
designed software with the LabVIEW program to record the 
maximum measured values for each measured frequency. 

The frequency steps are 5 MHz from 200 MHz to 1 GHz 
and 50 MHz from 1 GHz to 18 GHz. In order for the SE to be 
defined by using the dual VIRC method, many calculating 
techniques have been proposed and examined in the past [24]. 
In this work, SE is calculated according to 

  SE = 10 log( 
𝑃rx,ns

𝑃rx,s
)        (1) 

where 𝑃rx,s,  is the measured power in the RX-VIRC with 

sample in place, and 𝑃rx,ns is the power measured in the same 

VIRC without the sample in place [20]. Hence,  in order of the 
SE of the BLS materials to be calculated, two measurements 
are required:  

a) Measurement without MUT 
b) Measurement with MUT 

 

 

Fig. 1. Schematic of the dual VIRC setup 

B. Materials under test 

As mentioned in Section I, the MUTs used in this paper 
were supplied from IEEE P2716 [10]. There were six 
available PCBs with various sized apertures. It should be 
noted, that these PCBs were specifically designed for these 
experiments as one of the purpose of the research was the 
investigation of appropriate mounting of the BLS materials on 
them. Even though these materials represent small cavities 
with a missing wall, they are measured as planar materials. As 
the 6th wall is removed, the materials are characterized by their 
ability to shield the energy transmitted on them. The aim of 
this approach is to focus on the characterization of the 
shielding properties of each material and define a common 
parameter that could be efficient to define and compare the SE 
of these types of materials. Of course, once mounted on a PCB 
with a ground plane, the shielding properties become 
effectively different, as potential resonances are expected 
inside this newly created cavity, although this analysis is 
outside of the scope of this paper. The effect of efficient 
mounting is however briefly discussed in the results section. 
The six available BLS were soldered on the apertures of the 
PCBs in order for them be evaluated on their shielding 
performance. The available BLS materials and PCBs can be 
seen in Fig. 2. As can be seen from the figure, the BLS 
materials varied in dimensions and design as e.g. some of 
them contained holes (BLS1 and BLS4). An example of a 
PCB and a BLS material placed for SE measurements can be 
seen in Fig. 3. The SE of the BLS materials was measured 
based on the energy penetrating only through them. Therefore 
the measurements of the PCBs with the apertures were taken 
as 𝑃rx,ns for calculating the SE of the BLS materials according 

to (1).  Furthermore, the effect of coupling through the empty 
apertures with various dimensions was analyzed using the 
available PCBs with respect to the reference opening of 
10 mm x 10 mm. The dimensions of the PCBs and BLS 
materials examined in this paper are shown in Table 1. 

 

 

Fig. 2. BLS materials and corresponding PCBs 

 

Fig. 3. PCB1 and BLS1 under test 

MUT 



TABLE I.  THE MUT DIMENSIONS. THE APERTURE IN THE PCB IS 

ALWAYS THE SAME AS THE SIZE OF THE CORRESPONDING MUT. 

Frame BLS Dimensions 

PCB1 34 mm x 15 mm 

PCB 2 47 mm x 38 mm 

PCB 3 25 mm x 6 mm 

PCB4 27 mm x 27 mm 

PCB 5 26 mm x 26 mm 

PCB6 56 mm x 56 mm 

III. RESULTS AND DISCUSSION 

This section is concentrated on presenting the SE 
performance of the available BLS samples. Additionally, a 
brief discussion is conducted on the importance of appropriate 
mounting of the BLS materials on their according PCBs 
before performing a SE measurement. Finally, a presentation 
of the behavior of different dimensions of apertures is shown 
with a discussion on the effect of the apertures on the coupling 
of the two cavities of the dual VIRC. 

First, a comparison of all the MUTs can be seen in Fig. 4. 
The available MUTs, as mentioned in Section II varied in size 
and design. The aim of the SE results of the available BLS 
samples is to observe and understand further the definition of 
board level shielding with respect to IEEE P2716. As 
mentioned before, the measurements for each material were 
conducted using the corresponding aperture on the PCBs as a 
measurement without MUT and then the case of the mounted 
BLS on the PCBs as the measurement with MUT (Fig. 3). 
Therefore, the SE levels depicted in Fig. 4 represent only the 
behavior of the BLS materials according to each MUT’s 
corresponding aperture. As can be observed in Fig. 4, all the 
MUTs present a similar behavior below 1 GHz. The 
differences in the levels of SE are observed to be correlated to 
the sizes of the available samples. Above 1 GHz, the SE 
deviations between the MUTs are noticeable as the spread of 
the results is larger. From the available MUTs, BLS1 and 
BLS4 contained small holes, which are usually used for 
ventilation purposes. It is interesting to observe that both these 
MUTs present a similar SE level up to around 6 GHz, after 
which they start to deviate notably. The deviation can be a 
result of inappropriate mounting as during the measurement 
procedure BLS4 was mounted upside down. It could be also a 
result of the different nature of materials. It should be noted 
though, that in the case of materials containing holes, the 
material properties are less significant, as the effect of 
apertures is dominant when it becomes comparable to the SE 
[3]. Additionally, BLS5 exhibits a comparable behavior with 
BLS1 and BLS4 up to 6 GHz, and presents the highest SE 
performance of all BLS materials up to 18 GHz. The similar 
behavior of BLS5 and BLS4 can be explained due to the fact 
that BLS5 was only 1 mm x 1 mm bigger than BLS4. This 
observation possibly implies that the size of the BLS affects 
the SE results obtained using equation (1) even though each 
BLS sample was normalized to its corresponding PCB 
aperture. Except from BLS4, during the preparation of the 
measurements, BLS6 was also incorrectly mounted on its 
according PCB6. This might be the reason that it deviates the 
most from all the other MUTs. From the high variability of the 
results in a setup that has previously been shown to deliver 
very repeatable results [24], it can be concluded that the SE of 
the materials depends highly on the human factor and the 

appropriate mounting on to the in-between interface. This is 
an important parameter that needs to be under consideration 
while conducting experiments and thus it is also one of the 
investigations taking place via the round robin test of the IEEE 
P2716. Through this project and the different SE measuring 
techniques, questions that are drawn during the SE 
measurements of the BLS materials referring to appropriate 
mounting of board level shielding can be more easily 
understood or come closer to an answer. Additionally, it 
should be mentioned that all the SE measurements of the BLS 
materials were conducted with respect to their corresponding 
apertures. If the reference aperture was bigger than the MUT, 
it is not clear what the shielding behavior of them would be. 
So far, the characterization of SE depends highly on the 
available sample with respect to an equally sized aperture. 
Larger reference measurements can influence the SE. There 
have been discussions on the inclusion of aperture effects in 
reverberation chambers [19] but it should be further 
investigated, especially in a structure as the dual VIRC, which 
presents the advantage of symmetry compared to the other 
methods and thus allows to potentially significantly simplify 
the analysis due to the equality of the quality factors and 
volumes on both sides. Additionally, the shielding 
performance of the BLS materials should be tested in an actual 
case in the future for a better understanding of the shielding 
mechanisms. 

 

Fig. 4. Comparison of the available BLS materials  

 

Fig. 5. Comparison of PCBs with various sized openings 



Before the materials were mounted on the PCBs, 
measurements were conducted with the different apertures of 
the boards in order to observe the effect of the aperture 
between the two chambers and their coupling. As mentioned 
in section II, an opening of 10 mm x 10 mm was taken as the 
measurement without MUT. The results of this investigation 
can be seen in Fig. 5. In this graph, all the PCBs seem to 
present a comparable behavior of curves. Highest level of SE 
presents the PCB with the smallest aperture (PCB3) while the 
lowest levels are presented by PCB6, as expected. However, 
as it is observed from the graph, the SE of the apertures in high 
frequencies is not 0 dB, as it would be anticipated e.g. in free 
space. Depending the size of aperture, the SE levels vary. The 
definition of SE is widely researched over the last years, 
especially in reverberant environments [19]. Therefore, a 
wider investigation towards this direction applied in the dual 
VIRC incorporating the effect of the apertures is necessary.  

IV. CONCLUSION 

Due to the rapidly developed technologies and numerous 
wireless applications over the last years, there is high interest 
towards the SE performance of BLS materials. In this paper 
and in the framework of IEEE P2716 various sized BLS 
materials were put under test using the dual VIRC. Results had 
shown high variability on SE levels depending on their sizes, 
sufficient or insufficient mounting as well as their overall 
material properties. Aim of this research and IEEE P2716 is 
to come closer on understanding board level shielding along 
with the parameters that could be crucial while conducting 
such SE measurements. The dual VIRC method seems to be 
an efficient way to measure the SE of these types of materials, 
but it surely needs further investigation on the effect of 
apertures during such measurements. 
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