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Improving Shielding Effectiveness of a Rectangular
Metallic Enclosure with Aperture by Using Printed
Dog-bone Dipole Structure
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Abstract — In this paper, theelectromagneticshielding results of
both numerical and experimental models of an enclosure with a
printed dog-bone dipole antenna inside are considered. This
printed structure is placed inside the enclosure in order to
improve the protective function of the enclosure. The impact of
this structure on values of shielding effectiveness of the enclosure
is analyzed, especially at the first resonance of the enclosure. In
order to obtain the optimal results, the printed structure position
inside the enclosure is changed in three parallel positions.
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1. INTRODUCTION

At resonant frequencies, the shielding metal enclosure can
indicatevery low or even negative values of the shielding
effectiveness (SE) [1]. Consequently, the resonant frequencies
of the enclosure can be critical since they might compromise
the useful frequency range in which electromagnetic (EM)
shielding is provided. Therefore, several techniques were
implemented to improve the shielding properties. For
instance, in [2] an extra aperture as a matched load instead of
a shorted waveguide was proposed by using TLM
(Transmission Line Matrix) method. Paper [3] combined
MoM and FEM methods for EM field distribution to
determine the effect of the aperture size of a loaded enclosure
with PCB(s) inside. Also, SE can be improved by using
conductive foam, or absorbers [4], [5]. Furthermore, the
composite materials based on nanotechnology [6],
metamaterial structure [7] and a frequency-selective surface
[8] can be employed as damping techniques.The enclosure can
be coated with composite material or can be made of that
material [9].

More related to this work, in [10] a simple strategy was
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proposed to suppress the first resonance in a metal
enclosureby putting small antenna elements with loaded
resistance.It was shown that placing a small dipole or loop
antenna structure on the enclosure wall opposite to the
enclosure aperture can improve the enclosure SE. The
effective length of this printed structure was chosento match
the enclosure’s first resonant frequency. Numerical study,
based on this research, was carried out in [11], to further
investigate this strategy.

In this paper, the impact of the printed dipole dog-bone
antenna inserted in the shielding metal enclosure with a
rectangular aperture is consideredboth numerically and
experimentally from the viewpoint of the shielding
effectiveness of enclosure. The dog-bone antenna structure,
with the dimensions designed to influence the first enclosure
resonance, is printed on an epoxy substrate which is placed
inside the enclosure in three positions parallel to the aperture
wall. Numerical and experimental SE results of the enclosure
are obtained by using a receiving-monopole antenna.

II. NUMERICAL TLM WIRE MODEL

Anumerical modeling technique,called the TLM method
[12], is employed in this paper. The TLM method has been
enhanced with a number of different compact models to allow
an efficient modelling of EM important features [12]-[14]. For
modelling an antenna inside enclosure whose purpose is to
measure the EM field level and distribution, the compact wire
model is the most appropriate. It is based on wire segment
incorporated into the Symmetrical Condensed Node (SCN).
The SCN with wire segment is running in z-direction is shown
in Fig. 1. The impedances of additional wire network link and
short-circuit stub lines depend on used space and time-step
discretization, and also on per-unit length wire capacitance
and inductance [14]. Two-way coupling between signal in the
z-directed wire circuit and external EM field described by
pulses in transmission line network of SCN (marked bold in
Fig. 1) is achieved through points A and B. In considered
case,the wire is connected to the ground via resistor R. The
induced current on the wire, due to external EM field,
generates voltage on the resistor R, loaded at wire base,
allowsmeasuringthe level of EM field.

The considered metal enclosure is shown in Fig. 2. It is
rectangular, with internal dimensions of (300x400x200) mm’
and an aperture of dimensions (50 x 10) mm? is positioned
symmetrically around the center on the frontal wall. Material
from which the enclosure is made of is copper. Thickness of
the enclosure walls is # = 2 mm, while the frequency range of



interest is from 400 MHz to 2 GHz. The monopole-receiving  the monopole-receiving antenna and dog-bone dipole inside,
antenna with radius of 0.1 mm and length of 100 mm, made of  without the aperture wall. The printed dog-bone structure has
copper, is placed in the middle of the enclosure. Excitation a SMD resistor of R=47 Q due to the practical reasons.

source is vertically polarized incident plane wave. The The measurement processes are performed in a semi-
characteristics of the enclosure, i.e., its geometry, dimensions  anechoic room by using the spectrum analyzer with tracking
and aperture shape, the excitation source, the monopole generator and the SPIKE Software for computer with Intel
antenna position and its length are assumed to be as in [1]. processor 15, as depicted in Fig. 4. A transmitting dipole
antenna was a Vivaldi dipole antenna while a receiving
antenna was an in-house monopole antenna.
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Fig. 3. The dog-bone dipole structure in physical metal enclosure
Fig. 1. The SCN wire segment in z-direction is terminated with the

resistor R to the ground plane [1]

UWSB Vivaldi antenna, RFSPACE, . Model dimensions : 300 x 400 x 200 mm;
Type: UWB2, 600-6000MHz
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Fig. 2. Anumerical shielding metal enclosure with aperture has the
printed dog-bone dipole structure and receiving-monopole inside

The dog-bone antenna structure, with dimensions which are Fig. 4. The measuring configuration used in a semi-anechoic room
designed to influence the first enclosure resonance,is printed
on an epoxy substrate which is placed inside the enclosure in
three positions parallel to the aperture wall. The effective
length of the printed dog-bone dipole structure corresponds to
the first resonant frequency of the enclosure [10], which ) ) ) ) )
occurs at 625 MHz [1]. The effective length of the printed I this section, we discuss the impact of printed dog-bone
dipole is /=240 mm, with strip width and thickness of 5 mm  dipole structure in enclosure on the SE value at the first
and 35 pm, respectively. The dog-bone dipole is loaded with epclosure resonance. The printed structure is placed in three
a resistor R. The epoxy substrate has dimensions of different positions inside the enclosure, at 150 mm, 100 mm
(115 x 230) mm® with thickness of 1.6 mm, and relative and 50 mm from the enclosure center, respectively. Both
permittivity &= 4. numerical and experimental analyses are conducted in order to

improve effectiveness of the enclosure.
In the first scenario, the epoxy substrate with the printed
III. EXPERIMENTAL PROCEDURE AND PHYSICAL dog-bone structure is placed in the center of the enclosure
MODEL wall, opposite to the aperture wall of the considered model
(see Fig. 3). The enclosure is excited with an incident plane
According to the numerical model, the physical one is  Wwave vertically polarized in z-direction by using the Vivaldi
realized with the same internal dimensions and material. The dipole as a transmitting antenna, while in the center of the
dog-bone dipole is realized on the epoxy substrate by using  enclosure the monopole-receiving antenna is placed. Fig. 5
photolithographic technique. Fig. 3 illustrates the physical illustrates the comparative analysis of the numerical and
enclosure which is used in experimental measurements, with ~ experimental results for the whole observed frequency

IV. DISCUSSION OF NUMERICAL AND
EXPERIMENTAL RESULTS
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range.The numerical curves results are labelled as Empty_sim
for the empty enclosure, Monopole_sim for the enclosure with
monopole-receivingantenna and Dog-bonefirl 150mm for the
case with dog-bone on the wall opposite to the aperture wall,
in presence of the receiving-monopole in the center. The
experimental analyses are labelled: Monopole meas for the
case with receiving in-house monopole, Dog-bone
frl 150mm_measis related to receiving in-house monopole
and the printed dog-bone structure,as presented in Fig. 3. It
can be observed that both simulated and measured results
have a very good match. A narrow frequency range, from 400
MHz to 800 MHz, is shown in Fig. 6 since it is important for
observing the SE values occurred at the first resonance of the
enclosure. It is evident that the monopole-receiving antenna
inside enclosure creates some perturbation. Consequently, the
position of the first resonance is shifted toward the lower
frequencies in comparison to the empty enclosure, which is
analyzed in detail in [1]. It can be observed that the SE results
for the first resonance is higher for about 20 dB in comparison
to the empty enclosure. In Table I, the SE values at the first
resonant frequencies are provided for all considered cases.

TABLEI
THE SE VALUES AT THE FIRST ENCLOSURE RESONANCE

Dog-bone fri_sim | fr;_meas | SE_sim[MHz] | SE_meas
structure [MHz] [MHz] [dB]
fr1_150mm | 582.025 | 575.923 26.11 22.99
fr1 100mm | 578.631 | 559.894 25.74 27.87
fr1_50mm 523.286 | 536.091 35.92 29.35
Empty 624.365 | - -2.22 -
Monopole 583.045 | 582.632 24.41 20.99
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Fig. 5. The SE of enclosure with a printed dog-bone structure placed
at 150mm from the enclosure center and with receiving monopole.

The second scenario is conducted for the numerical model
with the same printed dog-bone structure which is now shifted
50 mm from the internal enclosure wall toward the enclosure
center. In other words, the dog-bone structure is placed
100 mm from the center of enclosure to the wall which is
opposite to the aperture wall. Fig. 7 illustrates the numerical
SE curves obtained for Dog-bone fri 100mm and
Monopole sim are quite similar. For the experimentally
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measured results, the SE measured curve for the second dog-
bone scenario is shifted toward lower frequencies, at the first
resonant frequency, in comparison to the Monopole meas and
the first dog-bone scenario. Also, the SE values at the first
resonance and around resonance increase in contrast to the
resonance of the empty enclosure.
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Fig. 6.The frequency range around the first resonant frequency for
scenario as in Fig. 5
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Fig. 7. The first resonance SE peaks for the second dog-bone
scenario, enclosure with monopole antenna and the empty enclosure.

In the third scenario, we put the printed dog-bone dipole at
position of 50 mm from the enclosure centermrc4. In Fig. 8 it
can be observed that the third dog-bone dipole gives the most
significant improvement in comparison to other two scenarios.

Fig. 9 gives the measured SE characteristics for the three
dog-bone dipole scenarios. Table I shows the values of the
first resonant frequencies and the amplitudes for all three
scenarios. It is clear that the third scenario has the most
prominent suppression. The improvement in the suppression
of the SE amplitude at the resonance is significant,
(35.92-(-2.22)) dB = 38.14 dB for Dog-bone fri 50 compared
to the empty enclosure, and the level of
(35.92-24.41) dB = 11.51 dB for Dog-bone frl 50 compared
to the enclosure with monopole. It should be noted that these
data are given for numerical analysis. In addition, the
measurements related to dog-bone structure are consistent
with the corresponding numerical analyzes and, according to



the perturbation theory, this is expected impact of the body
placed into the resonator.

Dog-bone fr1_50_sim
80 Dog-bone fr1_50_meas|]|
Monopole_sim
Monopole_meas
60 A - Empty_sim 1
g SN >
o 40 ‘I\‘\V‘ '\\\.\ |2 73‘\;_ _____
7] N N
3/‘:(/ e o
20 v\
Ay
7777777 \
!
0 :
400 500 600 700 800
Frequency (MHz)

Fig. 8. The first resonance SE peaks for the third dog-bone scenario,
enclosure with monopole antenna and the empty enclosure.
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Fig. 9. The measured first resonance SE peaks for the three dog-bone
scenarios in the enclosure.

V. CONCLUSION

To increase the SE level of the shielding enclosure,
especially at the first resonance frequency, a printed dog-bone
structure, with dimensions which are designed to influence the
first enclosure’s resonance, is put inside the enclosure.lt has
been shown that this structure may improve the SE around
30dB. Also, there might be a resonance frequency shift of
around 90MHz.Further research can be related to finding the
appropriate printed dipole structure with dimensions and
shape which can be adequate for suppressing the first three
enclosure resonances.Also, we will analyze the case for
another receiving antennawhich creates less perturbation of
EM field distribution inside an enclosure,e.g. a dipole antenna

[1].
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