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A Gasket-Free Electromagnetic Shielding Structure
for 2.4-GHz and 5-GHz Bands Using Cascaded

Dual-Behavior SIW Resonators
Satoshi Yoneda , Yasuhiro Shiraki, Yuichi Sasaki, and Chiharu Miyazaki

Abstract—Various types of electromagnetic shielding structures
for specific frequency band have been reported in recent years.
A gasket-free electromagnetic shielding structure using folded
quarter-wavelength substrate integrated waveguide (FQ-SIW) res-
onators for 2.4-GHz band is one of them. In the structure, SIW
resonators of different resonant frequencies in 2.4-GHz band are
cascaded and positioned on inner walls of a gap. The structure
is almost free of deterioration since contact-type gaskets are not
used. In this paper, a gasket-free electromagnetic shielding struc-
ture for 2.4-GHz and 5-GHz bands using cascaded dual-behavior
(DB) SIW resonators is proposed and evaluated. A DB-SIW res-
onator consists of two FQ-SIW resonators sharing one coupling
slot and has two almost-independent resonant frequencies in the
two bands. The design results showed attenuation characteristics
at the two bands, and the configuration was miniaturized by 4%
compared with conventional cascaded FQ-SIW resonators. Shield-
ing effectiveness (SE) was also evaluated, and the measured results
showed more than 20-dB improvement of SE near the two bands,
though frequency shifts were observed.

Index Terms—2.4-GHz band, 5-GHz band, electromagnetic
analysis, gasket-free electromagnetic shielding structure, shield-
ing effectiveness (SE), substrate integrated waveguide (SIW) res-
onator, wireless local area network (WLAN).

I. INTRODUCTION

A S WIRELESS local area network (WLAN) devices us-
ing 2.4-GHz and 5-GHz bands have been developed and

widely spread in recent years, the risks of radio-wave interfer-
ences and information leakage have sometimes become prob-
lematic. A shielded enclosure is a common and conventional
solution, which basically consists of metal walls and shielded
doors using contact-type conductive gaskets. However, commu-
nication devices using other frequency bands such as cell phones
are not available inside, since shielding effectiveness (SE) of the
shielded enclosure is continuous in frequency. To realize both
SE at WLAN bands and usage of cell phones, a shielded room
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having frequency selectivity is required. For this requirement,
various types of shielding structures have been developed and
reported.

For walls and windows of the shielded room, frequency selec-
tive surface (FSS) is a standard solution [1]–[9]. FSS basically
consists of planar periodic conductive patterns fabricated on
a dielectric substrate, and mainly works as a kind of a band
stop filter at resonant frequencies of the elements. The FSS is
usually designed for decreasing electromagnetic wave whose
direction of propagation is almost perpendicular to the surfaces
of the walls or the windows. For examples, square-loop peri-
odic elements are used in [1] to obtain SE at 2.4-GHz band,
two different-sized “four-legged loaded” elements are used in
[2] to obtain narrower bandwidth, full and split ring elements
with varactor diodes and surface mount resistors are used in [3]
to obtain reconfigurable SE at 2.4-GHz band, two-layered loop
and square elements are used in [4] to obtain wide-band SE at
7.5–16.2 GHz, and convoluted square loop elements with six
meander peaks on each arm are used on opaque walls in [5] to
obtain narrow SE within 1.5–2.5 GHz. Moreover, a combina-
tion of rings, loops, and slot elements are used in [6] to obtain
either a reject or passband single-layer filter at 2.4 and 5.2 GHz
for Wi-Fi applications, five resonant elements are used in [7] to
obtain SE at 2.4, 3.5, 4.5, and 5.5 GHz for the security purpose
in mobile communication, two-layered conductive and resistive
FSSs are used in [8] to obtain low-profile configuration and SE
at 5 GHz, and periodic double ring strip FSSs are used in [9] to
obtain SE at 2.45- and 5.4-GHz bands.

A shielded room usually has a shielded door, where a gap
exists between the door and the door frame. Conductive gaskets
are generally applied for realizing SE at the gap. The conduc-
tive gaskets are usually contact-type that electrically connect
the shielded door and the door frame when the door is closed.
Though relatively high SE can be realized by applying them,
their SE is continuous in frequency and they are not suitable
for realizing SE at specific frequency bands. Since high contact
pressure is required to obtain high SE, an ordinary simple door
configuration is usually not applicable. Furthermore, through
the opening and closing operations of the door, aged deteriora-
tion mainly caused by metal fatigue is inevitable, and periodic
maintenance is necessary. Aged deterioration caused by corro-
sive environments is reported in [10], and the reliability of a
conductive gasket is assessed by using a TEM cell in [11] or
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TABLE I
COMPARISON OF THE RFERRED SHIELDING STRUCTURES

a stripline setup in [12]. Several types of conductive gaskets
in environmentally worst-cases are modeled and their SE are
estimated and compared with simulated results in [13].

Some gasket-free shielding structures applicable for the gap
of the shielded door and the door frame are reported [14]–[16].
Since the structures are not contact-type, the high contact pres-
sure is not needed even when the door is closed. Therefore,
an ordinary simple door configuration is applicable, and more-
over, they are almost free of the aged deterioration. In [14],
several kinds of magnetic materials, called magnetic absorbers,
are positioned on the inner walls of the gap and measured re-
sults showed 15-dB improvement of SE in a wide frequency
band from 100 MHz to 2.5 GHz. As other gasket-free shielding
structure for the gap, ones using substrate integrated waveguide
(SIW) resonators are reported [15], [16]. An SIW resonator is
a kind of a resonant cavity embedded in a dielectric substrate
by conductive patterns and via holes [17] and has been widely
applied for high-frequency microwave applications. In the struc-
tures, SIW resonators are arranged in a cascaded configuration
and placed on inner walls of a gap. The structure works as a
kind of a band stop filter at the resonance frequencies of the cas-
caded SIW resonators. A double-sided substrate is applied for
SIW resonators used in [15] to obtain SE at 12–16 GHz, and a
multi-layered substrate is applied for folded quarter-wavelength
(FQ) SIW resonators used in [16] to obtain SE at 2.4-GHz band
with practical size. Basically, the configurations reported in [15]
and [16] can obtain SE at one frequency band. Therefore, ad-
ditional cascaded SIW or FQ-SIW resonators are required to
obtain SE at multi-bands, 2.4-GHz and 5-GHz bands of WLAN
for example.

The shielding structures referred above are compared in
Table I, showing their applicable areas and frequency ranges, as
well as frequency selectivity. Some other shielding techniques
are reported in [18]–[20]. Magnetic materials are used to miti-
gate the magnetic field leaked from the joint parts of a shielded
enclosure at several kHz up to several hundreds of kHz, and
showed 20-dB improvement of SE [18]. Alternatives to conduc-
tive gaskets are studied in [19], and experimental results showed
that grounding points or lossy materials can be used instead of

Fig. 1. Simplified configuration of the gasket-free shielding structure.
Cascaded SIW resonators are placed on the inner walls of the gap.

conductive gaskets below 1 GHz, if no more than 30 dB of SE
is needed. A door-less access passage to a shielded enclosure is
studied in [20], where some design rules and limitations of the
passage are presented.

In this paper, a gasket-free shielding structure for 2.4-GHz
and 5-GHz bands using cascaded dual-behavior (DB) SIW res-
onators is proposed and evaluated. A DB-SIW resonator consists
of two FQ-SIW resonators sharing one coupling slot and has two
almost-independent resonant frequencies. A prototype structure
for 2.4-GHz and 5-GHz bands was designed by EM-analysis us-
ing an eight-layered FR4 substrate. The design results showed
attenuation characteristics at 2.4-GHz and 5-GHz bands, and the
configuration had 4% miniaturized size compared with cascaded
FQ-SIW resonators having the same resonant frequencies. Two
fabricated substrates were placed on the inner walls of a gap.
Two antennas connected to a two-port network analyzer were
placed to face each other across the gap, and SE of the struc-
ture were evaluated by measuring the transmission coefficients
between the antennas with and without the substrates. The mea-
sured results showed more than 20-dB improvement of SE near
the two bands, though some frequency shifts were observed.
From the EM-analysis results after the measurements, it was
cleared that the main reason for the frequency shifts was likely
to be the manufacturing error in the size of the via holes.

II. CONFIGURATION

Fig. 1 shows a simplified configuration of the gasket-free
shielding structure. Cascaded SIW resonators are embedded in
substrates placed on the upper and lower inner walls of the gap.
When an electromagnetic wave propagates through the gap,
each SIW resonator resonates at its own resonant frequency,
and propagation is suppressed at the frequency. As a result, the
structure works as a kind of a band stop filter at the resonant
frequencies, thus SE at the specific frequency bands can be real-
ized [15]. Fig. 2 shows a cascaded configuration of conventional
SIW resonators. The surfaces of the substrate are covered with
conductive patterns except for coupling slits, and the coupling
slits and via-hole arrays are placed alternately along the direc-
tion of propagation. At each SIW resonator, the coupling slit is
positioned at the center, and the distance between the via-hole
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Fig. 2. Cascaded configuration of conventional SIW resonators. The distance
between the via-hole arrays at each SIW resonator is half-wavelength at its own
resonant frequency.

Fig. 3. Cross-sectional view of an FQ-SIW resonator. The inner path is folded
in a multi-layered configuration, and its total length is quarter-wavelength at the
resonant frequency.

Fig. 4. Cross sectional view of a DB-SIW resonator. The resonator has two
independent inner paths, and two almost-independent resonant frequencies.

arrays is half wavelength at its resonant frequency. In the case
of applying this resonator at 2.4 GHz using an ordinary FR4
substrate, the half-wavelength becomes almost 30 mm, hence it
is difficult to realize the cascaded configuration of the conven-
tional SIW resonators with practical size. An FQ-SIW resonator
is one of the solutions for this problem. Fig. 3 shows a cross-
sectional view of an FQ-SIW resonator, where the inner path is
folded in a multi-layered configuration and the total length of the
path is a quarter wavelength at the resonant frequency. Since the
distance between the via-hole arrays of an FQ-SIW resonator is
much smaller than that of a conventional SIW resonator, it be-
comes possible to realize the cascaded configuration of FQ-SIW
resonators for 2.4-GHz band with practical size [16].

Fig. 5. E-fields at two resonant frequencies. Total length of the inner path 1 is
quarter wavelength at the resonant frequency f1 , while that of the inner path 2 is
quarter wavelength at the resonant frequency f2 . (a) At the resonant frequency
f1 . (b) At the resonant frequency f2 .

Fig. 4 shows a cross-sectional view of a DB-SIW resonator
that consists of two FQ-SIW resonators sharing one coupling
slit. Note that an interstitial via hole (IVH) is positioned un-
derneath the coupling slit. As shown in the figure, a DB-SIW
resonator has two independent inner paths, and hence, has two
almost-independent resonant frequencies as well. Fig. 5 shows
E-fields at the two resonant frequencies. At a resonant frequency
f1 , when the total length of the inner path 1 is equal to a quar-
ter wavelength, the intensity of the E-field is the highest at the
coupling slit and the lowest at the end of the inner path 1 as
shown in Fig. 5(a). At another resonant frequency f2 , when the
total length of the inner path 2 is equal to a quarter wavelength,
the intensity of the E-field is the highest at the coupling slit as
well and the lowest at the end of the inner path 2 as shown in
Fig. 5(b).

A configuration of cascaded two FQ-SIW resonators has also
two independent inner paths. However, compared with the cas-
caded two FQ-SIW resonators, miniaturization can be expected
in a DB-SIW resonator since one coupling slit is removed by
integrating two coupling slits into one.

III. DESIGN PROCESS

To design cascaded DB-SIW resonators for 2.4-GHz band
(2.35–2.55 GHz) and 5-GHz band (5.10–5.80 GHz), a design
process for a single DB-SIW resonator must be cleared first.
Resonant frequencies of the DB-SIW resonator, f1 and f2 , can
be roughly estimated by

di =
1

N − 1

(
c

4fi
√

εr

)
(i = 1, 2) (1)

where d1 and d2 are the distance between a via hole and an IVH
of each inner path, N is the number of conductor layers in the
multi-layered configuration, εr is the relative dielectric constant
of the substrate, and c is the speed of light. Since this equation
is just for a rough estimation, the more accurate equation is
preferable for the design process. To improve the accuracy, an
EM-analysis and a numerical approximation are applicable.

Fig. 6 shows the EM-analysis model of a 1st-order DB-SIW
resonator. A gap is modeled by a thin vacuum box of 3-mm
height and 0.8-mm width, and note that the sidewalls are de-
fined as magnetic walls which work as symmetric boundaries.
Eight-layered FR4 substrates [εr : 4.3, tan δ: 0.016, thickness:
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Fig. 6. EM-analysis model of a 1st-order DB-SIW resonators. DB-SIW
resonators are placed on the upper and lower inner wall of the gap.
(a) Perspective view. (b) Cross-sectional view.

0.4 mm (dielectric layers), 18 μm (conductive layers)] are placed
on the upper and lower inner walls of the gap, and one DB-SIW
resonator is embedded in each substrate. The diameters of via
holes and IVHs are 0.4 mm, their pitch is 0.8 mm, and the short-
est distance from the hole-edge to the pattern-edge is 0.2 mm.
The distances between the via-holes and the IVH along the di-
rection of propagation are defined as d1 and d2 , and width of
both the coupling slit and slits of the inner-conductive layers
are 0.2 mm. Port 1 and Port 2 are defined at the edges of the
gap, and the electromagnetic wave propagating through the gap
is modeled by a vertically excited E-field at Port 1. In the EM-
analysis results of this model, S21 forms attenuation poles at
resonant frequencies of the DB-SIW resonators.

The initial values of d1 and d2 can be roughly estimated
from (1). For examples, by substituting f1 = 2.35 GHz and
f2 = 5.10 GHz into (1), d1 = 2.2 mm and d2 = 1.0 mm were
obtained. From this result, d1 = 2.2 mm and d2 = 1.0 mm were
chosen as initial values. Fig. 7(a) shows the EM-analysis result
of S21 with these initial values, indicating that d1 and d2 should
be increased since f1 and f2 are higher than expected. From
the EM-analyses with increased d1 from 2.2 mm, it was clear
that f1 became almost 2.35 GHz when d1 = 2.6 mm. Fig. 7(b)
shows the EM-analysis result of S21 with d1 = 2.6 mm and d2
= 1.0 mm, showing f1 = 2.35 GHz. Note that the attenuation

Fig. 7. EM-analysis results of S21 . f1 = 2.35 GHz and f2 = 5.1 GHz were
almost obtained with d1 = 2.6 mm and d2 = 1.4 mm. (a) d1 = 2.2 mm,
d2 = 1.0 mm (initial values. (b) d1 = 2.6 mm, d2 = 1.0 mm). (c) d1 = 2.6 mm,
d2 = 1.4 mm.

pole at 7 GHz can be comprehensible as a harmonic response
of f1 . In the same way, from the EM-analyses with increased
d2 from 1.0 mm whereas d1 is fixed to 2.6 mm, it was cleared
that f2 becomes almost 5.1 GHz when d2 = 1.4 mm. Fig. 7(c)
shows the EM-analysis result of S21 with d1 = 2.6 mm and d2
= 1.4 mm, showing that both f1 = 2.35 GHz and f2 = 5.1 GHz
are almost obtained.

Before deriving the design equations, the independency of f1
from d2 and f2 from d1 should be confirmed. Fig. 8 shows an
extracted f1 and f2 from the EM-analysis results with d1 varied
from 2.0 mm to 3.0 mm and d2 varied from 1.0 mm to 2.0 mm.
Since f1 is well stable against d2 and f2 is also well stable against
d1 in the figures, the independency was confirmed within 2.0 mm
� d1 � 3.0 mm and 1.0 mm � d2 � 2.0 mm. From this result,
d1(f1) can be derived as an approximated equation of the EM-
analysis results with d1 varied from 2.0 mm to 3.0 mm and
d2 fixed to 1.4 mm. In the same way, d2(f2) can be derived as
an approximated equation of the EM-analysis results with d2
varied from 1.0 mm to 2.0 mm and d1 fixed to 2.6 mm.

Fig. 9 shows the EM-analysis results and the approximated
equations of d1(f1) and d2(f2). In the approximating process, a
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Fig. 8. Extracted f1 and f2 from EM-analysis results with d1 varied from
2.0 mm to 3.0 mm and d2 varied from 1.0 mm to 2.0 mm. Both f1 and f2 are
well stable in the figures. (a) Extracted f1 . (b) Extracted f2 .

1st-order linear equation of 1/fi (i = 1, 2) was applied for the
equations from the rough estimation (1), and the least square
method was applied. The obtained equations were

d1 (f1) = 5.20
1

f1 [GHz]
+ 0.37 [mm] (2)

d2 (f2) = 5.35
1

f2 [GHz]
+ 0.34 [mm] . (3)

The approximated equations correlate well with the EM-
analysis results, hence, the 1st-order expression of 1/fi

(i = 1, 2) would be sufficient for the design equation in this
case.

A cascaded configuration of DB-SIW resonators can be
designed by cascading DB-SIW resonators having resonant
frequencies in each shield band. Before designing the indi-
vidual DB-SIW resonator, the order number of the cascaded
configuration must be determined. The permitted length of the

Fig. 9. EM-analysis results and approximated equations of d1 (f1 ) and d2 (f2 ).
The approximated equations, (2) and (3), correlate well with the EM-analysis
results. (a) d1 (f1 ). (b) d2 (f2 . ).

configuration along the direction of propagation was 50 mm
this time. The DB-SIW resonator with f1 = 2.35 GHz and f2 =
5.10 GHz has the largest d1 and d2 , and d1 = 2.58 mm and d2 =
1.39 mm can be obtained from (2) and (3) for these frequencies.

The size of the largest DB-SIW resonator along the direction
of propagation is then 3.97 mm, which is the sum of d1 and
d2 . By comparing this size with the permitted length of 50 mm,
the order number of the cascaded configuration was estimated
to be 12. By the 12th-order cascaded configuration of DB-SIW
resonators, 12 independent resonant frequencies within both
2.4-GHz and 5-GHz bands can be designed.

Fig. 10 shows the EM-analysis model of the 12th-order
cascaded DB-SIW resonators. Twelve DB-SIW resonators
(#1–#12) are cascaded along the direction of propagation and
placed on the upper and lower inner walls of the gap. Note
that the side walls are defined as magnetic walls that work as
symmetric boundaries same as the model shown in Fig. 6(a).
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Fig. 10. EM-analysis model of the 12th-order cascaded DB-SIW resonators.
12 DB-SIW resonators are cascaded along the direction of propagation.

TABLE II
f1 , f2 , d1 , AND d2 OF THE DESIGNED DB-SIW RESONATORS

The 12 resonant frequencies within each shield band were
selected to have equal frequency intervals in each shield band.
Table II shows f1 , f2 , d1 , and d2 of the DB-SIW resonators,
where d1 and d2 were obtained from (2) and (3). For a compar-
ison, 24th-order cascaded FQ-SIW resonators having the same
24 resonant frequencies on Table II were also designed by the
design process in [16] using the same substrate. Fig. 11 shows
the EM-analysis results of S21 of the two designed configura-
tions, demonstrating that attenuation characteristics at 2.4 GHz
and 5 GHz bands are achieved by both configurations and that
the two results are comparable. The total length along the direc-
tion of propagation were 45.79 mm for the 12th-order cascaded
DB-SIW resonators, and 47.82 mm for the 24th-order cas-
caded FQ-SIW resonators. These results indicate that the
cascaded DB-SIW resonators can realize attenuation charac-
teristics comparable to that of the cascaded FQ-SIW resonators
with a configuration 4%-miniaturized along the direction of
propagation.

IV. EXPERIMENTAL RESULTS

The designed cascaded DB-SIW resonators were fabricated
and SE was evaluated. Fig. 12 shows a measurement system for

Fig. 11. EM-analysis results of S21 of the two designed configurations.
Attenuation characteristics at 2.4-GHz and 5-GHz bands are achieved by both
configurations and two results are comparable.

Fig. 12. Measurement system for evaluating SE. The gap is located on the
wall of a shielded chamber.

Fig. 13. Cross-sectional view of the gap. Two fabricated substrates are affixed
to L-shaped fixtures fixed on the wall of the chamber.

evaluating SE. Tx and Rx antennas are positioned to face each
other across the gap of 200 mm × 3 mm aperture size located on
the wall of a shielded chamber. The Tx antenna is placed outside
the chamber at 1 m away from the wall and connected to Port 1 of
a network analyzer. On the other hand, the Rx antenna is placed
inside the chamber at 1 m away from the wall and connected to
Port 2 of the network analyzer. With this measurement system,
SE can be evaluated by measured results of the transmission
coefficient, S21 . Fig. 13 shows a cross-sectional view of the
gap, and Fig. 14 shows the gap seen from the Tx- and the Rx-
antenna sides. Two fabricated substrates are affixed to L-shaped
fixtures of the copper plate by conductive double-sided tape,
and the fixtures are fixed on the wall of the chamber. At the
space between the Tx antenna and the gap, the electromagnetic
wave propagates with TEM mode. At the aperture of the gap, the
electric field between two long sides of the aperture is excited by
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Fig. 14. Gap seen from the Tx and the Rx antenna sides. Aperture size of the
gap is 200 mm × 3 mm. (a) Tx-antenna side. (b) Rx-antenna side.

Fig. 15. Fabricated substrate of cascaded DB-SIW resonators. 12 DB-SIW
resonators are cascaded along the direction of propagation in 45.79 mm.

Fig. 16. Measured result of S21 of free space, the gap without the substrates,
and the gap with the substrates.

the electromagnetic wave. Therefore, the dominant mode of the
electromagnetic wave inside the gap is TE mode. At the space
between the gap and the Rx antenna, the electromagnetic wave
propagates with TEM mode again. Fig. 15 shows the fabricated
eight-layered FR4 substrates whose dielectric constant and other
parameters are the same as those used in the EM-analyses in the
design process.

Fig. 16 shows the results of S21 measured in free space,
and through the gap with or without the substrates. The mea-
sured frequency range is 1–8 GHz with the frequency interval
of 5.6 MHz. SE can be evaluated by defining the measured S21
of free space as a reference. Fig. 17 shows SE of the gap with
and without the substrates. The measured result showed more

Fig. 17. Measured result of SE of the gap without the substrates, and the gap
with the substrates. The measured result of S21 of free space in Fig. 15 is defined
as 0-dB reference.

TABLE III
FREQUENCY SHIFTS CALCULATED FROM THE EM-ANALYSIS RESULTS

than 20 dB improvement of SE near the two bands, though some
frequency shift was observed.

A cause of the frequency shift must become clear for the
practical use of this configuration, and the cause can be extrap-
olated by comparing the EM-analysis and the measured results.
The lowest resonant frequency of the cascaded DB-SIW res-
onators in 5-GHz band was designed to be 5.1 GHz as shown in
Table II. In the measured results, however, the lowest resonant
frequency in 5-GHz band which is indicated by the lowest at-
tenuation pole in 5-GHz band was 5.6 GHz. Thus, from these
two frequencies, the frequency shift in the measured results can
be estimated as +9.8%. This frequency shift could have been
caused by manufacturing errors: (a) dielectric constant (4.3 ±
0.1), (b) width of the slits (0.2 ± 0.03 mm), and (c) diameter
of via holes (0.4 ± 0.1 mm), for examples. Potential frequency
shifts due to these manufacturing errors can be estimated by EM-
analysis. Fig. 18 shows the EM-analysis results of the 1st-order
DB-SIW resonators considering each of these manufacturing er-
rors. The DB-SIW resonator indicated as #1 in Table II is used
in the model (d1 = 2.58 mm and d2 = 1.39 mm). Table III shows
the frequency shift calculated from the resonant frequencies in
5-GHz band of the EM-analysis results. Compared with the
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Fig. 18. EM-analysis results of the 1st-order DB-SIW resonators considering
three manufacturing errors using the resonators indicated as #1 in Table I.
(a) Dielectric constant (4.3 ± 0.1). (b) Width of the slits (0.2 ± 0.03 mm).
(c) Diameter of via holes (0.4 ± 0.1 mm).

frequency shift of the measured results, it can be inferred that
the main reason for the frequency shift was the manufacturing
error of the diameter of via holes.

V. CONCLUSION

A gasket-free electromagnetic shielding structure for
2.4-GHz and 5-GHz bands using cascaded DB-SIW resonators
is proposed and evaluated in this paper. A DB-SIW resonator
consists of two FQ-SIW resonators sharing one coupling slot,
and has two almost-independent resonant frequencies. In the
structure, DB-SIW resonators having resonant frequencies in
both 2.4-GHz and 5-GHz bands are cascaded along the direc-
tion of propagation and placed on the inner walls of a gap.
The structure works as a kind of a band stop filter at the reso-
nance frequencies of the cascaded DB-SIW resonators. For its
non-contact configuration, it has mainly two advantages: an or-
dinary simple door configuration is applicable and being almost
free of aged deterioration.

A configuration for 2.4-GHz and 5-GHz bands was designed
with an eight-layered FR4 substrate according to the design

process based on an EM-analysis and a numerical approxima-
tion. As a result, 12th-order cascaded DB-SIW resonators was
designed with a size of 45.79 mm along the direction of propa-
gation, and the EM-analysis result showed attenuation charac-
teristics at the two bands. Prototype substrates were fabricated
and SE of the shielding structure was evaluated. The measured
result showed more than 20 dB improvement of SE near the two
bands, though some frequency shift was observed. From the
EM-analysis results considering some manufacturing errors, it
was inferred that the main reason for the frequency shift was the
manufacturing error of the diameter of via holes.
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