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ABSTRACT: Two compact substrate-integrated waveguide (SIW) filters with hybrid coupling of eighth-mode substrate integrated waveg-
uide (EMSIW) resonators and microstrip are proposed in this paper. Hybrid coupled filters were achieved by etching two half-wavelength
microstrip resonators (BPF I) or two quarter-wavelength microstrip resonators (BPF II) on the top of traditional second-order EMSIW
filters. The topology of the two filters was analyzed. Due to the cross coupling between resonator 1 and resonator 4, two transmission
zeros were achieved outside the band of BPF I, which increased the selectivity of the filter. Due to the mixed electromagnetic coupling
between resonator 2 and resonator 3, a transmission zero is realized in the stopband of BPF II. To confirm the validity of the two filter
models, two filters were designed, produced, and measured. Based on the findings of the measurements, the central frequency of BPF 1 is
recorded at 7.7 GHz, with a fractional bandwidth (FBW) of 18.2%. The insertion loss (IL) within the passband is minimal at 0.8 dB, and
the size of the filter is only 8 mm * 4 mm (0.53 )4 % 0.26\4). The filter exhibits enhanced out-of-band suppression due to the presence of
two transmission zeros located at frequencies of 6.4 GHz and 10 GHz. The center frequency of BPF Il is 19.5 GHz,; the FBW is 20.5%;
the IL within the passband is only 0.49 dB; and the size of the filter is only 2 mm * 2mm (0.34)\, * 0.34)\). As a result of the mixed
electromagnetic coupling effects, a transmission zero occurs at a frequency of 26.7 GHz. The simulation outcomes are consistent with the
experimental findings. Compared with other reported SIW filters, the two filters introduced in this study exhibit favorable characteristics
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such as reduced insertion loss and compact dimensions.

1. INTRODUCTION

ubstrate integrated waveguides are frequently employed in

the development of high-performance filters due to their fa-
vorable characteristics, including reduced loss, elevated quality
factor, and straightforward integration [1-3]. However, com-
pared to filters with microstrip resonators, SIW filters have no
advantage in size. In recent years, with the advancement of sys-
tem integration technology, communication systems have be-
come increasingly compact [4, 5]. The large size of SIW filters
has hindered their widespread application. Therefore, there is
a need for research focused on miniaturizing SIW filters.

The multi-layer SIW filter based on processes such as micro-
electromechanical system (MEMS) and low-temperature co-
fired ceramics (LTCC) is an effective method for miniaturiza-
tion. This method achieves smaller dimensions by increas-
ing the number of metal conductor layers. In [6], a compact
SIW filter utilizing LTCC technology was suggested. The fil-
ter achieves a small size by stacking six cavities on a three-
layer substrate. The volume of the filter is 7 * 3.8 * 1.2mm?
(0.65Xg * 0.35Xg * 0.11)\¢), which is smaller than single-layer
SIW filters. In [7], a folded ridge integrated waveguide (FR-
SIW) was proposed based on the multi-layer printed circuit
board (PCB) process by folding the traditional ridge integrated
waveguide (RSIW). The size of the filter is 0.35), * 2.41),
Where ), is the guided wavelength in the dielectric substrate.

* Corresponding author: Luyao Tang (tangluyao613@163.com).

doi:10.2528/PIERC24111701

167

In [8], a compact SIW filter is proposed by folding a quarter-
mode SIW cavity using MEMS technology. The filter’s frac-
tional bandwidth is 9%, with an IL of 2.7 dB, and dimensions
measuring 0.736, * 0.736\, * 0.028)\,. In [9], a miniatur-
ized ridge SIW filter using a two-layer substrate was proposed.
This specific design leads to a decrease in size by 62% in com-
parison to the conventional SIW filter. Although multi-layer
SIW based on multi-layer technology can significantly reduce
the size of filters, it is not suitable for single-layer substrates.
Utilizing SIW non-holonomic mode resonators proves to be
a successful approach in facilitating the miniaturization of SIW
filters. The electromagnetic field distribution characteristics of
SIW remain consistent when the SIW is bisected along its sym-
metrical plane, owing to the symmetrical nature of the electro-
magnetic field distribution within the SIW structure. Based on
this principle, half-mode substrate integrated waveguide (HM-
SIW), quarter-mode substrate integrated waveguide (QMSIW),
and EMSIW were proposed and used in the design of filters
[10-12]. In [13], two miniaturized filters were proposed using
QMSIW and EMSIW. In [14], a compact filter based on EM-
SIW resonator was proposed, featuring an IL of 2.53 dB and
physical dimensions 0f 0.55A,%0.65). In[15], a compact SIW
filter utilizing HMSIW was proposed, with an IL of 1.57 dB and
asize of 0.84); % 0.45),. In[16], a fourth-order SIW filter was
developed using QMSIW. To decrease the insertion loss of the
filter, a shielding configuration was incorporated surrounding
the QMSIW resonator. The filter exhibits an IL of 0.63 dB,
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with dimensions 0.76 g *0.43\g. The size of SIW filters using
non-holonomic modes is smaller than traditional SIW filters,
but filters employing non-holonomic mode SIW resonators of-
ten exhibit higher insertion loss.

Loading structures or materials that modify the distribution
of electromagnetic fields on SIW resonators is also an effec-
tive method for miniaturizing SIW filters. In [17], a miniatur-
ized filter was achieved by loading four complementary split-
ring resonators (CSRRs) on SIW, with an IL of 1.96dB and
a size of 0.756\; * 0.57),. In [18], a compact SIW filter
with dimensions of 0.31), * 1.18)\, was designed by periodi-
cally etching distinctive electromagnetic bandgap elements on
the SIW. In [19], the isolation of electric and magnetic fields
was accomplished by incorporating metalized through holes
within the substrate of the SIW to induce a slow-wave phe-
nomenon, leading to a 40% decrease in the longitudinal dimen-
sion of the SIW. In [20], a filter was designed by combining the
SIW and defected ground structures (DGS). The IL of the filter
is measured at 0.8 dB, with the dimensions of the filter being
0.57Xg * 1.0TA,,.

The use of dual-mode or multi-mode resonant structures can
achieve the miniaturization of filters. In [21], a third-order
SIW filter with metal hole perturbation is proposed. This de-
sign incorporates perturbations in the form of metal holes at
the center of the SIW, which results in the adjustment of the
resonator’s fundamental mode towards the secondary mode,
thereby generating the passband for the filter. The IL of the
filter is 2.2 dB, and the filter size is 0.72\g * 0.72)g. In [22], a
low-loss Ka-band LTCC filter based on a multimode SIW res-
onator was proposed. Four mode couplings were formed in-
side the cavity through perturbations through metal via holes.
The IL of the filter is 0.8 dB, while the size is only 0.64)\3.
In [23], a compact dual-band SIW filter was proposed using
a perturbation structure. In [24], Multimode resonance is at-
tained through the incorporation of a set of through-hole distur-
bances and two variations of slotted lines to regulate the con-
vergence of modes. A compact dual-band SIW filter was pro-
posed utilizing a multi-mode resonator. The utilization of dual-
mode/multimode technology often involves coupling multiple
resonant modes within a single resonator, thereby reducing the
number of resonators and achieving miniaturization. However,
dual-mode/multi-mode resonant perturbation techniques typi-
cally shift the fundamental mode frequency close to the sec-
ondary mode, which diminishes the miniaturization effect of
this method.

Recently, hybrid coupling structures combining SIW and
planar microstrip structures have been used to achieve minia-
turization of SIW filters [25,26]. In [27], A fourth-order SIW
filter was developed by employing a hybrid configuration that
combines SIW with microstrip resonators. Cross coupling was
introduced using microstrip resonators, and two transmission
zeros were introduced outside the band, which improved the
selectivity of the filter. The filter exhibits an IL of 1.42 dB and
has physical dimensions of 0.9)\g * 0.56\y. In [28], a com-
pact third-order filter structure combining SIW and stripline
was proposed. The stripline resonator is positioned within two
substrate integrated waveguide cavities, enabling an increase
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in the filter’s order without necessitating additional physical di-
mensions. In contrast to the conventional third-order SIW filter,
the dimensions of this filter have been decreased by 33%.

Numerous techniques for reducing the size of SIW filters
have been suggested; however, the dimensions of SIW filters
continue to be relatively larger in comparison to microstrip fil-
ters. The development of SIW filters that are both compact in
size and have minimal insertion loss continues to present no-
table difficulties. In response to the miniaturization problem
of SIW filters, this paper proposes two novel compact hybrid
SIW filter structures combining EMSIW and microstrip res-
onators. Two microstrip resonators are embedded in two EM-
SIWs, achieving fourth-order resonator hybrid coupling with-
out requiring additional space. These structures exhibit low
insertion loss, wide bandwidth, high selectivity, and compact
size.

The subsequent sections of this article are structured in the
following manner. In the second section, two fourth-order hy-
brid filters are designed. These filters are composed of half-
wavelength microstrip resonators or quarter-wavelength mi-
crostrip resonators combined with two EMSIWs. In the third
section, two compact filters are manufactured, measured, and
compared with other miniaturized SIW filters, demonstrating
the advantages of the filter structure proposed in this paper. Ul-
timately, the fourth section of the document provides the con-
clusion.

2. FILTER DESIGN AND ANALYSIS

The two compact SIW filters in this article are both realized on
a single-layer alumina substrate with a thickness of 0.254 mm
and a relative dielectric constant of 9.9. These filters consist
of two EMSIW resonators and two half-wavelength microstrip
resonators or two quarter-wavelength microstrip resonators. In
contrast to the resonant cavity based on SIW, the resonant cavity
utilizing EMSIW technology has undergone a reduction in size
by 87.5%. Figure 1 illustrates the electric field distribution in
the conventional SIW, HMSIW, QMSIW, and EMSIW cavities
resonating under the main mode TEq;.

EMSIW

QMSIW

FIGURE 1. Electric field distribution of SIW, HMSIW, QMSIW, and
EMSIW.
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FIGURE 2. The structure of the filter based on EMSIW and half-wavelength microstrip resonators (BPF I).

The resonant frequency of the EMSIW cavity can be esti-
mated by the following equation [29]:
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where frg,,, is the resonant frequency of T'F19; mode, and
c represents the speed of light in vacuum. g, and €, are the
relative magnetic permeability and relative dielectric constant
of the substrate. a.y and be represent the edge lengths of the
equivalent resonant cavity. a and b represent the initial dimen-
sions of the EMSIW, while h represents the thickness of the
substrate. d and p refer to the diameter of the metalized through-
hole and the distance between the centers of adjacent through-
holes, while Aw represents the impact of the equivalent mag-
netic wall edge field.

2.1. BPF Using EMSIW and Half-Wavelength Microstrip Res-
onators (BPF I)

Figure 2 illustrates the configuration of the suggested SIW fil-
ter, which is constructed using EMSIW and half-wavelength
microstrip resonators. It consists of two EMSIW resonators and
two half wavelength microstrip resonators embedded within the
EMSIW. L in the structural parameters of the EMSIW res-
onator is equal to half of parameter a as described in Equation
(2), while h represents the thickness of the substrate. This filter
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achieves the coupling of four resonators and has only the size
of a second-order EMSIW filter, which is 50% smaller than
the size of a conventional fourth-order EMSIW resonator. The
filter is connected to the source and load through tap feeding.
For testing convenience, the microstrip tap is converted to a
Ground Signal Ground (GSG) tap. R1, R2, R3, R4 represent
the four resonators that make up the filter, where R1 and R4 are
EMSIW resonators, and R2 and R3 are microstrip resonators.
The filter topology provides two signal transmission paths: path
one goes from R1 to R2 to R3 and then to R4, while path two
goes directly from R1 to R4. The two transmission paths above
achieve cross-coupling, offering the potential to introduce finite
transmission zeros outside the band.

R1 and R2 are coupled through direct contact, while the cou-
pling between R2 and R3 consists of parallel microstrip lines.
Simulate and analyze the electromagnetic coupling between
four resonators using high frequency simulator software. Fig-
ure 3(a) illustrates the magnetic field distribution coupling be-
tween R1 and R2. The magnetic field at the connection between
the EMSIW resonator and the microstrip resonator is strong, the
main coupling between R1 and R2 is magnetic coupling. The
coupling strength between R1 and R2 is related to parameter
S12. Figure 3(b) shows the coupled electric field distribution
between R2 and R3, where energy transfer between the two
microstrip resonators is mainly achieved through electrical cou-
pling. The coupling strength between R2 and R3 is determined
by the spacing So3 between the resonators. The coupling be-
tween R1 and R4 is primarily magnetic, and the magnitude of
the coupling coefficient between R1 and R4 is influenced by
the inductance of Lg.

The topology of the SIW filter based on EMSIW and half-
wavelength microstrip resonators is shown in Figure 4. S/L
represents the source and load of the filter, while (). is the exter-
nal ) factor used to characterize the coupling between S/L and
R1/R4. The value of (). is related to the position of the tap. £;;
represents the coupling strength between resonator ¢ and res-
onator j. The center frequency of the hybrid structure EMSIW
band-pass filter proposed in this paper is 7.7 GHz, with a FBW
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FIGURE 3. Electromagnetic field distribution between resonators. (a) Magnetic field distribution between R1 and R2. (b) Electric field distribution

between R2 and R3.
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R1,R4: EMSIW resonator; R2,R3: Microstrip resonator
S/L: Source/Load; Qe: External Q-factor

+: Magnetic coupling; -: Electric coupling
ki2,k23,ks4,k1s: Coupling coefficients

FIGURE 4. The topology of the filter based on EMSIW and half-
wavelength microstrip resonators.

of 18.2%. According to the coupling matrix extraction method
[30], the external @) factor can be extracted as (). = 4.43. The
coupling matrix M can be formulated as represented in Equa-
tion (5).

0 0.996 0 0
0.996 0 0.747 0
M= 0 0.747 0 0.996 ©)

0 0 0.996 0

The coupling coefficients (k12, k23) can be calculated from
entries of M:

ki = mia - FBW (6)
ko3 = mao3 - FBW (7

Combining Equations (6)—(7) with the FBW of the filter to
be designed, k12 = 0.181 and k23 = 0.136 can be obtained.
According to formulas (1)—(4), the structural parameters of R1
can be preliminarily determined. Subsequently, the Eigenmode
simulation in High frequency simulation software can be used
to fine-tune the structural parameters of R1 to achieve a reso-
nant frequency of 7.7 GHz. The structural characteristics of R2
may be ascertained by considering the central frequency and
substrate properties. The electric field distribution of R1 and
R2 is shown in Figure 5.
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The coupling coefficient between EMSIW resonator and
half-wavelength microstrip resonator, and the coupling coef-
ficient between half-wavelength microstrip resonators are cal-
culated using formula (6)—(7). The variable k15 denotes the
coupling coefficient between R1 and R2, dependent on the pa-
rameter S1o. Similarly, ko3 signifies the coupling coefficient
between R2 and R3, determined by the parameter So3. The
diagram illustrating the interconnection between resonators is
presented in Figure 6.

The coupling coefficient can be determined by utilizing
Equation (8).

f3— 1t
SR ®
where f1 and f; respectively represent the coupling frequency
between two coupled resonators. The relationship between f;
and f5 is determined by the following equation:

Jo=+f1*fa ©)

Figure 7 and Figure 8 show the coupling coefficients k;2 and
ks3. According to the coupling coefficient curve, as the param-
eter Spo increases, the coupling coefficient k15 increases, while
the coupling coefficient ko3 decreases with the increase of the
coupling distance Sa3. The coupling coefficients k1o = 0.181
and k23 = 0.136 can be derived from the coupling matrix.
Comparing the coupling coefficient with the coupling curves
in Figure 7 and Figure 8, the structural parameters of the filter
were determined as S12 = 1.92mm and So3 = 0.1 mm. The
external () factor is used to characterize the coupling relation-
ship between the source/load and R1/R4. The external () factor
of the filter is influenced by the placement of the input and out-
put taps, while the Q. of the filter is related to the parameter
ma. The external @) factor of the filter can be obtained using
formula (10).

TS11 (fO)ﬂ-fO

Qe: 2

(10)
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FIGURE 5. Simulation of electric field distribution in EMSIW resonator and half-wavelength microstrip resonator.

|
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FIGURE 6. Coupling between resonators. (a) Coupling between EMSIW and half wavelength microstrip resonators. (b) Coupling between half

wavelength microstrip resonators.
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FIGURE 7. The coupling coefficient ki2.

The relationship curve between the external ) factor and mx
is shown in Figure 9. Combined with the Q). = 4.43 of the
filter, the parameter maz = 2.2 can be obtained.

All structural parameters of the filter were obtained using the
methods described above. Considering parasitic effects, the de-
signed filter was fine tuned to obtain the structural parameters
of the filter, as shown in Table 1. According to the simulation
results, the center frequency of the filter is 7.7 GHz, the FBW
is 18.2%, and the minimum in band IL is 0.57 dB. As a result of
the cross-coupling, there are two transmission zeros at 6.3 GHz
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FIGURE 8. The coupling coefficient k23.

and 10 GHz outside the filter band. The attenuation levels for
out-of-band signals are measured at —28.4 dB at 6.3 GHz and
—48.6dB at 10 GHz.

2.2. BPF Using EMSIW and Quarter Wavelength Microstrip Res-
onators (BPF I1)

The structure of BPF 1II is shown in Figure 10. It consists of
two EMSIW resonators and two quarter-wavelength microstrip
resonators. This filter is comprised of two additional quarter-
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FIGURE 9. External Q-factor simulation of filters.

TABLE 1. Dimensions of BPF I (unit: mm).

Wo | Wi | Lo | L1 | L2 Ls Ly
0.08 | 0.21 4 1.4 | 1.68 | 1.64 | 0.28
Ls Lg Si12 | Sz | mx L~
024 | 2.2 1.92 | 0.1 2.2 | 0.69

wavelength microstrip resonators etched onto a second-order
electrically coupled EMSIW filter to create a fourth-order res-
onator coupling. The two etched microstrip resonators can en-
hance the bandwidth and suppression of the filter without in-
creasing its size. The filter uses a GSG form tap for feeding.

The topology of BPF II is shown in Figure 11. R1 and
R3 in the topology represent two EMSIW resonators, while
R2 and R3 represent two quarter-wavelength microstrip res-
onators. The two microstrip resonators in the EMSIW res-
onator are coupled through the end of the quarter-wavelength
resonator, and the coupling strength varies with Si5. Two
quarter-wavelength microstrip resonators are coupled through
parallel microstrip lines, and the coupling strength between the
two quarter-wavelength microstrip resonators is related to the
spacing So3.

ko ka3 ka4

0. 0.
O —~)——)

R1,R4: EMSIW resonator; R2,R3: Microstrip resonator
S/L: Source/Load; Qe: External Q-factor
kiz,k23,k34,k14: Coupling coefficients

Main coupling Path  ======= Mixed coupling

FIGURE 11. The topology of BPF II based on EMSIW and quarter-
wavelength microstrip resonators.

The desired center frequency for the BPF II under design is
19.5 GHz, accompanied by a bandwidth of 4 GHz. By combin-
ing the center frequency fo = 19.5, the structural dimensions of
each resonator can be preliminarily obtained through formulas
(D—4).

Using the same design process as BPF I, the coupling co-
efficients between resonators are extracted through eigenmode
simulation. The correlation between R1 and R2 is denoted by
the coupling coefficient k15, which is associated with the scat-
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FIGURE 10. SIW filter structure based on EMSIW and quarter-
wavelength microstrip resonators (BPF II).

tering parameter S12. The coupling coefficient between R2 and
R3 is represented by ko3, which is related to So3. The coupling
coefficient between resonators is shown in Figure 12. The ex-
ternal () factor of the filter is related to the tap position. Figure
13 shows the curve depicting the relationship between the ex-
ternal () factor and the parameter mz.

The center frequency of BPF II is 19.5 GHz, with a band-
width of 4 GHz. The coupling matrix M can be formulated
as represented in Equation 11. According to formulas (1)—(4),
k]g = k34 = 0225, k23 = 0.168 and Qe = 3.57. By com-
paring the coupling coefficient curve with the external () factor
curve, the structural dimensions of BPF II can be obtained as
shown in Table 2.

0 0.996 0 0

0.996 0 0.747 0
M= 0 0.747 0 0.996 (1)
0 0 0.996 0

TABLE 2. Dimensions of BPF II (unit: mm).

Wi | Wa | Ws Ly Lo Lj
0.1 | 0.1 | 0.1 2 1.42 | 0.46
Ly | mz | Si2 | Sos | d P
0.7 | 0.8 | 0.39 | 0.09 | 0.2 0.4

According to the simulation results, the filter’s central fre-
quency is 19.5 GHz, with a bandwidth of 4 GHz and a minimum
IL of 0.22 dB within the band. Due to the mixed electromag-
netic coupling between R2 and R3 [31], there is a transmission
zero at 26.6 GHz outside the filter band. The out-of-band sup-
pression system at 26.6 GHz is —53.8 dB.

3. EXPERIMENT AND VERIFICATION

To validate the proposed filter structures, two hybrid coupled
EMSIW filters were fabricated using thin film technology. Fig-
ure 14(a) shows a prototype photo of a filter coupled with
EMSIW and half-wavelength microstrip resonators. The size
of BPF I is 8mm * 4mm (0.53\, * 0.26),). Figure 14(b)

Www.jpier.org
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FIGURE 12. Coupling coefficient extraction. (a) Extracted coupling coefficient k12 for Si2. (b) Extracted coupling coefficient ko3 for Sas.
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FIGURE 14. Prototype photo of filters. (a) Photo of BPF 1. (b) Photo of
BPF II.

shows a prototype photo of a filter coupled with EMSIW and
quarter-wavelength microstrip resonators. The size of BPF Il is
2mm * 2mm (0.34)\, % 0.34),). The probe station and vector
network analyzer were utilized for the measurement of the two
filters that were suggested. The measurement photos of the two
filters proposed in this article are shown in the Figure 15.

The comparison of EM simulation and measurement results
of EMSIW mixed coupling with half-wavelength microstrip
resonators is shown in Figure 16. The passband of this fil-
ter is 7GHz—8.4 GHz, with a FBW of 18.2%. The mini-
mum IL in the band is 0.8 dB. Two transmission zeros were
achieved at 6.4 GHz and 10 GHz, with an out-of-band rejection
of —24.6 dB at 6.4 GHz and 46.6 dB at 10 GHz.
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FIGURE 16. Comparison between Simulation and Measurement Re-
sults of BPF I.

The comparison of EM simulation and measurement results
of mixed coupling between EMSIW and quarter-wavelength
microstrip resonators is shown in Figure 17. The passband of
this filter is 17.5 GHz-21.5 GHz, with a FBW of 20.5%. The
minimum IL in the band is 0.49 dB. A transmission zero point
has been achieved at 26.7 GHz, and the suppression at 26.7 GHz
is —43.8 dB. The correlation between the measured Sy; param-
eters and the simulation outcomes is satisfactory. However, the
measured in-band return loss has shown a decline relative to
the simulated values. The two filters discussed in this study
are fabricated utilizing thin film technology. This technology
offers a processing accuracy of +2 um for graphical elements,
with minimal impact on filter performance. Conversely, the ac-
curacy of hole positioning in the thin film process is £30 um,
indicating that any positional deviations of the metal through-
holes within the filter can adversely affect its in-band return
loss. A simulation was conducted to assess the effects of vary-
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TABLE 3. Comparison with other STW filters.

—-—- Simulated S,
Simulated S,

pling of EMSIW resonators and microstrip resonators. In con-

Ref. fo FBW  IL(dB) Order Number of TZs Size Technology
[13] 7.95 21.4% 1.59 3 1 0.73)g % 0.74);,  QMSIW + Microstrip
[15] 10.71 10% 1.57 3 2 1.25A4 *0.67Agy  HMSIW + Microstrip
[17] 2295  11.76% 1.96 4 2 0.76y * 0.57Ag SIW + CSRR
[20] 6.18 8.1% 0.8 3 0 1.06Ag * 0.56 4 SIW + DGS
[27] 11.51 6.78% 1.42 4 2 1.33Mg % 0.83)¢ SIW + Microstrip
[28] 9.96 7.43% 1.52 4 2 1.38Xg * 0.69), SIW + Stripline
[32] 102.07 3.5% 1.58 5 1 218Xy * 1.54), SIW + TSV
[33] 10 11.3% 0.9 3 1 0.65Ag % 0.95) SIW + Stripline
[34] 9.99 10.9% 0.87 4 2 1.18Xg ¥ 0.57 Ay SIW + Microstrip
BPF I 7.7 18.2% 0.8 4 2 0.53X4 % 0.26)\, SIW + Microstrip
BPF 11 19.5 20.5% 0.49 4 1 034X, * 0.34)g SIW + Microstrip
N J— — 4. CONCLUSIONS
10%% N ﬁ:ﬁﬁiﬁi 2: This article presents two compact SIW BPFs with hybrid cou-
2041

S-parameters (dB)
vy
<2

40
.50
-60+—— . . . .
10 15 20 25 30
Frequency (GHz)
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sults of BPF II.

— 8, [Hole offset: 10pm]
—-= 8, [Hole offset: 20 um]

Lo
(= e -

-301

A
S
n

S-parameters (dB)

t
S
;

oy
S

15 20 25
Frequency (GHz)

10 30

FIGURE 18. The impact of hole position inaccuracies on the filter.

ing through-hole offsets on filter performance, with the results
illustrated in Figure 18. The findings indicate that as the off-
set of the hole position increases, the in-band return loss of the
filter deteriorates.

Table 3 provides a comparative analysis of the two compact
EMSIW hybrid coupled filters introduced in this study with pre-
viously reported SIW filters. The results indicate that the hybrid
coupled SIW filters proposed in this article have lower insertion
loss and smaller size.
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trast to conventional SIW resonators, EMSIW resonators offer
the benefit of reduced size. The method of etching microstrip
resonators on EMSIW resonators increases the order of the fil-
ter without increasing its size, which is advantageous for filter
miniaturization. In addition, there is cross coupling or mixed
electromagnetic coupling between the filters, which results in
transmission zeros out of the band, enhancing the selectivity of
the filters. The two SIW filters that were proposed demonstrate
favorable characteristics of minimal insertion loss and compact
dimensions, rendering them well-suited for integration within
RF microsystems utilized in satellite communication, as evi-
denced by experimental and measurements.
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