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ABSTRACT: A Dual-band Half Mode Substrate Integrated Waveguide (HMSIW) filter at 4.88 and 6.42GHz are shown. Defective Mi-
crostrip Structure converts the HMSIW’s high-pass response to bandpass. Circular Complementary Split Ring Resonator splits the wide
passband to give the filter dual characteristics. The out-of-band properties are improved by using a DS-OCSRR-shaped Defected Ground
Structure (DGS). PCB technology is used to build and test the filter using an RT Duroid 5880 substrate with 1.6mm thickness. The
measured and simulated values match. Good skirt selectivity, insertion loss of 1.5/1.42 dB, fractional bandwidths of 9.42% and 6.7%,
and return loss profile of 21 dB in both passbands characterize the dual-band filter. The filter is small, measuring 0.86λg × 0.37λg at
4.88GHz.

1. INTRODUCTION

The filters play a crucial part in satellite communication sys-
tems. The quality of these filters has a huge impact on

the performance of the entire system. The advancement of the
communication systems brings forth more design challenges to
the filter researchers. In the recent time, dual/multiband filters
are in great demand in satellite communication because non-
adjacent channels are communicated to the uniform terrestrial
area through a single beam. Substrate Integrated Waveguide
(SIW) filters, fusion of both planar and non-planar technology,
are attractive because of their light weight, low loss, high per-
formance and compact size [1–4]. SIW circuit footprint is more
comparable to that of microstrip circuits operating at frequen-
cies below 10GHz. The footprint of the filter component can
be reduced using the Folded SIW [5, 6], Half Mode SIW ap-
proach [7–10], andQuarterMode SIW [11]. Various techniques
are used to developmultiband SIW filters. Themost commonly
used method utilizes several coupling pathways between the in-
put and output ports by cascading numerous individual band fil-
ters [12]. In [13], a centre line feeding technique with a by-pass
coupling is used to provide narrowband SIW band-pass filter
response. Also, higher order modes are utilized to achieve high
quality factors. A fourth order quasi-elliptic filter is developed
using slot coupling and microstrip cross coupling in the SIW
cavity [14]. Even though this technique seems simple, it results
in bulkier filter size.

* Corresponding author: Jayabalan Sam Suresh (samsureshjayabalan@gmail
.com).

Another technique to achieve multiband operation is by us-
ing multimode resonators. In [15], TE102 and TE201 are res-
onated to achieve third order directly coupled dual-band filter
and fourth order cross coupled dual-band filter. In [16], two
degenerate modes of SIW and another resonance by Comple-
mentary Split Ring Resonator (CSRR) is utilized resulting in
a wide passband. Regrettably, this technique does not fit for
multiband filters with relatively separated passbands. Also, to
achieve smaller frequency ratio, the circuit size must be com-
promised.
A further technique is to split a wide passband into multi-

ple bands by inserting transmission zeros (TZs). In [17], a low
pass filter is combined with two open stub resonators which
creates TZs. The number of stubs determines the number of
TZs. In [18], a wideband X/Ku band SIW filter is developed by
etching T slots on the top plane. The slots create TZs into the
wide passband, thus generating band-pass filter (BPF). In [19],
E-shaped Defected Ground Structures (DGSs) connected face
to face provide band notch creating a TZ in the high frequency
SIW BPF. However, it is challenging for the above filters to
get higher order and better passband responses because of the
restrictions in the design procedures. In [20], a dual-band HM-
SIW filter is reported. The filter consists of dual cavity res-
onators coupled by means of E-shaped slots. Varactor diode is
used for tuning the bands. Even though the filter has low loss
and tunability, it lacks in selectivity. In [21], dual bands are
generated using slot lines and HMSIW resonators. In [22], con-
ventional CSRRs and stepped impedance CSRRs are utilized to
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FIGURE 1. (a) HMSIW structure. (b) Single slot engraved on the top plane. (c) Two slots engraved on the top plane. (d) CSRR etched between
the slots. (e) Single DS-OCSRR DGS on the bottom plane. (f) Dual DS-OCSRR DGS on the bottom plane (All dimensions in mm, LSIW = 26,
Lf = 6.5,WHM = 11.5, p = 2, d = 1, Ls = 7.45,Ws = 0.5, Gs = 7.5,Wf = 4.9, GDGS = 8.46).

generate dual-band responses. The filter possesses tunability
feature. However, the bands are still not close enough.
A narrow dual-band Half Mode Substrate Integrated Waveg-

uide (HMSIW) BPF with closely spaced passbands and a broad
stopband is created in this work. Miniature circuits useHMSIW
construction. Slot lines on the top plane of the HMSIW struc-
ture operate as a Defective Microstrip Structure (DMS) to pro-
vide TZs in its high-pass filtering response. Etching CSRR be-
tween DMS slot lines splits the wide passband into two bands.
Engraving the Double Split Octagonal CSRR (DS-OCSRR)-
inspiredDGS on the ground plane improves out-of-band perfor-
mance. Details are provided on the suggested filter configura-
tion and quality factor computation. The proposed filter’s con-
struction and experimental verification are also reported. The
proposed filter targets C band satellite communication applica-
tions.

2. DESIGNANDANALYSISOF THEPROPOSED FILTER
CONFIGURATION
2.1. Evolution of the Proposed Filter Configuration
An HMSIW structure is used for the preliminary structure,
which has a cutoff frequency of 4.5GHz. The microstrip lines
that are used to feed the structure are matched to 50Ω. When
it comes to the HMSIW structure, the main mode is TE10. To
ensure that the electric field is contained within the structure,
it is imperative to remember that the pitch of the via holes, de-
noted as p, must be less than or equal to the diameter of the vias,
denoted as d. Figure 1 illustrates the various stages of develop-
ment that the filter went through. The equations regarding the
design are as follows:

WHM =
1

2
∗WSIW (1)

WSIW = aeff +
d2

0.95 ∗ p
(2)

aeff =
a

√
εr

(3)

a =
c

2fc10
(4)

The SIW structure’s cutoff frequency in dominantmode is fc10,
and waveguide width is a. The effective width of the dielectric
filled waveguide is aeff. The width of SIW structure is Wsiw.
The width of the HMSIW structure isWHM.
Figure 2(a) illustrates the S-parameters of the HMSIW struc-

turewith a cutoff frequency of 4.5GHzwhen it is operated. One
of the TZs (TZ1) in the structure has an attenuation of 28 dB and
operates at 3GHz. Because the symmetrical plane that runs
along the transmission line functions as a magnetic wall for the
dominant mode, one-half of the SIW structure will continue to
have the same electric field pattern as the SIW structure. On
display in Figure 2(b) is the E-field distribution at a frequency
of 5GHz.
By etching a slot with a length of Ls = 0.285λg and a width

of Ws = 0.02λg at the middle of the HMSIW structure, the
high-pass character of the HMSIW is transformed into a band-
pass response. At the frequency of interest, which is 9GHz,
the guiding wavelength λg is computed. This is the frequency
at which the transmission zero is projected to occur. Due to the
presence of this defective microstrip structure (DMS), the res-
onance of the HMSIW structure undergoes certain alterations.
A representation of the S-parameters of the HMSIW structure
with the DMS structure that possesses one TZ at 9GHz can be
found in Figure 3(a). The corresponding electric field distribu-
tion is depicted in Figure 3(b), which makes it abundantly evi-
dent that the slot excitation causes the signal propagation from
one port to the other to be disrupted.
It is necessary to etch a pair of slots on the top plane to en-

hance the stopband. As a result of the coupling that occurs be-
tween the resonators, the frequency peak point of 9GHz is split
into two distinct peaks [23]. For two resonators that are near

188 www.jpier.org



Progress In Electromagnetics Research C, Vol. 146, 187-193, 2024

(a)

(b)

FIGURE 2. (a) S-parameters of the HMSIW structure. (b) E-field distribution at 5GHz.

(a)
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FIGURE 3. (a) S-parameters of the HMSIW structure + single slot. (b) E-field distribution at 9GHz.

one another, the coupling coefficient can be determined using
the EMmodelled scattering values of the two resonators as fol-
lows:

k =
f2
2 − f2

1

f2
2 + f2

1

(5)

f1 and f2 are the lower and upper resonating frequencies of
the slot resonator. The scattering parameters of the HMSIW
structure with a pair of slots are represented in Figure 4(a).
The TZ frequency of 9GHz is broken into two different

peaks because of the coupling between the slots. Additionally,
two TZs occur at 8GHz and 10GHz, with an attenuation of
33 dB and 34 dB, respectively. The efficacy of the coupling
method is determined by the width of the slot as well as the
distance between the two slots. Figure 4(b) illustrates the dis-
tribution of the E-field that corresponds to the relevant field.

To achieve dual bands, circular CSRR operating at 6GHz
is designed and incorporated between the two slots in the top
plane. CSRR is the negative image of SRR. CSRR exhibits
negative permittivity, which when being activated by an axial
electric field transforms into an electric dipole. CSRR and SRR
possess approximately same resonant frequency. The negative

permittivity of the CSRR and its coupling with the slots are
responsible for the spacing between the two passbands. The
design equations [24] are as follows:

fCSRR =
1

2π
√

LeqCeq

(6)

Leq = 0.00508

[
2.303 log log

(
4l

w

)
− θ

]
(7)

Ceq =

[
(πravg − g)Cpul

g

]
+

ε0wt

2g
(8)

Cpul =

√
εe

cZo
(9)

ravg = R− w − s

2
(10)

where Leq and Ceq , respectively, stand for the overall induc-
tance and capacitance. The total length and width of the wire
are represented by ‘l’ and ‘w’, respectively. R represents the
radius of the outer ring. Spacing between the two rings is spec-
ified by ‘s’, and ring thickness is indicated with the notation
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FIGURE 4. (a) S-parameters of the HMSIW structure+ Two slots. (b) E-field distribution at 8GHz (top) and E-field distribution at 10GHz (bottom).

(a)
(b)

(c)

(d)

FIGURE 5. (a) CSRR (All dimensions inmm, R = 3, w = 0.5, s = 0.5, g = 0.5). (b) Equivalent circuit. (c) S parameters of the HMSIW structure
+ Two slots + CSRR. (d) E-field distribution at 5.5GHz.

‘t’. The split gap is noted by ‘g’. Cpul is the capacitance in
between the loops for unit distance. Zo is the medium’s unit
length impedance. θ is the constant with value 2.451 for cir-
cular SRR. The velocity of light is denoted by ‘c’. Effective
permittivity of the medium is noted by εe. The geometry of
the Circular CSRR is illustrated in Figure 5(a). Its analogous
circuit is shown in Figure 5(b).

A stopband is generated within the already existing passband
as shown in Figure 5(c). The TZ occurs at 5.5GHz with 30 dB
attenuation. This slight change is due to the coupling between
the CSRR and the slot resonators. The electric field pattern at
5.5GHz is illustrated in Figure 5(d). From the figure, the Cir-
cular CSRR responsible for the TZ has maximum field distri-
bution at 5.5GHz.
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FIGURE 6. (a) DS-OCSRR (All dimesnions inmm, w = 0.5, s = 0.5, g = 0.5). (b) Equivalent circuit. (c) Comparison of the S-parameters of the
filter with single DGS and Dual DGS.

In addition, a defect in the shape of a Double Split Octagonal
CSRR (DS-OCSRR) is imprinted in the middle of the bottom
plane to improve the stopband qualities. It is intended for the
DS-OCSRR to function at a frequency of 12GHz. The reso-
nance frequency of the non bi-anisotropic CSRR is identical to
that of the SRR, even though it does not experience cross po-
larisation effects. With the same geometrical characteristics as
the circular CSRR, the double split octagonal CSRR has a reso-
nance frequency that is twice as high as that of its corresponding
SRR. Additionally, it can avoid cross polarisation. A represen-
tation of the DS-OCSRR and its corresponding circuit may be
found in Figure 6(a) and Figure 6(b), respectively. In this con-
text, the letter ‘R’ stands for the radius of the circular loop that
is surrounded by the exterior octagonal ring. Ring width, spac-
ing, and split gap are each represented by the letters ‘w’, ‘s’,
and ‘g’, respectively.
Alterations are made to the effective capacitance and induc-

tance of the line because of the DGS construction. Considering
this, the performance of the stopband has been enhanced; how-
ever, there is still opportunity for further development.
The end consequence is that a pair of DGSs that are 8.45 mil-

limeter’s apart is utlised. This results in good stopband rejec-
tion with an extra TZ at 12.5GHz and attenuation of 49.7 dB,
as shown in Figure 6(c). This is because the transmission line
has a greater effective inductance and capacitance than other
lines. The mutual coupling that exists between the two DGSs
is responsible for the modest alteration that occurs in the shift
of the TZ frequency.

2.2. Quality Factor Calculation
The loaded quality factor (Ql), external quality factor (Qe), and
unloaded quality factor (Qu) of the filter are defined as fol-
lows [25, 26]:

Ql =
fr

∆f 3 dB
(11)

S21 = 20 log log
(
Ql

Qe

)
(12)

1

Ql
=

1

Qu
+

1

Qe
(13)

Resonant frequency and 3-dB bandwidth are denoted by ‘fr’
and ‘∆f3 dB’, respectively. Ql is found to be 10.61;Qe is 11.55;
and Qu is 130 for the first passband using formulas (11)–(13).
Similarly, for the second passband, Ql is 14.92; Qe is 16.27;
and Qu is 180. These quality factors provide insights into the
filter’s efficiency, selectivity, and resonant behavior, crucial for
evaluating its suitability for specific applications and ensuring
optimal performance across the desired frequency bands.

3. MEASUREMENT AND RESULTS DISCUSSION
On a Rogers RT/Duroid 5880 board with a thickness of 1.6 mil-
limeters, the HMSIW filter that has been proposed is manufac-
tured. The magnitude of the loss tangent is 0.0009, and the
substrate permittivity is 2.2. The software known as Computer
Simulated Technology (CST) is utilised for the simulation pro-
cess, while the Anristu MS 46122B vector network analyzer
is utilised for both the experimental verification and the simu-
lation. In Figure 7, you can see an image of the prototype that
was manufactured. The overall dimensions of the filter are 0.86
micrograms by 0.37 micrograms, with the λg value being deter-
mined by calculating the Centre frequency of the first passband.

Figure 8 depicts a comparison of the results of the pro-
posed filter obtained through simulation and those obtained
through measurement. There are two passbands that are cen-
tered at 4.88GHz and 6.42GHz. The bandwidths of these
passbands are 0.46GHz and 0.43GHz, respectively, which
correspond to frequency bandwidths (FBWs) of 9.42% and
6.7%, respectively. At the frequencies of 3.03GHz, 5.84GHz,
8GHz, 10GHz, and 12.5GHz, there are five TZs that have been
observed, and their respective attenuations are 28 dB, 30 dB,
31 dB, 29 dB, and 49.7 dB. It was discovered that the ratio of
bandwidth with a 3 dB bandwidth to a 20 dB bandwidth is 0.23
for the first passband and 0.47 for the second passband. There-
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TABLE 1. Comparison with similar reported works.

Ref. Resonator Structure CF (GHz) IL (dB) FBW (%) TZs Size (λg × λg) RL (dB)
[27] SIW 6.95/7.95 1.47/1.65 2.6/2.3 4 2.2× 0.61 17/17
[28] SIW 3.5/5.24 1.52/1.65 3.14/3.8 2 1.23× 1.23 10/10

[29] HMSIW 5/7.5 1.65/2.25 5.46/4.75 2 1.65× 0.93 20/20
5/8.5 2.02/1.82 6.26/7.75 2 0.84× 1.31 20/20

[30] SIW 5.85/6.15 2.2/2 1.3/1.3 1 2.26× 2.26 20/20
[31] Hybrid 8.05/9.99 1.74/2.21 9.1/6.2 4 1.13× 1.02 11.7/11.61

This work HMSIW+CSRR+DGS 4.88/6.42 1.5/1.42 9.42/6.7 5 0.86× 0.37 21/21

Abbreviations: CF — Center Frequency; IL — Insertion Loss; FBW— Fractional Bandwidth; TZs — Transmission Zeros; λg —
Guided wavelength at the center frequency; RL — Return Loss

(a)

(b)

FIGURE 7. Photograph of the (a) top and (b) bottom view of the fabri-
cated prototype.

fore, the filter has a selectivity that is satisfactory, with an over-
all rejection that is approximately greater than 30 dB.
In both passbands, the simulated insertion loss is 0.75 dB,

whereas the measured values are 1.5 dB and 1.42 dB in the first
band and second band, respectively. This bigger loss than the
simulated ones can be attributed to the loss of metal, the loss of
substrate, and the tolerance of the fabrication process. The re-
turn loss that is simulated is 24 decibels in the first passband and
38 decibels in the second passband, respectively. On the other
hand, the attenuation value that was measured in both bands is
approximately 21 dB. Although there is a slight disparity be-
tween the two sets of results, they are highly significant. One
of the characteristics of the narrow dual-band filter is its high
selectivity and wide stopband response. The filter has a small
amount of insertion loss, a decent return loss, a simple design
and fabrication process, and it also achieves high stopband per-
formance. Even though the filter has some radiation loss and
minimum insertion loss, it has a decent return loss, a simple de-

FIGURE 8. Comparison of simulated and measured results of the pro-
posed filter.

sign and fabrication process, and it also achieves high stopband
performance.
The performance characteristics of the proposed filter are

compared with those of other current dual-band filters in Ta-
ble 1. The filter exhibits superior insertion loss, a more
favourable return loss profile, and a higher fractional bandwidth
than the works cited in [27–31]. The filter has a small size of
0.86 times the wavelength of light in gamma (λg) by 0.37 times
the wavelength of light in gamma (λg).

4. CONCLUSIONS
A miniaturised dual-band HMSIW filter has been designed,
built, and tested. The top of the HMSIW construction features
engravings of slots and CSRR. The high-pass half-mode sub-
strate integrated waveguide (HMSIW) structure is converted
into a band-pass filter (BPF) using slots. The presence of a
complementary split ring resonator (CSRR) carved between
the slots is responsible for the dual-passband properties. The
stopband performance is enhanced by using a Double Split-
OCSRR shaped Defected Ground Structure (DGS) on the bot-
tom plane. The filter’s equivalent circuit is developed and anal-
ysed. The suggested filter, with central frequencird of 4.88GHz
and 6.42GHz, exhibits minimal insertion loss, a favourable re-
turn loss profile, and high selectivity with 5 transmission zeros
(TZs). The filter is small, measuring 0.86λg × 0.37λg , and
lightweight, making it very ideal for satellite communication.
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