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ABSTRACT: In this paper, a compact Dual-Band Bandpass Filter (BPF) has been proposed and designed based on two concepts. Firstly,
transmission lines (TLs) feed the center resonators (CRs), which resonate at 11GHz, while the metamaterial-based Center Resonators
(CRs) resonate at 6GHz for RF/Microwave applications. To miniaturize the planer structure, two different types of fractal geometry have
been applied. First iteration modified-Minkowski fractal geometry has been applied on the CRs while the meander line with second order
has been applied on the TLs. The proposed structure has been designed by using a Rogers RO4003 substrate with a thickness of 1.5mm
and a dielectric constant of 3.5. The simulation is implemented using CST microwave studio. To validate the proposed structure, the
compact dual-band BPF is fabricated, and the measurements show high agreement with the simulation. Finally, the proposed structure
achieves a 26% reduction compared to the previous work.

1. INTRODUCTION

The rapid advancement of wireless communication tech-
nologies has fueled a growing demand for compact, high-

performance radio frequency (RF) and microwave compo-
nents. In recent years, the Federal Communications Commis-
sion (FCC) has expanded unlicensed spectrum use between
5.925GHz and 7.125GHz [1], facilitating the deployment of
Wi-Fi 6E, laying the groundwork for Wi-Fi 7, and support-
ing the expansion of the Internet of Things (IoT). Addition-
ally, the 11GHz band is primarily allocated for point-to-point
radio communications. Therefore, reducing the size of elec-
tronic components is essential for improving efficiency in mod-
ern systems, reducing manufacturing costs, and enabling inte-
gration into modern wireless devices. As frequency bands be-
come more crowded, and multifunctionality is required, com-
pact circuit designs are essential to optimize performance while
maintaining low insertion losses and high selectivity.
In the last two decades, the communication system has up-

graded rapidly. One of the interests of researchers is the des-
ignation of compact communication systems. First, the authors
designed multiband devices to make one device work in multi-
applications [2–7]. The key to miniaturization is using fractal
geometry. The objective of using fractal geometry is to increase
the surface current path length. Consequently, a reduced reso-
nant frequency or a reduced resonator size is required to main-
tain the design frequency [8]. Many researchers applied dif-
ferent fractal geometries to design different compact devices,
such as Minkowski-like [8–10], meander line [11–13], Koch
[14–16], Spiral shape [17], and hybrid fractal geometries [18].
A dual-band bandpass microstrip filter (DB-BPF) is pro-

posed for RF and microwave applications. The design method-
ology is based on two primary principles: first, the incorpora-
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tion of metamaterial C-shaped split ring resonators (C-SRRs)
to achieve left-handed (LH) behavior with minimal losses, and
second, the use of a microstrip line with an extended folded
structure to facilitate miniaturization [2]. Additionally, a slot-
ted conical patch antenna integrated with a small triangular
patch has been developed for multiband operation, catering to
both microwave andmillimeter-wave applications [3]. Another
study focuses on designing a multi-mode dual-band bandstop
filter (MM-DBBSF), utilizing a quarter-wavelength coupled
line structure to obtain highly selective dual-band bandstop re-
sponses [4].
The use of modified Minkowski fractal geometry has gained

attention in microwave circuit design due to its excellent space-
filling properties. This characteristic allows for the develop-
ment of compact circuits, aligning with the requirements of
modern communication systems that demand reduced size [8].
A compact microstrip bandpass filter (BPF) has been intro-
duced based on a modified Minkowski fractal defected ground
structure (DGS), where two coupled resonators etched with
fractal geometries are used [8]. Similarly, a microstrip patch
antenna employing a Minkowski-like fractal design has been
studied to improve impedancematching using a λ/4 impedance
converter positioned between themicrostrip radiation patch and
a 50Ω feed line [9]. Additionally, a dielectric sensor incorpo-
rating a defected ground structure with aMinkowski-like fractal
resonator has been proposed for estimating the complex per-
mittivity of binary mixtures, such as ethanol-water, methanol-
water, and ethanol-methanol [10]. In this design, glass capillary
tubes are positioned at the center of the metamaterial, oriented
perpendicular to the sensor surface.
Meander-line planar structures are widely utilized in appli-

cations that prioritize miniaturization and compactness. A cir-
cuit model analysis of a meander-line antenna has been con-
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FIGURE 1. (a) The traditional DB-BPF [2]. (b) S11 and S21 of conventional DB-BPF.

ducted, enabling the accurate computation of its resonant fre-
quency through an equivalent lumped circuit model [11]. A
novel compact microstrip bandpass filter featuring a meander-
line resonator has also been introduced, demonstrating a highly
reduced size of approximately λg/8 ×λg/8 at a center fre-
quency of 2.445GHz [12]. The use of meander-line structures
in impedance transformers has been explored, showing that
while they offer narrower bandwidths than stepped-impedance
transformers, they provide significantly enhanced shape fac-
tors in stripline and microwave-integrated circuit (MIC) imple-
mentations [13]. Furthermore, hybrid meander-line transform-
ers provide circuit designers with increased flexibility in shap-
ing transformer geometries while maintaining similar electri-
cal performance to both stepped-impedance and meander-line
transformers.
An alternative approach employs a combination of dual-

mode techniques and fractal-based resonator geometries to de-
velop a compact band-reject filter [14]. The proposed de-
sign is based on triangular patch resonators with embedded
slit structures, where Koch fractal geometry is applied to the
uncoupled side lengths of the triangular patch to achieve en-
hanced miniaturization [14]. A fractal-based dual-mode mi-
crostrip bandstop filter (BSF) has also been investigated, with
size reduction achieved by applying Minkowski fractal geome-
try to a conventional triangular dual-mode resonator [15]. Simi-
larly, an octagon-shaped fractal ultra-wideband multiple-input-
multiple-output (MIMO) antenna has been introduced, leverag-
ing the self-similarity and space-filling characteristics of Koch
fractal geometry to achieve both miniaturization and broadband
functionality [16].
Additionally, hybrid configurations of fractal-based meta-

materials have been examined. A structure comprising two
square split rings with spiral-shaped metallic arms has been
demonstrated to exhibit uniquemetamaterial properties, includ-
ing negative permittivity, negative permeability, and a negative
refractive index, thereby enhancing surface current interactions
with applied transverse electromagnetic waves [17]. Another
study explores a hybrid fractal antenna, illustrating the advan-
tages of fractal geometries in improving radiation efficiency
through self-similarity and space-filling properties [18]. These
characteristics play a crucial role in enabling multi-frequency
resonance, making fractal-based designs highly beneficial for
modern wireless communication systems.
In this work, a new compact dual-band bandpass filter (BPF)

is designed for RF and microwave wireless applications, oper-

ating at center frequencies of 6GHz and 11GHz. The proposed
design is based on two key concepts: integrating metamate-
rial resonators using the first iteration of a modified Minkowski
fractal geometry and incorporating meander-line fractal geom-
etry within the transmission line, which serves as both a feed
and an additional resonator. The proposed technique has not
been previously utilized. The filter is fabricated using a Rogers
RO4003 substrate with a thickness of 1.5mm and a dielectric
constant of 3.5. The overall dimensions of the proposed struc-
ture are 23.8mm ×20.6mm. Design and performance evalu-
ations are conducted using Computer Simulation Technology
(CST) software. To validate the proposed structure, the filter
was fabricated, and experimental measurements showed a high
correlation with the simulated results, confirming its effective-
ness for dual-band RF/microwave applications.

2. ANALYSIS OF CONVENTIONAL DUAL-BAND BPF
The conventional Dual-Band Bandpass Filter (DB-BPF),
shown in Fig. 1(a), is designed based on two key concepts:
the incorporation of metamaterial resonators in C-shaped split
rings (C-SRR) and TLs. It is designed using a Rogers RO4003
substrate with a thickness of 1.5mm and a dielectric constant
of 3.5. The feeding transmission line has a width (WL) of
1.4mm and a characteristic impedance (Z0) of 80Ω, which is
calculated using the equations provided in [19].

ϵe =
ϵr + 1

2
+

ϵr − 1

2

1√
1 + 12h/WL

(1)

Z0 =

{
60√
ϵe
ln
(

8h
WL

+ WL

4h

)
forWL/h≤1

120π√
ϵe[WL/h+1.393+0.667 ln(WL/h+1.444)] forWL/h≥1

(2)

The structure was re-simulated using CST based on the di-
mensions provided in [2]. As shown in Fig. 1(b), the filter ex-
hibits two frequency bands:

• The first band appears at 11.9GHz, with S11 =
−12.27 dB and S21 = −6 dB at the center frequency.

• The second band appears at 5.9GHz, with
S11 = −28.26 dB and S21 = −1 dB.

Minor variations in S11 and S21 compared to [2] are at-
tributed to slight differences in proximity dimensions, as illus-
trated in Fig. 1(b).
The structure consists of two main components:

112 www.jpier.org



Progress In Electromagnetics Research C, Vol. 155, 111–119, 2025

(a) (b)

FIGURE 2. (a) E-filed distribution at 10.9GHz. (b) E-filed distribution at 5.9GHz.

(a) (b)

FIGURE 3. (a) Conventional BPF with TLs only. (b) S11 of conventional BPF with TLs only.

(a) (b)

FIGURE 4. (a) The structure with straight TLs. (b) S11 of different lengths ofmλg/2 at 10.9GHz.

1. Transmission Lines (TLs)
2. Center Resonators (CRs) (Fig. 1(a))

The transmission lines act as feeds for the center resonators,
generating the first mode at 10.9GHz. As shown in Fig. 2(a),
theE-field distribution at 10.9GHz is concentrated on the TLs.
The center resonators are C-shape resonators that are con-

structed to produce the second mode and have a metamaterial
property.
The length of TLs is equal to 2.5λg where λg is the guided

wavelength that can be calculated by:

λg =
λo√
ϵe

(3)

where λ0 is the free space wavelength, ϵe the effective permit-
tivity, f the center frequency, and c the light speed. To confirm
the role of the transmission lines (TLs), the structure was simu-
lated with only TLs, as shown in Fig. 3. The results in Fig. 3(b)
indicate that only one resonance appears at 10.9GHz, while the
second resonance is eliminated. The S11 value at 10.9GHz is

−17.9 dB, confirming that the TLs are responsible for generat-
ing the first mode.
Most researchers use 0.5λg to achieve resonance with com-

pact structures, allowing multiple segments of 0.5λg to produce
the same resonance effect. To verify this principle, the authors
simulate structures with straight transmission lines of differ-
ent lengths (mλg/2) using CST microwave studio, as shown in
Fig. 4(a). From Fig. 4(b), the S11 values at 10.9GHz for differ-
ent lengths of straight transmission lines (TLs) range between
−0.45 dB and −0.9 dB. This indicates that resonance does not
occur at 10.9GHz when using either 0.5λg or 2.5λg straight
TLs, which have the same length as those in the conventional
structure. Therefore, these straight TLs cannot be used to gen-
erate the mode at 10.9GHz.
In contrast, the curved structure of the conventional design,

which incorporates three corners with TLs, reduces character-
istic impedance and reflection losses, enabling resonance at
10.9GHz, as shown in Fig. 3 [20].
The second part of the conventional structure consists of

center resonators (CRs), which are open-loop resonators, as
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FIGURE 5. (a) CRs unit cell, (b) S-parameters of it.

FIGURE 6. Extracted real part and imaginary part of Refractive index of the CRs.

(a) (b) (c) (d)

FIGURE 7. The Minkowski fractal geometry: (a) the generator, (b), (c) and (d) represent the zero, the 1st, and the 2nd iteration levels respectively
[8] and [10].

shown in Fig. 1(a). According to [1], these resonators exhibit
metamaterial properties. The unit cell was re-simulated using
CST with a Rogers RO4003 substrate, featuring a thickness of
h = 1.5mm and a dielectric constant of 3.5. The overall unit
cell size is 8.8mm ×8.8mm, as shown in Fig. 5, along with its
corresponding S-parameters.
The effective parameters of the CRs are extracted using the

Nicolson-Ross-Weir (NRW) method [21,22], and the refractive
index of the C-SRR (Split Ring Resonator) is given by Eq. (4)
[23].

neff=
c

jπfh
×

√[
1− (S21 + S11)

1 + (S21 + S11)

] [
1− (S21 − S11)

1 + (S21 − S11)

]
(4)

From the imaginary and real parts of the refractive index
shown in Fig. 6, the CRs have negative values (simultaneously)
in the frequency range around the resonance of 9.17GHz. This
characteristic can justify the LH electromagnetic behavior of
the proposed metamaterial resonator [2].
Figure 2(b) presents the E-field distribution at 5.9GHz,

where the E-field is concentrated on the CRs, indicating that

they generate the second mode. The length of each resonator is
0.5λg .

3. METHODOLOGY
Fractal geometry is used to design a miniaturized dual-band fil-
ter proposed by [2] by adding a resonator with the 1st iteration.
Modified-Minkowski fractal geometry with added iterations is
applied on an open-loop rectangle resonator to achieve minia-
turization.
The common modified-Minkowski geometries with differ-

ent iterations Zero [8–10], 1st, and 2nd are shown in Fig. 7,
respectively.
The perimeter Pn of the nth iteration is given by [8] and [10]

Pn =

(
1 +

2w2

Lo

)
Pn−1 (5)

where w2 and Lo are as shown in Fig. 7. Eq. (5) implies that,
as n approaches infinity, the perimeter goes to infinity.
The objective of using fractal geometry is to increase the sur-

face current path length. Consequently, a reduced resonant fre-
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(a) (b)

FIGURE 8. (a) Rectangle open loop resonator with zero iteration. (b)
Rectangle open loop resonator with modify-Minkowski 1st iteration.

quency or a reduced resonator size should be considered if the
design frequency is to be maintained [8, 10].
Figure 8 illustrates the application of the modify-Minkowski

technique to rectangular open-loop resonators at both the zero
and first iterations. The outer dimensions of these resonators
remain consistent at L×W for both iterations. Consequently,
this study utilizes rectangular open-loop resonators at the first
iteration to design a dual-band BPF.
The perimeter Pn of the nth iteration of rectangle resonators

without the gap “g” is given by

Pn =

(
1 +

2Ls1

W
+

2ws2

L

)
Pn−1 (6)

where W , ws2, L, Ls1 are as shown in Fig. 8. Eq. (6) implies
that, asn approaches infinity, the perimeter goes to infinity. The
perimeter of the open loop rectangle with modify-Minkowski
resonator for the nth iteration is given by:

Ln = pn − g (7)

4. MEANDER LINE FRACTAL GEOMETRY
Meanders are combinatorial structures with a topological na-
ture, capturing the relationship between planarity and connect-
edness. They represent systems formed by the intersections of
two curves in a plane, with equivalence considered up to home-
omorphism within the plane [24].
A meander consists of two distinct simple planar curves. In

a geographical analogy, these curves can be thought of as a
river and a road. The two curves intersect a finite number of
times, with these crossings accounting for all interactions be-
tween them. As illustrated in Fig. 9, a meander withm = 7 has
seven intersections, wherem represents the order of the mean-
der.

FIGURE 9. An open meander represented as a river and a road.

Meanders can be classified into four types: Open Meander,
Closed Meander, Arch Configuration, and Semi-Meander. In
this paper, an Open Meander is utilized to design a compact
dual-band bandpass filter (BPF) by extending the current path
in the transmission lines (TLs).
An Open Meander consists of an oriented simple curve and

a line in the plane, which crosses a finite number of times and
intersects only transversally. Two open meanders are consid-
ered equivalent if there exists a homeomorphism of the plane
that maps one meander onto the other [24].

5. PROPOSED DESIGN OF DUAL-BAND BPF
A compact DB-BPF design has been passed through four
stages. Firstly, a 1st iteration of modify-Minkowski fractal ge-
ometry applied on the CRs as shown in Fig. 10(a) is the first
stage.
The first-stage BPF was designed using a Rogers RO4003

substrate with a thickness of 1.5mm and a dielectric constant
of 3.5. The overall size of the proposed filter is 32.2mm
×20.6mm.
To simulate the proposed BPF, CST was used, as shown in

Fig. 10, with a flat copper ground plane. The feeding trans-
mission line width (WL) was 1.4mm, with a characteristic
impedance (Z0) of 80Ω. However, the authors considered
the waveguide port constant to match the input and output
impedance of 50Ω, simulating practical conditions. Conse-
quently, a small mismatch between the transmission lines (TLs)
and the input/output ports is expected.
All dimensions of the proposed structure are listed in Table 1.

TABLE 1. Dimension of 1st stage BPF.

Parameters Value (mm) Parameters Value (mm)
Width 32.2 Length 20.6
WL 1.4 LF1 5.4
LF2 9.2 LF3 18
LF4 6 z 0.6
Lg 7.6 L 6.24
g 0.624 W 3.12

Ls1 1.5 Ls2 1.8
Ws1 0.6 Ws2 0.5
t1 0.3

As shown in Fig. 10(b), the first mode appeared at 10.89GHz
with S11 equal to −10.4 dB, S21 equal to −4.6 dB, and band-
width 100MHzwhile the secondmode shifted down to 5.6GHz
withS11 equal to−26 dB,S21 equal to−1.3 dB, and bandwidth
48MHz. The first mode stays near 11GHz while the second
one shifted down about 400MHz by only applying 1st modify-
Minkowski with the same dimensions of CRs in the conven-
tional BPF. The insertion loss of the first mode is high because
of the mismatch between the TLs characterized impedance and
port impedance.
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(a) (b)

FIGURE 10. BPF in the first stage. S-parameters of first stage BPF.

(a) (b)

FIGURE 11. (a) Second stage BPF structure. (b) S-parameters of it.

(a)
(b)

FIGURE 12. (a) Structure of the third stage BPF. (b) S-parameters of it.

In the second stage, open meander line fractal geometry with
m = 2 has been applied on the TLs to increase the length
of the current path. The gap between Transmission Line one,
TL1, and Transmission line two, TL2, is an important factor
that restricted the dimensions of the mender line to avoid the
coupling between the TLs, as shown in Fig. 11(a) which are
LF5 = 3.6mm, LF6 = 3.4mm and LF7 = 3.9mm. The
S-parameters of the second stage BPF are shown in Fig. 11(b).
From S-parameters in Fig. 12(b), the first mode produced

by TLs has been shifted down to 8.8GHz with S11 equal to
−14.7 dB, S21 equal to −4 dB, and bandwidth 272MHz while
the second mode has some shift to 5.3GHz with S11 equal to
−11.23 dB, S21 equal to −3 dB, and bandwidth 22MHz. The
insertion loss of the first mode has not been improved while the
insertion loss of the second mode increased to −3 dB because
the meander line of one TL became so close to the second TL.
Thirdly, the step impedance technique has been used with the
horizontal arm of the meander line to improve the insertion loss
of both modes. CST optimizer has been used to find the best
value to width of the horizontal arm of the meander line that is
Wm = 0.5mm as shown in Fig. 12 with the third stage BPF.
From the S-parameters of the third-stage BPF shown in

Fig. 12(b), the losses of insertion for both modes have been

improved. The first mode exhibits an S21 value of −0.14 dB,
while the second mode achieves an S21 of−0.08 dB. Although
the third-stage BPF retains the same dimensions as the conven-
tional BPF, its center frequencies are shifted downward.
Lastly, the dimensions of the third-stage BPF have been ad-

justed to obtain center frequencies of 6GHz and 11GHz. The
proposed compact dual-band BPF, representing the fourth and
final stage, has been simulated using CST, as illustrated in
Fig. 13. The updated dimensions are provided in Table 2.
Figure 13(b) shows the S-parameters of the compact pro-

posed DB-BPF. From the S-parameters, the first mode is at
11.02GHz with S11 equal to−13.9 dB, S21 equal to−0.28 dB,
and bandwith 25MHz while the second mode is at center fre-
quency 6.02GHz with S11 equal to −20.1 dB, S21 equal to
−0.5 dB, and bandwidth 310MHz. The overall size of the pro-
posed BPF is 23.8mm × 20.6mm. The miniaturization has
been achieved with 26%. It can be miniaturized more, but
this miniaturization percentage is to keep the center frequen-
cies of the reference design of [1]. The E-field distribution
at first mode 11.02GHz focused at TLs and at second mode
6.02GHz on the 1st iteration modify-Minkowski fractal geom-
etry resonators, shown in Fig. 14.
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(a) (b)

FIGURE 13. (a) The fourth stage BPF. (b) Its S-parameters.

(a) (b)

FIGURE 14. (a) E-field distribution at 11.02GHz. (b) E-field distribution at 6.02GHz.

(a) (b)

FIGURE 15. Fabrication of the proposed compact dual-band BPF. (a) Top view. (b) Bottom view.

6. FABRICATION DUAL-BANDS BPF
To validate the performance of the proposed compact dual-band
bandpass filter (BPF), the design was fabricated using a Pro-
toMat S100, as illustrated in Fig. 15. Fig. 15(a) presents the top
view of the fabricated filter. In contrast, Fig. 15(b) displays the
bottom view, which features a flat copper ground plane. The
filter was implemented on a Rogers RO4003 substrate with a
thickness of 1.5mm and a dielectric constant of 3.5. The fi-
nal fabricated structure has overall dimensions of 23.8mm ×
20.6mm. The detailed design parameters are provided in Ta-
ble 2.

7. RESULTS AND MEASUREMENTS
The S-parameters and input impedance of the proposed dual-
band BPF were measured using an Anritsu MS4642A Vector
Network Analyzer (VNA). The measurement of the parame-
ters is shown in Fig. 16 and Fig. 17. As illustrated in Fig. 15(b),
there is a strong correlation between the measurement and sim-
ulation results. The measured S11 values are −18.7 dB at
11.02GHz and −12 dB at 6.02GHz, while the measured S21

values are −0.29 dB at 11.02GHz and −0.25 dB at 6.02GHz.
The bandwidth of each band is 200MHz at the center frequency
of 11.02GHz and 20MHz at the second center frequency of
6.02GHz. The discrepancies between the measurements and

TABLE 2. Dimensions of the proposed dual-band BPF.

Parameters Value (mm) Parameters Value (mm)
Width 238 Length 20.6
WL 1.4 LF1 3.4
LF2 9.2 LF3 16.4
LF4 6 z 0.6
Lg 7.2 L 5.57
g 0.55 W 2.78

Ls1 1.39 Ls2 1.74
Ws1 0.55 Ws2 0.46
t1 0.3 LF5 3.6
LF6 3.4 LF7 1.4

simulations are attributed to fabrication conditions, welding ef-
fects, and measurement accuracy. Fig. 17 also presents the
measured real (Re) and imaginary (Im) components of the in-
put impedance. The real part of the input impedance is 53Ω
at 11.02GHz and 45Ω at 6.02GHz. The step impedance tech-
nique enhances the total input impedance of the transmission
lines (TLs), bringing it closer to the input port impedance. As
a result, insertion loss is reduced, as confirmed by both simula-
tion and measurement results.
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(a)

(b)

FIGURE 16. (a) The proposed Compact Dual-Band filter on VNA. (b) The S-parameters measurements and simulation.

TABLE 3. Comparison between the proposed compact dual-band BPF and the dual-band planer structure.

Overall size λg×λg Insertion loss (dB) Frequency (GHz) Layer Fabrication

Reference [2] 1.05×0.67 1.02/0.65 11-6 Single NA

Reference [5] 0.31 ×0.46 0.5/0.77 1.9/1.25 Two Yes

Reference [6] 1.56×— 0.8/1.02 5.4/4.6 Single Yes

Reference [7] – 0.84/0.25 2.89/1.11 Three Yes

Proposed work 0.75×0.67 0.29/0.25 11/6 Single Yes

FIGURE 17. Measurements input impedance of the proposed filter.

As shown in Table 3, the proposed structure is smaller than
other dual-band planer structures with transmission lines to
feed, except for [5] because it consists of two layers that make
the design and fabrication more complex. Also, the proposed
work achieves less insertion loss than previous works. The pro-
posed structure achieves 26% miniaturization in size, and the
simulation results are correlated with those measured after fab-
rication.
Notably, while further size reduction is possible, the authors

maintained the center frequencies at 6GHz and 11GHz, as
in [2], to facilitate comparison for the reader. However, the
meander-line structure has a limitation: increasing its length re-
sults in greater couplingwith adjacent transmission lines. Addi-

tionally, using an alternative fractal geometry, such as the Piano
fractal, could be more beneficial.

8. CONCLUSION

In this paper, a compact dual-band bandpass filter (BPF) is pro-
posed and designed based on two key concepts. First, the trans-
mission lines (TLs) serve as feeders for the center resonators
(CRs), resonating at an upper frequency of 11GHz. Mean-
while, the CRs, which exhibit metamaterial properties, resonate
at 6GHz for RF/microwave applications. To achieve minia-
turization, two different fractal geometries are applied: a first-
iteration modified-Minkowski fractal geometry on the CRs and
a second-order meander-line fractal geometry on the TLs. The
proposed structure is designed using a Rogers RO4003 sub-
strate with a thickness of 1.5mmand a dielectric constant of 3.5.
Simulations are conducted using CST Microwave Studio, and
the fabricated dual-band BPF demonstrates strong agreement
with the simulation results. The measured return losses (S11)
are −18.7 dB at 11.02GHz and −12 dB at 6.02GHz, while the
insertion losses (S21) are−0.29 dB and−0.25 dB at the respec-
tive frequencies. The filter achieves bandwidths of 200MHz at
11.02GHz and 20MHz at 6.02GHz. The size of the proposed
BPF is 23.8mm × 20.6mm which achieves 26% reduction.
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