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ABSTRACT: A compact microstrip dual-band filter using stepped-impedance resonators (SIRs) is proposed. The ring-type structure is
used to minimize the size of the filter, and the location of the input/output excitation port is used to adjust the filter’s performance.
A dual-band filter has been fabricated and measured to verify the performance of the proposed configuration. The results show that
the filter exhibits two passbands, centered at 30.5GHz and 35.9GHz, with fractional bandwidths of 7.2% and 5.6%, respectively. The
corresponding insertion losses at the center frequencies are 2.7 dB and 3.3 dB. The proposed filter configuration shows great potential for
applications in next-generation 5G and satellite communication systems requiring compact and high-performance multi-band filters.

1. INTRODUCTION

The demand for dual-band operation has been growing fast
with the rapid development of wireless communication sys-

tems. As the core circuitry of multi-channel communication
systems, multi-channel filters and multiplexers have been pro-
posed and extensively studied by scholars worldwide. Various
structural configurations have been developed to achieve effec-
tive multi-channel filtering [1–5].
The initial approach adopted a cascaded configuration of

power dividers and filters [6]. This structure is not only sim-
ple in topology but also allows the independent design of each
channel filter, facilitating high channel selectivity and strong
inter-channel isolation. However, its relatively large size poses
a significant challenge for device miniaturization. To address
limitation and achieve more compact designs, multi-channel
filters based on multi-mode resonators (MMRs) have been pro-
posed. MMRs are generally categorized into two types: stub-
loaded resonators and ring-based or other planar geometric res-
onators. The former utilizes stub reuse to generate multiple
resonant modes [7], while the latter typically introduces pertur-
bations through techniques such as stub loading, partial etch-
ing, and asymmetric feeding, thereby separating the originally
degenerate orthogonal modes to form multiple resonant modes
[8]. Dual-channel or multi-channel filters based on multi-mode
resonators enable miniaturized designs, making them particu-
larly suitable for portable devices, and this approach has be-
come the mainstream solution for multi-channel filter design.
Moreover, stepped impedance resonators (SIRs) are also

commonly used elements in microwave circuit design. Com-
pared to uniform impedance resonators (UIRs), SIRs offer
greater design flexibility. Due to their nonuniform line widths,
the multiple frequency distribution can be controlled by adjust-
ing the impedance ratio. They are frequently employed in half-
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wavelength and quarter-wavelength resonator configurations,
often enabling ultra-wideband performance and wide stopband
characteristics [9–12]. In multi-mode resonator designs, incor-
porating a stepped impedance structure allows adjustment of
transmission poles and zeros, thereby facilitating tailored band-
width and channel selectivity [13–16].
This paper presents a millimeter-wave dual-channel filter

based on dual-mode resonators. An asymmetric capacitive cou-
pling feed structure is adopted, which not only meets the re-
quired external quality factor (Q factor) for the dual-channel
filter but also introduces cross-coupling that generates a pair
of transmission zeros, significantly enhancing the selectivity of
the high-frequency channel. Furthermore, the two dual-mode
resonators are arranged in a compact ring-based layout, con-
tributing to the miniaturization of the device.

2. ANALYSIS OF THE DUAL-MODE RESONATORS

2.1. Analysis of Resonant Frequency versus Admittance Ra-
tio and Electrical Length Ratio in the T-Shaped Dual-Mode Res-
onator
The initial analysis is conducted on a simple T-shaped dual-
mode resonator, as illustrated in Fig. 1(a). For generality, the
admittance and electrical length of the symmetric stubs are de-
fined as variables and set tom times and n times of those of the
vertical stub, respectively. Owing to the symmetrical structure
of the T-shaped resonator, even- and odd-mode analysis can be
applied. Under odd-mode excitation, the symmetry plane func-
tions as a perfect electric wall (short-circuited to ground), and
the corresponding equivalent circuit is shown in Fig. 1(b). Un-
der even-mode excitation, the symmetry plane acts as a perfect
magnetic wall (open-circuited), with the equivalent circuit de-
picted in Fig. 1(c).
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FIGURE 1. (a) T-shaped dual-mode resonator, (b) odd-mode equivalent
circuit, (c) even-mode equivalent circuit.

Based on transmission line theory, the input admittance (Yin)
of a microstrip line is:

Yin = Y0
YL + jY0 tan θ
Y0 + jYL tan θ

(1)

where Y0 and θ represent the characteristic admittance and elec-
trical length of the microstrip line, respectively, and YL denotes
the load admittance. Thus, the input admittances of the odd-
and even-mode equivalent circuits are:{

Y o
in = −jmY cotnθ

Y e
in = j 1

2Y
m tannθ+ 1

2 tan θ
1
2−m tan θ tannθ

(2)

Applying the resonance conditions (Yin = 0) to Eq. (2)
yields Eq. (3). {

cotnθ = 0
2m tannθ+tan θ
1−2m tan θ tannθ = 0

(3)

First, the relationship between the resonant modes and ad-
mittance is analyzed. By setting n = 1 and treating m as a
variable, the solutions for the odd and even modes are derived
as Eq. (4).{

cot θ = 0
tan θ

1−2m tan2 θ = 0
→

{
θ = (2k + 1)π2 , k = 0, 1, 2, 3, . . .
θ = kπ, k = 0, 1, 2, 3, . . .

(4)
Revealing that the solutions are independent of m, leading

to the first conclusion: the two modes of the T-shaped dual-
mode resonator are independent of the microstrip line width.
Since only the fundamental frequency is of interest here, al-
though the solutions are infinite in number, only the minimum
value is taken (k = 0). The correspondence between the phys-
ical length and electrical length of the microstrip line is given
by Eq. (5).

θ =
2πfL

√
εr

c
(5)

where f is the operating frequency, L the physical length of the
microstrip line, εr the relative permittivity of the substrate, and
c the speed of light. Substituting the minimum solution from
Eq. (4) into Eq. (5), the resonant frequencies (fo, fe) for the
odd and even modes are obtained as shown in Eq. (6).{

fo = c
4L

√
εr

fe =
c

2(2L)
√
εr

→ fo = fe (6)

Next, the relationship between the resonant modes and elec-
trical length is analyzed. By setting m = 1 and treating n as a
variable, the resonance conditions for different values of n are
expressed by Eq. (7), and the corresponding solutions are given
in Eq. (8).

{
cotnθ=0
2 tannθ+tan θ
1−2 tan θ tannθ =0

→



n=1:

{
cot θ = 0

tan θ
1−2 tan2 θ = 0

n=2:

{
cot 2θ = 0
2 tan 2θ+tan θ
1−2 tan θ tan 2θ = 0

n=3:

{
cot 3θ = 0
2 tan 3θ+tan θ
1−2 tan θ tan 3θ = 0

n=4:

{
cot 4θ = 0
2 tan 4θ+tan θ
1−2 tan θ tan 4θ = 0

n=5 :

{
cot 5θ = 0
2 tan 5θ+tan θ
1−2 tan θ tan 5θ = 0

(7)



n=1:

{
θ = π

2 (2k + 1), k = 0, 1, 2, 3, . . .
θ = kπ, k = 0, 1, 2, 3, . . .

n=2:


θ = π

4 (2k + 1), k = 0, 1, 2, 3, . . .

θ = kπ, arctan
√
5 + kπ,

k = 0, 1, 2, 3, . . .

n=3:


θ = π

6 (2k + 1), k = 0, 1, 2, 3, . . .

θ = kπ, arctan
√

7
5 + kπ,

k = 0, 1, 2, 3, . . .

n=4:


θ = π

8 (2k + 1), k = 0, 1, 2, 3, . . .

θ = kπ, arctan(
√
5±

√
2) + kπ,

k = 0, 1, 2, 3, . . .

n=5:


θ = π

10 (2k + 1), k = 0, 1, 2, 3, . . .

θ = kπ, arctan
√

15±2
√
37

7 + kπ,

k = 0, 1, 2, 3, . . .

(8)

Similarly, only the minimum solution is considered and sub-
stituted into Eq. (5). For convenience of calculation, with L set
to 10mm, the results are summarized in Table 1 and graphically
represented in Fig. 2. It can be observed that as n increases, the
fo and fe decrease rapidly, with fo eventually becoming lower
than fe. And when n tends to infinity, fe = 2fo.

TABLE 1. Resonant frequencies corresponding to different values of n.

f
n

1 2 3 4 5

f o (GHz) 5.07 1.27 0.56 0.32 0.2
f e (GHz) 5.07 1.25 0.71 0.45 0.3

2.2. Design of a Stepped-Impedance T-Shaped Dual-Mode Res-
onator
The stepped impedance resonator proposed in this work is il-
lustrated in Fig. 3. To facilitate the design, both the admittance
and electrical length of the stub lines are set to integer multiples.
Based on the odd-mode equivalent circuit shown in Fig. 3(c),
the input admittance can be expressed as:

Y o
in = j3Y

3 tan θ − 1
tan 4θ

3 + tan θ
tan 4θ

(9)
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FIGURE 2. Variation of fo and fe with respect to n. At this point,
the resonant frequencies of the odd and even modes are equal. This
leads to the second conclusion: the resonant frequency of a symmetric
resonator is equal to that of its odd-mode equivalent circuit.

When the resonance condition is satisfied (Yin = 0), the
solution is derived as

θ1=arctan

±
√

9± 2
√
17

13

+kπ, k = 0, 1, 2, 3, . . . (10)

By taking the minimum value corresponding to the funda-
mental frequency as 0.075π and setting L1 = 1mm, substi-
tution into Eq. (5), we obtain fo = 7.6GHz. Consequently,
4fo = 30.4GHz, which corresponds to the center frequency of
the first channel.
The even-mode equivalent circuit of the stepped impedance

resonator is depicted in Fig. 3(d). Due to its composition of
three microstrip line sections, directly calculating the input ad-
mittance becomes considerably complex. According to the sec-
ond conclusion established in the previous analysis, the reso-
nant frequency of this circuit is equal to that of its odd-mode
equivalent circuit. The odd-mode equivalent circuit of the
even-mode equivalent circuit is illustrated in Fig. 3(e), and its
input admittance is derived as:

Y e o
in = j3Y

3 tan θ − 1
tan 2θ

3 + tan θ
tan 2θ

(11)

Similarly, when the resonance condition is satisfied (Yin =
0), the solution is derived as

θ2 = arctan
(
± 1√

7

)
+ kπ, k = 0, 1, 2, 3, . . . (12)

By substituting the minimum value corresponding to the fun-
damental frequency, 0.115π, and L1 = 1mm into Eq. (5),
fe = 11.66GHz is obtained. Consequently, 3fe = 35GHz,
which corresponds to the center frequency of the second chan-
nel. With a physical length of 1mm per unit electrical length
θ, the design satisfies the required center frequencies for both
channels. Here, by adjusting the θ of loaded stubs, center fre-
quencies of the two passbands can be tuned.
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FIGURE 3. (a) Physical layout of the stepped impedance resonator;
(b) electrical length distribution of the stepped impedance resonator,
(c) odd-mode equivalent circuit, (d) even-mode equivalent circuit, (e)
odd-mode equivalent circuit of the even-mode equivalent circuit.

3. DESIGNAND TESTINGOF THE DUAL-BAND FILTER
The dual-channel filter is designed on a single-layer Rogers
RT/Duroid 5880 substrate with a relative dielectric constant
of 2.2 and a thickness of 0.254mm. The center frequencies
of the two channels are designed at fL = 30.5GHz and
fH = 35GHz, with bandwidths of BWL = 2.2GHz and
BWH = 2GHz, respectively. The filter structure consists of
two dual-mode resonators, where the lower passband is gener-
ated by coupling between the odd-mode resonances (fo) of the
two resonators, while the upper passband is formed by coupling
between their even-mode resonances (fe). The corresponding
coupling scheme is illustrated in Fig. 4, where solid and dashed
lines denote electrical and magnetic coupling, respectively, and
“S” and “L” refer to the source and load. The overall physical
layout of the filter is presented in Fig. 5.
The operating bandwidth of the two channels is optimized by

adjusting the coupling gap between the dual-mode resonators
and the width W1 of the microstrip line. The final dimensions
for the coupling gap and microstrip line width (W1)were deter-
mined to be 0.1mm and 0.5mm, respectively. The correspond-
ing characteristic impedance of the microstrip line is 65.8Ω.
Meanwhile, the insertion loss is improved by tuning both the
coupling gap and the relative position between the port excita-
tion and the resonator.

Coupling

L-channel H-channel

S

fo

fo

L

fe

fe

S

S/L Resonator

FIGURE 4. Coupling topology.
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FIGURE 5. Geometry structure of the proposed filter (all unit is mm).
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FIGURE 6. Simulated insertion losses with different θt = 0◦, 30◦, 45◦
and 60◦.

FIGURE 7. Photograph of the dual-band filter (14.6mm× 12mm) with
the test fixture.

When the coupling gap is 0.1mm, the simulated insertion
losses with different locations (θt = 0◦, 30◦, 45◦ and 60◦)
are shown in Fig. 6. When 45◦ feed-in input/output ports are
employed, the dual-band filter achieves its flattest response
and lowest insertion loss. Specifically, the insertion losses are
measured at 1 dB and 0.8 dB at the two center frequencies of
31.1GHz and 36.4GHz, respectively.
A photograph of the fabricated filter is shown in Fig. 7. The

filter is measured by an R&S ZVA67 vector network analyzer
with an Anritsu network analyzer universal test fixture up to
40GHz. As shown in Fig. 8, the results indicate that the two
measured passbands are centered at 30.5GHz and 35.9GHz,
with fractional bandwidths of 7.2% and 5.6%, respectively.
The corresponding insertion losses at the center frequencies are

FIGURE 8. Measured results of the proposed filter.

2.7 dB and 3.3 dB. Compared with the simulated results, the in-
sertion losses are becoming larger. These could be attributed
to the influence of the test fixture, which cannot be calibrated
in the test system. Despite these, the proposed dual-band filter
is still an effective configuration with compact size and easy
fabrication, which has many attractive characteristics.

4. CONCLUSIONS
A novel dual-band filter based on a ring resonator structure is
presented in this paper. A prototype operating in the Ka-band
(26.5–40GHz) has been designed, fabricated, and measured,
demonstrating favorable performance. The proposed filter ex-
hibits advantages of structural simplicity, compact size, and
straightforward fabrication, making it highly suitable for appli-
cation in next-generation satellite communication systems —
particularly in high-throughput Ka-band links and LEO satel-
lite constellations — as well as in 5G/6G millimeter-wave
front-ends operating in corresponding frequency ranges (27.5–
28.35GHz, 35GHz).
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