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ABSTRACT: In this paper, a novel planar dual-band absorptive band-stop filter (ABSF) based on transmission lines is proposed. The
filter structure is composed of multiple transmission lines and two chip resistors, which endows it with distinct advantages, including
multiple transmission zeros, high-selectivity dual-band-stop performance. Through formula derivations, the specific positions of the
four transmission zeros within the operating frequency are precisely determined. Experimental measurement results demonstrate that
the −10 dB fractional bandwidth of the first stopband is 50.27% (from 0.7GHz to 1.17GHz), while that of the second stopband reaches
13.18% (from 3.33GHz to 3.8GHz). Across the entire frequency, the insertion loss S21 achieves a minimum of −45.20 dB at 1GHz,
and the return loss S11 attains a maximum of −10.27 dB at 3.94GHz. The physical dimensions of the filter are 102mm × 26mm
(0.77λ0 × 0.20λ0).

1. INTRODUCTION

Planar band-stop filters with various performances play an
important role in radio communications. In fact, to sup-

press interference signals and shield specific frequency bands,
the main working area of band-stop filters is concentrated on
the radio frequency front. When microstrip transmission lines
are used, a reconfigurable band-stop filter capable of covering
multiple frequency bands by switching the states of PIN diodes
is reported in [1]. Obviously, in order to achieve a high quality
factor characteristic of the band-stop filter, a new type of band-
stop filter with a Surface Acoustic Wave (SAW) resonator cas-
caded with a transmission line is mentioned in [2]. There is no
doubt that the size of a band-stop filter is a key performance
indicator that requires focused attention. It is reported in [3]
that the integration of two band-stop components, namely de-
fected microstrip structure (DMS) and defected ground struc-
ture (DGS), in the vertical dimension can significantly reduce
the size of traditional band-stop filters. To solve the challenge
of radio frequency co-site interference, a tunable band-stop
filter for airborne tactical communication is proposed in [4].
Through the methods described in [5, 6], the filtenna is en-
dowed with narrow bandwidth and high selectivity by integrat-
ing filter functionality into the antenna structure.
With the development of modern radio communication, ab-

sorptive band-stop filters have become essential components
for suppressing specific signal frequency bands, absorbing the
unnecessary signal, and reducing interference to the system.
Compared with traditional band-stop filters, absorptive band-
stop filters convert the absorbed energy into thermal energy
through internal resistive elements instead of reflecting it back
to the signal source. This can greatly avoid the impact of stand-
ingwaves and impedancemismatch caused by reflected signals,
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thereby enhancing the system’s stability. It is evident that the
absorption performance can be achieved by means of a load
resistor. When coupled lines are adopted, a compact broad-
band absorptive band-stop filter based on coupled lines was
reported in [7]. Nowadays, absorptive bandstop filters with
broadband impedance matching have become a research fo-
cus. In [8], a method using distributed element resonators to
design absorptive band-stop filters is discussed, and the pro-
posed structure can achieve broadband impedance matching
with a flat passband at both ports. However, when design-
ing high-order absorptive band-stop filters using traditional dis-
tributed elements, it is inevitable to increase the number of
loads. Band-stop filters that simultaneously exhibit absorptive
performance and extended upper passband capability have be-
come a relatively novel research direction nowadays. In [9],
an extended upper passband absorptive band-stop filter capa-
ble of achieving excellent broadband impedance matching per-
formance is reported. In [10], an ultra-compact broadband ab-
sorptive band-stop filter adopting a thin-film integrated passive
device technology is introduced. This structure enhances fre-
quency selectivity by generating additional transmission zeros
through series inductors and capacitor resonators. In [11], the
design of a novel tunable monolithic microwave integrated cir-
cuit (MMIC)-based quasi-absorptive band-stop filter with ultra-
high stopband rejection is discussed. In this reference, an asyn-
chronous tuning method is adopted to enhance the robustness
of the design and achieve ultra-high stopband attenuation over
a wide tuning range. A novel broadband absorptive band-stop
filter with multiple transmission zeros is mentioned in [12], in
which a coupled-line structure is adopted, which can be used
to increase the number of transmission zeros of the absorp-
tive band-stop filter and achieve excellent frequency selectivity.
Moreover, for absorptive band-stop filters, achieving tunable
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FIGURE 1. (a) Circuit topology of the proposed planar absorptive filter. (b) Circuit topology of the dual-band bandstop filter.
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FIGURE 2. Ideal simulated S-parameters of bandstop filter. (a) Without R1 & R2. (b) With R1 & R2.

performance or switchable bandpass-bandstop performance is
also a current research hotspot. A frequency-tunable absorp-
tive band-stop filter is introduced in [13]. Methods for realizing
bandpass-bandstop switching are described in [14, 15].
Modern radio communications often need to operate in mul-

tiple frequency bands simultaneously. However, the realiza-
tion of multi-band operation has not been addressed in [7–15].
In [16], an innovative tunable wideband band-stop filter featur-
ing single-to-dual operation is presented. A multi-band band-
stop filter with center frequency tunability achieved by varactor
diodes is reported in [17, 18]. A multi-band miniaturized ab-
sorptive band-stop filter design based on the bridged-T coil was
proposed in [19]. This method is adopted in [20] for the design
of a miniaturized dual-band absorptive band-stop filter, and the
structure exhibits improved passband performance. Recently, a
planar dual-band absorptive band-stop filter based on coupled
lines is reported in [21], which exhibits a high-selectivity dual-
band stopband function and excellent absorptive characteris-
tics. Therefore, investigations on dual-band and multi-band ab-
sorptive band-stop filters are not only important but also highly
challenging.
For the purpose of meeting the requirements for absorptive

behavior and dual-band operation, a novel absorptive band-
stop filter configuration based on transmission lines is proposed
in this paper. This structure features four transmission zeros,
freely designable parameters, high-selectivity dual-band band-
stop function. The main components of the absorptive band-
stop filter include four transmission line branches and a main
transmission path cascaded by four segments of transmission

lines. A stepped-impedance branch is introduced into each of
the four branches to increase the transmission zeros at the stop-
band center frequencies without affecting the dual-band absorp-
tion performance. Detailed circuit analysis and design proce-
dures are provided in this paper. Lastly, a standard microstrip
prototype is developed, simulated, and tested to validate the
feasibility of the proposed concept.

2. ABSORPTIVE BANDSTOP FILTER DESIGN
As shown in Fig. 1(a), the topological structure of the planar ab-
sorptive band-stop filter is demonstrated. It is divided into three
parts. The first part consists of four cascaded microstrip trans-
mission lines forming the main transmission path. The second
part consists of two parallel open-circuited stub sections, each
section formed by cascading two microstrip transmission lines.
The third part comprises two parallel microstrip transmission
line stubs that are connected to resistors, respectively, and po-
sitioned close to the input port.
The filter’s dual-band stopband performance is demonstrated

in Fig. 2(a). As shown in Fig. 1, two resistor branches are intro-
duced into the topology to achieve return loss absorption while
maintaining dual-band stopband performance. After the intro-
duction of the resistor branches, as illustrated in Fig. 2(b), the
return loss within both stopbands is significantly lower than
−15 dB.
When the values of R1 and R2 are both infinite, the two par-

allel resistor branches adjacent to Port 1 are open-circuited. At
this point, the circuit is equivalent to that shown in Fig. 1(b).
All energy is reflected back to Port 1 and not dissipated by the
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FIGURE 3. (a) Odd-mode equivalent circuit. (b) Even-mode equivalent circuit.

resistors. However, by properly adjusting the values of R1 and
R2 to match these two parallel resistor branches with the in-
put impedance of Port 1, energy is dissipated through the two
resistor branches and not reflected back to Port 1. As shown
in Fig. 1(b), the parallel stepped-impedance structure is intro-
duced to generate transmission zeros.

3. THEORETICAL ANALYSIS
As depicted in Fig. 1(a), the two halves of the circuit are mir-
ror images of each other with respect to the central vertical
line. To facilitate theoretical analysis, odd-mode and even-
mode equivalent circuits are respectively derived for this cir-
cuit topology. Specifically, the odd-mode equivalent circuit is
illustrated in Fig. 3(a), while the even-mode counterpart is pre-
sented in Fig. 3(b). In Fig. 3(a), the characteristic impedances
of all transmission lines are represented asZi (i = 1, 2, 3, 4, 5),
θ as the electrical length of all transmission lines, and Zino1,
Zino2, Zino3, Zino4, Zino5 as the input impedance of the odd-
mode equivalent circuit.
Based on the transmission line theory, the input impedance

Equation (1) of the even-mode equivalent circuit can be de-
rived.



Zino1 = −jZ1 cot θ

Zino2 =
j(Z2 tan2 θ−Z1)Z2

(Z1+Z2) tan θ

Zino3 =
jZ2

3 (Zino4+Zino5) tan θ+Z3Zino4Zino5

jZino4Zino5 tan θ+(Zino4+Zino5)Z3

Zino4 = jZ4 tan θ

Zino5 =
j(Z2 tan2 θ−Z5)Z2

(Z2+Z5) tan θ

Zino6 = −jZ5 cot θ

(1)

Similarly, Equation (2) for the even-mode equivalent circuit can
be obtained



Zine1 = −jZ1 cot θ

Zine2 =
j(Z2 tan2 θ−Z1)Z2

(Z1+Z2) tan θ

Zine3 =
jZ2

3 (Zine4+Zine5) tan θ+Z3Zine4Zine5

jZine4Zine5 tan θ+(Zine4+Zine5)Z3

Zine4 = −jZ4 cot θ

Zine5 =
j(Z2 tan2 θ−Z5)Z2

(Z2+Z5) tan θ

Zine6 = −jZ5 cot θ

(2)

The final Equation (3) for the odd-mode and even-mode input
impedances can be derived.



Zino = Zino2Zino3

Zino2+Zino3
=

(Z1Z2 tan θ−Z2
2 tan3 θ)(A tan2 θ−B)

j(Z2
2 tan2 θ−Z1Z2)C+j(A tan2 θ−B)(Z1 tan2 θ+Z2 tan2 θ)

Zine =
Zine2Zine3

Zine2+Zine3
=

j(Z2
2 tan2 θ−Z1Z2)(Z3E−Z2

3D tan2 θ)
tan θ[(Z1+Z2)(Z3E−Z2

3D tan2 θ)−(Z2
2 tan2 θ−Z1Z2)(Z3D+E)]

(3)

The expressions for A,B,C,D, and E in Equation (3) are
given in Equation (4).



A = Z2
3

(
Z2Z4 + Z4Z5 + Z2

2

)
+ Z2

2Z3Z4

B = Z2Z3Z5 (Z3 + Z4)

C =
[
Z3

(
Z2Z4 + Z4Z5 + Z2

2

)
+ Z2Z4Z5

−Z2
2Z4 tan2 θ

]
tan2 θ − Z2Z3Z5

D = Z2
2 tan2 θ − Z2Z4 − Z2Z5 − Z4Z5

E = Z2Z4

(
Z2 tan2 θ − Z5

)
(4)

The S11 and S21 are calculated in Equation (5) and Equation (6)

S11 =
Z2
0 − ZineZino

(Zino + Z0) (Zine + Z0)
(5)

S21 =
Z0 (Zine − Zino)

(Zino + Z0) (Zine + Z0)
(6)

The transmission zeros can be achieved when S21 equals zero.
By analogy, there are two cases: one is that Zino equals Zine

and neither is infinite, and the other is that both Zino and Zine

are infinite.
Case 1.

Zino = Zine ̸= ∞ (7)
Case 2. {

Zino = ∞
Zine = ∞

(8)

All transmission zeros can be obtained through case 1 and
case 2. {

tan θ (ftz1) ≈ 0.618

tan θ (ftz2) ≈ 0.823
(9)
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FIGURE 4. Simulation results of S11 and S21 with different values of Z2 and Z4. (a) With different values of Z2. (b) With different values of Z4.

As shown in Equation (10), a total of four solutions for θ within
the range of 0 to π can be obtained from Equation (9).

θ (ftz1) = arctan 0.618
θ (ftz2) = arctan 0.823
θ (ftz3) = π − θ (ftz2)

θ (ftz4) = π − θ (ftz1)

(10)

The positions of the four transmission zeros can be determined
through Equation (11). f0 denotes the center frequency.

ftzn =
2f0
π

θ (ftzn) , (n = 1, 2, 3, 4) (11)

Simulations are conducted through ADS software when differ-
ent values are selected for Z2 and Z4. Fig. 4 illustrates that Z2
andZ4 affect the return loss in passbands. In Fig. 4(a), the value
of Z2 exerts a significant influence on the return loss outside
the two stopbands, while it has a relatively minor impact on the
passband bandwidth. However, in Fig. 4(b), the value ofZ4 pri-
marily affects the return loss within the two stopbands as well
as the passband bandwidth notably. Specifically, as the value
of Z2 increases, the passband bandwidth expands. Therefore,
to achieve the optimal overall performance, the filter configura-
tion adopted in this paper is the value of Z4 which is 100Ω, and
the value of Z2 is 170Ω. In order to achieve the best results,
the circuit parameters are as follows: Z1 = 116Ω,Z2 = 170Ω,
Z3 = 56Ω, Z4 = 100Ω, Z5 = 84Ω, θ = 40◦, R1 = 300Ω,
R2 = 275Ω.

EM simulation results of S11 and S21 with different values
of R are shown in Fig. 5. Fig. 5(a) characterizes the influence
of the variation of R1 on the S-parameter curves when R2 is a
fixed value, while Fig. 5(b) characterizes the influence of the
variation of R2 on the S-parameter curves when R1 is a fixed
value. As can be seen from Fig. 5(a), with the increase of R1,
the return loss S11 in the first stopband shows an overall de-
creasing trend, and the maximum return loss S11 at the center
frequency within this stopband can reach−18 dB. However, as
R1 increases, the return loss S11 at the center frequency of the
second stopband presents an overall increasing trend, and the
maximum return loss S11 at the center frequency within this
stopband can reach −12 dB.
It can be observed from Fig. 5(b) that with the increase of

R2, the return loss S11 in the first stopband exhibits an overall
increasing trend, and the maximum return loss S11 within this
stopband can reach−12 dB; the insertion loss S21 in the second
stopband decreases gradually, and the transmission zeros near
the center frequency of this stopband shifts or disappears.
From the above observations, it can be concluded that the re-

turn loss S11 in the two stopbands are affected simultaneously
by R1 and R2, and the transmission zeros near the center fre-
quency of this stopband shift or disappear depending on the
value of R2. This also verifies the absorption function of R1
and R2 on the return loss S11.
The absorptive band-stop filter incorporates two stopbands

with center frequencies of 0.92GHz and 3.58GHz, respectively
(center frequency f0 = 2.25GHz, θ = 40◦).
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TABLE 1. Performance comparison of the ABSF.

Filter
structures

Number of
stopbands

FBWs
(% @dB)

Center
frequency (GHz)

Number of
transmission zeros

Return loss at
stopbands (dB)

Ref. [9] 1 - 2.00 1 > 10.00

Ref. [19] 2
58.30/30.50 @−3

21.80/11.90 @−10
4.80/9.60 2 21.90/12.80

Ref. [20] 2
60.30/37.70 @−3

22.70/14.00 @−10
4.80/9.60 2 15.90/10.10

Ref. [21] 2
54.54/67.42 @−3

30.42/13.87 @−10
0.63/1.37 2 13.30/14.70

Ref. [22] 2
34.9/25.9 @−3

14.93/10.69 @−10
0.68/1.28 2 > 10.00

This work 2
115.79/34.87 @−3

50.27/13.18 @−10
0.92/3.58 4 22.36/11.11
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FIGURE 5. EM simulation results of S11 and S21. (a) With different values of R1. (b) With different values of R2.
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FIGURE 6. EM simulated and measured results.

The filter prototype is fabricated on an RO4350B substrate,
which has a dielectric constant of 3.66, a loss tangent of 0.0037,
and a copper foil thickness of 1.524mm. The circuit dimen-
sions and a physical prototype photograph are presented in
Fig. 8. The dimensions of the proposed filter are 10.2 cm ×
2.6 cm (0.77λ0 × 0.20λ0), where λ0 denotes the free-space
wavelength at the center frequency. The simulated and mea-
sured results of the filter are illustrated in Fig. 6, from which
the bandwidths of the two stopbands can be observed.

For the stopband definition of S21 < −10 dB, the first stop-
band spans from 0.7GHz to 1.17GHz with a relative fractional
bandwidth of 50.27%, while the second stopband ranges from
3.33GHz to 3.80GHz with a relative fractional bandwidth of
13.18%. For the definition of S21 < −3 dB, the first stop-
band covers the frequency range of 0.36GHz to 1.35GHz (rela-
tive fractional bandwidth: 115.79%), and the second stopband
extends from 2.96GHz to 4.21GHz (relative fractional band-
width: 34.87%). Within the first stopband, the maximum return
loss S11 is−14.45 dB at 1.26GHz, and the maximum insertion
loss S21 reaches −27.58 dB at 0.91GHz. In the second stop-
band, the maximum return loss S11 is −10.27 dB at 3.94GHz,
while the maximum insertion loss S21 attains −36.73 dB at
3.57GHz.
As shown in Table 1, comparisons are conducted. The pro-

posed filter is compared with other filters in Table 1. Its novelty
is verified: multiple transmission zeros and dual-bandstop ab-
sorptive performance are simultaneously achieved. Addition-
ally, the−3 dB relative bandwidth of the first stopband reaches
115.79%.
As shown in Fig. 5 and Fig. 7, EM simulation results of S11

and S21 with different values of R are presented. With varia-
tions in the resistance value, the transmission zeros are likely to
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FIGURE 7. EM simulated and measured results. (a) The first band. (b) The second band.

FIGURE 8. The layout dimensions and physical photograph of the proposed filter (Unit: mm).

shift or vanish within the operating frequency. In addition, the
precision of processing, the accuracy of chip resistors, and the
errors during actual measurement may cause individual trans-
mission zeros to shift or disappear.

4. CONCLUSION
In this paper, a novel planar dual-band absorptive band-stop
filter (ABSF) based on transmission lines is proposed. The fil-
ter structure is composed of multiple transmission lines and two
chip resistors, which endows it with distinct advantages, includ-
ing four transmission zeros, high-selectivity dual-bandstop per-
formance. To accurately characterize its frequency response,
detailed formula derivations are conducted, through which the
specific positions of the four transmission zeros within the op-
erating frequency are precisely determined. The physical di-
mensions of the filter is 102mm× 26mm (0.77λ0 × 0.20λ0).
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