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Design and Fabrication of a Compact Passive Lowpass Filter with Very
Ultra Wide Stopband
Gholamhosein Moloudian* and Massoud Dousti†
Abstract – Microstrip lowpass filters (LPFs) with good performance are used in most telecommunication systems. The important features of a LPF include wide stopband and high figure of
merit. In this study, a resonator was used to design a LPF. Three suppression cells were also used to
widen the stopband by up to 40 GHz. The filter cut-off frequency is equal to 1.2 GHz. The results
show that the stopband width, with consideration of -30 dB attenuation, is equal to 34.2 GHz and its
figure-of-merit is equal to 34620. The simulated, measured and LC equivalent circuit results of the
proposed LPF are in good agreement and the filter dimensions were equal to 0.11×0.08 λg2.
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In most telecommunication and communication systems,
LPFs are widely used to remove unwanted signals.
Reference [1] deals with improvement of LPF parameters
and includes all regulations associated with filter design.
The most important parameters of a LPF include the
following: small size, wide stopband, sharp frequency
response from the pass to stop mode and high figure of
merit (FOM). Different resonators can be used to design a
LPF. Some examples of such resonators are described
below. A LPF with good suppression factor (SF) using
suspended substrate microstrip lines (SSMLs) is presented
in [2], but the stopband is small and sharp roll-off rate
(ROF or ζ) of the frequency response is not suitable. In [3],
hairpin resonators were used to design LPF. In the
stopband, the -20dB suppression ranges from a frequency
of 1.9 to 15 GHz. In [4] a hairpin resonator with two open
stubs and one spiral slot is for designing a LPF. The filter’s
cut-off frequency is equal to 2 GHz and its SF in the
stopband is equal to -10 dB. The disadvantage of this filter
can be cited the low SF and low FOM. An ultra-wide
stopband LPF using multimode resonators is presented in
[5], but the sharpness of the frequency response, SF and
FOM parameters are not suitable. A compact LPF with
ultra-wide stopband characteristic is presented in [6], but
the ROF is bad. Defected ground structure (DGS) can also
be used to design a LPF. In [7], a DGS-based LPF with
proper functioning is provided. In [8], developed an
approach to design of aperiodic stubs on a microstrip line.
A compact LPF with a meander line, a coupled line and

two open stubs is presented in [9], but the SF is low. A
compact LPF with good return loss (RL) in the passband is
presented in [12], but the FOM of the frequency response
and FOM are not suitable. In recent years, various
resonators with different geometries and structures such as
quasi-elliptic [10], Windmill resonator [11], meanderedslot dumbbell resonator [13], and artificial transmission
lines [14] were offered to produce compact LPF.
In this paper, a compact microstrip LPF with sharp
roll-off rate (ROF or ζ), and very ultra-wide stopband is
presented. The proposed LPF is designed, simulated and
fabricated. The benefits of this article can be used to
proposed LC equivalent circuit for the LPF. The simulated,
measured and LC equivalent circuit results of the proposed
LPF are in good agreement. The paper is organized as
follows: in Section 2, the proposed resonator and
suppression cells (layout, LC equivalent circuit, frequency
response, and ABCD parameters) with very good
performance is presented. In Section 3, the proposed LPF
has been fabricated and measured. Some conclusion remarks
are presented in Section 4.
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2. Resonator Analysis and Filter Design
Fig. 1 shows the topology, synthesis and analysis of a
proposed radial stub resonator (original resonator). The
proposed resonator acts like a third-order Chebyshev LPF.
This resonator behaves like a LPF. Third-order Chebyshev
LPF, LC equivalent circuit of this resonator and simulations
(LC and EM) can be seen in Fig. 1. The coefficients for
this filter f=1.2 GHz, IL (dB)=0.1, N=3, g0=g4=1, gL1=
1.202, gL2=0.1614, gC2=1.255, gL3=1.604. We use the
following relationships to calculate the inductors and
capacitors.Using the following relationships, the values
of the inductors and capacitors of the LPF can be obtained
[1].
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Finally, the values for inductors: W=0.1, lL1=13.7,
lL3=15.2, lL2=13.7 and for capacitors: W=4, lC2=9.4 are
obtained (mm).
In the three case, a transmission zero near 2 GHz is
created. The dimensions of the proposed layout as shown
in Fig. 1 are a=4.8 mm, b=4.9 mm, R=4 mm, and p=5.2
mm. In Fig. 1, La is the inductance of the line with length
of a, Lb is the inductance of the line with length of b, Lp
is the inductance of the line with length of p, and CR is
the capacitance of semi-circular cell with respect to the
ground. Using the electromagnetic (EM) simulator of
advanced design system (ADS) software, these values
were calculated through optimization processes. The

inductance and capacitance values of LC equivalent circuit
for the original resonator are La=0.5 nH, Lb=4.64 nH, CR=
1.65 pF, and Lp=4.36 nH. The ABCD parameters of the
proposed resonator is obtained as:
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The relationship between insertion loss (S21 parameter)
and ABCD parameters is:
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Fig. 4. The proposed LPF (a) layout, and (b) fabricated.

Fig. 3. Simulations (LC and EM) of three suppressor cells
According to equation 10, by adjusting the LP and CR
values can be controlled transmission zero. The suppression
cells provided below were used to improve the performance
of the proposed resonator’s S21 parameters in the stopband.
The proposed structure of suppression cells together with
its equivalent circuit are presented in Fig. 2.
Fig. 2 shows the layout and LC equivalent circuit for the
suppressor cell. In Fig. 2, La is the inductance of the line
with length of a, Lb is the inductance of the line with length
of b, Lx is the inductance of the line with length of x, and
CR is the capacitance of radial stub cell with respect to the
ground. Due to the symmetry of the proposed equivalent
circuit can be simplified. Given that we have two parallel
branches of Lx and CR, so as to simplify can act as Leq=Lx/2,
Ceq=2×CR. Here, the three suppression cells provided in
Fig. 3 were used. The S21 scattering parameter for each
suppression cell, together with their equivalent circuit
response, are provided in this figure.
Suppressing cells makes use of three transmission zeros
(fTZ1, fTZ2 and fTZ3) at frequencies near 9 GHz, 24 GHz and
30 GHz be created (conforms to the Fig. 3). The use of
suppression cells improves insertion loss in the stopband.
The dimensions of the proposed layout as shown in Fig. 3
are for cell-1: a1=4.6 mm, b1=4.7 mm, R1=3.8 mm, x1=0.2
mm, for cell-2: a2=1.8 mm, b2=1.85 mm, R2=1.5 mm, x2=
0.2 mm, and for cell-3: a3=1.6 mm, b3=1.65 mm, R3=1.2
mm, x3=0.2 mm. The inductance and capacitance values of
LC equivalent circuit for the suppressor cells are La1=2.5
nH, Lb1=2.5 nH, Leq1=0.49 nH, Ceq1=0.65 pF, La2= 0.16 nH,
Lb2=4.9 nH, Leq2=0.16 nH, Ceq2=0.28 pF, La3=3.9 nH,
Lb3=0.37 nH, Leq3=0.26 nH, Ceq3=0.11 pF. The results of
proposed LC equivalent circuit are in good agreement with
the layout results. Using the ADS software, these values
were calculated through optimization processes.

3. The Proposed Filter Structure
The proposed filter consists of a main resonator with
three suppression cells for improving the S21 parameter in
the stopband. Fig. 4 presents the proposed filter. The
characteristic impedance of ports 1 and 2 are 50 Ω, and the

Fig. 5. Simulated, measured and LC equivalent circuit
results of the proposed filter
SMA connector is used. The dimensions of the proposed
layout as shown in Fig. 4 are a=4.6 mm, b=4.8 mm, c=1.8
mm, d=1.94 mm, e=2.8 mm, f=1.6 mm, g=1 mm, k=2.5
mm, p=5.2 mm, h=0.78 mm, R=4 mm, R1=3.8 mm, R2=1.5
mm, R3=1.2 mm, and x=0.2 mm. The proposed filter was
developed on the RT/Duroid 5880 substrate with a
thickness of 10 mil (0.254 mm), dielectric constant of 2.2
and loss tangent of 0.0009. Fig. 5 shows the scattering
parameter of the filter. The simulated, measured and LC
equivalent circuit results of the proposed LPF are in good
agreement. The results show that the proposed LPF has a 3 dB cutoff frequency at 1.2 GHz. As shown in Fig. 5, the
proposed LPF has an ultra-wide stopband from 5.8 to 40
GHz with consideration of -30 dB attenuation level.
Fig. 6(a) shows the LC equivalent circuit of the
proposed LPF while Fig. 6(b) shows the simplified LC
equivalent circuit of the proposed LPF. Due to the
symmetry in some parts of the proposed circuit can be
simplified. Given that we have some parallel branches of
Lxi and CRi, so as to simplify can act as Leqi=Lxi/2, Ceqi=
2×CRi, (i=1, 2, 3). After simplification, the equivalent
circuit in Fig. 6(b) is proposed. The inductance and
capacitance values of the simplified LC equivalent circuit
for the proposed LPF are La=2 nH, Lb=1.2 nH, Lc=2.25 nH,
Ld=0.4 nH, Le=0.8 nH, Lf=1 nH, Lg=1.5 nH, Leq1=0.25 nH,
Ceq1=1 pF, Lp=5 nH, CR=1.4 pF, Leq2=2.9 nH, Ceq2=2 pF,
Leq3=5 nH, and Ceq3=1.5 pF. Table 1 compares the
performance of the proposed LPF with the results of other
http://www.jeet.or.kr │ 1923
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Fig. 7. Phase and group delay for the proposed LPF in the
passband

Fig. 6. (a)The LC equivalent circuit of the proposed LPF,
and (b) the simplified LC equivalent circuit of the
proposed LPF
Table 1. Performance comparisons of the proposed LPF
with other works
Refs.

fc
(GHz)
1
1.6
2
1.8
1.74
1.9
1.2
1.18
1.76
2.4
2.2

ROF
(dB/GHz)
35.6
52.8
43.9
--20.5
37
24
36
51.5
15.9
58.6

RSB

SF

NCS

BW
stop
9.79
14.2
17
21.2
20.2
6
8.44
7.04
10.2
7.5
25.7

FOM

[2]
1.47
3
0.0227
6826
[3]
1.53
2
0.0091
17652
[4]
1.63
1
0.0151
4741
[5]
1.58 1.5 0.0099
--[6]
1.59
2
0.0204
3196
[8]
1.45 1.8 0.0920
1050
[9]
1.38 1.5 0.0088
5281
[10]
1.32 1.5 0.0064
11543
[11]
1.56
2
0.0475
3383
[12]
1.04
2
0.1056
314
[13]
1.73
2
0.0555
3654
This
1.2
68
1.49
3
0.0088 34.2 34620
work
ξ = (αmax-αmin) / (fs –fc); SF = ((max attenuation level in stopband) / 10);
RSB=Stopband bandwidth/Stopband center freq;
NCS = Physical size / λg 2; FOM = ( ξ ×RSB × SF)/( NCS × AF)

works. In this Table, the ROF or ζ is a roll-off rate, relative
stopband bandwidth (RSB), suppression factor (SF),
normalized circuit size (NCS), and figure-of merit (FOM)
1924 │ J Electr Eng Technol.2018; 13(2): 1921-718

are defined as in [10].
According to the results obtained for the proposed LPF,
the -3 dB cut-off frequency is 1.2 GHz. Insertion loss in the
passband is less than 0.4 dB. The ROF parameter shows
the slope of frequency response curve of the passing to
stop. The proposed LPF has a sharp roll-off rate of 68
dB/GHz. The insertion loss in the stopband is more than 30
dB, which increases the SF parameter up to 3. The size of
the proposed LPF is 0.11λg × 0.08λg where, λg is the
guided wave length at the cut-off frequency. The proposed
LPF has an ultra-high FOM of 34620 which shows the
performance of the proposed filter is appropriate. The
advantages of this filter can be noted the ultra-wide
stopband (equal to 34.2 GHz). The simulation results for
the layout and proposed LC equivalent circuit are in good
agreement with the measured of the fabricated sample.
Phase and group delay for proposed filter in the passband
shown in Fig. 7. As seen in Fig. 7, the flat group delay is
achieved in the pass band zone with range of variation
0.32-0.37 ns for the proposed LPF. The phase of the
insertion loss is linear, which indicates the good
performance for the proposed LPF.

4. Conclusion
In this study, a resonator with three suppression cells
were used to design a LPF with an ultra-wide stopband of
about 34.2 GHz. The filter is very small in size and its
other parameters are favorable as well. Suppression in the
stopband is equal to -30 dB. It was found that the simulated,
measured and LC equivalent circuit results of the proposed
LPF are in good agreement. The proposed filter’s figure of
merit is very high and equal to 34620. The proposed filter
can be used in telecommunication systems.
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