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Novel miniaturized low-pass filters from artificial transmission
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Yu He, Xin Wu and Chang-jun Liu*

School of Electronics and Information Engineering, Sichuan University, Chengdu 610064, China

(Received 5 January 2014; accepted 10 April 2014)

A novel design on miniaturized low-pass filters from artificial transmission line
structures is proposed. Reactance components, i.e. capacitors and inductors, are
directly constructed from microstrip structures based on electromagnetic simulation
and parameter extraction. The constructed reactance components are integrated to
build low-pass filters. The results of a fifth-order Butterworth, 0.25, 0.5, and 1 dB
ripple Chebyshev filters, which are realized by the proposed method, are presented.
The proposed low-pass filters are compact and their sizes are about 20% of conven-
tional microstrip low-pass filters. The simulation agrees well with the measurements,
which shows the validation of the proposed design method. The miniaturized low-
pass filters may be applied to many microwave systems.

Keywords: microstrip filter; miniaturization; low-pass filter; artificial transmission
line; reactance components; parameter extraction

1. Introduction

Microstrip low-pass filters have been widely used in microwave system due to the low
fabrication cost.[1] Miniaturization of microstrip filters has received substantial attention
and many works are devoted to reducing the filter size.[2,3] Artificial transmission line
reported in the literature is used to reduce the size of microwave components, such as
power dividers, couplers, and baluns.[4–6] In this letter, by utilizing the artificial trans-
mission line, a novel miniaturized low-pass filter is designed based on parameter
extraction from the constructed reactance components. Meandered lines and parallel-
plated capacitors are used to replace lumped inductors and capacitors, respectively.

Filter designs at microwave frequencies are difficult to realize with lumped compo-
nents because the wavelength becomes comparable with the physical dimensions of filter
structure, resulting in more losses. Thus, distributed transmission line elements are of
importance for designing practical microwave filters. The conventional approach to con-
verting lumped elements into distributed elements is relying on Richard’s transformation,
while Kuroda’s identities can be applied to separate filter elements using transmission
line sections. However, they highly increase the filter size, though such transmission line
sections do not affect the filter response. The large filter size makes it inapplicable in
current wireless communication which demands miniaturization and integration.

A new methodology of filter design is proposed to tackle the aforementioned
problem. Reactance components, i.e. capacitors and inductors, can be directly
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constructed from microstrip structures based on electromagnetic simulation and parame-
ter extraction. The constructed reactance components are integrated to form a desired
filter. Utilizing this method to design a filter applies well to a low-band microwave.
The circuit size is more compact compared to conventional distributed element filters.

2. Design concept and methodology

According to the aforementioned filter design concept, the design steps of a low-pass
filter are as follows: (a) select the normalized filter parameters to meet the design crite-
ria; (b) obtain the filter parameters Li and Ci with frequency transformation and imped-
ance transformation; (c) utilize electromagnetic simulation to construct the equivalent
microstrip structure and extract the equivalent element parameters; and (d) integrate
and optimize the microstrip structure.

There are two possible realizations for the generic normalized low-pass filter. Here,
we choose the first element of the low-pass filter to be an inductor connected in series
with the source. The equivalent circuit of a low-pass filter is given in Figure 1.

In order to illustrate the design procedure for this type of filter, a design of a five-
pole low-pass filter with a Butterworth response and a cutoff frequency at 1.8 GHz is
described as follows. The element values of Butterworth responses are g1 = g5 = 0.618,
g2 = g4 = 1.618, and g3 = 2. With frequency transformation and impedance transforma-
tion, we can get L1 = L5 = 2.73 nH, C2 = C4 = 2.86 pF, and L3 = 8.84 nH. Meandered
lines and parallel-plated capacitors are constructed to equate with these values. The
full-wave electromagnetic simulator IE3D [7] is used to extract the element values from
the equivalent circuit model. The constructed inductor based on a microstrip meandered
line and its corresponding equivalent-lumped circuit model are shown in Figure 2(a)
and (b), respectively. Meandering of transmission lines could be the most straightfor-
ward way for size reduction.[8–10] Referring to the equivalent model in Figure 2(b),
the inductor L represents meandered line inductor, while C1 and C2 represent parasitic
capacitance. For the sake of simplicity, C1 and C2 are assumed to be identical. The
Y-matrix of the equivalent model is written in the form

½Y � ¼ Y11 Y12
Y21 Y22

� �
¼

jxC1 þ 1

jxL
� 1

jxL

� 1

jxL
jxC2 þ 1

jxL

0
BB@

1
CCA (1)

L and C can be obtained by the extraction of the imaginary part of Y-matrix

L ¼ 1

2pf ImðY21Þ (2)

C1 ¼ C2 ¼ ImðY11Þ þ ImðY21Þ
2pf

(3)

VG

R

R

g1

g2

g3

g4

gN

gN-1

gN-2

gN-3

Figure 1. Equivalent circuit model of a low-pass filter.
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According to (2) and (3), L and C are the functions of frequency. Therefore, the
equivalent parameters L and C can only be obtained with a specific frequency substi-
tuted into (2) and (3). The Y-matrix of meandered lines is extracted with IE3D simula-
tion from 0 to 5 GHz. The length and width of the meandered line are optimized based
on the design parameter. At the cut-off frequency 1.8 GHz, L = 7.20 nH and C = 0.40 pF.
Its equivalent inductance is Leff = 8.84 nH, which corresponds with the design value.

The method can also be applied to construct a parallel-plated capacitor. The
constructed capacitor from microstrip structure and its corresponding equivalent-lumped
circuit model are shown in Figure 3(a) and (b), respectively. The Y-matrix of the
equivalent model can be given by

½Y � ¼ Y11 Y12
Y21 Y22

� �
¼ 1

jxLþ 1

jxC

1 1
1 1

� �
(4)

L and C can be obtained by the extraction of the imaginary part of Y-matrix

L ¼
Im 1

Y

� �þ f
@Im 1

Y

� �
@f

4pf
(5)

C ¼ �1

pf Im 1
Y

� �� f
@Im 1

Y

� �
@f

� � (6)

Similarly, with parameter extraction by simulation at cutoff frequency 1.8 GHz, we
get C = 1.48 pF and L = 2.57 nH.

Port1 Port2
1.5mm

0.5mm 0.8mm

0.5mm

1mm

+

V1 V2

+
L

C2C1

Port 1 Port 2

(a)

(b)

Figure 2. Constructed inductor based on a microstrip meandered line. (a) Circuit schematic. (b)
Equivalent-lumped circuit model.

Port

6.0mm

6.9mm

Port 1

+

V1

L

C

(a) (b)

Figure 3. Constructed capacitor from microstrip structure. (a) Circuit schematic. (b) Equivalent-
lumped circuit model.
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The series LC resonant circuit can be equivalent to a series capacitor, as shown in
Figure 4.

The impedance of series LC resonant circuit is

ZLC ¼ jxLþ 1

jxC
(7)

The impedance of single series capacitor is

ZC ¼ 1

jxCS
(8)

Let ZLC = ZC, we can obtain the value of CS with C = 1.48 pF and L = 2.57 nH
substituted into the formula (9). We get CS = 2.88 pF which is quite close to the design
value 2.86 pF.

CS ¼ C

1� x2LC
¼ C

1� 4p2f 2LC
(9)

The constructed meandered lines and parallel-plated capacitors are used to replace
the original lumped elements as shown in Figure 5.

3. Experiments

Following the design procedure, the filters developed in this study are fabricated on
F4B-2 substrate with a thickness of 1 mm, a dielectric constant εr of 2.65, and a
dielectric loss of 0.004. The sizes of the four filters are 38.0 mm × 18.6 mm, 46.2 mm ×
18.3 mm, 50.7 mm × 18.3 mm, and 58.4 mm × 18.5 mm, respectively. The Agilent
N5230A network analyzer is used to measure |S11| and |S21| from 0 to 10 GHz. The
simulated and measured results are shown in Figure 6.

As shown in Figure 5(a), the maximum insertion loss of the five-pole Butterworth
filter is as low as 0.5 dB at its operation frequency and the rejection band is from 1.8
to 4.5 GHz. The pass-band ripples of the three Chebyshev filters in Figure 5(b)–(d) are
lower than 0.21, 0.29, and 0.47 dB, respectively. The simulated S-parameters and the
measured results of the proposed low-pass filters are in good agreement.

LC Cs

Figure 4. Equivalence of series LC resonant circuit.

g1

g2

g3

g4

g5

Figure 5. Reactance components replace the lumped elements.
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4. Conclusion

In this paper, a novel miniaturized low-pass filter design methodology based on con-
structing reactance components by artificial transmission line is proposed. Reactance
components are directly constructed based on electromagnetic simulation and parameter
extraction. The lumped elements of the filters are then replaced by meandered lines and
parallel-plated capacitors. The proposed low-pass filter is compact and its size is about
20% of a conventional filter. Four filters with different characteristics are designed for
the validation check, and the measured results agree well with the simulations.
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Figure 6. Low-pass filters with simulated and measured results. (a) The fifth order Butterworth
filter. (b) The fifth order 0.25dB ripple Chebyshev filter. (c) The fifth order 0.5dB ripple
Chebyshev filter. (d) The fifth order 1dB ripple Chebyshev filter.
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