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In this paper, a microstrip diplexer is designed based on a novel structure consisting of the
meandrous and patch cells. It operates at 0.8 and 0.9 GHz for global system for mobile com-
munications applications. The proposed diplexer is well miniaturized with an overall size of
0.01 λg2. It has the narrowband channels making it appropriate for the modern long-range
communication systems, which are widely accepted by the industry. The introduced diplexer
has the other advantages of low insertion and return losses and the good isolation between
channels better than −30 dB. Moreover, there is a good upper stopband rejection so that
the first and second harmonics are suppressed with a maximum level of −30 dB. The design-
ing method is based on finding the effective parameters to control the resonance frequency,
miniaturization and harmonic attenuation simultaneously. To validate the designing method
and simulation results, the proposed diplexer is fabricated and measured. There is a good
agreement between the simulated and measured results.

Introduction

Planar compact diplexers with high performance are key devices in the modern wireless com-
munication systems. They are used to separate signals from antennas. Using a novel structure
is an advantage of a well-designed diplexer. Hence, various types of microstrip structures have
been utilized to design several diplexers [1–13]. In [1], spiral structures have been integrated
using coupled lines while the ports have been connected to cone shape cells. The proposed
structure in [2] is consisting of four coupled rectangular open loop resonators loaded by sev-
eral number of lumped resistors and capacitors. Two open loop resonators consisting of tri-
angular cells have been integrated by a T-shaped cell in [3]. The microstrip diplexer in [4] has
been designed based on two stub loaded U-shaped resonators that are connected using three
coupled lines. The proposed structure in [5] is consisting of two engraved semi-circular cells
connected to coupled lines. In [6], two E-shaped structures have been loaded to a horizontal
transmission line. The common port of this diplexer has been located between the transmis-
sion line in the opposite side of the E-shaped cells. In [7], a U-shaped junction connects two
rectangular dual spiral resonators. In [8], an open square structure loaded by step impedance
cells has been utilized. Moreover, low impedance coupled lines have been embedded in this
structure. The open loop resonators loaded by T-shaped stubs have been used in [9]. The
introduced resonator in [10] is a pair of coupled lines connected to the step impedance
cells. The resonators in [10] have been integrated by a simple transmission line. In [11],
three step impedance cells have been coupled and then connected to the coupled line feed
structures. In [12], two meandrous closed loops have been connected to interdigital feed
lines. They have been connected together by a simple transmission line similar to the
designed diplexer in [10]. A microstrip line loaded by interdigital capacitors has been used
as a resonator in [13], in which two similar resonators have been utilized to obtain two pass-
bands. The common disadvantage of these reported diplexers is their large dimensions. A
high-performance diplexer demanded by modern wireless communication systems has the
features of low insertion and return losses (RLs), high isolation, and well-attenuated harmo-
nics. Accordingly, the proposed structure in [1] improved the losses, but it has low isolation
between its channels. The designed diplexers in [2] and [3] can suppress the first up to fourth
harmonics with a maximum harmonic level of −20 dB. However, they have undesired RLs.
Moreover, the designed diplexer in [2] has large insertion losses (ILs) and low isolation
between its channels. The designed diplexer in [3] has two narrow channels making it appro-
priate for the modern long-range communication systems, which are widely accepted by the
industry [4, 5]. The reported diplexer in [6] has a good isolation, but it can attenuate only the
first harmonic, while it has large insertion and RLs. The problem of large losses is remained
in [7] and [8]. Meanwhile, they have low isolations between their channels. In [7], third har-
monics are attenuated with a maximum level of −20 dB. The designed diplexer in [9] has a
wide fractional bandwidth (FBW) and good isolation. The proposed diplexer in [10] operat-
ing at 2.36 and 4 GHz has low ILs but large RLs. The introduced diplexer in [11] works at 1.8/
2.4 GHz for global system for mobile communications (GSM)/WLAN applications. It has low
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ILs and wide FBWs. The reported diplexers in [8–13] could not
attenuate the harmonics. Meanwhile, in [10–13] low isolations
between the channels have been obtained.

In this work, a high-performance microstrip diplexer for
GSM is designed. The advantages of our diplexer are its novel
structure, very compact size, low losses and good isolation. It
has relatively narrow channels, which make it appropriate for
long-range RF communication systems. Meanwhile, the first
and second harmonics are attenuated with a maximum level
of −30 dB. The designing process is organized as follows: First,
an LC model of a novel basic structure is proposed. Then, to
have a symmetric structure, the even and odd modes analysis
is performed to find the effective parameters on the resonance
frequency and miniaturization. After that, a microstrip filter is
proposed based on the analyzed basic structure. Finally, using
the proposed filter, a diplexer is presented by integrating two
similar filters with different dimensions to operate at two sepa-
rated frequencies.

Designing method

Fig. 1(a) shows the proposed basic structure consisting of a
meandrous cell, which connects two ports. In order to control
the resonance frequency and save the size, two patch cells are
loaded on the meandrous cell. To have a passband, a passive
LC circuit is needed. Hence, the transition between ports can
be predicted using a LC model of the proposed basic resonator.
A capacitor can be provided by a patch cell while an inductor
can be created by the other thinner parts or coupled lines.
The reason for choosing a patch capacitor is to save the size.
The spiral cell provides an inductor while it needs a little
space. An approximated LC model of the proposed basic struc-
ture is presented in Fig. 1(b), where the effects of steps and
bents are removed because the effects of steps and bents are sig-
nificant at the frequencies higher than 10 GHz.

In the LC circuit, the meandrous cell is replaced by the
inductor Lm, the small stubs with the physical length ls are mod-
eled by the inductor Ls, and the patch square capacitors are shown
by Cp. From the LC equivalent circuit, we can write the input

impedance at the angular resonance frequency ω as follows:

Zin =
[1− v2LsCp] × [1− v2(Ls + Lm)Cp]

jvCp[2− v2Cp(2Ls + Lm)] . (1)

Since the proposed basic structure is symmetric, we can do the
even and odd modes analysis. The odd and even modes resonance
frequencies can be obtained for the input impedance Zin = 0 and
Zin
−1 = 0, respectively [14, 15]. Accordingly, the even and odd

modes angular resonance frequencies (ωe and ωo) are calculated
as follow:

Even mode : 2− v2
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Due to the small stub features, we can assume that Ls≪ Lm.
Therefore, ve =

��
2

√
vO2 while ωo1 > ωo2 and ωe. Hence, ωo1 is a

harmonic created by the physical length ls [15]. Moving this har-
monic to higher frequencies is desirable so that smaller Ls results
in shifting of this harmonic to the right. According to this, the
length ls is decreased as far as possible. If we can tune ωo2 and
ωe for 0.8 GHz GSM applications, then it can be said that with
a good approximation ωe≈ ωo2. For ωe = ωo2 = 2π × 0.8 × 109,
Cp × Lm≈ 1400. Therefore, the resonance frequency can be
obtained by increasing the length of meandrous cell and incorpor-
ating it in a small space. According to above discussion, we can
miniaturize the overall size, tune the resonance frequency and sup-
press the harmonics simultaneously. Since the proposed basic
structure is a single-mode resonator, it can be upgraded to a band-
pass filter by additional optimization. The layout configuration of
the designed bandpass filter is depicted in Fig. 2, where all dimen-
sions are in mm. It has a symmetric structure consisting of the
meandrous cells connected to the patch structures. Figure 3(a)
illustrates the frequency response of the proposed filter. It is
depending on the dimensions of physical lengths L1, L2, and L3.

Fig. 1. Proposed basic structure (a) layout, (b) LC model.
Fig. 2. Layout configuration of the proposed filter with its corresponding dimensions
in mm.
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Therefore, the frequency responses as a function of L1, L2, and L3
are shown in Fig. 3(b)–(d), respectively. Figure 3(b) demonstrates
the increasing of L1 which makes the channel wider. According to
Fig. 3(b)–(d), increasing the mentioned lengths shifts the reson-
ance frequency to the left. The frequency response of the proposed
filter is optimized by tuning these physical lengths consisting of
the lengths of patch, meandrous, and small cells.

After designing of the proposed filter, two similar filters are
integrated to have two channels. In order to avoid frequency

interference, these filters are a little different in dimensions. By
decreasing the difference in dimensions between the two filters,
the created passbands will be closer to each other. This increases
the losses and decreases the isolation between channels.
Therefore, the additional optimizations are done to have a high
performance and close channels. By integrating two bandpass fil-
ters, a microstrip diplexer is achieved as shown in Fig. 4 with its
corresponding dimensions in mm. The dimensions of the band-
pass filter connected to port 2 and common port 1 is same
with Fig. 2. The proposed diplexer consists of meandrous cells
connected to the engraved patch structures. The filters are inte-
grated using a small simple transmission line connected to the
common port. This structure can save the size and improve the
isolation between channels simultaneously.

Results and discussion

The proposed diplexer is simulated by Advanced Design System
(ADS) full-wave EM simulator. It is fabricated on a
Rogers_RT_Duroid5880 substrate with εr = 2.22, h = 31 mil, and
a loss tangent of 0.0009. An Agilent network analyzer N5230A
carried out the measurements. Figure 5(a) depicts the simulated
and measured S21 and S31. It shows that the introduced diplexer
works at 0.8 and 0.9 GHz, which makes it appropriate for GSM
applications. The first channel is from 0.786 to 0.811 GHz and
the second channel is from 0.889 to 0.918 GHz with the FBWs
of 3.12 and 3.2% for the first (FO1) and second (FO2) channels,
respectively. The narrow channels make it suitable for the long-
range communication applications. The designed diplexer has
the low ILs of 0.28 and 0.29 dB at the first and second channels,
respectively. Due to the copper and junction losses, the measuredFig. 4. Layout configuration of the proposed diplexer.

Fig. 3. (a) Frequency response of the proposed filter,
(b) S21 as a function of L1, (c) S21 as a function of L2,
(d) S21 as a function of L3.
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Fig. 5. (a) Simulated and measured S21 and S31, (b) isolation and
common port return loss, (c) a photograph of the fabricated
diplexer.

Table 1. Comparison between the proposed diplexer and previous works

IL1, IL2 (dB) FO1, FO2 (GHz) Upper stopband rejection Isolation (dB)

Refs RL1, RL2 (dB) Size (λg2) Maximum harmonic level FBW1, FBW2

This work 0.28, 0.29 0.8, 0.9 2.75 FO1 >30

21.2, 24.3 0.010 −30 dB 3.2%, 3.2%

[1] 0.18, 0.39 2.4, 2.79 2.08 FO1 >20.55

27.1, 27.6 0.075 −14 dB –

[2] 1.4, 2.3 1.05, 1.76 4 FO1 –

15, 20 0.089 −20 dB 6.1%, 4%

[3] 0.5, 0.4 2.3, 2.5 4.3 FO1 >34

15, 11 0.088 −20 dB 3.6%, 3.4%

[6] 1.2, 1.5 1.95, 2.14 1.28 FO1 >35

– 0.136 −30 dB 4.1%, 3.74%

[7] 1.35, 1.31 3.65, 5.2 3.8 FO1 >25

15, 15 0.05 −20 dB 8.2%, 7.69%

[8] 0.6, 0.9 2.6, 6 No >13.8

11.3, 12.4 0.076 No 4.2%, 5.1%

[9] 1, 0.9 2.3, 2.72 No >30

20, 20 0.127 No 6.1%, 5.8%

[10] 0.2, 0.4 2.36, 4 No >20

15, 11.8 0.089 No –

[11] 0.09, 0.5 1.8, 2.4 No >20

21.5, 22.4 0.193 No 8.7%, 6%

[12] 2.1, 2.1 1.75, 1.85 No >20

20, 20 0.07 No –

[13] 0.4, 0.42 1.8, 2.45 No –

20, 20 0.095 No –
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ILs are almost 0.4 dB more than the simulated results. As shown
in Fig. 5(a) the first and second harmonics are suppressed with a
maximum level of −30 dB. Figure 5(b) shows the simulated and
measured common port RL and the isolation between the chan-
nels. The RLs at the lower and upper channels are better than
21.2 and 24.3 dB, respectively, while the isolation between chan-
nels is better than −30 dB. The proposed structure is well minia-
turized with an overall size of 25 mm × 30.1 mm = 0.097 λg ×
0.11 λg, where λg is the guided wavelength on the substrate at
the first resonance frequency. A photograph of the fabricated
diplexer is depicted in Fig. 5(c). The size and performance of pro-
posed diplexer are compared with the previous works. The com-
parison results are listed in Table 1. According to the comparison
table, the proposed diplexer has the minimum size. Meanwhile, it
has relatively low losses and high isolation.

Conclusion

In this paper, a compact microstrip diplexer is designed based on
proposing a novel microstrip basic structure. The proposed
diplexer consists of engraved meandrous cells and patch struc-
tures. In order to tune the resonance frequencies at 0.8 and
0.9 GHz, the meandrous cells are embedded in the least possible
area. Meanwhile, the dimensions of patches and meandrous cells
are selected so that the overall size of our diplexer is only 0.01 λg2

which is the minimum in comparison to the pervious works. The
introduced diplexer not only has the low insertion and RLs at
both the channels, but also we can see a relatively high isolation
between its channels. Moreover, the first and second harmonics
are suppressed with a maximum level of −30 dB.
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