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Design of a microstrip dual-frequency
diplexer using microstrip cells analysis and
coupled lines components

LEILA NOORI' AND ABBAS REZAEI’

In this paper, a microstrip diplexer composed of two similar resonators is designed. The proposed resonator is consisting of
four microstrip cells, which are connected to a coupled lines structure. In order to select a suitable geometric structure, first, all
cells are assumed as undefined structures where there is a lack of basic information about their geometry and dimensions.
Then, an equivalent LC circuit of the coupled lines is introduced and analyzed to estimate the general structure of the res-
onator respect to a requested resonance frequency. The proposed diplexer is designed to operate at 2.36 and 4 GHz for wireless
applications. The insertion losses (S,, and S;,) are decreased significantly at the resonance frequencies, so that they are 0.2 and
0.4 dB at 2.36 and 4 GHz, respectively. The designed diplexer is fabricated and measured and the measurement results are in

a good agreement with the simulations.
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. INTRODUCTION

Most of diplexers are composed of two bandpass filters, which
separate two desired frequency bands for using in the modern
wireless communication systems. With the growing of wire-
less applications, many different structures have been intro-
duced for the planer diplexers. Although low passband
insertion loss is an important advantage, some of the earlier
works have proposed diplexers with high insertion loss [1-4].
In order to achieve high-performance diplexers, the interdigital
capacitors [3], interdigital hairpin resonators [4], spiral-based
resonators [5], and the closed loops with interdigital structures
[6] have been used. Since the use of a complex interdigital and
spiral resonators leads to hard fabrication as well as low accur-
acy of measurement data, a simpler diplexer has been realized
in [7]. In [8], a microstrip diplexer has been implemented
using a step-impedance resonator, which provides a degree of
freedom to improve the rejection band. In [9], a high isolation
diplexer has been introduced using a dual-mode resonator. By
using this structure, the insertion losses at both passbands have
been decreased clearly. In [10], a diplexer has been presented
using slot-line resonators to generate the filtering response. In
[11], a microstrip diplexer has been designed, which has low
insertion losses at lower and higher passbands, but takes up a
lot of space. Furthermore, the frequency response of this
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diplexer confirms the poor frequency selectivity so that S;, is
not well attenuated below its passband. In [12], three demon-
strative diplexers have been presented. To reduce the overall
size of them, resistors, open stubs, and shorted stubs have
been imbedded inside the open-ended loop resonators.
However, the insertion losses at lower and upper passbands
are large as well as most of the earlier works. In [13], a micro-
strip diplexer based on a symmetric structure has been intro-
duced to operate at two quite close channels (2.35/2.59 GHz).
In [14], H-type resonators have been utilized to miniaturize a
microstrip diplexer, which operates at the UMTS upload and
download bands. In this paper, first, two bandpass filters are
realized using four microstrip cells and a coupled lines struc-
ture. Then, an equivalent LC circuit of the coupled lines is
studied to determine the geometrical structure of the cells.
After determining the cells a microstrip diplexer is designed
to operate at 2.36 and 4 GHz for the wireless applications.
The passband about 2.36 GHz (UHF band) can be used in
the wireless local area networks, microwave links, radars, satel-
lites, and navigation aid systems. Furthermore, a passband,
which covers near the frequency range of 4 GHz is a subset
of SHF band that can be used in radars, microwave links, terres-
trial mobile communications, and satellite communications.
Another achievement of this paper is the improved insertion
losses at both passbands by employing a simpler structure
than the interdigital and spiral resonators.

II. DIPLEXER DESIGN

As shown in Fig. 1(a), the coupled lines, which are connected
to the extra microstrip cells are applied to create a resonance
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Fig. 1. (a) Proposed resonator, (b) replacing the equivalent LC model of the
coupled lines in the proposed resonator.

frequency. In Fig. 1(a), the parameters (V, I,) and (V,, I,) are
the voltages and currents of port1 and port2, respectively and
Z,, Z,, Zy, and Z, are the characteristic impedances of the
microstrip cells. According to Williams and Kim [15], an
optional equivalent LC circuit of the symmetric coupled
lines can be replaced as shown in Fig. 1(b). The inductors

Y Y Y
'“l‘ 2L —i|p
0.5C¢
Microstrip 2L 0.5Cc Microstrip
Celll _I _rv-v-vx__| Cell2
(Zy) G, C. ()
I
Vi .
1 lzT v,
(a)
|||
0.5Cc
Microstrip 0.5Cc Microstrip
Celll Cell2
(Zy) C. C (Z,)
IIT vl IZT \__,2

(b)

Fig. 2. (a) Simplified circuit of the proposed resonator under three
circumstances: magnetic wall, elimination of the effect of the capacitor C,
connected to the microstrip Cell3 and microstrip Cell4 by Z; and Z,. (b)
Simplified circuit of Fig. 1(b) under three circumstances: electric wall,
elimination of the effect of the capacitor C, connected to the microstrip
Cell3, and microstrip Cell4 by Z, and Z,.
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L¢ are used to model the coupling between the lines. The
equivalent circuit of the each half of the distributed line
includes an inductor L, and a capacitor C,. Due to the sym-
metric structure of the coupled lines, the magnetic/electric
walls are established between the coupled lines [16] that
make Lc an open/short circuit. By considering the predeter-
mined resonance frequency, the challenge is to characterize
the geometrical structure of the microstrip cells, while the
inductors L¢ are open/short circuited because of the mag-
netic/electric walls. Under three conditions a simplified
equivalent model of the proposed resonator (see Fig. 2(a))
can be obtained as follows:

1. Magnetic wall between the coupled lines;

2. Microstrip Cell4 becomes a step with an LC model, which
is composed of capacitors and inductors. Also the effect of
C,, which is connected to the microstrip Cell4 is ignored;

3. The LC equivalent circuit of the microstrip Cell3 becomes
an inductor equal to L = (C,w?)™" (where w, = 27F, and
F, is the resonance frequency). We assume that this
inductor removes the effect of the capacitor C,, which is
connected to microstrip Cell3.

The transmission matrix of the proposed resonator at the res-
onance frequency F,, is calculated as follows:
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Fig. 3. Layouts and simulated frequency responses of the proposed: (a)
2.36 GHz filter, (b) 4 GHz filter.
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In Equation (1), w, = 27F,. From ABCD matrix the input
admittance Y}, viewed from port1 is:

I
Yin = 71

D1 _ Z2CLC + DLC
V,=0 — = -

B, B, @)

In order to excite the resonator, the numerator in Equation (2)
should be zero. Therefore, the resonance condition is obtained

as follows:

=
2C,
—1 +j(0~5w(3JC§Le - 0,C) ’

% _ + (1 - wiche)

 Cie

(3)

Z, =

According to Equation (3), the geometrical structure and
dimensions of the microstrip Cell2 are dependent on the
coupled lines structure and a requested resonance frequency.

DESIGN OF A MICROSTRIP DUAL-FREQUENCY DIPLEXER

By replacing the electric wall, the proposed resonator is
changed as shown in Fig. 2(b). Hence, the input impedance
of the equivalent circuit seen from port1 (Z;) can be
written as follows:

1 n 2L,
j@,Ce  jw,L.C. + 1/jw,”

Zin = Zl + (4)

Due to the electric wall, the resonance condition is obtained
for Z;, = o. Under this condition Z, should be calculated by

the following equation:

1 2L, w, .
Z, = — ;.
w,C, 1— 02L.C,

Equation (5) shows that Z, is the sum of an inductor L (in H)
and a capacitor C (in F), which are given by L = (C,w?)™" and
C=1— w)L.C)/2L.w’. Therefore, the microstrip cell1 can
be replaced by a step-impedance cell. Based on the above ana-
lysis, two similar microstrip bandpass filters are designed to
operate at 2.3 and 4 GHz. The layouts and frequency
responses of the 2.3 and 4 GHz filters are shown in Figs 3(a)
and 3(b), respectively. By integrating the proposed filters at
porti, a microstrip diplexer is realized. The layout of the pro-
posed diplexer is shown in Fig. 4(a). The filters dimensions are
exactly equal to the dimensions of the proposed diplexer. The
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Fig. 4. (a) Configuration of the proposed diplexer (all dimensions are in mm), (b) transmissions curves (S,, and S;,), (c) return loss at port1 (S,,) and isolation

(S,5), and (d) fabricated diplexer.
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Table 1. Insertion losses, return losses, diplexer size, and resonance frequencies of the proposed diplexer in comparison with the previous works.

References S,. S5 S, at lower passband S,. at upper passband Approximated size F,, F,,
(dB) (dB) (dB) (dB) (mm?) (GHz) (GHz)
Proposed 0.2 0.4 —15 —11.8 27 X 29.9 2.36 4
diplexer

[1] 2.2 2.1 —29 —29 47 X 24 1.8 2.45
[2] 2.3 2.2 —10 —10 55 X 80 5.8 6.2
[3] 3 3 —15 —15 - 8.1 9.9
(4] 1.5 1 —21 —13 55 X 42 0.945 1.81
[5] 0.7 0.4 —10 —10 19.64 X 6.7 1.2 1.75
7] 1.2 1.4 —25 —14 16 X 16 2.16 2.91
(8] 2.0 2.1 - - 29.26 X 27.9 1.8 2.45
(9] 2.8 3 - - 31.12 X 27.67 8 9
[11] 0.4 0.4 —20 —20 73 X 63 0.925 1.79
[12] 1.5 1.2 —16.5 —16.5 54 X 24 1.55 2.17
[13] - - —29 —38 23.5 X 13.5 2.35 2.59
[14] 1 1 —12 —20 52.9 X 21 1.9 2.2

measured and simulated frequency responses of the proposed
diplexer are presented in Figs 4(b) and 4(c). A photograph of
the fabricated diplexer is shown in Fig. 4(d).

1. RESULTS

First, the designed diplexer is simulated by ADS software
using Momentum Simulator, and then it is implemented on
a RT Duroid 5880 substrate. The thickness of the dielectric
substrate is 31 mil with &, =2.22 and the loss tangent
0.0009. The dimensions of the proposed structure are shown
in Fig. 4(a) where all dimensions are in mm. The frequency
response of the proposed diplexer confirms that the insertion
losses (S,,, S;,) at 2.36/4 GHz are o.2/0.4 dB, while the
achieved return losses at the lower/higher resonance frequen-
cies are —15/—16.8 dB. The isolation (S,,) at critical frequen-
cies is measured, so that —49 dB at 2.36 GHz and —19.8 dB at
4 GHz are obtained. The measured S,; at 2.36 GHz is
—14.33 dB and the measured S,, at 4 GHz is —10.04 dB.
The overall size of the proposed diplexer is 27 x 29.9 mm®.
In Table 1, the insertion losses, return losses, implementation
area, and resonance frequencies of the proposed diplexer are
compared with the previous works. In Table 1, S,, and S,
are the insertion losses at the lower and upper passbands,
respectively. According to Table 1, in comparison with the
previous works, the best insertion losses and reasonable
return losses are obtained at the both passbands.

V. CONCLUSION

In this paper, the coupled lines, which are connected to the
microstrip cells, are presented as a resonator. Using the
equivalent LC circuit of the coupled lines, the proposed reson-
ator is analyzed to estimate the structures of the microstrip
cells and coupled lines under consideration of the predeter-
mined resonance frequency. Based on the proposed resonator
structure, two microstrip bandpass filters are realized. By inte-
grating the proposed filters at a common port a high-
performance microstrip diplexer is achieved to operate at
2.36 and 4 GHz. The designed diplexer has the improved
insertion losses and high isolations at the both resonance
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frequencies, so that the obtained isolation (S,,) is —49 dB at
2.36 GHz and —19.7 dB at 4 GHz.
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