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Abstract: A new optimization method is proposed to realize the synthesis of duplexers. The traditional optimization method takes all the vari⁃
ables of the duplexer into account, resulting in too many variables to be optimized when the order of the duplexer is too high, so it is not easy
to fall into the local solution. In order to solve this problem, a new optimization strategy is proposed in this paper, that is, two-channel filters
are optimized separately, which can reduce the number of optimization variables and greatly reduce the probability of results falling into local
solutions. The optimization method combines the self-adaptive differential evolution algorithm (SADE) with the Levenberg-Marquardt (LM) al⁃
gorithm to get a global solution more easily and accelerate the optimization speed. To verify its practical value, we design a 5G duplexer based
on the proposed method. The duplexer has a large external coupling, and how to achieve a feed structure with a large coupling bandwidth at
the source is also discussed. The experimental results show that the proposed optimization method can realize the synthesis of higher- order
duplexers compared with the traditional methods.
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1 Introduction

With the rapid development of the 5G technology,
microwave duplexers have been widely used in
wireless and satellite communications. The earli⁃
est method of synthesizing duplexers was connect

ing two channel filters directly to a common cavity, and then
modifying the parameters of each filter to compensate for the
interaction between the two channels[1–2]. This method was
limited by the number of channels and the coupling topology
of the channel filter, and the synthesis results would get worse
as the frequency band approaches.
In recent years, MACCHIARELLA and TAMIAZZO have

proposed a more efficient and flexible method for synthesizing
duplexers[3]. In this method, the transmission function and re⁃
flection function of each channel filter are derived from the re⁃
lationship between the global parameters of the duplexer and
the parameters of the independent channel filter. Recently,
ZHAO Ping and WU Keli proposed a new duplexer synthesis
method[4–6], by which all the channel filters are synthesized

separately under the consideration of the influence of other
channels and the process is repeated to ensure that the final
results meet the requirements.
In this paper, the self-adaptive differential evolution algo⁃

rithm[7–8] and the LM optimization algorithm[9–10] are used in⁃
stead of the analytical method to obtain the coupling matrix of a
single channel filter. The self-adaptive differential evolution al⁃
gorithm can reduce the probability of convergence to local solu⁃
tions while the LM method can improve the optimization speed.
Compared with the analytical methods mentioned above, an op⁃
timization algorithm has a higher degree of freedom, and the op⁃
timization algorithm proposed in this paper can achieve a
higher order than the traditional optimization algorithm. Be⁃
cause the optimized duplexer requires a larger coupling struc⁃
ture between the source and the common cavity, how to achieve
a larger port coupling is also discussed in this paper.
2 Design of Duplexer Optimization Algo⁃
rithm
Fig. 1 illustrates the structure of the star-junction duplexer,

which consists of two filters connected in parallel to the same
common cavity. The parameters S, L1, and L2 in the figure
represent the source and load of the duplexer, while 0 repre⁃
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sents the common cavity. Before the duplexer optimization,
the transmission and reflection polynomials of a single chan⁃
nel filter should be obtained by the traditional generalized
Chebyshev synthesis method[11], and then we need to trans⁃
form the polynomials of these filters so that they correspond
to the passband of the duplexer. Finally, the corresponding
coupling matrix is extracted according to the polynomial af⁃
ter transformation, which is taken as the initial value of opti⁃
mization. The source and the common cavity are generally
1.4 according to experience.

As a global optimization algorithm, the adaptive differen⁃
tial evolution algorithm needs to determine the upper and
lower limits of the variables to be optimized according to the
initial values in order to improve the optimization speed and
success rate. Since the influence of other channels is mainly
reflected in the first cavity of the filter, the upper and lower
limits of the coupling between the source and the common
cavity are taken as“initial value +/−0.1”, and the limits of
the coupling between the common cavity and the first cavity
of two channels are taken as“initial value +/−0.2”. In addi⁃
tion, the self-coupling of the first cavity of each channel are
taken as“initial value +/−0.2”as well. Finally, the limits of
the rest couplings are taken as“initial value +/−0.05”. The
advantages of the adaptive differential evolution algorithm
are as follows. 1) An adaptive control mechanism is adopted
for parameters in optimization; 2) In order to avoid falling
into the local solution, a new operator, called the self-
adaptive return operator, is activated when the optimization
is judged to be trapped in local optima, which can often be
observed in earlier iterations if it happens. That is the algo⁃
rithm searches again according to the initial value and its
range, when trapped in a local solution.
After the upper and lower limits of the optimized variables

are obtained, it is the choice of the objective function, which
also plays a key role in the success of optimization. For cou⁃
pling matrix synthesis, the objective function is formed by S-
parameter specifications which can be calculated according
to Eqs. (1) and (2). In this paper, the objective function of op⁃
timizing a single channel filter for the first time is given in
Eq. (3). When optimizing another channel filter, its objective
function is given in Eq. (4).

Spp = ±(1 - 2[ A]-1pp ) , (1)

Spq|p ≠ q = 2[ A]-1pq . (2)

f ( x ) = ||max [ ]S11 (PB1 ) - RL
||RL + ||max [ ]S21 - Attenu

||Attenu ,

(3)

f ( x ) = ||max [ ]S11( )PB1 - RL
||RL +

||max [ ]S11( )PB2 - RL
||RL + ||max [ ]S21 - Attenu

||Attenu +
||max [ ]S31 - Attenu

||Attenu . (4)
Among them, PBk denotes the k‐th (k = 1, 2) passband. Re⁃turn loss (RL) and Attenu are the desired return loss and re⁃

straint outside the band, respectively. Fig. 2 shows the general
steps of the adaptive differential evolution algorithm.

After the approximate response curve is obtained by the
adaptive differential evolution algorithm, the LM algorithm is
adopted in the optimization algorithm, and the reflection zero,
passband edge return loss, and transmission zero of the corre⁃

▲Figure 1. Structure of star-junction duplexer

▲ Figure 2. Flow diagram of the adaptive differential evolution algo⁃
rithm
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sponding channel filter are selected as the sampling points. In
summary, the basic steps of the algorithm can be obtained as
follows, and the algorithm is realized by Matlab[12].
1) Initial selection. According to the requirements of the in⁃

dex, the transmission and reflection polynomials of the two-
channel filters are obtained by using the generalized Cheby⁃
shev synthesis method, then the corresponding duplexer poly⁃
nomials are obtained by frequency transformation, and the ini⁃
tial values of the optimized variables are obtained after the
coupling matrix is extracted and rotated. The variables to be
optimized include the coupling Ms0 between source and com⁃mon cavities, the mutual coupling Mij (i≠j) between cavities,and the self-coupling Mii of cavities.2) Determining the range of variables. According to the ob⁃
tained initial value, we can define the value range of the corre⁃
sponding variable. The specific method has been introduced
and will not be repeated here.
3) Optimization of the low-frequency channel filter. The

coupling between the source and the common cavity and the
non-zero elements of the low-frequency channel filter coupling
matrix is selected as optimization variables, and the elements
of the high-frequency channel filter coupling matrix are kept
unchanged. The differential evolution algorithm and Eq. (1)
are used to optimize the low-frequency channel filter.
4) Optimization of the high-frequency channel filter. Simi⁃

larly, the coupling between the source and the common cavity
and the non-zero elements of the high-frequency channel fil⁃
ter coupling matrix is selected as optimization variables, and
the elements of the low-frequency channel filter coupling ma⁃
trix remain unchanged. The differential evolution algorithm
and Eq. (2) are used to optimize the high-frequency channel
filter.
5) Optimization of the coupling matrix of the duplexer with

the LM algorithm. The duplexer model obtained by the differen⁃
tial evolution algorithm can meet the requirements of the index,
but still there is room for optimization. LM algorithms as a gra⁃
dient optimization algorithm can make the final frequency re⁃
sponse better meet the requirements. Different from the adap⁃
tive differential evolution algorithm, the LM algorithm uses the
reflection zeros of the two-channel filters, the points on the
channel edge, and the transmission zeros as the sampling
points.
3 Experiments and Results Discussion
To verify the above design, an example of a duplexer that

has a low-frequency channel of order 9 and a high frequency
channel of order 7 is used. Fig. 3 shows the specific topology
of this duplexer and the following tables list the specifications
of the duplexer (Table 1 shows the passband range and return
loss and Table 2 shows the restraint outside the band). The pa⁃
rameters S and L in the figure represent the source and load of
the filter respectively. The box topology in Fig. 3 is chosen
mainly for the reason that the box topology is easier to realize

in simulation and machining, and the parasitic influence be⁃
tween cavities can be reduced due to the lack of diagonal cou⁃
pling. It can be seen that the passband range of the low-
frequency channel filter is 1 710–1 785 MHz, the passband
range of the high-frequency channel filter is 1 920–1 980 MHz,
and the return loss in both passbands is −17 dB. Both of the
two-channel filters require −80 dB out-of-band suppression in
1 805–1 880 MHz. To achieve this goal, two additional trans⁃
mission zeros should be introduced for the low frequency chan⁃
nel filter and one transmission zero for the high frequency
channel filter. How to use optimization algorithms to achieve
these indicators will be described below.
First, we use the generalized Chebyshev synthesis method

to get the initial value of the duplexer, and the corresponding
response curve is shown in Fig. 4(a). It can be seen that due to
the interaction between the two channels, the response in the
passband of the duplexer becomes very poor.
fter the initial value of the coupling variable of the duplexer

is obtained, according to the above theory and experience, we
can design the initial values of the variables and their optimi⁃
zation intervals. Then we keep the value of the high-frequency
channel filter coupling matrix unchanged. According to Eq.
(1) and the index requirements in Tables 1 and 2, we use the
adaptive differential evolution algorithm to optimize the cou⁃
pling variables of the low-frequency channel. The results of
optimization are shown in Fig. 4(b), where the response in the

▲Figure 3. Diplexer topology used in the example: (a) low frequency to⁃
pology and (b) high frequency topology

▼Table 1. Passband indicators
Passbard Range/MHz
1 710–1 785
1 920–1 980

Return Loss/dB
−17
−17

▼Table 2. Restraint outside the band
Low-Frequency Channel Filter

1 805–1 880 MHz −80 dB
High-Frequency Channel Filter

1 805–1 880 MHz −80 dB
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passband of the low-frequency channel filter has been greatly
improved after optimization.
Similarly, we keep the value of the low-frequency channel

filter coupling matrix unchanged. According to Eq. (2) and the
index requirements in Tables 1 and 2, the adaptive differen⁃
tial evolution algorithm is used to optimize the coupling vari⁃
ables of the high-frequency channel. The results of optimiza⁃
tion are shown in Fig. 4(c). It can be seen that although the fi⁃
nal curve meets the requirements of the index, there is still
room for optimization. We do gradient optimization on the fi⁃
nal result to make it converge to the optimal solution. The opti⁃
mization algorithm is the LM algorithm, and the sampling
point is the reflection zero and transmission zero of the two
channel filters. Fig. 4(d) shows that after gradient optimiza⁃
tion, the final result curve further meets our requirements, and
the values of the coupling matrix corresponding to each figure
in Fig. 4 are listed in Table 3.
After the coupling matrix of the duplexer is obtained by the

optimization algorithm, a simulation analysis is needed. Be⁃
cause the relative bandwidth of the duplexer is 14.67%, the
coverage band is wide, the two passband bands of the du⁃
plexer are far apart, and the intermediate interval bandwidth
accounts for 50% of the coverage band of the whole duplexer,
which puts forward a great demand for the coupling bandwidth
of the feed. According to the optimization results, the port
needs to provide a coupling between the source and the com⁃
mon cavity of 1.391. According to Eq. (5), the required exter⁃
nal Q value is 3.524. Under such requirements, it is difficult
for the traditional coupling structure to achieve such a large
coupling bandwidth for the duplexer realized by the dielectric
waveguide. Therefore, before simulation, it is necessary to dis⁃
cuss how to realize the coupling structure design of the large
coupling feed.
Qe = 1

FBW × M 2
s0 . (5)

In order to solve this problem, this paper introduces a new
type of joint structure, the model of which is shown in Fig. 5.
We can see that the whole is a dielectric waveguide cavity fed
by coaxial taps. A cuboid groove is dug just below the tap, a
through hole is used to connect the tap with the groove, and
the through hole is covered with metal.
The cavity form from the groove to the tap becomes a quar⁃

ter wavelength resonant unit. The metal-coated through hole
in the inner wall is equivalent to the inner conductor of the co⁃
axial resonant unit. The resonant frequency of the coaxial reso⁃
nant unit can be adjusted by adjusting hin. The resonant ele⁃ment is essentially the common cavity part of the common cav⁃
ity type circuit structure, while the rest of the waveguide cav⁃
ity is not necessary, which can be retained or not retained ac⁃
cording to the overall model of the duplexer. Although elimi⁃
nating redundant waveguide cavities can effectively reduce

▲Figure 4. (a) Initial response of the duplexer, (b) corresponding result
after optimizing low channel filter in the first iteration, (c) correspond⁃
ing result after optimizing high channel filter in the first iteration, and
(d) final result

73



ZTE COMMUNICATIONS
September 2022 Vol. 20 No. 3

WU Qingqiang, CHEN Jianzhong, WU Zengqiang, GONG Hongwei

Research Paper Synthesis and Design of 5G Duplexer Based on Optimization Method

the volume of the joint structure, in most cases, the coupling
between the common cavity and the channel filter still needs
to be realized by window coupling, and the physical connec⁃
tion between the joint structure and the channel filter can be
realized by reserving the waveguide cavity.
In addition to the coupling between the source and the com⁃

mon cavity, the coupling bandwidth between the common cav⁃
ity and the channel filter is also relatively high. Large inter-
cavity coupling of waveguide cavities located in the same
layer is easy to achieve by opening windows, but for duplexers

with more orders, placing all cavities in the same layer will
lead to too much device area. Therefore, in practice, a two-
layer structure is preferred.
After the coupling structure of the feed part is obtained,

the overall model of the duplexer is simulated as is shown
in Fig. 6.
We can see that the waveguide duplexer is filled with ce⁃

ramic, and the whole duplexer is divided into two layers, in
which the joint structure is located in the first layer. In order
to avoid this problem, the order of channel 1 is increased to 9
in this scheme. As shown in Fig. 6(a), the input port, namely
the junction structure, is located at the window between the
two cavities. Its left and right sides are the first cavity of chan⁃
nel 2 and the first cavity of channel 1 respectively. The cou⁃
pling amount of the common cavity to the two channels can be
adjusted by the size of the window and the relative position of
the input port from the two ports in the horizontal direction.
The cavities 2–7 of channel 2 are located in the first layer,
and the cavities 2–9 of channel 1 are located in the second
layer. The inter-cavity coupling between cavity 1 and cavity 2
in channel 1 requires a small coupling bandwidth, which is
achieved by opening a circular window between layers. The
simulation results of the model are shown in Fig. 7. The simu⁃
lation results in Fig. 7 show that the design meets the require⁃

▲Figure 5. Closed circuit structure model with large coupling

▼Table 3. Values of the coupling matrix

M(s,0)
M(0,1)
M(0,10)
M(9,L1)
M(16,L2)
M(1,1)
M(1,2)
M(2,2)
M(2,3)
M(2,4)
M(3,3)
M(3,5)
M(4,4)
M(4,5)
M(5,5)
M(5,6)
M(6,6)
M(6,7)
M(6,8)
M(7,7)
M(7,9)
M(8,8)
M(8,9)
M(9,9)
M(10,10)
M(10,11)
M(11,11)
M(11,12)
M(12,12)
M(12,13)
M(12,14)
M(13,13)
M(13,15)
M(14,14)
M(14,15)
M(15,15)
M(15,16)
M(16,16)

Initial
1.400 0
0.658 7
0.658 7
0.501 3
0.427 2
0.708 9
0.225 4
0.709 1
0.092 4
−0.139 8
0.490 6
0.083 2
0.805 4
0.130 9
0.712 8
0.155 1
0.714 1
0.086 5
0.132 2
0.489 3
−0.131 4
0.822 1
0.183 1
0.709 3
−0.790 9
0.163 8
−0.791 1
0.122 2
−0.791 6
0.070 7
−0.091 9
−0.647 5
0.075 1
−0.879 1
0.096 3
−0.791 1
0.163 8
−0.791 0

First
1.388 4
0.704 4
0.644 9
0.517 4
0.427 2
0.661 7
0.224 5
0.704 7
0.091 3
−0.145 1
0.478 2
0.080 0
0.798 5
0.137 2
0.715 2
0.158 3
0.717 4
0.084 8
0.139 3
0.476 9
−0.133 2
0.821 4
0.190 8
0.704 9
−0.790 9
0.163 8
−0.791 1
0.122 2
−0.791 6
0.070 7
−0.091 9
−0.647 5
0.075 1
−0.879 1
0.096 3
−0.791 1
0.163 8
−0.791 0

Second
1.374 2
0.690 8
0.651 8
0.517 4
0.428 7
0.661 7
0.224 5
0.704 7
0.091 3
−0.145 1
0.478 2
0.080 0
0.798 5
0.137 2
0.715 2
0.158 3
0.717 4
0.084 8
0.139 3
0.476 9
−0.133 2
0.821 4
0.190 8
0.704 9
−0.743 2
0.178 5
−0.790 2
0.130 5
−0.792 7
0.071 7
−0.097 2
−0.642 7
0.077 3
−0.884 2
0.107 9
−0.793 5
0.170 4
−0.783 5

Final
1.391 0
0.673 1
0.584 2
0.501 3
0.427 2
0.656 5
0.211 1
0.703 4
0.092 4
−0.139 3
0.489 8
0.083 0
0.804 0
0.131 0
0.712 5
0.155 5
0.714 0
0.086 5
0.132 1
0.489 2
−0.132 0
0.822 0
0.183 2
0.708 7
−0.748 4
0.155 9
−0.787 7
0.122 0
−0.790 8
0.092 0
0.070 7
−0.647 3
0.075 0
−0.878 9
0.096 35
−0.791 0
0.163 8
−0.790 8

74



ZTE COMMUNICATIONS
September 2022 Vol. 20 No. 3

WU Qingqiang, CHEN Jianzhong, WU Zengqiang, GONG Hongwei

Synthesis and Design of 5G Duplexer Based on Optimization Method Research Paper

ments of the indicators.

Finally, we made physical processing of the simulated
model and measured the processed physical object. The fin⁃
ished product is shown in Figs. 8(a) and 8(b). The comparison
between the frequency response results and the simulation re⁃
sults is shown in Fig. 8(c) and the optimization results we
hope to obtain can be referred to in Fig. 4(d). Among them, the
measured results of the duplexer are solid lines in the Fig. 8
(a), which meet the requirements of the index, and are basi⁃

cally consistent with the simulation results represented by dot⁃
ted lines, which verifies the effectiveness of the algorithm and
the circuit combination structure proposed in this paper.

4 Conclusions
In this paper, a star junction duplexer synthesis method

based on the adaptive differential evolution algorithm (SADE)
and LM optimization algorithm is proposed. As a global opti⁃
mization algorithm, the adaptive differential evolution algo⁃
rithm can effectively avoid the convergence of optimization re⁃
sults to local solutions, while the LM algorithm as a gradient
optimization algorithm can not only accelerate the optimiza⁃
tion speed, but also make the results more in line with the re⁃
quirements of the index. In order to verify the effectiveness of
the algorithm, a duplexer with large port coupling is designed,
and the structure of realizing large port coupling is also given
in this paper.

▲ Figure 8. (a) Positive view, (b) back view, and (c) comparison be⁃
tween the measured results and the simulation results

▲Figure 6. Simulation model of double-layer duplexer

▲Figure 7. Electromagnetic simulation (EM) simulation results of the
model
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