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Abstract

A miniaturized high-isolation quadplexer with wide upper-stopband based on open and short
stub-loaded multimode-resonator is proposed in this paper. Based on the theory of multi-
mode-resonator and stepped impedance resonator (SIR), the compact quadplexer is designed
by using multimode-resonator and SIR. In order to further miniaturize the size of the circuit,
the multimode resonator is employed as the common resonator to replace the common
matching network of the quadplexer and the SIRs are curved. Equivalent topology circuit is
given to analyze and design the quadplexer. Detailed analyses are given according to the
equivalent circuits. The proposed compact quadplexer working at central frequencies of 1.8,
2.4, 2.8, and 3.5 GHz with over 40 dB isolation is finally simulated, fabricated, and measured.
The measured results agree well with the simulated ones. The total size of the fabricated quad-
plexer is 0.36 Ag x 0.42 Ag.

Introduction

With the development of the wireless communication systems, the demand for various high-
performance passive or active circuits has increased greatly [1-27]. In multiband communica-
tion systems, the multiplexer is an important and essential component in the RF front-end
circuits. The multiplexer is used to transfer signals of different frequency bands to different
channels, which is conventionally constituted from several bandpass filters and a multi-port
matching network [1-7]. Microstrip planar multiplexers have been widely studied in recent
years, due to the advantages of compact size, convenient integration, and ease in fabrication
[8-15].

Traditional multiplexer adopts the structure of the cascade of multiple passbands by match-
ing networks. However, with the increment in the number of the matching networks, not only
the size of the circuit is large, but also it is difficult to optimize the circuit, which is mainly
caused by the interaction between various filters [16-20]. So the design of common part in
the form of common resonator is introduced in order to miniaturize the multiplexer circuit,
which cannot contain external combining circuits [21-27].

In this paper, a quadplexer with compact size, wide upper-stopband, and high isolation is
proposed. In order to reduce the size of the multiplexer, a multimode resonator with
stub-loaded structure is used as the common resonator and the matching network is replaced.
The resonant frequencies of multimode resonator can be adjusted by changing the lengths of
the open stub and short stub, respectively, which is very flexible. Meanwhile, the coupling feed
technology is used so that the multiplexer can be compact with the increment in the number of
the channels. In addition, the presented miniaturized high-isolation quadplexer is designed
and fabricated. Finally, the measured results agree with the simulated ones closely, which
reveals that the proposed quadplexer has the advantages of wide upper-stopband, low insertion
loss, good return loss, and high isolation. The total size of the fabricated quadplexer is
0.36 Ag x 0.42 Ag.

Analysis and design of the quadplexer

The structure of the presented miniaturized high-isolation quadplexer has been shown in
Fig. 1. It consists of a common multimode resonator and four channels using stepped imped-
ance resonators (SIRs). The multimode resonator with an open-circuit branch and a short-
circuit branch is adopted as a common resonator to replace matching network, which is
good for miniaturization. The four bandpass filters using the structures of SIRs are coupled
with the common multimode resonator and the SIRs are curved in order to get compact circuit
size. It can be seen from Fig. 1 that the two passbands (port 2 and port 5) at the bottom of the
circuit are realized by a short-stub loaded quarter-wavelength SIR and an open-stub loaded
half-wavelength split-ring SIR, respectively. The other two passbands (port 3 and port 4)
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Fig. 1. Structure of the proposed quadplexer.
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Fig. 2. The circuit topology of the quadplexer.

are realized by open-loop SIRs, which are coupling fed at the
input feeder. The use of common resonator and the curved
SIRs can further reduce the size of the circuit, making the overall
circuit very compact.

Figure 2 illustrates the circuit topology of the quadplexer. The
circle represents the resonator, and the solid line represents the
coupling path between the resonators. The multimode resonator
is coupled with the resonators of the four channels, respectively.
It is obvious that the use of multimode resonator as the common
resonator not only eliminates redundant resonators, but also elim-
inates additional matching circuits, which is helpful to achieve the
miniaturization of the circuit.

The design procedure of the presented quadplexer can be
summarized as three steps. Firstly, the common multimode
resonator with an open-circuit branch and a short-circuit branch
for desired operating frequencies is obtained by adjusting the
lengths of the branches. Secondly, the two channels (port 2
and port 5) coupled with the short-circuit and open-circuit
branches are realized by SIRs, and the central frequencies and
relative bandwidths are 1.8/3.5 GHz and 5.1/5.7%, respectively.
Finally, the other two channels (port 3 and port 4) are added
at the input feeder by the coupling feed technology, and the
central frequencies and relative bandwidths are 2.4/2.8 GHz
and 2.6/2.5%, respectively. Figure 3 shows the structure of the
stub-loaded multimode resonator, which is composed of an
open-circuit stub and a short-circuit stub. The characteristic
impedances are Z;, Z,, Z;, and the electrical lengths are 6,,0,,
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Fig. 3. The structure of the stub-loaded multimode resonator.
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Fig. 4. The relationship between resonant frequencies and lengths of loaded stubs. (a)
Frequency fy and f; with the length of [,. (b) Frequency f, and f; with the length of /5.

0, respectively, as shown in Fig. 3. The input impedance of
the resonator can be achieved:

tan 0, — T; cot 6, + T, tan 605

Yin = .
Z1(T) cot 6, tan 6; — T, cot B; tan 6,)

(1

When Y;, =0, the resonant condition can be achieved:
tan(0; x R,) — Ty cot (6, x R,) + Trtan (63 x R,) =0, (2)
where T, = Z,/Z,, T, = Z,/Z5, and R,, is the ratio of nth harmonic

frequency f, to fundamental frequency fo. Then, the fundamental
frequency fy and the first harmonic frequency f; of the dual-mode
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Fig. 5. The structures of stepped-impedance resonator and the coupling feed top-
ology. (a) Stepped-impedance resonator. (b) Coupling feed topology.

Table 1. External quality factors and coupling coefficients

Central
frequency Relative
Channel (GHz) bandwidth (%) Qe K
1 1.8 5.1 22.48 0.041
2 3.5 5.7 18.10 0.052
3 24 2.6 4411 0.021
4 2.8 2.5 45.87 0.020
55 4 ~
s —— 0. £,~0.15mm
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Fig. 6. Relationship between Q, lo, and go.

resonator can be adjusted by changing the lengths of the short-
circuit stub I, and open-circuit stub I, respectively. In addition,
the resonant frequencies of the short-circuit branch and open-
circuit branch are 1.8 and 3.5 GHz, respectively.

The relationship between resonant frequencies and lengths of
loaded stubs is given by Fig. 4 (where T} = Z,/Z, = 32/41 =0.78,
T,=27,/Z5=32/84=0.38, [, = 12.5 mm). It is obvious that the fre-
quency f, can be adjusted by changing the length of shorted
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Fig. 7. Coupling coefficient K. (a) Coupling coefficient between shorted SIR and com-
mon resonator. (b) Coupling coefficient between open-loop SIR and common resonator.
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Fig. 9. External quality factors of the expanded channels.
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Fig. 10. Coupling coefficients of the expanded channels.

branch [, and there is almost no effect on f;. The frequency f, will
be smaller with the increase of ,. In addition, the frequency f; can
be adjusted by changing the length of open stub I; without any
influence on f, and f; will be smaller with the increase of I.
Thus, it is flexible to get desired operating frequencies by adjust-
ing the lengths of the short-circuit stub I, and open-circuit stub I,
respectively. In the proposed circuit, the resonant frequencies of
the short-circuit branch and open-circuit branch are 1.8 and
3.5 GHz, respectively. It is also easy to achieve the desired return
losses at the different channels by changing the widths of the
short-circuit stub and open-circuit stub separately, because the
width of the microstrip is related to the characteristic impedance
of the microstrip.

Figure 5 gives the structures of a stepped-impedance resonator
and the coupling feed topology, and the SIR is curved in the
proposed quadplexer to miniaturize the circuit. As illustrated in
Fig. 5 (a), Z, and Z, are the characteristic impedances of the high-
impedance and low-impedance line, respectively, and 6, and 6,
are the electrical lengths of the high-impedance and low-
impedance line, respectively. The total electrical length of the
SIR is 6,. The input impedance Z;, of the SIR is derived as

. 2T — 0.5(cot 6, — tan 6,)( cot 6; — tan 6;)
Zin =jZ, , (3
T(cot 6, — tan 6,) + (cot ; — tan 6;)

where T is the impedance ratio, which is defined as T'= Z,/Z;. The
resonance occurs whenZ;, = co, the resonant condition can be
achieved:

T(cot 6, — tan 6,) + (cot §; — tan 6;) = 0. 4)

Table 2. The final physical sizes of the presented quadplexer circuit (unit: mm)
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Fig. 11. Transmission response. (a) Triplexer. (b) Quadplexer.
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The length ratio j of the SIR is defined as f=26,/(6; +26,) =
26,/6,. In the proposed circuit, the symmetrical SIRs are adopted,
so the length ratio B is 0.5. The fundamental frequency f; is deter-
mined by the electrical lengths of the high-impedance and low-
impedance line. In the proposed circuit, the electrical lengths of
the high-impedance and low-impedance line 6; and 6, are both
quarter-wavelength, which satisfies the resonant equation (4).
Thus, the length of the open-loop SIR is half-wavelength.
Figure 5(b) shows the coupling feed topology of the circuit, and
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Fig. 12. Photograph of the fabricated quadplexer.
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Fig. 13. Simulated and measured results. (a) Return loss. (b) Insertion loss. (c)
Isolation.
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Fig. 14. Wideband response of the proposed quadplexer.

it is obvious that the external quality factor is related to the gaps
S1 and S, and the desired return loss can be acquired by selecting
appropriate gaps S;, S, and appropriate widths of the resonator.

The channels (port 2 and port 5) coupled with the short-
circuit and open-circuit branches are realized by SIRs, and the
central frequencies and relative bandwidths are 1.8/3.5 GHz and
5.1/5.7%, respectively. The shorted quarter-wavelength SIR and
open-loop half-wavelength SIR are used for the first and the
second passbands, respectively. Based on the circuit performance
index above, the external quality factor Q. and coupling coeffi-
cient K of each channel filter can be obtained by the synthesis
method in the filter design software, and the external quality fac-
tor and coupling coefficient of the presented circuit are shown in
Table 1. After that, the next step is to extract external quality fac-
tor and coupling coefficient of the simulated circuit model in
HESS, which can be used to determine the physical sizes of the
filters.

Figure 6 shows the relationship between Q,, Iy, and g, and the
external quality factor Q, of the common resonator is mainly
related to the length of coupling line [, and the coupling slot g.
In addition, Q,y and Q,,; are the first- and second-channel exter-
nal quality factors, respectively. The coupling coefficients between
shorted/open-loop SIRs and common resonator are shown in
Fig. 7. It can be seen that the coupling coefficient is mainly related
to the coupling gap (g, and g,). Through the extraction of the
external quality factor and the coupling coefficient, the initial
values of the corresponding parameters can be determined: [ =
11mm, g=0.15mm, g,=095mm, g, =025mm, g,=04
mm. Finally, by optimizing the sizes of the circuit based on the
above initial values of the corresponding parameters, the trans-
mission response of the channel 1 and channel 2 is given by
Fig. 8, and it can be seen that the performance of the circuit
meets the requirements, verifying the correctness of the design.

Based on the above circuit, the other two channels (port 3 and
port 4) are added at the input feeder by the coupling feed technol-
ogy, and the central frequencies and relative bandwidths are 2.4/
2.8 GHz and 2.6/2.5%, respectively. The two open-loop half-
wavelength SIRs are used for the third and the fourth passbands,
respectively. The design procedure of the added channels is simi-
lar to that of the above circuit. Firstly, the external quality factor
and coupling coefficient of each channel can be obtained by syn-
thesis method, and the external quality factor and coupling coef-
ficient of the presented circuit are shown in Table 1. Secondly, the


https://doi.org/10.1017/S1759078720001063

116 Kaijun Song et al.

Table 3. The comparison with some prior works

Return loss Isolation Central frequency Insertion loss Out-of-band rejection Relative Size

Ref. (dB) (dB) (GHz) (dB) (dB) bandwidth (Ag x 1g)

[9] >10 >35 1.9/2.3/2.6 2.95/2.9/2.9 >35 12.2/4.25/7.3% 0.97x1.13

[10] >15 >34 1.49/1.6/2.06/2.25 3.1/2.86/2.86/ >30 6.3/6.45/6.34/ 1.14x1.13
2.76 6.6%

[11] >10 >25 1.5/1.8/2.1/2.4 2.9/2.88/2.75/ >35 3.5/3.5/4/4% 0.59 x 0.31
2.7

[12] >11 >31 3.2/3.7/4.2/4.7 3.05/3.1/3.14/ >35 3.4/2/2.5/2.5% 0.16x0.31
3.23

[13] >15 >40 1.81/2.23/3.5/4.02 2.8/2.1/2.8/2.8 >40 7.8/9.1/5.7/5.0% 0.44 x 0.45

This >15 >40 1.8/2.4/2.8/3.5 2.4/2.6/2.8/2.5 >40 5.1/2.6/2.55/ 0.36 x 0.42

work 5.74%

initial values of the physical sizes can be obtained by extracting
the external quality factor and coupling coefficient. Finally, the
final physical sizes of the quadplexer can be determined by
optimization.

The extracted external quality factors of the expanded channels
are shown in Fig. 9, and Q.3 and Q.4 are the third- and fourth-
channel external quality factors, respectively. Similarly, the coup-
ling coefficients of the expanded channels are shown in Fig. 10,
where Kj is the coupling coefficient between channel 3 and the
common resonator, and K, is the coupling coefficient between
channel 4 and the common resonator. By extracting the external
quality factor and the coupling coefficient, the initial values of the
circuit can be determined: gc; = gc; =0.15 mm, gc, = 0.5 mm, gd,
=gd;=0.1 mm, gd, = 0.5 mm.

Finally, the transmission response of the channel 3 and chan-
nel 4 is given by Fig. 11, and it can be seen that the two extra
channels added at the input feeder have little effect on the existing
channels. In other words, the implementation of the common
input will not change the characteristics of the channel filters.
In addition, the performance of the circuit meets the require-
ments, verifying the correctness of the design. Therefore, the
quadplexer can be realized by adopting this structure.

Implementation and measurements

Through the above analyses, the compact high-isolation quad-
plexer is designed and fabricated with the substrate Taconic
RF-35. The related parameters of this substrate are as follows:
dielectric constant €, of 3.5, a thickness of 0.508 mm, and a loss
tangent of 0.0018. The structure is simulated and optimized in
Ansys-HFSS. Table 2 shows the final physical sizes of the pre-
sented quadplexer circuit. Figure 12 shows the fabricated minia-
turized high-isolation quadplexer. The total size of the
fabricated quadplexer is 0.36 Ag x 0.42 Ag. What’s more, all the
ports are connected by the type-SMA connectors.

The simulated and measured results of the proposed quadplexer
are shown in Fig. 13. The measured central frequencies and 3 dB
relative bandwidths of the quadplexer are 1.8/2.4/2.8/3.5 GHz and
5.1/2.6/2.55/5.74%, respectively. The measured return losses of
four passbands are all greater than 12 dB, as shown in Fig. 13(a).
Moreover, Fig. 13(b) shows that the measured insertion losses of
the four passbands are 2.4/2.6/2.8/2.5dB, respectively, including
the losses of connectors and the error of the fabrication. The mea-
sured isolation of the entire frequency band is all greater than 40

https://doi.org/10.1017/51759078720001063 Published online by Cambridge University Press

dB, as shown in Fig. 13(c). Figure 14 shows the measured wideband
response of the proposed quadplexer. It can be seen that the 20 dB
upper stopband of the presented quadplexer is up to about 12 GHz.
In addition, the measured results show a reasonable agreement with
the simulated ones over the operating frequency range. Table 3
gives a comparison with some prior works. It can be seen that
the proposed quadplexer has the advantages of compact size,
wide out-of-band rejection, high isolation, low insertion loss, and
good impedance matching.

Conclusion

A compact multimode-resonator quadplexer with wide upper-
stopband and high isolation has been presented. The open and
short stub-loaded multimode resonator and the curved SIRs are
adopted in the quadplexer so as to reduce the size of the circuit.
To analyze the proposed quadplexer, the equivalent topology cir-
cuit has been used. The measured results of the miniaturized
high-isolation quadplexer agree well with the simulated ones.
From the measured results, it can be seen that many advantages
of the proposed quadplexer can be summarized as follows: com-
pact size, superior isolation, wide upper-stopband, low insertion
loss, and good impedance matching.
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