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Abstract:

One of the major passive components, which affected the performance of broadband RF/microwave
communication systems, is the diplexers. This paper presents a new approach for designing a high
selectivity diplexer, which is based on compact and high unloaded quality factor hybrid coaxial and
microstrip resonator bandpass filters (BPFs). Additional transmission zeros (TZs) on both sides of the
passband response, which are created by mixed electromagnetic (EM) coupling scheme, can be
easily realized to high isolation of the proposed diplexer. A designed diplexer prototype at center
frequencies 2.6 and 3.1 GHz with 3-dB bandwidth of 220/180 MHz, respectively, is designed and
simulated by HFSS software. The proposed diplexer has been exhibited to have excellent filtering
selectivity, low insertion loss, and improved channel-to-channel isolation.

Keywords:
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Tém tit:

B6 song kénh la mot trong nhitng thanh phan thu dong chinh anh hudng dén hiéu suat cia hé
thdng théng tin lién lac vé tuyén hién dai c6 bang théng rong. Bai bdo nay dé xudt mot giai phap dé
thiét k€ bo song kénh cé do chon loc t6t, dua trén cac bd loc thong dai cdng hudng dong truc két
hop vi dai ¢6 cdu tric nhd gon va hé s& phdm chéat khdng tai cao. Cac diém truyén khdng trén ca hai
dai chén cta dap (g tan s8, dugc tao ra bdi cau tric cdng hudng ghép dién tir hdn hgp gilip nang
cao do cach ly clia bd song kénh dugc dé xudt. B6 song kénh dudc thiét k€ va mb phdng bang phan
mém HFSS vdi hai tan s6 trung tam la 2,6 va 3,1 GHz va bang théng 3-dB, tudng ('ng la 220/180
MHz. Bd song kénh dugc dé xudt cé nhitng uu diém nhu dd chon loc cao, suy hao trong dai thdp va
cai thién do cach ly gilra cac kénh tin hiéu.

T khéa:
Bd song kénh, cdng hudng dong truc két hap vi dai, diém truyén khdng, hé théng théng tin cao tan.

1. INTRODUCTION diplexers have been reported in various
Recently, many research works about literatures. The diplexer designed based
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on waveguide technology to provide high
selectivity, low insertion loss s
introduced [1-6]. However, this design
has common drawbacks such as being
heavy, difficult to fabricate, and
incompatible with planar integrated
circuits. Recently, several planar diplexers
predominantly based on Printed Circuit
Board (PCB) or Low-Temperature Co-
fired Ceramic (LTCC) technology have
been developed to overcome such
problems [7-9]. In [7] and [8], two high
performance diplexers were designed, but
such resonators of these diplexers suffer
from relatively low unloaded quality
factor (Qu < 200). Although the designs in
[9] got a more compact circuit size, they
were with poorer frequency selectivity
and they need multilayer fabrication
process that requires higher cost.

In our previous work [10], a prototype of

compact and low loss bandpass filter
(BPF) was designed successfully by
utilizing the unique hybrid resonator
structure, which introduces a high-
unloaded Q-factor. These resonators were
then applied to the implementation of low
loss and miniaturized bandpass filters. In
this paper, the compact hybrid resonator
technique is used to design a novel high
selectivity diplexer. With maximum space
utilization of the structure, the proposed
filters configuration are not only enabling
significantly miniaturized design but also
give an improvement unloaded Q-factor
of the resonator. Consequently, two
compact and high rejection BPFs by using
the hybrid coaxial and microstrip
resonators (HCMR) are investigated and
analyzed, and then, a high selectivity
diplexer is designed for verification.

2. DIPLEXER DESIGN PROCEDURE
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(c) 3-Dview

Figure 1. Structure of the proposed diplexer based on hybrid coaxial and microstrip resonators

Figure 1 shows the structure of the
proposed diplexer. It consists of two
second-order BPFs and a T-junction
microstrip lines connecting the individual
BPFs to the common input. Let lower-
and upper-frequency channel filters be
bandpass filter A (BPF A) and bandpass
filter B (BPF B), respectively. These
filters are constructed by the hybrid
coaxial and  microstrip  resonators
structure, which is composed of two
sections of transmission line, microstrip
line on the substrate and the coaxial line.
The bottom part of the filter is formed
from printed circuit whose layout is
shown in Figure 1(a). The diameter and
the length of each of the copper rod is r
and h, respectively, as shown in Figure
1(b). The center-to-center distance
between two copper rods is d, which
mainly determines internal coupling
between the resonators.

Coaxial and Microstrip
Resonator

e o
/e

Source Input

o |
N

Load Output

Main coupling

Mixed EM coupling

Figure 2. Coupling structure for the proposed
hybrid coaxial and microstrip resonator

The coupling topology of the proposed
hybrid coaxial and microstrip resonator as
shown in Figure 2, where the node S
denotes the source or input, the node L
denotes the load or output, respectively.
This investigated general topology
contain not only the input and output
coupling to resonator nodes, but also a
mixed electromagnetic coupling between
resonator nodes. For this coupling
structure, a (N +2)x(N +2) coupling
matrix [11] for a second-order BPF
without source—load coupling is given by:
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0 mg, O 0

Mg M m,, 0 (1)
0 My My My
0o 0 m, O

-

Where the coupling coefficients ki are
replaced by m(i,j) corresponding to
resonant modes in the coupled HCMR,
respectively. mg, and m;, denote

input and output external couplings,
respectively, and m,, represents inter-

resonator coupling. m;; and m,, stand for

the detuning of each resonator’s resonant
frequency from the center frequency of
the filter’s frequency response. The
m, =0 (or m,, =0) indicates that the

first resonator (or second resonator) is
tuned to the center frequency of the filter
response.

For demonstration of our proposed
technique, a two-pole Chebyshev HCMR
filter centered at 2.6 GHz with in-band
return loss of 20 dB and 0.1 dB-ripple
fractional bandwidth (FBW) of 8.5% is
designed. According to the low-pass
prototype and calculation [12], the
element values of the lowpass prototype
can be found to be g,=1, g, =0.8431,

g, =0.6220. The external quality factor

Qe and coupling efficient m(i,j) can be
defined as follows:

909
= =——2-~90.9188 2
Qel Qez FBWA ( )

FBW, ~0.1173

mlz:m21:m (3)
192

The coupling coefficients m, and m,,,

which denote the couplings between the
source and load to each resonant mode,
can be extracted from external quality
factors [12] by:

1
= 4
Qs m? - FBW @
1
= 5
Qe m’, - FBW G)
According to Equation (2)-(5), the

calculated inter-stage coupling matrix of
the implemented filter according to the
low-pass prototype is given by:

"0 1.089 0 0 |
1.089 0 01173 0
m, = (6)
0 01173 0  1.089
0 0 1.089 0 |

Implementing the similar calculations
with a two-pole Chebyshev hybrid
resonator BPF B centered at 3.1 GHz with
in-band return loss of 20 dB and 0.1 dB-
ripple FBW of 5.7%. The calculated inter-
stage coupling matrix of the implemented
filter according to the low-pass prototype
is derived by:

0  1.089 0 0
. 1089 0 00787 0 @)
e 0 00787 0 1089
0 0 1089 0

The coupling coefficient of the coupled
hybrid coaxial and microstrip resonator
[12] is:
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k = 2A 1A (8)
fofat T
Where f,,and f,,are the two resonant
peaks of BPF A, respectively. Full-wave
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Figure 3. Extracted coupling coefficient k4, ks
with regard to different values distance dyand
dz, respectively

EM simulations are carried out to extract
the desired external quality factor and
coupling coefficient. The coupling
strength of the proposed HCMR is mainly
controlled by the spacing d between the
two copper rods. Figure 3 shows the
design curve for the coupling coefficient
ka and kg, respectively. It is obvious that

(ISSN: 1859 — 4557)

the coupling decreases as the spacing d;
between the coupled resonators increases.
The filter of bandwidth can be enlarged
with small d;.
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Figure 4. Design curve for external quality factor
Q. with different spacing g4 and g, respectively

A design curve for Q. against distance g
and g, can be obtained, as shown in
Figure 4. In this case, as g; and Q»
increases, the coupling from the source is
weaker so that Q. increases.

3. DIPLEXER IMPLEMENTATION AND
RESULTS

The proposed diplexer is realized on
0.635 mm thick Taconic substrate (& =
2.65, tand = 0.0019) and the microstrip
has a thickness of 0.035 mm. The
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simulations are carried out by using a
full-wave electromagnetic (EM) simulator
HFSS. The EM simulated responses of
the BPF A at 2.6 GHz center frequency
are shown in

0
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Figure 5. Simulated frequency response of (a)
BPF A, and (b) BPF B

Figure 5 (a). The filter shows an upper
side of the operating frequency with an
overall out-of-band rejection, better than
32.5 dB. The return loss is better than 20
dB within the passband over a bandwidth
of 8.5% (2.53-2.72 GHz). The minimum
insertion loss is 0.36 dB. The same
procedure is used to design the upper-
frequency channel bandpass filter at 3.1

GHz center frequency. This filter requires
a high rejection at 2.6 GHz lower-
frequency channel filter. Figure 5 (b)
shows the corresponding simulated
responses of the filter B. A lower side of
the operating frequency with an improved
out-of-band rejection, better than 37.4 dB.
The 3-dB bandwidth is 5.7% (3.04-3.22
GHz) and the minimum insertion loss is
0.59 dB. The return loss is better than
18.5 dB within the passband.

Lastly, to obtain satisfactory impedance
matching, the input impedance at the “T”’-
junction needs to satisfy the following
conditions:

oo at3.1 GHz

ZinA: (9)
502 at2.6 GHz
5062 at3.1 GH

A (10)
oo at2.6 GHz

Where Zj,n» and Zjg are the input

impedances of the diplexer at the junction
looking into the upper and lower path,
respectively, as illustrated in Figure 1.
These conditions can be easily satisfied
by connecting the junction to each filter
with a microstrip line, which ensures
an open circuit at the frequency of the
other passband. Finally, the dimension
optimization of the proposed diplexer that
referred to Figure 1, which is carried out
by using the quasi Newton method
available ANSYS HFSS simulator and
listed in Table 1.
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Table 1. Physical size of the proposed diplexer

(in mm)
Parameters | Value | Parameters | Value
Wy 1.74 La 16.8
Wy 0.5 Lg 18.8
Ws 0.3 Lt 10.1
Ly 105 Wt 1.74
L, 6.4 h 10
Ls 46 r 1.5
L, 10.8 d; 12.6
Ls 45 d, 11.8
Lg 4.4 L, 9
0
——S(1,1)
—_ ---=-8(2,1)
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Figure 6. Simulated result insertion losses and
return loss of the proposed diplexer
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Figure 6 shows the electromagnetic
simulated S-parameters of the proposed
diplexer. The diplexer presents insertion
losses (Sz1, Sa1) of 0.41 dB and 0.47 dB;
and return loss (Si1) better than 15.7 dB
and 19.5 dB, at 2.6 GHz and 3.1 GHz,
respectively. There are two transmission
zeros at each side of the passband are
located at 265 and 3.05 GHz,
respectively, thus allow this proposed
diplexer to achieve good isolation
between two filtering channels as highly
expected. In particular, two transmission
zeros appear at 3.8 and 4.4 GHz,
respectively, in the higher frequency
channel then give much better out-of-
band rejection for the proposed diplexer.
The isolation (Sy3) performance of the
proposed diplexer is illustrated in Figure
7. As a result, the high isolations at the
lower band and higher band are 41 dB and
31 dB, respectively.

Table 2 shows a comparison with other
differential diplexer designs developed by
using the microstrip-Slotline, microstrip
resonator, and LTCC. Comparing to the

0 E— diplexer in [5] and [7], the simulated
~ 20 insertion loss of proposed design is better
@ than 0.5 dB and the isolation is better than
-°g’ -0t 30 dB. In [9], the diplexer are fabricated
g o0} using LTCC techniques and the isolation
g sol is better than 35 dB. However, the

multilayer structures will increase the cost
A0 0 25 30 35 a0 as Oof product processing. In sum, the
Frequency (GHz) proposed diplexer offers a better trade-off
Figure 7. Simulated result isolation between insertion loss, return loss and
of the proposed diplexer isolation.
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Table 2. Comparison with some other diplexers
Ref T £ diol p 1St/§nd d Insertion Return Isolation | FBW
[Refs.] ype of diplexer assbhan Loss (dB) Loss (dB) (dB) (%)
(GH2)
[5] Microstrip- Slotline 2.51/3.48 1.25/0.28 18/20 35/28 13.9/4.3
[71 Microstrip Resonator 2.3/3.5 3.23/2.3 9.6/10.6 N/A 4.3/14.0
[9] LTCC 3.55/5.55 1.7/12.3 15/16 40/36 11.5/8.6
[This | Hybrid coaxial and 26/31 | 041047 | 157/195 | 4131 | 85/5.7
work] microstrip resonator
4. CONCLUSION resonators,  transmission  zeros  are

In this paper, a new simple design
approach for compact and high isolation
diplexer using low loss hybrid coaxial and
microstrip resonators bandpass filters with
high isolation and simple circuit has been
proposed and designed. The proposed
diplexer has the advantages of flexible
design approach, good selectivity, high
isolation as well as easy to integrate
with  other printed circuits. Mixed
electromagnetic coupling is formed by the
copper rods and the gaps between the

produced and the isolation of the diplexer
is improved. The EM simulation results
diplexer shows that each filtering channel
has its own transmission zeros in either
the lower- or upper-stopbands to realize
its high filtering selectivity, and high
isolation better than 31 dB has been
achieved. The designed diplexer has a
broad application prospect in Tx/Rx front-
end transceivers of weather radar, surface
ship radar, and wireless communications
systems.
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