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Abstract. A high-selectivity bandpass filter (BPF) based
on two merged ring resonators is presented in this paper.
The structure of this proposed BPF can be seen as the two
one-wavelength ring resonators merged each other by
sharing the common Jy/2 microstrip line. Due to symmetric
structure, it can be analyzed by even- and odd-mode
method and the locations of six transmission zeros are
calculated using input impedance deductions. For further
demonstration, a BPF example centered at 2 GHz is fabri-
cated with high frequency selectivity. The measured 3-dB
fractional bandwidth is 11% (1.89-2.11 GHz) and inser-
tion loss is less than 2 dB in the passband. Good agreement
between simulation and measurement verifies the feasibility
of the design method.

Keywords

Bandpass filter, coupled-line
selectivity, transmission zeros

structures, high

1. Introduction

In the modern wireless communication systems, high-
performance bandpass filters (BPFs) with low insertion
loss in the passband and high out-of-band suppression are
extremely desirable. In recent years, numerous different
methods for designing high-performance BPFs have been
presented, such as using coupled line structures [1], [2],
ring resonators [3], [4], spoof surface plasmon polaritons
[5], [6], transversal signal-interference techniques [7]. In
[1], a compact seventh-order wideband BPF with sharp
roll-off skirts using coupled lines and open/shorted stubs is
proposed. The open/shorted stubs are utilized to introduce
more transmission zeros (TZs) and acquire better perfor-
mance in the stopband. In [3], a dual-mode ring resonator
fed by quarter-wavelength side-coupled lines is analyzed.
The resonator synthesis is developed to calculate the center
frequency, bandwidth, TZs and insertion loss. In [7], trans-
versal signal-interference concept is utilized that employing
two different transmission paths for the BPF. And the TZs
were generated when the two paths are out-of-phase. But
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this method is at the expense of a large circuit size. Be-
sides, several novel structures are introduced to achieve
higher performance, such as two pairs of twist modified
split-ring resonators [8] and stepped impedance open-stub
loaded ring resonator [9].

In this paper, a BPF based on two merged ring resona-
tors with high selectivity is proposed, which is quite differ-
ent from the BPF using ring resonators in [10]. Due to the
symmetric structure of this proposed BPF, the distributions
of six TZs can be calculated by odd- and even-mode
method. The theoretical derivation of the proposed BPF is
demonstrated. For validation, a BPF example centered at
2 GHz is fabricated and measured.

2. Design and Analysis of the Proposed
BPF

The ideal circuit of the proposed BPF, which consists
of two pairs of coupled lines and five microstrip lines, is
shown in Fig. 1(a). The filter structure can be seen as the
two one-wavelength (4,) ring resonators merged each other
with 4,/2 merged length in the middle and A,/4 coupled to
input and output feedlines. Due to symmetry of this BPF
structure, it can be analyzed by even- and odd-mode
equivalent circuits as illustrated in Fig. 1(b) and (c), respec-
tively.

Observed from Fig. 1(b), the following equation can
be established [11],

ve 1]
vy I
el |zl |5 (1)
Vi [z] || s
Vs 15
Vs | 76 ]

where [Z]* and [Z]® denote 4x4 and 2x2 impedance matri-
ces of the circuit network in dash box, V,° and I,° denote
the voltage and current of the corresponding nth port, re-
spectively.
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Fig. 1. (a) Ideal circuit model of the proposed BPF and its (b)
even-mode equivalent circuit, and (c) odd-mode
equivalent circuit, where 6 = 90°.

The impedance matrix of the coupled line [Z]" can be
expressed by

Z\ Z), Zj Z),
[Z]a _ Zy Zy Z; Z,, (2a)
Zy Zy Zsy Zy

a a a a
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where
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On the other hand, the impedance matrix [Z]° can be

expressed by:
o |20 Z)
-5 % o)
21 22

Seen from Fig. 1(b), the network with impedance ma-
trix [Z]° is constituted by two connected microstrip lines.
The voltage and current of the two connected microstrip
lines can be determined [11]:

Ve | | —iZ,cotd
v | |-iZ,csco

node
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where V4. denotes the voltage of the connection node,
T4 denotes the current of the connection node, the oppo-
site sign of /o4 in (3¢) is due to the opposite current direc-
tion with the definition of impedance matrix.

Therefore, the impedance matrix [Z]° can be obtained
by combining (3b) and (3c¢) to eliminate Vg and /4. The
elements of [Z]" are shown as follows:

2 2
2= 2l 5 op]. (d)
Z,cot@+27Z cot20
28 =28 = 2Z,Z,csclcsc26 , Ge)
Z,cot@+2Z cot20

b 477 csc’ 20
Z),=]
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According to the definition of impedance matrix [9],
it can be obtained that V,°=-Z,, L%, V*=Vs, L'=-I5°,
V=V, I,'=—I in Fig. 1(b). By substituting the constrain
conditions, equation (1) can be simplified as:

A A A Zy Zy || &
0 _ Z;1 Z;2+ZA1 Zg} Z;4 12c

0 Z;l Z;Z Z?’a3 + Zlbl Z?;a4 + Zlbz I;

0 Zjl Z:Z Zj3 + Z;l Z:4 + Z;Z I: (43)
I
_al
= J
1
where
Z,, =jZ,tan@. (4d)

Consequently, the input impedance of the even-mode
equivalent circuit can be derived using inverse matrix [10],
as follows:

L= Vle = ! . (5)
ine Ilc (A71)11

Likewise, the odd-mode input impedance can be also
obtained:

Ve 1
7z L1 (6a)
SR

where
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Therefore, the reflection coefficient S;; and transmis-
sion coefficient Sy, of the proposed BPF can be calculated
as [11]:

S =Fe+ro= ZineZino_Zg s (73)
Y2 (242 (2 + Z,)

ine

no

S =_e o _ ZO(Zinc_Zino) . (7b)
2 (2 +Z) (2t Zy)

ine ino

Figure 2(a) shows the calculated responses by
MATLAB and simulated responses by ADS software of the
proposed BPF, where Zy.= 185 Q, Zy,=98 Q, Z;=50 Q,
7Z,=92Q, Z;=80Q and 0=90°. The simulation results
using ADS agree well with the theoretical deductions. Seen
from Fig. 2(a), there are five transmission poles in the pass-
band and six TZs (i1, fiz2, fiz3, fizas fizs, and fiz6) in the stop-
band ranging from 0 to 2 f;, where f; denotes the center
frequency of the proposed BPF. These TZs can be deter-
mined by setting S,;=0, and the calculated results are
shown below:

ftzlzoﬂftz6:2fo’ (83)

2 _ B+~/C
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Fig. 2. (a) Calculated responses by MATLAB and simulated

responses by ADS of the proposed BPF, where
Z0e=185Q, Zy=98Q, Z,;=50Q, 7Z,=92Q,
Z;=80Q, (b) calculated f./fo and the 3-dB FBW
versus Z,, (c) simulated S versus Z,, where
Zoe=185Q, Zy=98Q, Z,=50Q, Z;=80Q,
(d) calculated f./fo versus Z;, where Z,.= 185,
Z6o=98Q,7,=50Q, Z,=92 Q.

Obviously, the two TZs f;,; and f,, are constant, lo-
cated at 0 and 2f;, respectively. When Z,.=185Q,
Zyo=98 Q and Z;=50 Q are fixed, the other TZs (fi,2, fi3,
Ja, fizs) are relevant to the characteristic impedances Z, and
Z. Figure 2(b) indicates the ratio of f;, to f; and 3-dB frac-
tional bandwidth (FBW) versus Z,. As the characteristic
impedance Z, shifts, f;,; and f,c keep fixed, f,» and f, are
almost unchanged, whereas f,3 and fi,4 will be adjusted. To
illustrate more clearly, the S,; simulation results with dif-
ferent values of Z, are shown in Fig. 2(c). It can be seen
that the 3-dB FBW will be broadened with the decrease of
Z,. The minimum 3-dB FBW will be approached when Z,
increases to 105 Q under the rejection condition of over
10 dB at the stopband. In contrast, as depicted in Fig. 2(d),
the locations of f,, and f,s will be moved rather than f;,;
and fi,4, as the characteristic impedance Z; is changed.

3. Implementation Results

For demonstration, an example of the proposed BPF
centered at 2 GHz is designed and fabricated. The physical

dimensions of the coupled lines and those of the microstrip
lines can be extracted from the corresponding electrical
lengths and characteristic impedances. These dimensions of
the BPF are further fine-tuned in full-wave electromagnetic
simulation software Ansys HFSS to consider the unin-
tended coupling effect. The layout of the proposed filter
and its final dimensions are shown in Fig. 3(a). Figure 3(b)
illustrates the photograph fabricated on a F4B substrate
with relative dielectric constant of ¢,=2.65 and thickness
of 7=1mm. The occupied size of this filter is approxi-
mately 49.5 x 30.5 mm’, i.e., 0.49],x 0.304,, where 1, is
the guided wavelength of 50 Q microstrip line at 2 GHz.

2.46

Fig. 3. (a) Layout of the proposed BPF (unit: mm), and (b) its

fabricated photograph.
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Fig. 4. Simulated and measured S-parameters of the BPF.

fo FBW Number of Insertion / Return Loss Relative permittivity and thickness of the Circuit size Circuit size
(GHz) (%) TZs (dB) dielectric (Ao % o) (Ag X Ag)
[4] 32 20.6 6 22/12.5 &=2.65,h=1mm 0.75 x0.43 1.06 x 0.61
[8] 2.1 19 8 1.8/12 &=2.65,h=1mm 0.26 x 0.19 0.39 x 0.28
[13]-I 4.5 60 2 1.6/10 &=4.4,h=0.8 mm 0.18 x 0.06 0.28 x 0.09
[14] 2.6 3 1 1.8/10 &=10.7, =127 mm 0.16 x 0.09 0.42 x0.25
[15] 3.35 6 2 2.4/ NM* NM 0.12 x 0.09
[16] 1.68 4 2 1.3/22 &=10.8,h=1.27 mm 0.21 x 0.63
This _ _
2 11 5 2/15 &=2.65,h=1mm 0.330 % 0.203 0.49 x 0.30
work

Tab. 1. Performance comparisons with some previous BPFs (*NM: Not Mentioned).
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The simulated and measured S}; and S,; are shown in
Fig. 4, which agree reasonably well with each other. The
measured insertion loss is less than 2 dB, and the return
loss is better than 15 dB within the passband from 1.89 to
2.11 GHz (3-dB FBW of 11%). Moreover, the measured
rejection levels are over 14 dB at lower stopband from 0 to
1.87 GHz and better than 15 dB at upper stopband from
2.19 to 5 GHz. The performance comparisons with several
reported BPFs are shown in Tab. 1.

4. Conclusion

A high-selectivity BPF based on two merged ring
resonators has been presented in this paper. Due to the
characteristics of the ring structure, six transmission zeros
are generated. Through analysis and calculation procedure
of S-parameters and TZs, the location of TZs is determined
by the formula derivation. It is of most importance that the
location of TZs is adjustable with change of microstrip line
width, which provides an additional measure to narrow the
bandwidth of filter and improve the performance at the
stopband. However, the presented structure provides the
improved performance in the stopband with the relatively
more occupation. However, the size of this filter is hardly
decreased due to the width of the microstrip line with 4,/2
length in the middle. It is difficult to obtain more compact
structure by folding the microstrip lines without effecting
the frequency response. The proposed BPF can offer
an alternative design idea for the application in the modern
RF and wireless communication systems.
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