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Abstract

The main problem of dual-band bandpass filter (BPF)
structures is to control each passband performance indi-
vidually, separately, and independently. This Letter is
proposed a dual-band BPF based on a source-load cou-
pling structure with stub-block isolation to overcome the
problem. The lower band resonator structure is placed on
the top side, while the upper band resonator is placed at
the bottom side, with the source-load (SL) coupling
structure in the middle. An additional stub-block isola-
tion structure is added to the center of the SL coupling
structure. As a result, we have successfully designed an
independent dual-band bandpass filter with highly con-
trollable working frequency/frequency center (f.), band-
width (BW), reflection coefficient (S;;), and isolation
(ISO) between the passbands. The proposed dual-band
BPF was fabricated on an RT/Duroid 5880 substrate.
Furthermore, this dual-band BPF achieved an insertion
loss/fractional bandwidth of 0.48 dB/7.71% and
0.35 dB/12.37% at 1.82 and 2.58 GHz, respectively. The

WILEY

good agreement between the simulated and measured
results validates the proposed method.

KEYWORDS

controllable dual-band BPF, source-load coupling, stub-block isolation

1 | INTRODUCTION

A highly flexible RF device must be supported by a high-
performance bandpass filter (BPF) that can be controlled.
This requirement has motivated many researchers to produce
BPFs with controllable performance.' Several methods have
been proposed to control the frequency passband, such as
the stepped impedance ring resonator (SIRR) with shorted
stubs,” defected and irregular stepped-impedance resonators
(DI—SIRs),3 multilayer resonator,4 loop resonator,5 Cross
resonator,6 substrate-integrated waveguide (SIW) cavities,’
and half-mode substrate integrated waveguide (HMSIW).®
Furthermore, to increase the isolation, some researchers have
proposed a circular resonator’ and a ring resonator. More-
over, a quasi-elliptical waveguide resonator was proposed
by Reference 10 to control the frequency and bandwidth.
However, none of the proposed methods has a controllable
performance frequency, bandwidth, reflection coefficient,
and isolation simultaneously.

In this Letter, a dual-band BPF based on a source-load
coupling structure is proposed, as shown in Figure 1A. It is
clearly distinct from the microstrip structure used in Refer-
ences 1-11. The topology of the coupling structure is given
in Figure 1B. Furthermore, M,y denotes the coupling matrix
values between two resonators for (M = S, I, 2, L and
N =S, 1, 2, L), can be derived as follows:

0 0.307 0 —0.389 0 1.000
0.307 0.819 0.080 0 0 0
0 0.080 -0.579 0 0 0.008
Myn =
-0389 0 O —-2595 -66.122 0
0 0 O —-66.122 —169.205 -0.116
1.000 0 0.008 0 —-0.116 0

The coefficients of the coupling matrix are taken from
the optimization process. By using this structure, the fre-
quency, bandwidth, reflection coefficient, and isolation in
each passband can be

adjusted individually with

Microw Opt Technol Lett. 2020;1-7.
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convenience and robustness. The proposed method is vali-
dated by the good agreement between the simulated and
measured results.

2 | DUAL-BAND BPF BASED ON
SOURCE-LOAD COUPLING WITH
STUB-BLOCK ISOLATION

The proposed dual-band BPF is constructed by using four
important segments, that is, a source-load coupling structure,
a lower band resonator, an upper band resonator, and an
additional isolation structure. The source-load (P and
Pout) coupling structure is positioned in the middle, where
(W1, Ly) represent the width and length, respectively. Fur-
thermore, the lower band resonators are placed at the top,
constructed by a coupled-resonator (R5; and Rp,) with the
back-to-back position, where (W,, LA, Log) represent the
widths and lengths of the lower band resonator. Moreover,
the upper band resonators are arranged at the bottom. They
are composed of a coupled-resonator (Rg; and Rg,) with a
back-to-back position, where (W3, L3a, L3g) represent the
widths and lengths of the upper band resonator. The addi-
tional isolation is added at the center, with (W, L)

representing the width and length isolation structures,
respectively. Furthermore, (S, S», S3, S4) represent the gaps
between the source/load and lower band, intercoupled lower
band, intercoupled upper band, and source/load and upper
band, respectively.

Figure 1C shows the dual-band BPF response. If the
lower band or upper band structures are applied separately,
the transmission coefficient will respond separately. How-
ever, if they are combined, the interference between two
passbands will increase. To reduce interference, the isolation
structure should be added at the center. Furthermore, the
odd-mode structure of lower band, even-mode structure of
lower band, odd-mode structure of upper band, and even-
mode structure of upper band are shown in Figure 2A-D,
respectively. The value input impedance of odd-mode at
lower band Zjn_1 g_oga Can be derived:

ZIN(S) = —jZ3COte3 (1)
ZIN(3) +jZQtan62
V4 =/)—————— 2
ING) 2Z2 +jZ[N(3)taIl62 ( )
V4 +jZ tan0;
ZIN-LB-o0dd =Z1 NG T 3)

Zl +JZIN tan91
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Moreover, Equation (3) can also be expressed as:

ZIN-LB-0dd =
Z5(—jZycotd; + jZrtand, ) + jZ3tanb3(Z, + Z; cotb tan6, )
! 237, + Z3Z cotB tanB, + Z,Z; cotO; tan0, —Zzztaneztan%

(4)

with

Zret2Zs,
Zy="22 (5)

The resonant can be derived from admittance condition
Yiv _ 1B — oaa= 0 or impedance condition ZiN _ 15 _ odqa = o0,
or it has a denominator equal with zero.

Zr o+ 2,
VA (%) + Z3Z;cotB; tan0,
VW,
+7Z (%) cotb; tan6, (6)
Zoe+7Z00\°
- <%) tanO,tand; =0

Furthermore, the value input impedance of even-mode at
lower band Zn.1 B-even €an be derived:

ZIN—LB—even =jZ1tan91 (7)

Moreover, the value input impedance of odd-mode at
upper band Zin.yB.oqd can be derived:

Zing) = —JZecotBs (8)

ZIN(6) +jZstanOs

V4 =Z
NG) > Zs +jZ,N(6)tan65

)
Zins) +jZ stanBy

- 10
Zy +]Z,N<5)tan94 ( )

ZIN-UB-o0dd =Z4
Equation (10) can also be derived as:

ZIN-UB-odd =
Zs ( —jZ4COt94 +JjZs tan65) +jZGtan96 (Zs + Z4cot94tan95)
4 ZeZs + ZgZscotB,tan0s + Zs Z,cotO tanOy — Z52t211195 tanOg

(11)

with

_ ZS,e + ZS,o
2
The resonant can be derived from admittance condition

Zs (16)

Yiv — u — oaa =0 or impedance condition Zjy _ yp — odd =
o0," or it has a denominator equal with zero.
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Zse+7Zs,
Zs( 5 5

2 ) + ZgZ4cotBytanOs

Zs .+ 7
+7Z <59250> cotO,tand,

ZS,e +ZS,0
2

(17)
2
> tanOstanBs =0

Furthermore, the value input impedance of even-mode at
upper band Zn.1 _even can be derived:

(18)

ZIN-UB—cven =jZ4tand,

with the impedance (Zy) and electric length (Oy).

3 | RESULTS AND DISCUSSION

Figure 3A,B show the relationship between the bandpass fre-
quency/frequency center of the lower band response under
various lengths L, and the bandpass frequency/frequency
center of the upper band response under various lengths L,
respectively. The figures show that by increasing the dimen-
sion of L,g the bandpass frequency of the lower band will
gradually shift to a lower frequency, while the upper band
will remain stable. Moreover, the bandpass frequency of the

upper band will be shifted by various lengths L;g, while the
lower band will remain stable.

Moreover, Figure 3C, D show the relationship the band-
width characteristics of the lower band for various gaps S,,
and the bandwidth characteristics of the upper band for vari-
ous gaps S3, respectively. Moreover, the bandwidth of each
passband can be controlled individually and separately by
varying the gaps S, and S3. It can be seen that by increasing
the gap S5, the bandwidth of the lower band will become
narrower and can be adjusted separately. Furthermore, by
decreasing gap S3, the bandwidth of the upper band only will
increase.

Figure 4A-C show the reflection coefficient characteris-
tics of the lower band for various gaps S,, the reflection
coefficient characteristics of the upper band for various gaps
S3, and the isolation characteristics for various lengths Ly,
respectively. The reflection coefficient value of the lower
band can be controlled separately by varying gap S, without
any impact on the upper band. Moreover, the reflection coef-
ficient value of the upper band can be adjusted individually
by varying gap S3. Furthermore, the isolation characteristics
can be changed by varying the length L, without affecting
the frequency passband or bandwidth of the lower band and
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TABLE 1 Comparison with some previous dualband BPFs

Independent and controllable

Refs. Freq (GHz) Insertion loss (dB) —3 dB FBW (%) Freq BW Ref. coef ISO
2 1.39/1.82 2.48/3.60 9.30/6.60 Yes - - -
3 2.45/5.20 1.30/2.80 6.93/4.03 Yes = = =
5 5.01/8.25 0.81/0.83 6.59/6.10 Yes - - -
€ 1.14/2.31 0.22/1.87 94.19/33.52 Yes = = =
7 3.61/6.40 1.30/1.20 8.20/6.70 Yes - - -
? 2.43/3.73 2.50/1.30 4.50/6.10 = = = Yes
10 2.40/5.20 1.40/3.00 9.20/9.50 - - - Yes
i 3.78/4.82 1.38/1.82 11.3/10.7 Yes = = =
12 0.69/2.67 0.70/1.76 23.5/30.0 - Yes - -
13 1.57/2.38 1.21/1.95 9.90/6.50 = = = Yes
14 2.52/3.54 0.62/0.55 5.90/5.10 Yes - - -
15 8.13/11.13 0.88/1.28 3.90/3.60 Yes = = =
16 2.40/3.20 1.47/1.65 15.4/10.9 Yes Yes - -
17 9.42/9.99 2.20/2.30 3.00/3.30 = Yes = =
18 1.59/1.92 1.49/1.44 6.90/9.40 Yes - - -
19 5.50/12.5 0.50/2.91 92.0/17.0 = Yes = =
This study 1.82/2.58 0.48/0.35 7.71/12.37 Yes Yes Yes Yes

Abbreviations: BW, bandwidth; FBW, fractional bandwidth; ISO, isolation.

upper band. Moreover, Figure 5A,B show the current surface
at lower-band of f. = 1.82 GHz and upper band of
f. = 2.58 GHz, respectively. It can be seen that at the lower
band, the surface current flows at upper part of BPF. Mean-
while, the surface current flows at lower part of BPF at the
upper band.

The proposed dual-band BPF was fabricated on an
RT/Duroid 5880 substrate with a permittivity of 2.2 and a
thickness of 1.575 mm. A momentum simulation produced
by the Advanced Design System (ADS) was used to opti-
mize the structure. Furthermore, the R&S ZVA67 VNA was
used to measure the BPF performance. The dimensions were
as follows (all in millimeters): W; = 1.0, W, = 1.5,
W5 =1.0, Wy=0.5,L; =10, Lop =15, Lyg =32, L35 = 15,
Lsg = 15,8, =05, 5, =3.0, S5, = 1.5, and S4 = 0.5. The
dual-band BPF insertion loss/fractional bandwidth was
0.48 dB/7.71% and 0.35 dB/12.37% at 1.82 and 2.58 GHz,
respectively. Figure 5C,D show photographs of the fabri-
cated dual-band BPF and comparisons of the simulated and
measured results, respectively. Moreover, Table 1 shows
comparison with some previous dual-band BPFs such as
References 11-19.

The proposed method is validated by the good agreement
between the simulated and measured results. Furthermore,
Table 1 gives the performance comparison of the dual-band
BPF with some previous works, from which it can be
deduced that the proposed BPF structure can enable adjust-
ment of the frequency, bandwidth, reflection coefficient, and

isolation of each passband individually with convenience
and robustness.

4 | CONCLUSIONS

We have successfully designed an independent dual-band
bandpass filter with a highly controllable working fre-
quency/frequency center, bandwidth, reflection coefficient,
and isolation between the passbands. This performance can
be obtained by applying the source-load coupling with a
stub-block isolation structure. The proposed dual-band BPF
was fabricated on an RT/Duroid 5880 substrate. Further-
more, this dual-band BPF achieved an insertion loss/frac-
tional bandwidth of 0.48 dB/7.71% and 0.35 dB/12.37% at
1.82 and 2.58 GHz, respectively. The good agreement
between the simulated and measured results validates the
proposed method.
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