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This document presents a dual-band bandpass filter with fully independent
passbands. The filter is based on a novel dual-band resonant junction (DBRJ) and A/
2 resonators. This approach allows different filter order at each passband, indepen-
dent fractional bandwidth tuning, and independent filter response at each band. The
DBRIJs consist of a short-circuited quarter-wavelength resonator. One prototype is
presented with Butterworth and Chebyshev responses and center frequencies at 1.8
and 2.45 GHz.

Keywords: dual-band filters; resonant junction; microstrip filters; microwave
resonators

1. Introduction

Dual-band bandpass filters are components accomplishing the filtering function at two
different frequencies. Due to the rapid development of wireless technologies, dual-band
microwave filters have become an attractive component for reducing system complexity
and cost. Dual-band bandpass filters may be designed using: (a) double-sided parallel-
strip lines,[1] (b) modified resonators including stepped impedance resonators (SIRs),
[2] stub-loaded open-loop resonators, or split-ring resonators,[3] (¢) CRLH metamate-
rial transmission lines,[4] and (d) the combination of two individual bandpass
filters.[5,6]

The combination of two individual bandpass filters may be realized using the
conventional diplexer approach, [5] where fully independent passbands may be
obtained but it is well known that the filter size increases due to the impedance
matching networks. Another option is to use dual-feeding structures as in [6], where
input/output coupling structures based on SIRs are used to combine two passband
filters. However, in this technique, both bandwidths cannot be tuned independently
as the external quality factors are interdependent. In addition, the number of poles
at both passbands and the filter response has to be same for both bands.

The motivation of the present work is to have a dual-band bandpass filter with fully
independent passbands. This involves freedom on the number of poles for each pass-
band, independent tuning for each band, as well as independence on the filter response
type. Moreover, no extra matching networks are required.
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2. Proposed filter

Figure 1 shows the layout of the proposed dual-band filter designed on a Rogers 4003C
with 1.524 mm thickness and design permittivity 3.5. The first passband has Butterworth
response, FBW = 12.3%, four poles, and center frequency at f; = 1.8 GHz. The second
passband exhibits Chebyshev response, FBW = 7.1%, 0.1 of ripple, three poles, and
center frequency at f; = 2.45 GHz. The design parameters are [7]: Qe = Qeor = 6.22,
K1 = K341 = 0.103, and K531 =0.066 for the first passband and Q.iy = Qcon = 14.529
and Ko = Kp3p = 0.065 for the second passband, where Q.;, and Q.,, are the input
and output external quality factors at each passband » = {I, II}, and K;, is the mutual
coupling coefficients between adjacent resonators of each filter.

The filter uses a dual-band resonant junction (DBRIJ) at the input and output.
The DBRIJs consist of a short-circuited quarter-wavelength resonator and one half-
wavelength resonator with fundamental resonances at f; = 1.8 GHz and f;, = 2.45 GHz,
respectively. The first passband is formed by the input DBRJ, two half-wavelength
resonators (12 and r3) at 1.8 GHz, and the output DBRJ. The second passband is
created by coupling the input DBRJ with a half-wavelength resonator (R2) at
2.45 GHz, and the output DBRIJ.

2.1. Design of the DBRJ

The resonant junction is designed to satisfy simultaneously the external quality factors
which depend on the separation G and the position ¢ of a microstrip line with width of
wt = 3.0 mm used to attach SMA connectors. Figure 2 shows the resonant junction and
a typical group delay response calculated from the S;; parameter. From the group delay,
the resonant frequencies are verified at 1.8 and 2.45 GHz. It is important to note that the
two resonant frequencies must be verified every time that the G and ¢ are varied and the
resonators must be tuned with the group delay to guarantee the two frequencies. Thus,
Figure 2 is used to guarantee resonances at the desired passband and calculate external
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Figure 1. Layout of proposed filter.



Downloaded by [Instituto Nacional de Astrofisica, Opticay Electronica] at 11:36 21 August 2015

Journal of Electromagnetic Waves and Applications 1937

4E-9
3 | — e
3E-9
— :
;: o
2E-9 —
wn -
S— =
[ B
1E-9 —
. Radius via
- 0.75mm
Olll|l|lllllllllllll

10 12 14 16 18 20 22 24 26 28 30
Frequency (GHz)

Figure 2. Sy, group delay of the resonant junction.

quality factors at 1.8 and 2.45 GHz which are calculated with (1) and (2), respectively,
where 7(f;) is the group delay at each center frequency. Figure 3 shows a plot of the
external quality factor O vs. the tap position ¢ for different gaps (G). From this plot,
the required value tap position at 1.8 GHz is ¢ = 6.490 mm for Q.;; = 6.22. Also, it can
be seen that the external quality factor at 1.8 GHz is almost independent on the
separation G.

In a similar way, the external quality factor at 2.45 GHz is calculated considering
the tap coupling = 6.490 mm and different gap separation values. Figure 4 shows a
plot of Q. and Q. vs. the gap separation G. This figure shows again that the gap
separation modifies the external coupling at 2.45 GHz but the external quality factor is
almost constant at 1.8 GHz. It is worthy to mention that results in Figures 3 and 4 were
obtained changing ¢ and G and adjusting the dimensions of resonator rl and resonator
R1 in order to assure resonances at 1.8 and 2.45 GHz.

6 6.5 7 7.5 8 8.5 9 9.5 10
t (mm)

Figure 3. External quality factor at 1.8 GHz.
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Figure 4. External quality factor at 2.45 GHz.

This independence is particularly important when designing dual-band filters since
both external quality factors are not dependent on the filter order overcoming the prob-
lem with the structure in [6]. Thus, from Figure 4 the G value is 0.200 mm.

QeiI = QeoI = 271'ﬁ7.'(f1)/4 (1)
QeiII = Qeoll = 27—Ef2f(f2)/4 (2)

2.2. Design of the second passband

The second passband is created by coupling the input DBRJ with the half-wavelength
resonator R2, and the output DBRJ. This passband requires input and output external
quality factor values to be 14.529 and mutual couplings K, = K3;p = 0.065. The qual-
ity factors are achieved with the resonant junction previously described. The mutual
coupling coefficient K, is related to separation G, between the input DBRJ and the
resonator R2. For different G, values, the mutual coupling coefficient K,y is calculated
values with (3) where the frequency of the upper peak £, and the frequency of the
lower peak f; are obtained from a smooth |S;,| curve with double-peak response as
explained in [8]. Because Ks4y= Kjo;p=0.065 then the gap separation between
resonator R2 and the output DBRJ is G, =G,=1.20mm, a plot of K, vs. the
separation G,.
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2.3. Design of the first passband

The first passband is formed by coupling the input resonant junction with the two
half-wavelength resonators 12 and r3, and the output DBRJ as shown in Figure 1. This
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passband requires external quality factor values to be 6.22 which are achieved with the
same resonant junction.

The required mutual coupling coefficients for this passband are K,3; =0.066 and
K1 = K341 =0.103. The mutual coupling coefficient K3 is related to the separation
G between resonator 12 and resonator r3. For different G values, the mutual coupling
coefficient Ky31 is calculated using (3). The required value is Gc = 0.200 mm.

In a similar way, the coefficient K;,; is calculated with (3) to different S values.
The required value is §=3.570 mm. Because K, = K341 = 0.103 then the separation
between resonator r3 and the output DBRIJ is to be 3.57 mm. All dimensions were opti-
mized in the simulator. The final dimensions are: = 6.490, It=9.408 mm,
G =0.200 mm, G, = Gb =1.20, G, =0.200, S=3.57 mm, w=3.4 mm, L1 = 18.9 mm,
L2=1721 mm, L3=1533mm, L[4=252mm, L5=L6=93mm, L7=15.980,
L8 =20.5 mm, ws = 1.2 mm, and wt =3 mm.

3. Simulated and experimental results

Figure 5 shows the fabricated filter. The circuit was fabricated using a PCB milling
machine and measured with a two-port vector network analyzer. Figure 6 shows the
simulated S-parameters from 1.45 to 3.0 GHz. The two passbands are centered at 1.8
and 2.45 GHz. The return losses are better than 20 dB in the passbands. The FBW in
simulations is 12.31% for the first band and 7.343% for the second passband. Figure 7
shows the measured S-parameters for the same frequency range. In measurement, the
two passbands are centered at 1.78 and 2.41 GHz. Return losses are better than 10 dB
at each passband. Insertion losses are better than 1.8 and 1.4 dB for the first and second
passband, respectively. The maximum attenuation between the two passbands is
—24.8 dB. The measured FBW is 12% for the first band and 8.2% for the second pass-
band. There are slight differences between the simulation and experimental results due
to manufacturing errors and material tolerances.

Figure 5. Fabricated filter.



Downloaded by [Instituto Nacional de Astrofisica, Opticay Electronica] at 11:36 21 August 2015

1940 J.-L Olvera-Cervantes and A. Corona-Chavez

0
-10 4
1 S21
-20 -

=30 —

S (dB)

40+ S11
-50 T | T | T 1 T [ T | T | T | T
14 16 1.8 20 22 24 26 28 3.0

Frequency (GHz)

Figure 6. Simulated results.
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Figure 7. Experimental results.

4. Conclusions

In this paper, a new type of dual-band bandpass filter based on DBRIJs and A/2 res-
onators was presented. This filter has two passbands with center frequencies at 1.8 and
2.45 GHz. The new feeding DBRIJs allow independent calculation of the external qual-
ity factors for each band, thus different FBWs can readily be designed. Good agree-
ment between the simulation and measurement was achieved.
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