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High Selectivity Balanced Bandpass Filter with Tunable Bandwidth
Using Stub-Loaded Resonator
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Abstract—A new balanced bandpass filter (BPF) with tunable bandwidth using tri-mode stub-
loaded resonators is proposed. To tune the differential-mode bandwidth, the two even-mode resonance
frequencies and two transmission zeros (TZs) are tuned while the odd-mode resonance frequency keeps
unchanged. To realize high selectivity for differential mode, another two TZs are created by the
source-load coupling and coupling sections. Furthermore, wideband common-mode (CM) suppression
is achieved. The fabricated filter has 3-dB fractional bandwidth ranging from 20.0% to 26.0% centered
at 1.71 GHz and wideband suppression (17dB from 2 to 4.4 GHz) for the differential mode, as well as
common-mode suppression better than 20 dB from 0 to 4.5 GHz.

1. INTRODUCTION

Recently, BPFs with reconfigurable bandwidth have attracted attention as a means to meet the
demand of the reconfigurable communication system. PIN diodes have been used for the conventional
reconfigurable BPF with the discrete bandwidth [1-3]. By using eight PIN diodes, Rauscher proposed
a reconfigurable BPF with two bandwidths of 500 and 1500 MHz centered at 10 GHz [1]. By employing
a PIN diode to switch the number of transmission poles, Tu presented a reconfigurable BPF with
the switchable fractional bandwidth (FBW) from 29% to 50% centered at 1.5GHz [2]. Introducing
PIN diodes in the liquid crystal polymer (LCP) based circuit, Miller et al. designed a reconfigurable
coupled line BPF with the FBW ranging from 26% to 50% [3]. A filter with reconfigurable bandwidth
(from 16.5% to 76.5%, centered at 0.42 GHz) were realized in [4] by using dual-behavior resonators
and PIN diodes. On the other side, to achieve the continuously reconfigurable bandwidth of BPF, the
varactor diodes are also utilized to tune the bandwidth. By introducing the variable coupling reducers,
Sanchez-Renedo et al. proposed a varactor-tuned combline BPF with the tunable FBW from 0.4%
to 2.1% [5]. By introducing surface acoustic wave resonators and BaSrTiOs (BST) varactor diodes,
Kimura et al. proposed bandwidth-tunable filter [6]. However, none of above-mentioned reported works
presents the separate low/high-side passband edge reconfigurability. Therefore, by employing a dual-
mode triangular patch [7], triple-mode H-type resonator [8], a quadruple-mode resonator [9], and a
stub-based resonator [10], tunable BPFs with the separate low/high-side edge reconfigurability of the
passband have been reported.

Balanced BPF's play important roles in RF and microwave circuits with the advantage of higher
immunity to the environmental noise. Two kinds of frequency-tuned balanced filter with constant
absolute bandwidth (ABW) and FBW were reported in [11, 12] respectively. However, the BPFs with the
fixed center frequency and tunable bandwidth play an important role in the many electronic measuring
instruments (e.g., spectrum analyzer, network analyzer and advanced receiver). To the best of our
knowledge, there has been little effort in developing the balanced BPFs with reconfigurable bandwidth.
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Thus, study of balanced filters with reconfigurable bandwidth becomes an important topic and very
desirable in reconfigurable communication systems.

The motivation of this letter is to design a balanced BPF with tunable bandwidth based on
a triple-mode stub-loaded resonator. The proposed resonator can generate one odd-mode and two
even-mode frequencies inside the desire passband together with two TZs out of the passband. By
properly controlling the stub’s loading capacitances, the two even-mode frequencies and the two
TZs can be tuned independently while the odd-mode frequency keeps constant. As a result, the
separate low /high-side passband edge reconfigurability can be easily realized with the center frequency
unchanged. Furthermore, another two TZs are created by the source-load coupling and coupling sections,
resulting in high selectivity. Besides, desire differential-mode (DM) frequency response and wideband
CM suppression are attained by a suitable choice of the balanced coupling sections.

2. PROPOSED TUNABLE BALANCED BPF

The configuration of the proposed balanced BPF is shown in Fig. 1. From port 1 to port 2 (port 1’
to port 2’) in Fig. 1, a symmetrical stub-loaded resonator is located in the centre of the balanced BPF
and the balanced coupling sections are located at the both sides. Four microstrip lines (Z = 5012) are
connected to ports 1, 17 and ports 2, 2’. C,1, Cyz are the capacitances of the varactors (JDV2S71E and
ISV232 from Toshiba) controlled by the biases of V1, Va; C;, Cs are the capacitances of the dc blocking
capacitors. Four resistors (51k(2) are used as RF chokes to reduce the RF-signal leakage through the
bias network. Furthermore, the source-load coupling is introduced to improve the selectivity.
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Figure 1. Configuration of proposed balanced filter.

2.1. Analysis of Resonant Frequencies and TZs

The basic element of the proposed balanced BPF is a triple-mode resonator, as shown in Fig. 2(a). It
consists of a half-wavelength resonator and two open stubs loaded with variable capacitors on its central
plane. Yy, 2Yp, [y, ls, and l3 are the admittances and lengths for the transmission line sections Ci1,
Cyo are variable loading capacitances of the stub. Since the resonator is symmetrical to the central
plane (T-T"), the odd/ even-mode method is implemented. By placing a shorted/ open circuit at the
symmetric plane (T-T"), the circuit model for odd and even circuits can be obtained, as shown in
Figs. 2(b) and (c). The odd/even-mode input admittance Y;,, and Y, can be expressed by

Yo
Yino = 1
o j tan 6, (1)
Y + Y, tan®
Yipe = 4 T jrotanty (2)

Y, + jY"tan 6,
Y = j 0.5wCy1 + Yy tan 63 0.5wCy2 + Yy tan 6y
O\ Yo — 0.5jwCyy tanfz | Yo — 0.5jwClo tan O

where 0; = (l;, and (3 is the propagation constant of the transmission line.
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Figure 2. (a) Structure of proposed resonator, (b) odd-mode equivalent circuit, (c) even-mode
equivalent circuits.

From the resonance condition of Im(Y;;,,) = 0, the odd-mode resonance frequency (f,) can be given
as
(2n+1)c
= (4)
4] 1vEe

where n = 1,2,3... (n = 0 corresponding to fundamental resonance condition), ¢ is the velocity of light
speed in free space, and e, is the effective permittivity. From (4), it is concluded that the odd-mode
resonance frequency doesn’t depend on the loading capacitances C,q and Cys.

For the even-mode resonance condition, it can be seen from (2) and (3) that the even-mode
resonance frequencies depend on the loading capacitances C,; and Cpo. This characteristic of the
proposed resonator can be used to design a BPF with tunable bandwidth and fixed centre frequency.

As analyzed in [13], one TZ can be introduced when the stub (l2) loaded with the variable capacitor
(Cr2) is under the resonance condition. TZ1 (fryz,) can be illustrated by

1
fTZl - 27TZ()C,«2 tan (ﬁlg) (5)

In the same way, another TZ can also be introduced when transmission line (I3) loaded with the variable
capacitor (Cy1) is under the resonance condition. TZ2 (frz,) can be determined as follows:

1
fTZ2 - 27TZOCT1 tan (ﬂlg) (6)

It can be concluded from (5) and (6) that the TZ1 and TZ2 can be tuned by the capacitances Cyo
and C}q respectively. This property of the proposed resonator can be used to design a BPF with high
selectivity.

In order to verify the theoretical analysis, the simulation was carried out using Advanced Design
System (ADS) 2008. Two microstrip lines with characteristic impedance of 502 were utilized to feed
the proposed resonator using loose coupling to investigate its resonance behavior. The other parameters
in Fig. 3 are as follows: ¢, = 2.2, h = 0.8 mm, [y = 40mm, /o = 8mm, I3 = 25.8 mm, C' = 0.03 pF. When
Cyg is fixed and Cjq varies from 0.2 to 0.3 pF (Fig. 3(a)), the higher even-mode resonance frequency
(fe2) and TZs move towards lower frequency while the lower even-mode resonance frequency (fe1), odd-
mode resonance frequency (f,) and TZ; are little affected When C)q is fixed and Cy9 varies from 30 to
20 pF, fe1 and TZ; move towards higher frequencies while f,, feo and TZs keep almost unchanged. This
characteristic of the proposed resonator can be used to design a BPF with tunable separate low /high-side
passband edge, fixed centre frequency and high selectivity.

f0:
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Figure 3. Resonance frequencies and inherent TZs against (a) Cy1 and (b) C,o.

2.2. Differential/Common-Mode Response

When the differential /common-mode signal is excited from ports 1 and 1’ (shown in Fig. 1), the virtual
shorted /open condition can be achieved along the symmetric line. The circuit structure of the proposed
balanced BPF is shown in Fig. 4(a), and the corresponding differential /common-mode equivalent half
circuit is shown in Fig. 4(b). Zy,, Z. and 6; are the odd/even-mode characteristic impedance and
electrical length of the coupling sections. When the length of the coupling sections are about quarter
wavelength at the centre frequency (fgq0) of the DM passband, i.e., 6; ~ 90°, bandpass (for the
differential mode) and all-stop (for the common mode) responses can be achieved [14]. In addition,
the cross-coupled capacitance Cgoss in Fig. 4(b) is realized by the capacitive coupling between the
sections (Za, 03) in Fig. 4(a), which is also the source-load coupling in Fig. 1.

|
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Figure 4. (a) Circuit structure, (b) differential/common-mode equivalent half-circuit.

In order to verify the theoretical analysis, the simulation was carried out using Advanced Design
System (ADS) and High Frequency Structure Simulator (HFSS) on the substrate with &, = 2.2 and
h = 0.8mm. The parameters in Fig. 1 are as follows: W7 = 3.4mm, Wy = 1.2mm, W3 = 0.2mm,
Wy =25mm, L1 =42mm, Ly = 244mm, L3 = 5.3mm, Ly = 5.3mm, Ls = 1.0mm, Lg = 2.0 mm,
L7 =21.2mm, Lg = 7.2mm, S = 4.8mm, g = 0.12mm, C; = 0.5pF, Cy = 33pF, V1 = 19V and
Vo = 7V. The simulated frequency responses of the proposed balanced BPF are shown in Fig. 5. There
are four TZs which improve the DM selectivity. TZ; and TZs are introduced by the shunt open stubs
loaded with varactors, as analyzed above. TZs is introduced by the source-load coupling scheme, while
TZ, is realized when 6 is about 180° at 2f;49. Furthermore, with the increase of k, the passband and
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Figure 6. Simulated S-parameters of studied filter, (a)

Sgao1 and Sgg11 against Vo (Vl = 19V) (b)
Saao1 and Sgq11 against Vi (Vo =7V).

stopband performances for the DM signal are improved though the CM suppression in the DM passpand
is degraded. Here, k(k = (ZoeZ00)/(Zoe + Zoo)) means the coupling coefficient of the coupling sections,
and Zye, Zo, are the odd/even-mode characteristic impedance. Thus, suitable structure parameters of
the coupling sections should be chosen to improve the DM responses while wideband CM suppression
can be realized.

The simulated frequency responses of the proposed balanced filter for the differential mode against
the reversed bias voltages Vo and V; (shown in Fig. 1) are shown in Figs. 6(a) and (b). As shown in
Fig. 6(a), when V] is fixed at 19V and V5 varies from 7 to 10V, the higher even-mode frequency, odd-
mode frequency, TZ1, TZ3 and TZ4 remain stationary while TZs and the lower even-mode frequency
move towards higher frequency. It can be seen from Fig. 6(b) that the higher even-mode frequency
and TZs move towards lower frequency, whereas the lower even-mode frequency, odd-mode frequency,
TZ1, TZs and TZ4 remain the same when V5 is fixed at 7V and V; varies from 19.0 to 7.0 V. Thus,
the low/high-side edge of the passband including the zeros near the passband edges can be tuned
independently by the reversed bias voltages Vi and V5.

Based on the above discussions, the proposed triple-mode resonator and balanced coupling structure
with the source-load coupling can be explored for designing the high selectivity balanced BPF with
tunable bandwidth while the wideband CM suppression can be also realized.
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3. RESULTS AND DISCUSSION

Figures 7(a) and (b) show the results of the proposed tunable balanced BPF. Measurement was carried
out using Agilent’s N5230C network analyzer. The measured results show that the 3dB bandwidth
for the differential mode ranges from 340 to 445 MHz (20% ~ 26%) centered at 1.71 GHz (fgqq0) with
better than 11.5dB in-band return loss and less than 1.65dB insertion loss. Furthermore, there are
four TZs out of the passband, resulting in sharp cut-off response at both lower and upper stopbands
with a good suppression of better than 17 dB from 2 to 4.4 GHz. In addition, over 20-dB common-mode
suppression is obtained from 0 to 4.5 GHz (2.63 f440). Deviations between the simulated and measured
results may be attributed to the bias circuit and fabrication accuracy. In terms of measured results,
within the passband (1.49-1.93 GHz) the group delay is less than 3.5ns, as shown in Fig. 8(a). The
input third-order intermodulation intercept point (IIP3) is measured at V4 = 17V, V5 = 10V with
1-MHz frequency spacing. The IIP3 is measured about 34 dBm. Fig. 8(b) shows the photograph of the
proposed BPF.
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Figure 7. Results of proposed tunable balanced BPF, (a) narrowband responses, (b) wideband
responses.
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Figure 8. (a) Group delay and (b) photograph of proposed tunable balanced BPF.
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4. CONCLUSION

This letter has proposed a tunable balanced triple-mode BPF. The tunable bandwidth and better
common-mode suppression can be achieved with the proposed varactor-tuned resonator and suitable
parameters of the coupling structure. Four TZs out of the DM passband are realized to improve the
selectivity. The proposed BPF has the properties of tunable bandwidth, high selectivity, and wideband
common-mode suppression. With all these good performance, the proposed new filter has potential
application in communication systems.
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