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Abstract—This paper proposes a new method to produce and reconfigure transmission zero(s) (TZ(s)).
The TZs are constructed by using lumped elements in series with dielectric resonators, which is different
from conventional methods such as introducing a cross coupling between nonadjacent resonators and
mixed coupling between adjacent resonators. The proposed filter consists of two dielectric resonators,
a capacitor, an inductor, two PIN diodes, etc. Two PIN diodes are used as switches to realize
reconfigurable TZ(s). The mechanism is analyzed theoretically. An equivalent schematic diagram is
simulated by using ADS software. The simulated results show that the structure can realize four response
states, i.e., no TZ in the stopband, one TZ in the lower stopband, one TZ in the upper stopband, and
two TZs in both sides of the stopband of the filter, respectively. The dielectric resonators (DRs) were
made of dielectric ceramics with high dielectric constant of about 92. The filter was fabricated on a
dielectric substrate and measured by using a vector network analyzer and double regulated DC power

supply.

1. INTRODUCTION

Tunable/switchable filters have been widely used in modern communication systems due to their
potential to reduce volume and design complexity. Many tunable microstrip bandpass filters with center
frequency or/and in-band bandwidth control have been published [1-4], and there are some articles
about the bandpass filters with reconfigurable or controllable TZ(s) [5-10]. In [5], one switchable TZ
is realized by only tuning the resonant frequencies of waveguide resonators. In [6], the reconfiguration
of TZs of a third-order cross coupled openloop bandpass filter is realized by changing the ratio of
the two capacitances to tune coupling coefficient and the sign of coupling coefficient, which makes
the transmission zero of the filter locate at either high side or low side of the passband. In [7], a
reconfigurable asymmetric frequency response bandpass filter using a dual-mode open-loop resonator
was demonstrated experimentally, and two cases are designed by controlling the resonant frequencies of
the odd-mode and even-mode. The positions of TZs are the same as [6]. In [8], one TZ of a three-pole
tunable combline bandpass filter can be controlled by a varactor loaded 1/O network, and the TZ can
be tuned from 1.37 to 1.64 GHz in the lower stopband of the filter. In [9], two TZs can be tuned by a
piezoelectric transducer. In [10], the reconfiguration of TZs of a third-order combline filter is realized by
using four varactors, but only two states were implemented by adjusting four dc bias voltages. In [11],
the TZ can be specified at the lower or higher passband edge by controlling the even- and odd-mode
resonant frequencies. But the methods mentioned above to reconfigure TZs can only achieve two states,
i.e., one TZ in either lower or higher stopband.

This paper designs a second-order bandpass filter with reconfigurable TZs, and the TZs can be
controlled by two PIN diodes. Four cases are realized, including no TZ in the stopband (conventional
chebyshev response), one TZ in the lower stopband, one TZ in the upper stopband, and two TZs in
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both sides of the stopband of the proposed filter. The prototype was made of two DRs to validate the
design concept.

2. DESIGN PROCEDURE

Figures 1(a) and (b) show the design schematic diagrams of the proposed filter and a conventional filter
with cross coupling between the source and load, where Cj, and Ly (k = 1,2) form a parallel resonator;
Jii+1 (i =0 ~ 2) is a admittance inverter which represents the coupling between the source/load and
a resonator or the inter-stage coupling; and z1, z9, and xg;, are lumped elements.
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Figure 1. Schematic diagrams of the proposed and conventional filters. (a) The proposed filter. (b)
Conventional filter with cross coupling between source and load.

(b)

For Fig. 1(b), two TZs can be produced in the lower and upper stopbands when the phase differences
between two paths are equal to m below resonance and above resonance [12].

But for Fig. 1(a), there are many cases depending on the property of the lumped elements x; and
x2. We analyze in detail the conditions that produce TZs.

Figure 2 plots a single resonant cell weakly coupled to the input and output ports. The element x;
can be defined as a resistor, a capacitor, or an inductor, and its frequency response is different.

L | b |
PR | FA |
co1 c12
3 Terml C=0.1 pF C=0.1pF ¢
=50 Ohm = Term2
PLC1 £=50 Ohm
L=1.50 nH
= C=16.8pF

Figure 2. A single resonant cell.
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For Fig. 2, ABC D-matrix is as follows,

1 Z. 1 0 1 Z.
F=Ar- A2 A :<0 101><1/Zm 1) (0 112>
_ ZCOl/ZiTL +1, ZCOl + ZC12 : (ZC()l/Zin + 1) (1)
- 1/Z7,n7 Zcm/Zin +1

where Z.1, Zc12, and Z;, are the impedances of input capacitor Cpi, output capacitor Cio, and the
resonator loaded with a lumped element z1, and Z;, is expressed as,

1
J(wC = Y1)

For a capacitor, resistor, and an inductor, x; is equal to 1/jwC, jwL, and R, respectively.
The scattering parameter S2; given below is derived from the relationship between S matrix and
ABCD matrix: )

T A+B/Z+C-Zo+ D (3)

where A, B, C, and D are the elements of ABCD matrix shown in Eq. (1), and Zj is the system
impedance, 50 2.

Given the parameters of the elements in Fig. 2, the magnitude of Ss; can be obtained based on
Eq. (3), but it is complicated. Here, we only analyze the position of TZ for a different lumped element
1.

Substituting Eq. (1) into Eq. (3) and simplifying, we can obtain Eq. (4),

B 1007;,
100(Zin + Zey,) + Zog, (2Zin + Zeg, ) + 2500
For convenience, set Z.1 = Z.12 in math operation.

When |Ss;1| = 0, the denominator of Equation (4) is a complex whose absolute value is more than
zero, i.e., |Ziy| = 0, TZ can be produced.

If x1 = jwL, Zip = jwL + —Jwli _and |Zin| = 0, then,

1=(%0)?
) kb (5)
wo - L ’

It is stated that w > wp and the TZ is at the right side of the resonant peak. The larger the
inductance of L is, the closer the TZ is to the resonant peak. wqg is a resonant frequency of the LC
parallel circuit.

If 21 = 1/jwC, Zip, = 1/ij +

Zin = 11 +

(2)

Sa1

So1 (4)

l . p—
Gl 1 (0 )2]” and |Z;,| = 0, then,

wo
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It is stated that w < wp and the TZ is at the left side of the resonant peak. The larger the
capacitance of C' is, the farther the TZ is from the resonant peak.

If 1 = R, | Zin| # 0, there is no TZ.

Figure 3 shows the simulated responses by using ADS software. It can be seen that a resonant
peak of 1 GHz occurs in three cases. A TZ in the upper stopband appears in the case loaded with an
inductor, and a TZ in the upper stopband appears in the case loaded with a capacitor and no TZ in
the case loaded with a resistor.

Based on the above analysis, we design a switchable bandpass filter with reconfigurable TZs. Fig. 4
shows the equivalent circuit of the proposed filter. C;;11 (i = 0 ~ 2) is a coupling capacitor between
the source/load and the resonant cell or two cells. C1; and Log are the inductor and capacitor loaded
at the end of LC resonators, respectively. K; and Ks are switches.

The performances of the proposed filter without TZ are as follows. Center frequency is 785 MHz,
with 3dB bandwidth 70 MHz, and the order of the filter is 2.
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Figure 3. The transmission responses of the LC resonator loaded different elements.
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Figure 5. Simulated responses of the filter with four states. (a) Transmission responses. (b) Reflection
responses.

The filter design is based on a Chebyshev lowpass prototype with a ripple of 0.1dB. The LC
parallel circuits are realized by coaxial dielectric resonators with a characteristic impedance of 8 2 and
a dielectric constant of 92. The structure parameters can be determined by the required coupling
coefficient and external quality factor [13], and optimized by ADS software. The optimized parameters
are as follows. The length of the DR is 9.5 mm, Cy; = 2.5pF, C12 = 1.2pF, C11 = 10pF, Loy = 5nH.

Figure 5 shows the simulated responses of the filter under the conditions of switches with four
combinations. There are four cases, i.e., no TZ in the stopband (conventional Chebyshev response), one
TZ in the lower stopband, one TZ in the upper stopband, and two TZs in both sides of the stopband
of the filter, respectively.
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3. EXPERIMENTAL RESULTS

DRs are used to realize LC parallel resonant circuits, and PIN diodes are used as switches. Fig. 6 shows
the layout of the filter, and the effective size is about 15mm x 20mm x 6.5mm. In Fig. 6, R and L
form a biased circuit for blocking RF leakage, and k1 and ko are switches. The pad marked with Vc is
used to connect a DC supply, and other symbols are the same as that of Fig. 4.
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Figure 6. The layout of the proposed filter.
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Figure 8. Measured frequency responses. (a) Both switches are off. (b) k; off and kg on. (c) k1 on
and ks off. (d) Both switches are on.
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The DRs are made of dielectric ceramics with dielectric constant of 92, @@ x f value of more than
3000 GHz, and near zero frequency temperature coefficient, and their physical dimensions of the DR
are a side length of 6 mm, an inner diameter of 1.8 mm, and a height of 8.8 mm. The PIN diodes are
BARG63-02 from Infineon, and lumped elements are 0603 types from Murata Co., LTD. The capacitances
of the coupling capacitors Cy; and C1o are equal to 2.3 pF and 1.5 pF, respectively. The capacitance of
the capacitor loaded at the open end of the DR is 4 pF. The inductance of the inductor loaded at the
open end of the DR is 5nH, and the capacitance of the capacitor in series with this inductor is 20 pF.
Two chip resistors of 1k in series with two inductors of 27nH are used in biased circuits for blocking
RF leakage. The filter was fabricated on a dielectric substrate with a dielectric constant of 2.55 and a
thickness of 0.5 mm, and measured by using network analyzer E5071B.

Figure 7 is a photo of the proposed filter. The measured parameters are presented in Fig. 8. The
measured results show that the proposed filter has four frequency responses when the switches are on
or off. It is observed that there are some differences between simulated and measured results due to the
lumped elements loaded to DRs and the combline structure, which results in extra TZs. According to
our preliminary analysis, the lower extra TZ may be the self-resonance generated by the series resonant
branch which is loaded to the DR for producing TZ in the upper stopband, while the upper extra TZ
is the inherent TZ of the combline filter. Further work needs to be done to eliminate the lower extra
TZ. The higher insertion loss of the filter in the case of both switches on attributes to the on-resistance
of PIN.

4. CONCLUSIONS

A switchable second-order dielectric bandpass filter with reconfigurable TZs has been developed. A
dielectric coaxial resonator loaded with an inductor or a capacitor can produces a TZ which is located
in the upper or lower stopband. A switch is parallel with the loaded inductor or capacitor to realize four
frequency responses. The insertion losses of the proposed filter are poor due to the on-resistance of PIN
diodes and parasitic resistances of the lumped elements. The next goal is to improve the performances
of the filter in each state.
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