
Progress In Electromagnetics Research M, Vol. 65, 187–195, 2018

An Electronically Tunable Dual-Band Filtering Power Divider
with Tuning Diodes Sharing Technique

Yuan Jiang, Xian Qi Lin*, Cong Tang, and Jia Wei Yu

Abstract—This paper presents an electronically tunable dual-band filtering power divider (TDFPD)
with tuning diodes sharing technique. Two dual-mode tunable resonators (DMTRs) are embedded into
a conventional power divider to achieve dual-band tunable bandpass filtering response. The two bands
of the proposed TDFPD can be tuned independently. Tuning diodes sharing technique is utilized to
reduce the number of tunable diodes. A prototype has been designed and fabricated to validate the
proposed design as shown by the good agreement between the measured and simulated results. The
measurement shows that the center frequencies of the lower and upper bands can be independently tuned
from 1.31 to 1.62 GHz and 2.92 to 3.30 GHz, respectively. Within the passbands, isolation between the
two output ports is higher than 16 dB with small phase and magnitude imbalance.

1. INTRODUCTION

Multi-functionality is a trend in the development of RF/microwave components in modern wireless
communication systems. However, multi-functional components may suffer from a large size and big
design complexity. Tunable components, such as tunable filters [1–4], and function-merged components,
such as filtering power dividers [5, 6], are effective to moderate the problems mentioned above. Tunable
filters can achieve tunable passbands [1, 2], stopbands [3] or multi-functional performance [4], and
filtering power dividers can be realized by embedding resonators into the power division arms [5, 6].

Tunable filtering power dividers, integrating the two types of components, have attracted much
attention in [7–15]. [7–10] present that filtering power dividers are tuned by varactors, each of them
having one tunable passband. Tunable filtering power dividers with constant absolutely bandwidth are
reported in [7], and controllable bandwidth is reported in [8]. However, the number of varactors to ports
ratio, in [7–10], is no less than 1, which involves a more complex bias circuit and higher cost. A tunable
filtering power divider, utilizing a piezoelectric linear actuator, is reported in [11], whereas the size of
the actuator is very bulky. Filtering power dividers with multiple passbands are achieved in [12–15]. As
presented in [12], the switching between two passbands is realized by PIN diodes, and the bands cannot
be tuned continuously. Power dividers with dual-band/multi-band tunable filtering performances are
achieved in [13–15]. Tunable filtering power dividers, reported in [14, 15], integrate multi-functions of
frequencies and bandwidths controlling for both pass and stopbands. However, none of them employed
electronically tuning technique which is most commonly used in modern wireless systems, for example
using varactors. The multiple tuning bands filtering power dividers are implemented by replacing
fixed capacitors [13, 14] or using mechanically-adjustable capacitors [15]. That requires a technical
intervention on trimmers. To the best of the authors’ knowledge, there is no filtering power divider
with multiple tuning bands implemented by electronically tuning technique reported previously.
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In this paper, a multi-functional power divider with a filtering property and electronically tunable
working frequencies is proposed. The number of tuning diodes is reduced by the tuning diodes sharing
technique. A DMTR with two independently controllable modes is utilized to realize filtering function.
Theoretical analysis of the DMTR is deduced to illustrate the tuning mechanism. For verification, a
prototype with only three varactors is designed and fabricated. The two passbands can be tuned from
1.31 to 1.62 GHz and 2.92 to 3.30 GHz independently.

2. ANALYSIS OF THE TDFPD

Figure 1 shows the schematic of the proposed TDFPD. It consists of a “T” type input coupling circuit,
a “Π” type output coupling circuit, a varactor diode (C1) and two varactor-loaded microstrip lines
(VML). The “T” type input coupling circuit and “Π” type output coupling circuit are connected by C1

and two VMLs at the center, upside and downside, respectively. The input and output ports have the
same reference characteristic impedance of the input and output lines Z0. The coupled line of the input
coupling circuit (CL-I) is identical to that of output coupling circuit (CL-O). The isolation resistor (R)
connects port2 and port3. Varactors C2 are placed at the center of the VMLs whose characteristic
impedance is Zm, and the electrical length is θm. The even-odd mode analysis technique [16] has been
employed to develop and study the proposed circuitry. For each coupled line, the odd-mode impedance,
even-mode impedance, and electrical length are denoted by Z0o, Z0e and θ, respectively.
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Figure 1. Schematic of the proposed TDFPD.

2.1. Tuning Diodes Sharing Technique

There are two power division arms, consisting of CL-I, CL-O, VML and shared C1, in the proposed
TDFPD. To explain the sharing technique, a basic TDFPD schematic is given in Figure 2(a). Two
power division arms of the basic TDFPD are separated, by means of the Miller’s theorem [17]. C1 is
replaced by two varactors C1/2, compared with the proposed TDFPD shown in Figure 1. The circuit
can be decomposed into a superposition of even-mode and odd-mode circuits, according to the even-odd
mode analysis technique [16]. It can be seen that the proposed TDFPD and basic TDFPD have the
same even- and odd-mode circuits from Figure 2(b). Therefore, the varactor diode C1 can be shared by
the two resonators retaining the same circuit response.
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Figure 2. Schematic of (a) the basic TDFPD, (b) even- and odd-mode circuits of the proposed and
the basic TDFPD.

2.2. Mechanism of Independent DMTR

The tunable filtering response of the TDFPD is achieved by embedding two identical DMTRs into each
power division arm of a two-way power divider. This DMTR consists of halves of CL-I and CL-O, C1
and two VMLs (shown in Figure 1 filled with black). Figure 3(a) shows the schematic of the DMTR
alone.
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Figure 3. Schematic of the DMTR: (a) DMTR, (b) even-mode and (c) odd-mode.

Even-odd mode analysis is applied to analyze the resonant frequency of the DMTR. The even- and
odd-mode circuits are shown in Figure 3(b) and Figure 3(c), respectively. The even- and odd-mode
input admittance of point A can be derived as:
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When they meet the resonant condition:

Yine (feven) = 0, (3)
Yine (feven) = 0, (4)

the even- and odd-mode resonant frequency (feven and fodd) can be obtained as:
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From Equations (5) and (6), it is observed that feven only depends on C2 while fodd only depends on
C1. It means that the even and odd mode resonant frequencies can be tuned independently.

Full-wave simulation is carried out using Ansys’s High Frequency Structural Simulator (HFSS)
in order to verify the analysis above. The varactors are modeled as serial lumped RLC boundaries
(resistors: Rs = 0.8Ω, inductors: Ls = 0.7 nH, and capacitors are according to the status of the
varactors). An air box with a radiation boundary is used to simulate the open test environment. The
DMTR is weakly coupled with two 50Ω microstrip lines to investigate its resonant behaviour. Figure 4
shows the resonant frequencies of the dual-mode resonator. The even-mode resonant frequency is fixed
at 3.31 GHz with C2 = 0.5 pF, and odd-mode resonant frequency is tuned from 1.46 to 1.13 GHz, when
C1 is varied from 0.5 to 1.5 pF as shown in Figure 4(a). On the other hand, the even-mode resonant
frequency is changed from 2.78 to 3.31 GHz varying C2 from 1.5 to 0.5 pF, and the odd-mode resonant
frequency is fixed at 1.46 GHz with C1 = 0.5 pF, shown in Figure 4(b). Hence, the two passbands can
be controlled independently since they are exclusively related to fodd and feven.

(a) (b)

Figure 4. Resonant frequencies of the DMTR: (a) |S21| (C2 = 0.5 pF, C1 = 0.5, 1.0 and 1.5 pF), (b)
|S21| (C1 = 0.5 pF, C2 = 0.5, 1.0 and 1.5 pF).

2.3. Study of the Proposed TDFPD

To study the performance of the TDFPD, the parameters of the proposed RFRPD are initialized as
follows: Z0 = 50Ω, Z0o = 40Ω, Z0e = 130Ω, Zm = 40Ω, θ = 90◦, θm = 70◦, R = 100Ω. Independently
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(a) (b)

(c) (d)

Figure 5. The performance study of the proposed TDFPD: (a) |S21| (C2 = 0.5 pF, C1 = 0.5, 0.75 and
1.0 pF), (b) |S21| (C1 = 0.5 pF, C2 = 0.5, 0.75 and 1.0 pF), (c) |S21| (θm = 70◦, 90◦ and 110◦), (d) |S23|
(R = 50, 100 and 150 Ω).

controllable passbands versus C1 and C2 are shown in Figures 5(a) and (b). As shown in Figure 5(a),
the lower band is shifted down as C1 increases with the upper band fixed with C2 = 0.5 pF. The lower
band is fixed with C1 = 0.5 pF, while the upper band is changed by varying C2, shown in Figure 5(b).
Figure 5(c) compares the resonant frequencies under different θm, when C1 and C2 are fixed at 0.5 pF.
It is observed that both the lower and upper bands are shifting toward lower frequency bands when θm

is becoming larger. This property makes θm a good parameter to set the tuning range of the TDFPD.
Figure 5(d) shows the isolation between port2 and port3 against the resistor R. A larger R improves the
isolation of the lower band but also worsens that of the upper band. Therefore, a median of R = 100Ω
is selected to compromise the isolations of both lower and upper bands.

3. MEASUREMENT OF THE PROPOSED TDFPD

A TDFPD prototype is designed and fabricated to verify the proposed idea. The corresponding
dimensions are shown in Figure 6(a). Figure 6(b) presents the fabricated prototype with the overall size
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Figure 6. (a) Dimensions (unit: mm) and (b) photograph of the TDFPD prototype.

of 43.0× 26.4 mm2. The circuit is designed on a Taconic RF-35 substrate with a thickness of 0.508 mm,
relative permittivity of εr = 3.5 and dielectric loss tangent of δ = 0.0018. Skyworks SMV1405 is
utilized as tuning diodes. The bias resistor Rb = 11 kΩ, inductor Lb = 20 nH, capacitor Cb = 5 pF,
and the isolation resistor (R) is 100 Ω. V1 and V2 represent the voltage applied to varactors C1 and C2,
respectively. HFSS is used to simulate and optimize the design performance.

The measured results are in good agreement with the simulated ones, shown in Figure 7. As can
be seen, the lower band of the TDFPD can be tuned from 1.31 to 1.62 GHz when the voltage of C1 is
varied from 8 V to 30 V, and C2 is biased at 30 V as shown in Figures 7(a), (c) and (e). Within the
tuning range of the lower band, the measured |S21| and |S31| are both lower than 7.8 dB and reach
a minimum of 5.5 dB at 1.62 GHz indicating that the loss caused by the filtering and power division
is 2.5 to 4.8 dB. Figures 7(b), (d) and (f) show that the upper band of the TDFPD can be tuned
from 2.92 to 3.30 GHz when the voltage of C2 is varied from 13 V to 30 V, and C1 is biased at 30 V.

(a) (b)
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(c) (d)

(e) (f)

Figure 7. Simulated and measured results: (a), (b) and (c): V2 = 30 V, V1 = 8 V, 15 V and 30 V, (d),
(e) and (f): V1 = 30 V, V2 = 13 V, 18 V and 30 V.

Within the tuning range of the upper band, the loss caused by the filtering and power division is 1.7
to 3.2 dB. The return loss is better than 12 dB, and isolation between port 2 and port 3 is larger than
16 dB over the tuned passbands. Within the passbands, the magnitude imbalance and phase difference
are, respectively, about ±0.5 dB and ±2.0 deg as shown in Figure 8. The small differences are mainly
contributed by the inconsistencies of the varactors and fixtures connected to the two output ports.

As can be deduced from Equations (5) and (6) and discussed in the previous section, the number
of tuning diodes will increase with the number of bands and output ports. It is a critical issue to reduce
the number of tuning diodes because increasing tuning elements will raise the cost, complexity and some
other bad influence of the circuit. So, we define a factor:

TPBR =
Number of tunning diodes

Number of output ports × Number of tunable bands
, (7)

to evaluate the usage of tunning diodes due to the increasing number of output ports and bands:
The proposed two-way dual-band filtering power divider has three varactors which means that

TPBR = 3/(2 ∗ 2) is only 0.75. Compared with some other tunable filtering power dividers in Table 1,
assuming that the power dividers of [13, 15] are electronically tuned by varactors, the proposed TDFPD
has the lowest TPBR, less than 1.
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(a) (b)

Figure 8. Measured results of (a) magnitude imbalance and (b) phase difference.

Table 1. Comparison with some other tunable filtering power dividers.

Freq

(GHz)

IL

(dB)

ISO.

(dB)

Tunable

methods

No. of

bands

No. of

ports

No. of

diodes
TPBR

[7] 0.62–0.85 1.8–2.4 > 16 Electronically 1 2 6 3.0

[8] 1.30–2.08 2.9–5.3 > 26 Electronically 1 2 12 6.0

[13]
0.66–0.99 0.8–2.3

> 12
Manually replacing

fixed capacitors
2 2 4 1.0(a)

1.6–1.94 1.2–1.8

[15]
0.85–1.01 < 2

> 30
Using mechanically-

adjustable capacitors
2 2 6 1.5(b)

0.96–1.16 < 2

This

work

1.31–1.62 2.5–4.8
> 16 Electronically 2 2 3 0.75

2.92–3.30 1.7–3.2

(a) Assuming that the fixed capacitors were replaced by varactors.
(b) Assuming that the mechanically-adjustable capacitors were replaced by varactors and that the filtering power divider

is working under dual-band tunable mode.

4. CONCLUSION

An electronically tunable dual-band filtering power divider is introduced in this paper. The lower
passband can be tuned from 1.31 to 1.62 GHz while the tuning range of the upper passband is from
2.92 to 3.30 GHz by using two DMTRs. In addition, the two bands can be controlled independently.
Furthermore, the quantity of the varactors can be reduced by utilising tuning diodes sharing technique.
Compared with all the previous researches on tunable filtering power dividers, the proposed filtering
power divider has an ultra-small TPBR of 0.75. The simulation and measurement agree well benefited
from the even-odd mode analysis. The proposed filtering power divider and tuning diodes sharing
technique can be applied in tunable microwave systems.
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