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Frequency-Selectable Dual-Band Wilkinson Divider/Combiner 

 

A technique for realizing a compact frequency-selectable dual-band Wilkinson 

divider/combiner is presented in this paper. To provide a frequency-selection function, the band-

pass transmission-line transformer in a dual-band device is replaced with a tuneable band-reject 

transmission-line transformer. To realize this tuneable device, a variable capacitively-loaded 

spur-line filter is proposed for its compact size. The theory based on an ideal transmission-line 

circuit is developed to provide a design procedure. The proposed circuits are demonstrated with 

simulated and measured results of a Wilkinson divider/combiner fabricated on FR4 substrate. 

Keywords: Wilkinson power divider; dual-band power divider; passive circuits; microwave 

integrated circuits. 

 

1. INTRODUCTION 

The Wilkinson power divider/combiner is among the most commonly used passive 

components in microwave and millimetre-wave circuits and systems [1]-[2]. The 

conventional design for this component uses quarter-wave lines that operate at a single 

frequency. With ever increasing demand for multi-band and multifunction 

mobile/handheld devices, several multiband design techniques have been proposed [3]-

[9]. Most previous research works proposed new circuit topologies that are able to 

operate in several bands simultaneously while their circuit sizes are kept small. 

However, there is a need to design a multi-band communication system operating in 

non-concurrent mode, for example in a phased array receiver, a low-noise balanced 

amplifier, or a satellite transceiver, to name a few. 



Phased-array receiver systems have been long applied in satellite and military 

communications due to the excellent sensitivity performance [10-13]. There is a lot of 

interest from researchers in applying phased arrays to commercial wireless 

communication application such as in wireless local area networks and cellular mobile 

systems. In radar, a phased-array can track multiple targets. In these applications, a 

multi-band or a wideband phased-array receiver is needed. A frequency-selectable 

multi-band power splitter/combiner is a valuable component for the frontend of such 

systems. The Wilkinson power divider/combiner is a good design choice due to its 

simple design and implementation. Therefore, in this paper we demonstrate a simple 

design for a frequency-selectable dual-band power divider/combiner. The proposed 

concept can be extended to design a frequency-selectable multi-band power 

divider/combiner as well.   

One way to realise a frequency selectable dual-band Wilkinson divider/combiner 

is simply to connect two circuits in parallel which operate in the two desired bands. The 

operating band can be selected by using electronic, mechanical, or optical switching 

techniques. Unfortunately this simple approach leads to a bulky design. On the other 

hand, most of the previously proposed dual-band Wilkinson circuits are not appropriate 

because they lack any frequency selection mechanism. 

In this paper, we present a simple concept to design a frequency-selectable dual-

band Wilkinson divider/combiner. Starting with a dual-band circuit, a frequency-

selectable function is achieved by embedding a band-reject transmission-line 

transformer (TLT) which has a tuning mechanism. Such a TLT can suppress an 

unwanted signal in the reject band while allowing the wanted signal through in another 

band. Recently, a capacitively-loaded spur-line section was proposed for a tuneable 

band-reject filter [14]. This circuit is compact and can be applied as a tuneable band-



reject TLT. To illustrate this, we apply the frequency-selectable TLT concept to two 

previously proposed dual-band circuits [7]-[8]. This results in a frequency-selectable 

dual-band Wilkinson divider/combiner. This design is chosen due to its compact size 

and simple implementation. It should be noted that the proposed concept can also be 

applied to other circuits. 

The proposed concept, as well as the variable capacitively-loaded spur-line filter 

will be described in Section 2. The design and implementation of the proposed 

Wilkinson divider/combiner are presented in Section 3, while the measured results are 

given in Section 4. Finally, the paper will be concluded in Section 5. 

2. FREQUENCY-SELECTABLE DUAL-BAND TRANSMISSION-LINE 

TRANSFORMER 

A single-band Wilkinson divider/combiner can be realized with a TLT. The main 

concept proposed here to realize a dual-band component for these two circuits is to 

replace a standard TLT with a dual-band TLT [3]-[4]. This is also applicable for several 

multi-band designs [5]. In a similar way, designing a frequency-selectable dual-band 

Wilkinson divider/combiner can be achieved by adding a frequency selectable 

mechanism to a dual-band TLT in those conventional dual-band designs.  

 Several network topologies for a dual-band transformer have been proposed. 

The basic component is a transmission line. A dual-band TLT may be simply designed 

by cascading several transmission line circuits as shown in Figure 1. A two-section TLT 

is one of the dual-band transformer design examples which can be achieved by 

cascading two transmission line sections. Cascading three sections can be done in the 

form of either a T-or ɉ-network. For such a case, a one-port network topology realized 

with either a short or open circuit transmission line is needed. It should be noted that a 

dual-band transformer formed with a symmetrical T- or ɉ-network is preferable for 



realizing a symmetrical microwave circuit. As it is more generally applicable than the 

two-section TLT, we therefore develop a frequency-selectable dual-band transformer 

based on a T- or ɉ-network topology. 

 By adding a mechanism to control the passband in the T- or ɉ-network shown in 

Figure 1, a tuneable band reject function is given to the transmission line in the three-

section network. This may be achieved by either cascading a tuneable band reject filter 

(BRF) to the network or replacing the transmission line with a tuneable BRF. Either 

way, the size of the new circuit should be negligibly increased as compared with the 

original size. The approach to cascade a BRF with the network shown in Figure 1 is not 

of interest since it unavoidably increases the circuit size. We therefore choose the 

second approach and apply it to the three-section network. 

 A variable capacitively-loaded spur-line filter shown in Figure 2a) is selected as 

a tuneable BRF in this paper due to its compact size [14]. It is composed of a spur-line 

filter with a variable capacitor connected across the ends of the coupled lines. This 

tuneable spur-line filter is characterized by its characteristic impedance and electrical 

length. Here, we will only focus on a spur line design based on symmetrical coupled 

lines. We assume that the coupled lines are lossless, hence the ideal transmission-line 

model can be applied when the tuneable spur line is analyzed. The even- and odd-mode 

characteristic admittances of the coupled lines in Figure 2(a) are denoted by Y0e and Y0o. 

The electrical length defined at the first operating frequency f1 is ߠ. The coupling 

coefficient of the coupled lines determines the bandwidth for each stopband and also the 

response of the circuit. Tight coupling is needed if a narrow stopband is desired. 

However, the fabrication limitations have to be carefully considered in practice. The 

variable capacitor Ci (i = 1,2) provides a mechanism to tune a stopband frequency at 



݂.With a system admittance Y0 defined at spur-line ports a and b, the scattering 

parameters at frequency f of this tuneable spur line filter are [14]: 

 

ሺ݂ǡݏ ሻܥ ൌ ͳοሺ݂ǡ ሻܥ  ܻଶ ൜ሺ ܻ  ܻሻ cot ൬ߠ ݂݂ଵ൰ െ Ͷܥ݂ߨൠ  Ͷ ܻଶ ൜Ͷܥ݂ߨ െ ܻ cot ൬ߠ ݂݂ଵ൰ൠ െ ݆ʹ ܻ ܻଶ ൨ 
(1a), 

ሺ݂ǡݏ ሻܥ ൌ ሺ݂ǡݏ ሻܥ ൌ ݆Ͷ ܻ ܻ csc ቀߠ భቁ ቂͶܥ݂ߨ െ ܻ cot ቀߠ భቁቃοሺ݂ǡ ሻܥ  

(1b), 

ሺ݂ǡݏ ሻܥ ൌ ͳοሺ݂ǡ ሻܥ  ܻଶ ൜ሺ ܻ  ܻሻ cot ൬ߠ ݂݂ଵ൰ െ Ͷܥ݂ߨൠ  Ͷ ܻଶ ൜Ͷܥ݂ߨ െ ܻ cot ൬ߠ ݂݂ଵ൰ൠ  ݆ʹ ܻ ܻଶ ൨ 
(1c), 

where 

οሺ݂ǡ ሻܥ ൌ ܻଶ ൜ሺ ܻ  ܻሻ cot ൬ߠ ݂݂ଵ൰ െ Ͷܥ݂ߨൠ  Ͷ ܻଶ ൜ ܻ cot ൬ߠ ݂݂ଵ൰ െ Ͷܥ݂ߨൠ
 ݆ʹ ܻ ܻ ቊ ܻ  ͺܥ݂ߨ cot ൬ߠ ݂݂ଵ൰ െ ʹ ܻ cot ൬ߠ ݂݂ଵ൰൨ଶቋ 

(1d). 

 

By inspecting only (1b), one can find that the frequency stopband at fi will be obtained 

if Ci is tuned to:  

 

ܥ ൌ బ ୡ୭୲ቀభఏቁସగ      (2). 

 

Substituting (2) into (1a)-(1d) and simplifying further, the frequency responses of the 

tuneable spur line at fi are: 

ሺݏ ݂ሻ ൌ బ ୡ୭୲ቀఏభቁିଶబబ ୡ୭୲ቀఏభቁାଶబ    (3a), 

 



ሺݏ ݂ሻ ൌ ሺݏ ݂ሻ ൌ Ͳ    (3b), 

 

ሺݏ ݂ሻ ൌ ͳ     (3c). 

 

As is clearly shown in (3b), the spur-line filter provides a stopband at fi. The 

magnitudes of input and output reflection coefficients are equal to one with very tightly 

coupled lines. The effect of coupling coefficient on the circuit performances is very 

critical, especially with a very narrowband circuit. 

Based on the T- and ɉ-networks shown in Figure 1 as well as the tuneable spur-

line filter shown in Figure 2a), Figure 2b) shows two proposed networks for realizing a 

frequency-selectable dual-band TLT. From Figure 2b), if the design parameters of the 

tuneable spur-line filter match with those of the transmission line which is to be 

replaced, a frequency-selectable dual-band TLT will be obtained. The tuneable spur line 

replaces a series or shunt transmission-line section in the ɉ- or T-network topologies, 

respectively. Although bias circuitry is needed for the tuning mechanism, the circuit 

size of the proposed TLT can be designed to be almost the same as that of the 

conventional one.    

Application of the proposed technique to the dual-band Wilkinson 

divider/combiner is shown in Figure 3. As shown, the proposed spur-line filter replaces 

a transmission-line circuit. A varactor diode (D1) is used for a variable capacitor in the 

tuneable filter. It should be noted that other tuning devices, for example mechanical or 

optically-controlled components could also be used. A simple resistive bias circuit is 

applicable as the varactor diode is reverse biased and consumes very small current. The 

control voltage (VCTRL) is applied through the reversed bias resistor (Rbias). The 

capacitor (Ca) is used to block the DC reversed bias current and prevent a short circuit 



occurring at the coupled lines. Since the electrical length of the tuneable spur line is 

equal to that of the replaced transmission-line section, the overall size of the proposed 

frequency-selectable dual-band Wilkinson divider/combiner is similar to the size of the 

original designs which were reported in [7] and [8].  

The design procedure for these two proposed circuits can be summarized in 

Figure 4. Defining system impedance (Z0) and two desired frequencies (f1, f2), a dual-

band component is synthesized from the procedure presented in [7]-[8]. With the 

proposed designs depicted in Figure 3, a number of transmission lines are replaced with 

the tuneable coupled lines. A tuning capacitance range for the tuned coupled lines is 

calculated from (2), hence an appropriate varactor diode will be selected. Next, the 

reversed bias circuitry needed for the proposed design will be synthesized. With all 

electrical synthesized parameters, all circuit dimensions will be calculated. An 

optimization process is needed during the design and layout process. 

3. DESIGN AND IMPLEMENTATION 

The validity of the proposed technique is demonstrated by designing a frequency-

selectable dual-band Wilkinson divider/combiner operating at 1 and 2 GHz on a FR4 

substrate. The target return loss and isolation performances of the design for the 

operating bands are -15 dB while S21 and S31 at the off-band are expected to be lower 

than -10 dB.The thickness of a substrate is 1.5 mm and the dielectric constant is 4.5. 

Having followed the design procedure presented in Figure 4, the Wilkinson 

divider/combiner is designed in microstrip form. The physical parameters after 

optimizing the design performances are summarized in Table I. The final size of the 

Wilkinson circuit is 24.75cm2. 

The coupling gaps for the frequency-selectable dual-band Wilkinson 

divider/combiner were selected as 0.5 mm, since these gaps can be readily implemented 



with the in-house fabrication process. Variable capacitors in the circuits are 

implemented with a BB857 varactor diode in the surface mount device (SMD) package. 

The capacitor range of this diode is 0.5-6.6 pF when a reverse bias range of 0 to 30 V is 

applied. A resistor of 56 kȍ is selected for biasing this diode. The isolation resistor, 

RISO1, in the Wilkinson divider/combiner is selected as 100ȍ. A surface mount 

technology (SMT) capacitor of 40 pF was selected for the DC blocking capacitor.    

The circuit was laid out using the Agilent Technologies MomentumTM software. 

A symmetrical layout was required to preserve the symmetrical property of the circuit 

response. The diode model presented in [15]-[16] was included in the simulation. The 

values of parasitic components for the SMD package are illustrated in Figure 5.The 

open transmission lines in the Wilkinson divider/combiner were converted to curved 

linesto minimize the circuit size, t. The ends of each transmission line pair at port 2 and 

3 are tapered such that the gap between -port 2 and 3 fit with the size of SMT isolation 

resistor (model 0405). This leads to good matching and isolation at port 2 and 3 for the 

Wilkinson design at both frequencies. 

The simulated scattering parameters of the design using MomentumTM are 

shown in Figure 6. Figure 6 a) and b) demonstrate the performances of the Wilkinson 

divider/combiner. The results show good matching at all ports for both bands. The 

performance of the Wilkinson circuit is not very sensitive to coupling coefficient since 

the operating band of the Wilkinson circuit is generally broad. 

4. MEASURED RESULT AND DISCUSSIONS 

Photograph of the Wilkinson circuit is shown in Figure 7. The measurements were 

performed with a vector network analyzer (HP8510C). A short-open-load-thru (SOLT) 

calibration from 0.05-6 GHz was performed before making measurement. SMA 

connectors were used to interface the circuits with the network analyzer via coaxial 



cables. The bias voltage was applied from a power supply (GPR-3510HD). By 

terminating with a 50 ȍ standard SMA load, each two-port scattering parameter set was 

measured. All data sets were collected and post processed using the Agilent 

Technologies Advanced Design System TM.    

Figure 8 a) and b) show the measured S11, S21, S31 and S23 of the Wilkinson 

circuit when the reverse bias is applied at 0 and 25 V, respectively. Excellent amplitude 

balance between port P2 and P3 is obtained for the two reversed bias conditions. When 

0 V is applied, the operating frequency shifts from the designed 2 GHz to 2.2 GHz as 

shown in Figure 8a). On the other hand, the operating frequency shifts from the 

designed1 GHz to 1.2 GHz when 25 V is applied as shown in Figure 8b). This 

frequency shift is expected from the limitation of our fabrication tolerance and the 

parasitics of SMD components. From Table 2, the matching and isolation performances 

are better than -18 dB in both operating bands.S21 and S31 are around -3.8 dB in both 

operating bands. We believe that the increased loss mainly results from the parasitic 

resitance from the diode and the DC blocking capacitor used in our design. The 

straightforward method to obtain low insertion loss in these circuits is to choose other 

low loss tuning techniques, for example an optical or ferromagnetic tuning technique. 

Figure 9 a) and b) shows the phase balance performance of the Wilkinson circuit 

for two reversed bias voltages, 0 and 25 V, respectively. Excellent phase balance occurs 

in both bands for each reversed bias condition. This is comes from the symmetrical 

layout in our design. 

5. CONCLUSION 

A frequency-selectable Wilkinson divider based on the proposed frequency-selectable 

dual-band transmission-line transformer has been demonstrated. The mechanism for 

tuning the frequency of the transmission-line transformer is a capacitively-loaded spur-



line filter using a varactor diode. It has been shown that this frequency-selectable 

Wilkinson divider provides a compact design and is hence suited for low-cost solutions. 

Compared with the prototype dual-band structure, no extra area is needed for the 

proposed technique. We also present the design procedure for the proposed circuits. 

Experimental results show the feasibility of the technique. Parasitic resistance from the 

varactor diode and DC blocking capacitor should be carefully taken into account during 

the design. To obtain better performance for the proposed design, other low loss tuning 

techniques are recommended. We believe that the proposed components suits for a 

number of applications including phased-array receivers. 
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Table 1. Dimensions (in mm) of the Wilkinson divider/combiner implementing on FR4 

Parameter Value 

Width of transmission line 1  3.8 

Length of transmission line 1  12.7 

Width of transmission line 2  

Length of Transmission line 2  

Coupled lines length 

4 

25.5 

8.2 

Coupled lines gap 0.5 

Coupled lines width 1.6 

Open-end transmission line length 55.5 

Open-end transmission line width 2 

  

 

 

 

 

 

 

 

 



 

Table 2.Simulated and measured S-parameter of the proposed design 

0 V S11 S12 S22 S13 S33 S23 

f (GHz) Sim. Mea. Sim. Mea. Sim. Mea. Sim. Mea. Sim Mea. Sim. Mea. 

0.8 -1.0 -1.0 -17.0 -22.0 -4.0 -3.0 -17.0 -22.0 -4.0 -3.0 -10.0 -15.0 

0.9 -4.0 -2.5 -10.0 -12.0 -7.0 -5.0 -10.0 -12.0 -7.0 -5.0 -10.0 -10.0 

1.0 -7.3 -7.5 -5.0 -5.0 -14.0 -12.0 -5.0 -5.0 -14.0 -12.0 -12.5 -13.0 

1.1 -5.0 -10.0 -7.0 -5.0 -10.0 -17.5 -7.0 -5.0 -10.0 -16.5 -12.0 -15.0 

1.2 -3.0 -7.0 -15.0 -9.0 -5.0 -9.0 -15.0 -9.0 -5.0 -10.0 -25.0 -30.0 

1.3 -6.0 -8.0 -5.0 -6.0 -14.0 -14.0 -5.0 -6.0 -14.0 -15.5 -12.0 -17.0 
                          

1.8 -23.0 -10.0 -3.7 -4.3 -18.0 -15.0 -3.7 -4.3 -17.0 -15.0 -10.0 -7.0 

1.9 -18.0 -11.0 -3.7 -4.3 -24.0 -20.0 -3.7 -4.3 -21.0 -20.0 -14.0 -9.0 

2 -20.0 -12.0 -3.7 -4.3 -25.0 -22.5 -3.7 -4.3 -22.0 -22.5 -18.0 -13.0 

2.1 -13.0 -15.0 -6.0 -4.3 -14.0 -25.0 -6.0 -4.3 -14.0 -25.0 -13.0 -18.0 

2.2 -2.0 -15.0 -15.0 -4.3 -10.0 -25.0 -15.0 -4.3 -10.0 -25.0 -12.0 -20.0 

2.3 -3.0 -5.0 -15.0 -4.3 -5.0 -12.0 -15.0 -4.3 -6.0 -12.0 -13.0 -12.0 

                          

25 V S11 S12 S22 S13 S33 S23 

f (GHz) Sim. Mea. Sim. Mea. Sim. Mea. Sim. Mea. Sim. Mea. Sim. Mea. 

0.8 -1.0 -1.0 -19.0 -24.0 -3.8 -3.0 -19.0 -24.0 -3.8 -3.0 -10.5 -15.0 

0.9 -3.0 -2.0 -10.0 -12.0 -7.0 -5.0 -10.0 -12.0 -7.0 -5.0 -10.0 -11.0 

1.0 -11.0 -10.0 -4.5 -5.0 -15.0 -13.0 -4.5 -5.0 -15.0 -13.0 -15.0 -15.0 

1.1 -18.0 -20.0 -3.7 -3.7 -25.0 -25.0 -3.7 -3.7 -25.0 -25.0 -18.0 -23.0 

1.2 -19.0 -23.0 -3.7 -3.7 -23.0 -28.0 -3.7 -3.7 -23.0 -28.0 -14.0 -22.0 

1.3 -19.5 -18.0 -3.7 -3.7 -14.0 -23.0 -3.7 -3.7 -14.0 -23.0 -9.5 -12.0 

                          

1.8 -9.0 -15.0 -4.0 -3.9 -9.8 -11.0 -4.0 -3.9 -8.5 -11.0 -20.0 -13.0 

1.9 -7.0 -12.0 -4.8 -4.0 -10.0 13.0 -4.8 -4.0 -9.0 -12.0 -23.0 -20.0 

2 -4.0 -7.0 -6.0 -4.5 -11.5 13.0 -6.0 -4.5 -10.5 -12.0 -12.0 -20.0 

2.1 -2.2 -3.8 -10.0 -7.0 -9.5 -11.0 -10.0 -7.0 -9.5 -11.0 -8.6 -12.0 

2.2 -1.5 -1.5 -20.0 -13.0 -10.0 -8.0 -20.0 -13.0 -10.0 -8.0 -12.0 -8.0 

2.3 -2.0 2.2 -20.0 -23.0 -6.5 -7.0 -20.0 -18.0 -7.0 -7.0 -18.0 -9.0 
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Figure 4. Design flow of the proposed frequency-selectable Wilkinson divider/combiner 

Figure 5. Parasitic model of a varactor diode BB857 

Figure6. Simulated scattering parameters of the Wilkinson divider/combiner when 

applying a reversed bias voltage of a) 0V and b) 25 V 

Figure7. Photograph of the frequency-selectable dual-band Wilkinson divider/combiner 

Figure8. Measured amplitude, input matching and isolation responses of the Wilkinson 

circuit when the reversed bias is applied at a) 0 and b) 25 V 

Figure9. Phase balance of the Wilkinson circuit when applying the reversed bias 

voltage, a) 0 and b)25 V 
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Figure 1 Dual-band transformer realization with double and triple cascaded networks 
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Figure 2 a) Variable capacitively-loaded spur line; b) its application to the dual-band 

TLT 
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Figure 3 Application of the frequency-selectable dual-band TLT to dual-band 

Wilkinson divider/combiner 
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Figure 4 Design flow of the proposed frequency-selectable Wilkinson divider/combiner 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

Figure 5 Parasitic model of a varactor diode BB857 
 

 

 

 

 

 

 

 

 

 

 



 

a) 

 

b) 

Figure 6 Simulated scattering parameters of the Wilkinson divider/combiner when 

applying a reverse bias voltage of a) 0V and b) 25 V 



 

 

 

 

 

Figure7 Photograph of the frequency-selectable dual-band Wilkinson divider/combiner 

 

 

 

 

 

 

 

 

 

 

 



 

 

a) 

 

b) 

Figure 8. Measured amplitude, input matching and isolation responses of the Wilkinson 

circuit when the reversed bias is applied at a) 0 and b) 25 V. 
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b) 

Figure9. Phase balance of the Wilkinson circuit when applying the reversed bias 

voltage, a) 0 and b) 25 V 

 

 


