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Abstract  

In this paper, a general topology of an N-way multi-frequency unequal split 

planar Wilkinson power divider (WPD) is proposed. The divider consists of multi-

section transmission line transformers (TLTs) and planar isolation resistors. High 

isolation and very good input/output ports matching are achieved, simultaneously, at 

arbitrary design frequencies. A 3-way tri-frequency unequal split planar WPD, and a 

3-way quad-frequency equal split planar WPD are designed and simulated to validate 

the proposed design procedure. 

  

1. INTRODUCTION 

Recently, the design of N-way equal/unequal split multi-frequency WPDs have 

been widely reported in the literature. In [1], the design of dual-frequency equal split 

WPD was proposed. In [2], a general procedure was presented to design and analyze 

multi-frequency unequal split N-way WPDs. One drawback of these dividers is that 

they are not completely planar. The common nodes isolation resistors in these dividers 

make the implementation of such dividers somewhat hard. To overcome this, a dual-

band unequal split WPD, with planar isolation resistors, was proposed in [3]. 

Moreover, the design of dual-frequency and tri-frequency 3-way equal split planar 

WPDs were proposed in [4] and [5], respectively.  

In this paper, a general procedure to design multi-frequency unequal split planar 

WPDs is proposed. Planar isolation resistors are used to mitigate the fabrication 

difficulties encountered in the conventional non-planar WPD. The design of the 

proposed dividers is similar to the one presented in [2]. Each quarter-wave 

transformer of the conventional N-way WPD is replaced by M-section transmission 
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line transformer (TLT) to support the multi-frequency operation of the divider. 

However, unlike the WPD in [2], planar isolation resistors are placed between every 

two adjacent sections of the TLTs. As will be shown in section 3, very good isolation 

and input/output ports matching are achieved, simultaneously, at arbitrary design 

frequencies. 

2. DESIGN METHODOLOGY 

In this section, the design methodology of planar N-way multi-frequency 

Wilkinson power dividers (WPDs) is briefly described. Figure 1 shows the general 

topology of the proposed planar unequal split multi-frequency WPD. This divider is 

constructed using transmission line transformers (TLTs) to account for multi-

frequency operation of the divider. Planar isolation resistors are used between every 

two adjacent sections of the TLTs so that good isolation between the output ports is 

achieved. Transmission line transformers have been extensively discussed in [6], 

where dual-frequency [7], tri-frequency [8], and quad-frequency [9] operations were 

covered.  

 

 

 

 

 

 

 

 
Figure 1. N-way M-frequency unequal split planar WPD. 

 

The analysis of such a divider is simple and straightforward. After assigning 

power ratios for each output port; the combining technique [2] is used to find the 

characteristic impedances and line lengths of each section in the divider. Then, the 

isolation resistors are found by using the optimization toolbox in Ansoft Designer 

[10], where the fitness (or cost) function is the summation of the output ports 

matching parameters as shown in the following equation: 
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Once the values of the isolation resistors are known, the design of the N-way 

multi-frequency planar WPD is completed. It is worth mentioning that the 2-way 

multi-frequency unequal split WPD [6, 11] can be regarded as a special case of the 

proposed N-way multi-frequency unequal split planar WPD, where the number of the 

output ports is set to two. In the next section, two examples are presented to show the 

validity of the proposed design procedure. 

3. NUMERICAL EXAMPLES 

This section is devoted to present the design of the N-way multi-frequency 

unequal split planar WPD through two examples. The first example presents the 

design of a 3-way tri-frequency unequal split planar WPD, while the second example 

presents the design of a 3-way quad-frequency equal split planar WPD. To our 

knowledge, none of these topologies have been presented in the literature before. The 

simulations are carried out using Ansoft Designer software [10]. The simulations are 

based on microstrip lines on FR-4 substrate (with substrate thickness h = 60 mil, 

copper thickness 0.675 mil, dielectric constant r = 4.4, and dielectric loss 

tangent=0.0027). The reference impedance Z0 is chosen to be 50 . 

Example 1: 3-Way Tri-Frequency Unequal Split Planar WPD 

In this example, power division is assumed as follows: 35% for each of ports 2 

and 3, and 30% to port 4. The operating frequencies are f1 = 1 GHz, f2 = 2 GHz, and f3 

= 3 GHz. The design procedure for this example will be given in more details, to 

illustrate the design steps. Since the first two branches of the designed WPD have the 

same power split ratio, the equivalent 2-way model will achieve the same results. The 

first branch of the equivalent 2-way model has 35% of the input power, while the 

second branch has 65% of the input power (combined branches 2 and 3 of the 

designed WPD), the power split ratio k
2
 = 86.1%35/%65  . Figure 2 shows the first 

branch of the equivalent 2-way model. The second branch parameters are not 

important to the design. 

 

 

Figure 2. First branch of the equivalent 2-way model. 
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Using the tri-frequency TLTs design equations [6], the parameters of this branch 

are found to be as follows: For (n=1, 2): Zn1= 118.64 , Zn2= 98.74 , Zn3= 82.18 , 

ln1= ln2= ln3= /8 at f1 =1 GHz, RLn= 68.19 , where RLn is the impedance of the n
th

 

port. The 3
rd

 branch parameters of the designed WPD are found when the first two 

branches are combined (70% of the input power), the important 2-way model branch, 

is the one with the 30% of the input power. The power split ratio is k
2
 

= 3.2%30/%70  . Using Figure 2 and the tri-frequency design equations the 

parameters of this branch is given as follows: Z31= 136.75 , Z32= 112.92 , Z33= 

93.25 , and RL3= 76.32 . The electrical lengths of the transmission line sections are 

l31= l32= l33= /8 at f1 =1 GHz. The isolation resistors are found by using the 

optimization tool in Ansoft Designer [10], and the cost function is given by equation 

(1). The resistor values are given as follows: R11= 93.06 , R12= 188.41 , R13= 

293.14 , R21= 96.88 , R22= 195.43 , and R23= 295.13 . The schematic diagram 

of this WPD is shown in Figure 3. 

 

 

 

. 

 

 

 

 
Figure 3. Schematic diagram of the designed 3-way tri-frequency unequal split planar WPD. W is the 

microstrip line width. All sections have electrical lengths of 45
o
 at 1 GHz. 

 

Figure 4 shows the input/output ports matching parameters. S11 is below -40 dB, S22 

and S44 are below -60 dB at the three design frequencies. However, S33 is around -20 

dB at these frequencies. In Figure 5, the isolation parameters S23, S24, and S34 are all 

below -25 dB at the three design frequencies. The transmission parameters in Figure 

6, S21 and S31, are around the ideal value of -4.56 dB with deviations of -0.25 dB at f1, 

-0.45 dB at f2, and -0.65 dB at f3. Moreover, S41 is around the ideal value of -5.23 dB 

with deviations of -0.17 dB at f1, -0.36 dB at f2, and -0.56 dB at f3. These slight 

deviations are mainly due to the losses taken into account in the simulations. 
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Figure 4. Matching S-parameters of the designed 3-way tri-frequency planar WPD. 

 

 
Figure 5. Isolation S-parameters of the designed 3-way tri-frequency planar WPD. 
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Figure 6. Transmission S-parameters of the designed 3-way tri-frequency planar WPD. 

 

Example 2: 3-Way Quad-Frequency Equal Split Planar WPD 

In this example, the input power is assumed to be equally divided between the 

output ports. The operating frequencies are chosen as f1 =1 GHz, f2 = 2 GHz, f3 = 3 

GHz, and f4 = 4 GHz. The parameters of the WPD are found to be as follows: Zn1= 

119.8 , Zn2= 96.4 , Zn3= 77.8 , Zn4= 62.6 , RLn= 86.60  (for all branches, i. e., 

n=1, 2, 3), l1= l2 =l3 =l4 =/10 at f1 =1 GHz, R11= 114.91 , R12= 156.78 , R13= 

204.02 , R14= 270.72 , R21= 51.21 , R22= 127.93 , R23= 188.92 , and R24= 

234.22 . The schematic diagram of this divider is shown in Figure 7. 

 

 

 

 

 

 
Figure 7. Schematic diagram of the designed 3-way quad-frequency equal split planar WPD. All 

sections have electrical lengths of 36
o
 at 1 GHz. 

 

As shown in Figure 8, very good input/output ports' matching is achieved at the four 

design frequencies. Isolation parameters, S23, S24, and S34, shown in Figure 9 are 

below -20 dB at the four design frequencies. Figure 10 shows the equal power split 
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behavior of this WPD, with a slight deviation from the ideal value of -4.77 dB due to 

losses. 

 
Figure 8. Matching S-parameters of the designed 3-way quad-frequency planar WPD. 

 
Figure 9. Isolation S-parameters of the designed 3-way quad-frequency planar WPD. 
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Figure 10. Transmission S-parameters of the designed 3-way quad-frequency planar WPD. 

    

4. CONCLUSION 

The N-way planar WPD presented in this paper reduces the complexity of the 

fabrication compared to the non-planar WPDs presented in [1, 2]. A 3-way tri-

frequency unequal split planar WPD and a 3-way quad-frequency equal split planar 

WPD were designed and simulated. The obtained results verify the design procedure. 
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