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THE WILKINSON POWER DIVIDER: HOW IT WORKS

The Wilkinson Power Divider, designed by Ernest Wilkinson in the 1960s, uses quarter wave transformers 
to split an input signal into two equal phase output signals. Since the design is reciprocal, Wilkinson Power 
Dividers can also be used as a power combiner. With this flexibility, they are widely used in many RF and 
microwave communication systems, including those with multiple channels or complex feed networks.

Let’s look at the different ways a Wilkinson Power Divider can work. To start, the Wilkinson Power Divider can 
split the power of a signal from Port 1 into two half-power (-3dB) signals at Ports 2 and 3. Unequal power 
division is possible with imbalanced branch impedances, but is not in the scope of this conversation. A 
resistor placed between the output ports adds no resistive loss to the power input at Port 1 and fully isolates 
Port 2 from Port 3.  

Wilkinson Power Dividers and Feed Networks:
A Brief Overview
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Alternatively, the quarter-wave impedance matching sections of the design allow two signals to combine 
into one. If equal phase and power signals enter Port 2 and Port 3, the signals will combine to produce 
a signal of twice the power (+3dB) at Port 1. The resistor can dissipate mismatches and maintain the 
impedance match at each port. When viewed as a single half wave transmission line section, the two 
quarter-wave impedance matching sections provide Port 2 to Port 3 isolation by presenting a cancelling-out 
of the phase (180°) signal at the opposite node.

Figure 1: An example of a Wilkinson Power Divider that uses a single path for transmitting and receiving.

We can see these functions and signal paths in greater detail in Figure 1. Typically, the quarter-wave 
sections have a designed uniform characteristic impedance of √2 times the characteristic port impedance. 
This provides for an excellent match, but only for a limited bandwidth. The performance bandwidth of a 
Wilkinson Power Divider can be stretched to over a decade of frequencies if care is taken to design multiple, 
progressively matched, impedance transformer sections. Complex transmission line geometries for each 
quarter-wave section may also be used to this effect and can support a system need for compact layouts.

The performance bandwidth of a Wilkinson Power Divider can be stretched to 
over a decade of frequencies if care is taken to design multiple, progressively 

matched, impedance transformer sections. 
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CONSIDERATIONS FOR MANUFACTURING WILKINSON POWER DIVIDERS

The development process and materials used to create Wilkinson Power Dividers play a crucial role in the 
overall device performance. Wilkinson Power Dividers have excess insertion loss incurred by the conductors 
and dielectric materials used to create the device itself. This relationship combined with other build 
processes and the system integration plan can either maximize or detract from the intended performance of 
the component and system. Table 1 summarizes how the performance of a Wilkinson Power Divider and its 
integration contribute to system performance.  

Table 1. Shows how various parameters in Wilkinson Power Dividers are impacted.

Parameter Ideal Values Impact

Return Loss Higher value preferred Directly affects the amount of power that will 
be transmitted or received by a beam former

Isolation Higher value preferred Directly affects the amount of isolation 
between signal paths in an array

Amplitude Balance Approaching 0 db 
difference

Affects the amplitude performance and EIRP 
of a beamformer; aim for equal power split for 
each branch and across the whole bandwidth

Phase Balance Approaching 0° difference Promotes maximum power transfer and ensures 
intended phase length for all branches across 
the whole network.   A large enough phase 
imbalance will deteriorate EIRP and potentially 
change the radiation pattern of a beamformer.
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APPLYING A WILKINSON POWER DIVIDER IN A FEED NETWORK

In many circumstances, the approach to building Wilkinson Power Dividers can create or remove design 
roadblocks for implementation (Table 2). For example, in a 28 GHz small cell application, power dividers are 
necessary to split the signal as it moves from the transceiver and fans out into the beamforming network 
integrated circuits (ICs). 

Table 2. Shows the key considerations for building a feed network using Wilkinson Power Dividers.

FEED NETWORK MATERIAL SELECTION DICTATES DEVICE SIZE AND COMPLEXITY

Looking at a simple 1:4 feed in Figure 2, there are several approaches for implementing a feed network. 
Using a fully integrated design with thin-film technology and a high permittivity dielectric material 
shrinks the overall size and integrates the resistor, reducing variation in resistor tolerances and improving 
performance. 

Key Considerations When Building Feed Networks

Size • Feed network implemented in the space between BFICs or in PCB layers to match 
an array’s pitch

Complexity • Added layers in effort to integrate on PCB could add to mechanical and thermal 
complexity

• Separate passives (resistors) can add to complexity and cost
• More process complexity results in more opportunity for variation due to process 

effects 

Performance • Excess insertion loss impacts effective isotropic radiated power (EIRP) by            
deducting from Element TX Power
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Figure 2: Potential approaches to accomplishing a 1:4 feed.

Materials selection has additional benefits beyond size. By managing the thermal properties of ceramic 
materials (PG above), elements of the feed layer act as heat management components. These components 
are temperature stable by design and have higher thermal conductivity. For example, Knowles Precision 
Devices proprietary PG ceramic material has a thermal conductivity that is 18 times higher than a common 
PCB material typically used at these frequencies. As a result, this helps reduce mechanical complexity 
and cost of assembly and increases reliability. Additionally, high thermal conductivity improves power 
dissipation in resistors and allows devices to handle higher power in a smaller footprint.

Finally, microstrip and stripline PCB integrated feed networks suffer from inconsistent manufacturing 
processes and, often, dielectric and surface variations across a single-board construct. The individual chip 
resistors require extremely high precision placement to achieve acceptable performance. To overcome these 
issues, costly tuning networks are implemented to correct the amplitude and phase imbalances. Thin-film 
technology has much higher manufacturing precision than PCB and, consequently, better repeatability 
device-to-device, improving equal-phase balance.
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MEASURING RF PERFORMANCE

EIRP is common metric used to gauge the radiated power of an antenna, including 5G systems. The equation 
in Figure 3 shows some of the variables under a designer’s control in a multi-element phased array antenna 
and how those variables relate to EIRP. Element TX Power (P_out) is a function of RF path loss and gain. 
Number of elements (N_elem) is the contribution from the array. Individual Element Gain (Elem_gain) is the 
gain of an individual element; this value is driven by how effectively the antenna radiates. 

Figure 3: An overview of EIRP.

These variables used to control EIRP can impact design in several ways. As shown in Table 3, all the variables 
of EIRP impact the cost of the design. DC power dissipation is a concern if our approach to TX Power is to 
use brute force to push more power through the system. Likewise, board complexity and cost is potentially 
increased if we either look to increase element gain through complicated element design or if we seek 
to multiply element gain and pick up additional beam forming gain by adding many more elements. In 
general, the overall cost of the antenna array, its DC power consumption, and the complexity and size of the 
PCB stack up all need to be balanced against EIRP.

Table 3. This table looks at the design impacts of the variables used to control EIRP in the equation in 
Figure 3. 

Variable Impact

Variable Cost DC Power Board 
Complexity

PCB Area

Element TX Power X X
Individual Element Gain X X X
Number of Antenna Elements X X X
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THE ADVANTAGES OF KNOWLES PRECISION DEVICES POWER DIVIDERS

Looking at the design impacts from the variables used to optimize EIRP, Knowles Precision Devices DLI brand 
Wilkinson Power Divider technology offers several advantages for EIRP optimization. First, our innovative 
low-loss, high-permittivity dielectric materials help reduce size and provide temperature stability for 
improved output power and DC power savings. Second, our high K ceramic dividers offer a footprint that 
is up to three times smaller than a power divider using a PCB design, reducing the PCB area utilized by the 
feed network.

 In addition, we use small form factor surface mount devices rather than implementing PCB integrated 
designs, reducing the overall board complexity and cost while promoting compact integration.
Utilizing precision thin-film resistor technology, our power dividers are offered for both solder surface mount 
(SMT) and chip and wire hybrid (WB) assembly applications. Our integrated resistors simplify assembly 
with single part placement, regardless of the power divider’s complexity. In Combination, DLI technology 
inherently provides low excess insertion loss with good, repeatable return loss, and amplitude and phase 
balance.

Our team of experts is ready to help you work through your toughest development challenges and find 
passive elements that meet your needs for highly integrated and highly efficient devices. 

Learn More Contact Us

https://www.knowlescapacitors.com/Products/Microwave-Products/Power-Dividers
http://www.knowlescapacitors.com/Contact.aspx

