
he choice of an active or passive combining system might be an 
early consideration, especially as minimizing combining loss, 

associated with passive components, is usually high on the priority 
list. However, passive combining does not necessarily involve loss, 
and if signals can be combined using passive networks, the beneýts 
in reliability and cost are likely signiýcant. 

The ýrst question to answer is how many signals need to be  
combined. The more the signals, more likely the loss will increase. 
But, it is not necessarily so. If there are just two signals to combine and 
they are well separated in frequency, then a diplexer ýlter system can 
combine the signals with minimum loss as shown in Figure 1. (These 
are not to be confused with duplexer ýlters that separate transmit and  
receive signals). Simple low-cost diplexers, which usually use sus-
pended substrate, will offer around 50 dB of input isolation. If more 
isolation is required then one has to resort to cavity ýlter designs, but 
these are much larger and more expensive. There are also the triplexers, 
and even quadraplexers, which combine the signals from three and four 
different frequency bands, but these become increasingly complex.

Many times, the signals occupy the same frequency band and cannot 
easily be ýltered, in which case, a solution using a hybrid coupler or  
a Wilkinson power divider, which adds signals without mutual  
interaction, is usually required.

Choosing between the hybrid coupler and the Wilkinson divider 
is primarily a matter of the power levels of the two signals. In either 
case, assuming the two signals are not coherent, half the power of  
each will be dissipated as heat. 

Wilkinson dividers usually have small milliWatt resistors, mounted 
on printed circuit boards, which limits their ability to combine any 
signal higher than the value of the resistor power. On the other hand, 
the hybrid coupler has an external load to absorb the power, so it is 
useful up to power levels of several hundred Watts. A typical stripline 
design on microwave dielectric will have a power limit of 100 W per 
input, and many such hybrid combiners with an attached 100 W load 
are used in base station applications. (Figure 2).

For low power applications, the Wilkinson divider also has the 
beneýt that it can be designed for very broad bandwidths. Although, 
the more common components cover the standard 800 MHz to  
2500 MHz, they are now available for wireless applications down 
through VHF in bandwidths that cover from 70 MHz to 2,700 MHz 
(Figure 3) using an air dielectric stripline approach to minimize loss  
on this 17 section design, and from 350 MHz to 6,000 MHz (Figure 
4) using a microstrip design to cover the existing commercial wireless 
bands and the many new frequency bands for Wi-Fi and WiMAX.

Wilkinson dividers also have the beneýt that they can readily be 
designed for multiway applications. Common combining/division  
ratios are two-, three-, four-, six- and eight-way, however, they can also 
be produced to divide into other less common ratios such as ýve- and 

10-ways. For minimum cost, most Wilkinson designs use microstrip, 
however, for far lower loss a stripline design approach using air or 
low-loss dielectric is desirable.

Hybrid couplers are usually designed with a single /4 section 
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