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at intervals greater than the 100’ indoor range of low RF power radios, they are seldom 
spaced further apart than the 300’ indoor range of 100 mW radios. In those instances 
where a link’s span exceeds range, it can be accommodated by an intermediary ZigBee 
router functioning as a repeater. 
 
In outdoor applications, the line-of-site range of a 100 mW ZigBee radio allows nodes to 
be placed as much as 3/4 mile apart. While this range is less than that of some 
competing technologies, it does allow ZigBee to be used in a wide variety of outdoor 
applications. 
 
Related to the distance advantage of higher RF power is the technique’s resistance to 
multipath fading. Multipath fading happens when a radio signal is reflected by terrestrial 
objects, causing copies of the signal to reach its destination by multiple paths. When the 
signals arrive at nearly the same time but out of phase, multipath fading can cause 
cancellation. Multipath fading also reduces received signal strength, which adds to the 
path loss. This can cause the received signal to fall below the receive sensitivity of the 
radio or cause the signal-to-noise ratio to fall below what is needed to receive the signal 
without error. 

 

 
 

Figure 2: Multipath fading can impede wireless transmission; higher RF power can help. 
 
 
Increasing RF power compensates for some forms of multipath, ensuring that the most 
direct path delivers a strong signal that negates the multipath effect. 
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Applications for Low- and High-power ZigBee Radios 
 
Whether low or high RF power is better for a given ZigBee application depends primarily 
on that application’s need for range and resistance to multipath fading. 
 
 
Low RF Power Application 
 
A common example of ZigBee networking with low RF power is office lighting. In this 
application, light switches containing battery-powered ZigBee radios turn lights on and 
off by issuing commands to ZigBee radios in fluorescent tubes, with no wires between 
switch and fixture (representing tremendous cost savings in eliminating electrical runs). 
Button cell batteries in the light switches last for years, with the radio waking up and 
using battery power only when flipped on or off to transmit the new state to the 
fluorescent tubes (and going immediately back to sleep). As switches and light fixtures 
are in close proximity, and ZigBee routers in the fluorescent tubes can relay commands 
to other routers, the application would work well using ZigBee radios with only 1 mW RF 
power. 
 
 
Low and High RF Power Mixed  
 
Some applications feature a mixture of short-range and longer-range wireless links; 
when a large number of those links can be satisfied by low RF power radios, it can be 
beneficial to mix the two radio types. Consider containerized shipping, in which a single 
cargo ship can transport thousands of containers, each with sensors to monitor 
temperature, tampering, etc. Each container can have a 1 mW RF power ZigBee radio 
for relaying sensor data, and the ship itself can have 100 mW ZigBee radios functioning 
as routers placed throughout as data collection points. The container radios can then 
relay sensor data over short links to the routers, which can forward the data over longer 
distances to a ZigBee Ethernet gateway for delivery to a monitoring program. 
 
 
High RF Power Application 
 
Still other applications require all radios in a network to be of high RF power. Consider 
homeland security, where first responders populate areas of incident with multiple 
sensors to detect the presence of NBC (nuclear, biological, chemical) agents. ZigBee 
radios in such an application should all be of high RF power, so that devices can be 
placed as far apart as needed and to ensure that transmissions aren’t impeded by 
multipath fading due to buildings and other terrestrial objects. This application would also 
benefit enormously from ZigBee’s mesh networking capability, with the network self-
forming wherever radios are placed. 
 
 
Conclusion 
 
The availability of ZigBee radios with high and low RF power options is key to ZigBee’s 
appeal in industrial settings, allowing design engineers to tie radio selections directly to 
range requirements. Along with ZigBee’s many other industrial-friendly features, 
including mesh networking and extremely low radio cost, RF power options should go a 
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long way toward helping this new standard advance as a leading technology for 
industrial wireless applications. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




