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Two international standards exist that set safety limits on human exposure to radiofrequency
(RF) fields [1], [2]. At frequencies that are applicable for wireless power transmission systems, the
limits are set to protect against excessive tissue heating, as thermal effects were found to be "the only
established adverse effect of exposure to RF energy at frequencies above 100 kHz" [2].
There are two types of limits that are applied in these standards: basic restrictions and reference
levels. The basic restrictions are based on induced fields in the body. The reference levels are based
on incident fields outside the body. In the frequency range applicable for wireless power transmission
systems (1 - 15 MHz), both standards define the basic restrictions in terms of specific absorption rate
(SAR). SAR has a direct relation to the temperature increase in tissue [3]. Therefore, it is a metric that
directly relates to adverse effects of RF energy.
The reference levels are secondary limits that are derived or estimated from the basic
restrictions. These are defined as maximum permissible electric fields, magnetic fields or power
densities. The reason for defining them in the safety standards is that they are typically much easier
to measure, and can be measured with simpler instrumentation. However, the main disadvantage of
using the reference levels is that they do not directly relate to the temperature or SAR in the body.
There is no simple relationship between the reference levels (i.e., fields outside the body) and the
basic restrictions (i.e., fields induced in the body), as this relationship depends on the body geometry,
the distance to the source, the field polarization and other factors. The relationship is especially
complicated in the very close near field region [4].
In international safety standards, the reference levels are determined from the basic restrictions
for the worst case under all circumstances. Therefore, if an exposure scenario is compliant with the
reference levels (both E- and H-fields) at any point in space, it is also compliant with the basic
restrictions. However, the opposite is not true. If the exposure scenario is not compliant with the
reference levels, the basic restrictions are not necessarily violated.
For wireless power systems, people will typically be in the very close near field of the
transmitter. For this reason, reference levels (E- and H-fields) cannot and shall not be applied to
characterize the exposure. Application of the reference levels will likely lead to a very high
overestimate of the actual exposure.
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