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Over the past several decades, growing interest and research on the
effects of electromagnetic energy on biological tissues as well as on the devel-
opment of diagnostic or therapeutic applications has resulted in an increased
need for biological phantoms that mimic the electromagnetic properties of
tissues, particularly at radio and microwave frequencies. Although a variety
of tissue-mimicking (TM) material recipes have been published to date that
simulate the properties of biological tissues at discrete frequencies, there is cur-
rently a need for TM materials for ultrawideband (UWB) applications that
enable production of heterogeneous and anthropomorphic phantoms.

We propose a solid gelatin-based TM phantom recipe that simulates the
dispersive dielectric properties of a variety of biological tissues at a wide fre-
quency range (500 MHz to 20 GHz). The TM muscle is created from primarily
gelatin and water. The TM fat is made using the same gelatin material, except
that, prior to congealing, it is combined with safflower oil and a surfactant in a
volume ratio of 1:4 (resulting in an 80% oil-in-gelatin dispersion). The dielec-
tric properties of the materials are controlled by varying the volume percent of
the oil. Since the TM muscle and the gel matrix surrounding the oil droplets
of the TM fat have the same composition, these materials can be placed in
direct contact with no risk of diffusion of the solvent or solute. Thus, a critical
property of this recipe is the ability to create heterogeneous configurations
with long-term stability of mechanical and electromagnetic properties.

Our results indicate that the phantom compositions with very little oil
(0-10%) are appropriate materials for mimicking high-water-content tissue,
such as muscle or malignant breast tumors, below about 8 GHz. Above 8 GHz,
however, the permittivity of the TM material will be somewhat lower than
desired. Compositions with a high percentage of oil (70-80%) are appropriate
materials for mimicking low-water content tissue, such as fat, over the entire
frequency range reported. By decreasing the volume percent of the oil, we
can create materials with intermediate dielectric properties spanning these two
bounds. This recipe is also very well suited for a narrowband application, since
the dielectric properties of the materials can be tuned precisely by appropriate
choice of the volume percent of oil.
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