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Microwave and millimeter-wave signals span the frequency ranges of ~300 MHz-30 GHz and 30 GHz-

300 GHz, corresponding to wavelength ranges of 1000-10 mm and 10-1 mm, respectively. Signals at 

these frequencies readily penetrate inside dielectric materials and composites and interact with their inner 

structures. The intrinsic nature of the interaction of these signals with material media, the relatively small 

wavelengths and wide bandwidths associated with them enable inspection of a variety of materials with 

high a degree of sensitivity. Pertinent to this presentation, the efficacy and utility of thickness and 

dielectric property characterization, using a robust open-ended rectangular waveguide technique, has been 

studied and substantially improved upon during the past (nearly) three decades leading to the recent 

development of a unique engineered waveguide probe. This technique has now fully evolved to give an 

accurate estimation of complex permittivity distribution and thickness of layers in a stratified composite 

structure. This technique is capable of evaluating coating (single- or multi-layered) thicknesses and 

complex permittivity properties on a variety of substrates including conducting and carbon composite 

substrates. Complex permittivity information can be correlated to other materials properties allowing for 

the evaluation of critical characteristics such as temporal property changes, cure state monitoring, 

volumetric porosity estimation, etc. The inherent optimization capabilities offered by this technique allow 

for maximizing measurement robustness as a function of undesired measurement parameters (i.e., liftoff 

change, composite surface roughness, etc.). This presentation gives an overview of this microwave 

nondestructive evaluation technique, the fundamental electromagnetic principles of the forward and the 

inverse (forward-iterative) calculations and the design foundation of the engineered waveguide probe. 

Issues related to layer property calculation accuracy with respect to several critical parameters (i.e., 

thickness, substrate properties, etc.) will be discussed along with several illustrative examples. In 

addition, recent developments in this field using open-ended circular waveguide probes with distinct 

advantageous practical features will also be presented. 
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