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Abstract: The objective of this work is to address the need for versatile, low-cost, small size and fully-integrated self-sustained broadband microwave dielectric spectroscopy systems. These systems could significantly enhance the capabilities for point-of-care medical diagnosis, bio-threat detection, agriculture and food/drug safety. The proposed spectroscopy scheme enables complex permittivity measurements of samples under test over a broad microwave frequency range through the paradigm shift of employing integrated true-time-delay passive sensors. The sample detection is based on detecting phase and amplitude changes of a microwave signal caused by localized electromagnetic interaction between the sensing true-time delay element and the sample under test. Amplitude and phase read-out circuitry are employed to detect the amplitude and phase shifts in the sensing elements. An array of sensors and read-out circuitry are excited with a wideband frequency sweep generator for spectroscopy purpose. The phase and amplitude of each sensor is detected using a time-multiplexed control loop to enhance detection resolution of the complex permittivity and widen the frequency range of the spectroscopy.
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