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Brief Description:
Problem

It is well known that change in resonant frequency of the resonator assembly is a function of the complex permittivity of materials and the probe-sample geometry. The existing theory is dependant on the electrical properties of the material, and is limited to dielectrics, conductors and superconductors. Prior work in this area used a shunt series combination. The maximum Q is solely determined by resistance of the series R-L-C probe equivalent circuit and tuning network. 

Solution

The present invention relates to near field microscopy and, more particularly to an evanescent microwave microscopy probe for use in near field microscopy and methodology for investigating the complex permittivity of a material through evanescent microwave technology. The probe comprises a low loss, apertured, coaxial resonator that may be tuned over a large bandwidth by a parallel shunt sapphire tuning network. A chemically sharpened tip extends slightly past the end aperture of the probe and emits a purely evanescent field. However, sapphire capacitors have an intrinsic equivalent series resistance (ESR). The present invention achieves substantially higher Q values than that of the prior art by arranging the sapphire tuning capacitors in parallel. By doing so the resistance is cut by 50% compared to a single shunt capacitor. Accordingly, this results in very high Q values and correspondingly high sensitivity.  This sensor achieves Q values in excess of 0.5.x.106 and a spatial resolution of 1.0x10-6 meters. 

The physical construction of the probe provides these advantages:

· There is a purely evanescent field emanating from its tip. 

· For use in quantitative microscopy, it is not necessary to provide additional hardware and methodology to separate a propagative component from the field. 

· Allows an extremely low loss impedance match to standardized equipment since the low loss coaxial resonator of the present invention theoretically has an infinite bandwidth but is practically governed by the constraints of physical length and source bandwidth. 

· The evanescent mode bandwidth is controlled by the aperture diameter, which is quite large compared with state of the art designs. 

· It utilizes a shunt capacitive tuning network characterized by a low equivalent series resistance which provides for large resonant frequency selection range and extremely high Q values.
· Results are independent of electrical properties of the material and is more general than prior methods, with application in testing of biological materials
Patent Status: US patent application no. US 11/484,092 filed 7/11/06 CIP of 11/255,497
Stage of Development:  Prototype has demonstrated the advantages in the Physics lab at Wright State

