Reduced Mode Sapphire Optical Fiber and Sensing System

Motivation 1 Low Modal Volume Sapphire Fiber 4 Raman Scattering in Sapphire Fibers
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» The temperature information is deduced from the intensity ratio of anti-Stokes signal to Stokes
signal, which changes significantly as temperature increases. At room temperature, anti-Stokes
signal is relatively week.

e Areduction in fiber diameter and/or numerical aperture will reduce the V number, and in turn, significantly
reduce the number of modes propagating in the fiber.

* The Stokes peaks overlap due to relatively low spectrometer resolution.
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* High speed time based measurement system records the Stokes and anti-Stokes signal from the

Refractory Brick sapphire fiber simultaneously to deduce the temperature distribution along the sapphire fiber.

» The influence of blackbody radiation at high temperature will be suppressed by using a short
wavelength laser source and applying narrow band pass filters.

. .
Develop a prototype §ensmg * The microstructure and size of single crystal sapphire fibers are tailored via a wet acid etching technique.
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Laser Heated Pedestal Growth system design with Laser Heated Pedestal Growth system design with
reflaxicon optic (U.S. Patent 4,421,721) graded reflectivity mirror optic (U.S. Patent 5,607,506).
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" K * A Laser Heated Pedestal Growth (LHPG) system will be designed and installed to support the
Conversion of Single Crystal Sapphire Fiber to optimization of geometries, structures, chemistries, and optical properties of the fibers specific to the
mullite via VT SiC masking techniques. Raman scattering sensing technology.

« The stable CO, laser beam is guided and transformed into a “Super-Gaussian” or “top-hat” shape
and/or “ring” prior to focus onto the seed crystal.
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NEAR TERM TASKS
* Measure the intensity of blackbody radiation experimentally in a sapphire fiber at high temperature.

—_— * Compare the intensity of Raman signal quality using 532nm and 355nm laser sources for system optimization.
10 ym 50 pm

» Evaluate the dependency of the sapphire etching process per temperature, solution chemistry, and time.
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