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Project Overview

« Goal and Objective
Applying additive technology to develop low power consuming reversible and

reusable sensors, which can be deposited directly over the measured surface for real
time temperature monitoring.

« Participants (2020)
— Dr. Maria Mitkova — Principal Investigator;
— Dr. Harish Subbaraman — Co- PI
— Mr. Al-Amin Ahmed Simon (Graduate Student)
— Ms. Bahareh Badamchi (Graduate Student)
— Mr. Henri Kunold (Graduate student)

e Schedule

« Simulation of the sensors’ performance based on material’'s property studies
performed in earlier phases of the project

*  Preparation and testing of model devices, based on electrical reading
(a)Temperature sensors created by vacuum evaporation; electrical testing
(b)Temperature sensors created by printing; electrical testing

» Optical testing equipment set up and organization for optical testing

» Preparation of fiber-based devices and testing

» Development of temperature reading protocol based on material and devices
data
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Accomplishments — Proof of concept electrical field

devices; Fiber device simulation and fabrication

Fiber sensors’ performance simulation; Model device fabrication and electrical testing;

* The design is simulated in PhotonDesign software. ~ Proof of concept temperature sensing was demonstrated
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Accomplishments cont. - Fiber tip based temperature

SEensor

Real time response and temperature profiling of fiber sensors

® Good match between the normalized reflected power as a function of time and the measurement with extracted refractive

index profile from studying in-house ChGs.

® The sudden changes in reflected power corresponding to specific temperatures can be efficiently extracted from the

sensor data by plotting the slope as a function of time.
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Temperature response of evaporated Ge4oSeso capped
fiber tip based temperature sensor.

Simulated and measured optical power as a function of time with in-house

synthesized capped fiber tip for a) Ge4oSeso and, b) GesoSero
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Technology Impact

v' The state of the art for nuclear application will be advanced by introduction
of new type of sensors suitable for:

- Monitoring LWR, metallic or ceramic SFR reactors where the cladding
temperature can reach 650° C.

- Cohesive temperature monitoring using integration of photonic properties
of radiation hard optical waveguides for nuclear application.

v" The DOE-NE research mission will benefit from generating knowledge

about the temperature performance of different components in the reactor
environment.

v" Obtaining knowledge about the performance of the radiation hard
waveguides in the reactor environment will impact the nuclear industry by
extending their application to other important characterization methods such
as light transmission for in situ in pile Raman spectroscopy.

v" The project will generate technological documentation which will enable
commercialization of this technique
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Design small size, highly accurate, real-time, reusable and reversible temperature sensor for
use within a nuclear facility.

v Temperature profile data will assist with the development of next-generation accident-tolerant

nuclear materials, fuels, and structures.
EMI-free operation within the reactor

Safe monitoring on the outside
v Small diameter bundles are compatible with existing feedthroughs

Two different device architectures developed.

Resistant to Immune to cmos Low-cost
ionizing electromagnetic teChn:’_';f_\t!
I : - compatibili i
radiation interference Hig;O:;::ii:\’/ity «V— Low propagation loss
\l Nanophotonic

Fiber based Silicon Photonic

devi Fiber Tip based Waveguide (SiPW Hybrid Plasmonic
evices .
Temperature Sensor Waveguide (HPW)
Features: Real-time, simple Features: Real-time,
fabrication process, reversible reusable reversible

temperature sensor temperature sensor

Chalcogenide Chalcogenide

Glass (ChG) Glass (ChG)
Temperature Resistivity to ) Temperature Resistivity to Confinement below
sensitivity radiation Remote sensing sensitivity radiation diffraction limit

Maria Mitkova mariamitkova@boisestate.edu
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