
Irradiation Behavior of 
Piezoelectric Materials for 

Nuclear Sensor Applications

Advanced Sensors & Instrumentation
Annual Program Review

October 2022

Ryan Chesser  - chesser.25@osu.edu
Prof. Marat Khafizov  - khafizov.1@osu.edu

The Ohio State University



energy.gov/ne

Introduction

• Ultrasonic sensors utilize 
sound wave propagation 
in a characteristic material.

• Wave propagation is sensitive 
to microstructural properties, 
and impacted by temperature, 
pressure, and stress/strain, 
introducing sensor applications. 

• In-pile instrumentation supports research with advanced fuels, 
models/simulations, and reactor designs.

• Opportunities are limited due to cost/risk.
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Surface Acoustic Waves (SAW)

• Piezoelectric materials convert 
input electrical signal to 
mechanical acoustic wave

• Wave velocity is sensitive to 
elastic constants, which are 
impacted by temperature and 
neutron flux [1]

• Characteristic SAW signal can 
be correlated to operating 
conditions
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SAW Applications

SAW Applications
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• “Crystal oscillator” for 
telecommunications 
(such as quartz devices)

• Electrical components, 
actuators, RF filters

• Quantum Acoustics 

• Fluid Flow

• Sensors
Inherent
• Pressure
• Strain
• Torque
• Temperature
• Mass

Extended
• Chemical vapors
• Biological matter
• Humidity
• UV Radiation
• Magnetic Fields
• Viscosity 

SAW Sensors

• Chemical, optical, 
thermal, pressure, 
acceleration, torque, 
biological

• Touchscreens

• Turbines

• Nuclear Reactors

• Space
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Experiment Design and Methods

• SAW sensor is fabricated via 
photolithography and platinum vapor 
deposition

• Coaxial cables are attached to sensors 
and extend to experiment equipment

• Sensor structure is loaded to Auxiliary 
Irradiation Facility (AIF) dry tube and 
positioned near reactor core

• Equipment Used: 
Keysight Network Analyzer
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SAW Device Operation

• Employs Frequency Domain 
Reflectometry (FDR)

• SAW resonant frequency and
amplitude change gradually, 
saturating with time

• Observed changes are attributed to neutron/gamma 
damage and gamma heating
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Experiment Results

Power steps: 
≤ 450 kW

Max total flux:
~1x1013 n/cm2s

Max thermal flux:
~5x1012 n/cm2s

Temperature: 
≤ 500oC

• Goal: Characterize temperature and reactor power effects 
independently
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Note:       𝑇 ↑ or 𝑃 ↑ = 𝑓𝑟𝑒𝑠 ↓
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Experiment Analysis – LiNbO3

• Signals became unstable > 400𝑜C

• Resonant frequency shifts linearly with reactor power

• Higher temperature causes larger response to power 
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Experiment Analysis – AlN 
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• Top:
Single-crystal AlN

• Bottom:
Thin-Film AlN on 
sapphire (AlN+)

• AlN+ has slightly 
larger response, 
likely due to 
sapphire (Al2O3) 
layer contribution
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Concluding Remarks

Experiment Conclusions

• SAW sensors can monitor high 
temperature and reactor power

• Sensor response is dominated by 
shifting elastic constant

• Response kinetics offer clues 
about interaction mechanism(s)

• LiNbO3 provides better 
signal/noise compared to AlN, 
but temperature is limited

• Signals are stable/repeatable 
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