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Research progress in indium tin oxide resistive thin film strain gauges

CHENG Xueying',CAO Lili",LUO Bingwei'*

(1 School of Information and Communication Engineering Beijing Information Science &. Technology University,
Beijing 102206, China; 2 AECC Beijing Institute of Aeronautical Materials , Beijing 100095, China)

Abstract: With the advancement of high-performance aero-engines and the growing future requirements for
intelligent engine design, monitoring the strain of critical components subjected to combined thermal and
mechanical stresses has evolved as a vital data source. This data is essential for evaluating material
performance during service, enhancing design accuracy, and achieving comprehensive lifecycle management.
Indium tin oxide (ITO) thin films have emerged as a preferred material for measuring high-temperature
strain in structural materials due to their stability at elevated temperatures, excellent strain measurement
sensitivity, and excellent electrical conductivity. This paper expounds on the fundamental principles, basic
structures, and preparation methods of resistive thin-film strain gauges, and analyzes and investigates
strategies for enhancing the performance of ITO resistive thin film strain gauges, thereby promoting their
engineering applications in the aerospace industry.
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Fig.1 Images of thin-film strain gauges

(a)prepared on ceramic blades '*'; (b)prepared on turbine engine alloy specimens;

(¢)prepared on a superalloy substrate ; (d)prepared on a flexible substrate
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Fig.2 Schematic diagram of structure of resistive thin-film strain gauges

(a)hierarchical structure ; (b)planar structure
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Table 1  Comparison and summary of common preparation methods for ITO films and their properties

Preparation method Advantage

Disadvantage Ref.

Magnetron sputtering Strong controllability in thin film preparation
Excellent film uniformity
Electron beam evaporation Simple process flow

Capable of producing high-purity thin films
Sol-gel method Low cost and simple operation
Enables complex shapes
Suitable for large-area thin film preparation

Atomic layer deposition Atomic-level thickness control

High uniformity and consistency in deposited films

Pulsed laser deposition

High deposition rate with low substrate temperature

Higher equipment costs [25-29]
Requires a high vacuum environment

Thin films prone to resistance drift at high temperatures [ 30]
Relatively low sensitivity

Smaller film grain size [31]

Higher resistivity

High equipment requirements [32-33]
Long preparation cycle

Unsuitable for large-scale production

Higher equipment costs [34-37]

High film uniformity and flexible composition adjustment Complex optimization of laser parameters

Ideal for multilayer/heterojunction thin films

Outstanding high-temperature stability

Difficult to scale up for mass production

= _

Ultrasonic cleaning

[

< <]

Deposit thin film

Relieve thermal stress

[0

Remove photomask

Attach photomask

Fabricate leads

3 PR TTO RS 45 R

Fig.3 Fabrication flow of ceramic-based I'TO strain gauge
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Fig.4 Flow chart of the DIW-based fabrication process of the ITO strain gauge'’
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(a) TCR-Ag content relationship
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'; (¢)schematic diagram of co-sputtering
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Fig.6  Multilayer stacking structure

(a)structure of ITO/Pt composite thin film strain gauge'**'; (b)schematic of nanolaminated Pt-1TO thin film"**’
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(a)random orientation; (b)polycrystalline with (100) preferred orientation
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