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Abstract: A thin film strain gauge fabrication method was proposed based on high-temperature inorganic glue flat-
tening treatment, magnetron sputtering technology and atomic layer deposition (ALD), aiming at solving the problem of
high-temperature strain measurement on the surface of C/SiC composite materials. The surface of the C/SiC composite
material was flattened by brushing inorganic glue, and then a thin film strain gauge consisting of a Pt sensitive layer and a
composite insulating layer was prepared using magnetron sputtering and atomic layer deposition technology. Specifically,

the Pt sensing layer was prepared by direct current (DC) sputtering through complex surface patterning technology with a
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hard-mask, achieving a resistance of 75 () and a thickness of 450 nm. For the insulating layers, three types of composite
insulating layers (YSZ/ Al,03, A1:03-YSZ/ Al,03, and HfO»-YSZ/ Al,03 composite layers with a thickness of 1.2 wm) were
prepared via DC sputtering and atomic layer deposition. A comparative study was emphatically conducted to evaluate the
high-temperature insulation performance of the three insulating layers. The results indicated that the HfO,-YSZ/ Al,O3
composite insulating layer exhibited the best performance, with an insulation resistance of 32.94 k() at 950 “C after mul-
tiple thermal cycles. Strain testing under a temperature range from room temperature to 600 °C revealed that the Pt strain
gauge fabricated based on HfO,-YSZ/ Al,O3 composite insulation layer achieved a maximum gauge factor (GF) of 2.93.
The minimum and maximum measurement errors were 0.01% (600 °C, 133.2 we) and 6.49% (200 °C, 133.2 pg), respec-
tively. The strain gauge exhibited superior high temperature stability and strain response. The research results provide a
new technical solution for high-temperature strain measurement on the surface of C/SiC composite materials, which pos-
sessed positive significance for promoting the development of high-precision strain measurement technology for thermal
structural components of hypersonic vehicles.

Key words: C/SiC composite materials; gauge factor; insulation resistance; composite insulating layer; magnetron

sputtering; atomic layer deposition
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Fig.1  Thin film strain gauge structure
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Fig.2  Picture of strain gauge fabricated on C/SiC substrate
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Tab.1 Fabrication parameters of each layer of thin film strain gauge
AR il g =X AU BR U S JE /Pa IR A JELJE /nm il A T
YSZ/ALOs  ELTRIRHT  Yo.osZro.oo + Al 0, + Ar 0.4 100 1100 E4)
AlLOs ALD EUIE 2 20 119 150 °C
HIO, ALD DU RS 27 106 200 °C
Pt SERITRIIE0) Pt Ar 0.4 120 450 EiR
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Fig.3 Schematic diagram of cantilever beam principle
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Fig.4 XRD test results of three composite insulation layers

after high temperature cycling
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(d) YSZ / ALO,HI#K LT 5 (e) ALO,-YSZ / ALO, ¥4 1H TE3 & (f) HfO,-YSZ / ALO, I 35 <l
(d) Cross-sectional morphology of YSZ / Al,O, (e) Cross-sectional morphology of (f) Cross-sectional morphology of
ALO.-YSZ / ALO, HfO,-YSZ / ALO,

5 FHREEIRIGER 3 UG YSZ/ALO,. ALO,-YSZ/ALO,FI HFO,-YSZ / AL,0, 5 & 4 2 2 Wi i SEM []
Fig.5 SEM images of YSZ/ALO,, Al,0,-YSZ/ALO, and HfO,-YSZ/ AL,O, composite insulating layer films after 3 heating

and cooling cycles
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Fl6  THEEIRAEER 3 UG HIO,-YSZ/ ALO, 5 4 46 2% )2 M EDS 11471 70 3 43 4ii 141
Fig.6  EDS surface scanning element distribution map of HfO,-YSZ / Al,0O, composite insulation layer film after 3 heating

and cooling cycles
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Fig.10  Strain-resistance curves of thin film strain gauges at

different temperatures
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