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Abstract: In-situ measurement of ultra-high temperature above 1800 °C is critical in many key fields of national
defense security and national economy, such as hypersonic vehicles, aero engines, and nuclear reactors.
Conventional silica-based fiber sensors can not withstand a high temperature of 1000 °C, which is limited by the
material characteristics of silica. A single-crystal sapphire fiber is a promising candidate for high temperature
sensing owing to its ultra-high melting temperature of ~2 053 °C and low transmission loss. Sapphire fiber Bragg

grating (SFBG) sensors, which have the advantages of outstanding temperature resistance, high measurement
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accuracy, and capability for multi-point measurement, are the most promising high temperature sensors and can

be obtained by inscribing the grating in the single-crystal sapphire fiber. In this paper, we present the working

principles and theoretical model of high temperature SFBG sensors. Then, three mainstream fabrication

technologies, including femtosecond laser phase mask technology, femtosecond laser Talbot interferometry, and

femtosecond laser direct writing technology, are introduced. Moreover, the advantages and disadvantages of these

methods are discussed in preparation efficiency and spectral properties. It is concluded that the femtosecond laser

direct writing technology is the best method for fabricating high temperature SFBG sensors. Moreover, the

optimization methods of the reflection spectrum of SFBGs are summarized, including how to reduce 3 dB

bandwidth and spectral noise. The temperature sensing characteristics, packaging process, and high temperature

and strain sensing applications of SFBGs are further introduced. Finally, the future development trend of SFBG

sensors is discussed. The rapid development and large-scale application of high temperature SFBG sensors will be

helpful to solve the problem of containment in structural health monitoring of major equipment in aviation,

nuclear power, and other fields.
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Tab.1 Mechanical performance parameters of

monocrystal sapphire”®**

Parameter Value

Flexural strength/GPa 0.48-0.895
Tensile strength (ultimate)/GPa 2.2
Compression strength (ultimate)/GPa 2.0
Young's modulus/GPa 345
Bulk modulus/GPa 250
Shear modulus/GPa 145
Poisson's ratio 0.29
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Fig.5 SFBG inscribed through Talbot interferometer. (a) Schematic of experimental setup; (b) Reflection spectrum®!!
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point method
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Fig.8 (a) Microscope image and (b) reflection spectra of SFBG fabricated by femtosecond laser line-by-line inscription method™*!
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Fig.9 SFBG inscribed by using femtosecond laser filamentation!*”. (a) Cross-sectional view; (b) Reflection spectrum of the SFBG array
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Tab.2 Performance comparison of SFBGs which

prepared by different methods

Fiber Band

Fabrication method diameter/um Reflectivity width/nm Ref.
Phase mask 150 8% 6 [20]
Talbot interferometer 100 9.44 [21]
Point-by-point 125 0.6% 6 [22]
Parallel-;r;t_f;;goriar:ted point- 60 15% 0.92 [42]
Point-by-point o
(filamentation) 100 2.3% 8.84 [45]
Line-by-line 60 6.3% 6.08 [23]
Multlple-ll'cilr}ll:r line-by- 60 34.1% 174 [44]
Helical Bragg grating 30 40% 1.56 [47]
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Fig.10 High-order mode filtering method and reflection spectrum of SFBG. (a) Taper fiber coupling method*); (b) Fiber lens matching method*”);

[44]

(c) Offset-coupling method
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Fig.11 Microscopic image and reflection spectrum of micro-SFBG?*
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Tab.3 Comparison of optimization methods for reflection spectrum bandwidth of SFBG

Optimization methods 3 dB bandwidth/nm Ref.
Taper fiber coupling 0.33 [48]
Fiber lens matching method 0.30 [49]

High-order mode filtering methods .
Offset-coupling 1.32 [44]
Bent <2 [50]
Wet-hot acid etching Micro-SFBG <6 [54]
Add glass cladding Sapphire-derived FBG 0.33 [62]
Helical SFBG 0.53 [46]

Waveguide Bragg grating(WBG)

Depressed sapphire WBG ~0.50 [69]
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Fig.14 (a) Effect of length of sapphire fiber on the reflection spectrum of SEBG ”; (b) Two methods of end face treatment of sapphire fiber
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