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Abstract

With the rapid development of aerospace, superconducting technology and large-scale cryogenic
engineering, the demand for precise temperature measurement in ultra-low temperature environ-
ments has become increasingly urgent. Traditional electrical temperature sensors are suscepti-
ble to electromagnetic interference and difficult to achieve multi-point distributed measurement,
which limits their applications. Fiber Bragg Grating (FBG) sensors feature inherent anti-electro-
magnetic interference, small size and corrosion resistance, making them ideal for extreme environ-
ment measurements. However, their temperature sensitivity decreases significantly at ultra-low
temperatures below 100 K, restricting practical applications. To address these core challenges, this
study proposes a collaborative encapsulation scheme using 6063-type capillary aluminum tubes
and E-200 cryogenic-resistant epoxy resin, and designs comparative experiments with two specifi-
cations (1.5 x 0.2 mm and 1.5 x 0.25 mm). A 2 x 2 fused-taper 3 dB fiber coupler is adopted to realize
low-cost and stable reflective FBG sensing. Three heating cycle experiments are conducted in the
temperature range of -190°C to 0°C, with porous vacuum silicon for temperature control and ther-
mocouples for calibration. The results show that both encapsulated FBGs exhibit a linear fitting de-
gree above 0.97, with temperature sensitivities 2.5 times and 3 times higher than that of the bare
FBG, respectively. The 1.5 x 0.25 mm specification delivers superior sensitivity due to stronger ther-
mal expansion driving force and more uniform stress distribution. This study significantly im-
proves the comprehensive sensing performance of FBG sensors in ultra-low temperature environ-
ments, providing theoretical and technical support for their practical deployment in cryogenic en-
gineering.
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Figure 1. Schematic of reflective FBG sensing with a 2 x 2 fiber coupler
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Figure 2. Spectrum of 2 x 1 3 dB fiber coupler
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Figure 3. Spectrum of 2 x 2 3 dB fiber coupler
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Figure 4. Packaged dual FBG sensors and thermocouple probes in porous vacuum silicon
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Figure 5. Schematic of FBG temperature sensing experiment at ultra-low temperature
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Figure 6. Fitted curve of experimental data of bare FBG
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Figure 7. Fitted curve of FBG packaged by 1.5 x 0.2 mm aluminum capillary tube
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v, =1549.35+0.0316x, (10)
y; =1549.3+0.03113x, an

SHAELNEERAE SN R =0997, R =0.984, R} =0.994, FBG 1% R HUE T LS &
LRFRB: K, =31.66 pm/K, K,, =316 pm/K, K, =31.13 pm/K.

Table 1. Key performance comparison of differently packaged FBG sensors
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