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Research on High Stability Fiber Bragg Grating Wavelength Standard

FAN Qiming, XU Ning, WU Tingyan, LIU Zhiwei, ZHANG Zhixin
National Institute of Metrology, Beijing 100029, China

[ Abstract] Fiber Bragg grating (FBG) demodulators are widely used in various fields, including civil engineering,
aviation, healthcare, and national defense. To comply with the Calibration Specification for Optical Fiber Bragg Grating
Sensor Network Analyzers (JJIF 1804-2020), it is crucial to calibrate the wavelength demodulation values of the FBG
demodulator using a stable reference standard FBG. In this study, we developed a set of high stability FBG wavelength
reference standards by utilizing a specially designed stress relief structure, intelligent control algorithm, and semiconductor
refrigeration technology to achieve high precision temperature control. Through repeatability testing and comparison to
commercial FBG measurements, we demonstrate that the performance of our developed FBG wavelength standards far
exceeds the requirements of the calibration specification. Our results show that our FBG demodulator calibration procedure
significantly improves the calibration uncertainty of the instrument.
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Fig.1 Principle of phase mask method
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Fig.2 Fiber Bragg grating sensor structure
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Tab.l1 Main technical specifications of fiber Bragg
grating sensor
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Fig.3 Temperature control structure
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Fig.4 Calibration system setup
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Tab.2 Central wavelength test results for high stability fiber Bragg grating standard /nm
Fes FRIERS1 FRIERS2 FRIERS3 FrifEgi4 FrifEdRs
1 1531.8438 1542.0080 1547.1997 1556.694 1 1563.0583
2 1531.8439 1542.0080 1547.1997 1556.6942 1563.0585
3 1531.8438 1542.0078 1547.1998 1556.6942 1563.0583
4 1531.8438 1542.0078 1547.1999 1556.6942 1563.0584
5 1531.8439 1542.0079 1547.1996 1556.694 1 1563.0583
6 1531.8437 1542.0079 1547.1998 1556.6943 1563.0583
7 1531.8437 1542.0079 1547.1996 1556.6942 1563.0583
8 1531.8437 1542.0079 1547.1994 1556.694 1 1563.0584
9 1531.8438 1542.0078 1547.1996 1556.6942 1563.0584
10 1531.8438 1542.0079 1547.1998 1556.694 1 1563.0584
I 1531.8438 1542.0079 1547.1997 1556.6942 1563.0584
Tg;% 0.00007 0.00007 0.00014 0.00007 0.00007
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Tab.3 Central wavelength test results for
commonly used fiber Bragg grating standards /nm

Fr FRAERSL  FRUERS2 O ARUESS3  BRMERS4
1 1535502  1544.662 1557.526 1562.261

2 1535.508 1544.664 1557.528 1562.255

3 1535.506 1544.662 1557.523 1562.254

4 1535502  1544.664 1557.525 1562.258

5 1535502  1544.658 1557.525 1562.262

6 1535.502  1544.663 1557.516 1562.262

7 1535503  1544.663 1557.525 1562.266

8 1535.504 1544.664 1557.528 1562.263

9 1535.503 1544.655 1557.530 1562.256

10 1535507 1544.657 1557.525 1562.261
M 1535.504 1544.661 1557.525 1562.260

SEHbR R 25 0.0023 0.0033 0.0038 0.0039
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Tab.4 Evaluation of calibration uncertainty for fiber
Bragg grating demodulator
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