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Abstract

Fiber optic sensors have gained sigmficant attention due to their small size, low
cost, immunity to electromagnetic mterference, and ability to measure in hostile
environments. Among these sensors, the fiber displacement measuning interferometer
1s a popular research topic cause of mdustry demand for small and precise
displacement measurement sensors. In this study, we present the development of a new
compact fiber laser interferometer with the size of ®©11 mm x 27 mm_ which 1s 10
times smaller than the commercial interferometer probe. And a 1550 nm wavelength
DFB laser 1s utilized as the system's light source. In the proposed system, the reflection
from the end face of the optical fiber as the reference beam simplifies the system's
configuration. And a phase generated carner (PGC) method 15 utilized by modulating
the wavelength to a frequency of 300 kHz. And we developed a novel method called
dynamic current wavelength modulation, which compensates the modulation depth by
precisely predicting the optical path difference (OPD) by frequency sweepmng
mnterferometry to achieve consistent modulation depth over an extensive measurement
range. Additionally, a wavelength-locking method was developed for the 1550 nm
band. using the absorption peak of hydrogen cyvamde (HCN) gas to monitor the central
wavelength of the laser This method dynamically adjusts the laser's operating
temperature to stabilize the wavelength of the laser source and ensure the traceability
of the measurement And the refractive index is cormrected by measuring the
environmental parameters method. The experimental results showed that when the
system 1s static, the standard deviation of the mterferometer could reach 0.7 nm within
one minute. The differences are less than 40 nm compared to the Keysight (HP)

commercial interferometer within the 300 mm measurement range. Also, the 10 nm

@ Greenshot
ERCEES C\Users\dodo H

e m a amoa gwoam oa oa g p=



step movement of the piezo stage could be successfully measured. Lastly, the functions
of wavelength-loclang and refractive index compensation are validated. The outcome
of the research can offer precise positioning feedback for the sermconductor precision
manufactuning mdustry, representing a tangible technical innovation and breakthrough

in the field of precision engineering.
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