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sential for precise measurements of solar magnetic and velocity fields by solar telescopes. Conventional cal-
ibration methods are often constrained by limited spectral resolution and poor adaptability to system-level
calibration or by inadequate stability and high cost. To overcome these limitations, a novel calibration
method based on fixed-wavelength ultra-narrow-linewidth continuous-wave lasers is proposed. By exploit-
ing the narrow linewidth, low noise, and high stability of single-frequency continuous-wave lasers, a con-
cise and efficient system-level calibration scheme is established. The operating principle of the laser-based
calibration method is systematically analyzed. Theoretical derivations demonstrate that ultra-narrowband
lasers can effectively suppress phase crosstalk among multistage optical units, enabling accurate calibration
of both the central wavelength and transmission profile. On this basis, a dedicated laser calibration system
is developed, and comparative experiments are conducted against a conventional method based on high-res-
olution spectrometers. The experimentally measured transmission profiles obtained using the proposed
method are in excellent agreement with end-to-end numerical simulation results, while the sideband pro-
files are substantially improved relative to those obtained using conventional approaches. In addition, solar
characteristic spectral lines scanned by the filter are successfully acquired through on-sky observations.
The proposed method has been applied to the transmission-profile calibration of prototype filters for the
Magnetic and Helioseismic Imager (MHI) of the Solar Polar Orbit Observatory (SPO). It also provides a
broadly applicable technical framework and practical reference for the high-precision calibration of various
narrowband tunable filters.
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Fig.1 Schematic diagram of working principle for tunable liquid crystal birefringent filter
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