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Study on frequency-drifting characteristics of photo-elastic modulator

and stability of Fourier transform spectra

Zhang Minjuan'?, Liu Wenjing"?, Wang Zhibin’, Xu Meifang'?, Zhang Rui'?, Li Chunyang'?

(1. School of Information and Communication Engineering, North University of China, Taiyuan 030051, China;
2. Engineering and Technology Research Center of Shanxi Province for Optical-Electric Information and

Instrument, North University of China, Taiyuan 030051, China)

Abstract: Photo-elastic modulator (PEM) is a high-Q resonant device. When driven by a high voltage resonant
signal, its resonant frequency will drift with its temperature change, and the stability of the interferometer and the
accuracy of the rebuilt spectrum are affected. The vibration model and frequency- drifting model of the photo-
elastic modulator were first established, and a frequency-tracking and adjustable-amplitude double closed-loop
driving control method was proposed. In the method the digital phase-locking technique was adopted to track the
changing resonant frequency of the photo-elastic modulator. Based on the change of the maximum optical path
difference for the reference laser interferometer, the amplitude of the driving signal was adjusted to realize the
stable control of the rebuilt spectrum. At the same time, the calibration of the reconstructed spectra was realized
based on the maximum optical path difference. In the experiment the double closed-loop adaptive drive control

method was applied to the driving control system of the photo-elastic modulated Fourier transform spectrometer
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(PEM-FTs), which realized the real-time tracking of the driving-frequency to the resonant frequency for PEM and

the amplitude adjustment of the high-voltage amplifier. The maximum optical path difference of the interference

diagram was stable at about 0.236 nm, and its precision was 3.3%. The maximum relative error of the reconstr-

ucted spectra was 2.5%. The experiment shows that the method can effectively stabilize the spectral resolution of

the PEM-FTs.
Key words: photo-elastic modulator (PEM);
locking technology;
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Fig.1 Chart of the double closed loop adaptive driving control system
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Fig.4 Experimental figures of the auto tracking frequency method and

fixed frequency method
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Tab.1 Contrast of the maximum optical path difference with different driving methods and different intervals

Double closed-loop driving controll

Tuned frequency driv controlling

Interval/min Number of peak of laser Maximum optical path Number of peak of laser Maximum optical path
interferogram difference/um interferogram difference/um
0 372 2354 374 236.67
5 373 236.03 373 236.03
10 365 239.97 364 230.33
15 380 240.46 367 232.23
20 371 234.76 343 217.05
25 362 229.07 349 220.85
30 382 241.73 353 223.37
35 369 233.50 340 215.15
40 378 239.20 333 210.72
45 363 229.71 330 208.82
50 381 241.10 339 214.52
55 367 232.24 327 206.92
60 377 238.57 332 210.09
65 368 232.87 333 210.72
70 374 236.67 336 212.62
75 366 231.60 330 208.82
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lights with different wavenumbers

Wavenumber of the Rebuilt spectrum  Rebuilt spectrum with

incident light without correction correction
2020 1825 2019
3000 2725 3003
5000 4 600 5029
8 000 7525 8045
12376 12 400 12 380
15 000 15930 14 620
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