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Calibration technology for spectral range and signal-to-noise ratio of
terahertz time-domain spectrometer

MA Shibang', LI Dong’, XIE Qi', LI Hongguang', ZHANG Deng', CHU Junwei', SUN Yu'nan'
(1. Xi'an Institute of Applied Optics, Xi'an 710065, China; 2. Military Representative Organization of the Army
Aviation in Luoyang District, Luoyang 471000, China)

Abstract: Spectral range and signal-to-noise ratio (SNR) are important parameters to evaluate the performance
of terahertz time-domain spectrometer (TDS). To solve the calibration problems of spectral range and SNR for
TDS, the composition and principle of TDS were introduced. The advantages and disadvantages of the
commonly-used calibration methods were compared, and one of the methods was selected to design the parameter
calibration method of terahertz time-domain frequency-domain SNR. The frequency range corresponding to
1/M of the maximum amplitude of signal in the frequency domain was taken as the spectral range, and the
influence of M value on spectral range was studied. The larger the M value, the wider the spectral range. When
M value was greater than or equal to 50, the spectral range changed little. The signal and noise of the time-
domain signal were defined, and the time-domain SNR was calculated. Using the frequency-domain power
spectrum of air as the signal, the frequency-domain power spectrum in the light path covered by matal plate
was taken as the noise, and the frequency-domain SNR was calculated. The calibration experiments of spectral
range and SNR were carried out, and the influence of humidity variation on spectral range and SNR parameters
of TDS was studied by contrast method. When the relative humidity was less than or equal to 50%, the influ-
ence on spectral range and time-domain SNR was not obvious. When the relative humidity was greater than

50%, because the absorption of water vapor increased sharply, the spectral range and SNR decreased sharply.
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Fig. 1 Composition block diagram of mechanical delayed

time-domain spectrometer
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Fig.2 Composition block diagram of asynchronous sam-
pling time-domain spectrometer
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domain spectrometer
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Table 1 Calibration results of spectral range with different

M values
MIH JHNE R/ THz
10 0.11~2.83
20 0.09~3.23
30 0.09~3.42
40 0.08 ~3.58
50 0.08~3.63
60 0.08~3.63
70 0.08~3.64
80 0.08~3.68
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Table 2 Calibration results of spectral range with different

humidity
AR % ik i/ THz
5 0.08~3.68
10 0.08~3.65
15 0.08~3.62
20 0.08~3.61
25 0.08~3.57
30 0.08~3.56
35 0.08~3.54
40 0.08~3.52
45 0.08~3.50
50 0.08~3.48
60 0.08~2.61
70 0.08~1.42
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Table 3 Calibration results of signal-to-noise ratio in time

domain with different humidity

FAXHEEE % 4 14 EE/dB

5 69.6
10 69.4
15 69.3
20 69.1
25 68.8
30 68.6
35 68.5
40 68.4
45 68.2
50 67.7
60 224
70 54
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Fig. 5 Signal-to-noise ratio curve in frequency domain
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