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Fig. 1

Diagram of the absolute spectral responsivity calibration facility of Long-wave infrared detector

AF: Attenuator; M1, M2, M3, M4, M5, M6; Gold steering mirrors; BS1, BS2; Beam splitters;
HW. Half-wave plate; PO, P1, P2, P3, P4. Polarizers; F1, F2, F3, F4. Lenses; CP: Chopper;
EOM: Electro-optic modulator; PH: Pinhole; AP1, AP2:. Aperture; DM: Dichroic mirror; S: Shutter
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Fig. 2 The test results of long wave infrared
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Fig. 4 Diagram of transfer standard detector structure
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Table 1 Absolute spectral responsivity of the transfer
standard detector at 9. 62 pm
Wavelength Optical Absolute responsivity
/pm power/ W J(VeW D)
371.73 619.12
371.82 621. 66
371.08 616. 56
9.62
371. 10 618. 33
371.71 619.01
371. 54 622. 32

F2 10.60 pm FRARMBEI L IL MM R ELZHRER
Table 2 Absolute spectral responsivity of the transfer

standard detector at 10. 60 pm

Wavelength Optical Absolute responsivity

/pm power/ W J(VeW D)
338.93 743.07
338.51 747.17
338.32 741. 04

10. 60
386. 26 745.21
385. 80 743.12
385.42 740. 24

£3 KELHIADENBIHEENSE

Table 3 The components of the combined relative standard un-
certainty associated with the measurement of the opti-
cal power of the long-wave infrared laser using the ab-
solute cryogenic radiometer

Source' of Type Relative lstandard
uncertainty uncertainty/ %
Cavity absorbance B 0. 006
Window transmittance A 0. 130
Sensitivity of radiometer B 0. 001
Electrical measurement B 0.002
Measurement repeatability A 0.071~0. 166
Combined uncertainty 0.15~0.21
Expended uncertainty (k=2) 0.30~0.42

R4 RNUFBAN R EMEERESHEETE
Table 4 The contributing components to the uncertainty of the
absolute spectral responsivity of the transfer stander

detector in the long-wave infrared region

Relative standard

Source of uncertainty Type uncertainty/ %
Optical power measurement B 0.150~0. 210
Response voltage B 0. 003
Lock-in B 0.030
Chopper stability B 0.010
Detector spatial uniformity B 0.120
Temperature variation B 0.012
Measurement repeatability A 0.346~0. 448
Combined uncertainty 0.40~0. 51
Expended uncertainty (k=2) 0.80~1.02
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Long-Wave Infrared Absolute Spectral Responsivity Scale by Using an
Absolute Cryogenic Radiometer

LIU Hong-bo', SHI Xue-shun', XU Wen-bin*, LIU Chang-ming', LIU Hong-yuan', WANG Heng-fei'
1. The 41st Research Institute of China Electronics Technology Group Corporation, Qingdao 266555, China
2. Beijing Institute of Environmental Features Science and Technology on Optical Radiation Laboratory, Beijing 100854, China
Abstract

wave, corresponding to the spectral radiation band of the target object at room temperature on the earth surface and the “Third

Long-wave infrared spectrum (8~14 pm) is important electromagnetic radiation between middle infrared and terahertz

Atmospheric Window” of the earth. Compared with short-wave and medium-wave spectral radiation, long-wave infrared
radiation is less affected by atmospheric scattering. Therefore, the long-wave infrared photodetector is widely used in infrared
spectral imaging, infrared reconnaissance, spectral detection and other fields. So the absolute spectral responsivity, as one of the
main parameters to characterize the response ability of detectors, needs to be solved urgently for its high-precision calibration.
At present, the traditional calibration method based on the standard radiation source can no longer meet the requirements of high

precision absolute spectral responsivity. At present, there is no long-wave infrared absolute spectral responsivity calibration
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device based on laser source and cryogenic radiometer in China. The main reason is the lack of laser source with stable power,
high beam quality, and long-wave infrared standard transfer detector with stable performance. In order to measure the absolute
spectral responsivity of detectors with high accuracy, we are reporting a laser-based absolute spectral responsivity calibration
device in the long-wave infrared spectral range. The tunable CO, stable frequency laser was selected as the light source, and the
cryogenic radiometer was used as the light power measurement benchmark. CdTe crystal electro-optic modulator is used to
construct the laser power stability control system. Based on the beam transmission theory, a long wave infrared spatial filter is
constructed to optimize the beam quality. A standard transfer detector with stable and reliable performance was developed by
integrating/sphere HgCdTe detector, and a calibration device with high absolute spectral response rate and high accuracy of long-
wave infrared detector was established. We measured the HgCdTe/sphere detectors at 9. 62 and 10. 60 pm., respectively. The
experimental results show that the extended uncertainty of optical power measurement was less than 0. 30% ~0. 42% (k=2) by
using cryogenic radiometer; The extended uncertainty of the absolute spectral responsivity measurement has been analyzed to be
0.80%~1.02% (k=2), other wavelengths can be referenced for analysis. The work realizes the high accuracy calibration of

absolute spectral responsivity of long wave infrared detector based on laser source.

Keywords Long-wave infrared spectrum; Absolute spectral responsivity; Infrared detector; Cryogenic radiometer
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