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Fig. 1. Schematic diagram of the static FTIR.
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Fig. 2. Simplified configuration of the collimation lens.
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Fig. 3. Diagram for thermal transmission in the frontal

lens with the paraxial modeling.
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Fig. 4. Diagram for the thermal transmission in the

collimation lens with the paraxial modeling.
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Table 1. The parameters used to thermal transmission

in the collimation lens.
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Fig. 5. Incidence angle of meridional rays in the dif-

ferent steps when the collimation lens is defocused.
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Fig. 6. The spherical wavefront at the exit pupil when

the collimation lens is defocused.
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Fig. 7. Diagram for the sample area generated by two

crossed stepped-mirror, the shadow area is choosed to

calculate the divergence angle of the incident light.
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Fig. 8. Divergence angle distribution of the incident

light beam in the sample areas.
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Fig. 9. Additional optical path differences generated
by the incidence light beam’s divergence angle at the

stepped-mirror.
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Fig. 10. Additional optical path differences distribu-

tion in the sample areas.
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Fig. 11. Ideal recovered spectrum.
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Fig. 12. Real recovered spectrum with defocus.
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Fig. 13. The curve of the SCE value vary with tem-
perature difference between the frontal lens and the

environment.
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Fig. 14. (color online) Configuration of the spectrom-
eter: 1. light source; 2. collimation lens; 3. tall
stepped-mirror; 4. beam splliter; 5. low stepped-

mirror; 6. expand lens; 7. infrared detector.
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Fig. 15. (color online) Tall stepped-mirror.
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Fig. 16. (color online) Low stepped-mirror.
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Fig. 17. Interferogram of non-cold light source.

18 SiCIGURHHIA I BT 1

Fig. 18. Interferogram of cold light source.
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Fig. 19. The recovered spectrum of the SiC light

source.
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Table 2. Difference of the theory value and experiment

value with non-cold light source and cold light source.
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Influence on the recovered spectrum caused by thermal
optics effect of the collimation lens used in static Fourier
transform infrared spectrometer”

Chen Cheng"? Liang Jing-QiuY" Liang Zhong-Zhu" Lii Jin-Guang” Qin Yu-Xin"
Tian ChaoY? Wang Wei-Biao")

1) (State Key Laboratory of Applied Optics, Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of
Sciences, Changchun 130033, China)

2) (University of Chinese Academy of Sciences, Beijing 100049, China)

( Received 23 December 2014; revised manuscript received 4 February 2015 )

Abstract

In a stepped-mirror-based static Fourier transform infrared spectrometer, the collimation lens is located adjacent
to the light source and the thermal radiation would lead to the partial temperature increase, and the refractive index
of the infrared material unavoidably changes. Then the light beam passing through the collimation lens will induce a
divergence angle, directly affecting the resolution of the recovered spectrum. Meanwhile, the angular divergence results in
a displacement in the interference signal, making increasing difficulties in the interferogram processing and the spectrum
recovery. In this paper, the distribution of temperature in different areas of the collimation lens is studied under the
working condition, and the defocusing value of the collimation lens is 0.153 mm that is caused by the refractive index
gradient of the infrared material along with the temperature. In addition, the divergence angle induced by defocusing
is calculated, its distribution being nonuniform but symmetrical within the sample area. Moreover, the divergence
angle brings about additional optical path difference, its effect on the recovered spectrum is analyzed. Compared with
the ideal recovered spectrum, much noise emerges and the peak value is reduced in the real recovered spectrum. The
spectrum-construction error of the real recovered spectrum is 18.72%, indicating that the recovered spectrum is seriously
distorted, and the resolution at the center wavelength in the ideal recovered spectrum and the real spectrum are 4.71
em™! and 5.57 cm ™!, respectively. This indicates that the spectrum resolving power is weakened. Furthermore, the
reasonable temperature range is obtained by analyzing the curve of spectrum-construction error versus temperature
of the collimation lens. When a spectrum-construction error of less than 5% is demanded, the temperature difference
between the front len of collimation and the ambient must be less than 8 °C. Finally, experiments are performed using a
SiC rod as the light source, and interferograms are made by four steps including dark current electric noise elimination,
spatial gain correction, image signal averaging, and spectrum recovery. Results show that the spectrum-construction
errors (SCE) from the cold light source and non-cold light source are 8.48% and 21.51%, respectively. Although they
are all larger than the theoretical value, the SCE of cold light source decreases by 13.03% compared to cooling-free light
source. Hence, it is necessary to reduced the thermal radiation influence on collimation lens from the light source. This

result is helpful in solving the analogous problems.

Keywords: infrared spectrometers, collimation lens, refractive index change, recovered spectrum
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