36 7 Vol. 36, No. 7
2016 7 ACTA OPTICA SINICA July, 2016

1,2 1 1,2 1,2 1 1

! , 130033
z , 100049

C-T ,

TH744.1 A
doi: 10.3788/A0S201636.0723001

Reduction Model of the Transmission Prism
Echelle Spectrometer with the C-T Structure
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Abstract As the cross dispersion, the two-dimensional spectrum of echelle spectrometer cannot calibrate the
wavelength spectrum directly, therefore the spectrum reduction model for the transmission prism echelle
spectrometer with the C-T structure is built. The dispersion rule and relationship between prism and echelle is
analyzed, and the relational expression of wavelength and image coordinates is also established. According to the
optical structure and optical transmission characteristics, the deviation of coordinates caused by the element can be
regulated, and the accurate image coordinates can be calculated. Finally the spectrum reduction model is
accomplished. This model can recover the two-dimensional spectrum of echelle spectrometer quickly and accurately,
and calibrate the wavelength. The error of image coordinates calculated by the model is less than one pixel.
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Fig. 1 Structure diagram of the prism-transmission-type echelle spectrometer
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Fig. 2 Schematic of two-dimensional spectrum of Hg lamp
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Fig. 3 Schematic of offset angle calculation Fig. 4 Schematic of light propagation from
the cylindrical mirror to the image plane
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Fig. 5 Schematic of light propagation Fig. 6 Schematic of light propagation
from the prism to the echelle from the prism to the image plane
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Table 1  Performance parameter of echelle spectrometer

Parameters of echelle spectrometer

Prism apex angle /(°) 12.4
Prism incidence angle /(°) 1.2
Grating groove density /(g/mm) 54
Grating incidence angle /(°) 46
Grating offset angle /(°) 6.25
Focal length /mm 148
0.26 pm, 512 X512 CCD ,
) 8 o
8 . () X 3
(b) (c) (d) .. Y

Fig. 8 Image coordinate errors of spectral recovery model. (a) Deviation of X coordinate on the top and bottom edge and

center of the image plane ; (b)(c)(d) deviation of Y coordinate on the left, middle, right of the image plane
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