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Research and design of astigmatism—free for C—T imaging

spectrometer under non—parallel grating illumination
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Abstract: Czerny—Turner (C-T)spectrometer usually been used monochromators and spectral radiometers
due to its compact structure and spherical mirrors. However, astigmatism greatly confines C —T
spectrometer used in imaging spectrometers. Astigmatism —free methods were analyzed theoretically and
verified experimentally under non —parallel grating illumination. As a result, astigmatism of C -T
spectrometer can be corrected under convergent or divergent grating illumination. When the cosine square
ratio of grating incidence to difference angle was more than 1, divergent illumination can correct
astigmatism. Conversely, when it was less than 1, convergent illumination can correct astigmatism.
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Fig.1 C-T spectrometer layout
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Tab.1 Systematic analysis of imaging process under non—parallel illumination

Imaging process Divergent illumination (fi <fi <

u <0) Convergent illumination (u <f, < f, < 0)

Collimating mirror imaging Vg > vg >0
Virtue images S1, T1
S1 is closer to detector
Grating imaging Assuming up =up >0
Virtue images S2, T2
cos’a,/ cos’B, >1 Vo< Vp <0

T2 is closer to detector
cos’a, / cos’B, <1 Vo < Ve <0

S2 is closer to detector
Imaging mirror imaging Assuming ug = ug < frs <0

Real images S3,T3

Vg < Vg <0

S3 is closer to detector

Va<va<0
Real images S1, T1
T1 is closer to detector
Assuming up =t <0
Real images S2, T2
Vo> V>0
T2 is closer to detector
Vo> ve>0
S2 is closer to detector
Assuming ug = ug>0
Real images S3,T3
Vg<v<0

S3 is closer to detector
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Fig.2 Simulation curve of astigmatism—free analysis
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Tab.2 Imaging spectrometer initial parameters

Divergent Convergent
Parameter . L . Lo
illumination illumination
Oc/(°) -5 -4.2
6:/(°) -4.956 -3.94
R/mm 52 52
R;/mm 48.68 53.18
o,/ (°) -1 15.5
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Tab.3 Imaging spectrometer designed parameters

Parameter . Dive.rger.n .Conv.ergc?nt
illumination illumination
0c/(°) -5 -4.2
6:/(°) -5.54 -7.46
Ro/mm 52 52
Ry/mm 47.57 53.176
o,/ (°) -0.05 17.4
Lgo/mm 19.15 31
Leg/mm 21.3 46
Lg//mm 22.26 27.2
Lgp/mm 32.9 23.67
0/(°) 9.65 6.8
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Fig.3 Optimized divergent illumination layout
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Fig.4 Optimized convergent illumination layout
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