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Broadband astigmatism correction method for Czerny-Turner spectrometer
based on synergistic diffraction control and cylindrical lens

Wang Tengfei, Tao Chuanyi,Zou Yuhang, Yang Wenbo

(School of Physics and New Energy, Chongqing University of Technology, Chongging 400054, China)

Abstract ; Czerny-Turner ( C-T) spectrometers are widely used in near-infrared spectral detection due to their compact structure, high
stability and uniform dispersion. However, off-axis spherical use of mirrors introduce severe astigmatism, degrading broadband imaging
quality, reducing energy utilization and limiting spectral resolution. To address this issue, a broadband composite astigmatism correction
method based on diffraction control and a cylindrical lens is proposed. An off-axis parabolic mirror collimates the light source, and
Fraunhofer single-slit diffraction from an asymmetric entrance slit produces controlled meridional divergence while maintaining sagittal
collimation, regulating beam propagation in two orthogonal directions. Furthermore, a cylindrical lens is inserted between the focusing
mirror and the detector to compensate for the residual sagittal astigmatism via its unidirectional focusing characteristic, achieving full-
band astigmatism correction. Optical models for meridional and sagittal planes are established, analytical expressions for cylindrical lens
parameters are derived, and an optical design is optimized for a 1 250 ~ 1 650 nm near-infrared spectrometer. Simulations show that
compared with the traditional C-T structure, the proposed method reduces the sagittal and meridional spot root-mean-square ( RMS)

radius at 1 550 nm by 99.42% and 90.42% , respectively, significantly suppressing astigmatism. Prototype tests demonstrate spectral

Wik H 1#1.2026-03-16 Received Date: 2026-03-16
w BL AT H L HPH TR A BB H (g21ex20253333) BB



% 6 1

EE K SF TSR S B E PRI Czerny-Turner G 58 I B G BIRL IE Tr 105

resolution better than 0. 5 nm in the central band (near 1 550 nm) and 0. 63 nm at the edge bands (1 310 nm, 1 610 nm) , wavelength

repeatability better than 0.3 nm, and a full-band scanning speed of 30.53 nm/s. This method is low-cost and highly engineerable,

significantly improving broadband imaging quality while retaining the advantages of traditional C-T spectrometers, and provides an

effective reference for designing high-performance near-infrared spectrometers.
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Fig. 1 Optical structure of composite

astigmatism-corrected spectrometer
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Fig.2 Enlarged view of the optical path section

before the collimator
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Fig.3 Schematic diagram of astigmatism correction

with cylindrical lens
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Table 1 Fixed structure parameters of the optical system

240 15
ac/(°) 14.25
ap/(°) 4.75

i/(°) 48.35
6/(°) 10.35
8/(°) 38.00
Je/mm 250. 00
S/ mm 250. 00

Seytinder”/ mm 40. 00

R 07 AR X A AR B0 (X th 451 2
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Table 2 Initial structure parameters and optimized

parameters (mm)
S8 WIH{E Petbs
Lgc 250. 000 242. 340
Ly, 250. 000 248.014
L¢ 204. 268 205. 400
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Fig. 4  Optical path simulation diagram
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Fig. 6 Full-waveband defocus measurement results
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Fig.7 Composite astigmatism-corrected spectrometer

testing system
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Table 3 FWHM of spectral peaks of FBG measured by

composite astigmatism-corrected spectrometers

FBG {0 20 458 /nm
FBGI1 0. 439 27
FBG2 0. 487 59
FBG3 0.477 58
FBG4 0.477 41
FBG5 0. 460 23
FBG6 0.509 12
Sy 0. 475 20

A B o BT ASCFE B I 1 3 L 1 T AR TR BE
P 13101 490 A1 1 610 nm A EOEE I THE A -4l
FHE TR GTE MG T e Bl 2 sl 9
T, TSR I I DA e i A TR 4

x4 TWEEXILH PR
Table 4 Wide-band spectral resolution

P/ nm A B/ nm
1310 0. 623 58
1 490 0.484 39
1610 0.512 39
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Table 5 Full band scanning measurement speed

AL i)/ B/ (nm-s™")
1K 13.20 30. 30
552K 13.05 30. 65
3w 13.10 30. 53
94K 13.12 30. 49
555K 13.03 30. 70

Fy 13.10 30. 53

BT il FRE T OG- R 5T, i AR AR 2 40% .
R SR RO TERES BN 6 Bk

®6 EIESTNERESH

Table 6 Performance parameters of spectral analyzer

PERE S Hufe
PERIE I 1 250~1 650 nm
PR EE M 0.3 nm
S RS2 e 0.5 nm
NGB 0. 63 nm
0 e 3 30. 53 nm/s
REER 0~50 kS/s
JeLF 0 FC/APC
RT3 9~42V,2.5A
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XPIRJE(2) , AT 3 Tt 28 05 B i €8 2 AF 3R 1 A 35 58
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4 #

AR S I ST R BOR B P AE AT C-T YA iy
N G A HB B IE T AR, T4 2 T AT i 5
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WA ST, A5 H (8 A7 5 0 BE 0 0 /> 1 2 481 2 LA Bk
INERZEIZE I, W A T AR OGS S5 4 HE AT 07 BAR
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AXH) X J7 T ALY 7 RMS #R /N, R HUE X ), 2 A
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