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Abstract The imaging spectrometer, which uses a multi-zone grating as the dispersing element, can realize the
sharing of optical elements. It has the advantages of wide wavelength band, high spectral resolution, and compact
structure. However, the stop of this system is located at the multi-zone grating and the broadband beam is incident
on the whole grating area of each channel at the same time. The multi-order diffraction of the gratings with different
frequencies will cause interference among different channels, and thus it is difficult to be removed by the order-
sorting filter. This problem seriously influences the extraction and analysis of the effective spectral signals, and even
overwhelms the effective target signals. This paper uses ray tracing to determine the source of multi-order
diffraction stray light in the system, and calculates the diffraction stray light coefficient with the analysis model.
According to the structure of the optical system, two methods for suppressing the multi-order diffraction stray light

using the linear variable filter and the stop coating are proposed, and the bandwidth requirement of the filter and the

Wi BAH: 2021-03-12; B BHY. 2021-03-31; FABHE: 2021-04-12
HEEWA.: IEELAD AT (2016 YFB0500501-02) T 95 25 e Ak 224 Bl @ % .72 (PAPD) % B35 H
#E{51E%& : *xinhua_chen@suda. edu. cn

1822003-1



HRiIEX

F 415 F 18 HI/2021 £ 9 B/ ¥R

improvement effect of diffraction stray light coefficients using the stop coating are analyzed. The analysis results

show that the stop coating method can reduce the diffraction stray light coefficient to 0.57% . Compared with the

linear variable filter method, the stop coating method is easier to implement, and is more preferred for the

suppression of multi-order diffracted stray light in the imaging spectrometer with multi-zone grating.

Key words optical design; imaging spectrometer; multi-zone grating; diffraction stray light; stop
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Table 1 Main parameters of system

Value
Parameter
VNIR IR
Spectral range /nm 400—1000 1000-5000
Spectral resolution /nm 3.6 9.6
F 6 3
Slit length /mm 10
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Fig. 1 Optical layouts of VIS-IR imaging spectrometer. (a) Front view; (b) side view
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Fig. 2 Schematic of multi-zone grating
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Fig. 3 Diffraction efficiency of multi-zone grating. (a) VIS-NIR grating; (b) IR grating
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Schematic of order-sorting filter. (a) VIS-NIR channel; (b) IR channel
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Table 2 Chief ray position at each diffraction order in image plane of VIS-NIR channel

Chief ray position /mm

Wavelength /pm

N=-1 N,=—2 N,=—3 N,=—1 N,=—2 N,=—3 N,=—4
0.4 0 3.33 6.67 —2.13 —0.93 0.27 1.48
0.55 1.25 5.83 10. 43 —1.68 —0.03 1.63 3.28
0.70 2.50 8. 34 14.19 —1.23 0.88 2.98 5.09
0.85 3.75 10. 84 17.97 —0.78 1.78 4.33 6. 89
1. 00 5. 00 13. 36 21.78 —0.33 2.68 5. 69 8.70
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Table 3 Chief ray position at each diffraction order in image plane of IR channel

Chief ray position /mm

Wavelength /pm

N,=—1 N,=—2 N,=—3 N,=—1 N,=—2 N,=—3  N,=—4
1.00 0 2.99 5.98 8.98 11.98 5. 30 13. 61
2.00 3.00 8.99 14. 99 21.03 25. 61 13.62 30. 57
3.00 5.99 15. 00 24.08 33. 54 - 21.99 -
4,00 8.99 21. 04 33. 54 - - 30. 57
5. 00 11. 99 27.17 47.72 40. 36
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Fig. 6 Illuminations of different diffraction light in image plane of VIS-NIR channel. (a) —1 order diffraction light of
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Table 4 Analytical results for diffraction stray light in image plane of VIR-NIR channel

Illumination /(W « mm %)

Diffraction order Wavelength Wavelength Wavelength Wavelength Wavelength

of 1. 00 pm of 0.85 pm of 0.70 pm of 0.55 pm of 0.40 pm

—1 order of VIS-NIR grating 1.73X10 7 2.84X10 7 2.83X10 7 3.23%x10°° 1.96X10 °

—1 order of IR grating 1.18X10°7 1.17Xx10°7 9.45x10 ° 1.27Xx10°7 1.44Xx10°7

—2 order of IR grating 4.70X10° 5.71x10°° 1.83X10°° 6.83X10° 3.56X10°°

—3 order of IR grating 2.49X10° 1.26X10° 3.02X10°° 2.66X10° 1.22Xx10° 7

—4 order of IR grating 9.58x10"° 6.99x10 7 5.92x10 ° 1.28x10°7 9.62x10 "’

Total illumination caused by IR grating ~ 3.47X107° 1.36X10° 5.45X10°° 3.37X10°° 3.59X10°

Diffraction stray light coefficient 200. 53 % 47.64% 192.24% 104. 28 % 183.46%
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Table 5 Distance between —1 order diffraction light spot of VIR-NIR grating and

— 3 order diffraction light spot of IR grating on detector window glass

Wavelength /pum 0.40 0.55 0.70 0.85 1.00
Distance /mm 0.120 0.233 0. 340 0.450 0. 555
Maximum bandwidth /nm 42.1 69. 22 94.9 121.3 146.5
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Fig. 8 Illuminations of different diffraction light in image plane of VIR-NIR channel after stop coating. (a) —1 order
diffraction light of VIS-NIR grating; (b) —2 order diffraction light of IR grating; (¢) —3 order diffraction light of IR grating
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Table 6 Analytical results for diffraction stray light in image plane of VIS-NIR channel after stop coating

Illumination /(W « mm™?)

Diffraction order Wavelength Wavelength Wavelength Wavelength Wavelength

of 0.40 pm of 0.55 pm of 0.70 pm 0 0.85 pm of 1.00 pm

—1 order of VIS-NIR grating 3.11X107° 3.55X107° 3.35X107° 3.11X107° 1.41X107°

—1 order of IR grating 0 4.85x10 * 1.36Xx10 ° 1.39X10 ° 8.70X10 °

—2 order of IR grating 8.14%10 ° 9.25%x10 * 8.55x10 * 2.34X10 ° 2.08x10 °

—3 order of IR grating 4.82X10 " 4.88x10 ° 8.81x10 ° 2.36x10 ° 6.08>10 *

—4 order of IR grating 0 4.42x10 " 1.03x10 ° 1.09x10 * 4.40x10 °

Total illumination caused by IR grating ~ 8.19Xx 107" 6.29X10"° 1.21x1077 6.10Xx10"° 7.97X107°
Diffraction stray light coefficient 0.26% 0.18% 0.36% 0.19% 0.57%

21 AN E A, HOR R 2 T UL T 21 A0 6 & 0 21 AR St

74 1w
5 AT S . R A7 S 2 OO A L 3 o T

OIHTIETE T 3T o KO L i B0 R 5
AT AT AR OB RV, O ZGE R a3 T AT S
AR IO 10 A PR AR IS AT S0 20 . X i e ot
G HEAT o M ml R AT 5 2% BOE 2T T ] Lk

RS2 HOC NI Tk . 5 — Bl 07 ik R 2tk
ARE I R KA AT 2 2% BOE L IR R T IO A A
ViR . S T R SR DG B IR T 1 L ol i e
Xof 2L A1 G A9 O R X B A Rl AL g B -2 4h i i

1822003-6



HRiIEX

F 415 F 18 HI/2021 £ 9 B/ ¥R

5% 00 ) A SR BT A A ) T AT S 2 BOR R 8
WEZ 0.57 0 LUR o 28 —Fh 07 i P i e R A2 08 Ol
Fir B SIS A0 A A JRE B s HLg o R AN g L 2 SRS
MEILR TR R, ML TR Ork S T HA
A B I ROR L 35 TR T 6O 8 0 T R
Ot R G AT AR BOL Bl

(1]

(2]

(3]

(4]

& F X M

F, Drossar P, et al.
VIRTIS: an imaging spectrometer for the ROSETTA
mission [ C] // 1995 International Geoscience and
IGARSS © 95.

Sensing  for

Coradini A, Capaccioni

Remote Sensing Symposium,

Quantitative Remote Science and
Applications, July 10-14, 1995, Firenze, Italy. New
York: IEEE Press, 1995, 2: 1604-1606.

Reuter D C, Simon A A, Hair J, et al. The OSIRIS-
REx visible and InfraRed spectrometer (OVIRS):
spectral maps of the asteroid Bennu []].
Science Reviews, 2018, 214(2): 1-22.

Sha W, LiJ T, Lu C P. Quantitative analysis of Mn

Space

in soil based on laser-induced breakdown spectroscopy
optimization[]J]. Chinese Journal of Lasers, 2020, 47
(5): 0511001.

VI, BILY, GRME. T HEOCE ST 7RI AR
FUE R LD Mo JTTRT]. PEEOE, 2020,
47(5): 0511001.

Liu X, Zhang T, Zhang G, et al. Carbon monoxide
detection based on photoacoustic spectroscopy [J].
Chinese Journal of Lasers, 2020, 47(1): 0111002.
XUHT, K, SRR, & ETOLAEEIEH AN COR

(5]

(6]

L7]

(8]

(9]

[10]

1822003-7

PRI 1] . T E#OE, 2020, 47(1): 0111002,
Zhong H. Design and analysis of micro-spectrometer
with high resolution and wide spectral range [J].
Laser & Optoelectronics Progress, 2020, 57 (15):
153004.

BRI PR TE O Y BRI R S

FriJ]. #ot 506 7 2 # &, 2020, 57 (15):
153004.

Reininger F M, Coradini A, Capaccioni F, et al.
VIRTIS: visible infrared thermal  imaging

spectrometer for the Rosetta mission[J]. Proceedings
of SPIE, 1996, 2819: 66-77.

Drossart P, Piccioni G, Coradini A, et al. VIRTIS
imaging spectrometer for the ESA/Venus express
mission[J]. Proceedings of SPIE, 2004, 5543: 175-
185.

Combe ] P, Raponi A, Tosi F, et al. Exposed H, O-
rich areas detected on Ceres with the dawn visible and
infrared mapping spectrometer [J]. Icarus, 2019,
318: 22-41.

Filacchione G, Ammannito E, Coradini A, et al. On-
ground characterization of Rosetta/ VIRTIS-M. II.
Spatial and radiometric calibrations [J]. Review of
Scientific Instruments, 2006, 77(10): 103106.

Yang F Z, Chen X H, Zhao Z C, et al. Visible-
infrared imaging spectrometer for the exploration of
asteroids [ J]. 2020, 40 (7):
0722002.

WtmeE, BRpide, BUmBL, 5. T /TR R Y AT
W-LLAMe T ARt R U] bk, 2020, 40
(7): 0722002.

Acta Optica Sinica,



