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Abstract The ionospheric space environment is complicated, and the ultraviolet-band light energy is feeble. Therefore,
an important part of the study of the far ultraviolet ionization layer hyperspectral load is understanding how to suppress the
stray light of a far ultraviolet hyperspectral imager. As per the system technical requirements, this paper presents a stray-
light suppression method for a single toroidal grating hyperspectral imager. To evaluate the stray-light suppression effect,
we first examined the main sources and propagation paths of stray light, then designed a structure for stray-light elimination
using the UG software, and finally used the LightTools software to simulate the energy response of the receiving surface
under various fields of view and grating diffraction levels. The results demonstrate that the difference between the stray
light energy out of the field of view and the light energy in the field of view is 107°~107", and the difference between the
non-working diffraction level light energy of the grating and the working level light energy is 107°~107°, and the spectral
stray-light coefficient at the central wavelength is 0. 9975% , indicating that the proposed method meets the requirements
of far ultraviolet hyperspectral remote sensing in space.
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Fig. 1 Observation diagram
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Table 1 Technical indicators

Technical indicator Value
Field of view /[ (7)) X (°)] 11.8X0.176
Wavelength /nm 115-180
F* 3
Entrance pupil aperture /mm 25
Spectral resolution /nm 2
Spatial resolution /km 10
K2 2RS4 Device dimension /(mmXmm) 16X 16
Fig. 2 Optical system structure diagram Stray light level 10"
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Fig. 3 Schematic of mechamcal structure
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Table 2 Structural parameters

Device Parameter Value
Entrance Size /(mm X mm) 25X 25
pupil Lyy /mm 120
Off-axis parabolic
Type .
Telescope mirror
mirror Radius /mm —150
L.s/mm —75
) Width /mm 0.23
slit
Ly /mm —196
Z 5 = YRR
4 R8 = Yepinl Type Toroidal grating
Fig.4 Three-dimensional model of the system ) _
Radius /mm 200/195. 86
L 2 I 30 25 R 90 ) B8 A B2, Lo R 4 0 55 30 e 4 Reticle density /(Ip-mm ') 1200
ER R0 L S R B I 5EA A TGN ) IR L IIEJ%WQU Diffraction Diffraction order +1
15 T B S grating Incidence angle /() 12. 25
Diffraction angle /(°) 0.22
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distribution function
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Table 3 Optical mechanical model parameters

Model

F(;(‘,

Content

Light source 500 mm away from the pupil
Radiant power /W 1
Reflectivity 95% ; absorption 5%

Work level +1; 1200 line/mm

Off-axis parabolic mirror
Toroidal grating

Lambert reflectance 2. 5% ;

Mechanical surface )
absorption 97. 5%
Number of scattered rays 10
Mechanical absorber

2500000

Receiving surface

Number of trace rays

KA O O, N, 5 2 Bk v 28 2 KA i 3 2%
Gy HAFAE G 2k 5 A I 2R MR AR I Mo BR 5 A1 61 4y
A 25 1 R Origin ##F %F 115~180 nm H < #%k
T A AT A —fR AR B, A5 B R GG IR OG AL E , 4N
7 B o

T G T AR AN A ER TG TAE R R 14,
TERRAE e —2~+3 3 6 N R AT AL,
A 78 35 4+ 20" P03 SIS VR, 638 B PO 2% B RS A
F2 WCTHT RE A A E AT 43 BT, 64k GE T 45 A K] 8~11
Jis A PGS B R T RN 2. 554 <10 * W, G4t
BB OGN Bk 3. 547X 10 2 W, £ 58 & Al a5
BReE 28 ARt

it FH P 101G U8 DAAS [8] W0 47 ) B BRCG 3R 498 A, 45
PR A 241 8 A 1, % 42 AT R B 4 AR AT A AT L 4
RWE 12 frn . S5REWH . PR ER,15. 5
B, A B R B = Il ok 05 A PG B AT, 6. 8" AT,
e BOG AR B R IR 0, £ 5 8 X A1 2= 8O i 1

1030001-4



£ 6055 108 /2023 £ 5 B/BAESXBEFZHE

7 GG A E
Fig.7 Light source spectral weight
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Fig. 8 Ray tracing diagram (before inhibition)
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Fig. 9 Ray tracing diagram (after inhibition)
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Fig. 10 Energy distribution diagram (before inhibition)
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Fig. 11 Energy distribution diagram (after inhibition)
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Fig. 13  Diffraction order energy of the grating
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Table 4 Central wavelength stray light level

Wavelength /nm Power /W
115-180 9.15597x10*
Stray light 9.13X10°°
Stray light coefficient 0.9975%
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