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Fig. 1. Curve of solar atmospheric temperature versus sur-
face height. The EUV strong emission lines covered by our

design are marked on the figure[".
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Table 1.  Specifications of the sub-angular second

spatial resolved solar extreme ultraviolet broadband

imaging spectrometer.

Performance parameters Design values
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Fig. 2. Operation principal diagram of sub-angular second spatial resolved solar extreme ultraviolet broadband imaging spectrometer.
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Fig. 3. Ray-tracing model for sub-angular second spatial resolved solar extreme ultraviolet broadband imaging spectrometer.
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Table 2.

meters of sub-angular second spatial resolved solar

Specifications and optical element para-

extreme ultraviolet broadband imaging spectrometer.

Specification

Eq. (7) constraints analysis

v

Establish
optimization function

v

Global optimization
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Fig. 4. Design flow process for imaging spectrometer system.
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Fig. 5. Optical layout of sub-angular second spatial resolved solar extreme ultraviolet broadband imaging spectrometer.
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Fig. 6. TVLS grating: (a) The substrate surface sag map; (b) the curve of the ruling density distribution.
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Fig. 7. Ray tracing results: (a), (b) RMS spots radii versus wavelengths under different off-axis FOV; (c), (d) RMS spots radii

versus FOV in the different wavelengths.
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Fig. 8. MTFs of optical system under different wavelengths: (a) A = 62 nm; (b) A = 80 nm; (¢) A = 92 nm; (d) A = 110 nm.
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Fig. 9. System spatial plate scale evaluation: (a) Spatial
plate scale perpendicular to the slit; (b) spatial plate scale
parallel to the slit in 62-80 nm wavelengths; (c) spatial
plate scale parallel to the slit in 92-110 nm wavelengths.
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Fig. 10. System spectral resolution evaluation: (a) Spectral
resolution in 62-80 nm wavelengths; (b) spectral resolution

in 92-110 nm wavelengths.
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Fig. 11. Curves of reflective film, filter, TVLS grating efficiency and detector quantum efficiency change with wavelength: (a) Re-

flectance curve of hot-pressed B,C single-layer film; (b) transmission curve of Al filter with thickness of 150 nm; (c¢) grating effi-

ciency; (d) detector quantum efficiency.
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Fig. 12. Curves of system effective area change with wavelength: (a) Our design, red bold curves represent the effective area within

the observed wavelength range of the system; (b) SPICE.
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Fig. 13. Spectral (Smile) distortion and spatial (Keystone)
distortion: (a) Smile distortion of different wavelengths;
(b) Keystone distortion of different field of view in 62—
80 nm wavelengths; (c¢) Keystone distortion of different field
of view in 92-110 nm wavelengths.
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Table 3.  Tolerance limits of key components of the

system.
Component Tolerance items Values of
tolerances
Surface irregularity A/20
(RMS) (A = 632.8 nm)
Conic +0.005
Primary Radius of curvature/mm +3.6
mirror Microroughness 04
(RMS)/nm '
Element decenter/pm +50
Element tilt/("") +15
Substrate irregularity A/30
(RMS) (A = 632.8 nm)
Line dens1t}jl/ £0.65
(groove-mm )
TVLS grating Radius of curvature/mm +0.3
Microroughness 08
(RMS)/nm '
Element decenter/pm +20
Element tilt/("") +60
Slit Element decenter/pm +20
assembly Element tilt/(°) +0.03
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Abstract

The slit imaging spectrometer is one of the important tools for solar extreme ultraviolet (EUV) spectral
imaging detection. However, at present, there is no such instrument load in China. The research of solar physics
and space weather in the field of EUV spectral diagnosis mainly depends on foreign instrument data, which
seriously restricts the development of related disciplines. The spectral imaging instruments that have been
launched internationally have only a spatial resolution of 2", and it is difficult to observe the core
characteristics of the plasma related to the coronal heating mechanism predicted by the theoretical model. In
order to better understand the coupling process between different layers of the sun’s atmosphere, solar physics
research requires the observed data with wider spectral coverage. In light of this, we propose and design a sub-
angular second spatially resolved solar extreme ultraviolet broadband imaging spectrometer operating in a band
range of 62-80 nm and 92-110 nm. Compared with the existing instruments, the system can achieve high
spatial resolution and spectral resolution, and wide spectral range coverage. Performance evaluation results
indicate that the imaging spectrometer’s spatial resolutions in both bands are better than 0.4") and their
spectral resolutions are both better than 0.007 nm, with spectral imaging quality approaching the diffraction
limit. The system designed in this work holds significant reference value for developing the first Chinese space-

based solar EUV spectroscopic instrument in the future.
Keywords: solar extreme ultraviolet, optical design, imaging spectrometer, toroidal varied line-space grating
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