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Abstract: To satisfy the requirements of a high-resolution hyperspectral imager with a large relative
aperture and a wide spectral region, a new type plane grating spectrometer was proposed and designed
based on double Schwarzschild structures. The astigmatism-correcting condition was derived based on
the theory of geometrical aberration. The initial parameter computing was programmed by using
Matlab software. As an example, an optical system for the plane grating spectrometer with a relative
aperture of 1/2. 5 operating in 350—1 000 nm was designed. The initial parameters were computed
using proposed Matlab program, then the ray tracing and optimization for the spectrometer system
were performed with ZEMAX-EE software. The analyzed results demonstrate that the spot radius
(Root Mean Square, RMS) is less than 8. 2 um in the whole working waveband ({from 350 nm to
1 000 nm), the astigmatism-corrected is realized, and good imaging quality is obtained in a wide

spectral region with a large relative aperture. Obtained data satisfy the requirements of design
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specifications, and prove the feasibility of the new type plane grating spectrometer base on double

Schwarzschild structures.

hyperspectral remote sensing fields.

It has extensive application prospects in spaceborne and airborne
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with off-axis illumination
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Fig. 3 Schematic diagram of plane grating spectrometer

based on double Schwarzschild structures

822 %
Tt . e iesE Mg o h .
o= arcsin Zﬂ&] 20)
cos
R 2 (20) B 2 DA e 5% £R BE o, 20 T AT
E 0.

O TH R S AR M RN S B M, B AE A

MM E N d =R, — R, W& 5, W EEE 1 h.

ﬁ=%, D

e f1=—Ri/2 Rl S8 M 19,

fr=—Re/2 A MK H5 M, MEE., L~
e B0 i e S e R BT Ap A

Ap=f' cos 0 )
gk m — B 1, =22 &M E
(RO RGMRIE £, B8 0 KB Mo 1Y
R AR R LRSI (21 B2 M 1 85 M, 19 i
FAPR R,
MR TLAT G2, Bl b ol
h=(d+R))sin . (23)
CLHNMN T e Mo 09 T8 57 |G 0 2
6] B B o, AR 2 (230 W B i b, MR
K (3 IEMAE My, B ASHAEE 0 K.

(A —A). 22

0, =arcsin(Ch/Ry). 24)
FREXOQDE.
tan(@l—(?z):tan 0, /514 tan;@l *1. (25)
2 1-+tan” 6,

WIS 0, R
0, =0, — arctan [tan 6, /514 tan®6, 1} .

2 1+tan*6,
(26)
Schwarzschild i H R G HEK = -
%= h/sin 0. @27
YRR A
Vo= zSIin . (28)
% = — ZCOS . (29)

R4 24) (K 26) ~ 028, FI
Matlab #4473 T X Schwarzschild 4544 ()
ST 5 AR IR 25 4 2 800 e SRR T
FRIFAE A& 4 s,



55 9 1] S

B 2 LT Schwarzschild 451 04 S 10 GG 1E X 2325

ApAyu ALk, A
@, 0, >

'TI Eq.(4) |?| Eq,(26)|7| Eq.(24)
L2 L2 [

Eq.(28)
Eq.(z?).Eq.(zf)) -
Bl 4 WiasimSEaTERITHER

Fig. 4 Program block for computing initial

structure parameters
5 ki EA AR LR ST

5.1 &4l

R B 18 7 I AR BURE IE A R Rl i 25 4 285
2 Iy vk it 17— 3 T3 Schwarzschild 451
{83 18T G B 6 1% AL 0 BE Sl 350 ~1 000 nm, BP
A =350 nm.A =1 000 nm, F LK A =675 nm,
A58 R~ 5 12 mm X 26 pm, Bl h, =6 mm,
F/#=2.5, k% H 0 1 BE 500 2% 1 15 o0 RoF o
26 pmX 26 pm, RICHN 512 X512, FEm L6
BLSERE Ap=11 mm, L& B R 1.6 nm, F
TG F e R 27 B A A Ol 5 R 9 DL 4y LR
I O6 M A R S 2R E gk
150 g/mm, AT R m B 1 9, G A G a2k
5 2 R M o B 10°, N Mo, BfRER R
W 120 mm, My, T0E 5558 T 6 T A5 22 1] (9 B
B d W80 mm, HE. A A C 4K Matlab 72
JP AR A SR AR ISR 1 R, SRS KD
REEISECT AR ZEMAX-EE ik fT
AT, AT i, S iF — 2B A OE & AR 2%
Pt v AR e T TS A ML R T B
M, My JEER T L ks ke AT k2 435104 Mg, WM
M 119 0 il 1 B A BT 15 B 1 2R S5 A =
B 1 pron. B 5 Ok T B 3 T X
Schwarzschild 45 ¥4 {1 - T 6 B G 385 4 19 0L 27 45
LI

&1 E T X Schwarzschild £5 #4989 F m& St
S 2B
Tab.1 Optical parameters of plane grating spectrometer

based on double Schwarzschild structures

Parameters
Specifacations
Initial Optimized
f/mm 111. 947 111. 947
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R,/mm 258. 603 258. 601
h/mm 34.730 34.685
0/ 16. 823 16. 791
6 /() 6. 489 6.432
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=/ mm 98. 400 98. 411
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2 /mm —96. 905 —97.018
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Fig. 5 Layout of plane grating spectrometer based on

double Schwarzschild structures
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