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Abstract: Conventional imaging spectrometers generally have low variable ratio, which is not conducive
to the extended application of large-field, long-slit, multi-channel optical systems. In space remote sensing,
the radiation energy of the ultraviolet band is low, which requires the imaging spectrometer to have a smaller
F-number. In order to meet the requirement of detecting small F-number of high spectral resolution imaging

spectrometer, an Offner UV imaging spectrometer with high spectral resolution and high variable ratio is de-
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signed in this paper. An improved Offner structure with light and small size is adopted in the rear beam split-
ting system of the imaging spectrometer. Based on the requirements of variable power ratio and small F-num-
ber of the imaging spectrometer, the initial Offner structure parameters are derived theoretically. A meniscus
lens is inserted in front of the image to increase the degree of freedom for the optimization of the system and
improve the imaging quality of the system. The obtained imaging spectrometer works in the 270~300 nm
band with a long slit of 40 mm, a spectral resolution better than 0.6 nm, the system variable power ratio less
than 0.22, and an F number less than 2. Its Modulation Transfer Function (MTF) is better than 0.9 at a cutoff
frequency of 14 lp/mm, and the Root Mean Square (RMS) radius of each field of view in each band is less
than 12 pm. This study provides a design scheme for the UV-band hyperspectral detection imaging spectro-

meter with small F-number and high variable ratio.

Key words: optical design; imaging spectrometer; Offner system
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Tab.1 Index requirements of imaging spectrometer

with small F-number and high variable ratio
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Fig. 2 Telescope’s structure diagram

N M

0.9+ —=— F1: Y Diff. Limit

—e— F1: X Diff. Limit

—a— F1: Y(ANG) (10.000, 0.000) deg
—v— F1: X (ANG) (10.000, 0.000) deg
0.8+ —o— F2: Y(ANG) (7.000, 0.000) deg
—<— F2: X(ANG) (7.000, 0.000) deg
—— F3: Y(ANG) (0.000, 0.000) deg

MTF

—e— F3: X (ANG) (0.000, 0.000) deg
07l  — F4:Y(ANG) (-7.000, 0.000) deg
: —e F4: X (ANG) (=7.000, 0.000) deg
—o— F5: ¥ (ANG) (-10.000, 0.000) deg
—— F5: X (ANG) (~10.000, 0.000) deg

0.6

0 2 4 6 8 10 12 14 16
Spatial frequency/(Ip-mm™)

K3 B MTF £
Fig.3 Telescope’s MTF diagram
FIELD
POSITION
- RMS = 0.001 595
Z100. 000 ol : 1 100% = 0.003 643
- RMS = 0.001 811
900,000 ol 1 100% = 0.003 779
RMS = 0.001 201
8:88’ 8:88 e[ 1 100% = 0.003 190
RMS = 0.001 786
2:386?6980 o 1 100% = 0.003 721
RMS = 0.001 621
1000.0.00 © [ : 1 100% = 0.003 783
o .500E-01 mm
DEFOCUSING 0

K4 BEiheis K
Fig. 4 Telescope’s spot diagram

Gk R Gl AL 5 Sy I DL AN 5 B, B
AR B R



5511 XU, S AN PO R R R X B 03
FﬁasféGcl\fﬁg}gs DISTORTION FEERTSL R .+ CODEV 0o FE T H 1) Y fC>
ANGLE (deg) ANGLE (deg) 5 Alpha fliRHE & AR5, Dit— 2K IERGBR
" A -1000 ~10.00 Wi FLAEs H R R TR A, Hofh
! BB E RO S I 2k R 5%

e 0 SRR 7 R, TR LR 2 4 5
‘500 o0 ZAMHTE, LM 3 kA2 4 233.72 mm, JEHZ]

\\2. 50 -2.50

-0.050-0.025 0 00250050 -1.0 -05 O 05 10
FOCUS (mm) DISTORTION (%)

(2)

(a) Field curve

— Actual FOV — Paraxial FOV

20
15 f |
10 |
5.
0.
_5_
0- |
.

Vertical FOV/mm

-1
-1

-20 -16 -12 -8 -4 0 4 8 12 16 20
Horizontal FOV/mm

(b)
(b) Distortion mesh

K5 HLngifg s

Fig. 5 Image quality evaluation map of the telescope

4.2 Offner DI RGILIT

RGEWIr FECN 9, W BN Y BUEfLiE
4 0.055. B EOCHIAT IR m=—1, REEKEH
40 mm, J¥ FIRVIIRZEACA . P s AR
L RS 5 wm BUGTT fE  ER, TEAR TR A — R
THIEG . MR BLRB R R 0 A R A 2
AR AS AL G S R, 8 A1 A
LT oA S il A1 B SE A, PR IAS SCREBIA A
B (RO R Bris At 0) g

I B A TR #8 (0 — T A BR T, SR
S5 M3 10— kil . RGN ER 2
I ARERTH RSB M3 TR IE . ¥ RGO
1R G R I

TEPLACTERE o, AR B3, AR B
KT 6 mm. ffiff] CODEV H #7422 ({4 firAB-
COTEM AL B EF B M RN FEG A
@IMRCC 7 Pl 64k 555 i i G AR s, 14
R NI N O 3 1 YA b € e PO 1 WY e
B PRRE L AT, DGR E, (RIERSE MTF

LM 2118 Ip/mm.,

S A o FBCR R PEAEM  RE ) EE
febrz—. B BT K SEA Ty, B nT AR
FDEM A EHCE D AR, FTFRRA:

de k
b= da - d’'cos
o, U, 0 XA A, k RIATRTAR, d"h
et A RGO R 285 nm, AT A1
G, XTITTET AR 44.186°, A HZCH 472.14 nm,
X g HC R I AR AR 0.002 95 rad/nm.

2o G 7 ARG I IS, T AR LR A EUE N
0.203 mm/nm,

BERE G A DR M, DR I 4 A, Ak B S A
TS8R B R, T g DA IR R e, A S soiefs
AR, — B, M AT S ORI T 0.5 1
JERT Y, HS FIAT 2568 s R e

9

2/3)A,< A< 20, . 10

FRAfE LR A = BOEA A I 1k 285 nm.
e 204 2118 Ip/mm, 1548 AN B AT A7 5 .
PRI, AT B T AR 2k, HOR A2 ROGH 5 il ek
IR . e H Bk A SO LR AR, B —
TERY TR 5

e 252 Offner 436 IS 7 G2 1) — 4k [ il
=Y 6 CR B WP 7R i . HAAA
KEERET 6.1 mm, Y5 #ER/NTF 0.6 nm,

HIEAL R G Y242 . Y 0 A1 Alpha Ak
Bl ans 2 FiR .

Slit

=]

T | o First mirror
Convex grating «Q —

|

\ Second mirror — 300 nm
| — 285 nm
1 9259mm ~ ——270nm

@

(a) Two-dimensional view



84 R EDEE (FRgEso)

(b)

(b) Three-dimensional view

K6 LRGLHE

Fig. 6 Structure diagram of spectroscopic system

*2 N FESTEREENRGERE
Tab.2 Imaging data of spectrometer system with small

F-number and high variable ratio
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