55 43 4 4 ) o oF ¥ iR Vol. 43 No. 4
2014 4 4 A ACTA PHOTONICA SINICA April 2014

doi: 10. 3788/gzxb20144304. 0430001

=y BB I Offner SUEROEIE X B9 I 53 Hr 55 4T 4

B, TR AR IR R AR AL F B, A AR

(R FR TR e A REMT R O 2O S Ll i A R E SR % . il 200093)

i B ARG A LABMAET Offner AAE L AL, I A A L 42 B # k3K F — A Offner s A% E 3 A
WAk M. Bt RS &AM Code V AT B MBAT TF AL KA AL B 69 LB A & m ik
REEHFREFN B ARR I A AR R BRI E AT AL BN R EHEZ T 0 Rz R,
GRS £ T TALORL2EFIR, AL LE 100~1300 nm FHTFTHEBRTEAZRERE N
Offner R FEALLE M, A A EAL 69 B R T 2 A ah.

KER R PRI R P ARG AR R Offner s AR AL 085 5 47

mESFES . TH744. 1 XERFRINAS A XEHS.1004-4213(2014)04-0430001-5

Theoretical Analysis and Research about High Image Quality
Offner Imaging Spectrometer

HAN Shan, HUANG Yuan-shen, LI Bai-cheng, ZHANG Da-wei, NI Zheng-ji, ZHUANG Song-lin
(Engineering Research Center of Optical Instrument and System , Ministry of Education and Shanghai ;
Key Lab of Modern Optical System , University of Shanghai for Science and Technology .
Shanghai 200093, China)

Abstract: The Offner imaging spectrometer was built on the basis of the double mirror system, and its
initial structure was obtained through solving optical path function. Through simulating and optimizing
the initial structure using professional optical design software (Code V), the high image quality of
spectrometer was obtained. Its root mean square spot diameter decreased obviously, and modulation
transfer function curves in meridianal and sagittial had good imaging results. The study can eliminate
overly complex aberration derivation process, and obtain high image quality Offner spectrometer structure
in a wide spectrum (400 ~1 300 nm). It can provide a theoretical basis for the construction of the
spectrometer.

Key words: Optical design; Optical systems; LPF; Offner imaging spectrometer; Spectrum analysis

OCIS Codes: 110.0110; 080.1010; 050.1950; 300. 6190

0 3|5

JRAZR G U 20 b2 80 4 A LR LI 316 12 8
TRAAR S Bl Jo s A 114 — Fof B [+ I SR 58 b W9 9 0 v
U R AR 9 0 2 AN B B S — k)T
7 A T 3 B R ARl AR M L R 2 A T

SEE: T I K A S AN ) A A B e = D
SR AR 25 28 B AR O 3% A Offner 5 6 335 4X
PRV 58 26 W64 R B2 2 30 T O T I2 I 6 T
Offner BRI T AL £ 57 76 4 43X Offner ¥ 5%
FlLOBIRRGEZ 1% R G B A 450 7 o R BUN,
SR FH A A1 ) B 1T B2 S5 5% 0K T B B8 48 R 4R 22 1 B Aok

E£MA - HEKHRFE4 (Nos. 61176085, 11105149) | [E K BHE L #1181 (No. 2011BAF02804) | [ K KB =X &7 & % FF L B H

(No. 2011YQ15004004) . & i} T # Z BE % i H ( No.

11SG44) . L i T 8 K % ot 2 Jn T 5 & W Mk %5 F & & &% (No.

11DZ2290301) | 1 i T 5 24 B35 H (No. S30502) i 85 25 4% 1 - 22 Bk f & T RHIF 3 4 (No. 2012312013000) F1_E i 17 WF

526 BB B 4 (No. JWCXSL1302) %% By

FE—1EE w1989 —) L AR WF 5T AL L EBWFIEIT 1 ™ AT S5 6. Email : hanshangf@126. com.
SIB(GEIRAEE ) FoTH (1963—) , I Bz, EEWFSE 5 ) AU 2R S 3 1 6. Email: hyshyq@sina. com

Wi B HI.2013-07-22; RAHKE:2013-12-02

http : // www . photon . ac. cn

0430001-1



P R

SRR OB IZ AR G B 3K T g AR 3K T G . S
F| Offner JAZOCIEALLE . S T REGE 42 & Offner 4%
FETE AR AR T L S AE SR LR 2 1 N A I F ST N
HXF Offner MR G AX S5 /8 AT 1 ¢ 4009 43 B . Ho b
X. Prieto-Blanco' 8¢ A& i T —Fh 3L F 7 7 MK R
FE A B U O IEAE = e R R S
B & WA AT MR REMEERE —d 0
P S AT, A B O vk R A R L B S 2007 4R
Robert L. Lucke"™ #& # T —F 5 G 4 €8, 519 Offner ¢
TEAN X T — > R Bk B & 48 T LA 8 O7E BT BIC
(the best imaging circle) ffl iIT 75 2| i 15 5t i) 6% 1% . X.
Prieto-Blanco X X i% f & 48 #1477 R AWF5E. 7£ — 1
TEAE G v B S8 I HE % 72 P A AR 2 1A 7 T
AT LS BT AR s L R A AR R L 5k
] BsF 5 6] PN )3 28 2 3 L X I A5 A8 3E AT T A DG A 3R, A
LV TR A LA SRR S W 1 s A S B T
KRBT N R Z A8 T —NHEERT
UM TLIRAR 22 W TR 22 IR . i ik 58 R
T ECA T H TRV 1E B O A 25 O TR AL
A IS Y B AE 400~700 nm 2 8], F5 M K 2t %t
AT T — R HVEA R B, o i 8 T
V- THR PR AR B8 R 22 B, I i e B 3 R A
th Offner BARGIEAX 3 06 R G+ F 5K B fa 4 2
AEEEM SRR I TR Al T
XF— AP I RS DL R AR B RG] a2 40 1

A SC AU FR 48 BR A R TSR il Ol A ok AR L AR
5 —Ff Offner JBAGOGIEAL 1B 46 25 4 1 Ll 6 2 1%
TR AT 2 45 0 R A7 05 EAR A 0 B T A2 R 1R 2= 4
8 5 315, 43 B 1A & R 5 Offner 54 O6 3%
1.

1 Offner RS i& (LY 49 5 4

Offner W85 [A] 0 1% R 52 1 56 /& Thevenon ##
1y, b J5 Fisher, Chrisp fil Mouroulis 2§ AN ¥ 43
B DO AL I o 5 o 7 N Ol 7 O O O
D. Kwo' "/ % A4t 3£ F Offner B4R 5 4t 19 6 M1 14
T ASC TR R 5 = A% 22 D7 T R T BAR A ROR L
S R 5 T R AR O 5 5 e A5 2% 8 AE DGl B
Vo O s B AT AR ) T 1 L X 23 R R R A Y X
FRbE i ok £ 22

1999 4F M. P. Chrisp"* % £ X it 8 25 3 47 17 2k
HE A R TUTBR TR 58 43 B A /0N U1 BR T 5 R 3R AR [ O
SERIF R Y 22 Bl BC & A5 OG5 R R g 2N A
e AL, 18 1 04 Offner GO S 1Y (35—
FOGUR S, WA BRI S 88 M, AL M, — A 1 TG Al
G, —MMe s L M, M, #1 G A [ — DBk C,

Bk = RO A% M, M, ,G 7ET S AN 4R S S
e TR MR U -l i e e O TRV |
T AR L KN O SO & M, 7§ F
KOMLEMNE 002 GMsER M b O,
B LR 00, 2 M, 1 964 i Bk 1% F
W T AL B SO . 0,0, 00, O1 LK ¥4
SO,,0,0, 00, W A5 . 6t G 45 9 /. FR M
Offner BAGGTEAL M 254 5 1

M1 Offner i 1% i 444

Fig. 1 Offner imaging spectrometer structure
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Table 1 Offner imaging spectrometer parametersofthe
initial structure
Surface Radius Thickness
Object — 149. 248
Concave 150 77
Grating 73 77
Concave 150 149, 248

& 3 i L . X K 19 25 J7 i (Root Mean
Square, RMS) spot diam {8 U, 3 2.

Position 1.5
Full scale

B 3  Offner 5 #4 ty 4 J 7& =
Fig.3 Spectral schematic of Offner imaging spectrometer
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Table 2 RMS values correspond to the wavelengths

Wavelength/nm 400 700 1 000 1 300 1 600
RMS/;Lm 16.404 15.357 16.971 19.512 23.392
& 4 f BT AR R A R A9 98 ] A% 33 2R 41 (Modulation
Transfer Function, MTF) fi k. MLIE 4 7] LLFH H X W 39
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Fig.4 MTF curves
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Table 3 The optimized structure parameters

of spectrometer

Surface Radius Thickness
Object — 123.893 3
Concave 160.873 9 75.708 3
Grating 88.738 0 75.708 3
Concave 160.113 9 189. 352 8

5 AL P RR 9 RMS spot diameter {i [
MTF £k 9 FL B, ol DLW 2 & HE 8 o i i) iy, 36 4
BV hy 2% B A

®4 RUBMREKKE RMS (&

Table 4 The optimized RMS values correspond to

the wavelengths
Wavelength/nm 400 700 1000 1300 1600
RMS/pm 0.49 0.45 0.35 0.40 1.32
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