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Development of convex blazed grating in coded

aperture spectral imager

Zhao Yushi, He Wenjun, Liu Zhiying, Fu Yuegang
(School of Opto-electronic Engineering, Changchun University of Science and Technology, Changchun 130022, China)

Abstract: Aiming at the performance requirements of a DMD-based Offner spectral imager encoding in spectral
dimension for a convex blazed grating, a macro-micro integrated optimization design method for convex blazed
gratings was proposed. The three-dimensional polarization ray tracing algorithm was used to organically integrate
the optical design of the Offner system in macro-level and the groove design of the convex blazed grating in
micro-level. The composition and working principle of the coded aperture Offner spectral imaging system were
introduced, and a MWIR convex blazed grating with an average diffraction efficiency of 85.47% was designed
according to the requirements of the system. On this basis, a convex blazed grating with curvature radius of
120 mm, grating period of 99.945 um, blazed angle of 1.1783°, groove depth of 1.834 pm was successfully
fabricated by using an ultra-precision single-point diamond lathe. The test results show that in the spectral range
of 3-5 pm, the maximum diffraction efficiency is 93.46% and the average diffraction efficiency is 84.29%, which
is in good agreement with the theoretical design value. Thus, the proposed design method of the convex blazed
grating is verified to be effective and valuable.

Key words: spectral imaging;  convex grating;  diffraction efficiency;  coded aperture

WS AR 2021-12-31; &7 A#A: 2022-02-20

HETE: R [ RREILS (61805025)

YEZ v XA, 3, A, FE IR BUG HF5T

SUHEI: SHERR, 5, 22, -1 S, 1, B A A 55 r RO

20220007-1



ISk A2

www.irla.cn

o

%51 %

=)
L
[l

L AR TS LR — Tl 1A il B D' 3 A
R G5, 0] LU i R R BN — s A
TR S TR, BRI R (R G L S R A
S 2R U FEZEFTERD RGO R P
LU A RPN TR AR ot R AR T,
SR FLAZ G AR AN 3 243y € Bl e A ) i
JEH RSO, Hy TR AR BT L A5 TR
o AR RS AT il /N L IS B S A, BT
Offner Z5 ¥4 () B FLAR LI AR RS AF R 2 8 T
J Iz RN i DGR A0 g, HAE
A i B3 PR P A A3 S 2850 % T 5 W) 2 0 1) MR L
AR R R, (0 0B 5% Gy B, HLm
TR 2 52 ) R G0 1) AR T

17 T A B 40 245 ) R IE S B0 5 AT S 0K
(SRR 28 44 R AR (R TR, o7 T G 32 2243 1E
SZOGHE . HEOEREDCA ARG, EAR E SO AR
T2 HE S A 28 T2 A A, (R A7 6 A7 3 3%
SN 6 A ] 1 S T (1 1 % o L - =
SRS N T DA R G X 4 T F Offner 2544 190
R A EEE L

LRI, 1™ T DA 83143 R 22 W2 T Y Offner
I ZR G RO 1T B4 DR G A A 764 15 3
3, FLIC A A3 AR Al ST o H v DRI 4 1 78 15
TR I ARG 2 T 7 (RCWA) 3R BRI
25 4375 (FDTD), 43 B 45 i 41 25 14 57 17 g e 3 —
Fr1 1 G 3057 1 B R R S S AT ORI R,
T X A S S HGHA T A7 X T A5 G 4
9759 Offner J1i MARAX, i T He4E B FETE, — A2
Wz, A2 EDEH LA A T M AR S T —
BN, X FPETOTIRAT Z A R SR, X
F3F Offner 4544 i) 5L 4 ADFLAS TS IR R 4,
DMD %5 i # R AR T s, — R N T
THER ALY, AN R 6 SR A G B DG 1
NS 01 B 8 25 AR, A 8 i T TR R R
T AN EIE T,

SCH R R — ECEE T Offner 2544 1 T gk 21 41 4 15
FLAR TS A AR M T TR M B AR EE R, B T
— T o T AR T O i, A LR A T R

11 (¥ Offner Y257 2 48 B -5 WO 1 19 TN M G
Bt B, fEA AT T Offner 4544 14 4 % £L
B R R GE M AR TAE R EE . R, P40 ) 34
TN R EME A B O ik | R BT AR . A
Jei o 2R FH RS 8 B 5 B M 4 PRI o 07 o™ T TR
JEAIEARE i, IR T RS R RROUL A5 # RS T R T
R T RCRETARSE IR . e X TARREAT T8
g5, s TR

1 ETF Offner EMHRBILIENIERE R
%

WE 1 R, T Offner £5 4 1) P i 41 /M Jm i £L
168 AR AN 32 %8t B R 48 AUL R Offner SG A
BUR RS Tk R RS . 1> DMD LA K ifil v A
W 2T AR 25 2 LA B4 LY, B RS AR MRl
B ARHIT, EERBGE A HirY 515 8 . DMD-
L TR RS A FETAE, A B 5 306 Offner
SR R G YT G, HISR M DMD-2 i AR
45 T A . DMD-2 A o g B &% 1, i & B0
Offner Y A5 & e A B SE 30X B A3 5 7 B 6
B gl REEZNTIRE. P RSIR RGO BOL
Offner Y1 W18 R 4t 5 il ¥4 B b i 21 AN I 8 6 17
SR 42, SIS R AR DT ID . AR AR ik LA B AR
PR N T 2K, g i LA 3 AR AN 4 AR 8 A
R 1R,

XOG K Offner Yt LR RGN A% OF 4, FE
F A~ 52 S35 2™ T DA S M R — A R T 2 S 45 201
HOXS B B EAR TR BR 2SR Ak 2 PRt

DMD-2 = DMD-1

Telescopic
system

Turning mirror

— =)=
Relay imaging
system

Convex blazed
grating

Spherical mirror

[ 1 JET Offner 4514 B2 AL ALAOEIE U RGO K]
Fig.1 Optical path diagram of Offner coded aperture spectral imaging

system

20220007-2



s Gk A2

www.irla.cn % 51 %

&1 KEFLELEBBGEARIERR

Tab.1 Specifications of coded aperture spectral imager

Parameters Value
Wavelength range/um 3-5
F-number 3.0
Focal length/mm 240
Spatial resolution/mrad <0.1
Spectral resolution/nm 100
Detector array size 640x512
Detector pixel size/um 15
DMD array size 1920%1080
DMD micromirror size/um 10.8
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Tab.2 Specifications of the dual-pass Offner spectros-

copic sytem

Parameters Value
Wavelength range/um 3-5
Object plane size/mm’ 9.6x7.68

Object space NA 0.164
Spectral resolution/nm 100
Dispersion distance/mm 2.4
Optical magification 1
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Tab.3 Design result of the dual-pass Offner
spectroscopic sysytem
Parameters Value
Rg/mm 120
Ryi/mm 240
Loy /mm 117.827
Lo/mm 242.826
Lp/mm 235.866
AH/mm 41
d/pm 100
m -1
Length of the grating/mm 102
Width of the grating/mm 46
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Tab.4 Initial Parameters of the PSO optimization

algorithm
Parameters Value
Number of particles 20
Maximum number of generations 100
Inertia factor k; 0.8
Constriction factor of individual k» 0.5
Constriction factor of swarm k3 0.5
Core function RCWA
Coating material Gold
Substrate material Copper
Dimension 2
Number of spectrum channels 20
Variables y&h
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Fig.6 Iterative process of PSO optimization algoritm
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Fig.7 Fabrication of the convex blazed grating
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Fig.8 Test result of groove fabrication error of the convex blazed grating
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