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Design of Refractive Diffraction Hybrid Annular Aperture Ultrathin
Imaging Optical System

MENG Yu-tong, PIAO Ming-xu, WANG Qi
(Changchun University of Science and Technology, School of Opto-Electronic Engineering s Changchun 130022, China)

Abstract: In order to break through the selection limitation of substrate materials and achieve high
imaging quality in the imaging wave band, the imaging diffractive optical elements is introduced to the
ultrathin annular aperture imaging system. A hybrid refractive-diffractive ultrathin annular aperture
imaging system is designed with four reflection structure, and the results of image quality evaluation and
tolerance analysis are given. The substrate material of the hybrid refractive-diffractive ultrathin annular
aperture imaging system is polymethyl methacrylate (PMMA), focal length is 35 mm, and effective
aperture is 29 mm. The results show that the lateral color aberration is less than 2.2 pm and the
Modulation Transfer Function (MTF) is more than 0.4 at the spatial frequency of 166 Ip/mm. thus high
imaging quality is achieved. The tolerance analysis and thermal analysis of the annular aperture imaging
system are given. The MTFs of tangential and sagittal direction are greater than 0.2 for each field of view
when the spatial frequency is 166 lp/mm. The MTFs of tangential and sagittal direction are greater than
0.28 for each field of view at 0 C~40 C when the spatial frequency is 166 Ip/mm.

Key words: Ultrathin annular aperture imaging system; Imaging diffractive optical element; Optical
design; Lateral color aberration
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Fig.1 Structure schematic diagram of ultrathin annular aperture imaging optical system
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Table 1 Size comparison of ultrathin annular aperture imaging optical system and
F /1.2 traditional optical system with focal length 35 mm

Structural type Track Diameter Volume
Conventional 1.00 1.0 1.00
Four reflection (PMMA) 0.37 1.4 0.72
Six reflection (PMMA) 0.25 1.7 0.73
Eight reflection (PMMA) 0.19 2.3 1.00

F 1AL T L PMMA g 35 i 19 U S\ R B3R AL AR R S 00 L FT DU Hh AU B 3R
LA AR R GERY R G B 29 0 DU M IR FL AR AR R GE R 0.5 45, R GE R A ELAR 20 O DU W S 5 308 L
IR R G 1.6 7%, PRI FLAS B 28 58 19 IS O RO g, 28 B84 B2 si/D » {5 R GE 9 Ah B A2 AR R B I,
HR.

1.2 MREWRIT

ARG PRI FLAS 0 AR 28 48 00 BT I B et — B R £ 08 35 mm. F 88 1.2, 5ROt 22 B
PMMA [ PU R 5 5t SR IE FL A R R 58 R4 (D AT DA BB EE T 2408 13 mm KB ALIE
R RGBT R a3 2.

®2 REILLBHEAGRSRITER

Table 2 Design index of ultrathin annular aperture imaging system

Parameter Value
Effective Focal length 35 mm
Thickness <15 mm
Field of view 5.4°
Outer diameter 40.6 mm
Effective aperture diameter 29 mm
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Fig.2 Diagram of outer diameter and obscuration ratio of

ultrathin annular aperture imaging system
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Table 3 Initial structural parameters of ultrathin annular aperture imaging system

Surface Radius Thickness Glass
Obj co co —
Stop —229.8 14.8 PMMA
Even Asphere —70.8 —14.1 MIRROR
Even Asphere —140.3 12.4 MIRROR
Even Asphere 156.3 —12.7 MIRROR
Even Asphere 82.3 12.3 MIRROR
6 —14.3 0.4 _
IMA co — —
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Fig.3 Initial structure modulation transfer function of ultrathin annular aperture imaging system
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Fig.4 Initial structure geometric of ultrathin annular aperture imaging system spot diagramand chromatic aberration
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Table 4 Parameters of optimized refractive diffraction hybrid ultrathin annular aperture imaging optical system

Surface Radius Thickness Glass
Obj o -
1 stop —1 805.51 15 PMMA
2 —74.27 —15 MIRROR
3 —120.68 12.6 MIRROR
4 443.55 —12.7 MIRROR
B 118.54 12.2 MIRROR
6 DOE —9.29 0.4 —
IMA o — —
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Fig.5 Structure of refractive diffraction hybrid ultrathin annular aperture imaging optical system
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Table 5 Aspheric coefficient of refractive diffraction hybrid ultrathin annular aperture imaging optical system

Aspheric correction coefficient

Surface
A4 A6 A8
1 2.39X10°°¢ —5.34Xx107° 3.65x107 %
2 —7.14X10°7 —1.83X107° 1.75X10° "
3 —1.76 X107 —2.95X10°*® —1.74X10° "
4 —5.38X10° 1.18 X107 —1.61x10 "
5 —6.44 X107 —6.36X10"7 4.93x107°
6 DOE 1.4X10°° —3.22X107° 3.01x107"
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O FEAR TG INALTH T AL G A5 22 01 6(b) DU RGN R B2 RN 2.2 pm, M LW IR S5 1
R E2E (10,16 pm) HTATHHE S FOE AR ARG RE 2 T 7.96 pm., 0] IR RS ff R
@2 AT R AR B] T ARG A RLIE.
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Fig.6 Comparison of lateral color between the initial structure and optimized refractive diffraction hybrid

ultrathin annular aperture imaging optical system
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Fig.7 MTF of the designed refractive diffraction hybrid ultrathin annular aperture imaging optical system
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Table 6 Fabrication tolerance for refractive diffraction hybrid ultrathin annular aperture imaging optical system

200

-100 100

Phase in periods
Periods/mm

0 1.05 2.10

Tolerance 1 2 3 4 5 6
Vertex radius of curvature/mm +0.05 +0.005 +0.005 +0.05 +0.05 +0.01
Thickness/pm +2 +2 +2 +2 +2
DEC/pm +7.5 +2 +2 42 +2 42
Tilt +1.8' +15" +15" +20" +20" +2'
PV at 546 nm 0.40A 0.2X 0.2x 0.40A 0.40A 0.40A

RGBS AL AR A A AN B 3.6 pm. 45 H PMMA $T 528 0 22 5 £0.000 5, B DU £ 2>
260 30.800 MR 6 il sE B2 22X R HEAT S0 BT, Y a5 B A 166 1p/mm I, BIr A7 #1379 11T 55 MTF
fERT 0.2 P T HHR & 3L W RIR R G A L MTF {Han% 7.

®7 FTHREARBACEEREREEMEGNH MTF &

Table 7 MTF values of all fields for refractive diffraction hybrid ultrathin annular aperture imaging optical system

Field Diffraction MTF tangential Diffraction MTF sagittal
Nominal Estimated Nominal Estimated
0° 0.545 0.31 0.524 0.35
1.35° 0.463 0.21 0.451 0.2
2.7° 0.452 0.26 0.502 0.33
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Fig.9 MTF curves of refractive diffraction hybrid ultrathin annular aperture imaging optical system
Mo A 166 1p/mm BG4 RS 0 'C~40 CHrA MH M MTF H KT 0.28, ¥ fit IR & FF I AL
AR R G A RNREE T B4 M MTF fH 13k 8.
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Table 8 Value of MTF of each field of view at different temperatures

Field of 0T 20 C 40 °C
view/ (") Tangential Sagittal Tangential Sagittal Tangential Sagittal
0 0.28 0.28 0.36 0.36 0.32 0.32
1.35 0.29 0.37 0.42 0.39 0.36 0.28
1.9 0.37 0.33 0.43 0.4 0.3 0.33
2.7 0.31 0.3 0.36 0.39 0.29 0.39

Prim GHR & A FLAE R R G A RN R R a2 R 1051 0 C i R G0 f5 5 (0 2
BARMEH 1.618 pm, 20 CH RGE MR A 2K KM R 1.607 pm, 40 CH REMWHE RO 2R KMERH
1.598 pem. AP H AT DL H 2 AR A X 4T A7 SR A B LA 8 W AR 3R 5 10 3% e (0 25 52 i /N
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Fig.10 Lateral color aberration of refractive diffraction hybrid ultrathin annular aperture imaging optical system
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