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Large—diameter high—efficiency diffractive Fresnel membrane
elements for space telescope
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2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: For the purpose of fabricating large aperture, light—weighted, and high efficiency diffractive
elements, the design of microstructure and fabrication technology of diffractive Fresnel membrane
elements were proposed. A 4 —step diffractive membrane with 320 mm diameter and F/#100 was
designed by Zemax software. The continuous phase distribution was transformed into discrete steps by
Matlab software. The fabrication processing chain of membrane diffractive element was studied. Using
polyimide film as membrane material and fused silica as substrate, the PI membrane with thickness of
20 pm was fabricated through multi—times spin—coating. The mechanical structure of membrane fixture
was designed by using Solidworks software. The measurement results of corresponding position of

membrane and glass substrate show that line width errors is less than 1.3%, and the step depth errors
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is less than 8.6% .

The diffraction efficiency in wavelength of 632.8 nm is 71.5% ,

which is 88% of

theoretical value. It can be concluded that the membrane has light weighted structure, high replicated

accuracy, and high diffraction efficiency, which meets the requirement of space—based telescope.
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Fig.1 Phase distribution of diffractive elements
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Fig.2 Chromatic dispersion of diffractive elements
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Fig.3 Schematic diagram of diffractive telecopes imaging system
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Fig.4 Schematic diagram of errors along optical axis
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Fig.5 Schematic diagram of errors along radial direction
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(a) Substrate with resist (b) Exposure,development, hardbake I

(c) Ion beam etching I (d) Clean the substrate
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Fig.6 Process chain for fabricating master subtracts
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Tab.1 Properties of polyimide membrane

Items TOF/25 pm
Glass transition temperature(DMA)/C 250-260
CTE (50-250 C)/ppm - C™*! 24-28
Tensile strength/ MPa >140
Modulus/ GPa >2.8
Average transmittance (400—-800 nm) >88%
Transmittance (550 nm) >90%
Breakdown voltage/kV - mm™ <1
Dielectric constant(1 kHz) >180
Water absorption <1%
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(b) Cast in flat
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(c) Spin coating I
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Fig.7 Process chain for fabricating membrane

diffractive elements
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Tab.2 Parameters of spin—coating

No. Rotating speed/rpm t/s
1 200 10
2 900 110

RIMHESH

Tab.3 Parameters of heating process

No. Temperature/C t/h
1 40 0.5
2 50 0.5
3 60 0.5
4 70 0.5
5 350 1
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Fig.8 Phase distribution of diffractive membrane
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Tab.4 Parameters of diffractive

Fresnel membrane elements

Items Value
Designed wavelength/nm 632.8
Designed aperture/mm 320
Effective aperture/mm 300
F number 100
Number of bands 2372
Number of steps 4
Largest linewidth/pum 1276.15
Smallest linewidth/pum 31.75
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Fig.9 Step distribution of diffractive Fresnel membrane

elements (center part)
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Fig.10 Design of mechanical fixture structure
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Fig.11 Finite element model of membrane supporting device

Unit(4=632.8 nm) 1.03-002
8.63-003
7.00-003
5.37-003
3.74-003
2.12-003
4.87-004
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-6.03-003
-7.66-003
-9.29-003
-1.09-002
-1.25-002
-1.42-002
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(a) Deformation nephogram along the optical axis

Unit(4=632.8 nm) 4.17-002
4.01-002
3.84-002
3.68-002
3.52-002
3.35-002
3.19-002
3.03-002
2.87-002
2.70-002
2.54-002
2.38-002
2.21-002
2.05-002
1.89-002
1.72-002
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(b) Deformation nephogram along the radial
direction of membrane
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Fig.12 Analysis results of finite element

b IE 12(a) 2 6l 5 1) 19 2 1 A2 T &L PV
i}y 2.45e—2 A (A=632.8 nm),, 12(b) 5 T 4%
0] 152 1122 = B, H PV {5 5.89e=2 Ao I3 #r 4%
R 7% o P SRR L A 0 D T AR T /N T R A
T RSE, P, 1208 it A R A B L
33 &EMWKXS S

S B fin TR DY 9 R T R AT S G AR S
A 13 R o R H AR B B AR 7 i) LEXT
OLS 4100 3 0't 3 5 45 W B85 Xof i 1 9 I8 7K 137 23 o
P Gl A RE AT I o 32080 4 R T AR e Ak =X G
PRJE B o e PR B 405 nm (19 2F S 1A
ot AE XY Ty 1) Bl SEEE 0.12 pm B [ 2 BER 1R
Z J51e) bATS2B 10 nm B & BE AR BESA, BoR gk B R

13 320 mm [ 4% E V8 /R il B 52 4 1

Fig.13 Real figure of Fresnel membrane with diameter of 320 mm
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Fig.14 Profile test results of membrane Fresnel

diffractive elemens
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Tab.5 Measurement results of

membrane microstructure

Fused silicon Diffractive

Transfer errors

substrate/pm membrane/pm
1 983.47 982.22 0.13%
2 827.27 827.26 0.001%
Line 3 195.23 195.62 0.20%
1mne
width 90.01 89.90 0.12%
5 68.61 68.58 0.04%
6 47.62 47.25 0.77%
1 0.94 0.993 5.6%
Step 0.600 0.652 8.6%
depth
3 0.340 0.346 1.7%
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Fig.15 Schematic diagram of diffractive efficiency test
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