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Abstract: In order to meet requirements of large diameter and light-weighting diffraction elements for
space diffraction imaging system, the polyimide (PI) membrane Fresnel diffraction elements with the
diameter of 400 mm were designed and manufactured. With ultraviolet lithography, ion beam etching
and other microfabrication methods, diffraction patterns on quartz substrate were made and then re-
produced onto PI membrane, thereby obtaining the Fresnel diffraction type membrane elements. The
change rule of thermal stress during the membrane reproduction process and the methods for reducing
thermal stress were researched by Finite Element Method (FEM). The influence factors of the mem-
brane diffraction efficiency, and impact of membrane production error and temperature change on

membrane imaging were analysed. Finally, the separation of large-diameter membrane and substrate
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was realized, and the uniformity of membrane diffraction efficiency was improved by local oxygen plasma

bombardment. By testing, the thickness of membrane Fresnel diffraction element is 20 pm, and the average

value of actual diffraction efficiency is 33. 14 % when wavelength is 633 nm, reaching 81. 83% of the theoreti-

cal efficiency, and Root Mean Square (RMS) of diffraction efficiency is 0. 01. The experimental results show

that large diameter and high diffraction efficiency membrane Fresnel diffraction elements can be manufactured

by ultraviolet lithography, ion beam etching and membrane reproduction.

Key words: diffraction optics;large diameter diffraction elements; pl membrane; diffraction efficiency;

space telescope

1 7]

qul

b & AR AL R 4 8 0 & g, = (8] 18 R R 4
R SR Ok s . b Bk W] 2P BLIE TR HAT R I AL
PERESER ISR BE ), 3B R R AL R R I H R
T H e b BR [R5 B TR G M A R T A
il K AR () O 5 R G . A GE i U B R &
e 1 A S O ) R AS v AR B R, X K
(132 2R A8 TSR AR KB P bk . v FRE s 59 45 10 4 ) A
SRAT DL BRI B R G ) A A AR R (H R B
e A TR ) 2 T T B A ) R G X N T R R 5
S A VBT, AT SR IR R AT R
(ENES S ANTTEYN =S N CIEI S S B 2
L BE M R b B A ) 3 A R R B AR, 1998
4R, 36 [ 5748 - HL B SR (LLNL) |8 58 55 5 % 42
25 (B 7 49 22 4 55 11 Rl Eyeglass, & 76 1 FH 3E
TR KA S8 U BOAR ) 3 52 i B R 1 Ay B
U2 Tan M. Barton 1 Aden Baker Meinel %
Xof R AR 5% A AT SR O A 1) A RO AR JB AT
THEFEEY . 2010 4R, 55 [ [ B GO 5 R
$EH“MOIRE” 3 H , JF & 7 K 1A AT 6O 27
AR F AR E S IR KT AT S R L R R AT
JEIF S5 H L AL b A ORI R 45 A O HEROR .
2011 4%, S5 - If S R Rl K S g = Wh ] 7 1
N 0.8 m, BN 18 pm 1Y 2 & By IE TR R A7 4t
AR B A AT 5T AR 3006, 2013 4R BT
GE/NHFIHT 4 5 B 45 MR AT S ROR E— AP
i E) 559, 2014 4F, 35 R AT A TR B AR A
A SER T 5 m AR SRR M S T %
i 45 K 0 by TG 0 X VRS, (E 5 SR AR D
PR AR TR AT S B ARG,

e P 0] R AT A5 7 T B O - i AR O 1
T TR RNAETF R T 47 568 00 4 %o s i ' o %
JE O T T AR A6 A (8] B R AF 5 0 76 A7 5 A
BARG T WIFE T £ T/, mfEKRO&ZA
ISP IR T O TH I R AT A FERGE , I R R H
A ST B ol 5 45 3 114 49T 5 o 3% D L B3 L O 2 A0
K=l & SR

ASCHF T K AR R T 1 i E TR
G o 5 PR K A5 I 55 0T v AE B L T AL o e
SRR, o £ i ARRUE M LA RL L = LA M BB
SRS Ty BE T A LY SR R e (P AR Ay 1 B8 A
Bh T 3 T B 633 nm, HARN
400 mm, JEE R 20 pm BYALFH AL PT % 47 A
JOF HA-1 AT R 3300, I A B A RJT ik
T2 b A3 BT T AR ME A AR SO S R S R
R 25 A8 IR R G AR $2 4t T 2% .

2 EERMTHLFERL

FEPRL IR 2 B e 20 i A AN BUE 24 B iR
P8 W 48 4 4 57 A 28U A3 S5 o0 0 L nT RO A%+ 2y
R, HAT AT S R g | T R RS BE ORI A R R
e S ESS A LS 1 RE S BE 100 0 B AT 4 2R
AEUIN TR BEAR 7 - AR SCR 22 65 B 205 4 3 30T 3 2
TEMELEA . B B A MR AT BT AR O 40,500, 7Y
£ B A RS AR O 8100 . i 1 R

IR 2 Ffrs s ABEG 28 S A 5 2 Y DG 7R 22 B
AR P BT TR 22 1 2 A7, i LR S S 5 ) T 7Y
BRZE/NT A/20, X AE AT WG U BEAR XESE B, 1 XF
RIS ORI S » AR G Ao 55 J5 0 37 5 i, PA) vl 7Y
DR 22T A CRE 22 TP FL AR  O0] T BORG E AY
ZOR TR



55 6 3] sk fd, S R S B AR 0 K AR T AR R TR R AT S T A 1291
: R4 Schupmann B, ] 3 i — X AH ] €4
T
™ [ oo A I e B 1 S PR S B €25 . AT
HERGWME A PR,
5 2n ) Fresnel lens Fresnel corrector
£ - 40.5%
| 1 ] ——t
2n / = — jE ||
" |—‘_LI H e Eyepiece system

Radial distribution

B 1 26 W 0 AH S5 BT 5 R0R
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Fig. 6 Membrane optic with 400 mm diameter
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Fig. 7 Diffractive efficiency distribution of +1 order
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Fig. 8 Membrane stress during cooling process
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Tab.1 Properties of fused silica and membrane
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Fig. 9 Photo of membrane crack
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Fig. 12 Impact of membrane partial elongation
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