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material for space optical imaging system
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Abstract: Polymer membranes are attractive mirror candidate for the space large aperture lightweight optical im-
aging system. But there are strict requirements for mirror material because of the harsh space application environ-
ment and the high optical imaging quality requirement. The dimensional stability is one of the most important prop-
erties for optical mirror material. In this research, based on the molecular structure design, rigid molecular chain and
hydrogen chain have been introduced to polyimide to improve the thermal dimensional stability. At the same time,
the excellent mechanical, optical and thermal properties of the polyimide membrane have been guaranteed. The
obtained optical grade polyimide has high dimensional stability, and the optical stability of the space environment and
the excellent comprehensive properties are good candidates for the lightweight optical application.
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Fig. 1 The transmittance spectra of the designed Pl membrane (25 uym) and the commercial Kapton membrane(25 ym)
(Insert picture: new designed Pl membrane)
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Fig. 2 The wave-front error of (a) the new designed P| membrane and (b) the commercial Kapton Pl membrane
(D=300 mm, H=25 pum)
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Fig. 3 Surface roughness test results of (a) the new designed PI membrane and (b) the commercial Kapton PI membrane
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Fig. 4 The illustrations of the membrane lens with Fresnel structure. fis the focal length and r, is the radius of the membrane
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Fig. 5 The CTE results of the new designed membrane (black line) and the commercial Kapton Pl membrane (red line)

E'/GPa E’MPa tans
(a) 5 - 350470.8
L 306.81 C 1
4300
4+ |
L +25010-6
31 4200
5L 1150704
I 100
T {02
L 4 50
0F 410
x " 1 . L . Jo.o
0 100 200 300 400
Temperature/'C
®) 100 |
3)
2
S
80 | 3
X =
2 o
60 |- 2
2
3
5]
o
40 " 1
0 200 400 600 800 1000

Wavelength/nm

B 6 AR HERBLL L DMA (a)f= Tq (b)2#7mliksE R
Fig. 6 The (a) DMA and (b) T, results of the new designed membrane

210150-6



StE T, 2021, 48(10): 210150

https://doi.org/10.12086/0ee.2021.210150

3.4 BRERCERER IF R

AT F il 2 3R P S By A 1) g 2 Pk e 5 S
Bl 7 PR, T IR — SR B e AL A ) o7 8 B =1
JEERE SR, T RE I AILEEA THL AR B I, AR AU
IREE AR = B P R 2 R 200.6 MPa.,
SRR SR 842 N, SEHIM B ZEN 4.57%,
W) T2 M Re R I 5 -
3.5 FEIMERFIREM

23 () AR I FH ) SR IR e T AR, S 2R %
TEHZS SRAMERE A b . LS SAMRTE SR
HT G LE AR (H LS SR AR SR Ok IV e FBE 11 52 M 28
B, EEAMEIRT PLIRRDE A MEREE T A, AT
T IR I e (1 25 [ PR i Aa e o, xRk

I IS4 T T 115 nm~400 nm B A BH B 25 42
SMERRIRE, & 8 MR ERTEREM B R, Rk
IZE AT AIFE 1), 0 1.8375 keal/cm® Fil 2241 IR
Ja, FEROGEMERE LT —E RN TR, 7E 500
nm~800 nm P B N AP BT R T T 0.36%,
R TR/, Xof SR IR e T P YA e MR
BN

R T HE— ARG B AR SR I e R 1 3 (B PR
SEFasE SR FH S Coryhm TR T Hr 1 3R M0 i i st A 7
T RS R, FRIRA AR 10 rad/s(Si), A
R 6.8x10° rad(Si)» 4 MR fE 7 I RAR T FL s SR an
9 FTR. ML 1 MLEEERATH, fE—E BB
5 WS WEIREAE 500 nm~800 nm K30 [l Py - 248 1+t
RIFBA KRR, SeEtE R R e .

3

4 5 6

Tensile strain/%

Bl —M R L = AR RS B B IEAE 5o 6 35 52 K 45 R

The tensile strength of the new designed film (three samples)

250
——Sample 1
——Sample 2
200 F ——Sample 3
©
a
= 150
<
iS)
e
g
» 100
Q
®
5]
F 50F
0 1 1
0 1 2
"7
Fig. 7
100
| ——Before UV radiation
—After UV radiation
80
*
8 60
C
8
§ 40
o
o
'_
20
0
1 1
200 300 400

1
500

800

700

n 1
600

Wavelength/nm

A8 AR ERBE L E I 48RRI AT 5 E T b

Fig. 8 The transmittance spectra of the new designed membrane (25 um) before and after UV radiation
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Overview: Polyimides are a kind of high performance polymer with excellent chemical resistance, thermal stability, and
mechanical properties. It is a good candidate material for building space large aperture lightweight optical imaging sys-
tem. For example, to provide geosynchronous-orbit Earth observation capabilities the Membrane Optical Imager
Real-time Exploitation(MOIRE) program, sponsored by the Defense Advanced Research Projects Agency (DARPA)
seeks to further the technology development related to ultra light diffractive polyimide membrane-based telescopes. But
there are strict requirements for the mirror material because of the harsh space application environment and the high
optical imaging quality requirements. Under the space thermal alternation application environment, the temperature
change can lead to deformation of the microstructure on the membrane, and then cause image distortion. A membrane
optic is an optical system component with a large size, small thickness, and optical precision, so the membrane material
and the manufacturing process are nontrivial. The dimensional stability and the optical homogeneity are two essential
factors for large aperture optical mirror material. However, it's difficult for traditional aromatic PIs to simultaneously
meet the challenging requirements of high dimensional stability, optical transmission, good thermal stability, and me-
chanical properties. Also it’s hard to get large aperture PI films with good optical homogeneity based on the current
membrane preparation process. In this research, based on the molecular structure design, rigid molecular chain and
hydrogen chain have been introduced to polyimide to improve the dimensional stability and guarantee the excellent
mechanical, optical, and thermal properties of the polyimide membrane. At the same time, by optimizing the membrane
forming process, the wave-front error of the PI film can meet the requirements of optical use in diffractive imaging sys-
tem. Compared with commercial Kapton polyimide membrane, the CTE of the new designed PI is ultra-low which is
only -1.71x10¢/°C in the temperature range of -150 ‘C~100 ‘C. Also, the tensile strength of the new designed PI is 200.6
MPa. The glass-transition temperature of it is 306.81 ‘C. And the average transmittance of designed PI at 500 nm~800
nm is 82.9%. By optimize the membrane fabrication process parameters, the PV and RMS of ®300 mm membrane can
reach to 0.5871/0.059A1(A1=632 nm). Also, the designed PI shows a good optical stability of the space environment. The
obtained optical grade polyimide with high dimensional stability and good optical homogeneity. The excellent compre-
hensive properties is a good candidate for diffractive lightweight optical application. Also, it will be a good candidate for
the optical system of many other fields like high power lasers and solar cells.
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