5549 B 12 W T % IR Vol.49 No.12
2020 4F 12 A ACTA PHOTONICA SINICA December 2020

5] i #% 5L : LIU Dong-mei, WEI Bo-yang, FU Xiu-hua, e/ a/. Development of Polycarbonate High Strength Ultra-low
Reflectivity Film[J]. Acta Photonica Sinica, 2020, 49(12) :1231001
XM BRIEVE A 5 AR 45 SRR TR IR w2y ik J8 R IR S A<l RS RO IF A [T D 7244k, 2020,49(12) : 1231001

SRR TR i v i 8 7 VR S ik = il JE 1) AT 1

X A AL FE I AR KRB L EE L SR
(1 KFEMT R el TR, K& 130022)
(2 60 B (i) A B R, Mg 200444)

W OEATHERERAFEAFAARB AT TR P, ARBBREE AW, RA LT RE T
7 ER AT T RAKBRBICR A R ATRKERIRT & THEBEIEY RWBEIT & T8
Warm A, A MATLABS MM A S THAW E A B3R ETRIRLIL, Bk T KA
A i MATLABAEBUR 7 et -5 o h S A3 e T KR E ek T BIEREZFH
IR A 0 AL X 4 R A 3 B AR 430~700 nm, 28 5 B H & T 0.15%.

KRR e R B B TR ULAR Ty AT

FESES:0484 SCERFRIRAD : A doi:10.3788/gzxb20204912.1231001

Development of Polycarbonate High Strength Ultra-low Reflectivity Film
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Abstract: In order to reduce the problem of image quality degradation caused by stray light in the optical
system, polycarbonate is used as the substrate and the electron beam ion assisted method is used to prepare
the ultra-low attenuation reflective film in visible band. Vacuum annealing method was used to reduce the
thermal tensile stress caused by the increase of substrate temperature in the coating process, and
MATLAB software was used to fit and analyze the stress of the material. By studying the ion source
deposition process, the problem of film cracking was solved. MATLAB simulation was used to adjust the
control parameters of Proportion Integration Differentiation (PID) controller , so as to stabilize the film-
forming rate and solve the problem of spectral drift caused by thickness error. The results show that the
absolute reflectance of the film is less than 0.15% at 430 ~ 700 nm.
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Table 1 Technical indexes of subtracting the reverse membrane

Parameters Indicators
Substrate Polycarbonate
Incident angle/(°) 0
Spectral range/nm 430~700
Absolute reflectivity/ % <20.15

K2 RHRERERGZ AR

Table 2 Polycarbonate synthesis and performance

Performance Numerical
Bibulous rate/ % 0.15
Modulus of elasticity in tension/MPa 2 200~2 500
Bending strength/MPa 106
Coefficient of linear expansion/(107°K™") 6~7
Brinell hardness/MPa 97~104
Transmittance magnitude/ % 87~90
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e AR T UL I8k B 3 L P 2R B R A R R L BT SR A B THO, JH, L Ta, 0, 83T 5 36 BT MgF,
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Table 3 Vacuum cooling parameters

Annealing . Ion source energy Film stress/MPa
. Annealing time/h - -
temperature/°C Voltage/V Current/mA  Annealing before  After annealing
Samplel 120 1 300 300 — 265 —205
Sample2 120 2 300 300 —253 —213
Sample3 120 3 300 300 — 256 —209
Sampled 120 4 300 300 — 258 —224
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s(x) =179.2sin(0.01074x + 3.135) (5)
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Table 4 Monolayer stress of the two materials

Single layer stress/MPa

Deposition time/s

TiO, SiO,
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(a) TiO, stress fitting curve (b) SiO, stress fitting curve
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Fig. 5 Stress fitting curve
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Table 5 Notched ion source process parameters record table

Membrane layer Material Voltage/V Current/mA Ace/V 0,/scem Ar/scem
TiO, 800 800 150 90 10
I~z Si0O, 800 800 150 60 8
TiO, 500 500 150 90 10
SiO, 500 500 150 60 8
TiO, 500 500 150 90 10
8 Si0, 500 500 150 60 8
Ti0, 500 500 150 90 10
Si0, 500 500 150 60 8
TiO, 800 800 150 90 10
=10 Si0O, 800 800 150 60 8

xo6 WEESREBENA

Table 6 Layered gradient stress of anti-reflection film

Membrane layer Stress/MPa
1~2 —132
1~8 —84
1~10 —96
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Fig. 9 Deposition rate after PID adjustment
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