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Abstract

Zhang Yueguang Gu Peifu
Hangzhow , Zhejiang 310027, China)

(State Key Laboratory of Modern Optical Instrumentation , Zhejiang University .

Anti-ultraviolet radiation of antireflection coatings on display plastics is presented. For polycarbonate
(PC) substrate which is one of the commonly used plastics. the calculated average reflectance at normal incidence in
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ultraviolet region of 300 ~ 380 nm is greater than 99.5% and the residual reflectance in visible region of 420 ~
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750 nm is 0.22% . The reflectance at 45° incidence in ultraviolet region of 300~360 nm is greater than 98.5% and
OCIS codes

that in visible region of 400~700 nm is 0.71% . The adhesion and stress of coatings on plastics are discussed. It is

proved by experimental results that all of the properties. e.g. . the anti-ultraviolet radiation. the antireflection, the
thin films; antireflection coating; plastics; anti-ultraviolet radiation
310.1210; 310.1515

wide incident angle and the durability of the coatings on plastics can be used for practical display applicaitons.
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Table 1 Physical properties of PMMA, PC and glass

Thermal
) Water ) Indentation Young
Refractive Transparency / Density / expansion Melting
Material ] absorption / o A hardness / Modulus/
index pm (g/cm?) coefficient /  point /C
GPa GPa
(107 CH
PMMA 1.491 0.3~1.6 1.19 0. 30 60 71~85 0.2 3.0
PC 1.587 0.3~1.6 1. 20 0.15 68 125~135 0.2 2.1
K9 1.516 0.24~2.7 2.50 0.0 0.75 550~600 7.2 68
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Table 2 Refractive index of Ta, ;s SiO, and PC

Wavelength /nm 400 500 600 700 800

. PC 1.590 1.589 1.587 1.586 1.585
Refractive
Ta,O; 2.220 2.150 2.110 2.090 2.070

SiO, 1.470 1.461 1.458 1.455 1.453
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Table 3 Multilayer stack denoted by quarter wavelength optical thickness

Layers SiO,

Ta, O; SiO; Ta,O; SiO, Ta, O; SiO, Ta, O; SiO, Ta,O; SiO,
QWOT 0.318 0. 201 0.791 0. 355 0. 667 0. 588 0.401 0. 688 0. 384 0.439 0.662
Layers Ta,O; Si0O, Ta, O Si0, Ta, Os SiO, Ta, O Si0, Ta, Os SiO, Ta, O
QWOT 0.406 0.634 0.709 0.531 0.599 0.736 0. 648 0.510 0.717 0.773 0. 469
Layers Si0, Ta, Os SiO, Ta, O SiO, Ta, O; SiO, Ta, O SiO,
QWOT 0.592 0. 946 0. 454 0.420 1.172 0. 465 0.290 1.117 1.031
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Fig. 1 Calculated reflectance curves at the incident angles of 0, 30° and 45°
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Fig. 2 Experimental results of anti-UV radiation and anti-reflection properties. (a) transmittance,

(b) reflectance in the visible region

0231001-3



2 i

1. 2% ,A5° AT /N T 6. 4 %05 T A5 A #A g 0 F 45°
MTEHL T 420~700 nm P B P 1359 556855 43 51 ok
0.46 % F1 0. 86 % ; 3t J# [X. 380 ~420 nm I B 7E 0 0
A5 AR T 135 5 3243 Bk 32. 9260 90. 924,

5 HiR51E

SERIREWAE I SO T BN (T T = <) =1
UV FitE. BRI A<380 nm) il H %5 484
(A<C190 nm) 5 5 46 23 461 107 0 RE 3 A, (A by F B &R
BT S S 300 ~380 nm, i - & 47 5 3 44 kL
Ta, O 44 WCBR A 300 nm, i 8 A~ 48 41 4 5t X
Xt 9 Ak R AR 1 5 i L 220

AL IR R TIC AL T RS = [ ) B 5 R — S S
P T T, B2 R D B2 O A R L R R
Hu RO B2 R I3 g I A B 4 L il 19 R
B AR XoF T ATL TS 1 B K R B L i TR
IV S BRI R AN F7 . (R T SR S AR B AN
T PRI AS 25 S S0HR K R 3y 700 L 2 A
SRR T AR | ] 4 5 v R 2 AR AR 6 AR 52 55
0 155 28 R R R A 25 L B T AN 4 o A [ BE 1
DAL AT R 5 7 AT A — A 77 06 114 R RS, T T T A —
T A AR

Bk 5 7 e AR R 2 B RS T il T
HH AR R R A R 2 T PR I A A 3 A A
H AR IERE S0 RIS, AHC, 10 H 5 7 R0 b4 k3L [ i
FLIHIRE S M B A RE T SRR

E.= S +S,—Su.

BT X — AR, w2 I RE Y PR R OAE R CERORE AR
ORI & D B K s s A T & JE B TiCE s i
TiO, ) 5 5 11 1K 25 180 R 1Y) R 4 R BRE 25 7 /0N
RWURCIHEMER LG PR R A Y8Rt By i ff
G HIRE S AR AR S, BNEBLR . H Ak
W S, RATBE R M E iR ALY . 0 Ta, O Fl SiO, .,
Hok, BT RE S B4 fl S5 T 0 7 R 5T 25 S 06 K
B8 S A [ B R 11 56 AR R B, S, = 05 T X [
St 25 R0 R AR SR B 4 R L S R
Xt HRHEEAR A T U/ Sie s B AT S0 7 i 2 R HAIG
RERS FHIBY T4, X —Jr miBn 7 v B 7 11 3l
AE o9 — Jy AL 0 1 6 AR 2 1T 1 5 1k RE R B
JE LK TR RE. BTSSR R A IBS TZ L ik
AT Sy U/ . X B it A S 5 ] A T UV
IR ST BB A AR R A RE L 4 BROTSO9211-4-
2006 FYRLAE . FHTERE Sy 12 mm (9 BEH . DL 3R B T
JZ T8 5 ) Y A B F 6 )2 M IR AR 0 A f 2

TEAR B I J7 BE4E 50 AN ml L L JIRJZ ¥ JCAT: o] 454
13 FRWIPT UV A5 I U6k S 00 RE I A2 S8 7 o A i 45
Jif it S 25K

6 4 B

SR FHES - AROU 5 o & T A [ i A B Ta, Os il
SiO, T UV 5& 5F i S S . Sl 0 i 45° A5 i)
Vol S L 1) 58 3 S 00 5 kg 1. 200 6.4 06 T L
X B 2 55 F 43 1 2 0. 46 % 1 0. 86 % . i T4 &k b
P T PC AR G E Ty, R B A S
o2 [ B L BT AL s BRI 55 0 T S R, SRR
FeH L PC ¥R R WA M BT UV 56 550 B8 ol i
PERE A 0 A EE LA R R 2 1) 2 [ R 4 A2 S

5 X

1 U. Schulz. Review of modern techniques to generate
antireflective properties on thermoplastic polymers [J]. Appl.
Opt. , 2006, 45(7): 1608~1618

2 U. Schulz, U. B. Schallenberg. N. Kaiser. Antireflection
coating design for plastic optics [J]. Appl. Opt. , 2002, 41(16) ;
3107~3110

3 S. Sepeur, N. Kunze, B. Werner e al.. UV curable hard
coatings on plastics [J]. Thin Solid Films, 1999, 351 (1-2):
216~219

4 G. F. Tjandraatmadja, L. S. Burn, M. C. Jollands. Evaluation
of commercial polycarbonate optical properties after QUV-A
radiation-the role of humidity in photodegradation [J]. Polym.
Degr. Stab., 2002, 78(3): 435~448

5 N. Kaiser, H. K. Pulker. Optical Interference Coatings [ M.
Liu Xu et al. Transl.. Hangzhou: Zhejiang University Press,
2008. 252~273
glooBE . T WEEIMIL X 8 . BUM L ELR
2 AL . 2008, 252~273

6 U. Schulz, K. Lau, N. Kaiser. Antireflection coating AR-hard
with UV-protective properties for polycarbonate [ CJ. Optical
Interference Coatings, 2007, ThD4

7 Zheng Zhenrong, Gu Peifu, Chen Haixing et al.. Design and
preparation of super broadband antireflection coating [J]. Acta
Optica Sinica, 2009, 29(7) . 2026~2029
ORI, R, BRI AR B T8 0SS I g R A A LT .
KSR, 2009, 29(7): 2026~2029

8 K. Lau. Plasma Assisted Evaporation Processes for the
Production of Hard Optical Coatings on Bisphenol-A
Polycarbonate [ D . Halle-Wittenberg:
Universitit, 2006, 57~74

9 Li Yugiong, Yu Zhinong, Wang Huaqing et al.. Effects of

Martin-Luther-

substrate materials and deposition parameters on film stress [J].
Acta Optica Sinica, 2010, 30(2): 602~608
BRI WEAR . ERE S BR MRS DU S B0 W N ) Y
Fml)]. &% Fk, 2010, 30(2): 602~608

10 Xiao Qiling, Shao Shuying, Shao Jianda et al.. Influence of
oxgen partial pressure and deposition rate on residual stress of
YSZ thin films [ ] ]. Chinese J. Lasers, 2009, 36(5): 1195~1199
MR R . BRI, AREEIA S, S HERITTR RS YSZ Ik
AR JTRRZ N [1]. 4+ Bk, 2009, 36(5); 1195~1199

0231001-4



