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Multilayer protective coatings for IR optical windows

Liu Shijun, Li Qiantao, Xiong Changxin, Yang Changcheng
(Wuhan National Laboratory for Optoelectronics, Huazhong Institute of Electro-Optics, Wuhan 430074, China)

Abstract: By using Ge,C,_,, BP and «a-Si as high index material and DLC as low index material, Ge,C,_/
DLC, BP/DLC and «-Si/DLC multilayer protective coatings were designed and coated on long wave
band IR windows such as ZnS, GaAs and Ge. Optical performance, micro-hardness and resistance to
marine environment of these coatings were studied through experiments. Based on the characteristics of
IR window and protective coating material, the results of experiments were discussed. The results show
that Ge,C, ,/DLC multilayer coatings have best optical transmittance and BP/DLC multilayer coatings is
best to resist marine environment.
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Tab.1 Design results of multilayer protective
coatings for IR windows

Designed optical

:ZEE:: Window Coating* transmittance™™
Extremum Average

BPO1 ZnS SubjaBP bDLC]Air 95.8% 91.2%
BP02  GaAs SubjaBP bDLC]Air 93.9%  89.4%
BPO3 Ge SublaBPbDLCcBP dDLC|Air  96.8%  92.1%
GeC01  ZnS SublaGe,C;_, bDLC]Air 96.9%  92.5%
GeC02 GaAs Subla Ge,C,.« bDLC|AIr 97.2%  92.7%

GeCO3  Ge igi'i?;%l_g?:ﬁ 97.8%  95%

Siol Zns Sublaa-Si bDLCJAIr 96.7% 92%
Si02 GaAs Sublaa-Si bDLC|Air 96.5% 91.7%
sio3 Ge Sublaa-SibDLCca-Si 96.9%  92.4%

dDLC|Air
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Tab.2 Measured optical properties of multilayer
protective coatings for IR windows

Measured transmittance***

Sample number Window

Extremum Average

BPO1 ZnS 93.3% 89.5%
BP02 GaAs 92.2% 88.1%
BP03 Ge 95.6% 91.3%
GeC01 ZnS 95.8% 91.4%
GeC02 GaAs 95.4% 91.7%

GeC03 Ge 97% 94%

Siol Zns 96.7% 90%
Si02 GaAs 95% 88.4%
Sio3 Ge 96.2% 88.9%
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Fig.1 Transmittance curves of BP/DLC multilayer protective coatings

on ZnS and DLC single layer protective coatings on Ge
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Fig.2 Hardness of multilayer protective coatings on ZnS windows
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Fig.3 Diamond indenter impress photograph of BP/DLC coatings

on ZnS windows

3.3 REBEEMNHE
3.3.1 FBEXL
¥ MIL48616 AYHLE XT T A FE &6 VEAT T 8 iR AR



188 Ik TR

% 42 %

T R K R I 4 Si01 SRE S Ah A RE A Y
WA T, Si0L 5 AR i A AR A 56 Y I R
a-Si NGRS ZnS % HE LR 47145 & 71,1 DLC
5 o-Si Y25 G J19E# 4F ,DLC Y B K AAE
N HI G E «-Si IS ZnS % A, RS
WEEH T L RAE T, ) B, 530 o -Si/DLC
2 2B R I U i 7%
3.3.2 HH BRI

TE T IR Ge i 11 2 2R R 17 0 VR IS
TR, AN A O RE S AT — OSSR 4 ok
T K R TR 22 2 AR B I Ge AR S VR S Il
6 MHZIEHME A, HIE 4 A0 Ge B WARBERR
FEE I 6 A H Z )5, R ih)™ 5 i Bl 3R 1w ik
BTN RSP RELRS 2R 1T, 2R 1T U R K, B R LT
M2, PG 220G, BRI T Ge biifs
TR BlURE T, 3 Fh 22 )2 R R P AR K Il BPY
DLC=a-Si/DLC = Ge,C,./DLC, Bl ,BP/DLC £ JZ Jii
(PR R Fe A

] 4 AR S 2 AR IR Ge B BRIV B 6 S H Z )5
By IR A
Fig.4 Photographs of coated with different multilayer protective
coatings and uncoated Ge windows after 6 months

corrosion in marine environment

Ge B I K1 2 J2 O 47 5 Vg 1 I o X 3 i L 7Y
BB A AR B S T S R A 5 B, AT 5 ]
LA, fEsklEAl, ZJRZ0 MR R IT 46
% o D.R.Turner 5 AUWF5E R W], 1k Ge 1EEL K 3F

B AFTE U] A B AL 2= S DAL 22 )2 OR AP TR A1
JZ¥% DLC i, DLC JEEAS B AN x4 £h /K Jig itk , DLC
2 ST 5 R Z AR B AR LB G, EhoK
A o LR AR N, DLC 8 i SP® il SP?
PP C-C HIR A 4L, 7F DLC MIX AR/ =
FL DX 3 (R SR A ), — ELXFP i/ S XIS Ge
FMEE R, 7 BP0 i 53 Ge BYJE 1k, 3
MR B 7% . T GeCoy B2 Hh A By i A7
1E Ge, X33 Ge,Co EZA T B HTIE A K2 BP
Ml o-Si I, X E Ge,C,/DLC £ 2 A 545U
N} BP/DLC Fl a-Si/DLC £ )2 BERY A .

5 Ge i H 2 )2 ZLAMA P P01 i 36 5 B B 0 AFM JIE
(50 pmx50 wm)
Fig.5 AFM photograph of damage dot in multilayer protective

coatings on Ge windows(50 pumx50 pwm)
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