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Fig.1 Structure of multilayer laser thermal response model

®1 AIEHESH

Tab.1 Laser parameter in thermal simulation

Parameters Value

Working condition Continous wave

W ULB LT A G AP R ALOS. MgF,.
Si I ZnS 45, Horfr ZnS ki 78 i ik 58 I B
WA B G ERE, (o2 . I,
HE B ZnS VE RG24 T 1 3L AT RHIE AT 15 2R 45 4 14
Tho B UL rh Ok 2T AP IR M RE B AL L Sk
Yy . WAL IR ALY 5, ZoS/YDF; ARG B T AR
HBERITGHR A, B Z 256 1) 1 2E e v
U, S LA E R B2 A B A 22— T HEO,/Si0,
(R RF B2 A AT O S 1 VRS M R O B 1 e
RO R G TSRz . Bk, Sy
Ve ZnS/YbF; Hl HFO,/Si0, 21 4 15 o Tl b R k47
£ 2. LL Sub|(0.5HLO.5H) 21| Air “h 4] 1A % £
ST Ak, Ho Sub KR ZnS R, Air £R S
RN 5 I O o 1B =N = i 1 7 A P 7 I S )
VA B R CFIRE . FERRL R H o 72 o (5 FH A 61 L 2
Boang 2 s, Hirh 5L ZnS AEHS W ZnS A1EHY
AR RE A I 25 57 . B AAEPIFPIRHA R 53 51l %
T T HA 1.06 um & KU, 3~5 ym B DIREN £ )2
JIES, B R S5 M dn 3 3 B s, Hi R ZnS(Substrate) % 7~
ZnS FEJRAPRHRPERE, AR R A A RERE .
F ZnS FE I F A AR 2 s Ak 2 ST B
55 ZnS WERR A £ T 2AFAERR 225, IR W A e

Polarization Linear polarization e P AP — 25 5. HOER 10 2 R L AT A0
Wavelengttn 106 SIS 2 Bk . BB, 22
pO::d;:::;g/I\;/(c; ! 5:; . HEE IR (9 T 18 2470 8 pm, HEO/SIO, 22 22 B JRE )
Laser spot diameter/um . 7 4.99 um, ZnS/YbF; £ )2 IR 5. )5 B A 3.87 um, ZnS
FEIRJESE Y 10 pm,
%2 MBS
Tab.2 Material parameters of model '*™'"
Materials HfO, SiO, ZnS YbF; ZnS(Substrate) Y,0;
Reflective index 1.92 1.46 2.28 1.45 2.28 1.74
Extinction coefficient 6.9%107° 1.2x107° 1.6x107° 9.3x107° 1x107° 1x107°
Density/kg'm 9680 2680 4080 8200 4080 5200
Heat capacity/J-(kg-K) ™ 310 754 468 854 468 249
Thermal conductivity/W-m-K 1.3 27 16.7 27 16.7 27
*3 InS ER LS RIRREN
Tab.3 Multilayer structure on ZnS substrate
Substrate HfO,/Si0, ZnS/YDbF;
ZnS Subl4.01H1.07L1.36H(LH)’0.79L1.64H4.35L|Air Sub|0.48 H0.65 L.2.01 H(LH)’0.23 L0.51 H4.05 L|Air
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Fig.2 Multilayer laser thermal response model. (a) Geometrical model; (b) Model mesh
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Fig.3 Transmittance of different multilayers
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Tab.4 Three laser thermal response model structures

Structure Component

Stack formula

Structure 1 ZnS substrate
Structure 2

Structure 3

Y,0; single layer on ZnS substrate

HfO,/Si0, multilayers on ZnS substrate

Sub|575 nmY,0;/Air
Sub0.48H0.65L2.0 1 H(LH)’0.23L0.51H4.05L|Air
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310, 282, 159 °C. 7EWOLAE By b F2 o, AN G
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Fig.5 Optical window temperature over time under different structures
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Fig.7 (a) Effects of reflective index error fi; on optical and thermal performance; (b) Effects of reflective index error f; on optical and thermal

performance
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performance
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Photothermal simulation of laser protective/mid-infrared antireflective

multilayer on ZnS window

CAO Yuanrui', WANG Lishuan', LIU Huasong'’, YANG Shigqi', SUN Peng', NIU Xinshang

(1. Tianjin Key Laboratory of Optical Thin Film, Tianjin Jinhang Institute of Technical Physics, Tianjin 300308, China;
2. Key Laboratory of Advanced Micro-Structure Materials, Tongji University, Shanghai 200092, China)

Abstract:

Objective  Infrared optical system is vital for aircraft in the terminal stage. As a fragile part of optical system,
optical windows are under the threat of external environment, which could bring interference and damage to the
windows. With the development of laser theory and technology, laser protection becomes more and more
important for infrared optical windows. Laser protection can be sorted as linear protection, nonlinear protection,
phase transition protection and so on. Among those protection methods, linear protection has the characteristic of
low-cost and high performance on small angles incident, which is suitable for optical windows in the terminal
stage. Linear protection method usually includes multilayers which have high reflectivity during the wave band of
laser. Due to the small scale, high reflective films have lower laser damage endurance. Thus the laser induced
damage theory of thin film is widely discussed around world. The relevant study about high laser induced damage
threshold thin film is usually on single layer and double layers, also the film material is in visible band. It’s
important to know the laser damage of laser protective multilayer for infrared optical window. Therefore, the laser

thermal effect and optical characteristic of a laser protective/mid infrared anti-reflective multilayer is studied.

Method A model of laser damage on laser protective/mid infrared anti-reflective multilayer is establish (Fig.1)
with the help of finite element analysis method. Using two couples of material HfO,/SiO, and ZnS/YbF;, two
types of multilayers are designed on ZnS optical window substrate. By comparing the optical performance and
laser thermal effect(Fig.3-Fig.4), the multilayer structure of HfO,/SiO, is used for further study. Single variable
method is chosen and the effect of thickness, reflective index and extinction coefficient of layer material on

multilayer is studied.

Results and Discussions By comparing infrared window without protection, infrared window with single layer
coating and infrared window with laser protective/mid infrared anti-reflective multilayer coating, the result shows
that laser protective/mid infrared antireflective multilayer can reduce the temperature of optical window when
laser incident. The analysis of HfO,/SiO, multilayer concludes three parts: thickness of top three layers, reflective
index of HfO, and SiO,, extinction coefficient of HfO, and SiO,. All three variables can influence the temperature
of multilayer, reflectance at 1.06 um and average transmittance during 3-5 pm. When the error of thickness of top
three layers goes to 10% larger than the ideal value, temperature of multilayer grows to 88% higher, reflectance at

1.06 pm becomes 0.5% lower and average transmittance during 3-5 pm becomes 0.2% lower. When the error of
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reflective index of HfO, goes to 10% smaller than the ideal value, temperature of multilayer grows to 55% higher,
reflectance at 1.06 pm becomes 14.4% lower and average transmittance during 3-5 pm becomes 1.7% lower. The
result shows that film/substrate temperature grows one order of magnitude higher when extinction coefficient &;
grows two orders of magnitude higher. When the extinction coefficient of SiO, grows 1x107° larger, the
temperature becomes 93 degrees larger, meanwhile the temperature becomes 25 degrees larger for HfO, at the

same condition.

Conclusions  When preparing optical multilayers, there always have error on structure and material properties.
By establishing finite element analysis model about laser protective/mid infrared anti-reflective multilayer on ZnS
substrate, thickness, reflective index and extinction coefficient are studied to confirm the relationship with
multilayer laser thermal effect and optical properties. At the range of —3%-3%, influence of thickness and
reflective index error on temperature and optical properties can be ignored. By comparing two materials, the
change of temperature caused by extinction coefficient of SiO, is much stronger than HfO,, which mean that
reducing the extinction coefficient of SiO, is a good way to reduce laser thermal effect and advance the ability to
endure laser attack. The study can provide an idea for designing laser protective and mid infrared antireflective

multilayer with high induced laser damage threshold.

Key words: laser thermal effect; finite element analysis; multilayer; reflective index; thickness
error
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