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Study of Anti- reflection Films Coated on the Sapphire Window

WANG Ying-jian WANG Jing SONG Yong-xiang
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( Shanghat Institute of Optics and Fine Mechanics, The Chinese Academy o Sciences, Shanghai 201800)

Abstract An antr reflection film coated on the sapphire window is made. By comparing the sapphire window with quartz window,
it is found that the sapphire is a very promising window material for high power laser.
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Fig. 1 Diagram of the structure of sapphire crystal
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Table 1 Basic physical characters of sapphire and quartz

I — Sapphire Quartz
Density/ g* cm 3.98 2.202
Crystal structure Hexagonal Amorphous
Melting poiny/ 'C 2040 1743
Young' s modulus/ GPa 379 76
Thermal expansion coefficient/ K 7.8% 10 ° 0.5x10°°
Themal conductivity/ W/nr K( 25 C) 24 11
Index of refraction 1. 75( 1150 nm O) 1. 46 ( visible)
Poisson’ s ratio 0.27 0. 1682
Knoop’ s hardness/ kg® mm_ : 2200 741
Specific heat/ cal/g C 0.1813(18 C) 0. 1657(0 C)
Mohs hardness 9 5.5
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Fig. 2 Transparent curve of antr reflection films

on both sides of sapphire simulated by computer
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Fig. 3 Transparent curves of No. 1 and No. 2 of

sapphires { before coating)



8 1 F e A,

N

T /%
nmmﬁmaqugg

600 800 1400 1200 1400
A/nm

g 17 s A 00 44 3 M 11 o ok ol £
Fig. 4 Transparent curve of antr reflection films on

both sides of No. 1 sapphire
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Fig. 5 Transparent curve of antrreflection films on both
sides of No. 2 sapphire (@) and different transparent
curves of antrreflection film on both sides of No. 2

sapphire in different position ( &)
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Fig. 6 Transparent curve of the antr reflection film

on one side of sapphire
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Fig. 7 Remained reflection curve of the antr reflection
film on both sides of sapphire
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Fig. 8 Diagram of the angle of optical axis
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Table 2 Optical characters of several sapphire samples

No. Sizef mm Ty Tw
1 20 85.00 86. 00
2 & 20 84.00 86. 00
3 20 88.00 86. 88
4 + 50 85.00 86. 50
5 # 30 87. 56 85.30

Tis0 /(%) o/ nm Parallel
86.20 5 4.563 3
86. 80 5 5.583 7
86. 80 2.5 7. 786 2
86. 60 big - I
84. 20 5 - 3

Note: Transmission rates in the table were measured at 1315 nm.
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Table 3 Optical characters of two sapphire samples

Size/ mm a/ (%) O /nm Parallel
¢100° "' x 6 =0 4 <7
92" " x 6 =5 4 <44

Wave front

T ( before coating)
86. 6% (632. 8 nm)
86. 8% ( 1315 nm)
86. 35% ( 632. 8 nm)
86. 35% ( 1315 nm)

T ( after coating)
95% ( 632. 8 nm)
99. 7% ( 1315 nm)
95% ( 632. 8 nm)
99. 2% ( 1315 nm)
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Table 4 Variation of sapphire and quartz under the high power laser

Material of the window Sizef mm Density of power/ kW« em™ : AM( A= 632.8 nm)
Quartz ¢ 100x 6 2.65 8~ 10X
Sapphire ¢ 100= 6 2.65 0.2
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