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Abstract Based on the film design theory, we design anti-reflective coating for short and medium infrared based on
chalcogenide glass. Based on calculation and analysis of material thermal stress, a mixed material M-11 is developed
as the connecting layer, the parameters of the deposition process are optimized. and the coating structure is
corrected based on its mechanical properties. We solve the problem of stripping of chalcogenide glass. The results of
spectral tests show that the transmittance in the bands of 1.4-2.5 pm and 3.5-4.5 pm are 95.8% and 96.7%,
respectively, which satisfies the requirement of infrared imaging system.
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Table 1 Technical parameters of anti-reflective coating

Parameter Specification

Substrate TI-1173
Incident angle /(*) 0
Spectrum range /nm 1400-2500 3500-4500
Transmittance /% >95 >95
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Fig. 1 Refractive index of two materials. (a) ZnS; (b) YbF;
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Fig. 2 Theoretical transmittance curves of anti-reflection coating
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Table 2 Several groups of experiments

Heating Annealing Experimental phenomenon
No No Coating stripping
Yes No Coating stripping
No Yes Coating stripping
Yes Yes Coating stripping
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Table 3 Thermal and mechanical parameters of thin films

Material Thermal expansion /(10" % K1) Young's modulus /GPa Thermal stress /(10° Pa)
BaF, 18.40 65 —0.414
YbF; 10.80 76 2.667
Al O, 5.00 230 2.507
ZnS 7.85 74 5.208
MgO 10.50 248.74 —3.626
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Fig. 7 Surfaces curvature of before and after coating tested by the step meter. (a) Before coating; (b) after coating
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Table 4 Deposition process parameters of M-11, ZnS and YbF;

) Substrate o Degree of Deposition Ion source anode Ion source anode
Material Filling gas
temperature /°C vacuum /Pa rate /(nm * s ') current /A voltage /V
M-11 150 0O, 1.5X10° 2 0.5 5 180
ZnS 150 Ar 1.5X10°* 0.7 5 180
YbF; 150 Ar 1.5X10°* 0.8 5 180

e 25— J2 T I T8 SR B — R B A5 S BOE R ORI EL A B 1.0X10 0 Pa, 4REHE ] . 2R iE

L V8 S e PR LA AR 1.5 X107 Pa, IR ARG 58 W0UR HEATIR Kb BT SIEG IR SR A 28 5 74 5]
JEIN 3 B2 R M v ELTCA 405, A 9 B, AR R K

0903002-6



4 JETE K
FJH UV-3150 4000 H (B A ), HAO X 14 ~2.5 um 3 BEEAT 6345 i, #1 1) Varian600-

IR {8 B 2T AP GG AL XS 3.5~4.5 pm P BedE A7 638 4o 3k, 3k 25 SR an & 10 B,

T

Transmittance /%

Bl 9
Fig. 9 Picture

100

80}

60

40+

20

(a)

1400 1600 1800 2000 2200 2400

Wavelength /nm

W R PR

of coating thin film

100

Transmittance /%
O )
S (=) S
- T

Do
(=]
T

®)

O 1 I L L L 1 I
3200 3400 3600 3800 4000 4200 4400 4600

Wavelength /nm

B 10 Sehriliad xRl 8. (a) 1.4~2.5 pm; (b) 3.5~4.5 pm
Fig. 10 Transmittance curve of both sides in actual test. (a) 1.4~2.5 pm; (b) 3.5~4.5 pm

IECIRAE 1.4~2.5 pm P BOF155 i 5K H) 95.8 % . 7E 3.5~4.5 pm P BB R N 96.7% . Pt

ER S5V A LA N2 S BB O IR A AL B R TR IR S, RS ANE

UL TP VR 4 RS 25 R AR AR 28 B i IR 4 RS Ry 1

4RI L5 R R ZE e MY E

Table 5 Residual deposition and its average value of the four experimental results

x5

Number of layers

Residual deposition

Experiment 1

Experiment 2

Experiment 3

Experiment 4

Average value
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0.5
0.4
0.8
0.6
0.6
0.6
0.5
0.6
0.6
0.5
0.8
0.5
0.6
0.6
0.7
0.6

0.7
0.5
0.6
0.7

0.7
0.5
0.4
0.4
0.4
0.6
0.5
0.6
0.8
0.5
0.6
0.5
0.7
0.5
0.7

0.5

0.6
0.5
0.5
0.4
0.7
0.5
0.5
0.6
0.5
0.5
0.5
0.6
0.4
0.5
0.5
0.5

0.625
0.475
0.575
0.525
0.55
0.55
0.55
0.575
0.6
0.575
0.625
0.525
0.575
0.55
0.65
0.55

0903002-7



H = e ot

JHEE 2 0y 30 T2 52 ok 25 A L V25 1) 7k A 2 B A P B A8 W I A TR S R R AR AN P 11 R Ot

S

100 100
sol 80 /Q\
g g
5] %]
2 60 § 60
= g
E 40} E 40}
g 5
= 20t 20t
@ o W
1400 1600 1800 2000 2200 2400 3200 3400 3600 3800 4000 4200 4400 4600
Wavelength /nm Wavelength /nm

B 11 SERR O S A 4. (@) 1.4~2.5 pm;(b) 3.5~4.5 p

Fig. 11 Transmittance curve of both sides in actual test. (a) 1.4~2.5 pm; (b) 3.5~4.5 pm

ZIEVEIRAE 1.4~2.5 pm W B35 % 8 96.3% , 7F 3.5~4.5 pm P BB R K 97.4% , ik 45
IR 50 2 5% A 2% 0 A I3 i £ A HL OB o R AT BT R L R

5 % 1w

FET I RBES , e ZnS.YbF, A1 M-11 1E 488 A BE, R BE 22 BT 4 5E 0 T 4 I 20 A 1% R 52
W BT . T E A R RO S R T — AR A MR M-11 ME R EREE RO T2 IR T T
W F1 AT B LN T R DA T A e T R B I R RS A R A 1) R, AR YR AR AR B B IEE R

i,

ISR T P T2 2 1B T 40 B OB AR F ) 1067 o S I (L 56 0 2 5 T L L3 e A

PR 3 o Sk T 25 AR e BT T ik L S RO R AR e R R A R B ST R O )

(1]

(2]

[3]

(4]

(6]

[7]

(8]

2 % X #

Shi Haodong, Zhang Xin, Qu Hemeng, et al. Design of large relative aperture infrared athermalized optical system
with chalcogenide gla%%e%[ﬂ Acta Optica Sinica, 2015, 35(6): 0622002.

PR, kB, AR, AF. R TR KM ALRAIERAE R ERE W], ik, 2015, 35(6):
0622002.

P G . T AL 2R BB LL AR R 1) 45 M R REAT ST (D] Bl S E R, 2009.

Yan Chunyang, Wu Lihua, Dai Shixun, et al. CO, laser power delivery characteristics of Ge-Sb-Se glass fibers[]].
Chinese ] Lasers, 2016, 43(8): 0803001.

PRI, REEE, B, 5. Ge-Sb-Se B R BLIHOLLF A CO, BOLSREAFMED]. hEWOE, 2016, 43(8): 0803001.
Dai Shixun, Chen Huiguang, Li Maozhong, et al. Chalcogenide glass and their infrared optical application[]]. Infrared
and Laser Engineering, 2012, 41(4): 847-852.

W, BRETT, KR, & MR R HAELIDCFE RGP A L] AN 5H0E TR, 2012, 41(4): 847-852.
Abdel-Moneim N 'S, Mellor C J, Benson T M, et al. Fabrication of stable, low optical loss rib-waveguides via
embossing of sputtered chalcogenide glass-film on glass-chip[J]. Optical and Quantum Electronics, 2015, 47(2): 351-
361.

Huddleston J, Novak J, Moreshead W V, et al. Investigation of As,,Seg chalcogenide glass in precision glass molding
for high-volume thermal imaging lenses[C]. SPIE, 2015, 9451: 945110.

Wang Jing, Wu Yuehao, Jiang Bo, et al. Application of chalcogenide glass in designing a long wavelength infrared
athermalized wide-angle lens[]J]. Acta Photonica Sinica, 2016, 45(12): 1211008.

O, RMEE, £ W, F O RARBBAELKK KA ME LB JbF M, 2016, 45(12):
1211008.

Yang Jiagiang, Peng Qingqing, Liu Lin, et al. Design of refractive/diffractive hybrid optical athermalization lens based
on chalcogenide glass[J]. Laser & Infrared, 2017, 47(2): 225-229.

i, 2ughE, X1 Mk, S JETH R B AT AT IR GOt B A BTk BT (U] BOt S 204h, 2017, 47(2): 225-

0903002-8



(9]

[10]

[11]

[12]

[13]

[14]

229.

Fu Qiang, Zhang Xin. Materials choose for mid-wave/long-wave dual-waveband infrared opticas [J]. Acta Optica
Sinica, 2015, 35(2): 0208223.

Bk, 5k B P/ RKBEWE LN R e R [J] . e aE i, 2015, 35(2): 0208003.

Fu Xiuhua, Wang Gang, Liu Dongmei, et al. Research and preparation of the visible and infrared control and guide
system filters[J]. Chinese J Lasers, 2013, 40(1): 0107001.

&4, £ N, XM, 4. n] LS 2080 S &R el B O A n BRI 0] . R RO, 2013, 40¢1) ¢ 0107001,

Wang Xiaozeng. The analysis of thermal stress and deformation of GaN films on the substrate of AL O;.[J]. Laser &
Optoelectronics Progress, 2015, 52(4): 041602.

FAE. AL Os # % L GaN WA ) AR TR 224307 [T . WOt 5ot 72 3R, 2015, 52(4): 041602.

Fu Xiuhua, Pan Yonggang, Dong Jun, et al. The characteristics of connecting layer material on TeQ, crystal surface by
thermal stress method[J]. Acta Photonica Sinica, 2016, 45(1): 0131001.

frFE40, WKW, # ZE, 55 AR 7 BIFOY AU AL Rl T IR R T R AR R R (D] BT AR, 2016, 45(1):
0131001.

Gu Peifu, Zheng Zhenrong, Zhao Yongjiang, et al. Study on the mechanism and measurement of stress of TiO, and
SiO, thin-films[J]. Acta Physica Sinica, 2006, 55(12): 6459-6463.

JRE R, REESE, BOKIL, 4. TiO, 1 SiO, w88 N J7 09 7 A AL B eI IR R [ W #2006, 55(12): 6459-
6463.

Tian Guanglei, Shen Yanming, Shen Jian, et al. Influence of technological conditions of deposition process on
microstructure of thin films[J]. Chinese J Lasers, 2006, 33(5): 673-678.

HOGEE, WOMERS, o, % & T2 as i [J]. P EBEOL, 2006, 33(5): 673-678.

0903002-9



