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Abstract  For the purpose of achieving high-quality athermal imaging in the infrared detection system, an
antireflection coating in the wave band of 3. 7-4. 8 pm was prepared on aspheric chalcogenide glass substrate.
Adhesive layer material was selected in the experiment to improve the adhesion between the substrate and the
coating. The finite element method and multi-physics simulation software were used to build a three-dimensional
model that combined temperature field and thermal stress field. The stress distribution of aspheric film was
analyzed. In view of the simulation results, the deposition process was optimized. The thermal stress of the
chalcogenide glass substrate was reduced by temperature gradient heating and the stress of the deposited film was
released by in-situ vacuum annealing so as to solve the film stripping problem of the aspheric mirror. The prepared
film passed the tests of adhesion, humidity, and moderate friction of the MIL-C-48497A standard and the average
transmittance in the wave band of 3. 7-4. 8 pm was 99. 12%, which means the prepared film met the index
requirements of infrared detection system.
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Table 1 3. 7-4. 8 pm antireflection coating technical

parameter requirements

Parameter Specification
Substrate IRG206
Incident angle /(%) 0
Spectrum range /nm 3700—4800
Transmittance /% >98.5

Adhesion test

Humidity test

Environmental test Moderate wear test
Temperature test

Solubility and cleanability
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Fig. 3 Test results. (a) Result after adhesion test; (b) comparison of spectra before and after coating of substrate
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Fig. 5 Design curve and adhesion test results. (a) Design transmittance curve; (b) test result of flat adhesion;

(¢) test result of concave adhesion
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Table 2 Mechanical and thermal parameters of materials

. Young’s Poisson Coefficient of thermal Density / Specific heat /

Material modulus /GPa ratio expansion /(10 ° K™") (g+em™) Jeg =KD
Ge 102 0.21 2. 75 5.3 0. 31
ZnS 74 0. 29 7.85 3.98 0. 584
7ZnSe 67 0. 28 7.3 5. 42 0. 339
YbF; 76 0. 28 10. 8 8. 17 0. 388
IRG206 184 0.3 21.3 4.63 0. 24
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Fig. 7 The simulation results of thermal stress on the substrate under different heating modes. (a) Gradient heating for

130 min, and constant temperature for 35 min; (b) direct heating for 130 min and constant temperature for 35 min;

(c) direct heating for 165 min; (d) direct heating for 130 min to 200 “C, constant temperature for 25 min, and start

to cool for 10 min
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Fig. 8 The simulation results of thermal stress on the substrate under different cooling modes. (a) Vacuum gradient
annealing; (b) direct cooling; (c) constant temperature for 20 min, start to cool down; (d) after the coating is

finished, start to cool down, keep the temperature at 100 ‘C for 40 min, and continue to cool down
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Fig. 10 Sample physical map. (a) Concave result; (b) convex result
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