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An infrared camera and laser common-path optical system is applied to DIRCM (directional infrared countermeasures), to
increase boresighting accuracy and decrease weight. Thermal effects of a laser beam in a common-path optical system are analyzed
and evaluated, to predict any degradation in image quality. A laser beam with high energy density is absorbed by and heats the
optical components, and then the surface temperature of the optical components increases. The heated optical components of the
common-path optical system decrease system transmittance, which can degrade image quality. For analysis, the assumed simulation
condition is that the laser is incident for 10 seconds on the mirror (aluminum, silica glass, silicon) and lens (sapphire, zinc
selenide, silicon, germanium) materials, and the surface temperature distribution of each material is calculated. The wavelength
of the laser beam is 4 um and its output power is 3 W. According to the results of the calculations, the surface temperature
of silica glass for the mirror material and sapphire for the lens material is higher than for other materials; the main reason for
the temperature increase is the absorption coefficient and thermal conductivity of the material. Consequently, materials for the
optical components with high thermal conductivity and low absorption coefficient can reduce the image-quality degradation due
to laser-beam thermal effects in an infrared camera and laser common-path optical system.
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Fig. 1. Interaction between laser beam and material.
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Fig. 2. Schematic diagram of infrared camera and laser common
path optical system.
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Table 1. Material properties of mirror materials

Aluminum Silica glass Silicon
Th 1
erma’ 237 [Wim-K]| 1.38 [W/m-K]| 130 [W/m-K]
conductivity
Specific heat | 904 [J/kg-K] | 703 [J/kg-K] | 700 [J/kg-K]
Density 2700 [kg/m’] |2203 [kg/m’] | 2329 [kg/m’]
2955
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29501+ silicon
3
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Fig. 3. Temperature variation for center of mirror materials
according to incidence time of laser beam.
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Fig. 4. Lateral temperature distribution of mirror material after
laser beam incidence.
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Fig. 5. Axial temperature distribution of mirror material after laser
beam incidence.
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Table 2. Material properties of lens materials

293.50

—a— Silicon

—e— Germanium
—a—Zinc Selenide
—v— Sapphire
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Fig. 6. Temperature variation for center of lens materials according
to incidence time of laser beam.
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Silicon Germanium Zinc selenide Sapphire
Absorption coefficient 5x10% [m'] at 4 pm 50.0 [m'] at 4 um 40x10? [m'] at 4 pm 70 [m'] at 4 pm
Thermal conductivity 130 [W/m-K] 587 [W/m-K] 18 [W/m-K] 35 [W/m-K]
Specific heat 700 [J/kg- K] 310 [J/kg- K] 339 [J/kg- K] 730 [J/kg K]
Density 2329 [kg/m’] 5323 [kg/m’] 5270 [kg/m’] 3965 [kg/m’]
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Fig. 7. Lateral temperature distribution of lens material after laser
beam incidence.
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Fig. 8. Axial temperature distribution of lens material after laser
beam incidence.
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