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Abstract In order to further research damage mechanism of HgCdTe crystal irradiated by high repetition
frequency CO. laser. Temperature experiment of HgCdTe crystal irradiated by high repetition frequency CO,
laser is conducted, and temperature rising progress of HgCdTe crystal irradiated by different repetition
frequency CO, laser (1.5, 10 kHz) are measured. Theoretical model of HgCdTe crystal irradiated by high
repetition frequency CO, laser is developed, and the impact of laser repetition frequency on temperature
characteristic is analyzed. The impact of thermal stress on damage characteristic is analyzed basing on
scanning electron microscope (SEM) damage morphology and the value of temperature rising and thermal
stress calculated by ANSYS. The research results show that temperature of the crystal irradiated by high
repetition frequency CO; laser gradually rise with increasing of irradiation time, and thermal equilibrium should

have been attained on the HgysCdouTe crystal when irradiation time is 10 s. When repetition frequency is

W5 B H3: 2014-06-25; W I 1& B B #A: 2014-10-06

EEWE: BHRELLEE A £ IR R B(SKLLIM1004-01)

EEE N EHEWE(1977—), 5 W4 W5 5, 32 28 A 0o RAAONE L B 8o oy FH 5 A 46 5 Tl 7o) 1 52
E-mail: wangtf@sina.com

AR SCHL TR (OO A8 B DL o DG B T www.opticsjournal.net

0206006-1



S I S

more than 1 kHz, the temperature mainly depends on laser average power density, and doesn’t depend on

repetition frequency. The maximum thermal stress is 5x 10’ Pa when Hg,s:Cd,iTe crystal surface melts, the
value of which is less than the ultimate stress. The conclusions have a reference value for laser protection on
high repetition frequency CO:. laser.
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Table 1 Main parameters of high repetition frequency CO, laser

Parameters Values
Wavelength 10.6 pm
Pulse width 300 ns
Repetition frequency 1 Hz~100 kHz
Peak power 4000 W
Beam model TEMoo
Beam waist 6 mm
Divergence angle 1 mrad
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Fig.2 Physical model of HgyseCdo i Te crystal chip
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Table 2 Physical properties of Hgos:Cdo.174Te crystal

Physical properties Values
Melting point T\, 720 C
Density p 7.6 g/cm’
Thermal diffusion coefficient of solid K(T) 1.125-4.568T+11.037°-8.427 T (mm"/s),T(°C/1000)
Specific heat ¢(T) 0.0587+149.76 (J/kg K)(300-673 K)
Thermal conductivity coefficient k(T) pK(T)c(T)
Latent heat of melting AH 130 J/g
Reflectivity 0.31
Absorption coefficient « a, exp[8(E = E)/kIT] cm™
Thermal expansion coefficient B 4.25%107° /K
Elastic module E 5.39x10" N/m®
Poisson’s ratio v 0.41
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Fig.3 Relationship between temperature rise of HgCdTe crystal Fig.4 Experimental picture of crystal at thermal equilibrium

and time under different repetition frequencies
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Fig.6 Simulation results of temperature rising on HgCdTe crystal. (a) Temperature rising curve with different repetition frequencies;
(b) finite element results of thermal equilibrium
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Fig.7 Temperature rising curve of HgCdTe crystal with the irradiation time of 5 ms
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Fig.9 Maximum temperature and thermal stress of the damaged crystal. (a) Temperature rising curve; (b) thermal stress curve
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