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Analysis of the influence of pulse width and repetition frequency
on damage threshold of HgCdTe detector
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Abstract: In order to study the influence of pulse width and repetition frequency on the damage threshold of HgCdTe
detector, finite element method was used to build 2-D model of HgCdTe infrared detector and the temperature field of laser
irradiation detector was simulated. Damage threshold of single pulse laser of off-band and in-band was obtained from the range of
10ns to 1000ns. Measurement of damage threshold of all pulse width was hard. After simulation and calculation, the damage
threshold formula from the range of 10ns to 1000ns was concluded. The results show that, single pulse laser damage threshold of
off-band laser is 9MW/cm’ ~ 0. 9MW/cm’, and 150MW/cm’ ~ 15MW/cm® for in-band laser.

threshold has the negative exponential relationship with laser pulse width. And then,

And single pulse damage
repetition frequency laser was used to
irradiate detector with the same repetition frequency. The temperature accumulation effect and damages of large area are more

likely to occur under long pulse laser irradiation, because pulse separation of long pulse laser is smaller than narrow pulse laser.

The research is useful for studying stress field distribution ,thermoplastic wave and laser protection.
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Fig. 1 2-D model of HgCdTe detector
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Table 1  Thermal parameters of detector material

thermal

material (i‘;“fiz P ) (hjeft lfg‘ipfclt;"]/) conductivity x/
(W-m™' -K™")
CdZnTe 5680 159 0.97
HgCdTe 7600 150 20
In 7310 237.6 82.01
epoxy 1250 1530 0.2
Si 2330 550 250
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Table 2 Damage threshold of power density of off-band laser

pulse width power density/ pulse width/ power density/
/ns (MW -« cm~2) ns (MW - cm~2)
10 9 150 2.35
20 6.5 200 2.1
30 5.3 300 1.65
40 4.5 400 1.41
50 4 500 1.3
60 3.7 600 1.15
70 3.4 700 1.06
80 3.2 800 1
90 3 900 0.94
100 2.85 1000 0.9
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Fig.2 The fitted curve of power density of off-band laser
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Fig.3 Relationship between temperature and time of HgCdTe detector with
different repetition frequency
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Table 3 Damage threshold of power density of in-band laser

fa (9)

pulse width/  power density/ pulse width/ power density/
ns (MW - em %) ns (MW + cm™2)
10 150 150 39
20 107 200 34
30 90 300 27
40 75.5 400 23.5
50 68 500 21
60 61 600 19.5
70 57 700 18
80 53 800 16.5
90 50 900 16
100 48 1000 15
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