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Impact of temperature on degradations of laser diode

YANG Peng, HU Yerong, WANG Guishan

(Science and Technology on Integrated Logistics Support Laboratory, College of Intelligence Science and Technology,

National University of Defense Technology, Changsha 410073, China)

Abstract: The impact of temperature on laser diode degradations were studied by equivalent circuit model simulation and accelerated

degradation experiment. Two degradation modes of laser diode were analyzed and concluded that the active region degradation will cause the

threshold current to increase, and the cavity surface degradation will cause the slope efficiency to decrease. The thermal characteristics of laser

diode were modeled and simulated, and were concluded that the threshold current increases with the temperature rise. The accelerated degradation

experiments were carried out by a laser diode accelerated degradation experiment platform. The results of simulation and experiment showed that the

increase of temperature will aggravate the cavity surface degradation, but has no significant effect on the active region degradation of laser diode.

These conclusions will improve the laser diode temperature degradation simulation modelling. The current study is beneficial for the mechanism of

temperature on laser diode degradation and protective measures.
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thermal characteristics
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Fig.4 Influence of temperature on I — P curve
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Fig.5 LD accelerated degradation experiment platform
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Fig. 6 Computer data acquisition software interface
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Tab.1 [ - P data measured after accelerated degradation in 293 K, 313 K and 333 K
I/mA 1.298 0.975 0 0 0 2.677 22.043 3.592  3.764
P/mW 0 0 0.036 0. 009 0 0 0 0.094  0.157
I/mA 6.425 6.921 3.822 5.323 6.655 7.000 12.384 13.887 12.970
P/mW 0.201 0.243 0.257 0.342 0.399 0.517 0.752 1.006 0.974
I/mA 15.794 19. 164 19. 608 23.115 24.007 28.002 26.558 26.611  29.687
P/mW 1.041 1.460 1.454 1.590 1.724 1.906 1.878 1.880  2.031
I/mA 27.709 27.544 28.887 31.961 32.495 31.385 35.556 37.192  39.486
203 K P/mW 2.047 2.019 2.005 2.195 2.400 2.386 2.959 8.513 11.674
I/mA 38.273 41.088 42.821 50.450 50.817 55.879 54.867 61.323  59.022
P/mW 17.258 19.613 21.773 24.702 26.482 31.645 32.496 35.403 37.986
I/mA 60.484 61.424 62.635 66.439 67.239 70.416 73.072 73.193 74.488
P/mW 38.186 38.562 43.571 46.679 49.857 52.481 58.207 58.202 58.438
I/mA 75.226 77.572 79.226 79.325 82.485 87.316 84.687 91.256  90.493
P/mW 61.107 61.199 66.614 66. 634 71.040 73.509 75.697 80.828 83.123
I/mA 92.880 98.367 99.592 98.419  100.839 104.807 106.084 105.831 108.979
P/mW 85.349 93.715 93.878 93.739 96.518  101.859 102.017 103.976 106.368
I/mA 0.977 1.173 0.954 0.469 0 0.053 0.427 2.935 1.864
P/mW 0. 005 0.041 0 0.002 0. 006 0 0.021 0 0
I/mA 3.331 3.527 7.962 9.460 13.043 15.827 20.021 18.559  20.391
P/mW 0.119 0.152 0.323 0.570 0.693 0.484 0.824 1.121 1.398
I/mA 21.717 21.747 28.177 17.083 16.799 18. 890 23.784 22.493 22.828
P/mW 1.368 1.373 0.373 0.814 1.318 1.523 1.183 1.960 1.444
I/mA 25.145 30.122 31.832 30.919 37.935 35.119 35.234 36.077 39.716
313 K P/mW 1.533 1.059 2.056 1.596 1.958 1.523 2.407 2.283  2.117
I/mA 37.769 39.873 43.105 45.521 46. 648 52.334 48.202 48.731 46.948
P/mW 3.148 1.980 4.477 8.332 8.023 13.028 13.228 12.982 12.683
I/mA 51.349 50.612 54.735 55.350 55.430 54.643 54.463 57.017 55.858
P/mW 13.670 16.794 18.305 21.517 21.667 21.109 24.313 27.537 27.589
I/mA 58.944 62.422 64.406 66. 820 71.102 72.447 72.354 73.384  77.421
P/mW 27.646  32..638  38.559 41.327 44.031 47.204 47.306 47.845 52.651
I/mA 81.602 81.062 79.825 83.159 83.184 84.250 84.431 88.969 89.313
P/mW 55.546 54.792 54.607 54.161 54.819 56.723 58.831 63.455 64.738
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I/mA 0 0 0.769 3.411 0 2.504 2.120 6.816 3.902
P/mW 0 0 0 0 0 0 0.057 0.208 0.177
I/mA 7.389 9.851 10.792 12.250 12.048 15.651 16. 490 20.289  20.180
P/mW 0.319 0.653 0.677 0.859 0.875 1.020 1.204 1.357 1.206
I/mA 22.884 21.761 24.137 25.452 25.125 25.623 28.335 25.880 27.203
P/mW 1.464 1.539 1.782 1.930 1.889 1.840 1.772 1.847 2.004
I/mA 30.947 31.5% 37.023 37.374 37.101 41.749 44.319 43.887 42.890

333 K P/mW 2.170 2.356 2.992 8.455 8.504 13.890 14.232 14.270  14.198
I/mA 42.032 44.005 46.230 50. 495 47.409 47.759 46.615 48.758 48.988
P/mW 14.471 17.539 19.988 22.338 22.397 21.909 21.851 21.520 23.910
I/mA 49.839 52.435 52.082 55.385 57.166 57.104 55.518 57.833  60.437
P/mW 24.089 28.789 29.647 35.773 35.843 35.959 35.939 38.536 41.566
I/mA 64. 667 66. 950 66. 044 70.490 74.130 78.234 75.292 77.825 77.770
P/mW 44.649 48.330 50.175 53.699 59.018 61.913 63.997 64.025 66.905
I/mA 80.114 82.295 84.487 85.515 85.386 83.467 84.198 89.778  88.899
P/mW 69. 834 70.536 72.421 73.925 75.480 75.493 75.559 80.697 80.757
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Fig.7 I-P curves after different temperature acceleration
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