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Fig.1  Structure of bottom-emitting VCSEL
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Table 1  Model parameters of our VCSEL
Parameters Values Parameters Values
; 1 a (A/K*)  8.56x107°
B 1x10°° ay (A/K?) -1.24x10°8
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Fig.3  Analysis of the active region temperature increase

with current at different ambient temperature
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A Theoretical Model of High Power VCSEL
Based on the Thermal-offset-current

MA Qiang'”, TIAN Zhen-hua'*, WANG Zhen-fu'*, QIN Li', NING Yong-qiang'
(1. Key Laboratory of Excited State Processes, Changchun Institute of Optics, Fine Mechanics and Physics ,
Chinese Academy of Science, Changchun 130033, China;

2. Graduate School of Chinese Academy of Science,, Beijing 100049, China)

Abstract; Vertical cavity surface emitting lasers (VCSEL’s) are widely used in optical communication due to
their single-longitudinal-mode operation, circular output beams, suitability for monolithic two-dimensional (2-
D) integration, and compatibility with on-wafer probe testing. In recent years high power output has been
realized by increasing the size of the emission window or by high densely integrating VCSEL array. Accom-
panying the increase of the output power, the performances such as temperature stability, conversion efficiency,
and mode distribution are often deteriorated by the non-uniform distribution of carriers across the active region
and the self-heating inside the device.

Self-heating results in considerable differences between the operating performances under continuous wave
and pulsed operation. Thermal roll-over of the output power with current is observed under continuous wave,
which limits on the further increase of lasing power.

A theoretical model based on laser rate equation is presented to simulate the output performance of high
power VCSEL. In this simulation, thermal offset current is introduced to compensate the threshold current be-
tween room temperature and operating current. Thermal characteristics parameter is obtained from the depen-
dence of the output power on the current at different temperature. Other parameters are extracted using the
method of Gao et al. The dependence of P and [ at certain ambient temperature was calculated according to the
model parameters, and it shows a good consistent between the theoretical and the experimental results in the
temperature range from room temperature to 100 °C. In addition, the relationship between temperature and

current indicates sever temperature increase in the active region.
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