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Abstract Optimizing the quantum structures in the active region and improving the thermal management are crucial
for upgrading the output power of an external—cavity surface—emitting laser. The above two methods are all based
on the accurate thermal analysis of the laser, and depended on a key material parameter, the thermal conductivity.
Because the multiple quantum wells and the distributed Bragg reflector in an external—cavity surface—emitting laser
are typical nanostructures, properties of nanoscale thermal conduction are considered, and three analytical methods
are used to calculate thermal conductivities of GaAs/AlAs distributed Bragg reflectors with different thicknesses.
Theoretical results are compared with reported experiments and the method which is more proper to compute the
thermal conductivity of GaAs/AlAs system nanostructure is selected. By use of the selected analytical method,
thermal conductivities of InGaAs/GaAs multiple quantum wells and GaAs/AlAs distributed Bragg reflector in a
980 nm external—cavity surface—emitting laser are simulated. It is found that the cross—plane thermal conductivity
of distributed Bragg reflector is about 40% of the value of corresponding bulk material, while the cross—plane thermal
conductivity of multiple quantum wells is less than half of the bulk material. Numerical analysis of the temperature
rise in the gain chip is carried out using the obtained thermal conductivities, and the results are in good agreement
with experiments.
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Table 1 Parameters used in the simulations”™ "

GaAs AlAs InAs IneissGaAs

Atomic diameter w /nm 0.248 0.240 0.266 0.251

Lattice constant @ /nm 0.56533 0.56614 0.60583 0.57280

Density p /(g/cm®) 5.31749 3.73016 5.66780 5.38230
Acoustic phonon speed v /(m/s) 3803 4500 3037 3661
Phonon mean free path /, /nm 20.8 37.7 14.8 31.8
Debye temperature T /K 370 450 280 353
Melting point 7., /K 1513 1740 1210 1457
Melting enthalpy H.,, /(kJ/mol) 120 119.78 58.6 109
Specific heat C, /[J/(kg'K)] 327 424 352 332
Bulk thermal conductivity k£ /(W/m'K) 45 91 30 6.94
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