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Abstract

The gain characteristics of the optically pumped vertical external cavity surface emitting lasers is

introduced in detail. To take the InGaAs/AlGaAs strained quantum wells as an example, a complete system model is

established which considers all the effects of the band-edge offset, band structure and gain material. The Model-Solid

model is used to determine the band-edge-offset ratios, and then the parabolic approximation of conduction band and

the 6 X6 Luttinger Hamiltonian of valence band are used to calculate the energy-band structure and material gain.

Based on the analysis of the characteristics of material gain, the active region of a 1 pm wavelength band quantum

well is optimized, and the quantum well width, well depth, and configuration of the well are respectively optimized,

then the optimum selections of which are obtained. The calculated results provide a theoretical basis for optimized

designing of optically pumped vertical external cavity surface emitting lasers.
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Table 1 Parameters of the materials for numerical simulation

Parameter Symbol /unit GaAs InAs AlAs
Lattice constant a /nm 0.56532 0.60583 0.56611
Elastic stiffness constant Cy /(10" dyn/em?) 12. 21 8.329 12. 50
Elastic stiffness constant Cy, /(10" dyn/cm?®) 5.66 4.526 5.34
Hydrostatic deformation potential( conduction band) a./eV —7.17 —5.08 —5.64
Hydrostatic deformation potential(valence band) a,/eV 1.16 1. 00 2.47
Shear deformation potential b /eV —2.0 —1.8 —2.3
Electron effective mass me./mg 0.067 0.026 0.15
Heavy-hole effective mass my/mg 0.55 0. 36 0. 81
Light-hole effective mass my/mg 0.083 0.026 0.16
71 6.98 20.0 3.76
Luttinger parameters Y2 2.06 8.5 0.82
7s 2.93 9.2 1.42
Energy parameter E,/eV 28.8 21.5 21.1
Average valence-band position (model-solid) E./eV —6.92 —6.67 —7.49
Spin-orbit split-off energy A /eV 0. 34 0. 39 0.28
Reflective index (1000 nm) n 3.515 3.196 2. 966
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Table 2 Nonzero bowing parameters of ternary alloy

Parameters bk, br, by ba, bu, b,
InGaAs 0.477 —1.48 0.15 2.61 0.0091 —0. 145
Al.Ga,—, As —0.127+1.310x
3 IR B I T 2 4
Table 3 Parameters of the calculation for band-gap reduction
Parameter Symbol /unit GaAs InAs AlAs
Bandgap energy (0 K) E.(0) /eV 1.519 0.417 3.099
Slope parameter a /(meV/K) 0.472 0. 281 0.362
Average phonon temperature ®/K 230 143 218
Phonon dispersion parameter P 2. 44 2.10 2.32
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