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Abstract: To improve the output powers of Vertical Cavity Surface Emitting Lasers (VCSELs), a 977 nm
VCSEL array with three Iny , Gay s As/GaAsq. g2 Po.os strained Quantum Wells(QWs) was studied. The struc-
tures of the QWs were optimized and GaAsP with a larger band gap was chosen as the barrier material, and
the band offsets of Iny »Gay s As/GaAsy g2 Po.os were calculated. The output powers of the devices which used
Iny » Gay. s As/GaAsg 92 Po.os and Ing ; Gay s As/GaAs QWs were simulated theoretically and analyzed compare-
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tively, respectively and the pulsed peak powers of two array devices were measured. Then, the performance
of the array device was estimated by a functional method using a p-parameter determined by the turn-on volt-
age, threshold current, and the differential resistance. Experimental results show that the 4 X4 VCSEL array
with Ing , Gag s As/GaAso, o2 Po.os QWs and an emitting area of 0. 005 cm® can achieve a pulsed peak power of 123
W when the injecting current is 110 A, and its power density and slope efficiency are 45, 42 kW/em? and 1. 11
W/ A,respectively. This output power is 13 % larger than that of the array with In,;Gay s As/GaAs QWs and
the same emitting area. Furthermore, the values of p parameter are 15 and 13 under CW operation and pulsed
operation, respectively, which indicates that the device has relatively good performance. In conclusion, the 4 X4
VCSEL array with three In, ,Gay s As/GaAsy o2 Py s strained QWs is able to achieve higher output powers.

Key words: Vertical Cavity Surface Emitting Laser (VCSEL) array; peak power; power density; In-
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Tab.1 Material parameters at 300 K
Symbol
Parameter ) Ino.: Gao s As GaAs GaAso, oz Po,os
/Cunit)

Average valence

.. E./eV —6.865 —6.92 —6.954 4
band position
Spin-orbit split-off
PHrorIt SPREOT Aev 0.326  0.34 0.319 2
energy
Bandgap energy E,/eV 1.222 1.42 1.627
Shear deformati
car delormation v —1.96 —2.0  —1.968
potential
Hydrostatic a./eV —7.6016 —7.71 —7.749 2
deformation
potential a./eV 1.128 1.16 1.2032
Cy X107°
. (1011 11.433 8 12.21 12.357 2
Elastic .,
stiffness sem D)
S G X107
constant
(1011 5.433 2 5. 66 5.703 4
N-cm %)
Lattice constant a/ X 10 ' 5.734 26 5.653 25 5.637 03
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