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Abstract

The aim of this Thesis is to study and investigate the role of 20 % As doping to InP quantum
dot (QD) laser. For that reason, two QD materials as a laser active region were prepared namely,
InP and InAso2Pog QDs. Both of them were grown at the same conditions by standard Metal
Organic Vapor Phase Epitaxy (MOVPE) technique on the compatible structure. To study the laser
performance 1mm cavity length lasers were prepared for both samples. Moreover, multi-section
devices were prepared to measure the modal absorption spectra of the samples using segmented
contact method. The simulation part in this study involves applying of the Gaussian distribution
on the modal absorption to calculate the optical absorption cross section and the inhomogeneous
broadening. Additionally, applying Lorentzian distribution on the laser emission spectra to study

the linewidth broadening and carrier’s lifetime.

The laser results shown that both samples displayed adequate performance over the wide range
of temperatures ( -100 to 100 C°). The optical power — current (P-I) curves conformed lasing
operation of both samples up to 100 C°. However, the As doped sample presented larger threshold
current, for examples, at 20 C° the threshold current is approximately 187.8 mA for InP and 247.2
mA for InAsP. Moreover, the results of current —voltage (I-V) curves pointed out high electrical
connections over the measured temperatures range for both samples. Additionally, the emission

spectrum was shifted from around 716 nm to around 760 nm when As was added to InP.

On the other hand, the simulation results showed, adding As to InP QD material decreases the
optical absorption cross section for the ground states (GS) by 0.836 x107'4 cm?.eV whereas, the
excited state (ES) showed almost same value. Moreover, the inhomogeneous broadening for InAsP
sample was doubled and became less well defined. Furthermore, the linewidth broadening of the
lasing state increase by 1.1 meV and the e carrier lifetime reduces from 0.866 Ps to 0.222 Ps when

As was doped.

These results could make InAsP QD laser an attractive device in photo dynamic therapy
application where longer wavelength laser is required. Moreover, the wider emission spectra be
helpful in applications such as mode-locking, Q-switching and ultra-fast pulse generation. Finally,
the results could also help the grower to control the growth conditions and the molecule fractions

of the crystal to improve the spectra properties of the optoelectronics materials.
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