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Abstract - The influenca of the material and stmctural parumeters on the static and 4namic 
characterhtics ofquan&m-dot lasers are analped using a rate equation model The simulan‘n results are also 
compared with those of quantum-welllasers. 

INTRODUCTION 

Quantum-dot (QD) lasers have been demonstrated to have excellent static characteristics [l]. However, 
further theoretical investigations on their dynamic properties are still needed. In this paper, we use a rate 
equation model proposed in [2,3] to simulate the static and dynamic characteristics of QD lasers. The influences 
of the material and structural parameters, such as homogeneous and inhomogeneous broadening, and various 
time constants, on the static and dynamic characteristics of quantum-dot lasers are analyzed. We also compare 
the simulation results of QD lasers with those of quantum-well (QW) lasers. 

SIMULATION RESULTS 

The transient behaviors and energy spectra of QD lasers are simulated using rate equations with an 
appropriate optical gain model [2]. The lasing spectrum of QD lasers demonstrates a sharp peak at 300K 
(homogeneous broadening 20 meV), but it will be broadened at lower temperatures (homogeneous broadening 
0.2 meV), the same as that indicated in [2]. This provides a verification of the correctness of our simulations. 
Concerning the dynamic properties, the relaxation oscillations of QD lasers are largely damped with carrier 
capture time increased from IO ps to 50 ps, while the relaxation oscillations of QW lasers remain almost 
unchanged. It is indicated that the “phonon bottleneck” effect [4] will cause a considerable camer capture time 
into QDs. Through the simulation above, the effect of a large carrier capture time on QD lasers is shown to be 
much more pronounced than that on QW lasers. On the other hand, the relaxation oscillation frequency of QD 
lasers decreases with increasing inhomogeneous broadening. Therefore, the inhomogeneous broadening due to 
the size fluctuation of QDs needs to be reduced in order to achieve faster relaxation oscillations and therefore 
higher modulation bandwidth. 
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