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Abstract

Semiconductor quantum well lasers with low threshold current, high power output and high
modulation frequency will play more and more important roles in the information society and phtonics.
With the development of quantum well lasers, high power semiconductor lasers have been improved
greatly. In this paper, the two basic and important properties of quantum well laser arrays: temperature
dependence and mode characteristics of phase-locked laser arrays are studied.

By using the effective mass method, the quantized subband energy levels and density of states of
quantum-wells are-calculated: Under K selective rule, the gain-and threshold current density without
and with intraband relaxation effect are calculated and analyzed, with emphasis on the temperature
dependence of gain and threshold current density. Under certain conditions, some approximate analytic
expressions about these parameters of QW-LD can be obtained. A linear relation of threshold current
density on temperature is deduced for narrow quantum well structures, while an approximate
exponential relation is obtained for broad wells, which is believed due to the existence of multi-energy
levels. It is also shown that the gain will decrease and consequently the threshold will increase when
the relaxation effect taken into account, but the characteristic temperature of lasers will increase at the
same time.

The logarithmic relation of gain on carrier density is an important property of quantum well lasers.
In this paper, for the first time, the linear relation of gain on carrier density in the conventional rate
equations is replaced by the logarithmic relation for QW lasers. The static and dynamic behaviors
brought by the revision are analyzed. An optimal well-number of MQW for-the: minimum ‘threshold
current density and an optimal cavity length for the highest modulation frequency have been obtained.
These results are-totally different from the bulk DH lasers. - . { :

Single lateral mode semiconductor laser arrays have been applied in manly fields. The lateral mode
characteristics of uniform phase-locked laser arrays are analyzed in this paper by applying a simple
model of broad-area semiconductor laser combined with a perturbation theory. In strongly coupled
array, the mth(=nN) lateral mode is coupled with the 2nN+m lateral modes; Due to the periodic
perturbation, the nNth mode is in the center of "stop band" and can be prohibited; The modal gain of
the fundamental lateral mode is bigger than other modes, the corresponding far-field is a central lobe
with a pair or two pairs of side lobes. :

It is believed that the results of this paper will be helpful for designing and fabricating the high

power and high quality beam quantum well semiconductor lasers.
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