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1. Introduction

Enhancement of optical gain with quantum effect can cause low threshold current
operation in quantum well lasers. Therefore, introduction of quantum wells into the
active region in vertical-cavity surface emitting lasers (VCSELSs) could be effective for
achieving low threshold. In this report, simulation results of threshold current density
of a multiple quantum well (MQW) VCSEL and experimental evaluation of threshold

with stripe lasers will be presented.

2. Analysis of threshold current density of the MQW VCSEL

Threshold current density of the MQW VCSEL was calculated by using density-
matrix theory, considering intraband relaxation. Fig.1 shows the simulation results.
In case of mirror reflectivity of 97%, it is 11kA/ecm?2 for MQW, and 18kA/cm?2 for bulk
structure. The number of QW of about 100 periods is needed for achieving the

minimum threshold current density.

3. Crystal growth of MQW wafer and its characterization

MQW wafers with thickness of 1008 were grown by atmospheric pressure, metal
organic chemical vapor deposition (MOCVD). Its cross section is illustrated in Fig.2.
Well thickness of 1004 and period of 2004 were estimated with photoluminescence and
X-ray diffraction, respectively. Lasing operation was obtained in stripe lasers with the
number of QWs of 100 for pulsed current at room temperature. Fig.3 shows the
dependence of threshold current density on the number of QW. Solid line and dots
represent analytical and experimental results, respectively. Experimental ones were
about five times larger than simulation ones because carrier confinement was low and/or
doping concentration was not optimized. After improving low threshold operation,
MQW VCSELs will be fabricated.



